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1. Introduction

The purpose of this document is to explain the procedure to power-on and setting up the
working environment of iW-SD Memory Slave IP using any Host such as i.MX dev. Kit,
Windows Laptop and Linux Laptop.

1.1  Scope

This document describes the Hardware connection procedure to power-on, inserting SD
Memory slave demo board. This document also describes the steps to perform the write and
read tests to verify the working of iW-SD Memory slave IP.

1.2 Acronyms and Abbreviations

Term Meaning
FPGA Field Programmable Gate Array
JTAG Joint Test Attachment Group
MMC Multi-Media Card
oS Operating System
PC Personal Computer
SD Secure Digital
UART Universal Asynchronous Receiver/Transmitter
USB Universal Serial Bus

Table 1: Acronyms & Abbreviations

1.3 Overview

The iMX6 Qseven Development Kit ,Windows Laptop and Linux Laptop are used to evaluate
SD Slave controller IP. 1t has SD/MMC slot in it by which we can test iW-SD memory slave
IP by connecting the SD extension cable.

1.4 Board and accessories
e Zed Board

e i.MX6 Qseven Development kit , Windows Laptop and Linux Laptop.
e SD extension cable
e 2 USB cable 1 each for UART and JTAG.

1.5  Software Requirements
e A Laptop/PC with tera term installed.
e Vivado 2020.1 with Vitis
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Embedding Intelligence

2. Test setup
2.1 Connections

ECEITITED)

&= ZedBoard

wuu. zedboar d. or g

Ll
Figure 1: UART Cable and SD extension cable connection

Do the following connection as shown in the figure above.
e SD Extension cable to test IP
e 1 UART cable for Programming
e 1 UART cable for Serial Monitor
2.2 Programming FPGA and running software using Vitis

e After generating bitstream in vivado , go to export hardware

File Edit Flow  Tools Reports Window Layout  View  Help - Quick Access
Project | LI 2 ¥
w Add Sources... Alt+A PROJECT MANAGER - project_1
Close Project
Sources ? OO X
Q = & + 0 o
@ sd_cmd: I0_DDR (I0_DDRv) -~
Checkpoint * ~ @ sd_mem_ip:sd_mem_ip (sd_mem_ip.v) (2}
P N ~ @ sd_cmd_path : sd_cmd_path (sd_cmd_path.v) (4)
® sd_cmd_fsm:sd_cmd_fsm(sd_cmd_fsm.w)
Text Editor " ® sd_cmd_shifter: sd_cmd_shifter (sd_cmd_shifiery)
@ sd_crc7 : sd_crc? (sd_crc7.v)
Export | Export Hardware... @® sd_bus_fsm: sd_bus_fsm (sd_bus_fsm.v)
Export Bitstream File_ } sd_data_path : sd_data_path (sd_data_path.v) (§)
. Export Simulation . n[0LIC_DDR :10_DDR (10_DDR.Y)
Exit nMLIC_DDR : 1O_DDR (10_DDR.wv)
" @ gen[2lI0_DDR : I0_DDR (10_DDR.Y) -~
| T Miararchu | 19 Sauras  tinrarias | cameia oedar

Figure 2: Exporting Hardware from Vivado
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e Choose Fixed Type Platform

. Export Hardware Platform

Export Hardware Platform

VIVADO’

HLx Editions This wizard will guide you through the export of a hardware platform for use in the Vitis or PetaLinux
software tools.

To export a hardware platform, you will need to provide a name and location for the exported file and

specify the platform properties

Platform type
(@) FEixed
A plaftform supporting embedded software development only.

() Expandable
- Aplatform supporting acceleration.

& XILINX.

Cancel

Figure 3: Choosing Fixed Platform Type

e Click to include bitstream and then click on Next

% Ex port Hardware Platform

Output

Setthe platform properties to inform downstream tools of the intended use of the target platform’s hardware design P

(7 Pre-synthesis
This platform includes a hardware specification for downstream software tools.

