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1 Overview

Nuvoton Nu-Link Keil® driver is a plug-in of Keil® uVision IDE used to debug Nuvoton chips via

Nu-Link. For example, to start and stop program execution, set breakpoints, access memory and
erase/program/verify Flash.

This document introduces how to install and use Nuvoton Cortex®-M Keil® plug-in driver.

1.1 Features

The Nu-Link Keil® driver supports the following features. Some functions are triggered by pVision.
The usages of these functions can be found in Keil® uVision User Guide.

®  Erase/program/verify Nuvoton chips (via Flash algorithm of Nu-Link Keil® driver)

® FEasy registers access of Nuvoton chips (via SVD files of Nu-Link Keil®driver)

Support Hardware/Software/Flash breakpoint
® Support Data breakpoint
® Support various configurations for connection (Reset options, SWD clock, etc.)

1.2 Supported Devices

Open the hyperlink and you can see the table of supported devices: Link of Supported devices.

After installing Nuvoton Nu-Link Keil® driver, you can also check supported devices from pVision
IDE main window “Help -> Open Books Window -> Supported devices of Nu-Link”, and SVD
support status in “Supported SVDs of Nuvoton devices”.

Books n @

Eﬂ Vision
... uVision Release Motes
E-fil Tools User's Guide

..... @ Release Motes

@ Complete User's Guide Selection
&% ARM Compiler v5.03ul
@ CMSIS Documentation

----- @ Supported devices of Nu-Link

@ Supported 5VDs of Muvoton devices

=] Project @ Books

Figure 1-1 Supported Devices List File

You can download the datasheet of each device from the following web pages:
http://www.nuvoton.com/hg/products/microcontrollers/arm-cortex-m0-mcus/Data-
Sheet/? locale=zh TWA&resourcePage=Y (Cortex®—MO)

http://www.nuvoton.com/hg/products/microcontrollers/arm-cortex-m4-mcus/Data-
Sheet/? locale=zh TWA&resourcePage=Y (Cortex®-M4)
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2 Installing Nu-Link Keil® Driver

2.1 System Requirements

® Software: MDK-Arm® — V3.04 (or later)

® Hardware: Nu-Link ICE Bridge. (Keil® MDK PC software communicates with target chip via
Nu-Link dongle)

2.2 Installation
To use Nu-Link Keil® driver, please follow the steps:

1. Install MDK-Arm® — V3.04(or later) on your PC.
2. Run Nu-Link_Keil_Driver.exe file, and then select the <Keil® install path>. The following files
can be found after successful installation of package:

® <Keil®install path>\Arm\BIN\Nu_Link.dll: Nu-Link Keil® driver's DLL file.

® <Keil® install path>\Arm\NULink\Nu_Link: COPYRIGHT, License, Nu-Link announcement
checker and so on.

e <Keil®install path>\Arm\Flash: Flash programming algorithm.
e <Keil®install path>\Arm\SFD: System viewer files.

® <Keil®install path> \Arm\NULink\Nuvoton_NuMicro_CortexM_DataBase.cdb : NuMicro®
Cortex®-M MCU database, this file is only for MDK less than v5.0.

® <Keil®install path>\Arm\HLP: Help documents.

After installation, please make sure the Nu-Link Keil® driver version is consistent with the Nu-Link
firmware version. If these versions are different, please do Nu-Link firmware upgrade (refer to
chapter 5).

The latest Nu-Link Keil® driver is available on the following web page:
http://www.nuvoton.com/hg/support/tool-and-software/software/development-tool/? _ locale=en
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3 Nu-Link Keil® Driver Configurations

After selecting “NULink Debugger” as shown in Figure 4-7 and Figure 4-9, you can configure the
Nu-Link Keil® driver. This chapter describes the “NULink Debugger” configurations.

3.1 Debug Form

Run pVision, select “Options for Target — Debug”, and then click the “Settings” button. The
debug setting form is shown as follows.
Mu-Link Driver Setup @

Debug l Trace ]

Nu-Link Chip Select Supporting Forum

Driver Version:  [6815 Chip Type: |NUC100 - EN: http://forum.nuvoton.com.

SC: http:/Awww nuvoton-mou .com.

ICE Version: 6815 Feset Options

Device Famity: Cortex-M] Connect: | Momal -
Device |D: i<0BE11477 Reset: Autodetect hd

Port: W = Download Options

Max Clock: TMHz - r

,)
-
N
-

OK | Cancel

Figure 3-1 Debug Setting Form

® Driver Version
Show the latest installed Nu-Link Keil® driver version.

® |CE Version
Show the firmware version of the connected Nu-Link ICE.

® Device Family
Show device family supported by the driver.

® Device ID
Show ID CODE of SWD in a target chip.

® Port
Currently, the Nu-Link Keil® driver only supports “SW”, which means SWD port.

® Max Clock
Select the maximum SWD clock rate.

® Chip Type
Select the target chip type. If user selects the wrong type, the download and debug procedure
would be failed.

® Connect options
Control the operations that are executed when the debugger connects to the target device.
B Normal: Just stop the CPU at the currently executed instruction after connecting.

B under Reset: Hold the hardware reset (HW RESET) signal active while connecting to the
device.
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® Reset options
Before getting into Debug mode, Keil® uVision IDE will issue a reset signal to target chip first,
there are five reset options as described below:
B Auto detect: Use system reset first; if failed, use hardware reset.

HW RESET: Use reset pin to reset target chip.

SYSRESETREQ: Set system reset register of MCU.

VECTRESET: Set vector reset register. (Cortex®-M0 does not support VECTRESET)

Not Reset: Not to reset target chip when entering debug mode, which can keep the device
status before connected.

