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1 OVERVIEW

This document provides a quick start guide for the NUMAKER-RTU-NUC980(Chili) Development Board.
Users can understand both software and hardware configurations for the NUMAKER-RTU-
NUC980(Chili). The platform provides Linux OS and plenty of industrial control protocol for users to
implement the Ethernet control applications in a very short time.

The NUMAKER-RTU-NUC980(Chili) board uses NUC980DR63YC microprocessor (MPU) which runs
up to 300 MHz with built-in 64MB DDR2 memory, 16 KB I-cache, 16 KB D-cache and MMU, 16 KB
embedded SRAM and 16.5 KB IBR (Internal Boot ROM) for system booting from USB and SPI Flash.
All functions of the NUC980DR63YC are placed on the board, including peripheral interfaces such as
SPI Flash memory, UART, 10/100 Mb Ethernet MAC controller, high speed USB (Device, Host), JTAG,
RS485 and CAN transceiver controller. Users can use it to develop and verify applications to emulate
the real behavior.

AUvoTOoN .
NuDesign -

109.03:25 V

T G o
SRR e |

Figure 1-1 NUMAKER-RTU-NUC980(Chili) Development Board

Jun. 13, 2022 Page 6 of 38 Rev 1.00



NUVOTON NUMAKER-RTU-NUC980(Chili)
=

2 FEATURES

® NUC980DR63YC: LQFP64 pin MCP package with DDR2 (64 MB), which can run up to 300
MHz operating speed

®  SPI Flash: Normal mode system booting or data storage, use W25Q256JV SPI-NOR (256
M-Bit)

UARTO: Connected to Virtual COM port for system development, debug message output
Peripheral interface connector, including UART, SPI, 12C

JTAG interface provided for software development

RJ45 port (EthernetQ) connector

UART8-RS485 header with transceiver controller interface

CANS3 header with transceiver controller interface

2 sets of LED for status indication

1 set of user-configurable push button keys

1 set of system-reset push button keys

USB port-0 that can be used as Device/HOST to support pen drives, keyboards, mouse and
printers

® 3.3V I/O power, 1.8V Memory power and 1.2V core power
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3 HARDWARE CONFIGURATION

Front View
RJ-45
EthemetO_PF _ interface
3.1 5VIN
LEDs . )
Peripheral interface
SPI-NOR
W25Q256JV
USBOHOST
NUC980DR61YC
USBO0 Device
JTAG interface
Virtual COM CAN PHY
VCOM Power setting
Controller
ResetKey PushButton CAN RS485

Figure 3-1 Front View of NUMAKER-RTU-NUC980(Chili)

Figure 3-1 shows the main components from the front view of NUMAKER-RTU-NUC980(Chili)
Development Board

® +5VIn (J1): Power 5V input

Model 1 Connect to PC -

Model 2 - Connect to PC -
Model 3 -

- VDD5V Input

®  System Reset (SW3): System will be reset if the SW3 button is pressed

® Virtual COM (CON2, U8): NUC123ZD4ANO microcontroller (U8), USB micro-B connector
(CON2) to PC, for debug message output

Jun. 13, 2022 Page 8 of 38 Rev 1.00
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NUMAKER-RTU-NUC980(Chili)

®  User indication LEDs (LED1, LED2):
LED1 Green PC11
LED2 Green PC3
® SPI NOR Flash (U5): Use Winbond W25Q256JV 256M Bit (U5) for system booting,
supporting normal mode
® JTAG interface (J1/NC)
Ji.1 - VDD33
J1.2 GPAG6 NTRST
J1.3 GPA5 TDI
Ji1.4 GPA4 T™MS
J1.5 GPA3 TCK
J1.6 GPA2 TDO
J1.7 - NnRESET
J1.8 - VSS
® USBO Device/HOST (CON3, JP4): USBO Device/HOST Micro-B connector, By JP4 status
or defined by the ID pin of the USB cable
®  User Key SW (K1)
K1 GPC15
®  FEthernet port interface(CON1)
CON1.1 - VDD33
CON1.2 - VDD33
CON1.3 - NC
CON1.4 - NC
CON1.5 GPF9 F_MDC
CON1.6 GPF8 F_MDIO
Jun. 13, 2022 Page 9 of 38
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CON1.7 GPF7 F_TXDO
CON1.8 GPF6 F_TXD1
CON1.9 GPF5 F_TXEN
CONL1.10 GPF4 F_REFCLK
CON1.11 GPF3 F_RXDO
CON1.12 GPF2 F_RXD1
CON1.13 GPF1 F_CRSDV
CONL1.14 GPFO F_RXERR
CONL1.15 - NC
CONL1.16 - NRESET
CON1.17 - NC
CONL1.18 - NC
CON1.19 - VSS
CON1.20 - VSS

