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Disclaimers

Lattice makes no warranty, representation, or guarantee regarding the accuracy of information contained in this document or the suitability of its
products for any particular purpose. All information herein is provided AS IS, with all faults, and all associated risk is the responsibility entirely of the
Buyer. The information provided herein is for informational purposes only and may contain technical inaccuracies or omissions, and may be otherwise
rendered inaccurate for many reasons, and Lattice assumes no obligation to update or otherwise correct or revise this information. Products sold by
Lattice have been subject to limited testing and it is the Buyer's responsibility to independently determine the suitability of any products and to test
and verify the same. LATTICE PRODUCTS AND SERVICES ARE NOT DESIGNED, MANUFACTURED, OR TESTED FOR USE IN LIFE OR SAFETY CRITICAL
SYSTEMS, HAZARDOUS ENVIRONMENTS, OR ANY OTHER ENVIRONMENTS REQUIRING FAIL-SAFE PERFORMANCE, INCLUDING ANY APPLICATION IN
WHICH THE FAILURE OF THE PRODUCT OR SERVICE COULD LEAD TO DEATH, PERSONAL INJURY, SEVERE PROPERTY DAMAGE OR ENVIRONMENTAL
HARM (COLLECTIVELY, "HIGH-RISK USES"). FURTHER, BUYER MUST TAKE PRUDENT STEPS TO PROTECT AGAINST PRODUCT AND SERVICE FAILURES,
INCLUDING PROVIDING APPROPRIATE REDUNDANCIES, FAIL-SAFE FEATURES, AND/OR SHUT-DOWN MECHANISMS. LATTICE EXPRESSLY DISCLAIMS
ANY EXPRESS OR IMPLIED WARRANTY OF FITNESS OF THE PRODUCTS OR SERVICES FOR HIGH-RISK USES. The information provided in this document
is proprietary to Lattice Semiconductor, and Lattice reserves the right to make any changes to the information in this document or to any products at
any time without notice.

Inclusive Language

This document was created consistent with Lattice Semiconductor’s inclusive language policy. In some cases, the language in underlying tools and
other items may not yet have been updated. Please refer to Lattice’s inclusive language FAQ 6878 for a cross reference of terms. Note in some cases
such as register names and state names it has been necessary to continue to utilize older terminology for compatibility.
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Abbreviations in This Document

A list of abbreviations used in this document.
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Abbreviation Definition

AHB Advanced High-Performance Bus

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

AXI Advanced Extensible Interface

CPU Central Processing Unit

EEPROM Electrically Erasable Programmable Read-Only Memory
FIFO First In First Out

FPGA Field Programmable Gate Array

GPIO General Purpose Input/Output

HDL Hardware Description Language

12C Inter-Integrated Circuit; A synchronous, multi-controller, multi-target, packet switched, single-ended, serial bus
I/0 Input/Output

I/O-DB Input/Output Daughter Board

IP Intellectual Property

LED Light Emitting Diode

LMMI Lattice Memory Mapped Interface

PC Personal Computer

PLL Phase-Locked Loop

RISC-V Reduced Instruction Set Computer Five

RTL Register Transfer Level

SDK Software Development Kit

SPI Serial Peripheral Interface

TRB Transfer Request Block

UART Universal Asynchronous Receiver/Transmitter
usse Universal Serial Bus
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1. Introduction

The Lattice Semiconductor I/O Aggregation Over USB2 reference design provides developers a template to bridge USB
to several interfaces defined below from a PC (Windows or Linux).

1.1.

Quick Facts

= LATTICE

Download the reference design files from the Lattice USB to I/O Aggregation and Bridging Reference Design web page.

Table 1.1. Summary of the Reference Design

General

Target Device

LIFCL-33U

Source Code Format

C, RTL

Simulation/Validation

Functional Simulation

Not supported

Timing Simulation

Not supported

Hardware Validation

Fully validated

Software Requirements

Software Tool and Version

Lattice Propel SDK 2024.2

Lattice Propel Builder 2024.2

Lattice Radiant Software Version 2024.2
Lattice Radiant Programmer Version 2024.2

IP Version

RISC-V MC Version 2.7.0

System Memory Version 2.3.0

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

12C Controller Version 2.0.1

SPI Controller Version 2.1.0

UART Version 1.3.0

Hardware Requirements

Board

LIFCL-33U-Evaluation Board REV-B

Cable

USB C to USB C or USB C to USB A (9 pins) Cable

EEPROM Memory Module

AT24C256 256k Bits EEPROM Memory Module with 12C Interface

USB to UART Adapter

DSD TECH SH-UO5A USB to UART Adapter

1.2. Features

Key features of the I/O Aggregation Over USB reference design include:

e Hardwire USB supports |I/O aggregation over USB.

e  Wrapper RTL includes RISC-V, System Memory, and AHB bridge for USB enumeration.
e Maximum 8 endpoints can be flexibly configured as user selected peripheral:

e GPIO Input

e  GPIO Output

e |2C Controller
e  SPI Controller

e  Windows drivers and Python script to communicate to the peripherals.

1.3.

1.3.1. Nomenclature

Naming Conventions

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

www.latticesemi.com/legal
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1.3.2. Signal Names

e _nareactive low (asserted when value is logic 0)
e _jareinputsignals

e _oareoutputsignals

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

Figure 2.1 shows the directory structure.

Bitstream Contains 1/0 Aggregation Over USB reference design bitstream
v Design Contains 1/0 Aggregation Over USB reference design hardware design,
eumeiis including Radiant Project and Propel Builder designs
impl_1 Created by Radiant software and contains output files from Radiant
mem_init Design.
pdc
remote_files
rtl Contains RTL source file for Radiant top level design
source
u23_lifcl_nx33u_evalbd_ibd_tcr.dir
v u23_lifclu_nx33_prpl_bldr Contains Propel Build Project
misc
sge
source
u23_lifclu_nx33_prpl_bldr
u23_lifclu_nx33_prpl_bldr_des_tcr.dir
verification
Doc
v Riscv_FW Contains Propel SDK Project for RISC-V firmware generation
.metadata
v RDFW_IOA_USB
.settings
Debug Contains C source code for Propel SDK project
src Contains the Python Script for I/O Aggregation Over USB reference
Test testing and demonstration

Figure 2.1. Directory Structure

The RD_IOA_USB2.zip package includes:

e  Propel SDK project, which handles the C code project for RISC-V firmware generation and compiling.

e  Propel Build project, which contains the RISC-V microcontroller project, including peripheral soft IPs such as GPIO,
12C Controller, and SPI Controller.

e Radiant project for the top level design and bitstream generation, which contains the design block exported from
the Propel Builder Project, USB23 Hard IP, PLL for clock handling, and others.

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

Table 2.1. File List

Attribute Description

<Component name>.ipx This file contains the information on the files associated to the generated IP.
<Component name>.cfg This file contains the parameter values used in IP configuration.
component.xml Contains the ipxact:component information of the IP.

design.xml Documents the configuration parameters of the IP in IP-XACT 2014 format.
rtl/<Component name>.v This file provides an example RTL top file that instantiates the module.
rtl/<Component name>_bb.v This file provides the synthesis closed box.

misc/<Component name>_tmpl.v These files provide instance templates for the module.

misc /<Component name>_tmpl.vhd

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

FPGA-RD-02288-2.0 8


http://www.latticesemi.com/legal

= LATTICE

3. Functional Description

The top level block diagram of the I/O Aggregation Over USB2 reference design is shown in Figure 3.1 below.

[C] Manager/Requestor

[[] Subordinate/Completer |
[ AXI Manager |
[I] LMMI CFG Interface | P
D Host CPU I SPI Controller
|
| FYRrrE— (" on chip Wemary
= g
| (o = (= o
| <
RISC-V 5
| Processor
I AHB Lite
| oata Manager
| AH::DU:E E
I — APB Bridge Sompleer
|
I UART
|
£
| 23
[ EH
| *i
|
|
I Assign HW Revision ID
| i £
§
| o g 8
| 3 AXI64 to AHBL32 AHBL to LMMI & 3
| En Converter Converter
| 2 Clk_60MHz
g
Host CPU I RESET buoced |
ocke
(PC) |
I AXI
1/0 Aggregation | o g | Manager
Control USB Host . £8
" — . S8 (0+0-) T F
Application Driver | 89 | wmice z
) > Interface g
(Python Script + GUI) | 2
S
|
[ FPGA

Figure 3.1. Reference Design Block Diagram

3.1. Design Components

The 1/0 Aggregation Over USB2 reference design includes the following blocks:
e u23_lifclu_nx33_prpl_bldr_des which includes:

e  RISC-V microcontroller for USB enumeration and peripheral control

e Peripheral soft IP such as GPIO, 12C Controller, SPI Controller, and UART
e  USB23 Hardware Primitive

3.2. Clocking Scheme

The 1/0 Aggregation Over USB2 reference design uses a single clock at 60 MHz for all sub-blocks, including the RISC-V
processor. A PLL is used to generate the 60 MHz clock from a 25 MHz clock on the LIFCL-33U Evaluation Board.

3.2.1. Clocking Overview

The clock domain block diagram is shown in Figure 3.2.
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]

=
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Figure 3.2. Reference Design Clock Domain Block Diagram

3.3. Reset Scheme

An active low synchronous reset is generated from the PLL clock and PLL lock output. This reset is sent to the RISC-V
microcontroller. Then, the system_resetn_o from the RISC-V microcontroller is distributed over the whole reference
design.