@ Include bitstream

‘This-platform-includes-th mplete-hardware implementation and bitstream.-in-addition to-the-hardware specification for
B B B i 12

software tools.

Figure 4: Including the Bitstream

Einish Cancel
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e Give name to XSA , Click Next and then Click Finish

¢  Export Hardware Platform ey
Files
Enter the name of your hardware platform file, and the directory where the XSA file will be stored. '
HBAfile name: topftestﬁmodulefzynqj’uzd I
Export to: E:/SD_SLAVE/20_1/sd_mem_zedboard [-]
The XS will be written to: EASD_SLAVE\20_1\sd_mem_zedboarditop_test_module_zynq_7020.xs3
Mext = | Einish | | Cancel
Figure 5: Naming the XSA
e Now open Vitis and select the specified directory and press launch
= Eclipse Launcher 4
Select a directory as workspace
Vitis IDE uses the workspace directory to store its preferences and development artifacts,
Workspace: | EASD_SLAVEN2D 1\sd_mem_zedboard'\Viti e Browse...
[ Use this as the default and do not ask again
b Restore other Workspace
b Recent Workspaces
Figure 6: Select the Specified Project Directory
Page 8 of 19
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e Click Create Application Project as shown in the below Figure and then Click Next.

«J Vitis - Vitis IDE - m} X

File Edit  Search Xilinx Project Window Help

5 | [ Welcome sﬂ = &
W XILINX

a VITIS.

VITIS
IDE

PROJECT

Create Application Project

Create Platform Project

PLATFORM

Add Custorn Platform

RESOURCES

Yitis Documentation

Xilinx Developer

Create Library Project

Impart Project

Figure 7: Create Application Project

e Select the XSA from the Project Folder

]\.I lew Application Project [} >
| Platform
€3 Please select a platform to create the project
Select a platform from repository | i1 Create a new platform from hardware [(XSA) @
Hardware Specification |
| Prowvide your X5A file or use a pre-built board description
|
] wek180 1
zc702
XSA File: | zc708 Browse... ]
zoul02
| zed
Platform name: |
| |
wd Create Platform from XS54 >
« T <« SD_SLAVE » 20_1 » sd_mem_zedboard - [ Search sd_mem_zedboard
Crganize Mew folder == = | 9
SO Slave -~ MNarne Date modified Type Size -~
g e . ER -
o OneDrive top_test_module_zyng_7020_8 021 10:18 PM File folder
Vitis 110:18 PM File folder
[ This PC S i
. Vitis_high 021 118 PM File folder
~B 3D Objects XSA 021 10:18 Ph File folder
[ Desktop B8 top_test_module_zyng_7020 /1872021 10:21 AM XSA File 627 KB W
|“:E-'| Docurmnents Vo< >
File name: |top_test_module_zynq_?OP_O ~ | *msa;*.dsa; -

Figure 8: Select the XSA
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e Click Next, give Name to the Application project and Click Next

<+ MNew Application Project O =
Application Project Details
Specify the application project name and its system project properties

Application project name: | sd_mem_zedboard| |

Systermn Project

Create a new system project for the application or select an existing one from the workpsace °

Select a system project L PR TEELS

+ Create new...

Systemn project name: | sd_mem_zedboard_system

Target processor

Select target processor for the Application project.

Processor Associated applications

ps7_cortexad_0 sd_mem_zedboard
ps7_cortexad_1
ps7_cortexad SMP

@' = Back Finish Cancel
Figure 9: Naming the Application Project

e Select hello world example template and click Finish.

= New Application Project [m] =

Templates
Select a template to create your project.