®  Power on setting (SW1, R15, R16)

SW1.2/SW1.1

ON/ON

Boot from USB

GPG1/GPGO

SW1.2/SW1.1

OFF/OFF

Boot from QSPI0 Flash

GPG1/GPGO

 a——_—_—_—_—-5rGct-t-_——__,

® CAN (JP2,U7): SN65HVD230 transceiver controller of CAN(U7), CAN header(JP2) connect
to device for communication

®  Peripheral user interface(J2), including 12C, SPI, UART

J2.1 - VDD33

J2.2 - vDD18

J3.3 GPB6 [2C1_SDA
CON1.4 GPB4 12C1_SCL
CON1.5 GPC3 GPIO
CONL1.6 GPC4 SPI0_DO
CON1.7 GPC5 SPI0_SS0

Jun. 13, 2022
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CON1.8 GPC6 SPI0_CLK
CON1.9 GPC8 SPI0_DI
CONL1.10 GPC9 UART4_TXD
CON1.11 GPC10 UART4_RXD
CON1.12 - VSS

® SOC CPU: NUC980DR63YC (U4)
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Rear View

Figure 3-2 shows the main components from the rear view of NUMAKER-RTU-NUC980(Chili)
Development Board

® VCOM ICE interface: ICE Controller NUC123ZD4ANO0 (U6), USB connector (CON3) to PC

Host
CON3.1 VDD33 DC 3.3V
CON3.2 ICE_DAT Serial Wired Debugger Data
CONS3.3 ICE_CLK Serial Wired Debugger Clock
CON3.4 RST# VCOM Chip Reset, Active Low.
CON3.5 VSS Power Ground

® RS485 (JP1, U6): SN65HVD11DR transceiver controller of RS485(U6), RS485 header(JP1)
connect to device for communication

RS485 PHY VCOM ICE

Figure 3-2 Rear View of NUMAKER-RTU-NUC980(Chili)
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4 QUICK START

Nuvoton CDC Driver Installation

The USB serial port function is used to print some messages on PC API, such as SecureCRT, through
the standard UART protocol to help user to debug program.

Download and install the latest Nuvoton CDC driver:
4.1 ®  https://www.nuvoton.com/resource-download.jsp?tp  GUID=SW1020160914071736

The installation is presented Figure 4-1 and Figure 4-2.

1% NuvotonCDC V1.00.001 Setup — X

Welcome to the NuvotonCDC
V1.00.001 Setup Wizard

This wizard will guide you through the installation of
NuvotonCDC V1.00.001.

It is recommended that you close all other applications
before starting Setup. This will make it possible to update
relevant system files without having to reboot your
computer.

Click Next to continue.

Next > Cancel

Figure 4-1 Nuvoton USB Driver Installation Setup

1%, NuvotonCDC V1.00.001 Setup — X
Choose Install Location o=
Choose the folder in which to install NuvetonCDC V1.00.001. '-@

Setup will install NuvotonCDC V1.00.001in the following folder. To install in a different folder,
dick Browse and select another folder. Clidk Install to start the installation.

Destination Folder

| :\Program Files\NuvotonNuvotonCDC\V1.00.00 Browse...

Space required: 2.1MB
Space available: 92.2GB

< Back Cancel
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1% NuvotonCDC V1.00.001 Setup -

Completing the NuvotonCDC
V1.00.001 Setup Wizard

NuvotonCDC V1.00.001 has been installed on your
computer,

Click Finish to dose this wizard.

