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1 OVERVIEW

This document provides a quick start guide for the NuMaker RTU NUC980 Development Board. Users
can understand both software and hardware configurations for the NuMaker RTU NUC980. 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 board uses NUC980DR61YC microprocessor run 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
NUC980DR61YC 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.

NuDesign

109.03:25 V1.1

5

S AL A o |

Figure 1-1 NuMaker RTU NUC980 Development Board
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2 FEATURES

® NUC980DR61YC: LQFP64 pin MCP package with DDR2 (64 MB), which can run up to
300MHz 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 (EthernetO) connector

UART8-RS485 header with transceiver controller interface

CAN3 header with transceiver controller interface

2 sets of LED for status indication

1 sets of user-configurable push button keys

1 sets 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

3.1 Front View

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

Figure 3-1 Front View of NuMaker RTU NUC980

Figure 3-1 shows the main components from the front view of NuMaker RTU NUC980 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

May. 22, 2020 Page 7 of 33 Rev 1.00
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User indication LEDs (LED1, LED2):

LED1

Green

NuMaker RTU NUC980

PC11

LED2

Green

PC3

SPI NOR Flash (U5): Use Winbond W25Q256JV 256M Bit (U5) for system booting,

supporting normal mode

JTAG interface (J1/NC)

i

Ji.1 - vDD33
J1.2 GPAG6 NTRST
J1.3 GPAS TDI
J1.4 GPA4 TMS
J1.5 GPA3 TCK
J1.6 GPA2 TDO
J1.7 - NRESET
J1.8 - VSS

USBO Device/HOST (CONS3, 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

Ethernet port interface(CON1)

May. 22, 2020

CON1.1 - VDD33

CON1.2 - VDD33

CON1.3 - NC

CON1.4 - NC

CON1.5 GPF9 F_MDC

CON1.6 GPF8 F_MDIO
Page 8 of 33
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NuMaker RTU NUC980

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
CON1.14 GPFO F_RXERR
CONL1.15 - NC
CONL1.16 - NRESET
CON1.17 - NC
CONL1.18 - NC
CON1.19 - VSS
CONL1.20 - VSS

®  Power on setting (SW1, R15, R16)

SW1.2/SwW1.1

ON/ON

Boot from USB

GPG1/GPGO

SW1.2/SwW1.1

OFF/OFF

Boot from QSPI0 Flash

GPG1/GPGO

eee—————————————————————————————————

® 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

May. 22, 2020

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
CONL1.7 GPC5 SPI0_SS0
Page 9 of 33
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CON1.8 GPC6 SPI0_CLK
CON1.9 GPC8 SPIO_DI
CONL1.10 GPC9 UART4_TXD
CON1.11 GPC10 UART4_RXD
CON1.12 - VSS

® SOC CPU: NUC980DR61YC (U4)
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3.2 Rear View
Figure 3-2 shows the main components from the rear view of NuMaker RTU NUC980 Development

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

Host

[Comnector | PinName | Functons |
CON3.1 VvDD33 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
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4 QUICK START

4.1 BSP Download

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

Please visit nuvoTon’s NuMicro™ website https://www.nuvoton.com/products/iot-solution/iot-
platform/numaker-server-nuc980/?group=Software&tab=2) to download the “NUC980 Linux-
4.4 BSP _v1.02.001". Run the “WinUSB4NuVCOM.exe” before the USB cable is plugged in. The
“WinUSB4NuVCOM.exe” can be found in the “Tool” directory. Power on the NUC980 Series MPU
EVB and plug the USB cable into PC, the Windows shall find a new device and then request to install
its driver. Simply follow the installation and optional steps to install USB Driver, included VCOM driver.

4.2 Driver Installation
The programming tool requires a Nuvoton USB driver to be installed on PC first. Please follow the
steps below to install the WinUSB driver.

Run the “WinUSB4NuVCOM.exe” before the USB cable is plugged in. The “WinUSB4NuVCOM.exe”
can be found in the “Tool” directory. Power on the NUC980 Series MPU EVB and plug the USB cable
into PC, the Windows shall find a new device and request to install the driver.

