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1 OVERVIEW

This document describes the Linux Environment Image which provides users with a packaged Linux
platform to develop their applications on NUC980 series evaluation boards. It is integrated with relevant
kits of NUC980 development environment, so users can skip the installation process, and only need to
focus on programming applications. A Linux platform is needed to build Linux kernel, U-Boot, and
applications using the Linux compiling toolchain. In this user manual, NuMaker-NUC980-II0T is used as
the target board for example.

The Linux environment image includes following contents:
Linux platform: ubuntu-18.04.3-desktop-amd64.

® GCC 4.8.4 crLinuxs compiler with EABI support.
® UuClibc-0.9.33
® Binutils-2.24

® Demo program for device drivers, busybox, mtd-utils, and other open source applications.

® Linux 4.4 kernel source code and NUC980 device drivers.
® Linux 5.10 kernel source code and NUC980 device drivers.

U-Boot 2016.11 source code includes NUC980 device drivers.

1.1 Development Environment

Users can run the Linux environment Image on the virtual machine on a PC, and communicate or debug
with the NUC980 series evaluation board via UART(connected by Type-C).

In addition, users can also load the binary file to the NUC980 series evaluation board for execution or
debugging by USB interface. Then, use the programming tool NuWriter to program NAND, SPI, and
eMMC. The development environment is shown in Figure 1-1.
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Figure 1-1 Development Environment Setup
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2 INSTALLATION OF LINUX ENVIROMENT

The Linux Environment Image provides a Linux operating system running on VMware.

This chapter introduces how to install VMware virtual machine, and the steps to install the Linux
Environment Image.

2.1 Installing VMware Virtual Machine

Users can download free VMware Workstation Player 15.5 from VMware official website:
http://www.VMware.com/. Select Downloads > “Workstation Player” and then click “VMware
Workstation 15.5 Player for Windows”. Please refer to Figure 2-1 and Figure 2-2.

vmware O, ®us %1-877-486-9273 | Communities | Store | Login >

VMware Cloud Products Solutions Support Professional Services Downloads Partners Company

pownioads Free Product Downloads
Product Downloads
Free Product Trials & vSphere Hypervisor & vCenter Converter @
Demos
g A

T orkstation Player Software Manager

Downloads
VMware Remote Console @
|

Figure 2-1 Download VMware Workstation Player

Products >  Workstation Player >  Try VMware Workstation Player

VMware Workstation Player
VMWARE

WORKSTAT'ON VMware Workstation Player is an ideal utility for running a single virtual machine

on a Windows or Linux PC. Organizations use Workstation Player to deliver

PLAYER™ managed corporate cesktops, while students and educators use it for learning
and training
.

The free version is available for non-commercial, personal and home use. We
also encourage students and non-profit organizations to benefit from this
offering

Commercial organizations require commercial licenses to use Workstation
Player.

Need a more advanced virtualization solution? Check out Workstation Pro.

Try Workstation 15.5 Player for Windows Try Workstation 15.5 Player for Linux
@ Download Now » @ Download Now »

Figure 2-2 Download VMware Workstation Player for Windows

After the download is complete, follow the steps of Figure 2-3 ~ Figure 2-8 to install VMware Workstation
Player.

Note: Make sure to enable Virtualization of BIOS before installing VMware.

1. Execute the installation file and accept the license agreement.
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ﬁ Vivtware Workstation 15 Player Setup - x ﬂ Vware Workstation 15 Player Setup - X

End-User License Agreement

Welcome to the VMware Workstation 15 Player Please read the following license agreement carefully.

Satup Wizard
VMWARE
WORKSTATION
P‘-AYER"]S 5 VMWARE END USER LICENSE AGREEMENT &
0 The Setup Wizard will install VMware Workstation 15 Player
on your computer, Click Next to continue or Cancel to exit
the Setup Wizard.
PLEASE NOTE THAT THE TERMS OF THIS END USER
LICENSE AGREEMENT SHALL GOVERN YOUR USE
OF THE SOFTWARE, REGARDLESS OF ANY TERMS
THAT MAY APPEAR DURING THE INSTALLATION OF
Copyright 1998-2019 VMware, Inc. All rights reserved. This THE SOFTWARE.
product is protected by U5, and international copyright and
intellectual property laws. VMware products are covered by v

one or more patents listed at:

I I accept the terms in the License Agreement I

httpe ffwww. vmware. com/go/patents

Cancel Print Back Cancel

Figure 2-3 Install VMware Workstation Player (1)

2. Select the installation location.

ﬂ VMuware Workstation 15 Player Setup — ¥

Custom Setup
Select the installation destination and any additional features.

Install to:
Ct\Program Files (x86)\WMware\WMware Playery Change...

[C]enhanced keyboard Driver (a reboot wil be required to use this feature)
Thig feature requires 10ME on your host drive.

= conce

Figure 2-4 Install VMware Workstation Player (2)

3. Settings of user experience (non-essential).

ﬁ VMware Workstation 15 Player Setup - X

User Experience Settings

Edit default settings that can improve your user experience.

[ check for product updates on startup
When VMware Workstation 15 Player starts, check for new versions of the
application and installed software components.

|:| Join the VMware Customer Experience Improvement Program

VMware's Customer Experience Improvement Program =
(“CEIP”) provides VMware with information that enables
VMware to improve its products and services, to fix

problems, and to advise you on how best to deploy and use
our products. As part of the CEIP, VMware collects technical ,

Bad cance‘

Figure 2-5 Install VMware Workstation Player (3)
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4. Create the quick start icon on the desktop.

ﬁ Vitware Workstation 15 Player Setup - X

Shortcuts
Select the shortcuts you wish to place on your system,

Create shortcuts for VMware Workstation 15 Player in the following places:

Desktop

Start Menu Programs Folder

Back Cancel

Figure 2-6 Install VMware Workstation Player (4)

5. Start to install.

ﬁ Vitware Workstation 15 Player Setup - X

Ready to install VMware Workstation 15 Player

Click Install to begin the installation. Click Back to review or change any of your
installation settings. Click Cancel to exit the wizard.

= () =

Figure 2-7 Install VMware Workstation Player (5)

6. After installation, open VMware Workstation 15 Player.

VMware Werkstation 15 Player (Non-commercial use only) — a x
Player ~ =y
Home Welcome to VMware

Workstation 15 Player

Create a New Virtual Machine

Create a new virtual machine, which will then be added to
the top of your library.

Open a Virtual Machine

Open an existing virtual machine, which will then be added
to the top of your library.

de to Wor ion Pro

Get advanced features such as snapshats, virtual netwerk
management, and more.

Help

view online help,

CHON - Nan

This praduct is not licensed and is autharized for non-
commercial use only. For commercial use, purchase 2
license. Buy now.

Figure 2-8 Menu of Virtual Machine
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If there are installation errors, follow the procedure below to solve the problem:

(Windows 7 x64 - VM =)

This virtual machine is configured for 64-bit guest operating systems.
However, 64-bit operation iz not possible.

This host supports Intel VT-x, but Intel VT-x is disabled.

Intel ¥T-x might be disabled if it has been disabled in the BIOS firmware
settings or the host has not been power-cycled since changing this setting.

(1) Verify that the BIOS ffirmware settings enable Intel YT-x and disable
‘trusted execution.’

{2) Power-cyde the host if either of these BIOS/firmware settings have been
changed.

(3) Power-cyde the host if you have not done so since installing VMware
Workstation.

{4) Update the host's BIOS/firmware to the latest version,

For more detailed information, see hitp: fvmware. com/info?id=1532.

Figure 2-9 Installation Errors of VMware

® Enable Virtualization from BIOS before installing VMware, as shown in Figure 2-10.
- Restart computer.
- Log in to the BIOS screen when booting.

- Select configuration, then select Intel virtual technology. The system is disabled
by default.

- Change disabled to enabled.
- Save the settings and restart.

® There will be some differences depending on each BIOS.

ThinkPad Setup
Main Config Date/Time Security

Startup Restart

Item Specific Help

: » UEFI BIOS Update Option
| » Memory Protection
3

| » 1/0 Port fAccess
| » Internal Device fAccess
> Anti-Theft
| » Secure Boot
» Intel (R) SGK
» Device Guard

Help 11 Select Item +/ Change Values F9  Setup Defaults
c Exit ¢+ Select Menu Enter Select » Sub-Menu F10 Save and Exit

Figure 2-10 BIOS Settings

2.2 Downloading and Opening Linux Environment Image
Download the image resource " VMware Linux Virtual machine image" at the following URL:

https://www.nuvoton.com/products/iot-solution/iot-platform/numaker-iiot-nuc980/

Decompress Nuvoton - Ubuntu 18.04.zip to the target folder, then refer to Figure 2-11 to Figure 2-14
and the procedure below to open Linux environment image.
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1. Open the Virtual Machine.

