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Abbreviationsin This Document

A list of dbreviationsused in this document.

Abbreviations Definition

AX# Advanced Extensible Interfade
AHB Advanced HiglPerformance Bus
AHBLite Advanced HiglPerformance Bus Lite
APB Advanced Peripheral Bus

BTP Byte to Pixel

CCM Color Correction Matrix

CPU Central Processing Unit

CSi2 Camera Serial Interface 2

DMA Direct Memory Access

FIFO First In First Out

FPGA Field Programmable Gate Array
FPS FramePer 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

P 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 PhaselLocked Loop

RAM Random Access Memory

RGB Red Green Blue

RIS&/ Reduced Instruction Set Computer CA @S
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
uUsB Universal Serial Bus

uvc USB Video Class
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1. Introduction
The Lattice Semiconductor CrosslimkNX USB Video ClggsvCYyeferencedesignprovides youwith a template for

V|

ideo streaming frona camera sensquutilizing the USB hard IP &CrosslinkkNX device.

1.1. Quick Facts

Download the reference design files from tbh&/Creference designveb page

Tablel.1. Summary of the Reference Design

Target Devices LIFCi33U
SourceCode Format Ccode RTL

General

Functional9mulation Not supported
Simulation TimingSmulation Not supported
HardwareValidation Fully validated

Lattice Propet SDK 2022.

Lattice Propel Builder 2022.

Lattice Radiant Software Version 2022.
Lattice Radiant Programmer Version 2024.
RIS&/ MC Version 2.0

System Memory Version20

AHBLite Interconnect Version 13.
AHBLite to APB Bridge Version 21.
AHBLite Feedthrough Version 1.0.0
APB Interconnect Version 1.2.1

GPIO Version 1.6.2

I12C Controller Version 2.0.1

UART Version 1.3.0

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

CSI2/DSI BPHY Receiver Version 1.7.0
FIFO_DC Version 2.3.0

SoftwareTool andVersion

. Propel Soft IP Version
Software Requirements P

Radiant Soft IP Version

= =4 -4 48 -8 -4 _a_a_2_9_9_4._-2._-2|_-9_9 -9 -2

Board LIFCI33U-EVNEvaluation Board REY/

Camera Sensor Raspberry PI Camera Module V2

1 USBCto USB @able or USBC to USB A-fin cable
 USB A to Micro USfble

Hardware Requirements
Cable

1.2. Features
Key features of th€rosslinktNX USB Video Clagderence desiginclude

1

|l

= =

SoftMobile Industry Processor Interfac®(P)) D-PHYand Camera Serial Interfad€Si2) for image sensor
aggregationThe Lattice SemiconductorPHY Receiver IP converts-Z8hta to 8bit data.

The Lattice Semiconductor Bytie-Pixel Converter IP converts @3tandard based video payload packets from
the D-PHY Receivenodule output to pixel format.

The Lattice Semiconductor Debayer IP corsnentv image data into an RGB image.

Hardware USB IP for USB video clasgream the video from the image sensora®C through USB Type C
connector.

This reference design primarilgrgetsthe Raspberry PI Camera Module 2

Refer tohttps://www.raspberrypi.com/products/cameranodule-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

1 _nare active lowasserted when value is logic 0
1 _iare input signals

1 _oare output signals

© 2023 attice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are asweietatticesemi.com/legal
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2. Directory Structure and Files

Figure2.1 showsthe directory structure

v RD_UVC_USB23

embedded }

v hardware

component

ip_packager

v ref_designs

| v mipi_uvc_nx33u |—

demo

impl_1

mem_init }
pdc
pll_60m_i_60m_o

remote_files

rtl

software

source

Contains Hardware Abstraction LayAL drivers for Lattice USB UVC device

Contains RTL source code for 28kaxi_bridge and videoip.
Contains Lattice IP Packagers for ieahbl_to_Immi_bridge
ahbl to_mem bridge and ahblto_ax#lite.

Contains Lattice Radiant Project file

Contains Bitstream files

Lattice Radiant implementation folder

Contains RISZ firmware for different mode

Contains top level RTL files for the UVC reference design

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

v | u23lifclu_nx33_prpl_bldr |————— Contains Lattice Propel Builder Project for the UVC reference design

sge

u23_lifclu_nx33_prpl_bldr

verification

software }

¢l oHtmdK2ga GKS fAaf

Table2.1. File List

Contains the download link for usbtreevieuility and potplayewtility.

Figure2.1. Directory Structure

2F FAfSa AyOfdzZRSR Ay (KS

Attribute

Description

<Component name>.ipx

This filecontainsthe information on the files associated to the generated IP.

<Component name>.cfg

This file contains the parameter values used in IP configuration.

component.xmi

Contains the ipxact:component information of the IP.

design.xml

Documents the configuration parameters of the IP kXIRCT 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 hame>_tmpl.v

misc /<Component name>_tmpl.vhc

These files provide instance templates for the module.
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3. Functional Description

Thetop-levelblock diagram othe CrosslinktNX USB Video Class reference deisighown inFigure3.1 below.

LIFCI33U
{
IRQ3  IRQO  IRQ2
OnChip Memory -
“ArBLiE UART
‘AHBLiE O "
Insirucion = - = APS usar
= B Subordinatel. | Subordinate? [* ;01 & e T
i RSO/ g5 e M
o Processor 1 B 775 s
& oz =
Asle Pt AHBLie H “AHBLite
Custom RTL| ot Mariager, . Subordinated | | Manager0
Blocks P8
AHBLE | Avsiiere “AHBLIE (0 Ape AP Requesto2
Managerl 20 APB Bridge " | Completor|
Hard 1P _ _ »
Blocks 3 AMBLie |, avsiere AR, [ e a8
22 Manager2 3201 LMMI Bridge 3254] Requestot
23
I§ N
E3 APBle o Rt
= Managers
“AHBLiE i
e Propel Builder
AHBLte st 1 Project
Managers e (U23 lifelu_nG3_prpl_bldr_deg
syack
e Image Signal Processing Blocks i
ﬁﬁﬁﬁﬁ 72Kz
USE3AXI Bridge |
et o
Memory N 1F
= a) ReadWite o
. Manager -
Manager | IR JE AN o | coor | o
Host CPYPQ o ] Ll oo Stream Corectionr
y USB Hosf £ f Read Only Interface| Parallel Matrix
Driver ¥ ysaoro) 82 Interconnect Menegerl 3 [
b s oz
LMMI Targeq LM 1F YUM22 |- Color
interface | oo 0 Space
e
[
cowiz sk
Tz

Figure3.1. Reference Design Block Diagram

3.1. Design Components

TheCrosslinktNX USB Video Class reference desigludes blocksdescribed in the following sectionfom PLLto
YUV422 Test Pattetn FIFO Bridge

3.1.1. PLL

To operate some modules, a 8Hz clock and a 72Hz clockare needed. These clock signals can be generated from a
60 MHz input clock produced by the-tward crystal oscillator, and a Phasecked Loop (PLL) is utilized to dis.tfihe
PLL generates the 80Hz clock and a M@ Hz clock signals, which are then routed to the submodules for further
processingMIPI RXDPHY anthe whole system operate at 72 MHz. USB23 PHY operatesMH&PLL clock and all

the Image Signal Processing (ISP) blocks operatgedd|Plbyte clock.

Figure3.2 and Figure3.3 show the general and optional ports configuration of the PLL IP

© 2028.attice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are aswehetatticesemi.com/legal
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BEN 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_ol—
—clki_i
clkos_ol—
lock_ol—
. J/

pll

4

User Guide

o .

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

“hmwvm’lv

Enable Fractlonal N DMder

Enable Spread Spectrum Clock Generation
Enable Internal Path Switching

_ |
CLKOP Frequency Desired Value (MHz) [6 25 - 800] | 60

\
t
| 0.0 ‘
|

CLKOP: Enable Trim for CLKOP i |

CLKOS: Enable 1 \

B ako;};m:cy Desired Value (MHz) [6.25-800] 72 \
CLKOS: Div 2l Value [1-128] [15 \
CLKOS Tolerance (%) 00 \
RROR (PPM) |0 ‘

CLKOS: Static Phase Shift (Degrees) | (; ‘
CLKOS: Enable Trim for CLKOS F |

~ SecondaryClockOutput@
CLKOS2: Enable = \

CLKOS2: Frequency Desired Value (MHz) [6.25 - 800] 72

CLKOS2: Statlc Phase Shrft (Degrees)

CLKOS3: Enable

} Calculate ‘

No DRC issues are found.

\ Generate l ‘ Cancel

Figure3.2. PLLGeneralConfiguration
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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
C I kO o v Clock Enable Ports
p— CLKOS Enable Port
CLKOS2 Enable Port
clkos2_o—
. e = v PLL Reset
—clki_i :
= Provide PLL Reset
clkos_of—
= ¥ PLL Lock
Provide PLL Lock Signal B
lock_o— —
= PLL Lock is Sticky
\_ ) ~ Register Interface
p II Select Register Interface None

~ Power Mode Settings
Enable Legacy Mode

Enable Powerdown Mode

4 » Calculate

No DRC issues are found.

Generate Cancel

Figure3.3. PLLOptional Pors Configuration

3.1.2. USB23 Controller

Thisisthe USB2®eviceController hardened IP. This tBmmunicateswith the system memoryhroughthe Advanced
eXtensible Interface g§AXI4 to Advanced HigiPerformance Bus Lite (AHBLite) convertor module.

The AXDirect Memory Acces®MA) Controllerof the USB23 Controller is connectaatwo different memories

throughthe AXI InterconnecBridge.

1 For Bulk transfethe USB controller fetches data frothe In Endpoint Buffer Manager(IEBM module® data
Random Access Memory (RANThis RAM is not shared with any otlentrollerand/or RISE&/ processor.

91 For all other operationghe USB controller talks tthe system memorywhich is shared witlthe RIS&/ processor.

This kind of architecture helps to achieve highatkBhroughput.

3.1.3. AHBLite to LMMI Converter

The USB23 controller register interface can be configured througdlaitcee Memory Mapped Interfacg MMI). Since
RIS&/ MC supports onlthe AHBLIite interface, we needn AHBLite to LMMIconverter.

3.1.4. RIS€V Microcontroller

All the serial peripheral bloclkae connected to the RISEMCsoft processothroughthe AHBLite interface. The
RIS€&/ MC CPU IP processes data and instructions while monitoring external interrupts cominigeftd8B823
controller andiIEBMcore. The RISEZMCprocessor configuratiois shown inFigure3.4 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

Figure3.4. RIS&/ MC IPConfiguration

3.1.5. System Memory

This IP issoft IP for memory which is used by the RI8@C processorTheprocessor reagthe instructions stored in
this memorythroughthe AHBLite interface and taksactions accordingly. This IP has two interfadddBLite and
AXI4, throughwhichthe manageican communicate with itTheAHBLite interfaceis used to communicate with the
RIS/ processorTheSystemMemory IP configuration is shown kigure3.5, Figure3.6, and Figure3.7.

&, 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_Sl ECC Enable

Enable Arbiter
~ Data Streamer

pa— a h b| hCI k i Enable Data Streamer

—ahbl_hresetn _i

L, 3
system_memory

~ Initialization

Initialize Memory

No DRC issues are found.