3.3.1. Reset Overview

The block diagram of reset scheme for this reference design is shown in Figure 3.3.
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Figure 3.3. Reference Design Reset Scheme Block Diagram
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4. Signal Description

The input/output interface signals for the 1/0 Aggregation Over USB reference design are shown in Table 4.1.

Table 4.1. Primary 1/O

= LATTICE

Parameter Direction AR EEk el | L Description
Ball Access Access
Reference clock input for the PLL to generate the
. 60 MHz system clock. The clock frequency is 25
clk_25m_i Input 67 MHz from the Crystal oscillator on the LIFCL-33U
Evaluation Board.
REFINCLKEXTP_i Input F8 — — USB3.0 PHY external positive differential clock
REFINCLKEXTM_i Input E8 — — USB3.0 PHY external negative differential clock
dp_z Input/Output D7 — — USB2.0 positive differential data line
dm_z Input/Output E7 — — USB2.0 negative differential data line
u3_rxp_i Input A8 — — USB3.0 positive differential data line for receiver
u3_rxm_i Input B8 - - USB3.0 negative differential data line for receiver
U3_txp_o Output A7 . _ USB3.0.p05|t|ve differential data line for
- transmitter
U3 tm o Output AG . _ USBS.O.negatlve differential data line for
- transmitter
vbus_z Input/Output E5 — — Power signal
gpio_0_z[0] Output G6 LED D5 — GPIO output
CN3 PMOD J1
gpio_0_z[1] Input L4 . . GPIO output
Pin9 Pin 7
. CN3 PMOD J1 . .
i2cm_scl Input/Output M5 ] . Peripheral 12C Controller SCL line
Pin7 Pin 3
. CN3 PMOD J1 . .
i2cm_sda Input/Output M4 ] ) Peripheral 12C Controller SDA line
Pin 8 Pin 4
. J12 — .
spim_sclk_o Output B4 Pin 8 Peripheral SPI Controller clock output
. J12 - . .
spim_ssn_o Output B3 Pin 1 Peripheral SPI Controller Chip Select output
in
. . J12 — .
spim_mosi_o Output D4 Pin 3 Peripheral SPI Controller MOSI output
. Lo J12 — . .
spim_miso_i Input D3 Pin 5 Peripheral SPI Controller MISO input
CN3 DJ2
uart_txd_o Output J2 . PM.O ! UART output for RISC-V microcontroller debugging
Pin 18 Pin 7
CN3
uart_rxd_i Input H2 Pin 19 PI\:I)&DSJZ UART input for RISC-V microcontroller debugging
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5. Building the Reference Design

This section describes how to run the 1/0 Aggregation Over USB2 reference design using the Lattice Radiant software.

For more details on the Lattice Propel Software and Lattice Radiant software, refer to the Lattice Propel Software User
Guide and Lattice Radiant Software User Guide.

5.1. Running Propel SDK Project

The 1/0O Aggregation Over USB reference design utilizes the hardened USB block inside the LIFCL-33U which needs to be
configured via RISC-V firmware. This section describes how to build and run a C project in the Lattice Propel software
tool.

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

2. Click the Browse button to set workspace folder to .\Riscv_FW, then click the Launch button, as shown in
Figure 5.1.

Lattice Propel Launcher X

Select a directory as workspace

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

Workspace: | rs\whan\Documents\AppProject\USB_LIFCL_NX33U\RD_IOA_USB\Riscv_FW Browse...

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

» Recent Workspaces

Figure 5.1. Launch Lattice Propel Software Tool

3. The Propel SDK project is opened with RDFW_IOA_USB project as shown in Figure 5.2.

&
3}
File Edit Source Refactor Mavigate Search Project Run LatticeTools Window Help
i [ B-{-EBiEi Y # G0 U-i® P~
- - - -‘ Q i@
[ Project Explorer X =] = 0 |[5= outline X =8
&5 ROFW_I0A USB There is no active editor that
provides an outline.
[ Problems || Tasks| & Console x " [T Properties| & Terminal w5 = (a]
No consolesto display at this time.

Figure 5.2. Propel SDK Project in Lattice Propel

5.1.2. Navigating Propel SDK Project

In Propel Project Explorer, navigate to RDFW_IOA_USB > src to expand the project file list for reviewing purposes as
shown in Figure 5.3.
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Fle Edt Source Rela avigte Search Project
o 2 ~R-BDZOIRS M =] Q e
& Project Explorer X = = O |[8 Outine X vEARYeR ] =0
~ &5 ROFWI0A USE - U sc_usb_devh A
& Binaries U utish
) Includes U pich
v @ U ke usb vendorh
@b U tmerh
& usbio # LSCLUSB.DEV_BASE ADD
i comdeth # USB20SR_PIC_START_ADDR
& Isc_command.c # USB0SRRQ
& he_ctferc # 2C8asE
2 h_endpoint.c # TESTADDR
8 Iic_endpointh # man
& Isc_ep_handler.c # DEBUGMAING
& lsc_epd_handierc A DESUG M
8 tc_bw_regsh © uart core uart struct usr instance
2 thc_intrc ® usb_device
@ sc_reg_access.c o ush_dev
[ lsc.usb_ch.c ® pdete
5 he_usb_chh ® platform
5 Isc_usb_desch ® response: f
1 tc_usb_dev.c o rep
& tc_usb_devh ® gpionst
& tic_usb_event.c ® 2cdev:struct
& Isc_usb_vendorc o spidev
B Isc_ush vendoch ® printbul uintd !
5 e winsubh . B . v o i recisteriuint32 ¢ uint32 ¢ void"livoid") void) v
& icusbc S ¥
& mainc £ Problems | &) Tasks | G Console X [ Propertes o Terminal *B-m-=0
g ene No consoles to isplay at thi time.
Wiitable Smartlnsert 1:1:0

Figure 5.3. Navigating the Propel SDK Project

The 1/0 aggregation requests are processed in the Isc_usb_vendor.c. The request process flow is shown in Figure 5.4.

START D Future support

Control Transfer

Bulk Transfer

Standard Request?

Serve Standard
Request

Command Type

Vender Specific
Request?

Yes
bRequest Type?

Vendor OUT ?

USB Request Not Supported

Send Response to Host
Prepared in Vendor OUT
Request
v Invalid
Check windex ?

STALL Control Transfer

4

END

GPIO Command
12C Command
SPI Command

Control Command

* Decode Command
e« Perform Required Operation
e Prepare Response

USB Request Not Supported

STALL Control Transfer

Figure 5.4. 1/0 Aggregation Request Process Flow
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5.1.3. Generating Output MEM file

1.

Configuration Active to Debug mode, as shown in Figure 5.5.

To compile the Propel SDK project to generate the memory image for the RISC-V firmware, select the Propel Build

> (= Debug

> [ 1sc_command.c
> [ Isc_ctrl xfer.c
> [&] Isc_endpoint.c
> [B Isc_endpointh
> [ Isc_ep_handler.c
» 2 Isc_ep0_handler.c
> [B Isc_hw_regs.h
(g Isc_intr.c
> [€ Isc_reg_access.c
2] 1sc_usb_ch9.c
[ Isc_usb_ch9.h
> [B] lsc_usb_desch
> [€) Isc_usb_dev.c
> [Bl Isc_usb_devh
> 2 Isc_usb_event.c
> [g Isc_usb_vendor.c
> [8 Isc_usb_vendorh
> [B] Isc_winsub.h
» & Iscusb.c
[@ main.c
> [€ utils.
> [0 utils)
cpul.svd
13 cpulyaml
) linker.ld
 sys_envxml

<
h

Update Lattice C/C++ Project...

Manage Working Sets..

C/C++ Index >
Properties
WARRANTIES ON THIS FILE
16 // , STATUTORY, OR IN ANY PROVISION
17
18 //
19 /
2 //
21 (7
2 /
23 1} . LICENSEE ASSUMES
2 // \ATERTALS TO ACHIEVE
25 // PROPER INSTALLATION, USE, AND RESULTS OBTAINED THE
2% // LE AND
27 4/ ORM PROPERLY AND IN SUCH
28 // NTIRE COST AND RISK OF ANY
29 // LIABILITIES OR DAMAGES CAUS!
30 // SOFTWARE. 1IN NO EVENT SHALL LATTICE BE

P
fice Propel License Agreement.

INICATION WITH

ITS INTENDED

to the

OR ITS CONTENTS,

RESPONSIBILITY FOR

ITS CON

BY OR ASSOCTATED WITH THE

LIABLE TO ANY PARTY FOR DIRECT.

