Getting Started in C Programming
with Kell MDK-ARMVersion 5

Reason for Revision

9 This document was revised for Keil MBRM v5.14 on February 18, 2015.

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

9 This tutorid is based on uVision 15.0.0and Texaslinstrumens MSP432.aunchPad, which
contains aviSP432P401Ricrocontroller.

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

9 This tutoial is verified with uVision 80 with Texas Instruments MSP432 CMSIS updateluBn
24, 2016

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

Install MSP432 CMSIS Udate
The register naming in the text follows the CMSIS convenYionneed to performMPS432 CMSIS
update of the Keil uVision to use the same syntax.

If you already performed MPS432 CM&8ate during the installation of KMDKARM, you may skip
this procedure.

1. Launch Keil uVision
2. dickPack Installer buttoand thePack installer window will open

V]

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
=R=N- J & | | | | == | @ POINTER

Project 13 Pack Installer

Install or update Software Packs
that contain Software
Components

3. Click refrestbutton to reload the latest catalog of all the device software patkis may tke a few
minutes.
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@ Pack Installer - C:\Keil_v5.20\ARM\PACK - m] X
jla_ Packs Window Help
.e’ Device:
Devices | Boards | l|[4] " Packs | Examples b
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 1o d.| CMSIS (Cortex Microcontroller So
@ Ambiq Micro |8 Devices ARM:CMSIS-Dri... | ¥ Install | CMSIS-Driver Validation
@ Analog Dev... | 16 Devices - ARM:CMSIS-RTC > _Install | CMSIS-RTOS Validation
¢ ARM 26 Devices = ARM:mbedClient Install | ARM mbed Client for Cortex-M d
¢ Atmel 260 Devices - ARM:zmbedTLS Install || ARM mbed Cryptographic and S
@ Cypress 425 Devices Install | mbed OS Scheduler for Cortex-M
] GigaDevice |40 Devices Up to d.| Keil ARM Compiler extensions
% Holtek 19 Devices Install | Jansson is a C library for encoding
% Infineon 151 Devices Keil:MDK-Middl... Up to d.| Keil MDK-ARM Professional Midc

4. Afterthe packcatalogisrefreshed,click on the + sign ifiont of Texas Instruments in Devices tab to
openit then click on MSP432P4xx Seridsder the Packs tab in the other half of the window, the
TexasInstruments::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 Spacifie—————or____ |1 Pack MSP432P4xx Series selec +
-% MindMotion 2 Devices LI L= CH NSO SIS EEPRENER 2 <) Install | Device Family Pack for Te
e e — 1
# Nordic Semiconductor 8 Devices =~ Generic 18 Packs
% Nuwvoton 433 Devices ~ARM:CMSIS ® _Up to d.| CMSIS (Cortex Microcont
¢ NXP 527 Devices ~ARM:CMSIS-Driver_Validation % _Install | CMSIS-Driver Validation
% Renesas 3 Devices ~ARM:CMSIS-RTOS Validation # _Install | 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-
%% M3S Series 219 Devices Keil:Jansson Install | Jansson is a C library for
N Keil:MDK-Middleware Up to d.| Keil MDK-ARM Professio
IwlPzIwIP % Install | IwlP is a light-weight imj
% Tva Micrium:RTOS Install | Micrium software compc
% Toshiba 90 Devices = wa-Fmbedded::MiddIEWére Mlddlewaré Péckage
|| KN |

5. Click the + sign befoiieto expand it and click Unpack button of the latest versibshould 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 Packs r Examples ﬂ
Search: - X Pack Action Description
Device /| Summary = Device Specific 1 Pack MSP432P4xx Series selec * |
i MindMotion 2 Devices :I 5} Te 3 P432P4x W < Install | Device Family Pack for Te
Nordic Semiconductor '8 Devices ~-2.2.0(2016-05-31) <] Ungack Dekice Family Pack for Te
Nuvoton 433 Devices ~Previous Texasinstruments:MSP43
NXP 527 Devices 1 Generic 18 Packs
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 donehe word Unpack willltange to Remove and the word Install almalso
will change to Up to date.
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@ Pack Installer - C:\Keil_v5.20\ARM\PACK — O x
File Packs Window Help

: Device: Texas Instruments - MSP432P4xx Series

ﬂ Devices Boards M ﬁ Packs Examples M
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
“ e 527 Devices =" Generic 18 Packs
% Renesas 3 Devices #- ARMzCMSIS % _Up to d.] CMSIS (Cortex Micracont
P Ciliran 1 ahe 207 Novirae #- ARM:zCMSIS-Driver_Validation % Install ‘CMSIS-DriverValidation

Create a Project with Project Wizard

7. Create a ne folder namedprojectlin My Documents (Thefolder/file name anahe location of
the folder are arbitrary.They were selected only for the purposetlois demonstration)

8. Launch Keil uVisi@n

9. Fromthe menu,selett N2 2SO0 B bSg dzxAaizy t NB2SOUGX

ﬂ uVision -8 n
File Edit View | Project  Flash Debug Peripherals Tools SVCS Window Help
Frr] 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 uVisioProjectwindow, browse to the foldeprojectlyou just createdn My
Documentsfolder.