Generate Cancel

Figure3.5. 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 50 Settings Port 51 Settings
sysmemO sl
y ~ Port S0 Settings

\ Enable Port SO Output Register
Enable Port SO Read Pipeline

r
— H BL_SO Byte Enable for Port 50 =2

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

Figure3.6. 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
S S e 0 Property Value
y ~ Port 51 Settings

\ Enable Port S1 Output Register
Enable Port S1 Read Pipeline

f
= H B L—SO Byte Enable for Port S1 [v]

Unaligned Access for Port S1

= H B L—S 1 Edit Address Range Port S1

—ahbl_hclk_i

Access Type for Port 51 RIW
—ahbl_hresetn_i
\ J
system_memory
\_::-»‘:4 Guide ) No DRC issues are found.

Generate Cancel

Figure3.7. System Memory Port S1 Configuration

3.1.6. UART

The RIS@ MCprocessor can communicate withe UART and GPIO cstiroughits Advanced Peripheral B@aPB
interface. Hence, the UART and GPIO gare connected tdhe soft processothrough theAHBLite to APBBridge.
Generallythe UART IP performs ser@l-parallel conversion on data characters received from a peripheral UART
device The IP performgaralleto-serial conversion on data characters received fromhbst through an APB

interface. In this reference design, the host is the RI§Cocessor inside the FPGAeUART IP configuration is shown
in Figure3.8.
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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 Parity Er‘mble
—clk_i INT_MOHH= | sidisie

Baud Rate Type Standard

b rSt_n_I txd_o — UART Standard Baud Rate 115200
—rxd_i TUARTFeatwrebrables

FIFO Enable

. / able
ua rt Rx Ready Enable

Tx Ready Enable

4 »
User Guide No DRC issues are found.

Generate ‘ Cancel

Figure3.8. UART Configuration

3.1.7.GPIO

There isa 32bit input GPIQthe hardwareversion GPICto monitor the FPGA design version for a particular release.
The rardwareversion GPIO |Bbonfigurationis shown inFigure3.9.

%, 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 Output Value (hex) [0 - FFFFFFFF] 0
HW_ver_gpio - — :
10 Direction (hex) [0 - FFFFFFFF] 0
—(++APB_s0 ection Encoded Value
- INT R + — Interface APB
o |
o gpio_en_o[31:0]m=
== gpio_i[31:0] )
) gpio_o[31:0]m=
—resetn_i
gpio
4 > A
User Guide No DRC issues are found.

Generate Cancel

Figure3.9. Hardware Version GPIO Configuration
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Also, there is a-bit output GPIQthat is, thetestpattern enable GPIOThis GPI® used to select the data either from
the camera sensor RBPHY or MIPI RAW10 Test Pattern Generator]made Signal Processisgieam or YUV422
Test Pattern Generator. Thest patternenable GPIO IP configuration showrFigure3.10.

.

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

Diagram tp_en_gpio Configure IP
| Property Value
~ General
MNumber of 1/0 Lines [1-32] 1
Remove Tri-State Buffer ]
Initial Output Value (hex) [0 - FFFFFFFF] 0
tp_en_gpio
JLsILi) |0 Direction (hex) [0 - FFFFFEFF] 1
= @PB_SO INT@ L Interface APE
—clk_i )
o gpio_en_o[0:0]jm=
== gpio_i[0:0] .
) gpio_o[0:0] =
—resetn_i
gpio
4 [
User Guide Mo DRC issues are found.

Generate Cancel

Figure3.10. Test Pattern Enable GPIO Configuration

3.1.8. Lattice 12C Controller

This is a Lattice 12C Controller IP used to communicate with angri@e device. With thigP, you can perform 12C
write, 12C reagand 12C write followed by read operation on the I2@jet device connected to it. In this desjgime
RIS&/MCprocessor configures the MIPI Camera Sensor redisteughthis [2C Controller IP. The 12C Controller IP
configuration is shown ifigure3.11.

winietatticesemi.com/legal
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%, Module/IP Block Wizard X

Confi C from IP i2c_q ller Version 2.0.1
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

No DRC issues are found.

Generate Cancel

Figure3.11. Lattice 12C Controller Configuration

3.1.9. AHRBLite Interconnect

This IP providethe communicaihginterface between RIS soft processor and peripheratsat support AHH ite
interface, such aSystemMemoryand AHBLite to LMMIBridge. TheAHBLite Interconnectmoduleconfiguration is
shown in thefollowing figures, fronfFigure3.12to Figure3.15.

%, 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
Manager 0 Subordinate 5 Connect Enable

ahb_lite_interconnect

4 >

User Guide No DRC issues are found.

Generate Cancel

Figure3.12. AHBLite InterconnectGeneralConfiguration
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%, Module/IP Block Wizard

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

Diagram ahbl0 Configure IP
General
Property
ahbl0
AHBL_MOG4~
AHBL_MO{H—

EEAHBL_SOO

—ahbl_hdk_i

ahbl_hresetn_i

AHBL_M0Z4H—
AHBL_MOFH—
AHBL_MO44H—
AHBL_MOSH—

ahb_lite_interconnect

User Guide

‘ >
No DRC issues are found.

Main Settings

Value

Manager Priority Settings

Max Burst Size Settings

-

Generate

‘Cancel‘

Figure3.13. AHBLite InterconnectMain 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

5
AHBL_MOGH—
EI-\HBL 500 AHBL‘MO-

5= AHBL_MOE—

AHBL_MO3H—
AHBL_M0O4-H—

AHBL_MOS4H—

—ahbl_hclk_i

ahbl_hresetn_i

& /
ahb_lite_interconnect

< > A Arbiter Scheme | Round Robin

v

User Guide No DRC issues are found.

Generate | | Cancel

Figure3.14. AHBLite InterconnectManager Priority Setting

© 2023 attice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are asweietatticesemi.com/legal
All other brand or product names are trademarks or registered trademarks of their respective holders. The specificatiiviesraation herein are subject to change without notice.

FPGARD023061.1 21


http://www.latticesemi.com/legal

CrossLinktkNX USB Video Class :..LATT’CE

Reference Design

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—
[4HAHBL_s00 ALt MO FH SERcnet

- AHBL_MOZ4— ordinate
AHBL_MO3H~ e
AHBL_Mo4H— ‘

AHBL_MO5H—

—ahbl_hclk_i

ahbl_hresetn_i

o S
ahb_lite_interconnect

4 >
User Guide No DRC issues are found.

Generate || Cancel

Figure3.15. AHBLite InterconnectMax Burst Setting
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3.1.10.APB Interconnect

This IP providethe communicaihginterface betweerthe RIS&/MCsoft processor and other slow peripherafsat
support the APB interface, such d&RTand GPIO. APB interconnect configuratisshown inFigure3.16 and
Figure3.17.

%, 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

Figure3.16. APB InterconnecGeneralConfiguration
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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

oy

General Main Settings Requestor Priority Settings
Property Value

-1}‘

apb0

/

T

APB_MO@-
EAPB‘SOO APB_MOEE =
APB_MOZE —
APB_MOE =

apb_interconnect

—apb_pclk_i

—apb_presetn_i

4 dre 1
User Guide No DRC issues are found.

[ ][t |

Figure3.17. APB Interconneciain SettingsConfiguration

3.1.11 APBLite to APB Convedr

The AHH.ite to APBBridge provigesan interface between the AHBite managerand APBompleter. Read and write
transfers on the AHB are converted into equivalent transfers on the ARBAHBLIite to APB Conveet IP
configurationis shown inFigure3.18.
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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
Addres Width(bits) | 32
Data Bus Width(bits) 32
APB Clock Enable
ahbl2apb0

H BL_SO

cli_i APB_MO4H—

rst n i

4

ahb_lite_to_apb_bridae

User Guide

No DRC issues are found.

Generate Cancel

3.1.12.RX DPHY

Figure3.18. APBLite to APB Conveer Configuration

¢KS alLtL OF Y Sthdt yourésegiaiginsErial foRnl: Hiehcehis IP converthose serial data into parallel
by followingthe MIPI CS2 protocol. TheRX DPHY IP configuratisshown inFigure3.19, Figure3.20, and Figure3.21.

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]
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

Figure3.19. 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
2l General RX_FIFO Settings
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_o}— 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— I
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
Figure3.20. 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_0[7:0]p= 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

Figure3.21. RX DPHY Soft PHY Configuration
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3.1.13.MIPIPacket 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 RAW10sgstssed to theéByte to
Pixel IP.

3.1.14 Byte to Pixel

This moduleconvertsthe incoming RAW10 data inthe pixel format. It receives raw bytes from a parser and
rearranges them to output pixels. This module outpufgizels in one clockyclewith valid signalEach pixel is of
10-bit. Theconfigurationof the Byte to Pixel IB shown irFigure3.22.

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 2
. X fifo_empty_of— Byte Clock Frequency (MHz) [10 - 200] 45
—{axis_mresetn_i fifo full ol— Enable AXI4-Stream Receiver Interface
—{clk_byte_i
; fv_o}—
w dt_i[5:0] ~ Pixel Interface
IP av.en.i mem_re_or— Number of Output 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
— read_cycle_o[1:0]m= Pixel Clock Frequency (MHz) [10 - 200] 7
peci 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

Figure3.22. Byte to Pixel IP Configuration

3.1.15.B2P to AXI Stream Conversion

This moduleconvertsthe pixel data according to the AXI Stream protocol to meet Lattice Debayer AXI Stream input
requirement.Therefore this module actas a bridge between Lattice BytePixel and Lattice DebayerslP

3.1.16.Debayer

Theimage sensor outpstpixel data inthe Bayer format. In order to extrathe R, Gand B componerstfrom Bayer
data, weneedthe Debayer function. The Debayer converts raw10 image data into an RGB comptimeitebayer |P
configuration is shown ifigure3.23 and Figure3.24.
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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

Figure3.23. 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 |

Figure3.24. 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)
Theconfigurationof the CCM I shown inFigure3.25.

2] Module/IP Block Wizard X

Configure Component from IP ccm Version 1.2.1
Set the following parameters to configure this component.

Diagram color_correction_mtx Configure IP
& ccMm Test parameters
Property Value
~ CCM Configuration
Bits per pixel 8
Pixels per clock 2

Partial Resolution

s ~ Dynamic Configuration
COIOr_COrreCthn_mtX Enable dynamic configuration
~ FIFO
—_ XI4L_SO T buffer depth 1024
—[Ax14s_s0 s=Confipnation Defacveies
CCM enable =
—{axis_rx_arstn_i ¥ Trancation Vector Homents

AXMS_M [ Translation

axis_rx_clk_i

— axis_tx_arstn_i

— axis_tx_clk_i
~ Color Correction Martrix Elements
ccm MRR [-0.99 - 0.99] 099
MRG [-0.99 - 0.99] 0
MRB [-0.99 - 0.99] 0
MGR [-0.99 - 0.99] 0
MGG [-0.99 - 0.99] 099
MGE [-0.99 - 0.99] 0
MBR [-0.99 - 0.99] 0
MBG [-0.99 - 0.99] 0
A » | MBB [-0.99-099] 099
User Guide No DRC issues are found.

Generate Cancel

Figure3.25. 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 moslageaabtidge
between Lattice Debayer IP and Lattice CSC IP.

