Getting Started in C Programming
with Keil MDK-ARM Version 5

Reason for Revision

e This document was revised for Keil MDK-ARM v5.14 on February 18, 2015.

e This document was revised for MSP432 LaunchPad on November 30, 2015.

e This tutorial is based on uVision 5.15.0.0 and Texas Instruments MSP432 LaunchPad, which
contains a MSP432P401R microcontroller.

e This tutorial is verified with uVision 5.17 with Texas Instruments MSP432 CMSIS update. On
December 29, 2015

e This tutorial is verified with uVision 5.20 with Texas Instruments MSP432 CMSIS update. On July
24,2016

pVision V5.15
3 Copyright (C) 2015 ARM Ltd and ARM Germany GmbH_ All rights reserved.

Install MSP432 CMSIS Update

The register naming in the text follows the CMSIS convention. You need to perform MPS432 CMSIS
update of the Keil uVision to use the same syntax.

If you already performed MPS432 CMSIS update during the installation of Keil MDK-ARM, you may skip
this procedure.

1. Launch Keil uVision.
2. Click Pack Installer button and the Pack installer window will open.

V]
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
=a=N- 1 & | | | | == | @ POINTER
K <[ 2% o o)
Project 13 Pack Installer

Install or update Software Packs
that contain Software
Components

3. Click refresh button to reload the latest catalog of all the device software packs. This may take a
few minutes.
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@ Pack Installer - C:\Keil_v5.20\ARM\PACK - m} X
i Packs Window Help
e’ Device:
Devices r Boards l M ﬂ Packs r Examples M
Search: - X Pack Action Description
Device /| Summary = Device Specific 0 Packs No device selected -
| =% All Devices 3655 Devices ||| & Generic 18 Packs
% ABOVSemi. 6 Devices ARM:CMSIS % Up to d.J CMSIS (Cortex Micracontroller So
@ Ambiq Micro |8 Devices ARM::CMSIS-Di % _Install | CMSIS-Driver Validation
% Analog Dev... |16 Devices -ARM:CMSIS-RTO... ¥ _Install _| CMSIS-RTOS Validation
% ARM 26 Devices ARM:mbedClient | % _Install _| ARM mbed Client for Cortex-M d
“ Atmel 260 Devices ARM:mbedTLS  |%”_Install | ARM mbed Cryptographic and 5¢
v Cypress 425 Devices > _Install | mbed OS Scheduler for Cortex-M
@ GigaDevice |40 Devices ¥ _Up to d.| Keil ARM Compiler extensions
% Holtek 19 Devices Keil:Jansson |%_Install | Jansson is a C library for encoding
% Infineon 151 Devices Keil:MDK-Middl... | Up to d.| Keil MDK-ARM Professional Midc

4. After the pack catalog is refreshed, click on the + sign in front of Texas Instruments in Devices
tab to open it then click on MSP432P4xx Series. Under the Packs tab in the other half of the
window, the Texaslnstruments::MSP432P4xx_DFP will be added.

@8 Pack Installer - C\Keil_v5.20\ARM\PACK - O X

File Packs Window Help
e ‘ Device: Texas Instruments - MSP432P4xx Series

4] Devices r Boards I o4 Packs r Examples »|
Search: - X Pack | Action Description
Device /| Summary - Device Speciie 1 Pack MSP432P4xx Series selec
-% MindMotion 2 Devices LI ITexaslnstrumems::MSP432P4xx_DFP ) Install | Device Family Pack for Te
# Nordic Semiconductor 8 Devices =~ Generic 18 Packs
¢ Nuvoton (433 Devices ~ARM:CMSIS # _Up to d.J CMSIS (Cortex Microcon
¢ NXP 527 Devices ~ARM:CMSIS-Driver_Validation % _Install | CMSIS-Driver Validati
% Renesas 3 Devices ~ARM:CMSIS-RTOS Validation CMSIS-RTOS Validation
% Silicon Labs (397 Devices ~ARM:mbedClient | _Install | ARM mbed Client for Co
¢ SONIX (49 Devices ~ARM:mbedTLS % Install | ARM mbed Cryptograph
% STMicroelectronics 841 Devices ~ARM:minar Install | mbed OS Scheduler for
% Texas Instruments 342 Devices Keil:ARM_Compiler Up to d.| Keil ARM Compiler exter-
M35 Series (219 Devices Keil:Jansson & _Install | Jansson is a C library for
% L4 N W Keil:MDK-Middleware ® Up to d.| Keil MDK-ARM Professio
q MSP432P4xx Series B, evices IwlPzIwIP Install | IwlP is a light-weight imj
% 71 Devices MicriumzRTOS | _Install | Micrium software compc
% Toshiba W_ Oryx-Embedded:Middleware : Install | Middleware Package (Cy
e i e e J:I