11. If you did not create a folder for the project before launching uVision, you may create a folder using
the New foldermenu item in theCreate New Pr@jct window.

12. Enter a name for the project file. We will calbibjectl and clickSave
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m Create New Project ﬂ

@ *r 18 This PC » Documents » projectl v & Search project1 P
Organize New folder SEER (%]
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 ¥l i >
Save as type: Project Files (*.uvproj; *.uvprojx) v

“ Hide Folders ( Save > Cancel

13. A window will pop ugor you to select the CPU for this projedthe device used on tHdSP432
LaunchPad is Texas InstrumeMtSP432P401RTo select this device, first you need to click on-the
sign to the left of Texas Instruments to expand the selestiban drill down to the expose the
SEIFIOG RSOAOS® !'fGSNYIFIGAGStesr &2dz YFEe &ilb&ld G&LR,)
show below.
14. Click to highlight the device than click OK.

CPU ]

]Soﬂware Packs L.I

Vendor: Texas Instruments
Device: MSP432P401R
Toolset  ARM

Search:
Description:
Y 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,
#= Y Freescale thereby catering to a large number of application scenarios
@ where both efficient data processing and enhanced low-power

Texas Instruments
= % MSP432 Family
= ”}U MSP4
all \ISP432P401R
® ¥ Tiva C Series

operation are paramount.

OK | Cancel Help
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15.¢ KS dal yorAav¥dS wadg/@A NR Y YSYy G é 6 AYR2 6 .Eaparidand MBKUKE |
add the checkmarks for CMS¥SORE and DevieStartup/ £ A O]l ahY¢E¢ odziu2zy
Manage Run-Time Environment “
Software Component Sel. Variant Version Description
=¥ cMmsis [ Cortex Microcontroller Software Interface Components Al
¢ core =) 410 | CMSIS-CORE for Cortex-M, SC000. and SC300
¢ psp (5] 145 | CMSIS-DSP Library for Cortex-M, SC000, and SC300
@ & RTOS (AP) 10 | CMSIS-RTOS API for Cortex-M, SC000, and SC300
@ amsis Driver Unified Device Drivers compliant to CMSIS-Driver Specifications
L 4 Compiler ARM Compiler i
=9 Device [ Startup, System Setup
. ~ 100 System Startup for MSP432 Family 5
@ File System ‘MDK-Pro 6.5.0 ﬂ]g&mnmm;n
@ ¥ Graphics |MDK-Pro 5300  User Interface on graphical LCD displays =i
= ¥ Network |MDK-Pro 700 | ing usi i
= ¢ uss 'MDK-Pro 6.5.0 SB Communication with various devi ﬂ

16. In the Project window, a target is created with the default nafiaegetl Click on the- sign to the

left of Targetl to expand the folder.

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

NELA@| 4 @9 c|as|PRBR|EEERE® e

4 @ 1 | %| Target 1

Milazeve
=

2% Project: project1
&1 Target 1

il Project eBooks ‘ {3} Functions |(|¢Templates

ULINK2/ME Cortex Debugc .
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17. Adefaultfolder for sourcecode files is created with the nan8ource Group 1The
startup_msp432sand systemmsp432cfiles arealready in the folder.

C\Users\Shujen\Documents\project1\project1.uvprojx - pVision = =5 n
Eile Edit View Project Flash Debug Peripherals Tools SVCS Window Help
MBHAG| % LB[9 6|« |RRBR|EEEE D day vRelale oo a|ER
D E e | W Target V& &= e >
Project L = |
a-% Project: project
28] Target 1

-0 Source Group 1

% cmsis

ER 4 Device

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

Add a Source File to the Project
18. Click theNew button to add a new text file to the displayith the default nameTextl

C:\Users\Shujen\Documents\project1\project1.uvprojx - pVision = =) n
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
(MsEas @90« [PRER|EFEED oy Maelale oo al@ X
8@ | W Target1 MK azeva
Project 2@ Text1 | v X
2% Project: project1
B %7 Target 1
3 Source Group 1
& cmsis
R 4 Pevice
B startup_msp432.s (Startup)
] system_msp432.c (Startup)