3.1.19.Color Spac€onveter

The Color Space Convertdt block converts RGB data ittihe YUV formatnd itsconfiguration is shown iffigure3.26
and Figure3.27.
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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

e ™
—clk_i
== din0_i[7:0] dout0_o[7:0]
= din1_i[7:0] dout1_o[7:0]
= din2_i[7:0] dout2_o[7:0]
—inpvalid_i outvalid_o
—rstn_i tags_out_o[8:0]
= tags_in_i[8:0]

N J

color_space_converter

B

User Guide

Configure IP
Input/coefficient
Property

Core Type | Custom

Output Data Equation

dout = coeff0*din0 + dinl + coel né + co t
COROII00-000] 1020 |

coeffl [-100 - 100] 0.504
coeff2 [-100 - 100] 0.098
constant [-1000 - 1000] 35

coeff0 [-100 - 100] 0.148
coeff1 [-100 - 100] -0.291
c’oefer [-100 - 160] 0439
constant [-1000 - 1000] 128

coeff0 [-100 - 100] 0439
coeff1 [-100- 100] -0.368
coeff2 [-100 - 100] 0071
constant [-1000-1000] | 128

Architecture Parallel

Support VSS IP Suite
e Unsigned

In;mtdat;wi;nh [8-16] é

Coefficient Width [9-18] |9

Tags width [9- 18] 9

Registered Input | Enable

Keep data at blank time

Clock Enable
Synchronous Reset
Inpvalid/Outvalid

No DRC issues are found.

| Generate || Cancel |

Figure3.26. Color Space Converter Input/Coefficient Configuration
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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] = i :
Rounding Rounding up
—inpvalid_i outvalid_o}—
—rstn_i tags_out_o[8:0]jm=
== tags_in_i[8:0]
S /

color_space_converter

User Guide No DRC issues are found.

Generate Cancel

Figure3.27. Color Space Converter Output Configuration

3.1.20.YUV422 to UVC Bridge

This module features an internal BRTIFO called YUV422 FIFO, designed to store incoming YUV422 data along with
associated data indicator codeRhis write interface of this FIFO werbn the pixel clock and the read interface works

on the sameclockas the IEBM. The YUV422 FIFO plays a critical role in managing and buffering video data, ensuring
smooth data flow and processing.

3.1.21.IEBMIn FIFQOnterface

When the IEBM block graspermission 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 tgte UVCheader at thestart of each frame. Once the header is appended, the

combined datathe headerplus theYUV datais written into the IEBM buffers.

3.1.22.In Endpoint Buffer Manager

The IEBM is responsible for managing the IN endpoint buffethédd SB2Zontroller. 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, tH2dd&Baller reads it

through the AXI interface. Bentire process, from managing the FIFO writes to facilitating the AXI reads, is managed
by this IEBM moduldzor more detad about IEBM IP, refer tthe IN Endpoint Buffer Manager Architectusection
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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_o}— 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—
eds._fifo_wr_req_i ieds_fifo_wr_alowed_or— AHBL Address Width 8
ieds_hand_over_partial_filed_fifo_pl_i ieds_fifo_wr_almost_full ot~ AHBL Data Width »
jeds_reset.n ieds_fifo_wr_full_of- Memory Read Address Width 17
ieds_zero_len_xfer_req_pl_i ieds_none_bufr_pending_of~ Memory Read Data Width 6
mem_rd_addr_64_i[16:0] mem_rd_data_o[63:0]pm
mem_rd_ck SOB/EOB and VALID LINES IN FRAME Enable
mem_rd_req_i

in_ep_buffer_manager

User Guide No DRC issues are found.

Generate Cancel

Figure3.28. IEBM IP Configuration

3.1.23.AHBLite to Memory Bridge

This block helps RISCdatamanagerto accesghe TrueDualPort (TDP)Memory, which is dedicated for USB
operations. This block convettise AHBLite subordinatesignal intothe native memorycontrollerinterface signals.

3.1.24.USB23 to AXI Bridge

The USB23 to AXI Bridgeck helpghe USB23 controller to access various memories. USB23 controllani#as|
managerinterfacewhile thisblockhasan AXlIsubordinateinterface. This convertsX\subordinatesignals into native
memorycontrollerinterface signals. This block also actadgecoder to select appropriateemory-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 Patterim FIFO Bridge

Thisbridge receives the YUV422 solid color pattern from the Video Pattern Generator module, adds UVC header at the
start of frame and writesit into the IEBM buffer whetthe IEBM module allows for write

3.2. Clocking Scheme

The Crosslinkidl X USB Video Class Reference DesiggauBLL to generatie 72 MHzsystem clock72 MHzpixel
clock forimagesignalprocessingand 60 MHzUSBPHY clocKll these clocks are generatémm the 60 MHzcrystal
oscillatoron LIFCi33U Evaluation Board

3.2.1. Clocking Overview
Anoverview of theCrosslinktNX USB Video Class Reference Desigrking schemes shown inFigure3.29.
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LIFCi33U
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Project
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sys ik
T2z

Jusepnyst
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Figure3.29. Reference Design Clock Domain Block Diagram

3.3. Reset Scheme

Synchronize resets are generatied each clock domaifrom the PLL lock signal andrresponding PLL clock outputs.

3.3.1. Reset Overview
An overview of the CrosslinkhX USB Video Class Reference Design clocking scheme is sh@une®i30.

LIFCi33U

eeom |

Hard IP
Blocks

Propel Builder
Project
(U23 lifelu_nx33 prpl_bldr_des

sysli ek
T2MHz oo

z e systomieset Image Signal Processing Block:
USE3AXI Bridge |

w:m ol reser

Tntermpt

AXH
Manager

Hardware
USB Core

LMMI Targed]
Interface

m\p Lbyte ok

Figure3.30. 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 sectiomprovidesdetails of thelEBMIP ports and interface.

4.1.1. AHBLite Interface

This interface is used to accehe registers of the IP. ThAHBLite subordinatemust be connected tthe processor.
This interface is synchronoustiwe AHBLite clockahbl_clk.Table4.1 describes ports of th&HBLite subordinate
interface.

Table4.1. AHBLite Subordinatelnterface

Signal Name Width Direction | Description

ahbl_clk 1 Input AHBLite clock

ahbl_reset_n 1 Input AHBLitereset, active low

ahbl_haddr_i 8 Input AHBLiteaddress

ahbl_hburst_i 3 Input AHBLite burst type

ahbl_hmastlock_i 1 Input AHBLitemanagerock

ahbl_hprot_i 4 Input AHBLite protection control

ahbl_hready_i 1 Input AHBLiteready

ahbl_hsel_i 1 Input AHBLite subordinateselect

ahbl_hsize i 3 Input AHBLitesize

ahbl_htrans_i 2 Input AHBLitetransfer type

ahbl_hwdata_i 32 Input AHBLitewrite data

ahbl hwrite i 1 Input AHBLIitetransfer dire_ct_ion_When HIGHthis signal indicates a write
- - transfer. When LOWit indicatesa read transfer

ahbl_hrdata_o 32 Output AHBLiteread data

ahbl_hreadyout_o 1 Output AHBLiteready out, indicateshe transfer has finished on the bus.

ahbl_hresp_o 1 Output Validlines inthe One Frame register

4.1.2. AXI Interface

ThissubordinateA y G SNF I OS A & dzd SR datg mebBry. This intérface sisyindhromoidBeAXIL t Q &
clock axi_clk.Table4.2 describes ports of the AXubordinateinterface.

Table4.2. AXISubordinatelnterface

Signal Name Width | Direction | Description

axi_clk 1 Input AXI clock
axi_reset_n 1 Input AXI reset, active low
axi_to_mem_araddr_i 8t Input AX| Read address

axi_to_mem_arburst_i Input AXI| Read burst type

axi_to_mem_arid_i Input AXI Read address ID

axi_to_mem_arsize i Input AXI Read burst size

axi_to_mem_arvalid_i Input AXI Read address valid
axi_to_mem_arready_o Output AXI| Read address ready

2
8
axi_to_mem_arlen_i 8 Input AXI Read burst length
3
1
3

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 1D
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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 AX| 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 widéine configurable. Based aihe correspondingelection, this value changeDependingon
the FIFO data width selection, this valalsochange. For example, the selected FIFO data width is 1Bisvalueis 2. Ifthe
selected FIFO data width is 3Bisvalueis4. Ifthe selected FIFO data width is 64isthialue is8.

4.1.3. FIFO Interface

This interface is used to communicate wille external FIF@ontroller,efm. The external FIF@ontrollercan read or

write intothe SY RLI2Z Ay (1 Q&

0dzZFFSNJ dzaAy3a (GKAA

C L therextekngl &FIB@oRAtiolIBS ® ¢ K A 2

clock efm_clk.Table4.3 describes ports of the FIFO interface. RefethimFIFO Write Operatiosectionfor more

detail.

Table4.3. FIFO Interface
Signal Name Width Direction Description
ieds_clk 1 Input External FIF©ontrollerclock
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. Basedtmn correspondingelection, this value change
2. Depending upon FIFO data width selection, this value clafge example, ihe selected FIFO data width is 1Bis valueis 2.
If the selected FIFO data width is 3Ris valueis 4. Ifthe selected FIFO data width is @His valueis 8.
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4.1.4. Miscellaneous Ports

Table4.4 describes the miscellaneous ports of the IP.

Table4.4. Miscellaneous Ports
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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 Input Last buffer in transfer indication

4.1.5. User Configurable Parameters
Tabled.5 provides the list of the user configurable parameters for the IP.

Table4.5. User Configurable Parameters

Parameter

Description

IEBM_AXI4_ADDR_WIDTH_|

This parameter defines the address width of the AXI interface.

IEBM_AXI4_DATA_WIDTH_|

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

IEBM_AXI4_BYTE_EN_WIDTH_|

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

IEBM_AHBL_ADDR_WIDTH_|

This parameter defines the address width of #dBLiteinterface.

IEBM_AHBL_DATA_WIDTH_|

This parameter defines the read and write data widttA&fBLite interface.
Validvalues: 32

IEBM_HW_MAX_BUFRS_|

This parameter definethe numberof total buffers allocated for hardware.
Validvalues: 1 to 15

IEBM_BUFR_WR_DATA_WIDTH_|

This parameter definethe In EndpointBuffer Ml y I 3 SNDa &aAy3at S
IEBM_HW_SINGLE_BUFR_SIZE_| terms of bytes.

Valid values: 1 to 4096

This parameter definethe In EndpointBufferMF y I 3SNRa 6 NR G S

of bits.
Valid values: 32, 64, 128

IEBM_BUFR_WR_BYTE_EN_WIDTH_|

This parameter define§ KS Ly 9y RLI2 A yirite datafwid®.NJ a |- y

Valid values: 4, 8, 16

IEBM_IP_MAJOR_VER _|

This parameter definethe majorversion forthe IP.

IEBM_IP_MINOR_VER _|

This parameter definethe minorversion forthe IP.

4.2. Register Offset Map

This sectioprovidesaregister offset map for the IN Endpoint Buffer Manager IP.

Table4.6. 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 Bufferconfiguration register
HW_PARAMS_INFO 0x14 Hardwareparametersinformation register
CTRL 0x18 Control register
BUFR_TRACKER_INFO 0x1C Buffertrackerinformation register
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Register Offset | Description

BUFR_AVAILABILITY_INFO 0x20 Bufferavailabilityinformation register
BUFR_XCHNG_CTRL 0x24 Bufferexchangecontrol register
SEL_BUFR_INFO_FOR_FW 0x28 Selectedbuffer information forfirmware register
Reserved 0x2C Reserved

TIMESTAMP_WO 0x30 Timestamp lowebytes register
TIMESTAMP_W1 0x34 Timestamp uppebytes register
VALID_LINES_IN_FRAME 0x38 Valid Lines ione frame register

4.3. Register Details

4.3.1.1IP_VERSION
This register contains information abotlte IP version.

Table4.7. IP_VERSIQffset = 0x00

Bit Access | Default Value | Description
31:24 RO Variesupon|P IP major version
release
23:16 RO Variesupon|P IP minor version
release
15:0 RO 0x0 Reserved

4.3.2. SCRATCH

This register can be used for testing and debugging puspdgken beingead,the registerreturns the same value
that iswritten to it.