{B) Setup - WinUSB driver(Nuvoton VCOM) SR

Welcome to the WinUSB
driver(Nuvoton VCOM) Setup
Wizard

This will install WinUSE4MuYCOM 1.0 on your computer,

Itis recommended that you dose all other applications before
continuing,

Click Mext to continue, or Cancel to exit Setup.

Next = || Cancel

Figure 4-1 Nuvoton USB Driver Installation Setup
Click “Next”. The WinUSB driver Setup Wizard will be started.
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‘, - “ = P = B0 |
ﬂ%‘ Setup - WinUSB driver(Nuvoton VCOM) - - l g
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, dick Next. If you would like to select a different folder, dick Browse.

:\Program Files\WinUSB4NuVCOM Browse...

At least 19.8 MB of free disk space is required.

[ <Back J| mext> J [ cancel ]

,

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 |
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i8] Setup - WinUSB driver(Nuvoton VCOM) . L | e
Ready to Install h
Setup is now ready to begin installing WinUSB driver(Nuvoton VCOM) on your @
computer. L

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 || Instal | | Cancel

A

Device Driver Installation Wizard

Completing the Device Driver
Installation Wizard

The drivers were successfully installed on this computer.

Driver Name Status
V' Nuvoton NuVCOMDevic... Device Updated

Back Fsh || | Cancel |

Figure 4-2 Nuvoton USB 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.

Please download USB CDC driver” TomatoUSB CDC driver” from Nuvoton’s official webpage,
executing the “NuvotonCDC_V1.00.001_Setup.exe” to install the driver:

https://www.nuvoton.com/products/iot-solution/iot-platform/numaker-tomato/?group=Software&tab=2
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4.3 Hardware Setting

2. 5V connector

3. Plug in the USB cable =)

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

4. Plug in the USB cable =)

uuwﬁ

1 ED R

Reset K1

T AT Tk

1. Select USB ISP mode

Figure 4-3 Hardware Setting

1. NuMaker RTU NUC980 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. 5V input connector
3. Plugin the 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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Al ter M

Eile Action VMiew Help

s rECDHE © &S
;é-'- Computer Management (Local|| 452 OANBE01835
4} System Tools - 33 Batteries
5 @ Task Scheduler b 2| Biometric Devices
s @ Event Viewer b /M Computer
> Global Logs b g Disk drives
> 2| Shared Folders b A Display adapters
I s %ﬂ Local Users and Groups i> 5% Human Interface Devices
- (%) Performance o g IDE ATAYATAPI controllers
=4 Device Manager b % Imaging devices
4 23 Storage - & Jungo
=% Disk Management bR Keyboards
s ﬁ,} Services and Applications b -] Memory technology driver

' ﬂ Mice and other pointing devices
b ‘A Monitars
. Metwork adapters
¥ Broadcom 802.11n Network Adapter
¥ Broadcom MetXtreme Gigabit Ethernet
[y, Cisco Systems VPN Adapter
cF Whware Virtual Ethernet Adapter for VIMnetl
i ¥ Viware Virtual Ethernet Adapter for VMnetd
B Nu‘u’COMDewceClass
- o WinlJSB drlversNuvoton VCOM
f? Ports (COM & LPT)
> n Processors
b 2 Security Devices
b -% Sound, video and game controllers

PR

> JM System devices
s - i Universal Serial Bus controllers

Figure 4-4 Nuvoton VCOM
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.
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4.4 Programing Kernel and U-Boot to SPI NAND Flash
1. Install NuWriter Driver. (Please refer to “NUC980 NuWriter User Manual”)

2. Set SW1(Power On Setting) to Boot from USB(shown in Table 4-1 and Figure 4-3). Connect
USBO to PC and connect UART console to PC.

3. Double click “NuWriter.exe” on PC. Select target chip as “NUC980 series” and select DDR
parameter is “NUC980DR61YC.ini". And then, press “Continue” button.