19. Fromthe menu, selec@ A f S B tq dped $e SadieXds dialog ba&rowse to theproject folder
if it is not alreadythere. Type in the file namenain.cand clickSave
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ﬂ Save As n

™ L » ThisPC » Documents » projectl b v & Search project1 P
Organize ¥ New folder CEER (7]
PS
. 2015_M1 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 i ) )
_ projectl.uvprojx 11/30/2015 1:46 PM  pVision5 Project
H Shujen Chen
& This PC
iy Desktop
I Documents
4 Downloads vl >
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 n
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
1 SHF| 4 @l l | @ o | 52 5 4 | @ delay vae| ale o s el@s] x
\ﬂlﬁl@ﬂl?ﬂhrgeﬂ Vﬂ\|ﬁ.‘\_/®
Project L8 x | < [] main.c ) v X
&% Pproject: project1 e
= #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 f@darce Group in the Project
window and selecAddExistingCA £ S& (G2 DNRdzL) W{ 2dzNDS DNERdzLJ mQX
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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 |

NS E@ % @ | | m = JE iz B pTD MBel@le oo &|E-] X
£ B8 @ | ¥8 Target1 4| K|d2e2@
Project 2@ 0 main.c W%
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 (]...Tev"'wplates 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 mbteadythere. Click seleghain.cthen click
Add.

C:\Users\Shujen\Documents\project1\project1.uvprojx - pVision =
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
NEE@ +ad| l rRR®R 15 1| @ delay Ma® @le oo e|@-]
© (5B @ | ¥8| Target 1 MR R A
Project g [ main.c v X
e Project: project1 Add Files to Group ‘Source Group 1' | x |
£-#59 Target 1 2
3 Source Group  -o°kin | | projectt T @ ekEr
¢ cmsis Name & Date modified
29 Device | Listings 11/30/2015 1:49
O startupm | Objects 11/30/2015 1:49 F
A 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
=l Project @300(; {3 Fur >
Build Output 4 LY - |
ULINK2/ME Cortex [
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23.ClickCloseli 2 Of 24S (KS & !TReRile €hautd Sppear ifieprojécRvindodv 2iritlap
Source Group 1 folder.

kA C:\Users\Shujen\Documents\project1\project1.uvprojx - pVision == n
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
Sda| ® - | = = 1 1| B delay vViae| @le oS &[] A
SiEBe L&“giTarget‘\ V.&.\‘ﬁ & Y&
Project L | ] mainc v X
=% Project: project1 1]
=#7 Target 1
=2 Source Group 1
A TS
=¥ Device

1 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, which is connected to a red LED,
*at 1 Hz (0.5 sec off, 0.5 sec on).
*

#include "msp.h"

void delayMs(int n);

int main(void) {

P1->DIR [=1<<0; /* P1.0 set as output */
while (1) {
P1->0UT "= 1<<0; * toggle P1.0 LED */
delayMs(500);
}

}

/* system clock at 3 MHz */
void delayMs(in tn){
inti, j;

for (j=0;j<n;j++)
for (i=124;i>0;i --); [*Delay */

25.¢KS FAES ylIYS AyQ GKSBE | b2 awndtdhe filklhdd Baed offanged A 1 S
without saving. You may click the save button to save the file or proceed to build the priject.
file is autanaticallysaved beforea build.
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(7} C:\Users\Shujen\Documents\project 1\project 1.uvprojx - uVision = & n
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

MEBE @ 4 B9 @ | PR R R ESEEE B dy vas|ale o s al|lE-] A
@U\ﬂ@_"gwhrgeﬂ v,r‘;ﬂ|ﬁj A
Project L | d main.c* - X
=% Project: projectl 1/% ~
585 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).
U mainc 5
& cMsis 6 #include "msp.h"
EE 4 Device 7
2 startup_msp432.s (Startup) 8void delayMs(int n);
0 syst 432.c (Start 2
system_msp432.c (Startup) 10 int main (wvoid) {
11 PIDIR |= 1 << 07 /* P1.0 set as
12
13 while (1) {
14 PLOUT ~= 1 << 0 /* toggle P1.0
15 delayMs (500) ;
16 }
171}
18
,‘I | _’I 19 /* system clock at 3 MHz */ v
i Project @hoks {} Functi... | Dy Templ... | || < >
Build Output il x|

ULINK2/ME Cortex [

Build the Project and Download to the Target
26. Click on theBuild button andwait for the build to complete. Make sure there are no error messages
and review all the warning messages.
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27. Before downloading the program to the target, we need to set up the connection between the
uVision IDE and thie-circuitdebugger on the targetiicuit board. Aick onthe Target Options
button.

28. SelectDebugtab and click the radio buttoan the rightand selectCMSISDAP Debuggen the pulk
down menu
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