Table4.8. SCRATClDffset = 0x@

Bit Access | Default Value | Description

This field can be used for testing and debugging purpd&en being reagthe
registerreturns the same value thaswritten to it.

Typically, thiss used to check whether firmware is able to communicate it [P
properly or not duringhe initial design development phase.

31:0 RW 0x0

4.3.3.INT_EN

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

Table4.9. INT_ENOffset = 0x08

Bit Access | Default Value | Description
311 RO 0x0 Reserved
Enablebuffer available to firmware for processing interrupt.
0 RW 0x0 1: Enablébuffer available to firmware for processing interrupt
0: Disablebuffer 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 deterhia interrupt generation.

Table4.10. INT_SR®ffset = 0x0C

Bit Access Default Value Description

31:1 RO 0x0 Reserved

Buffer available to firmware for processing interrugpt

This field indicates that there is at least one buffer available to firmware for

0 RO 0x0 further processing.

This field remains high as longras _of bufrs_pending_to_be_processed_by_fw is
not zero.

4.3.5.BUFR_CNFG

This register allows firmware to configure buffer parametaecsording tadifferent requirements. Firmware shall
update this registeuponsteps such as initialization, configuratjar reconfiguration.

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

Table4.11. BUFRCNFGOffset = 040
Bit Access Default Value Description

3122 RO 0x0 Reserved
FW_ALLOCATED_TOTAL_BUFRS
This fielddefines the total number of buffers allocated the firmware for this
endpoint
This fieldmust be less than or equal to HW_MAX_BUHRRShardware parameter
21:17 RW HW_MAX_BUFRS which describes maximum buffetisat can be used for this endpoint
This field shall not be zero.

Typicallythe firmware stould use maximum buffers allowed by hardware design
that is, uponHW_MAX_BUFR®he frmware may use smaller number for
debugging purpose

FW_ALLOCATED_SINGLE_BUFR_DEPTH

This field defines single buffer depth in terofdbytes

This field must be less than or equal to HW_SINGLE_BUFR_MAX, th&PTH
hardware parametethat definesthe maximum depth of single buffer in terms of
bytes.

This field sbuld not be zero.

This field must be in multipteof the endpoint's maximum packet size. This
ensures data packet to be sent thre USB bus is not split across multiple buffers.
HW_SINGLE_BUR 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&nd2048.

(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, 448d 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, 280&nd 3500

16:0 RW
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4.3.6. HW_PARAMS_INFO
This register contains information about parameters se¢himhardware design.

Table4.12. HW_PARAMS_INEFOffset = 0x14

Bit Access Default Value Description
Based on the HW_MAX_BUFRS
31:28 RO hardware This field indicatethe hardware parameter valuthat describeghe maximum
parameters buffersthat can be used for this endpoint.
27 RO 0x0 Reserved

HW_SINGLE_BUFR_MAX_DEPTH

Based on the This field indicatethe hardware parameter valuthat definesthe maximum depth

26:10 RO pke]t?;dn\:\:a?;?s of asingle buffer in terms of bytes
This fieldshall be in multipleof 8.
9:8 RO 0x0 Reserved
Based on the HW_FIFO_DATA_WIDTH
7:0 RO hardware This field indicatethe hardware parameter value for the data width of FIFO interfe
parameters in terms of bits.
4.3.7.CTRL

This register is used lilge firmware to controlthe bridge IR fanctionality. The frmware shall access this register for
IP initialization, configuratiaror reconfiguration steps.

Table4.13. CTRLOffset = Ox8

Bit Access Default Value Description

31:2 RO 0x0 Reserved

Flush Buffes flush_bufrs

The frmware sets this field to requesie bridge IP to flush corresponding

buffers. Upon detecting this field going highe IP takesthe following

actions:

1. Reses thelN Endpoint Buffer Manager Buffer Tracker and Firmware Buffer
Tracker to 0.

2. Loads thenumber of buffers available tthe IN Endpoint Buffer Manager with
valueequalto the FW_ALLOCATED_TOTAL_BUFRS field.

3. Reses thenumber of buffers pending to be processedthg firmware to O.

1 RW 0x0

Reses other appropriate local variables.

5. Assersone signal for 10 clock cyclekthe FIFO clock to indicate the IN
Endpoint Buffer Manager abotite re-initialization process. That block should
reinitialize its local variables for a fresh start.

6. After this,the IP resesthis field.

The frmware can only write 1 to this field. Writing 0 has no effect. This field is

automatically cleared bthe IP.

Configured

This field indicatethe firmware has configuredr reconfiguredthe bridge IP andhe
IN endpoint data supplier block can now acceti® FIFO interface.

0 RW 0x0 The frmware shall configurer reconfigurethe bridge IP every timéhe
corresponding endpoint is configured orirgtialized. Typicallythe endpoint is
configured or reinitialized uporthe following requests: SET configuration, SET
interface and Clear featuref Endpoint Halt

winietatticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

4.3.8. BUFR_TRACKER_INFO
This register is used to track buffer pointers.

Table4.14. BUFR_TRACKER_ING@set = 0x1C

Bit Access | Default Value | Description

314 RO 0x0 Reserved
Firmware Buffer Tracker fw_bufr_tracker
This field indicatethe buffer which is either being accessedi®to beaccessed by
firmware.

3.0 RO 0x0 Thisfield is incremented by one once one buffer is processethbyirmware. This ro#
over to 0 once it reachdbe valuethat equals FW_ALLOCATED_TOTAL_BUFRS. In
words, tre value of this field ig1 the range 0 to(FW_ALLOCATED_TOTAL_BUWERS
Thisisreset to 0 wherthe flush buffers bit othe control register is set.

4.3.9. BUFR_AVAILABILITY_INFO
This register is used to get information about buffer availability

Table4.15. BUFRAVAILABILITYNFQ Offset = 020

Bit Access | Default Value | Description

315 RO 0x0 Reserved
Number of buffers pending to be processed by firmware
no_of_bufrs_pending_to_be_processed_by fw
This field indicatethe numberof buffersthat are yet to be processed hige firmware.

. Upon initializatioror re-initialization, this field is reset to 0.

4.0 RO 0x0 . . .
This is incremented by one once one buffer is handed ovéndiN Endpoint Buffer
Manager tothe firmware.
This is decremented by one once one buffer is processedddfjrmware. For example,
the correspondingransfer request blockTRB is submitted tothe USR3 IP.

4.3.10.BUFR_XCHNG_CTRL
This register is used to exchange buffers betwtenlP andthe firmware.

Table4.16. BUFR_XCHNG_CT@8ffset = 0x24

Bit Access | Default Value | Description
31:2 RO 0x0 Reserved
Handover Buffer to IN Endpoint Buffer Manager handover_bufr_to_iebm
Thefirmware sets this bit when it receives information frahe USB23 IP that this buffe
1 RW 0x0 has been consumed. Upon detecting thile number of buffers available to IN Endpoin
Buffer Manager incremestby 1.
This bit isauto-cleared bythe IP.
Firmwareprocessed one buffer fw_processed_one_bufr
The frmware sets this bit when it has processed one buffer. In other words, when it
1 RW 0%0 submitted corresponding 'I'_RBmme U_SB IP. Upon detecting thike r_lumber of buffers
pending to be processed liymware field decremergby 1 andthe Firmware Buffer
Tracker field incrememstby 1.
This bit isauto-cleared bythe IP.
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4.3.11.SEL_BUFR_INFO_FOR_FW
This register indicates the selected buffer informatiorthie firmware.

Table4.17. SEL_BUFR_INFO_FOR, Gff¢et = 0x28
Bit Access | Default Value | Description

31:3 RO 0x0 Reserved
First buffer in transfer indicator
The frmware knows whetherthe handed over buffer from the externabntrolleris the
22 RO 0x0 first buffer in the transfer or not
0: The selected buffer is not the first buffer in transfer.
1: This is the first buffer in the transfer.
Last buffer in transfer indicator
Firmware knowwhetherthe handed over buffer from the externabntrolleris
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 numbesame value as Firmware Buffer Tracker
The frmware 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:
The selectedbuffer numberor 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
64-bit register. Hence, two separa82-bit registersare usedor the timestamp register. This is in terms of clock cycles.
The frmware read this register and calculates the current time based on the operating clock frequency.

1 TIMESTAMP_WOTimestamp lower word register

1 TIMESTAMP_W1Timestamp upper word register

See theexamplebelow.

If this register shows the valud 1055275 which isOx00101A28Bn hexadecimal, wittfIMESTAMP_WO0 = 0x1A2B and
TIMESTAMP_W1 = 0x0Qaddthe operating clock frequency is 80Hz giving aclock periodof 11.11ns,
then the current timecan be calculated as follows:

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

4.3.12.1. TIMESTAMP_WO
Timestamp lower word registeB2 bits.
Table4.18. TIMESTAMP_WOffset = 0x30

Bit Access | Default Value | Description

Timestamp_wO0
This indicates the lower 3ts ofinformation for the current timestamp value.

31:0 RO 0x0
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4.3.12.2. TIMESTAMP_W1
Timestamp upper word registeB2 bits.
Table4.19. TIMESTAMP_WOffset = 0x34

Bit Access | Default Value | Description

Timestamp_w1
This indicates the upper 3its ofinformation for the current timestamp value.

31:0 RO 0x0

4.3.13.VALID_LINES_IN_FRAME

This registeprovidesinformation regarding the total number of lines that¥abeen received and written into the
buffers.

Table4.20. BUFR_XCHNG_CTRL (Offset = 0x24)

Bit Access| Default Value| Description

31:13 RO 0x0 Reserved
active_lines_in_frame

12:0 RO 0x0 This indicateshe total number of lines thahavebeen received and written into the
buffers.

4.4. IN Endpoint Buffer Management Architecture

The buffer management architecture is showrFigure4.1 below.

IN Endpoint Buffer Manager
AXH@
Interface NX33U
IN Endpoint | IN Buffer > Data RAM |« AXI < > US23
Data Supplie FIFO Write Gate Memory (Dual Clock Memory | Subordinate Controller
Interface Interface Interface
'
LMMI
LMMI
< Size <>
Memory RAM AHBLite
Interface
'
AHB-Lite
Y
Register |, N RIS&/
g Interface AHB-Lite Processor
Interface

Figure4.1. IN Endpoint Buffer Management Block Diagram

4.5. Buffer Readand Write Management Flow

This section describes how one buffewritten into the data RAM and read from data RAM. Buffer dataritten by
the IN Endpoint Buffer Manager andstread back from data RAM by ti@rosslinkkNXUSB23 controller.

4.5.1. Buffer Write Flow

The buffer write operation contains the following steps:
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The flow chart below shows how one bufiemritten into the data RAMFigure4.2).

Endpoint Buffer Processing Flow
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[ Yes

Store buffer size
into the SizeRAM

Generatethe
"Buffer Available to firmware for processihg—*
interrupt

\ Update some variable]s »|Update Local Variables

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

Figure4.2. Buffer Write Operation Flow

4.5.2. Buffer Read Flow

Once one bufferswritten into the Data RAMthe corresponding interrupt and buffer informatias updated in the

registerthrough theregister interface module. Below are the steps tloe RIS©/ firmware to process one buffer.