00000 OOOOOOOONR BN LYELELELEE

£33 Riscv_FW - ROFW_IOA_USB/src/main.c - Lattice Propel o X
File Edit Source Refactor Navigate Search Project Run LatticeTools Window Help
52 | ®- R - D% Open Project O-Q-i®y~-idoBE kiR -\t Q 8@
= = S Close Project = B8 (5= outline X vEERY % =0
;;_,_g RDFW_IOA_USB & Build Al Ctrl+B >>>>> COPYRIGHT NOTICE <<<<<<<<<<<<<LLLLLLLLLLLK ~ Isc_usb_dev.h ~
i o
> 3% Binaries Build Configurations > Set Active 5 'V 1Debug uishy
> @) Includes pich
e e Manage... 2Release L —
y Build Working Set > Build by Working Set 5 timerh
> & usbio Clean.. AW e 5 fhe LATTICE PRO LSC_USB_DEV_BASE_ADD
> [0 comdefh Build Automatically 4 J AND. PROPEL SDK. USB20SR_PIC_START_ADDR

USB20SR_IRQ
12C_BASE
TEST_ADDR
MAIN
DEBUG_MAIN
DEBUG_MAIN(
uart_core_uart :

isr_register(uint32_, uint32_t, void(*)(void"), void®) : uint?_t

confiqure_spillsc_spi_dev*, uint8_t)

22 Problems ] Tasks| B Console X
No consoles to display at this time.

[T Properties| & Terminal |

A E e m =]

=5 RDFW_IOA_USB

2.

Figure 5.5. Set Propel Build Configuration Mode

To launch the project building process, right-click on the process name RDFW_IOA_USB, select Clean Project from

the pull down menu to clean up the output folders. Then select the Build Project from the pull down menu, as
shown in Figure 5.6.

<
sc.t
Isc.t
[

Iscy
Iscu
mai
nmls

cpu
cpu
linki

» (= Debug

125 RDFW_I0A_US

Clean Project
Refresh
Close Project

Close Unrelated Project
Build Configurations
Build Targets
Index

o RunAs

45 Debug As
Profile As

Full Build Of Selected Projects
F5

Restore from Local History...
Update Lattice C/C++ Project...

%7 Run C/C++ Code Analysis
Team
Compare With
Configure
Source
M Validate

Properties

Alt+Enter

E DOES NOT
s

AND

WTIRE COST AND RISK OF ANY RE

WARRANT OR

SE
NOT INFRINGE ON THIRD PARTIES' IN

ITS CONTENTS PROVIHG [
CENSEE SHALL
VICE, CORRECTION, OR
BY OR ASSOCIATED WITH THE

LLECTUAL PROPERTY

gpio_inst
2¢_dev: s
spi_dev  lsc_spi_d
print_buf : uintd_{[]

ist_register(uint32_, uint32_t, void(*)(void"), void") : uint_t
configure_spillsc_spi_dev*, uintg_t): void

main(void) : int

£ Riscy_FW - RDFW_IOA_USB/src/main.c - Lattice Propel [
File Edit Source Refactor Navigate Search Project Run LatticeTools Window Help
i [ ®-Q-&i0i% ik 4 B-S8-E-C-iH-0-QA-OF S HE T Ak R -l Q g[S
() Project Explorer X BESY § =0 Bmamcx = B8 |[8= Outline X vBEERE o % g =0
V\, RDFW_IOF '1en 151 N355355555553555555>3>> COPYRIGHT NOTICE <<<<<<<<e<LesL<essesseses ~ o Isc_usb_devh
> New >
Binarie U utilsh
> @) Include GoInto o pich
v o Isc_usb_vendorh
@;(bsp Open in New Window b ;:;::h'"" o
> @ usbi Show In Alt+Shift+W > JoorTar LE IS USED BY OR GENERATED BY the LATTICE = # LSC_USB_DEV_BASE_ADD
g ELOPMENT SUITE, WHICH INCLUDES PROPEL BUILDER AND PROPEL SDK.
> @ oM = Copy CtlsC # ﬁziz_mg_mm_wnn
& m Paste Ctrl+V  [ttice grants permission to use this code pursuant to the # =
> Lg Vel e petete [ Of the Lattice Propel License Agreement. # |2CBASE
> @ elete elete # TESTADDR
> B Isce Remove from Context Ctrl+Alt+ShiftsDown  JSCLAIMER: # MAN
> [8 Iscr # DEBUG_MAINQ
L?f gy o > frrTice Hacs 0 daRiATIES N TS FILE O T NS W # DEBUGMANO
" | Move... 1P STATUTORY, OR TH ANY PROVISION OF THE LATTICE P
> B e R B T OR COMMUNICATION WITH AND LATTICE ® . uartcore;vart3structuait |
> [8 s Cname: PECIFICALLY DISCLATMS ANY IMPL CHANTABILITY OR ® usb_device: struct |
) ITNESS FOR A PARTICUL NOT WARRANT THAT THE @ usb_dev: struct s
> B Isc UNCTIONS CONTAINED REQUIREMENTS, OR THAT ® pdata: struct plat®
'S OPE IS FILE
> g 5 latform : struct plat
OR SYSTEM USING THIS FILE o plath .
> B response:_Response
@ response: Resp
>R ® resp
>m ®
> 8 Ise e
s B °
>l e
> M| °
s B °
> @ °
> @
B uti
B

dlspliyinhlshme

NE] Tasks | B Console X

[ Properties| $ Terminal |

“B-8--0

3.

Figure 5.6. Launch the Project Building Process

The output RDFW_IOA_USB.mem file can be located at: \Riscv_FW RDFW_IOA_USB\Debug\RDFW _IOA_USB.mem.
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5.2. Running Propel Builder Design

The 1/0 Aggregation Over USB reference design utilizes the hardened USB block inside the LIFCL-33U which requires
RISC-V microcontroller to handle the USB hard IP enumeration and USB traffic control. This section describes how to
evaluate the RISC-V design, including the peripheral soft IPs, in the Lattice Propel Builder software tool.

5.2.1. Opening Propel Builder Design

To open the Propel Builder project in Lattice Propel Builder software tool, launch the Lattice Propel software tool. Click

on File > Open Design and navigate through the Open sbx window to open

the .\Design\ u23_lifclu_nx33_prpl_bldr\ u23_lifclu_nx33_prpl_bldr\ u23_lifclu_nx33_prpl_bldr_des.sbx as shown in

Figure 5.7.

Welcome Back

Recent Project List

u23_lifclu_nx33_prpl_bldr_des

u23_lifelu_nk33_prpl_bldr_des

4 Propel Builder
File Edit View Design Tools Window Help
4 New Design =,
= Open Design Drlie EARY A
Recent Designs p——
B 4
rver T
ules
¥ T Arithmetic_Modules
13 Embedded_IP
» [ Memory_Modules
» [ Processors_Controllers_and_Peripherals
v [ Verification IP
P
~ [ latticesemi.com
= [ Processors_Controllers_and_Peripherals
@ cpri0 162 T
@ 12C Controller 2000
@ 12C Target 210 T
@ 13¢_Controller 300 T
@ Rrisc-vmc 250 T
@ spi Controller 210 0
@ 5Pl Target 210 0
@ uarr 130 T
- [ usez
@ UsB23_Device 1015 T -
l equation split coneat invert
Tel Console
x

Figure 5.7. Open the Propel Build Design

5.2.2. Mapping Design with Firmware

1. Inthe Propel Build design schematic, double-click on the sysmemO_inst to open the system_memory Module Block
Wizard, as shown in Figure 5.8.
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%

| File Edit View Design Tools Window Help

=] BE®»9H Q Q@
Dy Ve o Schematic Address % startpage
£ UrQL-13U-7CI08C
23 e
* {F instances

33_prpl_blel des

spit

sysmemd inst
w23_config intf_feedthrough_inst
wart st

2 Ports
= Businterfaces
b o et

» [ Components

Propertes
Name: | 23 M3 prpl_bicr_des

Type: Tnstance

Pathe 23 Wy rx33_prol_bidr_des

VLN latice:sysembaser:23_Wichs_roc33_pepi_bicr_es: 1.
Fhe:  C:usersfuhanDocuments ApaPrajectiSB_LIFCL M

Figure 5.8. Opening System Memory Module Block Wizard

2. Inthe system memory Module Block Wizard, make sure the Initialization File is mapped
to../../../Riscv_FW/USB23_Broad_Market_1.7/Debug/USB23_Broad_Market.mem or the latest revision of the
mem file, then click on the Generate button, as shown in Figure 5.9.

| &

Configure Component from Module system_memory Version 2.1.0
Set the following parameters to configure this component.

Diagram sysmem0 Configure IP
General Port 50 Settings Port 51 Settings
Property Value
sysmem0Q —_—
f N\ Interface AHBL
Memory Address Depth [1 - 32768] 32768
I A H BL SO Data Bus Width(bits) 32
— I 'mt . Memory Type LRAM
Port Count 2
ECC Enable
- AH BL_S 1) Enable Arbiter
~ Data Streamer

—ah bl_hCl k_| Enable Data Streamer

’ —ahbl_hresetn_i E—

Initialize Memory V]
\ J Initialization File Format hex
t Initialization File o/ ./ ./Riscv_FW/USB23_Broad_Market_1.7/Debug/USB23_Broad_Market.mem
-
4 » | No DRC issues are found.