5. Click the + sign before it to expand it and click Unpack button of the latest version. It should be
2.1.0 or later.

1881 Pack Installer - C\Keil_v5.20\ARMYPACK - O X

File Packs Window Help
o | Device: Texas Instruments - MSP432P4xx Series

ﬂ Devices r Boards I M ﬂ Pacltsr Examples ﬂ
Search: - X Pack Action Description
Device /| Summary = Device Specific 1 Pack MSP432P4xx Series selec * |
#--% MindMotion 2 Devices :I 5 Te e P432P4x> T _install | Device Family Pack for Te
¢ Nordic Semiconductor '8 Devices ~-2.2.0(2016-05-31) <] Ungack Dekice Family Pack for Te
4 Nuveton 433 Devices = Previous Texasinstruments:MSP43
¢ NXP [527 Devices =1 Generic 18 Packs
9 Renesas 3 Devices ARM:CMSIS & Up to d.| CMSIS (Cortex Microconi
% Silican | ahe 207 Devices ARM::CMSIS-Driver_Validation & Install | CMSIS-Driver Validation

6. When the update is done, the word Unpack will change to Remove and the word Install above
also will change to Up to date.
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@ Pack Installer - C:\Keil_v5.20\ARM\PACK — O x
File Packs Window Help

3 Device: Texas Instruments - MSP432P4xx Series

ﬂ Devices Boards M ﬁ Packs Examples ﬂ
Search: - X Pack Action Description
Device /| Summary =~ Device Specific 1 Pack MSP432P4xx Series selec
@ % MindMotion 2 Devices ﬂ = TexasInstruments:MSP432P4xx_DF @r’ evice Family Pack for Te
% % Nordic Semiconductor 8 Devices 2.2.0(2016-05-31) #_ Remove| Device Family Pack for Te
® % Nuvoton 433 Devices #--Previous Texaslnstruments:MSP43
= ¢ NXP 527 Devices =" Generic 18 Packs
%% Renesas 3 Devices #- ARMzCMSIS % _Up to d.] CMSIS (Cortex Micracont
G % Ciliran | ahe 207 Novirae #- ARM:zCMSIS-Driver_Validation % Install ‘CMSIS-DriverValidation

Create a Project with Project Wizard
7. Create a new folder named projectl in My Documents. (The folder/file name and the location
of the folder are arbitrary. They were selected only for the purpose of this demonstration.)
8. Launch Keil uVision5.
9. From the menu, select Project > New uVision Project...
% WVision - 0 IENd

File Edit View | Project  Flash Debug Peripherals Tools SVCS Window Help

CEL] =R

New Multi-Project Workspace...
Open Project...

L Save Project in pVision4 format
Close Project
Export >
Manage >

Select Device for Target...

10. In the New uVision Project window, browse to the folder projectl you just created in My
Documents folder.

11. If you did not create a folder for the project before launching uVision, you may create a folder
using the New folder menu item in the Create New Project window.

12. Enter a name for the project file. We will call it projectl and click Save.
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ﬂ Create New Project “
@ + 1+ This PC » Documents » @ v| & | | Search projectl P
Organize New folder = ~ (%]
I 201503 A  Name Date modified Type Siz¢
& OneDrive No items match your search.
4% Homegroup
H Shujen Chen
& This PC
I Desktop
. Documents
/¢ Downloads
b Music bl >
Save as type: Project Files (*.uvproj; *.uvprojx) v

# Hide Folders

> Cancel

13. A window will pop up for you to select the CPU for this project. The device used on the MSP432
LaunchPad is Texas Instruments MSP432P401R. To select this device, first you need to click on
the + sign to the left of Texas Instruments to expand the selections than drill down to the expose
the exact device. Alternatively, you may start typing in the “Search” field and the possible match

will be show below.
14. Click to highlight the device than click OK.

cru |
]Soﬂware Packs LJ
Vendor: Texas Instruments
Device: MSP432P401R
Toolset  ARM
Search:
Description:
#-“% ARM The MSP432 family features the ARM Cortex-M4 processor
-9 Atmel in a wide configuration of device options including a
2 tme| rich set of analog. timing. and communication peripherals,
@ Freescale thereby catering to a large number of application scenarios

where both efficient data processing and enhanced low-power
operation are paramount.

m
<

Texas Instruments
=% MSP432 Family

2% MSP4
MSP432P401R
=% Tiva C Series

D

o]