® Verify Memory Code
Compare the content of the target memory with the application program loaded in the
debugger.
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3.2 Flash Programming Form

Run the Keil® pVision IDE, select “Options for Target — Utilities”, and click the “Settings” button.
The Flash download form is shown as follows.

Flash Download for NUC100 x|

Flazh Select Rk far Algarithm Download Function

APROM hd Start: |D=20000000

" Eraze Full Chip [+ Program Flash

{+ Erase Sectars [¥ ‘erify Flash
Size: Qw1000
" Do Mat Erase [~ Reset and Run
Proaranming Algarithn Flazh Breakpaint
Description Device Tope Device Size | Address Range [¥ Enable Flash BF
MUCI00128kE F... OMNCHIP Flash 128K 00000000H - D001F
ConfigD#1

1| m ¢ Configure

Cancel

Figure 3-2 Flash Programming Setting Form

® Flash Select
Select the target ROM to download, e.g. APROM or LDROM.

® RAM for Algorithm
Select the Flash algorithm target address and size, programming algorithm will be copied to
this address in programming process.

® Download Function
Select active functions, all functions are listed below:
B Erase Full Chip: erase all Flash data before programming Flash.

Erase Sectors: only erase Flash pages those are going to be programmed.

Do Not Erase: Not to erase Flash before programming it. (Not suggested)

Program Flash: Program Flash or not.

Verify Flash: Verify downloaded data or not.

Reset and Run: When download procedure is completed, IDE will reset target chip; then
the target CPU will start to run.

® Programming Algorithm
Display Flash algorithm that will be used in the “download” procedure. If user selects the
correct chip type in Debug page, the correct Flash algorithm will be detected automatically.

® Flash Breakpoint
“Enable Flash BP” will force Nu-Link Keil® driver to use Flash breakpoints. Otherwise, it will
use hardware breakpoints or software breakpoints (When CPU runs on SRAM). Flash
breakpoints and software breakpoints are unlimited. Refer to Arm® reference manual for the
number of hardware breakpoints (e.g. Cortex®-MO has 4, and Cortex®-M4 has 6).

® Update Config0/1
Click the “Configure” button to open the “Chip Options” form. Config Bit can be modified in
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the form when a field value is selected and the “OK” button is clicked. You can click the
“Cancel” button to exit the form.

Note: In most NuMicro® chips, it will do “chip erase” before updating config0/1, but in M2351,
only “NS address boundary modify” or “Flash unlock” will cause “chip erase”. Thus, users can
download image first, and then set their configurations in M2351.

Chip Options of NUC100 e e

— Clock Source Options
" Extenal Crystal Clock [4~24 MHz)
@ Intemal RC 22 MHz Oscillator Clock,

— Brown-out Vaoltage Options

& 4R ©o3ay 27 o2
[ Brow-out Detectar [ Brown-out Reset
— Boat Options
" LDROM &+ APROM
[ DataFlash W Security Lock,
D ata Flash Bagze Address [19:0]; O« IFFFFFFFF
Config v alue

Canfigl: Ox IFFFFFFFD Configl: 0w IFFFFFFFF
0k, | Cahicel |

Figure 3-3 Chip Options Form
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4 Example — Create & Debug a Project

In General use case, user can open project of Nuvoton BSP directly.
There are two project formats — .uvproj for legacy MDK4 and .uvprojx for MDK5.

If you want to create a new project and debug through the Nu-Link Keil® driver, follow the steps
below (based on NUC140).

4.1 Create a New Project

1. Run the Keil® uVision4 IDE. Select “Project — New Project...” and the “Create New Project”
dialog will appear. Input the new project name and click the “OK” button. Select “NuMicro
Cortex-M Database” which is Nuvoton devices database, as shown below.

Select a CPU Data Base File

|Generic CPU Data Base j

Generic CPU Data Base
MuVoice Databasze
MuMicro Cortex-M Database

Figure 4-1 Select “NuMicro Cortex®-M Database”

2. Select the microcontroller device that you have, as shown below.
Select Device for Target ‘Target 1'... eS|

CPU ]

Vendor:  Nuvoton
Device:  NUC140VEICN

Toolset:  ARM
Data base Description:
----- £3 NUC140LCICN « | |Part number: NUC140VESCN ~
----- £3 NUC140LDZCN — N
----- £ NUCT140LEICN =
ARM 32-bit Cortex-MD
----- £1 NUCT40RCICN = ]
----- £3 NUC140RDZCN Memories: i
----- £3 NUC140RE3CN _ipmﬁd:;:ﬁzm(
..... - App Flash:
i NUCT40VESCN [EiEl L

----- £ NUC200LC2AN

- Data Flash: 0~128K
----- £3 NUC200LDZAN

----- £3 NUCZ200LE3AN Features:
----- £3 Nuc200sczaN []| [MO:upto 76
..... £ NUC2005D2AN -'I"lmer..-k32brt
- UART: 3
----- % NUC2005E3AN -| lspra i
iom ] 7 -
0K | Cancel | Help

Figure 4-2 Select Device in MDK4

User needs to install “Nuvoton.NuMicro_DFP.pack” before creating the project of .uvprojx format
for MDK5. Open <Keil® install path>\UV4\Packlinstaller.exe as shown in Figure 4-3 and find

“Nuvoton.NuMicro_DFP.pack” to install it. After installing the pack, the microcontroller device form
is shown as Figure 4-4.
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@ Pack Installer - C:\Keil\MDK526\ARM\PACK