Available Templates:

Find: = Hello World

~ SW development templates Let's say 'Hello World' in C.
Dhrystone
Empty Application
Empty Application (C++)
Hello World
IwlP Echo Server
IwlP TCP Perf Client
IwlP TCP Perf Server
IwlP UDP Perf Client
IwlP UDP Perf Server
Memory Tests
OpenAMP echo-test
OpenAMP matrix multiplication Demo
OpenAMP RPC Demo
Peripheral Tests
RSA Authentication App
Zyng DRAM tests
Zynq FSBL

@ MNext > Einish Cancel
Figure 10: Select Hello World Template
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e Once the project is created ,replace the helloworld.c file with the given
helloworld.c file.
B-HG - & DgME-0-iF oD
O rer Eivi Gy T = 0|4 sdmem teshsystem W sdmemtess [0 helloworlde A sd_mem_testd_system

|_mem_testd system [
v {€} sd_mem test [ d

) Includes

v s

&) helloworld.c
[B platform_config.n
[& platform.c
[H platformh

B Iscriptld

= Xilinc.spec
> @6 ide
% sd_mem _test8.prj
& sd_mem_testd_system.sprj
top_test_module_zynq_7020_8

ain,

General

Project name: sd menm testd

K Application Project Settings

Options

\;«sd,mem_«es«a b4

=S

Active build configuration: Debug |

View current BSP settings, or configure settings like STDIO peripheral selection, compiler flags, SW intrusive

Platform:  top test module zyng 7020 8 | -
Runtime: cpp

Dormain: domain_ps7_cortead 0 | [ ...
cpU ps7_cortexad 0

os: standalone

o Assistant 12 ‘

EER&880% v=0O

% sd_mem_test8_system [System]
top_test_module_zynq_7020_8 [Platform]

«J Vitis - sd_mem_zedboard/sd_mem_zedboard.prj - Vitis IDE

File Edit Search Xilinx Project Window Help

Figure 11:

Hardware Specification: View processors, memory ranges and peripherals.

Navigate to BSP Settings

profiling, add/remove libraries, assign drivers to peripherals, change versions of OS/libraries/drivers etc.

1 sd_mem_test8/src/helloworld.c exists. Do you wish to overwrite?

Don't Overwrite

Cancel

Replace Hello World File

Save (CTRL+S) and build (CTRL+B) the project
Then right click on project go to run and select run configuration

X

Hm e (KRR R REP R = -l FRER-R AR |12 Design | 4 Debug
L Explorer 53 | B/G 0 7= 0 |[& sdmem zedboard system [ sd_mem_zedboard 2 | = B |(8= outine 3 =0
sd_mem_zedboard_system [ t est ez A ‘ L . " An outline is not available.

v [ 4 mem. el R P =22 || K Application Project Settings Active build configuration: Debug | )
v 1}3 sd_mem 5
e ew
> 3. Binar =
, i Incluy Move To System Project... Options
@Debu o ey [name: sd mem zedboard View current BSP settings, or configure settings like STDIO peripheral
v @ sic B selection, compiler flags, SW intrusive profiling, add/remove libraries, assign
, [ he % Delete Delete i top test module zyng 7020 | - drivers to peripherals, change versions of OS/libraries/drivers etc.
B pl ) Refresh 5 e Navigteto B89 Sttings
[g pli
%; 243 Import Sources... domain_ps7_cortexad 0 | | ...
B Isc &8 Export as Archive P p—
= Xl " .
Clean Project
% e Specification: View processors, memory ranges and peripherals.
———————— T Generate Linker Script
«f Assistant Z:{]_ 28
Program FPGA
B Create Boot Image
% sd_mem_ze [f] Program Flash
toptestmi  ¢/Ces Build Settings
Team >
Run As > &£ 1launch on Hardware (Single Application Debug) —— — 4
a P T = [
Debug As > £ 2Launch on Emulator (Single Application Debug) o8 B =& B8 g
Properties Alt+Enter ‘n:E 3 Launch on Hardware (Single Application Debug (GDB)) -
7
e Run Configurations...
15:24:59 Build Finished (took 302ms)
v

@ sd_mem_zedboard

Figure 12: Run Configurations

iWave Systems Technologies Pvt. Ltd.
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e double click single application debug and switch to Target Setup tab.