Cancel
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15. The “Manage Run-Time Environment” window will replace the “CPU” window. Expand and click
to add the checkmarks for CMSIS->CORE and Device->Startup. Click “OK” button to close the

window.
Manage Run-Time Environment | < |
Software Component Sel. Variant Version Description
=¥ oMsis | | Cortex Microcontroller Interface C A
¢ core =) 410 | CMSIS-CORE for Cortex-M, 5000, and SC300
¢ psp 0o | 145 -DSP Library ft M,
@& Rlos(ap) || 10 |CMSIS-RTOS API for Cortex-M, SC000, and SC300
@& CMsISDriver | Unified Device Drivers compliant to CMSIS-Driver Specifications
@ Compiler | | ARM Compiler
& 9 Device Startup, System Setup
L4 100  System Startup for MSP432 Family
@9 File System | .MDI(-Pro 6.5.0 | File Access on various storage devices
@ ¥ Graphics |MDK-Pro 5300 |User Interface on graphical LCD displays =
@ 9 Network 'MDK-Pro 700 1Pv4/IPve ing using Ethernet or Serial protocols
=% uss |MDK-Pro 650 | USB Communication with various device classes =

16. In the Project window, a target is created with the default name Targetl. Click on the + sign to
the left of Targetl to expand the folder.

C\Users\Shujen\Documents\project1\project1.uvprojx - pVision =B n
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

NBHA@ % b@[9c|e|PRER|FEFEEE® D vaelale oo el
@L?ad @ | 88 Target1 MR bz e 2@

2% Project: project1
&1 Target 1

[l Project eBooks ] {3 Functions |[|.,Templates

ULINK2/ME Cortex Debuge -
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17. A default folder for source code files is created with the name Source Group 1. The
startup_msp432.s and system_msp432.c files are already in the folder.

C\Users\Shujen\Documents\project1\project1.uvprojx - pVision = = “
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
MNMBH@P| % DR[|« P BB R == /E G B deay vVae|lale o @¢||\|
D B @ | W Target 1 BEIF R -
Project 28
=% Project: project1
B-%7 Target1
3 source Group 1
% cmsis
R 4 Device
startup_msp432.s (Startup)
1 system_msp432.c (Startup)

Add a Source File to the Project
18. Click the New button to add a new text file to the display with the default name Text1.

C:\Users\Shujen\Documents\project1\project1.uvprojx - pVision = =) “
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
(DFad s vd9c|e [ F BB FFEELD Mawslale oo al@ .
f € | W Target1 Ml ameva
Project 28 []Tes v X
ER Project: project1
B#7 Target 1
3 Source Group 1
@ cmsis
ER 4 pevice
":] startup_msp432.s (Startup)
B system_msp432.c (Startup)

P

19. From the menu, select File > Save As... to open the Save As dialog box. Browse to the project
folder if it is not already there. Type in the file name main.c and click Save.
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ﬂ Save As n

1 | » ThisPC » Documents » projectl » v & | | Search projectl P
Organize ¥ New folder E @
-
k. 2015_11 A Name Date modified Type Siz
® iCloud Drive
I Listings 11/30/2015 1:49 PM  File folder
| Objects 11/30/2015 1:49 PM  File folder
& OneDrive )
/. RTE 11/30/2015 1:49 PM  File folder
project1.uvoptx 11/30/2015 1:46 PM  UVOPTX File
4@ Homegroup 3 ) )
_ project1.uvprojx 11/30/2015 1:46 PM  pVision5 Project
H Shujen Chen
& This PC
l Desktop
© Documents
4 Downloads vl >
File namd{| main.c ) v
Save as type: |All Files (**) v

+ Hide Folders ‘ Cancel

20. You will notice the file name in the tab changed to main.c

KA C:\Users\Shujen\Documents\project1\project1.uvprojx - pVision - B “
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
1 SEHP| 6 L@l [ | ® L | = IE /2 /| B delay vae| ale o s el@s] x
\ﬂlﬁl@ﬁl?ﬂhrgeﬂ V&lﬁ.?@
Project L | D main.c v X
=% Project: project1 ="
= #7 Target 1
3 Source Group 1
& cmsis
=9 Device

Ba startup_msp432.s (Startup)
B system_msp432.c (Startup)

21. The new file needs be added to the project. Right click on the folder Source Group 1 in the
Project window and select Add Existing Files to Group ‘Source Group 1’...
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[ C:\Users\Shujen\Documents\project1\project1.uvprojx - pVision =0 n ‘
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help |

NSH@ & @ | e = 5| @ P Maelale oo al[@ s
& e ":l?ﬂTargeH ‘V‘A\Iﬁ“ﬂ:“?@
Project el | W main.c v X
2% Project: project1 1
E%7 Target 1
3 sourcg =
& CMsIS #X  Options for Group "Source Group 1'... Alt+F7

R 2 Device Add New Item to Group ‘Source Group 1'.