File Packs Window Help
] | Device: Muvoton
ﬂ Drevices r Boards I ﬁ ﬂ Packs r Examples I
Search: - X E Pack Action
Dsdeg [=1-Device Specific 5 Packs
S % Muvoton - kel MCBMUCLo_BSP @ Inistall |
V{g 1SD Family uvoton:MuMicro_DFP ! Up to date |
V{g MuMicro M0 Farnily uvoton:MuMicro_MO51_BSP @ Inistall |
V{g NuMicro M4 Farnily uvoton:MuMicro_M2351_BSP @ Inistall |
V{g NuMicro M23 Family ~Muvoton:MuVoice_[SD_DFP 1 Up to date |
% NuVoice Family | [=--Generic 35 Packs
B I S |
Figure 4-3 Pack Installer in MDK5
Select Device for Target ‘Target 1. u
Device |
ISoﬂware Packs LI
Vendor:  MNuvoton
Device:  NUCT40VE3CN
Toolset:  ARM
Search: I
Description:

€3 NUCI40RD2CN &
€1 NUC140RE3CN

% NuC1261

=l NUC140VE3CN embedded processor with 32-bit performance and at a cost equivalent
%2 nuCl2L to tradtional
B-bit microcontroller. The NuMicro NUC100 Series includes NUC100,
4 NuC2 NUC120, NUC130 and NUC140 product lines.
A NuCL23
% nucL2s

w7 NUCIa .
<I I DIvI -

The MuMicro NUC100 Series 32-bit microcontroller is embedded with  »
ARM Cortex-M0 core for industrial control and applications that
need rich communication interfaces. The Cortex-M0 is the newest ARM

ok | cancel |

Figure 4-4 Select Device from Software Pack in MDK5

3. If user selects the correct device as shown in Figure 4-2, the RAM/ROM size and .SFR file will

be filled up automatically. Otherwise, user has to set a correct RAM/ROM size and select
correct .SFR file from “<Keil® install path>\Arm\SFD".
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Options for Target 'Target 1' X
De\riceOutert I Listing I User I CfC—I—I—I Asm I Linker I Debug I Litilties I
Nuvoton NUCT140VEICN
—Code Generation
Mal (MHz): [50.0
Operating system: INone j [ Use Cross-Module Optimization
System-Viewer File (. 5fr): [™ Use MicroLIB ™ Big Endian
ISFD\Nu\roton\NUCWDCN_ﬂ.SFF{ J
¥ Use Custom SVD File
— Read/Only Memory Areas — Read/Write Memory Areas
default  off-chip Start Size Startup default  off-chip Start Size Molnit
I~ Romt: | | [a r RaMt | | r
™ Romz | | s ™ Ramz | [ r
™ Rom3: | | s ™ Ramz | | r
on-chip on-chip
¥  IROMI: I[bd] IEkZDDDD IS ¥ IRAMI: |ckzommm |m4om r
—  pomz I I ~ [ lT=T YV 3 I I i
OK |  Cancel |  Defauks | Help
Figure 4-5 Select System Viewer File
4. Enable the “Thumb Mode” option.
(S

Options for Target ‘Target 1'

Device I Target I Qutput I Listing I User I CJ"C Linker I Debug I Lkilities I

— Conditional Assembly Control Symbols

Define: I

U ndefine: I

— Language / Code Generation

[ Read-Only Position Independent
[ Read-Wiite Position Independent
l V' Thumb Mode
™ Mo Wamings

[~ Split Load and Store Multiple

[~ No Auto Includes

Paths
Misc
Controls

Assembler
control
string

Include I

-l C:\KeilARMNRV3TWNG

—cpu Cortex-M0 g —16 —apcs=interwork

Cox |

Cancel | Defaults |

Figure 4-6 Select Thumb Mode

5. Select “Rebuild all target files” to build the project.
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6. Select “Options for Target — Debug”. From the combo-box, select “Target ICE MCU” which is
the USB Nu-Link Keil® driver. Make sure that the “Use:” radio box is checked, as shown below.
Options for Target ‘Target 1' ﬂ

Device I Target I Outputl Listing I User I CfC-I—I-I Asm I Linker ' ilities I
" Use Simulator  with restrictions Settings | * Use: |NUL|nk Debugger v| Settings | ‘
[~ Limit Speed to Real-Time
¥ Load Application at Startup ¥ Run to main() ¥ Load Application at Startup ™ Run to main()
Initialization File: Initialization File:
| | Ed || =] Ede |
Restore Debug Session Settings ——————————————— Restore Debug Session Seftings—————————————————
[V Breakpoints v Toolbox [V Breakpoints V¥ Toolbox
V¥ Watch Windows & Performance Analyzer V¥ Watch Windows
V¥ Memory Display V¥ System Viewer V¥ Memory Display [V System Viewer
CPUDLL: Parameter: Driver DLL: Parameter:
ISAF{MCME’..DLL | ISAF{MCMB.DLL |
Dialog DLL: Parameter: Dialog DLL: Parameter:
IDARMCMLDLL I-pCI‘u'Iﬂ ITﬁF{MCMLDLL I-pCI‘u'ID
[~ Wam if outdated Executable is loaded [~ Wam if outdated Executable is loaded
Manage Component Viewer Description Files ... |
0K | Cancel |  Defauts | Help

Figure 4-7 Select Debug Driver

7. Click the “Settings” button to open the debug setting form, and then select “NUC100” as the
Chip Type.

Mu-Link Driver Setup ﬂ

Debug |T|E|ce I

rNu-link ———————————————— ~Chip Select Supporting Forum

Driver Version: |3315" Chip Type: INUC1DD VI EN: http://forum nuvoton.com/

SC: hitp:/Awww nuvoton-mcu.com./

LEEmET |6815 —Reset Options ————————————
Device Family: Connect: INorrnaI 'l
Device 1D: Iﬂﬂ'ﬂEE‘I 1477 Reset: Im_rtodetect hd l

Port: ISW LI  Download Options
Max Clock: |1MHz vl I~ “erify Memory Code
r— Power Contral

10 % oltage (@ 25y & 33y gy

oK I Cancel

Figure 4-8 Debug Setting Form
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8. Select “Options for Target — Utilities”. From the combo-box, select “Target ICE MCU”. Make
sure that the “Use Target Driver for Flash Programming:” check box is selected, as shown
below.