VMware Workstation 15 Player (Non-commercial use only) - o X

Player ~ {7}

B Weicome to Viware

Workstation 15 Player

Create a New Virtual Machine

Create a new virtual machine, which wil then be added to
the top of your lbrary.

Open a Virtual Machine

Open an existing virtual machine, which will then be added
1o the top of your lirary.

Upgrade to VMware Workstation Pro

Get advanced features such as snapshots, virtual network
management, and more.

Help
View oniine help.

EE

This product is not kcensed and is authorized for non-
commercial use only. For commercial use, purchase a
Icense. Buy no.

Figure 2-11 Open the Linux Environment (1)

2. Select "Ubuntu 64-bit_nuvoton.vmx" under Nuvoton - Ubuntu 18.04 folder.

Open Virtual Machine X
4 |« 0S > ubuntu NUCS70980_Linux v @ | Searchubuntu NUCS70.980... O
QOrganize = New folder = @ @
m"  MNeme B Date modified Type Size

File folder
713 VMware virtual m... 3KB

> Ubuntu 64-bit_nuveton-0dcTfécZ vmen...
I (5] Ubuntu 64-bit_nuvoton.vms

File name: | Ubuntu 64-bit_nuvoton.vm v‘ All supported files ("vmx™.ovf;

Figure 2-12 Open the Linux Environment (2)

3. The Linux Environment Image is loaded now. Click "Play virtual machine".

VMware Workstation 15 Player (Non-commercial use only) - o x
Player v P ~ =)
() rove

Ubuntu 64-bit_nuvoton

State: Powered Off
0S: Ubuntu 64-bit
Version: Workstation 15.x virtual machine
RAM: 2 GB

."‘ Edit virtual machine settings

Figure 2-13 Open the Linux Environment (3)
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4. You will see messages when opening a new image. Click the options such as Figure 2-14.

Player + =} = 0 Player + =}

i
mn

Ubuntu 64-bit_nuvoton - VMware Workstation 13 Player

Ubuntu 64-bit_nuveton - VMware Workstation 15 Player

/ 0‘ This virtual machine might hav been moved or copied.

In order to configure certain management and networking features,
VMnare Player needs to know f this virtual machine was moved or copied.

If you don't know, answer "I Copied It",

Cannot connect the virtual device sata0: 1 because no
corresponding device is avalable on the host,

Do you want to try to connect this virtual device every time you
power on the virtual machine?|

I Moved It 1 Copied It Cancel

Figure 2-14 Open the Linux Environment (4)

An Ubuntu login window will show up after installation is complete. Log in with the username "nuvoton”

and the password is "user".
@ nuvoton

Password:

Cancel ¥  signin

ubuntu®

Figure 2-15 Login Linux Virtual Machine

Check whether the time zone is matched with your area.

< Details

Date & Time
4+ About
[ I Automatic Date & Time 7]
&3 Users

Automatic Time Zone

% Default Applications

[Time Zone CST (Taipei, Taiwan)

Time Format 24-hour ¥

Figure 2-16 Setting of Time Zone
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3 BUILDING IMAGES OF LINUX KERNEL

Before using the NUC980 evaluation board, users should make the function configurations. Nuvoton
has prepared several basic config packages for users to choose the config file which matches the
requirements.

With different versions of the Linux kernel, its requirement images are other and will be illustrated in the
following section. For more details on programming, please refer to section 4.5 of the NuMaker-IloT-
NUC980G2 User Manual.

3.1 For Version 4.4 of Linux Kernel

3.1.1 Getting the Buildroot

Find NUC970_Buildroot-master folder under personal folder "Home".

Q = o
Recent
o ] il | | g
@ - wil -
Desktop  Documents Downloads Music NUC970_ Pictures Public
Desktop Buildroot-
master

Documents

Downloads | 1 J A

Music Templates  Videos Examples

Pictures

Videos

]
D
&
a
a
o)

Trash

+

Other Locations

Figure 3-1 NUC970_Buildroot-master Folder

The NUC970_Buildroot-master folder contains everything needed to develop Linux kernel, uboot and
applications.

Buildroot is a simple, efficient and easy-to-use tool, which is a set of Makefiles and patches that
simplifies and automates the process of building a complete and bootable Linux environment for
an embedded system through cross-compilation. Users can set the corresponding configuration file
according to the evaluation board and development requirements, through the command "make
XXX_defconfig" to set the buildroot configuration.

If users need to modify buildroot parameters, use command "make menuconfig" to set the configuration
of buildroot. So far, the Linux platform of version 4.4 had built successfully. The following section will
introduce how to compile and generate executable files in the Linux platform.

3.1.2 Compiling Linux Kernel and U-boot

To compile Linux Kernel and U-boot, first, set the configuration of buildroot. Take the NuMaker-NUC980-
lloT evaluation board as an example and open a terminal and find the board configuration file at the
following path.

user@ubuntu:~/NUCS7 1ildroot/configs$ ls nuvoton*

nuvoton nuc970 defconfig nuvoton _nuc976 tomato_defconfig
nuvoton_nuc972_defconfig nuvoton_nuc977_defconfig

nuvoton_nuc972 eth2uart_defconfig nuvoton_nuc980 defconfig
nuvoton_nuc973 defconfig nuvoton nuc980 eth2uart defconfig
nuvoton nuc976 defconfig nuvoton_nuc980_1lot_defconfig

Figure 3-2 Configuration File

Refer to Figure 3-3, run command "make nuvoton_nuc980_iot_defconfig" to import configuration file
into .config, then run command "make" to compile Linux kernel and U-boot.
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$ make nuvoton_nuc980_iot_defconfig

$ make

user@ubuntu: $ make nuvoton_nuc980_iot_defconfig
#

# configuration written to /home/user/NUC970_Buildroot-master/.config

#

user@ubuntu:

oot-master/output HOSTCC="/fusr/bin/g

fig
make[1]: Entering directory '/home/user/NUC970_Buildroot-master'

Figure 3-3 Configuration Setting and Compiling

Note: Based on what target board you use, set the corresponding configuration file.
After compilation, there will be four images used for downloading.

Image: Linux kernel image used for running on DDR.

ulmage: Linux kernel image used for booting with uboot.
® u-boot.bin: Uboot image.

® u-boot-spl.bin: Uboot Secondary Program Loader image", used for booting from SPI
NAND.

The images are generated at the following locations:
Image and ulmage are generated at the path "NUC970_Buildroot-master/output/images".

~

Y Home  NUCS70 Buildroot output images

Recent

Lepio]  Ltar |

Home . =
rootfs.cpio  rootfs.tar u-boot.bin

Desktop
Documents
Downloads
Music
Pictures

Videos

Ga D&« DNM B O

Trash

Other Locations

+

Figure 3-4 Location of Image and Uimage File

u-boot.bin is generated at the path "NUC970_Buildroot-master/output/build/uboot-master".

< N ldro output  build  uboot-master QA s s >
] ~ I B B B B e
@ Home
api arch board emd common configs disk doc
[ Desktop
D Documents - O - - - -
2 drivers dts examples fs include lib Licenses net
¥  Downloads
3 Music i i i
@A Pictures post scripts spl test tools config.mk Kbuild Kconfig
v Videos §
@ Trash . .
MAINTAINE  Makefile README snapshot. System, u-boot wboot.bin| uboot.cfg
RS commit map
+  Other Locations
wboot.cfg.  u-boot.lds u-boot.map u-bootsrec ubootsym u-boot-
configs nodtb.bin

Figure 3-5 Location of U-boot.bin File
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u-boot-spl.bin is generated at the path "NUC970_Buildroot-master/output/build/uboot-master/spl".

ter output build uboot

arch board common drivers dts fs include u-boot.cfg

Desktop

Documents V

u-bootspl |u-boot-spl.| u-bootspl. u-bootspl.  u-boot-spl-
bin Ids map nodtb.bin

Downloads

Music

Figure 3-6 Location of U-Boot-spl.bin File

Download the above four images into your evaluation board and it will be ready to work.

You can find the download procedure by referring to the NUWRITER TOOL chapter of “NuMaker-
NUC980-110T User Manual”.

3.1.3 Updating Source Code

When Nuvoton releases new patches on the Internet, please refer to the following steps to update Linux,
u-boot, and buildroot.

Note: Ifit's your first time to set up the Linux platform, please update Linux, u-boot, and buildroot first.
® Linux and uboot Update:

Delete original folders and .gz files of linux-master and uboot-mater in the Linux platform
at the location as shown below.