1L ¢CKSAZFFSNI ! gF At o6t S G2 FANGGSHISWS [BREININNZARSYEHME T A Y (1 S NNI:
Y2UP2F QPO dZFNAEYLISYRAYIPG2Po SPYLINROSaaSRyoeyTo Aa yzu T SNE

2. CKENFoI NBKSBYRY2F YO dzZFNRYLISYRAYIYG2po SYLINROS A q;oé YT
LYF2NYIGA2Y NEBARYSA)I K& BZONSE SFNAIFo6fS OF ¢ Sﬁe 0 dzF N |

3. ¢CKENF G NBo KE(@KHS\IJ 0 dzF NI @t At QF2 NPT z)\u,ulLJMSé ¥ Eapraz A § d vB.N2
2F dEBTSNI KI UK NNGAUBLIBR a8 adSLWI m FyR glAd F2N I

winietatticesemi.com/legal


http://www.latticesemi.com/legal

CrossLinktkNX USB Video Class ....LATT’CE

Reference Design

LFKSAzF NI @F Af ¢F2 N T g QllemidKS ala AvRaEAyEY sl K2t GINRBLIIYNES (1 KS ¢ w

C2NJKWENIF g | NBE Yy SSRKRES (i BANHF R SA RIa MUIAKY T SIQRIFRNIRA G dzK S NJ

y dzY @S MK S éé@x&.yﬁamixﬁﬁéﬁéz???NJK{SQ\ﬂ@. TG @Y IRb @FYChwyC2 NB:

WSHIR(SO[ ¢. | CwyLbChyChwyC2 NBEIAAGSNI (22 A JRAZIKGHAGFF SN

FANN G I B2 yLIONRRLIF NRi KBK S St & SEERNJ

{ SIGKGSA NX¥ 6 NB t N2 OS a i K8dz2 ¥ SNJIo 94 & Esgn s &i &/Napy (i N €

5SONBYSyild GKS 20t @FNRARFOotS O0dzZFNYF G At YF2NPF o PLINE OS2

Ly LI NI} ffSEKRGZI(iKABEDYSRKSS. Ho O2y (I NRf{ISNIKEIRAS . ' 1 V{ XY

NBaLRyasS (2 oSSy RIAFYEMI] Bibl 202 y i Na& fyt $msm3wmm®ms So

2y UK KISANSWaAlr NBE aK2dz R aSié GKS KIyR2GSNPpodzZFNpid2y ASo
The flow chart below shows how one bufieread from the data RANFigure4.3).

Buffer Processinglow for RIS&/

Buffer Available to
firmware for processing
interrupt?

USR3event?

BukIN
xfer_complete
event?

Readthe no_of_bufrs yet to_be processedby fw field

bufrs avail for_fw_processing=no_of_bufrs yet to_be_processedby fw et

handover bufr_to_em
bit

No

Process other USB events

bufrs_avail for_fw_processing==0?.

Readthe SELBUFRINFO FORFW register to
know buffer size and buffer number

Selectuffer address based ol

bufts avail for_fw_processing =1 | the =lected buffer number

Prepare and initiate TRB|

Setthe fw_processedone_bufr bit

Color Conversions

Local variables defined in firmware
. Register fields

Figure4.3. Buffer Read Operation Flow
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4.6. Core Operation

This section describes how firmware can configamd reconfigure buffers.

4.6.1. IP Core Configurationr Reconfiguration
To configureor reconfigurethe IP:
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4.6.2. FIFO Write Operation

This section describes hdw Endpoint Data Source (IER8)formsFIFO write operationTable4.21 describes ports
that are used during FIFO write operation.

Table4.21. Input Ports Related to FIFO Write Operation

Port

Direction

Description

leds_fifo_wr_req_i

Input

Write Request

Assert this signal to request write operation

Do not assert this signal if any of following conditions is true:

1 FIFO is being flushededs_fifo_being_flushed_o is high.

1  FIFO is full ieds_fifo_wr_full_o is high.

1  FIFO write operation is not allowededs_fifo_wr_allowed_o is low.

ieds_fifo_wr_data_i

Input

Write Data
It holds the data to be written in the FIFO when the write request is
asserted.

ieds_fifo_wr_byte_en_i

Input

Write Byte Enable

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

Make sure thdollowing conditions are met:

1 Thisis intended to be used only during partial transfer.

1 Inall other cases, all bits in this signal must be keserted wherthe
write request is high.
Note: During partial transfer, ifhe number of bytes to be written is
less tharthe data width ofthe bus, all bytes must be adjacent and
start fromthe least significant position only.
For exampleyouwant to write OXABCD dke last transfeion the
32-bit bus. ieds_fifo_wr_data is 0x0000ABCD and
ieds_fifo_wr_byte en_iis 0x3. ieds_fifo_wr_byte en_i must not be
other than 0x3.

ieds_hand_over_patrtial_filled_fifo_pl_|

Input

Hand Over Partially Filled FIFO Pulse

Assert the signal for one clock cycle to hand over the partially filled buf]

It means, whenever the last data has been written into FIFCtlaed

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 thdollowing conditions are met:

1 This must bemactive higtpulse ofasingle clock cycle.

1 Once you assert this sign#tie buffer ishanded over tahe firmware
for processing and ieds_fifo_wr_allowed_o goes low after one clo
cycle. Wait fothe ieds_fifo_wr_allowed_o signal to go high again
before initiatingthe next write operation.

winietatticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

Port

Direction

Description

ieds_zero_len_xfer_req_pl_i

Input

Zero Length Packet Transfer Pulse

Assert the signal for one clock cycle to transfer zero length packet. In g
special case, when the last data has been written thoFIFO and
ieds_fifo_wr_full_o signal becomes high at the next clogle, it is
mandatory to assert this signal for one clock cycle when
ieds_fifo_wr_allowed_o becomes high again.

ieds_fifo_wr_full_o

Output

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

ieds_fifo_wr_almost_full_o

Output

Almost Full
Asserted when there is a space for only single write operation. It is use
an early indication of the full signal.

ieds_fifo_wr_allowed_o

Output

Write Allowed
Asserted when FIFO write operation is allowed. This signal would go Ia
for oneclock cycle after either ieds_fifo_wr_full, or
ieds_hand_over_partial_filled_fifo_pl_dr ieds_zero_len_xfer_req_pl_i
goes high. This signal alscegtow when ieds_zero_len_xfer_req_pl_i
goes high.

Make sure thdollowing conditions are simultaneously met:

1 TheConfigured bit ofhe CTRL register of thisikset bythe
firmware.

1  Atleastone buffer is available witlhe FIFO controllein Endpoint
Data Sourcgto write data.

Example:

Assumeour buffers are available to RIFO controller, the IEndpoint

Data Source. After the first buffer is written by IED® theFIFO full signa

goes high, this signal gelow. It takes aroundthree to four efm_clk clock

cycles to go high again. During this perit first buffer is handed over
to the firmware andthe buffer pointer switches to the next buffer. Same
as the first buffer, oncgou write thesecond buffeand FIFO full signal
goes high, this signgbeslow again forthree to four efm_clk clock cycles

Thus, if all buffers are filled in this manner, this sigrmdslow andwould

go high again only when-#gast one buffer is sent tihe USBdevice

against the IN request froitine USBhost.

Notes:

1 Once FIFO is full and this signal is low, it$akeundthree to four
clock cycles ahe FIFO clock to go HIGH again ifegtst one buffer is
available to the IEDS.

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

ieds_fifo_invalid_access_o

Output

Invalid Access Pulse

Asserted when IN FIFO is being accessed improperly.

The bllowing are the conditions considered as invalid accestdd-1FO.

1 Data is being written intthe FIFO while write operation is not
allowed That isjeds_fifo_wr_req_i is higtvhile
ieds_fifo_wr_allowed_o is low.

1 Data is being written into FIFO when FIFO is Tt is,
ieds_fifo_wr_req_i is higwhileieds_fifo_wr_full_o is high.

ieds_none_bufr_pending_o

Output

None Buffer Pending
Asserted when there is no buffer pending for processing. This can be
to knowwhetherthere isany buffer pending to be transmitted or not.

ieds_fifo_being_flushed_o

Output

FIFO Being Flushed

This signal is assertetliringthe IP initialization process. This indicathe
FIFO is being flushed. All bufferg available tathe external FIFO
controlleronce FIFO is flushed.

Note: Do not perform write operation when thiggnalis high.
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Port Direction | Description

Number ofBytes That Can Be Written

This indicateshe number of byteghat can be written irthe FIFO. An IEDS
ieds_fifo_bytes_can_be_written_o Output | can use this information tinowhow many bytegan be written until the
FIFCbecomedull.

Note: This is considered valid only when ieds_fifo_wr_allowed_o is hig

4.6.3. FIFO Write Examples

This section contains examples showing different cases for FIFO write opsratioh as full transfer and partial
transfer. For these examplethie following configuratioris used

1 USB 2.0 speed

f 9YRLRAYGQ& YIFEAYdzY LI O1SG &aATSY pmu o0&iGSa

1 Number of IEBM buffers: 4

1  Write data width: 32 bits

Some typical FIFO write operation examples are showiigare4.4 to Figure4.9.

eds ok 1 {1 FLF1L A1 A7 L f i

ieds fifo_being flushed o \ Il I
ieds none bufr_pendingo 7777/ jj ]j \
ieds fifo_wr_allowed o 7777 Ji \ il /

ieds fifo_bytes can be written_o 777Z{_ 512 _508)(504 X__s0q] Y12 X8 X2 X 0 Y7777 52
ieds fifo_wr_ful o 777 I / N

ieds fifo_wr_almost full_o % f[ /ﬁi \
ieds fifo_invalid accesso // //
ieds fifo_wr_req i \ I
ieds fifo_wr_data i | D125p126{D127 /
ieds fifo_wr_byte en i OXFﬁ \ I
ieds hand over_partial filled_fifo_pl i /[ /[
ieds zero len_xfer_req pl_i // //
Writing 512bytes

Figure4.4. FIFO Operation ExampteWriting 512 Bytes

ieds clk mmmmmﬂm

ieds fifo_being flushed o

ieds none bufr_pending o ﬂ ﬂ \ //
ieds fifo_wr_allowed o Ji L / Ji A
ieds fifo_bytes can be written_ o __ 512 504 X & X 4 X 0 V77 sz 504
ieds fifo_wr_full_o i N\ /i /
ieds fifo_wr_almost full_o I/ T I\ I/ /
ieds fifo_invalid accesso I Ik I/
ieds fifo_wr reqi _ / Ji \ I / Ji |
ieds fifo_wr_data i DO D2 D127 i D128 D13 D255
ieds fifo_wr_byte en i / o \ I / OxEjf \
ieds hand over partial filled_fifo_pl_i I /I I/
ieds zero len xfer_req pl i I I I
Writing 1024 bytes

Figure4.5. FIFO Operation ExampteWriting 1024 Bytes

winietatticesemi.com/legal


http://www.latticesemi.com/legal

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 accesso

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

ieds clk mmm

/f f/ \
J | — \
512 s0s_ 509 & X 4 X 0 Y 512 ) 508 77
[ / I\
i / I\
i i
_ Ji \ I [\
DO Dzjf \D128{D127 I /D128\
/ 5] \ I Ox1
i i N\
i I
Writing 513bytes

Figure4.6. FIFO Operation ExampteWriting 513 Bytes

ieds clk +—|_+—|_+—|_f—\_f—|_+—|_f—mf_f—l_f—|_

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 accesso

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

Figured.7. FIFO Operation ExampéWriting 10 Bytes

512

504

Writing 10 bytes

ieds clk +_\_f_|_+_|_f_\_f_|_ﬁm_f_|_+_l_f_\_+_l_

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 accesso

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

17

\ J

\

/

512

I

512

I

I

i

I

J

I

I

Transmitting zero length packet

Figure4.8. FIFO Operation ExampteZero Length Packet Request
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I

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 accesso

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

J \
J \
512 (508 ) 504
I 7777777777777 777
I 7277777777777
I ri\
_ 7 N
DO D2/ YD126{D127 /Do)
/ [ \ OxF
I
I

Invalid IN Endpoint FIFO Access

Figure4.9. FIFO Operation Examptelnvalid IN FIFO Access
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5. USB23 AXVlanagerto Memory Interface Bridge

This section describes the architecture, functionabitiyd other technical information of the USB23 AMnagerto

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 Dualf®K. The USB23 CPU utilizes this

path to access data provided by the RM5@rocessor. Furthermore, the bridge offers a secondary memory interface,
allowing the USB23 controller to retrieve ddtam the IEBM data RAM.