Options for Target Target 1' g

Device I Target I Qutput I Listing I User I C..-"CHI Asm I Linker I Debug

—Configure Flash Menu Command
' se Target Driver for Flash Programming ™ Use Debug Driver

INULink Debugger LI Settings I | V¥ Update Target before Debugging

it Fie: | J Ed... |

" |se Bdemal Tool for Flash Programming

Command:l _I

Arguments: I

™ Run Independent

r—Corffigure Image File Processing (FCARM):

Qutput File: Add Output File to Group:
Source Group 1 LI
Image Files Root Folder: I [ Generate Listing
0K |  Cancel | Defauts | Help

Figure 4-9 Select Flash Programming Driver

9. Click the “Settings” button to open the Flash download setting form.

Flash Download for NUC100 | S|
—Flazh Select————————— — Rab for Algorthm———— ~ Dovnload Function
" Erase Full Chip ¥ Program Flash
IAPHEIM vI Start: IUH2UUUUUUU
APROM % Erase Sectors W Werify Flash
LDROM Size: |D>:1 oo
" Do Mot Erase [ Feset and Bun
— Programming Algorithm — Flazh Breakpoint
Description | Device Type | Device Size | Address Range ¥ Enable Flash BP
MUC100128kE F... QMCHIP Flazh 128K 000ao0aoH - 0a01F
— Configds
1 mn k Configure |

oK | Cancel |

Figure 4-10 Flash Download Setting Form

Note: “Flash Select” can download project code to APROM or LDROM or others.
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4.2 Debug a Project

This section describes how to debug a project by the Nu-Link Keil® driver (assuming that the
installation and configuration steps had been performed).

Please follow the steps below:
® Run the Keil® pVision4 IDE. Select “Project — Open Project....” and the “Open Project” dialog

pops up. Choose certain project as follows.

(@ visions (=@ x )
File Edit View Project Flash Debug Peripherals Tools SVCS  Window Help
NS A8 4 s@|92 6] 0| P RRR =EEEEL D s ale OO
Project =]
I
Select Project File S
OO« 0k » Semivont [y sorromiion 5]
Organize « Mew folder i « M 0
T'.} Favorites | @Semil-lost.uuproj |
[ Libraries
L Computer
f! MNetwork
&=p.. @B {F I File name: SemiHost.uvproj - ’iject Files (*.uvproj; *.uvmpw v]
Build Output I [ open | [ Cancel ]
4 3
i

Figure 4-11 Open Project
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® Select “Project - Build target” to build the project. The build window shown below should
report no errors.

- Bl
C:\SemiHost\SemiHost.uvproj - Visiond E@g
File Edit View Project Flash Debug Peripherals Tools SWVCS  Window Help
NEda| s @9 ¢ | oM EE G| Ha# ale o @,
] $ seminost H&| &2 e
SH_startup_NUCL.s v X
iy S -
2 /> N
3 /* Copyright (c) Nuvoton Technology Corp. All rights reserved.
i T
5 J,-"x___
[
7 #include «<stdlib.h>
8 #include <stdio.h>
9
10 woid SystemInit() =
11 {
1z |}
13
14 int main{()
15 {
16 printf ("Hello, NHuvoton!\n"):
17
is return 0;
13 H I |
20 i
Ee.. @6..| {3F. (0,7 ||« I | X
Build Output .3
" \obj\SemiHost.axf" - 0 Error(s), 0 Warning(s). -
#%% Performing Cross-Module-Cptimization:
compiling 5H retarget.c...
linking...
Program Size: Code=684 RO-data=224 RW-data=8 ZI-data=1136
After Build - User command #1: fromelf --bin ".%\obj\SemiHost.axf" --output ".\obj\SemiHost.bin" il
After Build - User command #2: fromelf --text -c ".‘\obj\SemiHost.axf" --output ".\obj\SemiHost.txt" L
" ‘\obj\SemiHost.axf" - 0 Error(s), 0 Warning(s). r
#%% Completed Cross-Module-Cptimization after 2 iteration(s).
4 L
Build target files Muvoton Mu-Lir

Figure 4-12 Build the Project
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® Click the “Flash - Download” icon to download the program into Flash.

r ™y
Ch\SemiHost\SemiHostuvproj - Visiond =NREl g

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

5@ | | R = /= 15| [ HIDIntinCaliback Hae @l e &

SemiHost |Z| £\| & B o
e 5? Download up_NUCLows - X
DownloEd code to flash memary [~ .
o S I
b /* Copyright (c) Nuvoton Technology Corp. All rights reserved.
) S
s /—
[
7 #include <stdlib.h>
8 #include <stdio.h>
9

10 wvoid SystemInit ()

11 {

12 T}

13

14 int main{()

15 {
16 printf("Hello, Huvoton!\n");

m

is return 0;

Ee. €6 {1r.[0,7.| || <] n | E

Build Output 11
".\obj\SemiHost.axf" - 0 Error(s), 0 Warning(s). -
#%% Performing Cross-Module-Cptimization:

compiling 5H retarget.c...

linking...