Run Configurations o X
9

Create, manage, and run configurations

Debug a program using Application Debugger. @

5

=
=

FoBEX

| ‘ Name: ‘ Debugger_sd_mem_zed_detect-Default |

| $ Main ] Application ) Target Setup - Arguments| ] Environment| 5, Symbol Files| & Source| & Path Mapllj Common|
vE Single Application Debug
¥t‘r Debugger_sd_mem_zed_detect-Default

£ Single Application Debug (GDE) Hardware Platform: l §{sdxTefLaunchFile:project=sd_mem zed_detectfileType=hw;} ‘ Search... Browse...
9 SPM Analsis Bitstream File: [_ide/b'rtstream/top_mod_sd.bit ‘ Search... Browse... Generate...
PGADeice | AutoDetect || Sekct.
PS Device: ! Auto Detect ‘ Select..
[ Use FSBL flow for initialization
Initialization File: [ _ide/psinit/ps7_inittcl ‘ Search.. Browse...
Summary:
Reset entire system Following operations will be performed before launching the debugger.
1. Resets entire system. Clears the FPGA fabric (PL).
Program FPGA 2. Program FPGA fabric (PL).
[]Skip Revision Check 3. Runs ps7_init to intialize PS.
2 Run pe. it 4, Runs ps7_post_config. Enables level shifters from PL to PS. (Recommended to use this option only after system reset or board power ON).

5. All processors in the system will be suspended, and Applications will be downloaded to the following processors as specified in the Applications tab.
Run ps7_post_config 1) ps7_cortexad 0 (E:\Projects\EMFDA\zed_ex_sd\SDK20_1\sd_mem_zed_detect\Debug\sd_mem_zed_detect.ef)

. ; Revert Apply
Filter matched 4 of 4 items

@ Close

Figure 13: Target setup in run configuration

e Now Click on Run

e After the Programming is complete , the FPGA is ready for testing

iWave Systems Technologies Pvt. Ltd. Page 12 of 19
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3 Test Procedure

iWave SD Slave IP is tested with Three different hosts ,i.MX Dev Kit , Windows Laptop and Ubuntu Laptop
using SD Slot to show the functionality of the IP.

3.1 Tera Term Setup
e Power the i.MX board and connect it to PC/Laptop via com port.
e Open tera term in Laptop/PC and select the com port.
e Select baud rate as 115200.
3.2 Testing in i.MX Host
After i.MX Board is completely boot ,Press Enter and Type “root” to login as root user. Then,
follow the below procedure to test the SD slave IP.

I.MX Board is used to verify the SD Host IP in ARM based Host.

3.2.1 Card Insertion Test on i.MX Host:

Insert the SD extension cable from test board to i.mx SD slot. When the extension
Slave is inserted check the tera term. The terminal print is as shown in below figure.

M COM7T - Tera Term VT
File Edit Setup Contrel Window Help

: new 8D card at address 8001
mmchlkB: mmcB:8881 SDMEM 128 MiB
mmchlkB: unknown partition tahbhle

root@illave— G151

Figure 14: Card Detection prints for Default Speed

This indicates that 128MB card is detected successfully at the default speed.
3.2.2 Create partition and file system:

Detected Slave does not contain any partition and file system. To create partition use
command

3.2.2.1 fdisk /dev/immcblk0
Press “n” to create new partition.
Press “p” to create Primary partition.
Press “Enter” to create 1 partition.
Press “Enter” to create First sector of default size.
Press “Enter” to Create Last Sector of Default Size
After creation of new partition press “t” to select file
system.
Press “1” to list all available file system.
Enter “c” to select FAT32 filesystem.

iWave Systems Technologies Pvt. Ltd. Page 13 of 19
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After selecting file system press “w” to save and exit.

The terminal print is as shown in below figure.
rootBillave-G15:"# fdisk ~/dev/mnchlk@

Changes will remain in memory only, until you decide to write them.
Be careful hefore using the write command.