=1

Figure 4-2 CDC Driver Installation

4.2 Nuvoton Virtual COM driver Installation

The firmware burning tool NuWriter requires a NuWriter driver to be installed on PC first. Please follow
the steps below to install the driver.

Download and install the latest Nuvoton Virtual COM driver:
https://github.com/OpenNuvoton/NUC980 NuWriter/tree/master/Driver

The installation is presented in Figure 4-3 and Figure 4-4.
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) Setup - WinUSB driver{Nuvoton VCOM) BN

Welcome to the WinUSB
driver(Nuvoton VCOM) Setup
Wizard

This will install WinUSE4NUVCOM 1.0 on your computer,

It is recommended that you dose all other applications before
continuing.

Click Mext to continue, or Cancel to exit Setup.

Mext > |[ Caneel

Figure 4-3 VCOM Diriver Installation Setup

Click “Next”. The WinUSB driver Setup Wizard will be started.

§58) Setup - WinUSB driver(Nuvoton VCOM) [

Select Destination Location ~
Where should WinUSB driver(Nuvoton VCOM) be installed? C

Setup will install WinUSB driver(Nuvoton VCOM) into the following folder.

To continue, click Next. If you would like to select a different folder, dick Browse.

| Browse...

At least 19.8 MB of free disk space is required.

[ < Back Next > ] [ Cancel
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Select Start Menu Folder
Where should Setup place the program's shortcuts?

i Setup will create the program's shortouts in the following Start Menu folder.

To continue, dick Next. If you would like to select a different folder, dick Browse. |

inUSB driver(Nuvoton VCOM | Browse...

| <Back Next> || | cancel |
- S—— )
ﬁ‘ Setup - WinUSB driver(Nuvoton VCOM) il (B
Ready to Install
Setup is now ready to begin installing WinUSB driver(Nuvoton VCOM) on your
computer,

Click Install to continue with the installation, or dick Back if you want to review or
change any settings.

Destination location: -
C:\Program Files\WinUSB4NuVCOM

Start Menu folder:
WinUSB driver(Nuvoton VCOM)

< Back ]E Instal §[ Cancel
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Device Driver Installation Wizard

Completing the Device Driver
Installation Wizard

The drivers were successfully installed on this computer.

Driver Name Status
\/ Nuvoton NuVCOMDevic... Device Updated

Finish J ‘{ Cancel

Figure 4-4 VCOM Diriver Installation Setup

4.3 BSP Firmware Download

NUC980 Linux BSP provides cross compilation tools based on Linux. We have tested this BSP in
different x86 Linux distributions, including Ubuntu, CentOS, and Debian...etc. Because there are so
many distributions out there with different system configuration, sometimes it is necessary to change
system setting or manually install some missing component in order to cross compile.

Linux development environment could either be native, or install in a virtual machine execute on top of
other operating system.

BSP download locations:
Official website:

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

® VMware Linux Virtual machine image
- An UBUNTU18.04 VMware Image with NUC980 toolchain and Buildroot
® VMware Linux Virtual machine image User Manual
- Introduction of NUC980 Buildroot usage and how to compile firmware for NUC980
® Hardware
- Schematics and Gerber files
® NUC980 Linux V4.4 BSP
- Linux v4.4 BSP and relative tool documents
® NUC980 Linux V5.10 BSP
- Buildroot for NUC980 Linux v.510

Github:
https://github.com/OpenNuvoton/MPU-Family
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For more details about NUC980 Linux BSP, please refer to “NUC980 Linux 4.4 BSP User Manual EN”
in the “BSP/Documents” directory.

Hardware Setup

The NuMaker-110T-NUC980 provides jumpers to select boot-up conditions. To select USB ISP mode,
the statuses of SW1.1 and SW1.2 are ON. Other boot selects can refer to the following figure and table

2. 5V connector

4.4

3. Plug in the USB cable ==———————p

;;;;;;;;;;;;;;;;

4. Plug in the USB cable =)

1. Select USB ISP mode

Figure 4-5 Hardware Setting

1. NUMAKER-RTU-NUC980(Chili) provides jumpers (SW1) to select boot-up conditions. The
jumpers (SW1) ON to select USB ISP mode.