Program Size: Code=684 RO-data=224 EW-data=8 ZI-data=1136

After Build - User command #1: fromelf —-bin ".\obj\SemiHost.axf" --output ".\obj\SemiHost.bin" F
After Build - User command #2: fromelf —-text -c ".‘obj\SemiHost.axf" --output ".\obj\SemiHost.txt"
" \obj\SemiHost.axf" - O Error(s), O Warning(s).

#%% Completed Cross-Module-Cptimization after 2 iteration(s).

m

4 3

Download code to flash memaory Muvoton Mu-Lir

Figure 4-13 Download the Program
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® Start to debug by selecting “Start/Stop Debug session”. When the hardware is properly
configured, and the program successfully downloaded, the debugger window should look like

Figure 4-14.

-
C:\SemiHost\SemiHost.uvpraj - Visiond E@g
File Edit View Project Flash Debug Peripherals Tools SVCS  Window Help
NEdad| s @9 | pnnn|jFEEraal  [laws@Eleo s,
FBolweeo v DEREEA-o-EIe- -8 x- @ Start/Stop Debu
- Enter or leave a
Registers o Disassembly T
Register | Value I: 0x00000342 0000 MCWVS rQ, 0 -
15: {
E{)OxOOOOOB&C B510 FUSH {r4,1r}

16: printf("Hello, Nuvoton!\n"):

17: |
0x0000034E A002 LDR r0, {pc}+2 ; @BOx00000358 |_|
0x00000350 FTFFFFS6é EL.W 2printf (0x00000200) T4

] ¢
Main.c SH_startup_NUCLx.s v x
-
woid SystemInit()
{
}
020000478 int main() I
(00000157 t ) )
printf("Hello, Nuvoton!\n"):
(01000000 =
return 0;
}
[E] Project | = Registers o L1 b
Call Stack + Locals a UART #1 n
MName Location/Value Type =
@ main 0:0000034C int ()
4 r
Enter or leave a debug session Muvoton Mu-Lir .

Figure 4-14 Debug Window

® At this point the debugging process is similar as in pVision4 simulator. The program can be
run, halted, run step by step, breakpoints can be set/cleared, and variables can be watched,
memory areas read/written/modified.

421

System Viewer

In Debug mode, if user configures system-viewer as shown in Figure 4-5 correctly, the system
viewer pane can be used by clicking “Peripheral” > “System viewer” in the menu bar, which
can help developers to configure registers. The “System Viewer” is briefly described as follows.

® Select a registers group such as “GCR”, and the registers group will be displayed in the right

pane of IDE, as shown below.

Dec 21, 2018

Page 18 of 31

Rev 2.06



NUvoTOoON Nu-Link Keil Driver
=

GCR 1 B

Property
t--PDID 020014018
t--RSTSRC 000000061
H-IPRSTCL 0
H-IPRSTC2 0
H-BODCR 000000086
H-TEMPCR
H--PORCR
H--GPA_MFP
H

H

H

H

H

Cl.

| »

-GPB_MFP
-GPC_MFP
- GPD_MFP
- GPE_MFP
-ALT_MFP

L REGWRDRMOT

F O o N o OO s O r A s SO s IO IO IO e OO e OO oy OO s O

=

PDID
[Bits 31..0] RO (@ (:50000000) Part Device Identification Number Register

Figure 4-15 System Viewer Pane

® To know detailed information of the registers group, you can expand it by clicking the “+”
button as shown below.

Property Value

=--PDID 020014018
#--RSTSRC 000000061
0
0: 0 = CHIP normal operation

0: 0 = CPU normal operation
~-PDMA_RST 0:0 = PDMA controller normal operation

- EBI_RST 0:0 = EBI controller normal operaticn
[+-IPRSTC2 0
#-BODCR 000000086
#--TEMPCR 0
[+-PORCR 000005445
[+ GPA_MFP
[#--GPB_MFP
.20 KAED

IPRSTC1
[Bits 31..0] RW (@ 0:50000008) IP Reset Contrel Registerl

Figure 4-16 Expand Register Group

® To modify the value of register, users can edit the value field, and the detailed register
description will be shown at the bottom:
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GCR a a3
=]
Property Value
RSTSRC :'
CHIP_RST 0:0 = CHIP normal operation

CPU_RST 0:0 = CPU normal operation Iﬂ

PDMA_RST 0:0 = PDMA controller normal operation
EBLRST 0:0 = EBI controller normal operation

i |

CPU_RST

[Bit 1] RW (@ 0:50000008)

CPU kernel one shot reset (Write-protection Bit)

Setting this bit will only reset the CPU kernel and Flash Memory
Controller(FMC), and this bit will autoratically return to 0 after the 2
clock cycles

This bit is the protected bit, It means programming this bit needs to write
'59h', '16h', '88h' to address 0:5000_0100 to disable register protection.
Refer to the register REGWRPROT at address GCR_BA+0:100

0:0 = CPU normal operation
1:1 = CPU one shot reset

Figure 4-17 Register Description

4.2.2 Breakpoints

The Nu-Link Keil® driver supports “Execution Break” and “Access Break” of pVision IDE. You can
check the pVision user guide for details: pVision User Guide -> Debugging > Debug
Windows and Dialogs - Breakpoints Window). Note that currently the Nu-Link does not
support “Conditional Break” and “Count” in the breakpoint window.

“Execution Break” can be classified into three kinds of breakpoints: software/hardware/Flash.
Each of the breakpoints is described below.

® Software Breakpoints
When target application runs on target SRAM, Nu-Link Keil® driver will use software
breakpoints, the number of breakpoints is unlimited.