Sonce

Figure 5.9. Mapping the System Memory Initialization File

3. Click the Address tab to review the base address assignment for the system and all peripherals within the Propel
Builder Project, as shown in Figure 5.10.
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han/Documer

& Propel Builder [C:/Users

File Edit View Design Tools Window Help

m]

®

Design View
3 LIFCL-33U-7CTG104C
v {F u23_lifclu_nx33_prpl_bldr_des
v ¥ Instances
» 1 HW_ver_gpio_inst
£k ahbl0_inst
% ahbl2apb0_inst
% apbO0_inst
iF cpul_inst
iF gpio0_inst
1 Iscc_i2em_inst
1F Iscc_spim1_inst
iE split
i u23_config_intf_feedthrough_inst
1 uartd_inst
i sysmem0_inst
» 2= Ports
» 5= Businterfaces
> ;F Nets

Properties
Name: | cpu0_inst

Instance
u23_lifdu_nx33_prpl_bldr_des/cpu0_inst
latticesemi.com:ip:cpu0:2.5.0

Type:
Path:
VLNV:

Design View 1P Catalog

cER H"5CHA BREE

» @ Components v

Tcl Console

|

bx] Device: LIFCL-33U-

S QaQa

Schematic *\, Start Page

Cell Base Address End Address

v cpul_inst

Range

C Board: NA

Lock

~ LocalMemory

«cpu0_inst/pic_timer_registers OxFFFF0000 2K OxFFFFO7FF
¥ u23_lifclu_nx33_prpl_bldr_des/cpul_inst/riscv_ahbl_m_instr_Address_Space(32 address bits: 4G)

sysmem0_inst/AHBL_SO 0x00000000 128K 0x0001FFFF
v u23_lifclu_nx33_prpl_bldr_des/cpul_inst/riscv_ahbl_m_data_Address_Space(32 address bits: 4G)
0x00040800 0x00040BFF
0x00040000 0x000403FF
0x00040C00 0x00040FFF
0x00041400 0x000417FF

0x00000000

HW_ver_gpio_inst/APB_SO 1K
gpiol_inst/APB_SO
Iscc_i2em 1 _inst/APB_SO

Iscc_spim1_inst/APB_SO

B A

1K
1K
1K

(<<

128K 0x0001FFFF

a

sysmem0_inst/AHBL_S1
128K Ox0003FFFF

0x000407FF

a

u23_config_intf_{ gh_ii S0
1K

<]

uart0_inst/APB_SO

INFO <2359992> - (PGE FileExistence) No available driver for ahb_lite_feedthrough

0x0001FFFF

0x00000000

Figure 5.10. Base Address Assignment

5.2.3. Exporting Design to Radiant Software
To export the propel builder design to the Lattice Radiant software, click on the Generate icon as shown in

Figure 5.11.

%

File Edit View Design Took Window Help

s @A
Design View
8 urcLaucTe

4 |EE|
(= Schematc

Address

xS E e

& startPage

Qaaeaq

= B 123 Mchy_nx33 prpl_bldr des

» {F instances

» T HW_ver_gpic_inst
5 shbi0 it
3 ahbl2aph0_inst
L apbO_inst

| cputinst
gpic inst

fsce_i2em_inst

Iscc_spim_inst

spit

sysmemd inst

£3 u_config_intf_fesdthrough inst
0 vartdjnst

v S poms

b 28 Businterfaces

b Nets

[ Components

,

——C

Properties
Name: | 123 Hic w33 _prpi_bidr_des

Type: Instance.

Fath:
s
Fie:

123 s roc33_prod_bice_des
Iathice:systembulder:u23 Wdu_rox33 prol_bldr_des:1
€ sers whan Cocuments AggPraject/Jse_LIFCL M

‘ »
2 Catslog Desgr view T

Tl Consale

INFO <2359982>

HFO <2

- Port Bus width doe.

t *EADDR®

*EADDR"
*EADDR"

Figure 5.11. 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.
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5.3. Running Radiant Project

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

1. To create the FPGA bitstream file, open the Lattice Radiant software. Then, click on Open Project icon, as shown in
Figure 5.12.

P Ve Dt T Wk ol
e” M o] ceom = Jo@EN no@
2 st rve
KB
~sorrwast Welcome Back
Project
Recent Project izt
y 4
e roect open ot open Exangie
Information Conter
n [
Gettog stanes Tuceins User s Suppon Cerer
HZLATTICE

Figure 5.12. Lattice Radiant Software

2. Open the Radiant project file u23_lifcl_nx33u_evalbd_ibd.rdf from the ./Design/ folder, as shown in Figure 5.13.
The design should have no errors but there are 16 warnings due to some unused signals from some instance. The
warnings should not affect the design compilation and bitstream generation.

File Edit View Project Tools Window Help
- - ) ! = ”~ ) 28 / B
¢ QQaa = A eerNBEEREBEMROREESBSE
Synt ize Design Map Design Place & Route Design Export Files
| 2 thesi
Ao Rdiak 2 x £ startPage L Reports .
~ [ u23_lifcl_nx33u_evalbd_ibd H
B UFCL-33U-7CT6104C Reports U23_lifcl_nx33u_evalbd_ibd Project Summary
v [ Strategies MIdomeabionlY i1 Performance Grade 7_High-Perform;
[=] Area
] Timing
7 Part Numbe LIFCL-33U-7CTG104C Synthesis: Synplify Pro
— Stategys » (7] Synthesis Reports hes e Yok
v 22 impl_{ (Synplity Pro) Family LIFCL Timing Errors:
~ £ Input Files
» i 2 ject Creat
B rtu23.bcl a3, cvalbd i Map Reports Device LIFCL-33U Project Created 2024104110 09:4|
%) ri/clock_debug.sv Package: FCCSP104 Project Updated 2024104108 01:2]
D » [7) Place & Route Reports
fa) t/resetn_syncsv i Project File: C:/Usersiwhan/Documents/AppProjectUSB_LIFCL_NX33U/Broad_market_design_R1P7/Design/u23_i
) u23_fifclu_nx33_prpl_bldr/u23_ffclu_nx33_prpl_bldr/u23.ifclu_nx33_prpl_bldr_des.v ——
[ rt/plVpl_6Om/pl_60m.px » (3 Export Reports il [e; jectUSB LIFCL NX33UiBroad market design R: 1
» ) RTL Files
» [ Constraint Files » @) Misc Repiorts RRsoure e
» [ Testbench Files
- LuT4 32 10 Buffers: 9
~ |18} u23_lifclu_nx33_prpl_bldr/u23_ifclu_nx33_prpl_bldr/lib/latticesemi.com/ip/cpu0/2.5.0/cpu. PFU Register: 2506 EBR 3
» [ RTL Files
» ) Testbench Files
» ) Driver Files
cpul.cfg
~ |18} u23_lifclu_nx33_prpl_bldr/u23_ifclu_nx33_prpl_bldr/lib/latticesemi.com/ip/sysmem0/2.1.0/5
- b P e s = 5
~ {1} u23lifcl_nx33u_evalbd_ibd - u23_lifcl_nx33u_evalbd_ibd.sv x [[*8 LGS i g 2 o
> 23 lifclu_nx33_prpl_bldr_des(nxU_prpl_bldr) - u23_ifclu_nx33_prpl_bldr_des.v = h
resetn_sync(rs_5_sys_rstn_60m) - resetn_sync.sv e 2 ! | mazket_design e
resetn_sync(rs_pll_locked_60m) - resetn_sync.sv - o - . — -
» plI_60m(pll_60m) - pll_60m.v. . £ 1
clock_debug(cd) - clock_debug.sv L & 50 . = & L
> £F 064 to_ahbl32_conv(axi_shb_conv) - axit4_to_ahbl32_convv Done: design load finished with (0) errors, and (16) warnings
AHBL_to_LMMI_converter(AHBL_to_LMMI_converter_inst) - AHBL_to_LMM|_converter.v
O Fleust [E] source Template 1] 1P catalog Td Console 59 message = output

Figure 5.13. Open the Radiant Design
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5.3.2. Generating Bitstream File

Click Export Files to generate the bitstream file. View the log message from the ./Design/impl_1 folder.

Fle Edt View Project Tooks Window Help

2R IC A

~ [E0 w23 life nx33u_evalbd_ibd
B UFCL-33U-7CTo104C
v 1) Strategies
" Aves
[ Timing
7 Strategyt
- % impl_1 (Synphfy Pro)
3 Input Files
W /23 lifel_mx33u_evalbd ibdsv
1 Mclock debugsv
T MVresetn_sync.sv
23 lifelu_nx33_prpl_blde/u23_clu_nx33_prpl_ blde/u23 ldelu_nx33_prpl_bide_des.v
® rtlpil/pll_60m/pil_60m.ipx

» [ RTL Files
» (7 Constraint Files
» 1 Testbench Files
ph_EOm.cfg
v [ w23 Melu 33 pepl bide/u23, Il na33.prpl_bide/liblaticeserni.comyip/ cpu0/2.5.0/cpud.
» [ RTL Files
» [ Testbench Fles
» (7 Driver Files
cpudcty
v () u23 clu_r33_prpl_blde/u23 Iclu_rac33_prpl_bide/lib/laticesemi.comyip/sysmem0/2.1.0/5
. L em e .
~ T} u23 Ml rc33u_evalbd_ibd - u23 ffel nx33u._evalbd_ibdsv x

» 10 u23_lifchs_nx33_prpl_bldr_des{nxU_prpl_bldr) - u23_lifclu_nx33_prpl_bldr_des.v
13 resetn_sync(es_r5_sys_stn_60m) - resetn_sync.sv
{3 resetn_syncirs_pll_locked_60m) - resetn_sync.sv
0 piL60mipil_60m) - pil_om.v
? clock debugled) - clock debug.sv
» {3 axi64_to_ahbi32_conviaxi_ahb_conv) - axib4_to_ahbl32_conviv
3 AHBL_to_LMMI_converter(AHBL_to_LMMI_converter_inst) - AHBL_to LMMI_converter.y

O Helist (F) Source Tonpiote 2 1P Cataog

~

YL 0@ EE®RB

+ (7} Synthesis Reports.