SW1.2/SW1.1 ON/ON Boot from USB GPG1/GPGO

SW1.2/SW1.1 | OFF/OFF |Boot from QSPIO Flash GPG1/GPGO

Table 4-1 Power On Setting
2. 5Vinput connector
3.  Pluginthe USB cable

If the installation is successful, a virtual COM port named “WinUSB driver (Nuvoton VCOM)” can
be found in the “Device Manager”.
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;k_' Computer Man
— -

File Action View Help

= | B E BE

LR Y

;§I Computer Management (Local|| 4= OANBED1&35
4 ff} System Tools b 35 Batteries
[ @ Task Scheduler |.> 12 Biometric Devices
ia| Event Viewer B 4% Computer

[ Global Logs [ Disk drives
I» 2| Shared Folders ;- ‘B Display adapters
I [ %ﬂ Local Users and Groups b l:% Human Interface Devices
P @ Performance I IDE ATAJATAPI controllers
=4 Device Manager i+ %54 Imaging devices
4 22 Storage i+ -E¥ Jungo
=% Disk Management | 2= Keyboards
[ _-:_J'¢ Services and Applications 1> -E=1] Memory technology driver

p --ﬂ Mice and other pointing devices
b l_-:_l. Monitors
Al_-? Metwork adapters
L¥ Broadcom 802.11n Network Adapter
¥ Broadcom NetXtreme Gigabit Ethernet
vy Cisco Systems VPN Adapter
L VMware Virtual Ethernet Adapter for VMnetl
¥ VMware Virtual Ethernet Adapter for VMnetd
MNuVCOMDeviceClass
-*‘-" WinlU5B driveriNuvoton VCOM
¢ Y5 Ports (COM & LPT)
b 2 Processors
b |2 Security Devices
B -% Sound, video and game controllers
;g8 System devices

=

[ E Universal Serial Bus controllers

Figure 4-6 Device Manager(1)
4.  Plugin the USB cable

The USB serial port function is used to print some messages on PC API, such as SecureCRT,
through the standard UART protocol to help user to debug program.

== Device Manager- Elﬂg
 — . i -

|| FEile Action Yiew Help

&= T E| HmE & F &S

475 Ports (COM & LPT) - [
: P-’? Muveton Virtual Com Port (COME™) |
.75 Standard Serial over Bluetooth link (COM28)

e A . - i wm
4 1 | F

Figure 4-7 Device Manager(2)
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NuWriter Tool
451 NuWriter Setup

1. Referto chap.4.3 to install NuWriter tool

2. Connect USBD connector shown Figure 4-5 in to the PC USB port through a USB cable
3. Booting NUMAKER-RTU-NUC980(Chili) from USB ISP mode
4

Double click “NuWriter.exe” on PC. Select target chip as “NUC980 series” and select DDR
parameter is “NUC980DR6xYC.ini". And then, press “Continue” button.

4.5

NUVOTON lEmm——————

Select target chip -

NUCS80 series b
Select DOR parameter :

NUCY80DRESY ini b

- Quit % Continue(4)

Auto 1o countinue

Figure 4-8 NuWriter Setting

NuWriter provides 7 types to be downloaded images including DDR/SRAM, SPI, NAND, eMMC/SD,
SPI NAND, PACK and Mass Production. This chapter will guide you to download images to SPI NAND
flash. If you want to choose others types to download images. For more details about NUC980 Linux
BSP, please refer to NUC980 NuWriter User Manual” in the “BSP/Documents” directory.

45.2 SPIMode
This mode can write a new image to SPI NOR flash and specify the type of the image. These types can
be recognized by uboot or Linux. The Image type is set Loader, Data, Environment or Pack.
NuMaker-RTU-NUC980(Chili) default firmware consist of four images:

1. u-boot

2. ulmage

3. dtb (Only required for Linux v5.10)

4. environment variables

Please refer to VMware Linux Virtual machine image User Manual to generate above firmware
images.