® Hardware Breakpoints
When target application runs on target FLASH, Nu-Link Keil® driver will use hardware
breakpoints, these hardware breakpoints are provided by Arm® Cortex®-M core, the numbers
are limited. (Cortex®-MO has 4, Cortex®-M4 has 6)

® Flash Breakpoints
When target application runs on target FLASH, and hardware breakpoints are all used, Nu-
Link Keil® driver will use Flash breakpoints. (Note that “Enable Flash BP” in Figure 3-2 must
be enabled)
Flash breakpoints are unlimited, but using Flash breakpoint will make program execution
much slower than using hardware breakpoints.

“Access Break” is also known as data breakpoints.

® Data Breakpoints
No matter target appllcatlon runs on SRAM or Flash, users can set data breakpoints which are
provided by Arm® Cortex -M core. The number of data breakpoints are limited (e.g. Cortex®-
MO has 2, and Cortex®-M4 has 4).
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4.2.3

PinView Plug-in

In Debug mode, user can select “NuTool —
then check the correctness of pin assignment through GUI.

Nu-Link Keil® Driver

I

PinView” from “Debug” - “NuTool -

PinView”, and

r ~
NuTool - PinView S5
-
- |100% +
Freq: (0.5 ~ ; REE;
- I glm Ly L L,
—:L:L:L:L'gy.é.'qg‘“’““’ AAffzoooo
LR lipEenEens el i00E
[AREANNAE AR AR AR
FERFREEEE R R
JAIE?n.wn_;~~a.om~ua & - & salEE=] Fe s
paG 7T 46 FB.IO
Pa.? E=E| 8 4a[E==] FB.11
wref [T 79 47 =] FES
AvDD [ eo 46 [H==] FE.G
e R = 45[E==] rCO
oo ez 44 [F] P b
0.z =R 43[E=] P2
(Rl = 42 [E==] PC.2
14 RS 41 =] rra
: =E|EG an[E=] PC.s
7 E=mlE7 30 [ FD.15 =
6 == ea NUCL40VE3CN 3a[EEs] PD.14
: =E|Es 7[E=] P07
PCoe RS0 36[EE=] POLA
12, PRI EET 1s[E=] re.2
®*T1_0UT E=ez 14 [He] PB.2 —
XTi_IN =93 3I[EE=E FBA
RESET# [=|o4 32E| PB.O
ves s ERN |
vDD o6 ElY]
PSZDAT o7 29[ WED33
pszoLk o a[] veus
pySS oo 27[H==] FE.7
J:QHEW@NM& WID o D e e e e ke NNNNanIMn

m | r

Figure 4-18 NuTool - PinView
42.4

The Nu-Link supports some semihosting function for user to easily output and input message in
Keil® IDE. To use the semihosting functions, please follow the steps below.

Semihosting

1. Open the “C:\KeiI®Arm\BIN\Nu_Link\SemiHost\Src” directory and copy the following two files
into your project folder:
® SH_retarget.c

® SH_startup_NUC1xx.s

. Then open your project, and
® Replace retarget.c with SH_retarget.c.

® Replace startup_NUC1xx.s with SH_startup_NUC1xx.s.

3. Add printf/getchar in your source file where you need to debug.
To reduce the code size, you can undefine the macros in SH_retarget.c to disable the real
UART or semihosting UART1 or both.
® #define DEBUG_ENABLE_UART

® #define DEBUG_ENABLE_SEMIHOST
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4. Build and run again.

5. In Debug mode, select “View - Serial Windows > UART #1” and click UART #1 to and
open the UART #1 pane. The semihosting input/output will use this pane.

6. Now when you execute the program and run printf(“%s”, string), you can see debug
information in the UART #1 pane as shown below.

UART #£1 a B
i

Hello, Huvoton!

Figure 4-19 Debug Information in UART Pane

4.2.5 NuConsole Plug-in

In addition to semihosting, the Nu-Link provides another I/O mechanism without affecting the
target’s real time behavior. By using standard debug port SWD, It doesn’t need any additional pin
or hardware. The only requirement is that the target application should reserve a buffer space
(hereinafter referred to as InfoBlock) in SRAM in order to store control settings and communicate
I/0 data between NuConsole and target. To use the NuConsole functions, please follow the steps
below:

1. Open the “C:\KeiI®Arm\NULink\NuConsoIe_SampIe” directory and copy the following files into
your project folder:
® NuConsole.h/.c

® NuConsole_Config.h
® NuConsole_Retarget.c

2. Set up the project
® Replace retarget.c with NuConsole_Retarget.c.

® Add NuConsole.c to the project and include NuConsole.h in the corresponding files.

3. Configuare InfoBlock
® In NuConsole_Config.h, adjust the appropriate size of TX/RX buffers according to the

application requirements and hardware limitation. Also, the TX buffer can be configured to
be blocking or non-blocking. (optional)
® Call NuConnsole_Init() function to initialize InfoBlock before doing 1/O operations (e.qg.

printf()).

4. Build the project
@ Build the code.

® In the linker map “project_name.map” file under “project_path/Ist” directory, find the value
of symbol NuConsole_InfoBlock variable declared in NuConsole.c to get the memory
address of InfoBlock. (Nu-Link Keil® driver will do this step, optional)

5. Download and run
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6. In Debug mode, select “Debug - NuConsole” to invoke the control dialog. Set up the
address of InfoBlock (Nu-Link Keil® driver will do the setting, optional), and then click the start
button to process I/O data.

7. Now when you execute the program and run the I/O statements, you can see debug
information in the NuConsole dialog as shown below.

MNuConsole B3
Stop
Hello, MNuwvoton!
£
Info Blodk Transmit Text
Enter
Address [0x2000024C
Append |nothing « Time-out Limit (s) |5
i Watch1
Mame Value Type
“}[3 MuConsole_InfoBlock (022000024C &MNuCensole_InfoBlock | struct <unta...
<Enter expression>

Figure 4-20 Debug Information in NuConsole Dialog Box

426 ITM/ETM Trace

To start Embedded Trace Macrocell (ETM) tracing on Nuvoton Cortex®-M4/M23 devices, please
connect to the device using the NuTrace with 20-pin connector and follow the steps below.