5.1. USB23 AXVlanagerto Memory Bridge Architecture
The architecture of the USB23 Addnagerto memorybridge is shown ifrigure5.1.

USBR3 AXI to Memory Bridge

Memory 2 Manage

Native Interface’

Memory 2
—

S — S

Read
Managey

Memory 1

Address

Native Interface Memory 1 /Data AXI UASX3
Mux Interface Interface

Read
Manager

Native Interface

Memory0 N Write J

Manager

MemoryO

Figure5.1. USB23 AXI Bridge to Memory Bridge Architecture

5.2. Block Description

The functional blocks are described in the following sections.

5.2.1. AXISubordinatelnterface
The AXsubordinateinterface is connected to the AXI4 bus of the USB23 device controller.

5.2.2. Address/Data Mux

This block is responsibler decodngthe write address or read addres$the specific memory block.

5.2.3. FIFO

This FIFO ashasthe intermediate storage whethe AXImanageris not ready to accept data. The FIFO &22048KB,
256 in Depthandwith 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

= LATTICE

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 Porand Parameters

This sectiorprovidesdetails of the USB23 Alanagerto Memory Bridge IP ports and interface.

5.3.1. Clock and Global Reset
Table5.1 describes ports for clock and global reset.

Table5.1. Clock and Reset Ports

Signal Name Width | Direction | Description
clk 1 Input Global clock
reset n 1 Input Globalreset, active low

5.3.2. Native Memory Interface
Table5.2 describes ports fothe native memory interface.

Table5.2. 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. AXl4 Interface

Table5.3 describes ports of the native AXI4 interface.

Table5.3. AX14 Interface Ports

Signal Name Width | Direction | Description
axis_mi_awid_i 8 Input Write Transaction IDA unique identifier for the write transaction.
. . . Write Address: The address of the write operation. It is used by the
axis_mi_awaddr_i 32 Input ) . .
- = - subordinateto determine where to write data.
axis_mi_awlen_i 8 Input Write Burst LengthThe number of transfers in a bursteasuredn bytes.
axis mi awsize i 3 Inout Write Burst SizeThe size of each transfer in the byrstich a8-bit,
Ml - P 16-bit, and 32-bit.
axis mi awburst i 5 Input Write l_3urst TypeThe type of burst transfesuch asixed,incrementing, or
- = — wrapping.
. . . Write Address Validndicates that a valid write address is available from th
axis_mi_awvalid_i 1 Input

manager
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Signal Name Width | Direction | Description
axis_mi_awready o 1 Output erte Address Readyndicates that thesubordinateis ready to accept the
write address.
axis mi wdata i 64 Inout Write Data The data being written to theubordinate Thesubordinate
- - - P stores this data at the address specifiedcAWADDR
. . . Write StrobesA set of byteenable signals that indicate which bytes of the
axis_mi_wstrb_i 8 Input - o
- - - 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 ValidIndicates that valid data is available on ¥WDAT Aus for
axis_mi_wvalid_i 1 Input .
- - - the subordinate
. . Write Data Readyindicates that thesubordinateis ready to accept the write
axis_mi_wready_o 1 Output
data.
. - Write Transaction IDA unique identifier for the write transaction, used to
axis_mi_bid_o 8 Output .
- - = match the response with the request.
axis mi bresp o 2 Outout Write ResponseThe status of the write operation. It can indicatsuccestl
- - P P operation,represented byOKAYor an error such aSLVERR.
. . . Write Response Validndicates that thesubordinatehas a valid response for
axis_mi_bvalid_o 1 Output . .
the write transaction.
. . . Write Response Readindicates that thenanageris ready to receive the
axis_mi_bready i 1 Input . ;
write response from theubordinate
. S Read address ID: This signal is the identification tag for the read address
axis_mi_arid_i 8 Input .
group ofsignals
. . . Read address: The read address gives the address of the first transfer in
axis_mi_araddr_i 32 Input .
read bursttransaction.
axis_mi_arlen_i 8 Input Burst length: This signal indicates the exact number of transfers in a burs
axis_mi_arsize_i 3 Input Burst size: This signal indicates the size of each transfer in the burst.
axis mi arburst i 5 Inout Burst type: The burst type and the size information determine how the
- - - P address for eaclransfer within the burst is calculated
. . . Read address valid: This signal indicates that the channel is signaling val
axis_mi_arvalid_i 1 Input ; .
- - - readaddress and control information.
. . Read address ready: This signal indicates thasthmrdinateis ready to
axis_mi_arready o 1 Output . .
accept an addresand associated control signals.
. . . Read Data Readindicates that thenanageris ready to accept read data
axis_mi_rready i 1 Input .
from the subordinate
. .o Read Transaction 13 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 Outout Read DataThe data being read from tleibordinate Themanagerreads this
- - - P data at the address specified ARADDR
axis mi 1resp o 2 Outout Read Responsé&he status of the read operation. It can indicatguccestl
- = P P operation, represented b@KAYor an error such aSLVERR.
axis_mi_rlast_o 1 Output Read last: This signal indicates the last transfer in a read burst.
. . . Read Data Validndicates that valid read data is available for thanagerto
axis_mi_rvalid_o 1 Output

read.
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5.3.4. Configurable Parameters
Table5.4 describes the configurable parameters of the USB23wexlagerto Memory Bridge IP.

Table5.4. User Configurable Parameters

Parameter Description
AXI_ADDR_WIDTH_8_I AXI| 8bordinateAddresswidth, in terms of byte offset
MEMO ADDR WIDTH 8 | Memory O0AddressWidth, in terms of byte offset
- - - Valid Value: 18
MEM1 ADDR WIDTH 8 | Memory 1AddressWidth, in terms of byte offset
- - - Valid Value: 18
MEM2 ADDR WIDTH 8 | Memory 2 address widthin terms of byte offset
- - - Valid Value: 18
MEMO READ LATENCY | Rea}d Latency of External Memory connected with Memory 0
- - - Valid Value: 1
MEM1 READ LATENCY | Regd Latency of External Memory connected with Memory 1
- - - Valid Value: 2
MEM2 READ LATENCY | Re:?\d Latency of External Memory connected with Memory 2
- - - Valid Value: 1
AXISubordinate @ta Width, in terms of bits
AXI_DATA_WIDTH_I Valid Value: 64
AXI|Byte EnableWidth
AX|_BYTE_EN_WIDTH_| Valid Value: 8
BaseAddress ofMemory 0

BASE_ADDRE i
SE_ SS_S0 Note: A memory span 0256 KBis needed.

EndAddress oMemory 0

Note: A memory span of 256 KB is needed.
BaseAddress oMemory 1

Note: A memory span of 256 KB is needed.
EndAddress oMemory 1

Note: A memory span of 256 KB is needed.
BaseAddress oMemory 2

Note: A memory span of 256 KB is needed.
EndAddress oMemory 2

Note: A memory span of 256 KB is needed.

END_ADDRESS_S0

BASE_ADDRESS_S1

END_ADDRESS_S1

BASE_ADDRESS_S2

END_ADDRESS_S2
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6. UVC Reference Desi@ignal Description

Theinput and output interface signals for th€rosslinkkNX USB Video Class Reference Desigshown inTable6.1.
Table6.1. Primary I/O

Port Name Direction LIFCI33U Ball Description
clk_60m_i Input H8 60 MHzinput clock formthe onboard 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 ES5 Power signal
u2_reset_ext_z Input/Output T Synchronous reset for USB 2.0
REFINCLKEXTP_i Input F8 USB3.0 PHY external positive differential clock
REFINCLKEXTM_| Input E8 USB3.0 PHY external negative differential clock
u3_txm_o Output A7 USB3.0 positive differential data line file transmitter
u3_txp_o Output A6 USB3.0 negative differential data line foe transmitter
cam_scl_z Input/Output J6 I2Ccontroller serial clock line§C).for the camera sensor
cam_sda_z Input/Output H6 I2Ccontroller serial data line$DA 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_d0_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 RISCmicrocontroller debugging
uart_txd_o Output Gl UART output for RISCmicrocontroller debugging
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7. Buildingthe Reference Design

This section describes how to run the UVC reference design using the Latticed@sipelenvironmenand Lattice
Radiant software. For more details orefetools used refer to thelLattice PropeSDKand BuildetUser Guideand
Lattice RadianSoftware User Guide

7.1. Running Propel SDK Project

The UVC reference design utilizes the hardened USB block inside th@3UFielvice,which needs to be configured
and perform USB enumeratidhrough theRIS&/ firmware. This section describes how to build and run a C project in
the Lattice PropeSDK aftware.

7.1.1. Opening Propel SDK Project
To open the Propel SDK project in Lattice Pr&iK launch Lattice Prop&DK

Click theBrowsebutton to setthe workspace folder tdhardwardref_designsmipi_uvc_nx33\software Then, click
the Launchbutton, as shown idrigure7.1.

% Lattice Propel Launcher X

Select a directory as workspace

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

Workspace:g] USB_UVCA\RD_UVC_USB23\hardware\ref_designs\mipi_uvc_nx33u\software VII Browse...

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

» Recent Workspaces

Figure7.1. Launch Lattice Prop&dDK

The Propel SDK project is operatd shown as th&@DFWUVCproject (Figure7.2).
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i:i software - Lattice Propel
File Edit Source Refactor
| i

i@l Ya

Navigate Search Project Run

B-A-@BBISIOIR S

LatticeTools Window Help

R RACRNCRTE SN, R NI PR

SR Ay RCR AR Al ¢

Q ig|iE

) Project Explorer SO

8 (5= Outline X = 8

5%

Y

=]
g

|> 1% RDFW_UVC

g §
There is no active editor that
provides an outline.

(m Problems I{EJ Tasks IE Console X\\Ej Properties] pCl Terminal] & Search‘[ 22 Call Hierarchy] = Progress‘[ B8y =08 ]

No consoles to display at this time.

Figure7.2. Propel SDK Proje€@penedin Lattice PropelSDK

7.1.2. Navigating Propel SDK Project
In Project Explorer, navigate to RDRW/C> src to expand the project file lists shown irFigure7.3.