B sﬁ Add Existing Files to Group ‘Source Group 1'... >

B sys Remove Group 'Source Group 1" and its Files

| Rebuild all target files
J Build target F7

Manage Project Items...

/ | Show Include File Dependencies

EProject 6300(5 {} Functions [].,Templates 38 >

Build Output 8 x |

Add Existing Files to current Project Group ULINK2/ME Cortex Debugc

22. In the dialog box, browse to the project folder if it is not already there. Click select main.c then
click Add.

C:\Users\Shujen\Documents\project1\project1.uvprojx - pVision
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

NSEd@| £« 2@ | | mRrRR JE | @ delay \;aﬁl@‘ v S &|
mﬁ]@“?ﬂhrgeﬂ \Vﬁ\‘é & &
Project g [ main.c v X
2% Project: project1 Add Files to Group "Source Group 1' [ x |
= #9 Target 1 o
3 Source Group fooki I % pioject] —v—l % =
@ cmsis Name 2 Date modified
o9 Device | Listings 11/30/2015 1:49 f
O startupm | Objects 11/30/2015 1:49 1

O system_m: 11/30/2015 1:49 F
(& mainc ) 11/30/2015 1:57 |

< >
—

File name: lmain.c ‘ Add .
—

Ll—. Files oftype: |C Source file (*.c) LI Close
[ElProject | @ 8ooks | {3 Fur >

Build Output 4 g

ULINK2/ME Cortex [
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23. Click Close to close the “Add Files” dialog box. The file should appear in the project window

under Source Group 1 folder.

kA C:\Users\Shujen\Documents\project1\project1.uvprojx - pVision == “
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
1SHd| @ | - p EEE | @ delay vVae @le o s &|[EF] A
SiEBe LirminiTarget‘l V}:\‘ﬁ & Y&
Project L > | ] mainc v X
=% Project: project1 1]
=-#7 Target 1
=& Source Group 1
A TS
=¥ Device

Ba startup_msp432.s (Startup)
A system_msp432.c (Startup)

24. Copy and paste the following code into the main.c editor window.

/*
* This program toggles P1.0,
* at 1 Hz (0.5 sec off, 0.5 sec on).

*/

which is connected to a red LED,

#include "msp.h"
void delayMs (int n);

int main (void) {
P1->DIR |= 1 << 0; /* P1.0 set as output */
while (1) {
P1->0U0T "= 1 << 0;
delayMs (500) ;

/* toggle P1.0 LED */

/* system clock at 3 MHz */
void delayMs (int n) {
int i, 3:
for (J = 0; j < n; J++)
i /* Delay */

for (i = 124; i > 0; i--);

25. The file name in the tab will have an ‘*' next to it. It symbolizes that the file has been changed
without saving. You may click the save button to save the file or proceed to build the project.

The file is automatically saved before a build.
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C:\Users\Shujen\Documents\project 1\project 1.uvprojx - uVision = & n
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

NMSE@ % B9 0c| @ | PR R 12| @ delay vas|ale o s al|lE-] A

@\iﬂﬁl@:"gwhrgeﬂ Vﬁ‘|ﬁﬁ‘“/@

Project L = ] main.c® v X

=% Project: projectl 1/% ~
B-%% Target 1 2 * This program toggles P1.0, which is connected to a 1

*
o) Source Group 1 2 *",at 1 Hz (0.5 sec off, 0.5 sec on).

1 mainc 5
& cmsis 6 #include "msp.h"
EE 4 Device 7
B startup_msp432.s (Startup) 8 void delayMs (int n);

0 syst 432.c (Start 2
system.msp ¢ (Startup) 10 int main (wvoid) {

11 PIDIR |= 1 << 07 /* P1.0 set as

13 while (1) {
14 PLOUT ~= 1 << 0 /* toggle P1.0
15 delayMs (500) ;

| ] 19 /* system clock at 3 MHz */ v

il
@Project @hoks {3} Functi... ﬂ.',TempI...

Build Output il x|

~
v

ULINK2/ME Cortex [

Build the Project and Download to the Target
26. Click on the Build button and wait for the build to complete. Make sure there are no error
messages and review all the warning messages.
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kA C:\Users\Shujen\Documents\project1\project1.uvprojx - yVision = 1= “
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

" SHP| S B[ @R | =35 /2 /1| B delay VRaelale o &|@s] A
HD)a @ | 8| rarget VK2 ev@

Project L | ] mainc v X
2% Pproject: project1 1/% ~
=42 Target 1 2 * This program toggles P1.0, which is connected to a :

* 0.5 s 0
2B Source Group 1 2 */at 1 Bz (0.5 sec off; 0.5 seec on).
@1 mainc 5
& cmsis 6 #include "msp.h"
=¥ Device 7
1 startup_msp432.s (Startup) gvo:.d delayMs (int n);
a0 ;
: SySEmIMSpA32c 10 int main(void) {
11 PIDIR [= 1 << 07 /* P1.0 set as
12
13 while (1) {
14 P1OUT ~= 1 << 0; /* toggle P1.0
15 delayMs (500) ;
16 }
17}
18
_4| | _'I 19 /* system clock at 3 MHz */ v
£|Project @Ec:ag {3 Funct [].,.T&"’wy:\. < >
Build Output E 8 x |
compiling system msp432.c... A

linking...
Program Size: Code=460 RO-data= =dara=612

".\Cbjects\projectl.axf" 0 Error(s), O Warning(s).