B N N B N B B B e

alsaib- alsa-utils-  application  buildroot: busybox: bzip2-1.0.6 gettext: host- host- host: host-expat
1.1.2 1.1.2 5-1.0.0 config 1.25.1 0.19.8.1 autoconf-  automake- binutils- 2.2.0
2.69 115 2.26.1
host: host-gcc: host-gee- host-gdb host: host-gmp-  host-kmod- host- host- host-m4 host-
fakeroot- final4.8.5 initial-4.8.5 7.10.1 gettext- 6.1.1 23 libtool- libxml2- 1.4.18 makedevs
1.20.2 0.19.8.1 246 294
host-mpc-  host-mpfr- host- host- host-uboot: image Initscripts Linux: linux- ncurses-5.9  pppd-2.4.7
1.0.3 315 ncurses-5.9  pkgconf: tools- headers- master
0.9.12 2016.09.01 master
skeleton toolchain  toolchain- uboot- uclibc- zip-30 zlib-1.2.8  build-time. locales. packages- _users_
buildroot master 1.0.13 log nopurge  file-list.txt  table.txt

Figure 3-7 Location of Linux-master and Uboot-master File

alsa-lib- alsa-utils-  application  autoconf-  automake- binutils- busybox-  bzip2-1.0.6. expat-2.2.0. fakeroot_  gcc-4.8.5.
1.1.2.tar. 1.1.2.tar. s-1.0.0.tar.  2.69.tarxz  1.15.tar.xz 2.26.1.tar. 1.25.1.tar. tar.gz tar.bz2 1.20.2.0rig. tar.bz2
bz2 bz2 az bz2 bz2 tar.bz2

gdb-7.10.1. gettext- gmp-6.1.1. kmod-23. libtool- libxml2- linux- m4-1.4.18. mpc-1.0.3. mpfr-3.1.5. ncurses-5.9.
tar.xz 0.19.8.1.tar. tar.xz tar.xz 24.6.tarxz 29.4.targz |master.tar, tar.xz tar.gz tar.xz tar.gz
xz gz

pkgconf- PPP-2.4.7. u-boot- uboot- uClibe-ng- Zip30.tgz zlib-1.2.8.
0.9.12.tar. tar.gz 2016.09.01. |master.tar] 1.0.19.tar. tar.xz
bz2 tar.bz2 Z xz

Figure 3-8 Location of Linux-master.gz and Uboot-master.gz File

After deleting these files, at the path "/NUC970_Buildroot-master" run command "make"
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again, and NUC970_Buildroot-master will automatically download the latest patch of
Linux and U-boot on the Internet.

® Buildroot Update:

At the path "/NUC970_Buildroot-master”, run command "git pull”. Then the buildroot will
be updated to the latest version, refer to Figure 3-9.

user@ubuntu: _Buile
: Enumerating objects:
: Counting objects: 18 (68/68), done.
: Compressing objects: i 28), done.
e: Total 52 (de 26), reused 45 (delta 19), pack-reused o
Unpacking objects: 52/52), done.
From https://github.com/OpenNuveton/NUC970_Buildroot
cb79d5a..24395c6 master -> origin/master
Updating cb79d5a..24a95¢c6
Fast-forward
board/nuvoten/install_rootfs_emwin.sh
board /nuv: n/rootfs-emwin/etc/init.d/rcs
beard/nuvoten/rootfs-emwin/etc/profile
board/nuvoton/rootfs-lorag/etc/init.d/rcs
...J/rootfs-lorag/usr/local/bin/global_cenf.json
.../rootfs-lorag/usr/flocal/bin/local_conf. json
board/nuvoton/rootfs-lorag/usr/lecal/bin/lora.sh
...[rootfs-loragfusr/local/bin/lora_pkt_fuwd
...J/rootfs-lorag/usr/local/bin/reset_lgw.sh
.../rootfs-lorag/usr/local/binfupdate_gwid.sh
board/nuvoton/rootfs-lorag/usr/local/bin/wifi.sh

aster$ git pull

£
N~ uvunyen

[y

o
w oo
=N DB

u

Figure 3-9 Buildroot Update
3.2 For Version 5.10 of Linux Kernel

3.2.1 Getting the Buildroot

For Linux kernel 5.10, NUC980 and MA35D1 are used with the same buildroot, users can find the
MA35D1_Buildroot folder under the personal folder "Home".

Lo G - = Eoce

N l & |
@ "B -8 | il el ‘
Desktop  Documents Downloads emWin MA35D1_ Music

[ Desktop appWwizard [ Buildroot
[@ Documents i @ - ‘
Downloads d d ‘-j H;,i i 1
N32905_ N32926_ NUC970_ Pictures Public Templates

Music Linux_BSP  Linux_BSP  Buildroot

Pictures ﬂ y ﬂ

Videos Videos Examples

&3
0]
L |
@

Trash

+

Other Locations

Figure 3-10 MA35D1_Buildroot Folder
The MA35D1_Buildroot folder contains everything needed to develop Linux kernel, uboot, and
applications.

Buildroot is a simple, efficient, and easy-to-use tool, which is a set of Makefiles and patches that
simplifies and automates the process of building a complete and bootable Linux environment for an
embedded system through cross-compilation.

Users can set the corresponding configuration file according to the evaluation board and development
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requirements, through the command "make XXX_defconfig" to set the buildroot configuration. (For
example, set buildroot for the Numaker-110T-NUC980-G2 evaluation board by the command "make
nuvoton_nuc980_iot_g2 defconfig")

If users need to modify buildroot parameters, use the command "make menuconfig" to set the
configuration of buildroot.

Now, the Linux platform version 5.10 had been built successfully. The following section will introduce
how to compile and generate executable files in the Linux platform.
3.2.2 Compiling Linux Kernel and U-boot

After download, it's required to set the configuration of buildroot. Taking the NuMaker-lloT- NUC980G2
evaluation board as an example, open a terminal and find the board configuration file at the following
path.

user@ubuntu: ~/MA35D1_Buildroot fconfigs

File Edit View Se Terminal Help

user@ubuntu:~/ onfigsS 1s nuvoton*

nuvoton_nuc986_ chﬂ_ C g nuvoton nuc980 iot defconfig
nuvoton_nuc980_chili_matter_defconfig nuvoton_nuc980_iot_g2_defconfig
nuvoton_nuc980_defconfig nuvoton_nucY980_Lorag_detcontig
nuvoton_nuc986_eth2uart_defconfig

Figure 3-11 Configuration File

Input the command "make nuvoton_nuc980_iot_g2_ defconfig" to import the configuration file into
.config, then input the command "make" to compile the Linux kernel and U-boot.

$ make nuvoton_nuc980 iot g2 defconfig

$ make

user@ubuntu: ~/MA35D1_Buildroot
File Edit View Search Terminal Help
user@ubuntu:~ Ldroot$ make nuvoton_nuc980_iot_g2_defconfig
#
# configuration written to /homejfuser/MA35D1_Buildroot/.config

ots make

efuser /MA35D01_Buildroot/output HOSTCC="/usr/bin/gcc” HOS
" syncconfig

Figure 3-12 Configuration Setting and Compiling

Note: Based on what target board you use, set the corresponding configuration file.
After compilation, there will be five images used for downloading.

Image: Linux kernel image used for running on DDR.

ulmage: Linux kernel image used for booting with uboot.

dtb: Device tree binary, describe the setting of peripherals in detail.

u-boot.bin: Uboot image.

u-boot-spl.bin: Uboot Secondary Program Loader image, used for booting from SPI
NAND.

The images are generated at the following locations:
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Image, ulmage, and dtb are generated at the path “MA35D1_Buildroot/output/images".

output  images Le QIR R

s e - o1 e s
nuc9so- nuc980-dev- nuc9so- nuc980-iot-| nuc980-iot- nuc98o- rootfs.cpio  rootfs.tar
chili.dtb v1.0.dtb g2-v1.0.dtb v1.0.dtb lorag.dtb

dtb

1o 1010

u-boot.bin ulmage

Pictures

Figure 3-13 Location of Image, Uimage, and Dtb File

u-boot.bin is generated at the path “MA35D1_Buildroot/output/build/uboot-customer".

< 4 Home MA35D1_Buildroot output build uboot-custom Q i H
® Recent
- = ™ T T BT T B T
api arch board cmd common configs disk doc drivers
[m Desktop
D Documents ~ ™ T - BT BT B T
& Eegenonds dts examples fs include lib Licenses et post scripts
° B -l - -
[  Pictures spl test tools config.mk Kbuild Kconfig ~ MAINTAINE  Makefile README
RS
m  Videos
@ Trash v
) snapshot. System. u-boot u-boot.bin] uboot.cfg u-boot.cfg. u-boot.lds u-boot.map u-boot.srec
+  Other Locations commit map configs
u-boot.sym u-boot-
nodtb.bin

Figure 3-14 Location of U-boot.bin File

u-boot-spl.bin is generated at the path “MA35D1_Buildroot /output/build/uboot-master/spl".