Device does not contain a recognized partition tahle.
Created a new DOS disklabel with disk identifier Bxed95ale8.

Conmand <m for help>: p
Dizk dev/mmchlkB: 128 MiB, 134217728 hytes, 262144 sectors
Units: sectors of 1 = 512 = 512 hytes
Becto ze {logicalsphysical): 512 hytes / 512 hytes
ize (minimumsoptimal): 512 hytes / 512 hytes

i pe: dos
Disk identifier: Bxe495alel

Connand {m for helpd: n
Partition type
P primary (B primary, B extended, 4 free)
e extended (container for logical partitions>
Select (default p): p
Partition number (1-4, default 1): 1
First sector (2048-262143. default 2P48): 2048
Last sector, +sectors or +size{K.M.G.T.PF> (2048-262143. default 262143): 262143

Created a new partition 1 of type ’Linux’ and of size 127 MiB.

Command <m for help): t

Belected partition 1

Hex code (type L to list all codes): ¢

If you have created or modified any DOE 6.x partitions. please zee the fdigk documentation for additional information.
Changed type of partition ’Linux’ to ‘W95 PAT32 (LBA)'.

Conmand <m for help): w

The partition table has been altered.

Calling ioctl{) to re-read partit mmchlkB: pi
ion tahle.

Syncing disks.

root@illave-G15:4 I

Figure 15: Creation of partition and selecting file system

After Creating the partition table, mount the partition of SD Slave using the
below commands.

3.2.2.2 mkdir /run/media/mmcblkOplmkfs.vfat /dev/mmcblkOpl
mount /dev/mmcblkOpl /run/media/mmcblkOpl

The terminal print is shown below.

T COMY - Tera Term VT
File Edit Setup Control Window Help

root@ilave-G15:"# mkdir /run/mediasmmchlkBpl
root@illave—-G15:"# mkfs.vfat /dev/mmchlkBpl

nkfz. vfat 2.11 (12 Mar 2085)

root@illave—G15:"# mount Adev/mmchlkBpl /runsmedias/mmchlkBpl
rootlillave—G15: 4 |

Figure 16: Mounting the partition

iWave Systems Technologies Pvt. Ltd. Page 14 of 19

(Confidential)



(]
lWave SD Memory Slave Controller IP User Manual

Embedding Intelligence

3.2.3 Testing using CP commands in i.MX Host:
After creation of file system mount the SD Slave and then read write any file using cp commands.
“cp [options] < source file> < destination file>”
» Where source is root and destination are SD for write operation.

» Where source is SD and destination is root for read operation.

For example: “sd_test.txt /mnt/read.txt” this will copy the data in the sd_test.txt to into mounted
SD Slave to file read.txt

“vi < filename.txt >” command opens the file to edit.

Press INSERT to edit the file.

After editing the file press ESC and “:wq” to save the file.

Following figure shows the prints of copying file using cp commands

O COMT - Tera Term VT
Eile Edit 5Setup Control Window Help

i sd_test.txt

=zd_test_txt smnt-sread.txt

Ssmntsread.txt readback.txt

diff =d_test.txt readback.txt

vi readback.txt
root@illave—G15:"H R

Figure 17: File Transfer using CP Commands

In the above prints sd_test.txt file is created, some data are put into it then that file is copied into
SD slave as read.txt file. This is writing data to SD slave. Then read.txt file is copied to root
directory as readback.txt. This is reading data from SD slave.

To verify the transfer is correct we can check the difference between the file using
diff command as shown in figure. Since the files are transferred properly there is no
difference between the files. The below picture shows both source and copied file.

iWave Systems Technologies Pvt. Ltd. Page 15 of 19
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YT COMYT - Tera Term VT

File Edit Setup

Control  Window Help

his is a test file for SD

— =sd_test.txt 124 4

Figure 18: Source File

3.3 Testing in Windows Host:
Insert the SD Slave extension cable to Windows Laptop SD card Slot and it should be

detected as shown in below figure.