Build Time Elapsed: 00:00:06

ULINK2/ME Cortex [

27. Before downloading the program to the target, we need to set up the connection between the
uVision IDE and the in-circuit debugger on the target circuit board. Click on the Target Options
button.

“\Users\Shujen\Documents\project1\project1.uvprojx - pVision -
W CAUsers\Shujen\D \projectiNprojectTivpro— jiVish o IEl
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
1 BH@| LB |R | 223 I | B delay Vae|ale o s &|@s] R
©EE S | B Torget1 (s)a= e
Project L | |] main.c v X
= % Project: project1 1/ ~
=49 Target1 2 * This program toggles P1.0, which is connected to a t
@& Source Group 1 3 * at 1 Hz (0.5 sec off, 0.5 sec on).
i 4 x/
@0 mainc 5
¢ cmsis 6 #include "msp.h"
59 Device 7
O startup_msp432.s (Startup) 8 void delayMs (int n);
9

a1 system_msp432.c

10 int main(void) {

28. Select Debug tab and click the radio button on the right and select CMSIS-DAP Debugger in the
pull-down menu. An additional debug interface was introduced with the newer firmware and
Keil MDK-ARM v5.20. It runs much faster than the CMSIS-DAP debugger but has some
restrictions. Please check the steps starting at step 39.
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Device | Target| Output | Listing | User | C/C++| Asm | Linker Debug |Utilities]

(" Use Simulator with restrictions Settings || @ Use: |ULINK2/ME Cortex Debugger L] Settings l
[~ LimitSpeed to Real-Time ULINK2/ME Cortex Debugger A
Altera Blaster Cortex Debugger
v Load Application at Startup ¥ Runto main() [v Load A SiallaneCDI main()
Signum Systems JTAGjet
Initialization File: Initializatio| J-LINK / J-TRACE Cortex
T ULINK Pro Cortex Debugger
I J =t NULink Debugger J
—Restore Debug S Settings —Restore SILat-) DA Debugger
et e ———
[V Breakpoints [V Toolbox W CMSIS-DAP Debugger o
3 [FESTvodets-Betmgge
[v' Watch Windows & Performance Analyzer [v Watch Windows 2

[v' Memory Display

[V System Viewer

[v' Memory Display

[v System Viewer

CPUDLL: Parameter: Driver DLL: Parameter:
[sarMcM3DLL [ -MPU [sarmMcM3OLL  [-MPU
Dialog DLL: Parameter: Dialog DLL: Parameter:
lDCM.DLL l-pCM4 ITCM,DLL ]-pcm

ok | [ cancet || Defauts |

29. You should have the XDS110 device drivers installed in your computer. If you have not done so,
download XDS110 device drivers from http://energia.nu/files/xds110 drivers.zip and install
them when plug in the board with USB cable.

30. To verify whether the XDS110 driver is properly installed with the board connected, click Setting

button and a window should pop up showing debug connection.

Device | Target| Output| Listing | User | C/C++| Asm | Linker Debug IUtiIiliesl

Setiings || @ Use: (RS GEErrrg ‘.
|

" Use Simulator
[ Limit Speed to Real-Time

with restrictions

[v Load Application at Startup
Initialization File:

¥ Runto main()

[v Load Application at Startup
Initialization File:

[¥ Runto main()

[

I

31. Make sure the Port selection has SW and the IDCODE of the debugger should appear in the right

panel.