@ software - RDFW_UVC/src/main.c - Lattice Propel = a X
File Edit Source Refactor Navigate Search Project Run LatticeTools Window Help
Bl 9 -8 -80S0 840 @ -8 - B-G-%-0-Q- s -HeBET - -F-CDo D Q @
(& Projectxplorer X\ B 7 § = O = B |2 Outline X =NE
VT ROFW_OVC Al P EER o % §
> 3 Binaries 27 5 P 7 : U stdioh N
& Includes 3 // Copyright (c) 2019-2024 by Lattice Semiconductor Corporation &
> B 4 // ALL RIGHTS RESERVED o uarth
v 8 src R R e o utilsh
> @& bsp 6 // 1 Isc_usb_devh
> @ uve 7 // IMPORTANT: THIS FILE IS USED BY OR GENERATED BY the LATTICE PROPEL™  pich
s [@ e command.c 8 // DEVELOPMENT SUITE, WHICH INCLUDES PROPEL BUILDER AND PROPEL SDK. e
5 [2) lsc_ctrl xfer.c 2 :I o h 2
S 18 // Lattice grants permission to use this code pursuant to the = gpiol
> [2) Isc_endpoint.c 11 // terms of the Lattice Propel License Agreement. o Isc_in_ep_buf_mgmth
> [H] Isc_endpointh a2 |/ 21 i2c_master.h
> |4 Isc_ep_handler.c 13 // DISCLAIMER: 21 i2c_master_regs.h
> [€] Isc_ep0_handler.c 1 // W uic/caimens itisliat
§ % e h:,o'e i 15 // LATTICE MAKES NO WARRANTIES ON THIS FILE OR ITS CONTENTS, WHETHER :' uvc/camers_initialization.h
e 16 // EXPRESSED, IMPLIED, STATUTORY, OR IN ANY PROVISION OF THE LATTICE & uve/lsc_cem_regh
> @ '“—!"-ep—b”f-'"g"‘“ 17 // PROPEL LICENSE AGREEMENT OR COMMUNICATION WITH LICENSEE, AND LATTICE o sys_platform.h
> [B Isc_in_ep_buf mgmth 18 // SPECIFICALLY DISCLAIMS ANY IMPLIED WARRANTY OF MERCHANTABILITY OR # LSC_USB_DEV_BASE_ADD
> 18 Isc_intr.c 19 // FITNESS FOR A PARTICULAR PURPOSE. LATTICE DOES NOT WARRANT THAT THE # USB20SR_PIC_START ADDR
> [ Isc_reg:accessic 20 // FUNCTIONS CONTAINED HEREIN WILL MEET LICENSEE'S REQUIREMENTS, OR THAT USBORIRG.
1B Keubichie 21 // LICENSEE'S OPERATION OF ANY DEVICE, SOFTWARE OR SYSTEM USING THIS FILE # e
T 22 // OR ITS CONTENTS WILL BE UNINTERRUPTED OR ERROR FREE, OR THAT DEFECTS ® uart_core_uart: struct uart_instance
> I8 Isc_usb_chh 23 // HEREIN WILL BE CORRECTED. LICENSEE ASSUMES RESPONSIBILITY FOR @ usb_dev: struct Isc_usb_dev
> {R lsc_usb_desch 24 // SELECTION OF MATERIALS TO ACHIEVE ITS INTENDED RESULTS, AND FOR THE @ usb_dev_dm: struct lsc_usb_dev_dm
> [ Isc_usb_dev.c 25 // PROPER INSTALLATION, USE, AND RESULTS OBTAINED THEREFROM. LICENSEE & o0 dncrapiinsince
3/ lec ushs devh 26 // ASSUMES THE ENTIRE RISK OF THE FILE AND ITS CONTENTS PROVING DEFECTIVE b SRS e
R e e 27 // OR FAILING TO PERFORM PROPERLY AND IN SUCH EVENT, LICENSEE SHALL [eC A cale S ':“ eaminsenee
% e 28 // ASSUME THE ENTIRE COST AND RISK OF ANY REPAIR, SERVICE, CORRECTION, OR ®  bulk_data_buf: uint2_t[]
> [g) Isc_usb_vendor.c 29 // ANY OTHER LIABILITIES OR DAMAGES CAUSED BY OR ASSOCIATED WITH THE @ print_buf : uints_t[]
> [0 Isc_usb_vendorh 30 // SOFTWARE TN NN FVENT SHAII IATTTCF RF I TARIF TN ANV PARTY FOR DTRFCT Y @V straming_en : volatile uint3_t
> [B Isc_winsub.h - N v
> 8 Iscusb.c roblems 2] Tasks | & Console X (] Properties| & Terminal | 4" Search | 3* Call Hierarchy | & Progress B~y = 8
> 1€ main.c S i
; No consoles to display at this time.
> [g utils.c
> [B utilsh
R cpusvd
2 cpuyaml
) linker.ld
3 sys_envaml
> (= Debug
| witable | Smart Insert [1:1:0

Figure7.3. 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 thevRi®@ware,selectProject> Build
Configurations> Set Active> 1 Debug(Figure7.4).

3 software - RDFW_UVC/src/main.c - Lattice Propel — [5] X
File Edit Source Refactor Navigate Search  Project Run LatticeTools Window Help
Br-lGE ®- 8- Bi0i&i6 Open Project -0~ Q- Oy o RE T F oD e Q g[S
B Project Explorer X BES T § =t Close Project = 5 )[E= outine X \_ =g
V‘!:cy R’DF\{V_U‘vC s Build All Ctrl+B >> COPYRIGHT NOTICE <<<<<<<<<<<<L<LLLLLLLLLLLLLLLL1K A B * B laz ) ‘s o % §
> 3%, Binaries Build Configurations > Set Active > U stdioh &
> Bl Indludes Build Project Manage. U varth
v (@8 sic i § = o utish
> @ bsp Build Working Set ¥ Build by Working Set > . o Isc_ush_dev.h
> 8 ;WC " S Set Active by Working Set GRICATIICE RaopeL o pich
sc_command.c i B0 i
X Build Automatically Manage Working Sets.. 21 gpio_regsh
» (9] Isc_ctrl xfer.c " u gpioh
» [€] Isc_endpoint.c C/C++ Index M o s AN .
! o Propel License Agreement. W Isc_in_ep_buf_mgmt.h
> B Isc_endpointh Properties o i2c_masterh
» [8] Isc_ep_handler.c . o i2c_master_regsh
» (€] Isc_ep0_handler.c 14 /) m R
@ i h‘:)re sh 15 // NO WARRANTIES ON THIS FILE OR ITS CONTENTS, M “ave/carmera initiafizationt
R WD 16 // D, STATUTORY, OR IN ANY PROVISION OF TI TI M we/lsc_cem_regh
_ep_buf_mgmt.c 17 /1 ENT OR COMMUNICATION WITH LI » AND LATTICE & sys_platformh
= _ep_buf_mgmt.h 8 // RCHANTABILITY OR " # LSC_USB_DEV_BASE_ADD
> 48 Isc_intr.c Zz " NoT l-‘*‘«RRF;:;STHQ; I:AT # USB20SR_PIC_START_ADDR
> sC_reg_access.c L4 2
e Is(_usi_chg.c 2 (/4 (B T L : USEZOSR_IRQrt struct uart_instance
o 22 // uart_core_uart : struct uart_instance
g Isc_usb_ch9.h 23 // @ usb_dev:stru
> A Isc_usb_desch 24 // RESU ® usb_dev_.dm
> 1 st don ;i ;; ASSUMES TH n;;?”{u!isé A”T‘E SU:TSugB;\énigu: ni;sggvmﬁ TIV ® {9p00; el gple instance
> [H Isc_usb_dev.h 6 5! E E £ F E Al £ £ E i 42, S
P i 27 /I OR NG TO PERFORM PROPERLY AND IN SUCH EVENT, LICENSEE S 9 12 master core: shrlick o instance
> 4 Beush evente 28 // ASSU TIRE COST AND RISK OF ANY REPAIR, SERVICE, Ci @ bulk_data_buf : uint2_{[]
» L8] Isc_usb_vendor.c 29 // ANY OTI ABILITIES OR DAMAGES CAUSED BY OR ASSOCIATED ® print_buf: uint2
> Isc_usb_vendor.h 2 //  OETL TN NN FUFENT SHAII 1ATTTCE RFE I TARIF TA ANV PARTY FNR DTRECT Y oV 5 & inigd
®" straming_en : volatile uintd_t S
> [B Isc_winsub.h PR
> [€) Iscusb.c [2 Problems [ Tasks | B Console X . [T] Properties| & Terminal | 4 Search| 12 Call Hierarchy| =g Progress| ~B-y4~y=08
A | L P | & | 1 Y| gress|
> % ":’]'"" No consoles to display at this time.
> [g utils.c
> [ utilsh
R cpusvd
W coiyail
) linker.d
% sys_envaml
> (= Debug
| wiitable | Smart Insert 1:7:6

Figure7.4. Set Propel Build Configuration Mode

To launch the project building process, rigiick on the process nanRDFWUVG selectClean Projecfrom the
menu to clean up the output folders. TheselectBuild Projectfrom the menu, as shown iRigure7.5.
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£33 software - ROFW_UVC/src/main.c - Lattice Propel

=~ | S~ R-5iDi%id
| Project Explorer X S e
v 125 RDFW_UV~

& Binarie W
ilincud  Golnto
v §8 src Open in New Window
(& bsp
- Show In
[ B Copy
Paste
Delete

Remove from Context
Source
Move...

Rename...

g Import...
Export...

Build Project
Clean Project

Refresh

Close Project

Close Unrelated Project

Build Configurations
) lsc.  Build Targets
ma  Index

) util
R uil @ RunAs

cpu #F Debug As
£ cpu ProfileAs
Bllink  Restore from Local History...
03 sys,
(= Debug
Update Lattice C/C++ Project...
7 Run C/C++ Code Analysis
Team
Compare With
Configure
Source
Yl Validate

|5 RoFW UVC | Properties

File Edit Source Refactor Navigate Search Project Run LatticeTools

Create Lattice Application Template

Alt+Shift+W >

Ctrl+C
Ctrl+V
Delete
Ctrl+Alt+Shift+Down

F2

F5

Alt+Enter

Figure7.5. Launch the Project Building Process

>

>

Window Help
ICREER AR A C RS SR A NS B 4

1€l main.c X

FILE IS USED BY OR GENI

NO' W

THIRD PARTI!

TENT. IT IS THE USER'S RESPON!

The outputRDFWUVCmemfile islocated at:
\hardwaréref _designsmipi_uvc_nx33\softwared RDFW_UWOebud RDFWUVCmem

7.2. Running Propel Builder Design
The UVC reference design utilizes the hardened USB block inside th&@3UFdelice which requiresa RIS&/

microcontroller to handle the USB hard IP enumeration and USB traffic control. This section describes how to evaluate

I

v

sole X [T Properties| & Terminal| 4" Search| 3 Call Hierarchy | g Progress|
e.

|[B= outline X

c@O®O®ROeCOCOSEOEERNRNRNELEELEEEEEEEELEE
<

e 0%

oo [m] X

| Q |G
EEN o % 3§ =0
stdio.h

uarth

utils.h

Isc_usb_dev.h

pich

gpio_regs.h

gpio.h

Isc_in_ep_buf_mgmt.h

i2c_masterh

i2c_master_regs.h

uve/camera_initialization.h

uve/lsc_cem_reg.h

sys_platform.h

LSC_USB_DEV_BASE_ADD

USB20SR_PIC_START_ADDR

USB20SR_IRQ

uart_core_uart : s

art_ins

usb_dev: struct Isc_usb_d
usb_dev_dm
gpio_0: =t
i2c_master_core
bulk_data_buf : u
print_buf : uin
straming_en
x_cmplt:
x_nready : uin
ep_send £
isr_register(uint32_t, uint32_t, void(*)(void"), void") : uint2_t
main(void)  int

Isc_bulk_out_handler(struct Isc_usb_dev*, uint8_t, uint32_) :
Isc_bulk_in_handler(struct Isc_usb_dev*, uint8_t, uint32_8) : voi

the RIS&/ design, including the peripheral soft IPs, in the Lattice Propel Builder software tool.

7.2.1. Install IBsat Local from File

Before opelingthe UVC Propel Builder project, there are four softttat need to be installedhto the IP on Local

sectionin the LatticePropel Builder software. To perform the soft IP installapwocessLunch Lattice Propel Builder

andfollow steps below.