12} Home I )1_Buildroot  output  build ubootcustom  spl
Recent

arch board common drivers dts fs include uwboot.cfg  u-bootspl

Desktop

Documents o s

u-bootspl| uwbootspl. uboobtspl.  u-bookspl-

Downloads bin Ids map nodktb.bin

Figure 3-15 Location of U-boot-spl.bin File

3.2.3 Updating Source Code

When Nuvoton releases new patches on the Internet, please refer to the following steps to update Linux,
u-boot, and buildroot.

Note: If it's your first time to set up the Linux platform, please update Linux, u-boot, and buildroot first.
® Linux and uboot Update:

Delete original folders and .gz files of linux-master and uboot-mater in the Linux platform
at the location as shown below.
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< & Home MA35D1 Buildroot  output  build =S o
©® | Recent 2.69 1.15.1 2.35.2 Esetup 1253
o -] ] o ol d d d ol L
[ Desktop host-flex- host-gee- host-gec- host-gdb- host- host- host-gmp-  host-kmod- host-

2.6.4 finak9.4.0 initial-9.4.0 9.2 gettext gettext- 6.2.1 8 libiberty-
[ Documents tiny-0.3.2 2.32
<  Downloads
B Music -l il e el el ol d ol 4
host: hostma- host hostmpc-  host-mpfr- host- host- host- host-
@  Pictures libtoal- 1.4.18 makedevs 1.1.0 4.0.2 ncurses-6.1 patchel-0.9  pkgeonf- skeleton
2.46 163
m Videos
T e wl O W W W e -
. host-uboot-  ifupdown- image initscripts libaio- libzlib- linux- linux- neurses-6.1
+  OtherLocations scripts 0.3.112 custom headers-
custom

L
L
L
¥
HE
L
L
N

skeleton skeleton-  skeleton-  toolchain  toolchain- uboot- uclibe- urandom-
init- initsysv buildroot custom 1.0.39 scripts
common
zlib build-time. locales. packages- packages-  packages-
log nopurge File-list.txt File-list- File-list-

host.txt staging.txt

MA35D1_Buildroot  dl  linux

Recent

Home dorg|
NUC980-
Desktop linux-5.10.y-
master.tar.
Documents qz

Figure 3-17 Location of Linux-master.gz File

MA35D1_Buildroot  dl  uboot

Recent

. ltargz,
NUC970_U-
Desktop Boot_
v2016.11-
Documents master.tar.
gz

Figure 3-18 Location of Uboot-master.gz File

After deleting the above file, open the terminal at the path "/MA35D1_Buildroot" and input
the command "make" again, MA35D1_Buildroot will download the latest patch of Linux
and U-boot on the Internet automatically.

® Buildroot Update:

Open the terminal at the path "/MA35D1_Buildroot" and input the command “git pull”, then
the buildroot will be updated to the latest version; refer to Figure 3-19.

$ git pull

(68/68
reused 163 98), pack-reused @

¢ j 4/164), 730.27 KiB | 2.20 MiB/s, done.

Resolving deltas: 1 (98/90), completed with 18 local objects.

From https://github m/OpenNuvoton/MA35D1_Buildroot
77ffe2fa3f..53eb f master -= origin/master

Updating 77ff@2fa3f..53ebd8699f

Figure 3-19 Updating the Buildroot
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4 UPDATING TOOLCHAIN OF THE ENVIRONMENT VARIABLES

Before cross-compiling user applications, users need to set the Buildroot toolchain path as a local
environment variable to avoid encountering errors such as Figure 4-1 when making files.

When entering the NUC970_Buildroot or MA35D1_Buildroot folder, the user can view the current
environment variables through the command "env".

| $ env

user@ubuntu:~/ ; ot/output/build/app ations ). € Jy varts make
arm-linux-gcc tatlc uart c -0 uart_demo -1pthread -lc -lgcc
make: arm-linux-gcc: Command not found

Makefile:11: recipe for target 'all' failed
make: *** [all] Error 127

Figure 4-1 Errors of Making File (Linux Kernel 4.4)

For Linux kernel 4.4, users can modify the environment variables by the command as follows, and then
they can make files successfully.

| $ export PATH=/home/user/NUC970 Buildroot/output/host/usr/bin:$PATH |

IM_CONFIG_PHASE=2

XDG_CURRENT_DESKTOP=ubuntu: GNOME
GPG_AGENT_INFO=/run/user /1000 /gnupg/S.gpg-agent:0:1
GNOME_TERMINAL_SERVICE=:1.92

XDG_SEAT=seato

SHLVL=1

GDMSESSION=ubuntu
GNOME_DESKTOP_SESSION_ID=this-is-deprecated
LOGNAME=user
DBUS_SESSION_BUS_ADDRESS=unix:path=/run/user/1000/bus
XDG_RUNTIME_DIR= }run}userflﬂﬂﬂ

XAUTHORITY

Jusr/bin: fusr/local/sbin: fusrflocal/bin: fusr/sbin: fusr/bin:/sbin:/bin: /usr/games: /usr/local/
aames: /snap/bin

GJS_DEBUG_TOPICS=JS ERROR;JS LOG
SESSION_MANAGER=localfubuntu:@/tmp/.ICE-unix/1547 ,unix/ubuntu: /tmp/.ICE-unix/1547

LESSOPEN=| /usr/bin/lesspipe %s

GTK_IM_MODULE=ibus

_=/usr/binfenv

user@ubuntu:~ )_Buildroot$S

ndg 2
IF'ATH ,f‘hom:-fuser/l‘luw?o Buﬂ_drootfoutputfhost/usr,r‘bln fhome fuser /NUC970_Buildroot/output/host I

Figure 4-2 After the Environment Variables of Linux Kernel 4.4 Modified

luser@ubuntu:~/1 D_ L/ b ications 2Me art$ export PATH=/home
| fuser NUC970_| Butldroot/output/host/u
user@ubuntu:~/NUCSTE tput /bui tions-1. = arts make

jarm- linux-gcc -static uart c -o uart_demo -lpthread -lc -lgcc
arm linux-strip uvart_demo

Figure 4-3 Making File After Modifying the Environment Variables of Linux Kernel 4.4

For Linux kernel 5.10, users can modify the environment variables by the command:

|$ source environment-setup
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B I I P

1 N\

TCITTITO1r O
1 N/ \___/ \__|

Making embedded Linux easy!

ome tips:

PATH now contains the SDK utilities

Standard autotools variables (CC, LD, CFLAGS) are exported

Kernel compilation variables (ARCH, CROSS_COMPILE, KERNELDIR) are exported
To configure do "./fconfigure SCONFIGURE_FLAGS" or use

the "configure” alias

To build CMake-based projects, use the "cmake" alias

user@ubuntu:

user@ubunt /

user@ubuntu: 35D1_Buildroot/outpu i pli demos fuarts make
arm-1linux-gcc -static uvart.c -o uart_demo -lpthread -lc -lgcc

arm-linux-strip uart_demo

Figure 4-4 Modifying the Environment Variables of Linux Kernel 5.10

DBUS_SESSION_BUS_ADDRESS=unix:path=/runfuser /1000 /bus
XDG_RUNTIME_DIR=/runfuser /1688

XAUTHORITY=/runfuser /106868 /gdm/Xauthority

LDFLAGS=

CXX_FOR_BUILD=/usr/bin/g++

LD_FOR_BUILD=/usr/bin/1d

DEFAULT_LINKER=arm-nuvoton-linux-uclibcgnueabi-1d

¥Nr. COANFETC I'\TD'-'.—‘J.-:-'i—r‘.fvdf‘.fvdf_||h||n1—|| -‘.f.-:-1—r‘.fvdf

PATH=/home fuser /MA35D1_Buildroot/output/host/bin: fhome/user/MA35D1_Buildroot/out
put/host/sbin:/home/user/MA35D1_Buildroot/output/host/bin: /home/user /MA35D1_Buil
droot/output/host/sbin: fusr/local/sbin: fusr/local/bin: /usr/sbin: fusr/bin:/sbin:/
bin: fusr/games: fusr/local/games: /snap/bin

GLl=arm-nuvoton- L1NUX-UCLlDCgnueant-gcc
DEFAULT_ASSEMBLER=arm-nuvoton-linux-uclibcgnueabi-as

GJS_DEBUG_TOPICS=JS ERROR;JS LOG
SESSION_MANAGER=localfubuntu:@/tmp/.ICE-unix/1547 ,unixfubuntu: /tmp/.ICE-unix/154
7

CPP=arm-nuvoton-linux-uclibcgnueabi-cpp

LD=arm-nuvoton-linux-uclibcgnueabi-1d

AR_FOR_BUILD=/fusr/binfar

LESSOPEN=| fusr/bin/lesspipe %s

GTK_IM_MODULE=ibus

_=/usr/bin/env

user@ubuntu:~/MA35D1_Build

Figure 4-5 After the Environment Variables of Linux Kernel 5.10 Modified

For the locations of toolchains with each buildroot, please refer to Figure 4-6 and Figure 4-7Figure 4-7.
Users can also install other requirement toolchains here.