Debug |F\ash Downloadl Pack |

— CMSIS-DAP - JTAG/SW Adapter

XDS110 (02.02.04.02) with CMSIJ8d
Serial No I{}(}OOO(}OO
Firmware Version: |1.0

[+ 2%  Port|SW vI
Max Clock: | 10MHz VI

@ Automatic Detection

—SW Device
IDCODE Device Name Mowve
SWDIO | 0x2BA01477  ARM CoreSight SW-DP

ID CODE:

o
Dawn |

¢ tanual Configuration Device Mame: I

A | Deletel Updatel

AP IUxDD

—Debug

Connect & Reset Options

Cache Options

Connect: INormaI

[v Reset after Connect

LI Reset: IAutodetect

=

[v Cache Code
[v Cache Memory

Download Options

[~ Verify Code Download
|~ Download to Flash
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http://energia.nu/files/xds110_drivers.zip

32. To debug the program, click the Debug button on the right. The program should automatically

download to the target device and the Keil IDE will change the perspective to debug.
- olEl

m C:\Users\Shujen\Documents\project1\project1.uvprojx - uVision
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

S Ha| B9 @ |p == JE | B delay Vaf"‘ (9@‘}5”\
& E e %W Target1 viK| & L d ]

Project L | |] main.c v X
=% Project: project1 N /* A
245 Target 1 2 * This program toggles P1.0, which is connected to a 1

- 0.5 s 0.5 B
L8 Source Gioup1 2 :/at 1 Bz sec off, 5 sec on)
= mainc 5
& CMSIS 6 #include "msp.h"
=¥ Device 7

33. It takes a few seconds to download the program. If download goes well, the output window at
the bottom will show the messages of “Erase Done”, “Programing Done” and “Verify OK”. If you
are running free MDK-ARM Lite Edition, a message window will pop up to warn the code size
limitation. Click OK to proceed.

k3 C:\Users\Shujen\Documents\project1\project1.uvprojx - uVision = 1=
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
5dd| B9 C| @ | @ | &= = /2 11| B delay viae @le oo &l@-] A
S EEe ‘?Q‘Targeﬂ EIR R a2
Project L < | | ] main.c v X
=% Project: project1 il /% A
545 Target 1 2 * This program toggles P1.0, which is connected to a 1
- * 0.5 c 0.5 sec 4
= Source Group 1 j X/at 1 Hz (0.5 sec off, 0.5 sec on)
2 mainc 5
¢ omsis B o s
2 ® Device n

a startup_msp432.s (Startup)

m-8 system_msp432.c (Startup) EVALUATION MODE

= Running with Code Size Limit: 32K /* P1.0 set as

/* toggle P1.0

175
18
< | _’I 19 /* system clock at 3 MHz */ v
(] Project @E::—\z {3 Functi... | 0y Templ < >
3 put 8 x |
. |Load "C:\\Users\\Shujen\\Documents\\projecti\\Objects\\projectl.axf" A
" |Erase Done.
Programming Done
Verify OK.
JFlash Load finished at 14:32:21 G

CMSIS-DAP Debugg

34. When entering the debugger, the IDE changes the perspective to the debug. The source code
appears in the middle with the disassembly window above it. To the left, a registers display tab
is added. To the lower right, the stack/local variables and memory windows are added.
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kA C:\Users\Shujen\Documents\project1\project 1.uvprojx - uVision
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
NESH@ § LB|92c|ea=|PRrRER I iz | B delay [ B e

gl wedo | OB EEEE- HE-®E- B @
Registers 2 B Disassembly L = |
Register [value [« 0x000002D6 0000 MOVS 0,0 ~
11: PIDIR |= 1 << O; /* P1.0 set as output */
= Core 12:
0x20000068 =»0x000002D8 4809 LDR 0, [pc,#36] ; @0x00000300
(20000068 0x000002DA TE00 LDRE 0, [0, $0x00] -
0x20000068 NeNANNNIDr FAANAANT  NDRR 0 w0 E0wnl
0x20000068 < E
0x00000000 N
020000004 |_'] main.c rlj startup_msp432.s v X
8 void delayMs(int n); ~
9
10 int main(void) {
11| PIDIR |= 1 << 07 /* P1.0 set as output
12
13 while (1) {
14 P1OUT ~= 1 << 0; /* toggle P1.0 LED */
15 delayMs (300);
16 }
17} v
= Praoject | §Register5 < >
Command o B Call Stack + Locals L |
###% Restricted Version with 32768 Byte Code Size Limit Name Location... Type
##% Currently used: 820 Bytes (2%) ~% m.. | 0x000000.. int f()
v
< >
>
ASSIGN BreakDisable BreakEnable BreakKill BreakList | @il(‘all Stack + Locals |I\/emmry1 ‘

CMSIS-DAP Debugg

35. The program counter is at the first executable line of the main( ) function as indicated by the
yellow arrows in both source file and disassembly window.