Note: for the latest version of the local IP files, contact Lattice Saldgoh Support

1. WAIKOLtORNYVDY R OX3/ta5iI0( & XKobta TINREYE FukmIE
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<. Propel Builder

File Edit View Design Tools

@R 9C

IP Catalog
o
1P on Local 1P on Server

AHB-Lite

Search:

£3 Refresh

Window Help

&% B (e

[u]

A

tream || AXI4_LITE

K D aeaaa i
“\. Start Page

Welcome Back

Recent Project

u23_lifclu_nx33_p

S & Install IP from file...

1 Module/IP on Local
¥ Module
) Architecture_Modules

List
pl_bld

|_bldr_des

! Arithmetic_Modules
) Embedded_IP
1 Memory_Modules

>
»
>
» ! Processors_Controllers_and_Peripherals
» (7 Security_Subsystem

» [ Solution_IPs

» ! Verification IP

v P

v ] latticesemi.com

| —
rtl

f=

equation

BUSF }nus ——i\:;v -

split concat

Tcl Console
s

Figure7.6. Install IP from File

[SUoN

Ly GKS LR LIISRSHUABSAFEt 6 BB AFINE A
K NREGILNBI & KIoT SNU 28 EIE AN AMGISSA SYA 002 Yyl Kot w2 ¢l EAnt AGSyo

1t ARO®

4. LUTKS [AOSYaSAYVREBISO®FEN FAYASK (GKS Lt CAREuEENSE t | GA2Yy S |

<, 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

v

Figure7.7. Accept IP License Agreement

Repeat3ep 1 toSep 4 aboveto install therest of thelPs listed below:
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1 \hardwardip_packagérahbl_to_Immi_bridggipk\latticesemi.com_ahbl_to_Immi_bridge_1.1.0.0.ipk.
1 .\hardwardip_packageérahbl_to_mem_bridg&pk\latticesemi.com_ahbl_to_mem_bridge_1.0.0.0.ipk.
1 .\bardwardip_packageiiebm\ipk\latticesemi.com_in_ep_buffer_manager_2.2.1.0.ipk.

After completingthe installation process, #se IPsnentioned aboveshould be available in the IP on Losettion as
shown inFigure7.8.

& Propel Builder - o x

File Edit View Design Tools Window Help

=R W E S aaa N

Liatalog 1 . Start Page
~
c& 4
 on Local P on Server %

Angte || AP || At | | mxite || AXI4-Stream || AXI4LTTE Welcome BaCk

Search
Show latest IP version only Recent Project List
[ Module/IP on Local Sacin
~ Module
» [ Architecture Modules
Arithmetic Modules
Embedded_IP
Memory_Medules
Processors_Controllers_and_Peripherals

3
»

>

»

» [ Security_Subsystem
» £ Solution_IPs

> 7 Verification IP

P

@ AHBL to AXI4 Lite Bridge 1000 T

© AHBLto LMMI Bridge 1100 B

Q) AHEL to Memory bridge 1.000 7

@ crio 162 T

@ 12C Controller 201 T =
tl quati split  conca it it

Figure7.8. IPs Installed from Files

7.2.2. Opening Propel Builder Design

To open thd_atticePropel Builder project in Lattice Propel Builder, launch the software tool. EleckOpen Design
and navigate through the Open sbx window to open thieowing Figure7.9):
\hardwaréaref_designsmipi_uvc_nx33w23_lifclu_nx33_prpl_bldu23_lifclu_nx33_prpl_bldu23_lifclu_nx33_prpl_b
Idr_des.sbx
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File Edit View Design Tools Window Help
& New Design ~ PR :
; % I - o
3 New SoC Design % B3 k& Qaeaaa B
I’f‘ Open Design [m] & startpage
Recent Designs I

%

R e Welcome Back

I_.: Module/IP on Local i<

» [ Architecture_Modules
» [ Arithmetic_Modules
» ] Embedded_IP

» [ Memory_Modules

» [ Processors_Controllers_and_Peripherals
» [ Security_Subsystem
» | Solution_IPs
» [ Verification IP
- P
v [ latticesemi.com
~ [ Processors_Controllers_and_Peripherals
@ cpio 162 T
© 12€ Controller 201
@ 12C Target 210 T
© 13C_Controller 300
@ RisC-vMC 260 7 =
&
I‘ YE J= aus-E E]-aus f;:> =
tl equation split concat invert
Tel Console
*

S Propel Builder -

Figure7.9. Open the Propel Builer Design

7.2.3. Mapping Design with Firmware

In the Propel Builer design schematic, doubldick thesysmemO0_insto open the system_memory Modul® Block

Wizard, as shown iRigure7.10.

% Propel Builder |C:/Users/whan/ Documents/ AppProject/UUS8_UVC/RD_UNC._..u_rx33 prpl_bldt/u23,lifelu_nx33_prpl_bld_des.shx] Device: LFCL-33U-TCTG10C Board: NA

Fle Edt Viev Design Took Window Help
@B M  PE - kS @ L JccNeoNeny |

P catiog o
S X

P onlocal I on Server A

Schematic Addese R, summary A startPage

arBute | a8 (| x| madte | K04Stream || A4 ITE

L__F
Sesh - B
Show st P version iy L
I Mosie/P on Local -
= Madule
r Architecture_Modules.

Arithmetic_Modules

Embedded_IP

Memary_Modules

Solution Py
Vesification IP

v
0
b [ Processors_ Controllers and_Peripherats
v
v

- P

= [ Intticesemi.com

= [ Audlc Video snd Imsge Precessing
@ in Endpoint Buffer Management 2210 [T
= [ Processars_Controllers_and_Periphesals
© AHBL to AN Lite Bridge
© AHBL to LMMI Bridge
© AHBL to Memory bridge

Q srio ]
@ 2C Controller —
© 12C Torgm
i .
f= wef Fue
W equatien  spit  concat  imeert J,_
i
o
o
L
P Cataieg Design vew <
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Figure7.10. Opening System Memory Module Block Wizard
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In the system memory ModulélP Block Wizard, make sure the Initialization File is mapped to
..I..Isoftware/RDFW_UVC/Debug/RDFW_UVC.neerthe latest revision of themem file Then, click on theGenerate
button, as shown irfFigure7.11.

%, 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 S0 Settings Port 51 Settings

Property Value
( y ~N Interface AHBL
Memory Address Depth [1 - 81920] 32768

Data Bus Width(bits) 32
H BL SO Memory Type LRAM

Port Count 2

ECC Enable
| .AH BL S 1 | Enable Arbiter
= a h bl_hcl k—i ‘ Enable Data Streame‘r

—ahbl_hresetn i

\_ ik Initialize Memory
Initialization File Format

sySte m_m e m o ry Initialization File oftware/RDFW_UVC/Debug/RDFW_UVC.mem i

4 »
User Guide No DRC issues are found.

Figure7.11. Mapping the System Memory Initialization File

Click theAddresstab to review the base address assignment for the system and all peripherals within the Propel
Builder Project, as shown Figure7.12.

3. Propel Builder [C/tmp/hardware/ref_designs/mip_uve_ro33u/u23_Ick: na33_prpl_blde/v23_Wclu_r33_prpl_bldi/u23 ifcu_nd3_prpl bidr_des sbx] Device: LFCL-33U-TCTGI04C Board: NA - 0 X
Fle Edt View Desgn Tooks Window Help
- P ® - . .
@A ( S MEE- xS @ o aeaeaaeaa
Design View =] Schematic Address S Summary * Start Page

M UFCL-33U-7CTGI04C

. e T @ o BaseAddress  Range  EndAddress  Lock
- cpulinst
~ LocalMemory
cpud_inst/pic_timer_registers OxFFFF0000 2K OxFFFFOTFF

w23 ifchu_mi33_prpl blde_des/cpud_inst/riscy_ahblm_instr_Address Space (32 address bits: 4G)
sysmem0_inst/AHBL SO 0x00000000 128K OxOO01FFFF [

w23 fifely_m33_prpl bid_des/cpud_inst/riscv_shbl_m_dsta Address Spece (32 sddress bits: 4G)

,
3 HW_ver_gpio_inst/APBSO  0x00050400 1K 0x000507FF OnFFFO00
. ahbl_to_axi lite bridge/AHBL 0x00051400 4K 0x000523FF
v 4 ke2eeinst
v 40 sysmem0nst ahbl_to Immi bridge/AHBL  0x00020000 128K 0x0003fFFF [
+ 1 tp_en_gpio_inst ahbl_to_mem/AHBLMEM  0x00040000 64K 0x0004FFFF
T usr0 inst
iebm/AHBL 0x00051000 1K 0x000513FF
v 3 Businteaces bsc_i2ec inst/APB SO 0x00050C00 1K 0x00050FFF [
> ifE Nets sysmem0_inst/AHBL_S1 0x00000000 128K 0x0001FFFF [
» | Components
tp.en gpio insUAPB.SO  0x00050800 1K 0x000508FF
wart0_inst/APB_SO 0x00050000 1K 0x000503FF 1
< oFFRORE
Propertes
Nae: 23 s rucd3 o bicr_ces
Trve: Instance
Path: 23 3fcks_n33_prpl_bick_des
;s ystenbubder 123 M 33 prpl_big_des: 10
locaten: 2
ses Wiragper
B Locaton: '
« ’
Design View 1P Catalog
ITel Console o

v svp_deas an oo —name v23_1fcly, _prpl_bldr/u2
59

match for porc *
)
re t ”
re * *1n 1dge AHBL'
ro *

Figure7.12. Base Address Assignment
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7.2.4. ExportingDesignto Lattice Radiant Software
To export theLattice Popel Builder design to the Lattice Radiant software, click on@enerateicon as shown in
Figure7.13.

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

File Edit View Design Tools Window Help

= H" Auto Assign
o~ U E fQq Validate Design
Design View 4 Generate

3 uFcL-33u-7c Select All
v 1 u23lifclu_nx? & Area_select

v ¥ Instances; %3 Locate Object
> IE HWLY [5 Switch Verification and SoC Design
» 1 ahblo;
> £ ahbl2{ & Generate Memory Report
> iFahblt = pyn Radiant
» iF ahblt Run Propel
» I
= ahbl Tcl History
» i apb0_ . .
- Design Settings
> £ coud

Figure7.13. 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 Bdtlieme.

To create the FPGA bitstream filaunchthe Lattice Radiant softwarfeom LatticePropelBuilder. Then, click othe
Open Projecicon, as shown ifrigure7.14.

File Edit View Project Tools Window Help
o- -8 R @ BFE & eeNERNmMBLORER S BESH

) Start Page

N

LATTICE Ver202324273

RADIANT

DESIGN SOFTWARE Welcome Back

Project
Recent Project List
. ei_n
e i 423 _lifcl_nx33u_evalbd_ib
New Project Open Project Open Example

Information Center _lifclu_nx33_prpl_bldr_des

O E k B

Getting Started Tutorials User Guides Support Center

mLATTICE

Figure7.14. Lattice Radiant Software
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Openthe Radiant project filenipi_uvc_nx33u_revB_bd_u23axibridge.fidfm the
\hardwarédref_designsmipi_uvc_nx33ufolder, as shown ifrigure7.15. The design should have no errors but there
are 1074warnings due to some unused signals from some instance. The wadungst affect the design compilation
and bitstream generation.

Figure7.15. Open the Radiant Design

7.3.2. Generating Bitstream File

Clickexport Filedo generate the bitstream fileas shown ifrigure7.16. View the log message from the
\hardwardref_designsmipi_uvc_nx33umpl_1folder.
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