» [} Map Reports

» [7} Place & Route Reports

» [ Export Reports

» [ Misc Reports

cRERBRGaBSHE

U23_iifcl_nx33u_evalbd_ibd Project Summary

Implementation Name.  impl_1 Performance Grade. 7_High-Performance_1.0V

Strategy Name: Strategy! Oparatng Conditon com

Part Number UFCL-33U-7CTG104C Synnesis Synpity Pro

Family uFcL Timing Efrors: Place & Routs, 0 (Setup), 0 (Hold)

Device UFCL-33Y Project Created 2024/04/10 09:47.33

Package FCCSP104 Project Updated 2024104108 01:21:52

Project File CUserswhan/Documents/AppProjectUSB_LIFCL_NX33U/Broad_market_design_R1P7/Designu23_ifcl_ma3y_evalbd_ibd.rdf
- Location. € LIECL NX33U/Broad markel dasion 1

Resource Usage

LuT4 10102 10 Bufters "

PFU Regsstor 5602 £8R 7

Writing a verilog netlist based on the u23_1ifc) nx33u_evalbd ibd impl 1 design file.

Writing Verilog netlist to file u23_lifcl nx33u_evalbd ibd impl 1 vo.vo
INFO <35400233> - This design contains secured IP cbject(s), so output file u23_1ifcl nx33u_evalbd ibd impl 1 vo.vo has been encrypted.
Writing SDF timing to file u23_lifcl nx33u_evalbd_ibd_impl 1 vo.adf
Backanno finished with O posted error messages.

Total CPU Time:
Total REAL Time:

33 secs
33 secs

Peak Memory Usage: 994 MB

Done: completed

[ 1d Cansole

successfully

B mesmage

= ouut

Figure 5.14. Generated Bitstream Log

The generated bitstream could be located as ./Design/impl_1/ u23_lifcl_nx33u_evalbd_ibd_impl_1.bit.
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6. LIFCL-33U Evaluation Board Programming

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

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

6.2. Radiant Programmer GUI Setup
1. Launch the Radiant Programmer. Navigate to the Edit > Device Properties... menu item or click the Operation area

to bring up the Device Properties window as shown in Figure 6.1.
g R

HEH S See

Enable Status Device Family Device Operation Cable Setup g x
IFCL - LIFCL-33U - P -
I— B3 LIFCL - LIFCL-33U - Device Properties O X =

1 LIFCL LIFCL-33U Erase,Program, Verify Cable Settings
Gy | i i
eneral Device Information Detect Cable
Device Operation
Cable: HW-USBN-28 (FTDI) v
Target Memory: External SPI Flash Memory (SPI FLASH) v Port: FTUSB-1 7
Port Interface: JTAG2SPI S Custom port:
Access Mode: Direct Programming v
ing Speed Settings
Operation: Erase, Program, Verify v

O Use default Clock Divider

Programming Options ® Use custom Clock Divider

Programming file: jn/impl_1/u23_ifcl_nx33u_evalbd_ibd_impl_1.bit| .| 0xD6CE TCK Divider Setting (0-30x):
<
SPI Flash Options 1/0 Settings
0
o ® Use default 1/0 setti
oK Family: SPI Serial Flash v el iRl
L s O Use custom 1/0 settings
B R Vendor: GigaDevice v
ettty T
CPUIMCROPROCESS0R e CDITQUEE T INITN pin connected
™ Package: 8-pin SOP 5 BONE B con
BEEET I . TRST pin connected
Data file size (Bytes): [856500 Load from File Set TRST high
Start address (Hex): 0x00000000 v ) Set TRST low -
T End address (Hex): 0x000D0000 v = T
Lattice VM Drivers detected (HW-DLN-3C (Parallel), HW-USBN-2B (FTDI)) [ Turn off addresses auto updating
device database loaded [ Erase SPI part on programming error

[ Secure SP! flash golden pattern sectors

Output  Tcl Console
Ready

Figure 6.1. Radiant Programmer GUI

2. Select your desired Target Memory, Port Interface, Access Mode, and Operation.
3. Select the bitstream file from the Bitfiles folder and choose the SPI Flash Options as shown in Figure 6.1.
4. Click OK when finished.
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6.3. Programming the Evaluation Board

Click the Program Device icon from the toolbar to perform the device programming as shown in Figure 6.2.

Fia e e Doarme
\RIPTDesger.. V1A 42408

18 s e e 1L

Figure 6.2. Program the Device
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7. Running the Reference Design on Evaluation Board

This section describes how to run the 1/0 Aggregation Reference Design Demo on the LIFCL-33U Evaluation Board. For
more details on the LIFCL-33U Evaluation Board, contact Lattice Sales to obtain the board document.

7.1. LIFCL-33U Evaluation Board Connection to PC

Connect the USB Type C connector (CN2) on the pre-programmed LIFCL-33U Evaluation Board to your PC using the USB
type C to USB type C cable or the USB type C to USB type A (9 pins) cable.

7.2. Installing libusb-win32 Driver for USB23 on LIFCL-33U Evaluation Board

By default, the USB on LIFCL-33U is assigned with a WINUSB driver which is shown under standard Universal Serial Bus
devices in Windows Device Manager, as shown in Figure 7.1.

File Action View Help

&% T B BElE

Generic USE Hub
Generic USBE Hub
Generic USE Hub

h
o
s
o
¢ USB Composite Device
§ USB Composite Device
§ USB Composite Device
§ USB Composite Device
i USB Root Hub
§ USB Root Hub (USB 2.0)
§ USB Root Hub (USB 3.0)
v ' Universal Serial Bus devices

i Billboard Device

i Lattice USB23

i Vendor Interface

§ USB Connector Managers

Standard Enhanced PCl to USB Host Controller

Figure 7.1. LIFCL-33U USB with Default WINUSB Driver in Windows Device Manager

In order to support Python script for testing and demo, the libusb-win32 driver is required. To install libusb-win32
Driver for USB23 on the LIFCL-33U Evaluation Board, perform the following steps:

1. Download the USB driver installation software from the Zadig web page. Zadig is a Windows application that installs
generic USB drivers to help you access your USB devices.

Installation GUI will pop up as shown in Figure 7.2.

B
.
vevic

ce Options

Help

Driver l

| =p lwmuss (v6.1.7600.16385) ‘

-

UsBID D,j

wcin 2 D

0 devices found.

Install WCID Driver  |¥

Figure 7.2. USB Driver Installation GUI

Launch the downloaded zadig-2.8.exe. It requires the PC administration privilege to execute. The USB Driver

<
m
o

More Information
WinUSB (libusb)
libusb-win32

libusbK

WinUSB (Microsoft,
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3. Click on Options > List All Devices.

Ed Zadig - X
Device Options Help
'V List All Devices

|Lattic & Ignore Hubs or Composite Parents v | [JEdit
+ Create a Catalog File
i = M Inf ti
Driver '« Sign Catalog & Install Autogenerated Certificate a by
=7 WinUSB (ibusb)
USB It Advanced Mode libusb-win32
. libusbK

Log Verbosi > e

weo 9 i WinUSB (Microsoft)

13 devices found. Zadic 2.8.782

Figure 7.3. List All Devices in GUI

4. Select Lattice USB23 Device from the pull-down menu. Double check the USB ID setting, then click the
Install/Reinstall Driver button to install the USB driver.

Bl Zadig —
Device Options Help
;LEtﬁCE USB23 v DEdit
Driver || WINUSB (v10.0.19041.1) | Ep |busb-win32(v1.2.2.3)  |5] Hore Information
: o WinUSB (libusb)
USBID | 2AC1 | FDOO S I iz libusb-win32
Replace Driver v libusbkK
5 libusbK
WCID = | WinUSB (Microsoft)
13 devices found. Zadig 2.8.782

Figure 7.4. Install Driver for the Device

After the driver installation process, the USB on the LIFCL-33U will be shown under libsub-win32 devices in Windows
Device Manager, as shown in Figure 7.5.

i 2 Device Manager — O >
I File Action View Help
(== | 5|

5w Disk drives ~ |
~ [ Display adapters

5 AMD Radeon(TM) Vega 10 Graphics
> i Firmware
> ? FortiDeviceGuard

b Keyboards

v i libusb-win32 devices
§ Lattice USB23

» 1 Memory technology devices

> ﬂ Mice and other pointing devices
« [ Menitors

[ Generic PnP Monitor

[ Generic PnP Monitor |

[ Wide viewing angle & High density FlexView Display 1920x 1080
> g Multifunction adapters

Figure 7.5. LIFCL-33U USB with libusb-win32 Driver in Windows Device Manager
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7.3. 1/0 Aggregation Over USB Demonstration

The 1/0 Aggregation Over USB reference design can be demonstrated on the LIFCL-33U Evaluation Board for the

following testing:

e  GPIO input testing through a GPIO on Pin 7 of PMOD J1 on the I/O Daughter Board.

e  GPIO output testing excise through LEDO (D5).

e |2C Controller testing through Pin 3 and P4 of PMOD J1 on the I/O Daughter Board to an EEPROM Memory Module
with 12C interface.

e  SPI Controller testing by accessing the on board SPI Flash memory (U5).