Muveoton MuWriter v1.14 >

NUVOTON I

Select target chip

MNUC330 zeries v
Select DDR parameter :
MUCSB0DRETYC.ini w

0 it | o Continueiy

Aata ta countinle

Figure 4-5 NuWriter Setting
4. According to Figure 4-6, 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
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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& Muvoton NuWriter v1.14 — >
NUVOTON E———
Fiaf- 41,33
Chooze type: | 5P| ~ | DDR Init: |NUCQB|][)RE1YC_ini-V2_|] |Device Connected [ He-Eonnectl
SFI
Parameters
M arne Tupe Start offzet End Image Name : |u-b0u:ut Ea,.l
bt ugaaoT 0x0 0261

Image Type:  (JData () Erwironment (@) Loader () Pack

Image execute address : Ox |BDEIEIDEI |

Image start offset: 0y 0

MOR flash parameter: [ | User Defined

#  Program | B Werify Ii Fead | Ef Erase |

S ExT |

Figure 4-6 Program u-boot
5. According to Figure 4-7, following the steps to program kernel image:

a. Select the “SPI” type.
b. Fill in the image information :
® Image Name: uimage
® [mage Type: Data
® Image 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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& Muvoton NuWriter v1.14 — >
NUVOTON IE——
Fiaf- 41,33
Chooze type: | 5P| ~ | DDR Init: |NUCQB|][)RE1YC_ini-V2_|] |Device Connected [ He-Eonnectl
SFI
Parameters
M arne Tupe Start offzet End Image Name : |u|rnage Ea,.l
ulmage DAaTA (w200000 (sl
u-boot uB 00T 00 04261 Image Twpe: @ Data () Enwironment (O Loader () Pack

Image execute address : O« 200000

Image start offset ; Ox |2UUUUU |

MOR flazh parameter: Usger Defined

#  Program | B Werify Ii Fead | Ef Erase |

S ExT |

Figure 4-7 Program uimage
6. According to Figure 4-8, 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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& Muvoton NuWriter v1.14 — >
NUVOTON IE——
Fiaf- 41,33
Chooze type: | 5P| ~ | DDR Init: |NUCQB|][)RE1YC_ini-V2_|] |Device Connected [ He-Eonnectl
SFI
Parameters
M arne Tupe Start offzet End Image Name : |erw Ea,.l
ey ENY 0x50000 0300
ulmage DATA (200000 Ox7e)  Image Twpe: (O Data (@ Enwironment (O Loader () Pack
u-boot uB 00T 00 (26l

Image execute address : O« 200000

Image start offset ; Ox |SUUUU |

MOR flazh parameter: Usger Defined

#  Program | B Werify Ii Fead | Ef Erase |

S ExT |

Figure 4-8 Program environment

For more details about NuWriter tool, please refer to “NUC980 NuWriter User Manual” in the
“‘Documents” directory.

For more details about kernel image and uboot, please refer to “NUC980_970 Linux environment on
VMware User Manual” from Nuvoton website.

URL.: https://www.nuvoton.com/products/iot-solution/iot-platform/numaker-server-
nuc980/?group=Document&tab=2
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5 BLOCK DIAGRAM SCHEMATIC

5.1 GPIO List Schematic

[FIN [FUNCTION [PIN [FUNCTION PIN |[FUNCTION PIN [FUNCTICN PIN |FUNCTION PIN [FUNCTICON PIN [FUNCTION

PB4 |[IZC1_SCL =C3 LED G PDZ josPI0_ss0 FELL [USBO _VBUSVLD | [FFO RMII1 REERR

[FBE |T2C1_32DA o4 SPI0_DO PD3 QSPI0O_CLK = FMITI1 CR3DWV

DCS EE'I:I_.:‘-E; P4 Q.:‘-_:'I_"_EO 1=} R.I'-_'::l_RX:'J. ecl [CFG[1]

PR3 |JTAGL_TCE PCE SPI0_CLK P05 OSPI0_DI 1=} RMII1 RXDO

SPI0_DI FF4 RMII1 REFCLE H

PCS [UART4_TXD EFTZ RMITI1_ TXEN

PCl0 UART4_RXD [PFE RMII1 TXDL

PCll LED G ET7 RMITI1_ THDO

PClZ [UARTE_TXD [FFa RMII1 MDIC

PCl3 UARTS_RXD 1=5 RMITI1_ MDC

oCl4 UARTE RTS PFll _T.:_R:‘:_RX:' 1

PClS putton [PF1lZ [UARTO_TXD

nuvoTon Technology Corp.
NK-RTU980

ze Document Number Fev
1.0

itle

* GPIO List

Date: Monday. April 08, 2020 [Sheet 2 of 11

Figure 5-1 GPIO List Schematic
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5.2 Power Schematic