< 14 Home NUC970 Buildroot output host usr P Q H= =

Recent

e ol o ol ol o
arm- bin include lib libexec share X86_64-pc-
Desktop nuvokton- linux-gnu
linux-
Documents uclibcgnuea
bi

Downloads

Music

Figure 4-6 Location of Linux Kernel 4.4 Toolchains
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14 Home  MA35D1_Buildroot  output

Recent

arm- bin etc
Desktop nuvoton-

ome

linux-ucli...
Documents
Downloads 2 : : a
Music libexec sbin share usr environmen
: t-setup

Pictures

dd
0]
]

Videos

Trash

Figure 4-7 Location of Linux Kernel 5.10 Toolchains
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5 LINUX USER APPLICATIONS

5.1 Example of UART

Take the UART demo as an example to help users understand how to put their applications into Linux
kernel image, compile and download to the evaluation board. We take NuMaker-NUC980-IloT for
example.

Enter the uart_demo folder:

user@ubuntu:~5 cd NUC970 Buildroot-master/nuc98ebsp/fapplication/demos /uart/

user@ubuntu:~/NUC970 Buildrgot-master/nuc980bspfapplication/fdemosfuarts 1s
Makefile wuart.c wuart_demo

Figure 5-1 UART Application Folder

The folder contains three files:
® Makefile: Used for cross compiling.
® uart.c: The source code.
® uart_demo: Executable file.

Make the project and generate a new executable file.

user@ubuntu:~/NUCS uildroot-master/nu plication/de uart$ make
arm-linux-gcc -stat uart.c -o uart_demo -1pt

arm-linux-strip u emo

user@ubuntu:~/NUC uildroot-master/nu [app fuarts 1s -1rt
total 120

-fW-r--r-- 1 user user 4571 Mar 18 13:19 uart.c

-MW-r--r-- 1 user user 314 Mar 18 13:19 Makefile

-rwXr-xr-x 1 user user 108120 Mar 18 13:57 uart_demo

Figure 5-2 After Compilation

Copy the executable file to the following path:

| $ cp uart_demo /home/user/NUC970 Buildroot-master/output/target/usr/bin |

ser@ubuntu:~/NUC970_Buildroot-master/nuc plication/demos fuart$ cp uart_demo /[h

)Ne[user}NUC9?0 Buildroot- mastcr}output;targct/usr}btn

Figure 5-3 Location of Executable File
The application is in the Linux kernel now. If you compile Linux kernel and U-boot, the new generated
Image and ulmage will have the application inside.

Note: The UART demo needs two sets of UART (UART1 and UART2). Thus, before compilation, user
needs to use Linux Kernel Configuration to check if they are enabled or not.

To enable UART1 and UART2, users can modify the corresponding device tree for Linux 5.10, and for
users of Linux 4,4, please refer to the following steps:

1. Open the menu config by terminal.

| $ make linux-menuconfig |

Go to Device Drivers — Character devices — Serial drivers, and check NUC980 UART1,
NUC980 UART?2 are set to build-in.
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.config - Linux/arm 4.4.207 Kernel Configuration
> Device Drivers > Character devices > Serial drivers
Serial drivers
Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty
submenus ----). Highlighted letters are hotkeys. Pressing <v>
includes, <N> excludes, <M> modularizes features. Press <Esc><Esc> to
exit, <?> for Help, </> for Search. Legend: [*] built-in [ ]

[*] Console on NUC988 serial port

[*] NUC98@ UART1 support

[1] Enable UART1 CTS wake-up function
[1] Enable UART1 PDMA function

NUC98® UART1 pin selection (Rx:PF9, Tx:PF18) --->
ﬁ* NUC980 UARTZ support|

Enable UART2 CTS wake-up function (NEW)

Enable UART2 PDMA function (NEW)

NUC988® UART2 pin selection (Rx:PA9, Tx:PA18) --->
[ ] NUC986 UART3 support

< Exit = < Help > < Save > < Load >

Figure 5-4 Configuration of Linux Kernel

2.  Update image files.

Go to the path "/NUC970_Buildroot-master" and run command "make" to generate new
images. Find new Images, ulmage, u-boot, u-boot-spl and download them into NuMaker-
NUC980-IloT.

For details on the download steps, please refer to the corresponding user manual of each evaluation
board. After downloading images to NuMaker-NUC980-IloT, turn SW2.1 and SW2.2 to Off, and connect
UART1 with UART2 (referring to Figure 5-5).

® Green line: UART1 TX(NU4.2) connect to UART2 RX(CON11.19)
® Yellow line: UART1 RX(NU4.1) connect to UART2 TX(CON11.22)

M
W™ e

BuauegyolAFl  NK-980IOT

Figure 5-5 Hardware Setting of Demo

Open the terminal, set Baud rate to 115200 and then boot NuMaker NUC980 IloT from SPI. After booting
is completed, execute uart.demo. You should get the following messages if everything is fine.

[ $ ./usr/bin/uart.demo |
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&P coma-puTTyY - O x

Figure 5-6 UART Execution Results
5.2 Example of Using LCD Panel

5.2.1 Settings of LCD Panel

In Linux Version 5.10, add a control function for LCD panels. Users can design and display human-
machine interfaces (HMI) to rich applications of products and make the operation more convenient.

Users can set the panel driver by the device tree in the following steps:

1. Go to the foloder path of MA35D1 Buildroots and open the terminal, key-in command to set
the configs in the Linux kernel.

|$ make linux-menuconfig

user@ubuntu: ~/MA35D1_Buildroot

File Edit Vi search Terminal Help
user@ubunt 5D1_Buildroot$ make linux-menuconfig

| S_| home/user/MA35D1_Buildrootfoutput/images KCFLAGS=-Wno-attribute-alias PKG_CONFIG_PATH="" /usr/bin/make -j2 -
c /home/user/MA35D1_Buildroot/output/build/1linux-custom HOSTCC="/usr/bin/gcc" HOSTCC="/usr/bin/gcc -02 -1/home/user/MA35D1_Bu
ildroot/output/host/include -L/home/user/MA35D1 Buildroot/output/host/lib -Wl,-rpath,/home/user/MA35D1_Buildroot/output/host/
1ib" ARCH=arm INSTALL_MOD_PATH=/home/user/MA35D1_Buildroot/output/target CROSS_COMPILE="/home/user/MA35D1_Buildroot/output/ho
st/binfarm-nuvoton-1inux-uclibcgnueabi-" DEPMOD=/home/user/MA35D1_Buildroot/output/host/sbin/depmod INSTALL_MOD_STRIP=1 HOSTC
c="/usr /binfgcc” menuconfig

: Entering directory '/home/user/MA35D1_Buildroot/output/build/1inux-custon’
scripts/basic/fixdep

S scripts/kconfig/expr.o
HOSTCC scripts/kconfig/confdata.o

HOSTCC scripts/kconfig/lexer.lex.o

HOSTCC scripts/kconfig/parser.tab.o

HOSTCC scripts/kconfig/preprocess.o

HOSTCC scripts/kconfig/symbol.o

HOSTCC scripts/kconfig/util.o

UPD scripts/kconfig/mconf-cfg

HOSTCC scripts/kconfig/mconf.o

HOSTCC scripts/kconfig/1xdialog/checklist.o
HOSTCC scripts/kconfig/lxdialog/inputbox.o
HOSTCC scripts/kconfig/lxdialog/menubox.o
HOSTCC scripts/kconfig/ixdialog/textbox.o
HOSTCC scripts/kconfig/lxdialog/util.o
HOSTCC scripts/kconfig/lxdialog/yesno.o
HOSTLD scripts/kconfig/mconf

Figure 5-7 Enter the Linux Configs Menu
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user@ubuntu: ~/MA35D1_Buildroot

File Edit View Search Terminal Help
.config - Linux/arm 5.10.140 Kernel Configuration

Linux/arm 5.10.140 Kernel Configuration
Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty submenus ----). Highlighted letters are
hotkeys. Pressing <Y> includes, <N> excludes, <M> modularizes features. Press <Esc><Esc> to exit, <?> for Help,
</> for Search. Legend: [*] built-in [ ] excluded <M> module < > module capable