= s

Computer

« A 3 ThisPC »

s Quick access
[ Desktop
& Downloads
| Documents
&/ Pictures
5EV_R2.0_UserGu
AnyDesk
i 05(C)
USER-GUIDE

@ OneDrive

[ This pC

Manage This PC
Drive Tools
v Folders (7)
3D Objects Desktop
} Music Pictures
-
Devices and drives (4)
0S(C) SD Card (D:)
[ jea—— | SD
Ny 121 GB free of 191 GB <=/’ 126 MB free of 126 MB

Figure 20: SD Card Detection in Windows PC

VI COMT - Tera Term VT

— readback.txt 124 4

Window Help
pfhis i=s a test file for SD

Figure 19: Destination File

Downloads

New Volume (F:)
|
Ny 226 GB free of 242 GB

Now copy a file from the windows Laptop to the SD Slave , as shown in below image.

iWave Systems Technologies Pvt. Ltd.
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= | Q 3| Manage
Home Share View Picture Tools

« v A &> ThisPC > Pictures

v 0
A &%)y |
ek sol v | Manage SD Card (Dz) - ] X
uick access
B Deskiop ’ Home Share View Picture Tools o
;Downloads ' 4 <« v.p é’o » Thi.. » SDCa.. v 0 Search SD Card (D:)
] Documents # ™ N ) |
Name Date modified Type s asw-iot_2 aws-iot
[&] Pictures 4 o Quick access B
8] SSK 16-11-2020 15:29 PNG Fil
SEV_R2.0_UserGu W Desktop # i 2 < i
AnyDesk } Downloads
i, 05(C) 5 Documents
USER-GUIDE = Pi
[&=] Pictures * oK
14
@ OneDrive 5EV_R2.0_UserGu
AnyDesk
[ This PC
= i, 05(C)
i USER-GUIDE
[ Desktop

Figure 21: Copying the file from Windows PC to SD Card
Open the file to verify the content .

&M = Manage SD Card (D = O

Home  Share  View  Picture Tools (2]

€« v 4 $6 > Thi.. > SDCa.. v o O Search SD Card (D) -
Lo} Name

Date modified Type s asw-iot 2 aws-iot aws-log burn_in_s:
3 Quick access

=] SSK 16-11-2020 15:29 PNG Fil: -
B Desktop » Le] b ;
& Downloads
[£] Documents #

[&] Pictures * Photos - SSKPNG = o X

ARV sy REEEPTEE  Addte @ [ y @D " R =3
AnyDesk

i 0S(C)

USER-GUIDE
@ OneDrive

[ This PC
¥ 3D Objects
B Desktop
|| Documents
& Downloads
D Music
[&] Pictures
B videos
& 05(C)
SpSDCard (D) <
Titem  1item selected 343 KB

Figure 22: Open the Copied file from the SD Card

3.4 Testing in Linux Host:

Insert the SD extension cable to Linux Laptop SD card Slot and it should be detected as
shown in below image.
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Figure 23: SD Slave detected in Linux Laptop

Now copy any file from the Linux Laptop to the SD slave, as shown in below image.

5715-6E98

M 133 MB Volume

© Recent © Recent 3

@ Home @ Home E

[ Desktop 7a862f02-ab41- sd_test.txt [ Desktop 7a862f02-ab41- sd_test.txt
[ Documents 37b:$§:095b745a1.jpg [ Documents 37b:$§§095b745a1.jpg
v, Downloads v, Downloads

dd Music dd Music

[ Pictures (1 Pictures

' Videos ' Videos

@ Trash @ Trash

@2 Network @2 Network

M 133MBVolume | &

Computer [ computer

B Connectto Server B Connectto Server

Figure 24: Transfer the files from Linux Laptop to SD Card.

Open the file to verify the content.
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Desktop
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Pictures
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Trash

98§ R28¢«DMBO

Network

133 MB Volume
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Computer
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Figure 25: Open the copied file
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