7.3.1. LIFCL-33U Evaluation Board Connection and Setup

The Pre-Programmed LIFCL-33U Evaluation Board should be connected as shown in Figure 7.6.

Optional
DSD TECH SH-UO5A USB to UART Adapter
for Propel SDK Debugging and Monitoring

LEDO (D5) for GPIO Output Interactive

Jump Wire to Connect Pin 7 of PMOD J11
to VCC or GND for GPIO Input Interactive

Pre-programmed LIFCL-NX33U

AT24C256 12C Interface 256k Bits EEPROM Evaluation Board USB C to USB A (9 pins) Cable to
Memory Module for 12C Controller Interactive Connect the LIFCL-NX33U USB23 Port to
SPI Controller Interactive with PC

Onboard GD25Q128ESIG SPI Flash

Figure 7.6. LIFCL-33U Evaluation Board Setup for Demonstration

SPI controller is directly connected to the on board SPI Flash. The connection table for 12C controller to EEPROM
Memory Module, UART to UART adapter, and the GPIO input are shown in Table 7.1.

Table 7.1. Board Connection Table

LIFCL-33U Evaluation Board Connection To
Peripheral IP Function 1/0-DB Pin Number Pin Device
PMOD
VCC 6or12 VCC
12C Controller GND n 5or1l GND AT24C256 12C Interface 256k
(Firmware Index 0) SDA 4 SDA Bits EEPROM Memory Module
SCL 3 SCL
vcC 6or12 VvcC
GND 5o0r11 GND -
UART 12 DSD TECH SH-UO5A USB to
TXD 7 RX UART Adapter
RXD 8 TX
GPIO 12 PMOD J1 Pin 12 for input 1
. GPIO Input J1 7 . .
(Firmware Index 0) 11 PMOD J1 Pin 11 for input 0
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Make sure Jumper 3 and J4 on the /O Daughter Board are installed in order to get VCC power supply on PMOD J1 and
J2.

7.3.2. Utilizing UART Channel for Transaction Monitoring

If desired, you can switch to Lattice Propel Software Build Tool with I/O Aggregation Over USB Reference SDK project
opened for Eclipse. To open serial terminal, click Terminal tab and click on Open a terminal icon highlighted in Figure
7.7.

" — =
File Edit Source Refactor Navigate Search Project Run LatticeTools Window Help
m 54 | ®-R-@BiBiSiOIK S @ -S8-E-C-iH-0- Q- I 8 Brfi-od e |m Q iB|E
I3 Project Explorer X BESY § = 8 |[[@ manc X \_ = B |[E= Outline X v EEZVY o% g =0
15 RDFW_IOA USB ~ Isc_usb_devh ~
Sebpioaesr 0 W e e e e e e eeees utilsh
> @) Includes pich
v s Isc_ush_vendor.h
> @5 bsp timerh
> @ usbio / IMPORTANT: THIS IS USED BY OR GENERATED BY the LATTICE PROPEL™ LSC_USB_DEV_BASE_ADD
> [ comdefh ELOPMENT SUIT! ICH INCLUDES PROPEL BUILDER AND PROPEL SDK. USB20SR_PIC_START_ADDR
> B sc.command.c ce grants permission to use this code pursuant to the \SEAIR 1RO,
5] Isc_ctrl xfer.c rms of the Lattice Propel License Agreement. 12C_BASE
> [2] Isc_endpoint.c TEST_ADDR
> [ Isc_endpoint.h MAIN

>[4 Isc_ep_handler.c DEBUG_MAINI

> [2 1sc_ep0_handler.c

> [B] Isc_hw_regsh

> [8 Iscintrc

5 [6] Isc_reg_access.c

> [2) Isc_usb_cho.c

> [A Isc_usb_ch9.h

> [ Isc_usb_desch

> [2) 1sc_usb_dev.c
[B] Isc_usb_devh

> €] Isc_usb_event.c

> [€) Isc_usb_vendor.c

> [B] Isc_usb_vendorh

usb_device
usb_dev: s
pdata : struct
platform
response
resp: Res
gpio_inst
i2c_dev: s ancel]

> [6 Isc_winsubh isr_register(uint32_t, uint32_t, void(")(void®), void") : uint?.t
id v

> [8 Iscusbic confiqure spifisc_spi_dev”, uintg.1): vo
4 E L"!:'s": 21 Problems | ] Tasks | & Console (] Properties 9 Terminal X . ] % BE | S=0)
> [ utilsh

R cpub.svd
) cpudyami
R linkerld
2 sys_envaxml

> = Debug

co00OOOOOIOEOOOIRRBERERRRNENEELELE L

Figure 7.7. Open Serial Terminal

In the pop-up Launch Terminal window, select Serial Terminal from the drop down menu of Choose Terminal, as
shown in Figure 7.8. Under Settings, select Serial Port corresponding to USB to UART convertor and select Baud rate
115200 from the drop down menu as shown below.

Choose terminali|  Serial Terminal v

Settings

Serial port:|| COM25 -
Baud rate: || 115200 &

Data size: :8 v
Parity: 'None v
Stop bits: |1 vl
Encoding: | Default (150-8859-1) v

®@

Figure 7.8. Select Serial COM Port
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Under console window, the log message for PC command execution is similar to the example shown in Figure 7.9.

[¥] Problems J£| Tasks ) Console [ Properties 43 Terminal =] &‘Jl EM b]jl 353 = 0
& comzs x
wLength = Bxal ~
SPT IN Req
Inside spi isr
Interrupt Status @x89
SPI IP Read Data: @x@8,
spi_op_ongoing = @x88
Vendor OUT Req
EP@ STATE: 1
Setup Phase
Vendor OUT Req
EP@ STATE: 2
Data Parsing Phase
£---- H2D
bRequestType = @x48
bRequest = 282
wWalue = aee
windex = 268
wLength = 289
Received data from Host: ©x@4 @x88 ©Ox@a ©Ox80 @x83 oxfe 6x80 ©Ox0d oxee
SPI Request
bRequestType = ©x48
bRequest = axa82
wvalue = axea
wIindex = axen
wLength = BB
Request Buffer: @x4 @x@ 6xa 6x8 6x3 axfe 6x8 6x8 6xé
spi_tx_len = 8x84 spi_rx_len = @8a
[-- SPT TX Buffer: [B8] = 8x3 [1] = exfe [2] = @x8 [3] = @x@
SPI Transfer request
SPI READ or WRITE-READ CASE
Vendor IN Req
-=--=-> D2ZH
bRequestType = @xc@
bRequest = ax82
wWalue = Bxen
windex = axen
wLength = @x8a
SPI IN Req
Inside spi isr
Interrupt Status 8x89
SPI IP Read Data: ©x@8, @x87, Ox86, ©x85, Ox84, ©Bx03, ex82, Oxél, exPa, Oxeb,
spil_op_ongoing = @x@@
v

Figure 7.9. Log Message through Serial Terminal

7.3.3. Running Python Script

To excise the 1/0 Aggregation Over USB reference design on the LIFCL-33U Evaluation Board, a Python script is provided
at./test/RD_IOA_USB.py. Executing this Python script without arguments will sequentially perform the activities listed

below, which is shown in Figure 7.10.

o |2C Write
e |2CRead
e  GPIO Write to blink the LEDO (D5) ON and OFF, twice.
e  SP| Write
e SPIRead
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=
TERMINAL  PORTS [=] powershell 4~ [1] T

PS C:\Users\whan\Documents\AppProject\USB_LIFCL_NX33U\RD_ICA USB2\test>
PS C:\Users\whan\Documents\AppProject\USB_LIFCL_NX33U\RD_IOA USB2\test> python .\RD_IOA USB.py

B e e

*** BROAD MARKET USB23 TEST APPLICATION ***

B T T T T e e e T P e e T T

Usage: *.py interface# Operation# Payload: Separated by spaces

Interface Options: GPIO = 1, I2C = 2, SPI = 3
Operation Options: Read = @ Write = 1 WriteRead = 2
Max size 64 bytes per transactions

** Device found! **

** J2C SIMPLE TEST **
I2C Write:
0x3 Ox6 0x8 ox2

I2C Read:
0x3 Ox6 6x8 Ox2

** GPIO SIMPLE TEST **
write-Turn_ON LED
Response Status:

ox1

write-Turn_OFF LED
Response Status:

0x0

** GPIO SIMPLE TEST **
write-Turn ON LED
Response Status:

ox1

write-Turn_OFF LED
Response Status:

0xe

** Simple SPI TEST utilizing onboard FLASH **
Read SPI FlLash Device ID

Response :

oxc8 ex17

SPI Write:
Ox8 Ox7 Ox6 Ox5 Ox4 0x3 0x2 ex1 Oxa Oxb
ox0

SPI Read:
Ox8 Ox7 @x6 Ox5 Ox4 0x3 6x2 ox1 exa oxb
PS C:\Users\whan\Documents\AppProject\USB_LIFCL_NX33U\RD_IOA USB2\test> D

@ Restricted Mode ®@0A2 %o Ln 451, Col 29 (51 selected) Spaces:4 UTF-8 CRLF {§ Python 0Q

Figure 7.10. Python Script without Argument

To perform an individual activity, arguments have to be provided with the Python script execution.