1
[*] Patch physical to virtual translations at runtime
system Type --->
Bus support ----
Kernel Features --->
Boot options --->
CPU Power Management --->
Floating point emulation --->
Power management options --->
Firmware Drivers --->
[ 1 ARM Accelerated Cryptographic Algorithms ----
General architecture-dependent options --->
[*] Enable loadable module support --->
[*] Enable the block layer --->
I0 Schedulers --->
Executable file formats ---»
Memory Management options --->
[*] Networking support --->
Device Drivers --->
File systems --->
security options --->
-*- Cryptographic API
Library routines -
kernel hacking --->

< Exit > < Help > < Save > < Load >

Figure 5-8 Linux Configs Menu

Select the option "Device Drivers" by blank key and configure the following settings:
- Graphics support — Frame buffer Devices — Support for frame buffer devices

- Staging drivers — Support for small TFT LCD display modules — FB driver for
the 1LI19341 LCD Controller

- Input device support — Event interface
- Input device support — Touchscreens — NUC980 touchscreen(ADC) support

- Industrial I/O support

user@ubuntu: ~/MA35D1_Buildroot
File Edit View Search Terminal Help
.config - Linux/arm 5.10.140 Kernel Configuration
> Device Drivers
Device Drivers
Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty submenus ----). Highlighted letters are
hotkeys. Pressing <Y> includes, <N> excludes, <M> modularizes features. Press <Esc><Esc> to exit, <?> for Help,
</> for Search. Legend: [*] built-in [ ] excluded <M> module < > module capable

< > pccard (PCMCIA/CardBus) support ----
i
Bus devices >
< > connector - unified userspace <-> kernelspace linker ----
< > GNSS receiver support ----
-*- Memory Technology Device (MTD) support --->
-*- Device Tree and Open Firmware support --->
< > Parallel port support =----
[*] Block devices --->
NUME Support --->
Misc devices --->
SCSI device support --->
< > serial ATA and Parallel ATA drivers (libata) ----
[ 1 Multiple devices driver support (RAID and LWVM) ----
< > Generic Target Core Mod (TCM) and ConfigFs Infrastructure ----
[*] Network device support --->
Input device support --->
Character devices --->
T2C support --->
< > T3C support
[*] SPI support
< > SPMI support
< > HSI support
< > PPS support ----
PTP clock support --->
-*- pin controllers --->

< Exit > < Help > < Save > < Load >

Figure 5-9 The Menu of Device Drivers
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Frame buffer Devices

)
Press <EsceaEscr to extt, <7» for Help,

Aarrow keys navigate the menu. <Enters selects submenus ---» (or ergty submenus -
S s s e, et B e e e
<f> for Search. Legand: [*] built-1n [ | excluded <n> noduls < » module capable

Flighted Letters are

< Extt =

<Select>

< Help »

< Load >

conflguration written to .config

Figure 5-10 Settings of Device Drivers (1)

<enter» selects subnenus ---

> (or empty subnenus -
ludes, <> noounmes features.

Arco keys navigate the menu.
i

)
Press <Esco<Esc> to exit,

Highlighted letters are

Arrow keys navigate the nenu.

<Enters Setects subbenus --a (or empty S
udes, <H» nndullrlus Features.

). Mighlighted letters are

asket devices -
> rilinx AxE-Strean FIFO 17 core drtver (ew)
> Fleldbus Device Support (NEW)

ONUEE  <fxtt> < Melp> < Save >

< Load >

for the TLI9481 LCO Controller (NEW)
for the ILI9486 LCO Contraller (NEW)
r for the PCDBS4a LCO Contraller (NEW)
for the RABS7S LCO Controller (NEW)
for the
for the
Tor the
for the
for the
for the
for the
for the
for the
for the

5501289 LCO Controller (NEW)
5501305 OLED Controller (NEW)
5501386 OLED Controller (NEW)
SSD1331 LCO Controller (NEW)
5501351 LCD Controller (NEW)
ST7735R LCO Controller (NEW)

8 driver

elects  <ixtt>  <help> DETUE < Losd >

Hotkeys. Pressing <v> nctudes, <> ex <7» for Help, Botheya. | presatng <v- acludes, b cac Press <Eica<escs to exit, <i» for Melp,
<f> for Search. Legend: [*] bullt-tn [ ] excloded <M» <> mdute capable <> for Search. Legends (+] bult-in (] excluded <t < > module capable
-+~ Staging drivers - Soppert for snall TFT LCD dlsplay nodules
<> oata acqutsition support (conedt) > driver for the AG1264K-FL LCD display (NEW)
L1 medla stagiag drivers > 7B driver for the 80663474 LCD Controller (NEW)
"‘ r > s driver for the MX8J40BN LCO Controller (NEW)
] steging Board Support (NEW) 78 driver for the KI83470 LCD Contrall
> > 1B driver for the KKB3SID LCD Controtler (NEW)
> » 8 driver for the MX83IS7D LCD Controller (NEW)
] > F8 driver for the ILI9163 LCD Controller (NEW)
> lllnl Clocking Wizard > /8 driver for the ILI9320 LCO Controller (NEW)
78 driver for the 1119325 LCo Controller (New)
> »\u: a uw radlo module V or ‘Wrry H (wEw) driver for the ILI9346 LCD Controller (NEW)

Arrow keys novigate the meny. <Enters selects submenus ---> (
hotkeys. Pressing =¥> includes, 4> excludes, =t modularizes features.
<f> for Search. Legend: [*] bullt-in [ ] excluded <A» nodule

empty submenus

- Generic input layer (needed for keyboard, mouse, .
uppart Tor menoryless Torce-Teadback devices
volled input dewice skeleton
sparse keynap support Library
Hatrix keynap support Library
4+ Userland interfaces
Rouse interface
Joystick interface

Ingut Device brivers *=+

Hiscellaneous devices -
Synaptics BAI+ bus sunpur(
Hardware 1/0 por

< Extt » < Save »

< Help >

Press <Esca<fsce ta exit, <7= for Help,
< » madule capable

). Highlighted letters are
hotkeys.
</> for search.

Arrow keys navigate the nenu.
Pressing <v> lacludes, <N> exclus
Legend:

<enter» zelects submenus - empty submenus -
jes, <M> nodularizes features. Press <Escs<Esc> to exit,
Cluded <N> module < > nodule capable

1°] bullt-tn [ ] exc

Hightighted letters are
Help,

<> tor

< Load »

ITAOTRBS.1 touchscreen (nterToce (NEK)
Ricrochip AR1620/1021 i2c touchscreen (NEM)
Atmal WAT 12C Touchscreen (NEW)
n-cell touchscreen using PLxele ICs (NEK)

121013 based touch panel controllers
otn BU21629 based touch panel controtlers (ew)

tpone LcaB31s & )
yBCtnal4e touchscreen (NEW)
YBCtmg110 touchscreen (NEW)
ypress TTSP touchscreen (NEW)
ypress TrueTouch Gend Touchscreen Driver (NEW)
ynapro sertal touchscreen (NEW)
Himpshire sertal touchscreen (NEW)
CETI touchscreen panel support (NEM)
ETT eGalax mILLL: couch panal. suppert. ()
£11 sGalax sertat touchscreen (hE
EETY ExC3008 muleL-tonch punel. suppart (NEN)
Uttsu sertal tovehscreen (NEW)
codix 12C touchscreen (NEW)
Hideep Touch IC (NEW)
Uitk ILIZ10% based touchscreen (NEW)
amsung S65Y761 Touchscreen driver (NEW)

celects < Bt <relp > SEITTNS

Figure 5-12 Settings of Device Drivers (3 and 4)
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Arcow keys navigate the nenu. <enter> selects submenus > (or emty subsenus —---). Mighlighted letters are
hotkeys. Pressing «¥» includes, <> excludes, <M» modularizes features. Press <Escr<Esc» to exit, <7» for Help,
< for search: Legend: [*] bullt-tn [ ] excluded <o module < » nodule capable

< > VFIO Non-Privileged userspace driver Tramework
£ ] virtuslization driver:
[*] Virtlo drivers --->
< > VOPA drivers
[*] HOST drivers
Microsoft Myper-V quest suppart
eybus support
taging drivers
tform support for Coldfish virtual devices
Tatforn support for Chrone hardware
Latforn support far Mellanox hardware oeatparaviae et e Pesatt

Mstlbox Hardware Support
dware Suppart --->
enoteproc drivers --->

0C (System On Chip) spectfic Drivers --
[ ] Genertc Dynanic Voltage and Frequency Sz.hny (ovrs) support
© 7 txternat Comector Class (extcon) suppor