1. Configure the NuTrace.
® In debug setting dialog, select the “Trace” tab.

® |n “Trace Port” select Sync Trace Port with 4 bit data. It is possible to use other bit sizes
but best to use the largest to increase the bandwidth.

® Select Trace Enable and ETM Trace Enable.

® Click OK to save the changes.
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-
Mu-Link Driver Setup ﬂ
Debug Trace |
Core []ock:l 1592.000000 MHz ¥ Trace Enable ¥ ETM Trace Enzble
— Trace Port —Timestamps ———  Trace Events

Sync Trace Port with 4-bit Data LI [ Enable Prescaler: I‘I vl [~ CPI: Cycles per Instruction
[ EXC: Exception overhead

[ PC Sampiing [~ SLEEP: Sleep Gycles
Prescaler: [641 <] I~ LSU: Load Store Urit Cycles

I™ Periodic Period: | <Disabled> [~ FOLD: Folded Instructions
[” on Data R/W Sample [ EXCTRC: Exception Tracing

—ITM Stimulus Ports

3 Part 24 23 Port 16 15 Port 8 7 Part 0
Enable: | 2«00000000 I O

ani|ege;|mmumuuu Port 31.24 [ Port 23.16 [ Port 15.8 [ Pot 7.0 [~

oK | Cancel |

Figure 4-21 Trace Setup with ETM

2. In Initialization File, please insert the script file to initialize the device’s trace pins when
starting the debugger. The following is an example script file.

Linker Debug | Liiies |

& Use: INUIJnk Debugger ;I Settings |

¥ Load Application at Startup ¥ Fun to main{)
Intialization File:

[\Wiag0_TP i J Edt... |

1 [H]FUNC - void - DebugSetup - (void) - {

2 _WDWORD[-D:-:‘}GQCIUDS‘L O0x000EEEEE) ;
3 | ¥

4 L.

5 DebugSetup():

Figure 4-22 Initialize File for Trace Pins
3. After doing above settings, user must start the debugger. In Debug mode, please select

“Debug” = “NuTrace” to invoke the tracing information dialog, and it will show every single
executed instruction in the current application as shown below.
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MuTrace =
‘ | Search
ETH index address opcode instruction source -
ETM #0 0x00000274 4816, LDR RO, [PC, #88]; 0x000002D0 LDR RO, =0x4C| |
ETH #1 0x00000276 FO4F0159, MOV.W R1, #0x0000005% LDR R1, =0x5§
ETM #2 0x0000027A 6001, STR R1, [RO, #0] STR R1, [RO]
ETH #3 0x0000027C FO4F0116, MOV.W ER1, #0x00000016 LDR R1, =0x1¢€
ETM #4 0x00000280 6001, STR R1, [RO, #0] STR R1, [RO]
ETH #5 0x00000282 FO4F0188, MOV.W R1, #0x00000088 LDR R1, =0x8E&
ETM 46 0x00000286 6001, STR R1, [RO, #0] STR R1, [RO]
ETM #7 0x00000288 4812, LDR RO, [PC, #72]:; 0x000002D4 LDR RO, =0x4C
ETM 48 0x0000028A 6841, LDR R1, [RO, #4] LDR R1, [RO,4
ETH #9 0x0000028C F4414180, ORE El1, R1, #0x00004000 ORR Rl, E1, 4
ETM #10 0x00000250 6041, STR R1, [RO, #4] STR R1, [RO,4
ETH #11 0x00000252 45811, LDR RO, [PC, #68]; 0x000002D8 LDR RO, =0x4C
ETM #12 0x00000254 6841, LDR R1, [RO, #4] LDR R1, [RO,4
ETH #13 0x000002596 FO410102, ORE E1, R1, #0x00000002 ORR Rl, R1,#Z
ETM #14 0x0000025A4 6041, STR R1, [RO, #4] STR R1, [RO.4
ETM #15 0x0000025C 6841, LDR R1, [RO, #4] LDR R1, [RO,4
ETH #16 0x0000025E FO410104, ORE E1, R1, #0x00000004 ORR Rl, E1, 4
ETM #17 0x000002A2 6041, STR R1, [RO, #4] STR R1, [RO,4
ETM #18 0x000002A4 480D, LDR RO, [PC, #52]; 0x000002DC LDR RO, =Syst
ETM 419 0x000002A6 4780, BLX RO BLX RO
ETM #20 0x00000228 4810, LDR RO, [PC, #64]; 0x0000026C SCB-»CPACR |= ((3
ETM #21 0x0000022A 6801, LDR R1, [RO, #0]
ETH #22 0x0000022C F4410170, ORE E1, R1, #0x00F00000 SCB->CPACR |= ((2
ETM #23 0x00000230 6001, STR R1, [RO, #0]
ETH #24 0x00000232 480F, LDR RO, [PC, #60]; 0x00000270 FMC->CYCCTL = (Fk
ETM #25 0x00000234 6CC1, LDR R1, [RO, #76]
ETM #26 0x00000236 FO21010F, BIC R1, R1, #0x0000000F FMC->CYCCTL = (FI
ETH #27 0x0000023A FO410108, ORE E1, R1, #0x00000008
ETM #28 0x0000023E 64C1, STR R1, [RO, #76]
ETH #29 0x00000240 FO4F4080, MOV.W RO, #0x40000000 CLE->LDOCTL |= CL -
4 | i | b
\ v,

Figure 4-23 Tracing Information Dialog
In the same way, user can also enable Instruction Trace Macrocell (ITM) as the following steps:
1. Select the ITM Stimulus Port 0 in the trace setup dialog and save the changes.