The following the steps below to program u-boot.bin:
a. Select the “SPI” type,

b.  Fillin the image information :

e Image Name: u-boot.bin
e Image Type: Loader
e Image execute address: 0xe00000
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c.  Click “Program”.
d.  Waiting for the progress bar to be finished.

e. After “Program” the image, click the “Verify” button to read back the image data to make
sure the burning status.

& Muvoton NuWriter v1.14

— *
NUVOoOTON
Fiad- 41,33
Choose type: | 5P ~ | DDRInt: NUCY980DBG1YC.ini-¥2.0 Device Connected ) Re-Connect
SPI
Parameters
Marme Type Start offzet Endq Image Name : uboot o
u-bont LWBOOT 00 0261

Image Type: () Data () Envionment (@ Loader () Pack

Image execute address | O |EDDDDD |

Image start offsst: 0x 0

MOR flash parameter. [ User Defined

¥  Program ‘ B ey | #* Read | Ef Eraze ‘

il EaT

Figure 4-9 Program u-boot

dtb (Only required for Linux v5.10)

Linux 5.10 need to download the dtb into SPI NAND Flash at the specified address, depending on the
value of image start offset (aligned on block size boundary, block size is based on SPI Flash

specifications). If dtb start offset is equal to 0x1C0000, download the dtb into SPI NAND Flash at the
address 0x1C0000.
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& Nuvoton NuWriter v1.18 — x
nuvoTonN
-1 43
Choosetype: | SPI ~ | DDRInit: |NUC9IB0DR61YC.ini-v3.0 Device Connected ® Re-Connect
SPI
Parameters
Name Type Startof.. Endoff.. -
nucgBO-chilvl 0 DATA  Ox1c00. OxlcBflb Image Name :  NUCIB0-chivT.0 =
U-boot uBCOT  Ow0 0x30578
Image Type (@ Data () Environment () Loader () Pack

Image execute address : 0x 200000

Imadge start offset | Ox ‘1C0000 ‘

MR flash parameter: User Defined

*  Program "ﬁa ety ‘; Read ‘@ Erase ‘

4 EXT

Figure 4-10 Program dtb

The following the steps to program kernel image:

a. Select the “SPI” type.
b. Fill in the image information :

® Image Name: uimage

® Image Type: Data

® |mage execute address: 0x200000
c. Click “Program”,

Waiting the progress bar to be finished.
e. After “Program” the image, click the “Verify” button to read back the image data to make sure

the burning status.

o
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& MNuvoton NuWriter v1.14 - x
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F- 41,33
Choose type: | 5P ~ | DDR Init: |NUC93|]DHE1YC_ini-V2_|] |Device Connected & He-Eonnectl
5Pl
Parameters
Mame Tyupe Start offzet End i Imags Name : |u|mage ﬁ'l
ulmage DATA Q200000 Ouve
u-baoat uBOOT ] 0«26  Image Type: (@ Data () Environment () Loader () Pack

Image execute address ; 0w 200000

Image start offset ; Ox |20UUUU |

MOR flazh parameter; |dger Defined

#  Program | Bn  Verif |A Read | Ef Eraz |

i ExT |

Figure 4-11 Program ulmage
The following the steps below to program environment:

a. Select the “SPI” type.
b.  Fillin the image information :
e Image Name: env.txt
e Image Type: environment
e Image start offset address: 0x80000
c. Click “Program”,
Waiting for the progress bar to be finished.
e. After “Program” the image, click the “Verify” button to read back the image data to make
sure the burning status.

o
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Figure 4-12 Program environment

You could create a TXT file extension and add contents. NuWriter will transform env.txt to an
environment image and download the image to SPI NOR Flash.