RTINS
B Ihoveeriat 170 sassert <o

[*] rulse-width nmul.um (PUN) Support ~-->
RQ chip suppor

<Select> < Extt> < Help> [JEITEE < Losd >

Figure 5-13 Settings of Device Drivers (5)

user@ubuntu: ~/MA35D1_Buildroot

mkdir -p /home/user/MA35D1_Buildroot/output/images
touch /home/user /MA35D1 Buildroot/output/images/rootfs.cpio
/bin/sed -1 -e "/\\<CONFIG_INITRAMFS_SOURCE\\>/d" /home/user/MA35D1_Buildroot/output/build/Linux-custon//.config
lecho 'CONFIG_INITRAMF! o /home fuser /MA35D1_Buildroot/output/build/linux-custom//.co
nfig
/bin/sed -1 -e ”/\ 0 ,_IN AMFS_ROOT _L d" /home/user /MA35D1_Buildreot/output/build/linux-custom//.config
lecho 'C = e/user /MA35D1_Buildroot/output/build/linux-custom//.config
/bin/sed - /\\ d" /home/user /MA35D1_Buildroot/output/build/linux-custom//.config
echo > /home/user /MA35D1_Buildroot/output/build/linux-custom//.config
/bin/\ d -1 -e "f\\ ONFIG, DEVTMPF'\\ /d" /home/user /MA35D1_Buildroot/output/build/1inux-custom//.config
echo ' CONFIG_DEVTMP: fhome /user /MA35D1_Buildreot/output/build/1inux-custom//.config
/bin/sed -1 \ ONFIG_| DE\JTMPF* _MOUNT\\>/d" /home/user /MA35D1_Buildroot/eutput/build/1linux-custom//.config
lecho 'cC i _MOUN /home fuser /MA35D1_Buildroot foutput/build/linux-custom//.config
/bin i i d" /home/user /MA35D1_Buildroot /output/build/linux-custom//.config
echo 'Ci _N / A35| ildroot/output/build/linux-c om//.config
i 3 5\\>/d" /home/user/MA35D1_Buildroot foutput/build/1inux-custon//.config
'# CONFIG_GCC_PLUGINS is not set /home /user /MA35D1_Buildroot/output/build/1inux-custom//.config
: Entering directory '/home/ r/MA35D1_Buildroot/output/build/1linux- tom'
scripts/kconfig/conf.o
HOSTLD scripts/kconfig/conf
#
# configuration written to .config
#

make[1]: Leaving directory /hume/uier/MA} D1_Buildroot/output/build/linux-custom
user@ubuntu: s

Figure 5-14 Configuration Completed

2. Go to the foloder path of MA35D1 Buildroots and open the terminal, key-in command to set
the configs of buildroot.

® make menuconfig

user@ubuntu: ~/MA35D1_Buildroot

File Edit view Search Terminal Help
Jhome fuser /MA35D1_Buildroot/.config - Buildroot tc_v1.00-62-g53ebd8699f Configuration

Buildroot tc_v1.00-62-g53ebd8699f Configuration
Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty submenus ----). Highlighted letters are
hotkeys. Pressing <Y> selects a feature, while <N> excludes a feature. Press <Esc><Esc> to exit, <?> for Help,
</> for Search. Legend: [*] feature is selected [ ] feature is excluded

Build options >
Toolchain ---»

system configuration --->
Kernel --->

Applications --->

Target packages --->
Filesystem images --->
Bootloaders --->

Host utilities --->

Legacy config options --->

< Exit > < Help > < Save > < Load >

Figure 5-15 Start Window of Menuconfig
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user@ubuntu: ~/MA35D1_Buildroot
File Edit View Search Terminal Help

[homefuser /MA35D1_Buildroot/.config - Buildroot tc_v1.00-62-g53ebd8699f Configuration
> Target packages > Libraries > Hardware handling

Hardware handling
Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty submenus ----). Highlighted letters are
hotkeys. Pressing <Y> selects a feature, while <N> excludes a feature. Press <Esc»<Esc> to exit, <?> for Help,
</> for Search. Legend: [*] feature is selected [ ] feature is excluded

1ibsigrokdecode
libsoc
libss7
Libusb
1ibusbgx
Llibval
Libxkbcommon
mraa

mtdev
neardal

owfs

csc-lite
|+

1 urg

R e e e e e

<Select> < Exit > < Help > < Load >

Figure 5-16 Tslib Setting

Jhome fuser /MA35D1_Buildroot/.config - Buildroot tc_v1.00-62-g53ebd8699f Configuration

Enter a filename to which this configuration
should be saved as an alternate. Leave blank to
abort.

/home /user /MA35D1_Buildroot/.configll

<ok | < Help >

fhomefuser/MA35D1_Buildroot/.config - Buildroot tc_v1.00-62-g53ebd8699f Configuration

configuration written to /home/user/MA35D1_Buildroot/.co

(100%)

< Exit >

2r@ubuntu: e menuconfig
figuration written to /hom r/MA35D1_Buildroot/.config

*** End of the configuration.

*** Execute to start the build or try 'm

user@ubuntu:

Figure 5-17 Save and Update the Configs

3. Config the LCD panel of device tree.
® Find the “nuc980.dtsi” file from MA35D1_Buildroot folder and add the following

contents:
nuc980.dtsi
adco {

pinctrl_adcO: adco {
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=

nuvoton,pins =

<1 ox4 0x8 O
1 @x5 0x8 0
1 Ox6 0x8 @
1 0x7 0x8 @
>
s
s

nadc {
pinct
n

b
adcO {
pinctrl_adc®: adcOd {
nuvoton, pins =
<1 0x4 0x8 ©
1 0x5 0x8 €

1 0x6 0x8- 0
1 0x7 0x8-0

Figure 5-18 Added Code of “nuc980.dtsi”
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~

Recent
Home

Desktop

o e o0

Documents
Downloads
Music
Pictures

Videos

B B & ¢

Trash

+

Other Locations

4 MA35D1_Buildroot

user@ubuntu:~/MA35D1
Iv/arch/arm}boot/d

mE6592- mt7623. mE7623a. mt7623a- mt7623a- mt7623n. mt7623n- mt7623n- mt7629.
evb.dts dtsi dtsi rfb-emmc.  rfb-nand. dtsi bananapi- rfb-emmc. dtsi
dts dts bpi-rz.dts dts
mE7629- mt8127. mt8127- mEg135. mt8135- mEs135- mvebu- mvebu- mXxs-
rfb.dts dtsi moose.dts dtsi evbp1.dts pinfunch  linkstation- linkstation-  pinfunc.h
Fan.dtsi gpio-sim...
nspire.dtsi nspire- nspireclp.  nspire-cx. nspire-tp. nuc980- nuc980-  nuc980-dev-
classic.dtsi dts dts dts chili.dtb chili.dts v1.0.dtb
nuc9so-dev-  nuc980- nuco80- nuc980-ot-  nuc9BO-iot  nuc9B0Hok-  nucOBl-iot nucS80- nuc9so-
v1.0.dts eth2uart. eth2uart. g2-v1.0.dtb g2-v1.0.dts v1.0.dtb v1.0.dts lorag.dtb lorag.dts
dtb dts
nuvoton- nuvoton- nuvoton- omap2.dtsi omap3.dtsi omap3- ol
common- npcm750. npcm750- beagle.dts _bea nucoB0.dtsi selected (39.9kB)

ts/nuc9s

output

build

.dtsi

./include/config/farch/nuc98e.h

. /includefconfig/pinctrl/nuc98e.h
./include/config/crypto/dev/nuc9s8e.h
./include/config/fmi/nuc986.h

linux-custom

. /include/config/touchscreen/nuc9g8e.h
./include/config/gpio/nuc980.h
./include/config/serial/nuc986.h
./include/config/mtd/nand/nuc986.h

arch

arm

boot

$ find

-name

nuc9se.*

Figure 5-19 Location of “nuc980.dtsi”

® Find the “huc980-iot-v1.0.dts” file from MA35D1_Buildroot folder and update the

contents:

nuc980-iot-v1.0.dts

apb {

};

uartl: serial@be071000 {

pinctrl-names = "default";

pinctrl-0 = <&pinctrl_uartl_PF>;

pdma-enable = <1>;

status = "disabled";

status =

uart2: serial@be072000 {
"disabled";
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apb {
uartl: serial@b0@71000
pinctrl-names = “"default”;
pinctrl-@ = <&pin L uartl PF>;
pdma-enable = <1>.
status = "disabled";

uart2: serial@b@O72000
status = "disabled";

Figure 5-20 Updated Part of “nuc980-iot-v1.0.dts”

® Find the “huc980-iot-v1.0.dts” file from MA35D1 Buildroot folder and add the following
contents:

nuc980-iot-v1.0.dts

adcO: adco@boo43000 {
compatible = "nuvoton,nuc980-adc";
reg = <0xb0043000 0x100>;
interrupts = <18 4 1>;
map-addr = <0xf0043000>;
pinctrl-names = "default";
pinctrl-0 = <&pinctrl_adco>;

status = "okay";

clock-rate = <1000000>;
enable-iio;
enable-ts;

ts-type = <4>;