MNu-Link Driver Setup l&]

Debug Trace l
Core Clock: | 152.000000 MHz [¥ Trace Enable [ ETM Trace Enable
Trace Port Timestamps Trace Events

Sync Trace Port with 4-bit Data ﬂ [~ Enable Prescaler: |1 = ™ CPI: Cycles per Instruction
™ EXC: Exception overhead

Ry [ SLEEP: Sleep Cycles
Prescdler: [641 =] | | = | 511 1aq Store Ut Cycles
H I~ Periodic Period: | <Disabled> [~ FOLD: Folded Instructions
™ on Data R/W Sample [~ EXCTRC: Exception Tracing

ITM Stimulus Ports
3 Port 24 23 Port 16 15 Port 8 7 Port 0

I Enable: | 200000001 I I
Privilege : [(00000000 Pot31.24 [T Pot23.16 [ Port 15.8 [~ Pot 7.0 [~

oK | Cancel

Figure 4-24 Trace Setup with ITM

2. In the development application, user needs to call the “ITM_SendChar* function which is
defined in the CMSIS header file to trigger ITM events.

After the write to the ITM port 0, e.g. “ITM_SendChar(‘A’)”, the debugger will get the data out of
the processor and display it in the Debug (printf) Viewer window as shown below.
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|j main.c
180 L
181 int32_t -main(void)
182 {

[ 183 | .. ITM SendChar('N');
184 -+ -ITM SendChar('u');:-
185 <+ ITM SendChar('v'):
186 -+ -ITM SendChar('oc'):
187 -+ ITM SendChar('t'):
188 -+ ITM SendChar('c'):
189 -+ -ITM SendChar('n'}):
190

4 1

Debug (printf] Viewer

tNuvoton

4

| Q:jCaII Stack + Locals @Debug [printf) Viewer

Figure 4-25 Debug Viewer with ITM Data
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5 Firmware Update
The Nu-Link firmware upgrade steps are described below.

1. Run Keil® pVision4 IDE. “Options for Target - Debug” and click “Settings” button or

“Options for Target - Utilities” and click “Settings” button. If the current firmware version is
not consistent with the installed Nu-Link Keil® driver, a dialog box will pop up informing the
firmware update as follows.

Mu_Link eS|

I-_ Application internal version is not matched!
Current application has higher version 6340,
while the Mu-Link firmware's version is 6314,
The application may work abnormally.
Before updating the Mu-Link firmware, please
1. Remove any other devices connected on the Nu-Link;

2, Plug it out, press the keypad on it and plug it inte PC again.

Do you want to update the Mu-Link firmware now?

Yes Mo

Figure 5-1 Firmware Update Selection Dialog Box

2. Click “Yes” to update firmware or click “No” to cancel.

Update firmware e

Update 52%

Figure 5-2 Updating Firmware

3. When update is complete, it is necessary to recreate a connection between Nu-Link and PC,
and pop-up firmware update OK dialog as follows.

Update firmware Mu_Link ﬂ

Update 100% Update firrmware, OK!

ERNREEEEEER

Figure 5-3 Update Firmware Completely
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6 Nuvoton Announcement

When the PC is online, the Nu-Link Keil® driver will check if there is any updated driver or

announcement on Nuvoton website automatically. It will do the check when user runs Keil. Users
may see the message below.

Muvoton Announcement (S

The latest Mulink Keil driver version of Mulink is 6340, while the
current driver version is 6314,

To get the new version, press Yes; if not, press Mo.

Yes Mo

[ Do not show this dialog again

Figure 6-1 Newer Version of Nuvoton Announcement

The message above means there is a new version of Nu-Link Keil® driver updated on Nuvoton

website. Click “Yes” to download the driver from Nuvoton website, and click “No” to close the
dialog box.

Note that even users install the latest driver, this dialog may also pop-up for updated “Nuvoton

News” below. If users don’t want to see this dialog box again, check the “Do not show this
dialog again” option.
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7 Troubleshooting

7.1 ICE Disconnected When MCU Runs in XOM Region

Some NuMicro® chips support XOM feature, and when MCU runs in XOM region, it won’t send

any response to ICE.
The ICE will be disconnected after timeout, the timeout interval is different from each ICE vendor.

7.2 Breakpoint Limitation of XOM Region

When user wants to set breakpoints after XOM region, the very first instruction after XOM region
can’'t be set. User must set the address one word away from the last instruction of XOM, or it
won’t be stopped.
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8 Revision History

Date Revision Description

2010.02.05 1.00 First release for beta-site test.

2010.03.08 1.01 Added Config bit, Peripheral Ul, semihosting.

2010.06.23 1.02 Modified Debug Setting Dialog and Peripheral.

2010.07.22 1.03 Added M50x series and N572.

2011.08.03 1.17 Added Nano100 series and Mini51 series.

2013.07.01 1.18 Added NUC200 series, NUC123, “Nuvoton Announcement”, and “Firmware
Update” chapters.

2014.02.10 1.19 Changed document format, update “Support chips” and “Peripheral” chapters.

2014.10.24 1.20 Changed document and figure format.

2016.03.25 1.31 Updated “Nu-Link Keil® Driver Configurations” chapter.

2017.02.23 2.01 Added “NuConsole” chapter.

2017.10.13 2.03 Added XOM and M2351 notes.

2018.09.05 2.05 Added “ITM/ETM Trace” chapter.

2018.12.21 2.06 Changed document and figure format.
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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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