For Linux v4.4

Here is an example for NuMaker-RTU-NUC980 with Linux v4.4 environment variables:

baudrate=115200

bootdelay=1

stderr=serial

stdin=serial

stdout=serial

setspi=sf probe 0 30000000

loadkernel=sf read 0x7fcO 0x200000 0x800000

bootcmd=run setspi;run loadkernel;bootm 0x7fcO

For Linux v5.10

Here is an example for NuMaker-RTU-NUC980 with Linux v5.10 environment variables:

baudrate=115200
bootdelay=1

stderr=serial
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stdin=serial

stdout=serial

setspi=sf probe 0 30000000

loadkernel=sf read 0x07fcO 0x200000 0XxA00000

loaddtb=sf read 0x1400000 0x1C0000 0x20000

bootcmd=run setspi;run loadkernel;run loaddtb;bootm 0x07fcO - 0x1400000
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5 SCHEMATIC

GPIO List Schematic
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Figure 5-1 GPIO List Schematic
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Power Schematic
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Power Filter Schematic
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Configure Schematic
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Figure 5-5 Configure Schematic
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NUC123ZD4AN0 Schematic

5 I 3 I 3 3 1
3
l = TTTTTT PFIZ:11) E—
5.6 i 8 p—
. §2§§3;35—’. 123 UsBsY [
(a}
vDD33 CLLIPRER vDD33
VDD33 WWEESEET voD33 [ e
LLRER I B
Cisos s vss vss
. =c3232 1 L
|| R32 AVDD 52020  SPID_CSOPCO =X
820 SPI2_CLKPD.1 SPID_CLIPC.1 53—
10K MISO2_0PD.2 MISO0_0/PC.2 5~
046 MOSI2_0/PD.3 MOSIO_0/PC.3 35— |:+
RES XT_OUT D+
— XTI 2 C20 | |1uE
o1 — RESET# < USB_LDO_OUT 4| l__l_
vEs PVSS =55 .2 VBUS. 123_USBSV ==
saazesh =
1uF ves £RBaodz ES
| =1 S L [ OIOIVJ
— S 3
o zRREE49e AT
Tfr NUCT23ZD4AND e
vss
- R 0 =
N PE12 URD_TX Vss
BET1 UR0_RX
3 voD33 RE™D R
7 _ c:_| oM

mlm|m—o!
o)
[ells]
(=

2|5

K 1uF 4.7uF
s VSs VS5 12M_| 12M 0

— X2
vss vCoM 1 XIN  GND 4
C257 2 GND XOUT =
123 U85y coz 2 15pFI [ a— i | o
M RE 27 v = = 1 150F
= o 4d Vss v = J;
J— IEE; VsS
R® 27 o] s 4
mi 18 m‘ -
g = nuvoTon Technology Corp.
VS FB -
l.ELI]JuF_ NK-RTU980
== ize Document Number
vss F‘ NUC123ZD4AN0 rgr'"
. . . ‘ Date: umn.;pdm.mn ‘ Bhest |n‘ of 11

Figure 5-6 NUC123ZD4ANO0 Schematic

Jun. 13, 2022 Page 31 of 38 Rev 1.00



NUVOTON NUMAKER-RTU-NUC980(Chili)

 a——_—_—_—_—-5rGct-t-_——__,
Memory Schematic

QSPI0_S50

5.7 ’j:;; vDD33
us ?

1 B
= s © voe -
QS0 DD bl T @5PID_HIAD
QSPI0, WI:‘D2 37 DoiD1 HIAD3 b E—Feor o
Il = - 77| W2 CLK b=—33pm Gomn I
GND  D¥DO = =
T Bl
= W250256V
vss
. J— SPID S5 VDD33 VDD33
FD2 QsPI0 S50 VD033 OSPS5O
R21 33
PD3 . QSPID CLK p— QSPI0 HIdD3 a8 g
R 10K
- R73 33 5o Do sED W 01uF 10uF
4 SPI0_Do SPID_WpD2
VDD33 G A
R7 0K = =
RE M Vss Vs
PDS QsPI0_DID1
RZT 33

nuvoTon Technology Corp.
NK-RTU980

Document Number

eV
Memo r‘-"

Monday. April 06, 2020 Theet T
3 T

of 11
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RMII_PF connector Schematic
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RS485 and CAN Schematic
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USB Schematic
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PCB Placement
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6 REVISION HISTORY

Date Revision Description

2020.05.22 1.00 Initial version

2023.07.18 1.10 Resources path and Chip ID updated.

2023.11.29 1.20 Add descriptions for Linux v5.10
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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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