}s
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nadc: nadc@bB043l
status = "d

»

adc0: adcf@bf043000

compatible = "nuvoto
reg = <0xb0043000 0x
interrupts =
map-addr =
pinctrl-names = "de

<18 4 1>;
<0xTO043000=;
fault";
pinctrl-0 = <&pinctrl_adc@>;
status = ;

clock-rate = <1000000>;
enable-iio;
enable-ts;

ts-type = <d>;

H
pwmu: pwmdbuus80UY
status = "disa

nuc980-iot-v1.0.dts

Figure 5-21 Added Part of “nuc980-iot-v1.0.dts” (1)

spi_lcd@o {

};

fps = <30>;

buswidth = <8>;

bgr;

dc-gpios = <&gpio OxA9 GPIO_ACTIVE_HIGH>; // PF.9 as C/D pin

debug = <0x0>;
compatible = "ilitek,il1i9341";
reg = <0>;

spi-max-frequency = <50000000>;
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spi@
status =

num_cs
1sb =

spi_lcd@@ {
Tps-=
buswidth
bgr;

dc-gpios

debug =

<30>;
= <8>;

compatible = "ilitek,i

reg =

<@>;

1";

spi-max-frequency = <50000000=>;

<&gpio 0xA9 GPIO_ACTIVE_HIGH>;
<0x0>;

~

EE
Home
Desktop
Documents
Downloads
Music
Pictures

Videos

) @ P & ¢ DN P QO

Trash

+

14 MA35D1_Buildroot

Other Locations

$ find

-name nuc980-iot*

output  build  linu stom arch arm boot dts Q= = -
mE6592- mE7623. mE7623a. mt7623a- mt7623a- mEt7623n. mEt7623n- mt7623n- mt7629.
evb.dts dtsi dtsi rfb-emmc. rfb-nand. dtsi bananapi-  rfb-emmc. dtsi
dts dts bpi-r2.dts dts
mt7629- mt8127.  mt8127- mt8135. mt8135-  mEs13s- mvebu- mvebu- mxs-
rfb.dts dtsi moose.dts dtsi evbpl.dts  pinfunch linkstation- linkstation-  pinfunc.h
fan.dtsi gpio-sim...
nspire.dtsi nspire- nspire-clp.  nspire-cx. nspire-tp.  nuc980.dtsi nuc9so- nuc9so- nuc980-dev-
classic.dtsi dts dts dts chili.dtb chili.dts v1.0.dtb
nuc9so-dev-  nuc9so- nucs8o- nuc98C-iot-  nuc980-iok-  nuC9B0-iot- nuc98e0- nuc980-
v1.0.dts eth2uart. eth2uart. g2-v1.0.dtb g2v1.0.dts v1.0.dtb lorag.dtb lorag.dts
dtb dts
nuvoton- nuvoton- nuvoton- omap2.dtsi omap3.dtsi omap3- . . "
e —— pCM7S0.__npcm7s- et nuc9so-iok-v1.0.dts” selected (5.5kB)

Figure 5-23 Location of “nuc980.dtsi”

4. Back to the foloder path of MA35D1_Buildroot, rebuild the Linux device tree and image files.

|$ make linux-rebuild && make
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user@ubuntu:~/MA35D1_Buildroot$ make linux-rebuild && make

rm -f fhome/user/MA35D1_Buildroot/output/build/linux-custom/.stamp_installed

rm -f fhome/user/MA35D1_Buildroot/output/build/linux-custom/.stamp_staging_insta
1led

rm -f fhome/user/MA35D1 Buildroot/output/build/linux-custom/.stamp_target_instal
led

rm -f fhome/user/MA35D1 Buildroot/output/build/linux-custom/.stamp_images_instal
led

rm -f fhome/user/MA35D1 Buildrootfoutput/build/linux-custom/.stamp_host_installe
d

rm -f fhome/user/MA35D1 Buildroot/output/build/linux-custom/.stamp_built

>>> linux custom Building

/bin/sed -i -e "/\\<CONFIG_COMMON_CLK FIXED UNUSED\\>/d" /home/user/MA35D1 Build
root/output/build/linux-custom//.config

echo '# CONFIG_COMMON_CLK_FIXED_UNUSED is not set' == /homej/user/MA35D1_Buildroo
t/output/build/1inux-custom//.config

/bin/sed -1 -e "/\\<CONFIG_GCC_PLUGINS\\>/d" [home/user/MA35D1_Buildroot/output/
build/1linux-custom//.config

echo '"# CONFIG_GCC_PLUGINS is not set' =>> [home/user/MA35D1 Buildroot/output/bui
1d/1linux-custom//.config

Figure 5-24 Rebuilding the Image File

5. Update image files on the evaluation board and check whether the following configurations
and files existed by log file:

The initial of “fb_ili9341”.

® whether the setting of “adcO probe” successed.
® whether file “/dev/fb0” exist.
® whether file “/dev/input/event0” exist.

be: dmadchan2 module removed
robe: dma@chan3 module removed
0: fbtft_proper lue: buswidth = 8
: debug = @
lue: fps = 18
, 240x320, 150 KiB video memory, 16 KiB buffer memory, fps=10, spil.@ at 15 MH

g random seed: random: dd: uninitialized urandom read (512 bytes read)
ing network: OK

welcome to Buildreot
buildroot login: root

Figure 5-25 Logs of Power-on

Welcome to Buildroot
buildroot login: root
# cd sdev

Figure 5-26 Location of Files

Additional tests (optional):
® Turn on backlight (pin PG.7).
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 a——_—_—_—_—-5rGct-t-_——__,

echo @xC7 > /sys/class/gpio/export

cd /sys/class/gpio/gpiol99/

echo out > direction

B B B

echo 1 > value

® Test to write or clean data on /dev/fb0.

cat /dev/urandom > /dev/fbo
dd if=/dev/zero of=/dev/fbo

B

® Prepare program and set env.
cp ./ts.conf /etc/
export TSLIB_CALIBFILE='/etc/pointercal’
export TSLIB_CONFFILE='/etc/ts.conf'’
export TSLIB_TSDEVICE='/dev/input/evento'

LT

® Calibration & test.

$ ./ts_calibrate
$ ./ts_test

5.2.2 Demo of HMI Example

Taking the emWin AppWizard project as an example, user can download the emWin package from the
Nuvoton website: https://www.nuvoton.com/products/iot-solution/iot-platform/numaker-iiot-
nuc980/?group=Software&tab=2

=
Page of 1 (& with items  Change Displaying 1 - 4 of 4

Resources  Download Version Update
Example Codt ! NuCloudConnector_Android_SampleCode_V1.3.5 1.3.5 2020/08/25
Example Code L NuCloudConnector jOS SampleCode V11 1.1.1 2020/08/25
HMI Library | {4 emWin Software Package for Nucos0 & [l V1.0 2023/07/06
NuTool Suite ! Nuvoton - Ubuntu 18.04 1.1 2023/06/26

Figure 5-27 Location of emWin AppWizard Package
Unzip the package and follow the readme file to make the GUI bin file then copy it to the SD card. Users

can connect the VCOM port of the evaluation board, insert the SD card after power-on and execute the
bin file.
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Figure 5-29 Demo of the EmWin AppWizard
Through this example, users can display the designed graphic user interface(GUI). For details on the

operation of emWin AppWizard operation, refer to the document "NUC980 emWin Quick Start Guide"
and "NUC980 emWin appWizard Quick Start Guide" of the emWin package.
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6 REVISION HISTORY

Date Revision Description

2020.05.20 1.00 ® |nitial version.

Changed the document name and some headings.

Updated VMware Virtual Machine installation steps in
2023.08.03 1.01 section 2.1.

Updated VMware resource.
Updated for Linux kernel 5.10.

Updated the heading name of section 3.1.3 and 3.2.3.
2023.09.07 1.02 ® Removed section 2.3 due to resource consolidation.

Added chapter 4 to explain how to update the
environment variables.
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Important Notice

Nuvoton Products are neither intended nor warranted for usage in systems or equipment, any
malfunction or failure of which may cause loss of human life, bodily injury or severe property
damage. Such applications are deemed, “Insecure Usage”.

Insecure usage includes, but is not limited to: equipment for surgical implementation, atomic
energy control instruments, airplane or spaceship instruments, the control or operation of
dynamic, brake or safety systems designed for vehicular use, traffic signal instruments, all types
of safety devices, and other applications intended to support or sustain life.

All Insecure Usage shall be made at customer’s risk, and in the event that third parties lay claims
to Nuvoton as a result of customer’s Insecure Usage, customer shall indemnify the damages
and liabilities thus incurred by Nuvoton.

Flease note that all data and specifications are subject to change without notice.
All the trademarks of products and companies mentioned in this datasheet belong to their respective owners.
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