C:\Users\Shujen\Documents\project1\project1.uvprojx - uVision - 0 n
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
NBEF & B9 |ea=s | PRER IE 1| B delay

z B v e » | [HR6EEER @-®- 0@ %

ae@ecosal

Registers 2 Bl Disassembly L8 |
oot [Value [ || [Flox000002D6 0000 MOVS 0,0 ~
| 11: PIDIR |= 1 << 0; /* P1.0 set as output */
12:
0x20000068 (axooooozm 4809 LDR 20, [pc, #36] ; @0x00000300
0x20000068 =bx000002DA 7800 LDRB 0, [0, $0x00] <
0x20000068 N¥NNNNNITC FA4ANNNNT  NRR 0 w0 #0w01
0x20000068 < >
0x00000000 5 = ’ "
R5 20000004 L) mainc | ] startup mspd32s A
R6 0x00000000 8 void delayMs (int n); »
R7 (0x00000000 9
23 0x00000000 10 int main(void) {
= . x
= Gmnnmum @ ;;] PIDIR |= 1 << 0; /* P1.0 set as output
R11 0x00000000 %
R12 (:20000044 13 while (1) {
R13(SP)  0x20000268 14 P1OUT ~= 1 << 0; /* toggle P1.0 LED */
R14(LR) 0x000001D3 15 delayMs (500) ;
R15(PC)  0x000002D8 16 }
| 288 XxPSR 0x21000000 v‘ 17 } Y
EP.’O}QCY = Registers il < >
Command 2 EY Call Stack + Locals b x |
#**x* Restricted Version with 32768 Byte Code Size Limit Name Location... Type
*%% Currently used: 820 Bytes (2%) ¢ m. |0x000000... int f()
v
< >
> o
ASSIGN BreakDisable BreakEnable BreakKill BreakList | Gcall Stack + Locals |E|\ﬁem0ry1

CMSIS-DAP Debugg -
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36. Click the Run button and the program execution should start. If everything has been done
properly, the red LED on the LaunchPad should be blinking.

[ C:\Users\Shujen\Documents\project1\project1.uvprojx - uVision =g n
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

== -l B|9ve|e=s|p | 22 2 /2 15| @ delay viae|@ e o a&|@-]
s@o veeu » | DReEEH2- G 23-2-3- 8- %
Registers 2 Bl Disassembly L |
Register [Value [ ]| [Flox000002D6 0000 HOVS 0,0 ] ~
- Cone j; P1DIR |= 1 << 0; /* P1.0 set as output */
m oannnnnca

37. On the sides
the reset button (with RST in it). To stop debug session and return to edit/build perspective,

of the run button, you will find the stop button (red circle with a white cross) and

click on the debug button on the right. After you left the debugger, the program in the MSP432

LaunchPad will continue to run. The program will run whenever the power is applied to it.

(W) C:\Users\Shujen\Documents\project1\project1.uvprojx - uVision = n
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

S H | B9 |@=s|p | = =/ | B delay v;l#’" @ﬁ‘ﬁ‘&
—:.u vo ool |[DelsEEa- [0 a-8-0- @8- %-
Registers o Bl Disassembly 8 x |
[Register [ Value [« 0x000002D6 0000 MOVS r0,x0 A
|_ Core — %:_‘ PiDIR |= 1 << 0; /* P1.0 set as output */

38. Congratulations! You have finished your first Keil uVision programming for the MSP432
LaunchPad.
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Alternate Debug Interface

Although CMSIS-DAP Debugger works fine, its operations are slow. A new debugger was introduced with
Keil-MDK v5.20 that runs much faster. But it requires the newer version of the firmware on the MSP432
LaunchPad.

39. To verify the firmware version, select Debug tab and click the radio button on the right and
select CMSIS-DAP Debugger in the pull-down menu.

Device | Target | Output | Listing | User | C/C++| Asm | Linker Debug lUtiIitiesI
(" Use Simulator with restrictions Settings @ Use: |ULINK2/ME Cortex Debugger L, Settings |
[~ Limit Speed to Real-Time ULINK2/ME Cortex Debugger A
s Altera Blaster Cortex Debugger
o : Stellaris ICDI .
[v' Load Application at Startup [¥' Runto main() [v LoadA Signum Systems JTAGjet main()
Initialization File: Initializatio| J-LINK / J-TRACE Cortex
S ULINK Pro Cortex Debugger Z
I J =t NULink Debugger J
Restore Debug Session Settings Restore SILat-) DA Debugger
Bebugger—
[v Breakpoints [v Toolbox <« CMSIS-DAP [?ebu er v
[v Watch Windows & Performance Analyzer [ Watch Windows
[¥' Memory Display [v' System Viewer v Memory Display [V System Viewer
CPUDLL: Parameter: Driver DLL: Parameter:
[SARMCM3DLL | -MPU [sARMCM3DLL  [-MPU
Dialog DLL: Parameter: Dialog DLL: Parameter:
|DCM.DLL |-pCM4 |TCM.DLL ]-pCM4