T : ‘ .
VIN
Rl
SS24A
930 UsBSM FL 2 " -
v Li 47uH  vDD33
4 U1 V33
SVIN R0 VIN T un W
C'H_L Z T
I . L, | GND FB :
S8: " = .
123_USBS FL 2 == e N8BT
oz e c =
ca | vas | R4 Ves
I 100F Vss 150K I
V50 vss ==
Vss
J1 VIN
SN
1 a5
Vss 10K
2 47wH  vDDI2
v — g viz
VIN i ‘1' Vin  SW
EN
cn f GND FB T4
I fu| L5 = zmmiost EU I
== c VS5 TsoT2s L
VsS 55
vss 120K
VIN Vss
RE
980_USB5V 980_USBSY
123_USBSV E'm
- 10K u L3 47uH  vDDIB
Vig
H L S iN 4 sw |
. EN
vopas [0 CTEL rz GND FB 6
voD18 joniE ol BT = zmri03T E“
= VSS  Tsorzs 1
woprz [ @Dz = c =
. vss | R10 ss
vss [ F———— s 0k
nuvoTon Technology Corp.
= e
vss NK-RTU980
ize Document Number eV
i Power 10
[Daie Wonday. Apnl 06, 2020 [heet 3 of 11
I , T v ; . -

Figure 5-2 Power Schematic
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5.3

NUC980DR Schematic

NuMaker RTU NUC980

)

VDDIo

m
G U4
Q USBO_REXT
| PAOGSPID_SS1I2C0_SDALART1_ RDENTUTMD_ECNTICANS RXD o USBO_VDD33
I PAEBLr nESZ:EBl MCLKN2CO SCLnLlARTI TXDJEWTUTM‘ ECNT’CANS XD ? USBO_DP |
PAZUARTB_CTSM2S LRCK/SCD_CD/TAC USBD_DM
PAJ-UARTE RT5'|2.: ECLKJSCQ PWR'JTAGl TCKffM! ECNT USB0_VDD
PA4UARTA-RXD/2_DISCO_DATIITAG_TNSTW4_ECHT UsE{_VED33
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5.4 Power Filter Schematic
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5.5 Configure Schematic
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5.6 NUC123ZD4ANO0O Schematic
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5.7 Memory Schematic
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5.8 RMII_PF connector Schematic
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5.9 RS485 and CAN Schematic
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5.10 USB Schematic
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5.11 PCB Placement

1 L
jo0000000 0N
“..........qvn
il Ethernet ga — g
EHEDE EI i 25 [ ]
Ene AN D B e
aiEgE BV — >
= Z— 7E— [r— .
A= =k |o
2] 40 o [WH
e EE i = °
o = =2—|e
e = =
ile G E = o|®
cw _E E_ o
nuvoTON®™ m [ )
NK-RTU980 V1.0 IIIIIIIIIIIIIIIF6 P
BEEEEE. . o
& CZ3R S(on) Il - mE
'1— uﬂ Fikr On Bbktin ET
TITHRLE =K I&
[= =] ™ w @M e

o

EiNe ®

i)y @

o 3Z “
q?@ﬁ OCE
:“ ol h
TR
.: '
28 2 3 (@l a1 —
® o0 [ SE\acn) Wl cl)cer @ ~41 [l W) (MW Rs7
i mmolie 8
o =
o b @@@I:l s fle
| ] 0 c22 :I
[ 200l m
B "
o itm:sin?
@ .I:l : )

814

o

]
|

|

C I @)

Figure 5-12 Back PCB Placement

-

[ |

L ]

TS
074 819

May. 22, 2020 Page 31 of 33 Rev 1.00



NUVOTON NuMaker RTU NUC980
=

6 REVISION HISTORY

Date Revision Description

2020.05.22 1.00 1. Initial version

May. 22, 2020 Page 32 of 33 Rev 1.00



NUVOTON NuMaker RTU NUC980
=

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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