The command line format is as follows:
python .\RD IOA USB.py [PERIPHERAL SELECTION] [OPERATION SELECTION] [PAY LOAD]
Where,

PERIPHERAL_SELECTION

For GPIO
For 12C Controller

For SPI Controller
For Read

For Write

For WriteRead

OPERATION_SELECTION

N|R|[O[W|N |-
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For GPIO operations, there are only two I/Os defined for the reference design, one output to drive LEDO (D5) on
Evaluation Board, and one input from Pin 7 of PMOD J11.

The PAY_LOAD values for different operations are as follows:

e The PAY_LOAD for GPIO operation is 1 byte in length, in which the bit 0 represent the output pin and bit 1
represent the input pin.

e  For I12C operations, the PAY_LOAD should be formatted as:

(1 byte Target Address + 2 byte TX length + 2 byte RX length + 59 byte 12C DATA)
Note: The 12C DATA for AT24C256 12C EEPROM Module should be (2byte EEPROM Offset + 57bytes Data).
e For SPl operation, the PAY_LOAD should be formatted as:

(2 byte TX length + 2 byte RX Length + 60 bytes SPI DATA)
Note: The SPI DATA for GD25Q128ESIG SPI Flash should be (1byte Command + 3byte Operand + 56bytes Data).

The following subsections provide examples of the Python script execution with arguments for individual activity. The
command arguments are formatted in and the expected outcomes are formatted in

7.3.3.1. GPIO Operation Examples
e  GPIO Write to turn LEDO on:
python .\RD_IOA_USB.py
3k 3k 3k ok 3k ok 3k >k sk ok 3k ok 3k ok sk sk 3k sk 3k sk >k sk ok sk ok sk ok Sk ok Sk ok sk ok 3k ok >k ok >k sk >k ok sk sk k sk

*** BROAD MARKET USB23 TEST APPLICATION ***
KoK oK KKK K KoK KK oK K oK K oK KK oK K oK ok KK R K oK K oK K oK K oK K oK K K

Usage: *.py interface# Operation# Payload: Separated by spaces

Interface Options: GPIO = 1, I2C = 2, SPI = 3
Operation Options: Read = © Write = 1 WriteRead = 2
Max size 64 bytes per transactions

** Device found! **

interface 1
Operation 1
Payload = [1]
Handling GPIO
GPIO Write: ox1

WR 0.K:

e  GPIO Write to turn LEDO off:
python .\RD_IOA_USB.py
3k >k 3k ok 3k ok sk >k sk sk sk ok sk sk sk sk sk sk sk sk >k sk sk sk ok sk ok sk ok sk sk sk ok sk ok sk sk ok sk kok ksk ke k

*** BROAD MARKET USB23 TEST APPLICATION ***
Kok K KKK KK KK KKKk KKK K kK KR KoK KK KK KKK Kk K

Usage: *.py interface# Operation# Payload: Separated by spaces

Interface Options: GPIO = 1, I2C = 2, SPI = 3
Operation Options: Read = @ Write = 1 WriteRead = 2
Max size 64 bytes per transactions

** Device found! **

interface 1
Operation 1
Payload = [0]
Handling GPIO
GPIO Write: oxo

WR 0.K:
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GPIO Read to sense the input pin state:
python .\RD_IOA USB.py
3k 3k 3k 3k 3k 3k 3k ok ok 3k 3k 3k sk sk 3k >k 3k sk ok ok >k 3k 3k sk sk >k >k 3k 3k sk sk 3k >k 3k sk ok >k >k 3k sk k ok ok k >k

*** BROAD MARKET USB23 TEST APPLICATION ***
KoK oK KK K K oK KoK oK K oK KK ok KK oK KoK ok K oK K oK K oK K oK K oK K ok K

Usage: *.py interface# Operation# Payload: Separated by spaces

Interface Options: GPIO = 1, I2C = 2, SPI = 3
Operation Options: Read = @ Write = 1 WriteRead = 2
Max size 64 bytes per transactions

** Device found! **

interface 1
Operation (%]
Payload = [0]
Handling GPIO
GPIO Status:

7.3.3.2. 12C Operation Examples

I2C operation to set Memory Module address pointer to zero:
python .\RD_IOA USB.py
3k 3k 3k sk 3k 3k sk sk sk 3k >k sk sk sk 3k >k sk sk sk sk >k sk sk sk sk >k 3k sk sk sk sk sk 3k 3k sk ok ok ok 3k skok sk ok k >k

*** BROAD MARKET USB23 TEST APPLICATION ***
KoK oK KKK KK KK oK KKK oK KKK KoK kKK R KoK KoK KK K KKKk KK

Usage: *.py interface# Operation# Payload: Separated by spaces

Interface Options: GPIO = 1, I2C = 2, SPI = 3
Operation Options: Read = @ Write = 1 WriteRead = 2
Max size 64 bytes per transactions

** Device found! **

interface 2

Operation = 1

Payload = [80, 2, 0, 0, 0, 9, 9]

I2C Write: Ox50 Ox2 Ox0 Ox0 Ox0 Ox0 Ox0

WR 0.K:

I12C operation to write two bytes data:
python .\RD_IOA_USB.py
sk 3k ok ok ok ok ok ok ok ok 3k ok ok ok ok sk ok ok ok sk ok ok ok ok sk ok ok ok sk ok ok ok ok sk ok ok ok sk ok ok ok ok ok ok ok

*** BROAD MARKET USB23 TEST APPLICATION ***
ook ok ok 3 ok ok K o ok ok K K ok ok ok o ok ok oK 3 ok ok K ok ok KK sk ok K Kk ok ok ok ok ok ok ok K ok

Usage: *.py interface# Operation# Payload: Separated by spaces

Interface Options: GPIO = 1, I2C = 2, SPI = 3
Operation Options: Read = @ Write = 1 WriteRead = 2
Max size 64 bytes per transactions

** Device found! **

interface 2
Operation 1
Payload = [80, 4, 0, @, 0, @, 0, 1, 2]
I2C Write: Ox50 Ox4 OxO Ox0 Ox0 Ox0 Ox0
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WR 0.K:

I12C operation to go to offset and read 2 bytes:
python .\RD_IOA USB.py
3k 3k 3k 3k 3k 3k 3k ok ok 3k 3k 3k sk sk 3k >k Sk sk sk ok >k 3k 3k sk sk >k >k 3k 3k sk sk 3k 3k 3k sk ok >k >k 3k sk ko k k >k

*** BROAD MARKET USB23 TEST APPLICATION ***
K3k oK KKK K K oK KoK oK oK oK KK ok KK oK K oK ok K K K oK KoK K oK K oK K ok K K

Usage: *.py interface# Operation# Payload: Separated by spaces

Interface Options: GPIO = 1, I2C = 2, SPI = 3
Operation Options: Read = @ Write = 1 WriteRead = 2
Max size 64 bytes per transactions

** Device found! **

interface 2

Operation = 1

Payload = [8@0, 2, 0, 2, 0, 9, 9]

I2C Write: Ox50 Ox2 Ox0 Ox2 Ox0 Ox0 0x0

WR 0.K:

I12C operation to send read command to fetch the result
python .\RD_IOA USB.py
3k 3k sk sk sk 3k sk sk sk sk 3k sk sk sk sk >k sk sk sk sk >k sk sk sk sk sk sk sk sk sk sk sk sk sk skook sk ok sk skosk sk ok k >k

*** BROAD MARKET USB23 TEST APPLICATION ***
KoK oK KKK KK KK oK KK KK oK KKK KoK ok K KR KoK KoK KK KKK Kk KK

Usage: *.py interface# Operation# Payload: Separated by spaces

Interface Options: GPIO = 1, I2C = 2, SPI = 3
Operation Options: Read = @ Write = 1 WriteRead = 2
Max size 64 bytes per transactions

** Device found! **

interface 2

Operation (%]

Payload = [80, @, 0, 2, 0]
Read bytes = 2

I2C Read:

7.3.3.3. SPI Operation Examples

SPI operation to read SPI FLASH ID:
python .\RD_IOA_USB.py

3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 5k 5k 5k 3k 3k 3k 3k 3k 3k 3k 5k 5k %k %k 3k 3k 3k 3k 5k %k 3k 5k %k 3k K >k >k 3k %k %k k k %

*** BROAD MARKET USB23 TEST APPLICATION ***
KoK KK KK KK KK K KKK KKK KKK KR KK KK KKK KKKk K

Usage: *.py interface# Operation# Payload: Separated by spaces
Interface Options: GPIO = 1, I2C = 2, SPI = 3

Operation Options: Read = @ Write = 1 WriteRead = 2

Max size 64 bytes per transactions

** Device found! **

interface = 3
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Operation = 2
Payload = [4, @0, 2, 0, 144, 0, 0, 0]
SPI Write-Read: x4 Ox0 Ox2 Ox0 0Ox90 Ox0 0Ox0 0Ox0

WR 0.K:
SPI Read:

SPI operation to set SPI FLASH WRITE ENABLE:
python .\RD_IOA USB.py

3k 3k 3k 3k ok >k 3k 5k 3k >k >k 3k %k 3k >k >k 3k %k 3k 5k >k %k %k 3k 5k >k >k >k %k 5k 3k >k >k %k 5k 5k >k >k >k %k >k >k k k k

*** BROAD MARKET USB23 TEST APPLICATION ***

3k 3k 3k 3k >k >k 3k 3k 3k >k >k 3k %k 3k >k >k 3k %k 3k 3k >k %k 3k 3k 5k >k %k >k %k 5k 3k >k >k %k %k 3k 3k %k %k %k %k k *k k k

Usage: *.py interface# Operation# Payload: Separated by spaces

Interface Options: GPIO = 1, I2C = 2, SPI = 3
Max size 64 bytes per transactions
** Device found! **

interface 3

Operation = 1

Payload = [1, o, 0, 0, 6]

SPI Write: Ox1 Ox0 Ox0 Ox0 Ox6

WR 0.K:

SPI operation to check SPI FLASH WIP flag:
python .\RD_IOA_USB.py
3k 3k sk sk 3k 3k sk sk sk sk 3k sk sk sk sk >k sk sk sk sk >k sk sk sk sk sk sk sk sk sk sk sk sk sk skook sk ok sk skosk sk ok sk >k

*** BROAD MARKET USB23 TEST APPLICATION ***
KoK oK KKK KK KK oK KKK KKK KoK ok KK R KoK KoK KK KK KKK KK

Usage: *.py interface# Operation# Payload: Separated by spaces

Interface Options: GPIO = 1, I2C = 2, SPI = 3
Operation Options: Read = © Write = 1 WriteRead = 2
Max size 64 bytes per transactions

interface 3

Operation 2

Payload = [1, o0, 1, 0, 5]

SPI Write-Read: Ox1 0x0 Ox1 0x0 Ox5

WR 0.K:

SPI Read: (WEN = 1, WIP = 0)

SPI operation to perform SPI FLASH sector erase:
python .\RD_IOA_USB.py

3k 3k 3k 3k ok >k 3k 5k 3k >k >k 3k 3k 3k ok >k 3k %k ok 5k >k %k %k 5k 5k >k >k >k %k ok ok >k >k %k 5k 5k %k >k >k %k >k >k >k k >k

*** BROAD MARKET USB23 TEST APPLICATION ***

3k 3k 3k 3k ok >k 3k 5k 3k ok >k 3k 3k 3k ok >k 3k %k ok ok >k >k %k 5k 5k >k >k >k %k 5k ok >k >k %k 5k 5k >k >k >k %k >k >k >k k k

Usage: *.py interface# Operation# Payload: Separated by spaces
Interface Options: GPIO = 1, I2C = 2, SPI = 3

Max size 64 bytes per transactions
** Device found! **
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interface 3

Operation 1

Payload = [4, @0, 0, 0, 32, 254, 0, 0]

SPI Write: Ox4 Ox0 Ox0 Ox0 0x20 Oxfe Ox0 OxO

WR O.K:

SPI operation to check SPI FLASH WIP flag:

python .\RD_IOA_USB.py

3k 3k 3k 3k 3k 3k 3k ok 3k 3k 3k 3k sk sk 3k >k 3k sk ok ok >k 3k 3k sk sk >k >k 3k 3k sk ok 3k 3k 3k sk ok 3k >k 3k sk k ok ok k >k

*** BROAD MARKET USB23 TEST APPLICATION ***
KoK o KoK KK K K oK KoK oK K oK KK ok KK oK K oK ok K K K oK K oK K oK K oK K ok K K

Usage: *.py interface# Operation# Payload: Separated by spaces

Interface Options: GPIO = 1, I2C = 2, SPI = 3
Operation Options: Read = @ Write = 1 WriteRead = 2
Max size 64 bytes per transactions

interface 3

Operation = 2

Payload = [1, o0, 1, 0, 5]

SPI Write-Read: Ox1 0x0@ Ox1 0x0 Ox5

WR 0.K:

SPI Read: (WEN = 0, WIP = 0)

SPI operation to set SPI FLASH WRITE ENABLE:
python .\RD_IOA_USB.py
3k 3k sk sk 3k 3k sk sk sk sk 3k sk sk sk sk >k sk sk sk sk >k sk sk sk sk sk sk sk sk sk sk sk sk sk sk ok sk ok sk skosk sk ok sk k

*** BROAD MARKET USB23 TEST APPLICATION ***
KoK oK KKK K KK KK oK KKK oK KKK KoK ok KK R KoK KoK KK KKK KK K

Usage: *.py interface# Operation# Payload: Separated by spaces

Interface Options: GPIO = 1, I2C = 2, SPI = 3
Max size 64 bytes per transactions
** Device found! **

interface 3

Operation 1

Payload = [1, @0, 0, 0, 6]

SPI Write: Ox1 Ox0 Ox0 Ox0 Ox6

WR 0.K:

SP| operation to write 10 bytes data:

python .\RD_IOA_USB.py
5K 5k 5k 5k 5K 5k 5k 5k 5k 5k 3k 5k % 5k 5k 3k 5k 5k sk 5k 3k sk 5k 5k 5k ok ok ok ok ok ok ok ok ok ok 5K 5K 5K K K K K K K K

*** BROAD MARKET USB23 TEST APPLICATION ***
KoK oK KKK K K oK oK oK K oK KK ok KK ok KoK ok KK K oK K oK K oK K oK K ok K

Usage: *.py interface# Operation# Payload: Separated by spaces
Interface Options: GPIO = 1, I2C = 2, SPI = 3

Max size 64 bytes per transactions
** Device found! **
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interface 3

Operation 1

Payload = [14, 0, @, @, 2, 254, 0, @, 8, 7, 6, 5, 4, 3, 2, 1, 10, 11]

SPI Write: Oxe Ox0 Ox0 Ox0 Ox2 Oxfe OxO Ox0O Ox8 Ox7 Ox6 OX5 Ox4 Ox3 Ox2 Ox1 Oxa Oxb

WR 0.K:

SPI operation to check SPI FLASH WIP flag:
python .\RD_IOA USB.py

3k 3k 3k 3k ok >k 3k 5k 3k >k >k 3k %k 3k >k >k 3k %k 3k 5k >k %k %k 3k 5k >k >k >k %k 5k 3k >k >k %k 5k 5k >k >k >k %k >k >k k k k

*** BROAD MARKET USB23 TEST APPLICATION ***

3k 3k 3k 3k >k >k 3k 3k 3k >k >k 3k %k 3k >k >k 3k %k 3k 3k >k %k 3k 3k 5k >k %k >k %k 5k 3k >k >k %k %k 3k 3k %k %k %k %k k *k k k

Usage: *.py interface# Operation# Payload: Separated by spaces

Interface Options: GPIO = 1, I2C = 2, SPI = 3
Operation Options: Read = @ Write = 1 WriteRead = 2
Max size 64 bytes per transactions

interface 3

Operation = 2

Payload = [1, @, 1, 0, 5]

SPI Write-Read: Ox1 0x0 Ox1 0x0 Ox5

WR 0.K:

SPI Read: (WEN = 0, WIP = 0)

SPI operation to read 10 bytes data back:
python .\RD_IOA_USB.py
3k 3k sk sk 3k 3k sk sk sk sk 3k sk sk sk sk >k sk sk sk sk >k sk sk sk sk sk sk sk sk sk sk sk sk sk sk ok sk ok sk skosk sk sk sk k

*** BROAD MARKET USB23 TEST APPLICATION ***
ok koK 3 ok ok K 3 ok ok K K ok ok oK o ok ok oK 3 ok ok 3k K ok ok KK sk ok K Kk ok ok ok ok kK ok ok K K

Usage: *.py interface# Operation# Payload: Separated by spaces

Interface Options: GPIO = 1, I2C = 2, SPI = 3
Operation Options: Read = @ Write = 1 WriteRead = 2
Max size 64 bytes per transactions

interface 3

Operation 2

Payload = [4, @, 18, @, 3, 254, 8, 0]

SPI Write-Read: Ox4 Ox0 Oxa Ox0 Ox3 Oxfe Ox0 OxO

WR 0.K:

SPI Read:
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8. Customizing the Reference Design

To customize or modify the 1/0 Aggregation Over USB reference design by adding or removing any peripheral soft IP
module requires a RISC-V firmware update. Contact Lattice Sales for more information.
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Table A.1 shows the resource utilization of the I/O Aggregation over USB Reference Design for LIFCL-33U-8CTG104C
using Synplify Pro of Lattice Radiant software 2024.2.

Table A.1. Resource Utilization for LIFCL-33U-8CTG104C

Module/Resource Utilization LUTs Registers EBRs Large RAMs

GPIO 46 31 0 0
Peripherals 12C Controller 775 567 0 0

SPI Controller 483 406 2 0

-V + +

2?;‘:;0“'“0“8" thlasnﬁr\t:IIe:f::Ec“:nv:r:sers 8,915 4,470 > 2
Total 10,219 5,474 7 2
Percentage Over the Device 37% 20% 11% 40%
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Technical Support Assistance

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

For frequently asked questions, refer to the Lattice Answer Database at
www.latticesemi.com/Support/AnswerDatabase.
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e Updated Figure 7.6. LIFCL-33U Evaluation Board Setup for Demonstration.
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