[ ok |[ cancet |[ Defauts |

40. With CMSIS-DAP Debugger selected, click on the Settings button.
N4 options for Target Target 1' X

Device | Target| Output| Listing | User | C/C++| Asm | Linker Debug IUﬁIitiesI

(" Use Simulator with restrictions Settings (@ Use: |CMSIS~DAP Debugger Q Settings J

[ Limit Speed to Real-Time S —

[v' Load Application at Startup [v' Runto main() [v' Load Application at Startup [v' Runto main()

Initialization File: Initialization File:

| e ] B

A e N S I s e Sl e e e e e S

41. Under the CMSIS-DAP-JTAG/SW Adapter, you should see the version number of the XDS110
firmware. If your version number is not 02.03.00.02 or newer, it may not work with the new

debug interface. You can always go back to use CMSIS-DAP Debugger even though it runs slower.
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Cortex-M Target Driver Setup

Debug |Trace| Flash Download | Pack |

~CMSIS-DAP - Adapter—— ~SW Device
XDS110 (02.03.00.02) with CMSIgRg IDCODE | Device Name Monve

SWDIO |® 0x2BA01477  ARM CoreSight SW-DP

Serial No: |00004662
Firmware Version: |1.0

[“ 5.  Port|SW v|

42. If you have the new firmware, you may proceed to select the TI XDS Debugger. Close the
Cortex-M Target Driver Setup window and return to the Debug tab.

ID CODE |—

(@ Automatic

V. Options for Target Target 1'

Devicel Target] Output| Listingl User | C/C++| Asm l Linker Debug lUtilitiesI

(" Use Simulator

with restrictions

TIXDS Debugger

LI Settings

Settings (@ Use:

A

[~ LimitSpeed to Real-Time

ULINK Pro Cortex Debugger

CMSIS-DAP Debugger
J-LINK / J-TRACE Cortex
FastModels Debugger Cortex-M

[v' Load Application at Startup [v Runto main() [v LoadA main()

Initialization File: Initializatio| ST-Link Debugger
l— PEMicro Debugger e
| NULink Debugger _] Eait
—Restore Debug Session Settings —Restore S:E!ggsd%[:Debugger
[v' Breakpoints [v' Toolbox v Brdlliera-BlestorCars v

] T! XDS Debugger
R

0y

v
[v' Memory Display

v Watch Windows & Performance Analyzer

[v' System Viewer [v' System Viewer

[v Memory Display

CPUDLL: Parameter: Driver DLL: Parameter:
ISARMCMS.DLL | -MPU ISARMCM3.DLL I-MPU
Dialog DLL: Parameter: Dialog DLL: Parameter:
IDCM.DLL |-pCM4 ITCMDLL |-pCM4

Manage Component Viewer Description Files ... l

43. You should have the XDS110 device drivers installed in your computer. If you have not done so,
download XDS110 device drivers from http://energia.nu/files/xds110 drivers.zip and install
them when plug in the board with USB cable.

44. To verify whether the debugger is properly installed with the board connected, click Setting
button and a window should pop up showing debug connection.

[ ok |[ cancel || Defauts |

N4 Options for Target Target 1° X

Devicel Targetl 0utput| Listingl User I C/CHI Asm I Linker Debug |Uti|ities|
setings | | @ Use !—. sowss ])

[v' Runto main() [v' Runto main()

(" Use Simulator with restrictions

[~ Limit Speed to Real-Time

[v Load Application at Startup [v Load Application at Startup

Initialization File:

Initialization File:

I Restore Debug Session Settings

\

F Restore Debug Session Settings

|
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http://energia.nu/files/xds110_drivers.zip

45. There should be an entry in the SW Device panel at the right and the IDCODE of the debugger
should appear in the panel. With TI XDS Debugger, you may choose either SW port or JTAG port.

MDK TI XDS Debugger — Target Driver Setup X

Debug ITraceI Flash Download |

—Debug Adapter———————————————— ~SW Device

Unitl v ] IDCODE. \Dovicahlama ‘ Maove

SWDIO (000000000  ARM CoreSight SW-DP_—

I L
Serial Number: P Up
HW Version: I Down

FirmwareVersion:I 5 D CODE I
o PBrt: ] " Manual Cor of Device Name I
MaxCIock:ITOMHz v Add | Delete | Update I IR len I

~—Nebhua

MDK TI XDS Debugger — Target Driver Setup X

Debug ITrace] Flash Download |

—Debug Adapter——————————————— ~JTAG Device Chain
Unit | -] IDCODE 1 | IRlen | Manve
TDO ARM CoreSight SW-DP ==y Up
Serial Number: ] :
HW Version: I TDI
Eimware arsion: ] @ Automatic Detection ID CODE
¥ ) P@ € Manual Canfig ar Device Name ]

Max Clock: [10MHz - Add | De\e'pl Up-ﬁ!at@l IR len

—Nahan
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