Code Composer Studio v5
Fundamentals for MSP430




Agenda

« QOverview
« Hands-on workshop with MSP430

Getting Started

Watchpoints

Build properties

Debugging programs existing in flash
Portable Projects

ULP Advisor

GRACE basics
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What is Code Composer Studio?

‘ Code Composer Studio

i = ‘f'f‘ p’ ;‘&,\

Integrated development environment for TI embedded processors

— Includes debugger, compiler, editor, operating system...

— The IDE is built on the Eclipse open source software framework

— Extended by TI to support device capabilities
CCSv5 is based on “off the shelf” Eclipse

— Going forward CCS will use unmodified versions of Eclipse
» TI contributes changes directly to the open source community

— Drop in Eclipse plug-ins from other vendors or take Tl tools and drop them

into an existing Eclipse environment

— Users can take advantage of all the latest improvements in Eclipse

Integrate additional tools
— OS application development tools (Linux, Android...)

— Code analysis, source control...

e e
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Upgraded user interface for fast,
Intuitive and easy development

Simplified user
interface

shows developers what and when features are needed.

ECLI =11 g facilitates use of example code. | () TIResource Explorer

Eclipse open source L . . A
fEamevF\)/ork 37 enables customization via latest third-party plug-ins. & clipse

Welcome to Code Composer Studio

Video tutorials explain how to get the most out of features.

4 *MSP430, Stellaris MCU support available early 2012
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Getting Started with CCSv5 and
LaunchPad




What 1s LaunchPad?

« Low cost (under $5), easy-to-use
development tool intended for
beginners and experienced users
alike for the MSP430G2xx Value
Line series devices

« Complete development environment
that features integrated USB-based
emulation and all of the hardware
and software necessary to develop
applications
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LaunchPad: Development Board

USB Emulator
Connection Iﬂ

6 0E® S —_ h
v U

HiiiT o

> Embedded Emulation

.J‘

S Yz A g o — 8 J .
"""""""""" | ¢&31 6-pin 2430 Connector

Crystal Pads

Chip Pinouts < Part and Socket

P1.3 Button =) (@I e B —— rower Connector
e g3  LaunchPad
LEDs and Jumpe Iﬁ E
Reset Button

P1.0 & P1.6
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LaunchPad: Hardware Setup
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Connect mini-USB cable
from PC to board
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LaunchPad

« Wantto learn more about LaunchPad?

— Check out:
http://processors.wiki.ti.com/index.php/MSP430 Launc
hPad %28MSP-EXP430G2%29
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http://processors.wiki.ti.com/index.php/MSP430_LaunchPad_(MSP-EXP430G2)
http://processors.wiki.ti.com/index.php/MSP430_LaunchPad_(MSP-EXP430G2)
http://processors.wiki.ti.com/index.php/MSP430_LaunchPad_(MSP-EXP430G2)
http://processors.wiki.ti.com/index.php/MSP430_LaunchPad_(MSP-EXP430G2)

Workshop Instructions

« This workshop is a mix of presentation material and
activities

* Whenever you see the "Let’s Do It” picture on a slide, s
there are actions for you to perform doim:

« Some presentation slides may have other picture
Indicators to represent what the slide/bullet is for:
— . Indicates that this slide explains an Eclipse concept/term
— @ :indicates a comparison with CCSv3.x
— ﬁ): Indicates that this slide presents a CCS view/window
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Blink LED1: Exercise Summary

« Key Objectives
— Create and build a simple program to blink LED1
— Start a debug session and load/flash the program on the LaunchPad

Run the program to blink LED1

« Tools and Concepts Covered

Workspaces

Welcome screen / Resource Explorer
Project Wizard

Template code

Project concepts

Basics of working with views

Debug launch

Debug control

Profile Clock
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Workspace U""j

« Launch CCS and select a workspace folder
— Defaults to your user folder

vo Wopisvaes Liyefiar

Select a workspace

Code Composer Studio stores wour projects in a folder called a workspace
Choose a workspace folder to use for this session

Warkspace:

,

—— [ ] Use this as the default and do not ask again

——
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Eclipse Concept: Workspaces

« Main working folder for CCS
« Contains information to manage all the projects defined to it
— The default location of any new projects created

« User preferences, custom perspectives, cached data for plug-ins, etc
all stored in the workspace

ﬂ Workspaces are not to be confused with CCSv3 workspace files
(*.wks)
« Multiple workspaces can be maintained
— Only one can be active within each CCS instance

— The same workspace cannot be shared by multiple running instances of
CCS

— It is not recommended to share workspaces amongst users
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View: Resource Explorer

o The ‘ReSOurce EXpIOr’er’ Wi” “T I:I:;_Edj_t -1l J”.E.J'JUJ"_'E E..fJU!‘JJ'EJ' - "_'u.fJf "_-'JJJ.JJU'JJEJ' STodio) JJ@I
. . , File Edit Wiew Mavigate Project Run  Scripts  Window  Help
dlsplay the Welcome page the 1 (w2 : I R ¢ : P T | B cos Edie :
fII‘S'[ t|me CCS |S used W|th a (/) T1 Resaurce Explorer 52 =g
new workspace Packages: wekome A, Deves: Topics: n oo
All
«  Getting Started video introduces | ™ P30t
you to CCS Welcome to Code Composer Studio v5

You can bring this page up at any time by selecting Welcome from the Help menu

+ Contains links to
documentation, examples,

=5 _ <> Highlights

support resources New Project

d BUttOﬂS tO Create a. neW prOJeCt . f;ﬁ:tig #_\nal[zer

. . . . Q}.{ » : VISOr

or import an existing one into Examples + Resource Explorer
your workspace

*  ‘Help->Welcome to CCS’ to = _ Getting Started

Import Project

return to the Resource Explorer
in the future

aS_UEIMt

66‘ Web Resources

1 W © Licensed
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Resource Explorer: MS

R GES A T | REsotTCexp Dy et o e iEomposerSLII0;

File Edit View Mavigate Project Run Scripts Window Help

- g

27 |

52

TI Resource Explorer 23

(D
Packages : |MSP430ware

launchpad

=P Development Tools

= % MSP-EXP430G2 {LaunchPad)
A Quick Start Guide
A User's Guide

12 User Experience Project

(== Design Files
430BO0OST-SENSEL
) User's Guide
1;-‘; User Experience Project
K5 User Experience GUI
(= Design Files
D Libraries
=% Capacitive Touch Sense Library
] User's Guide
@ API Programmer's Guide
(= View Library Source
=% Example Prajects
1,3 One Button
1,‘_—‘,1 One Button Compact
&(_-(; Proximity Sensor
s

1= Wheel Buttons

o-eb

v

BEH]

Browse the contents of

Siw MSP430ware from the [ | B ccs Ed |
Resource Explorer = O
i Devices: |all \: Topics: i—z‘ \,J ,)

Development Tools

% hide description

MSP-EXP430G2 (Launchpad)

Integrated flash emulation tool, 14/20-pin DIP target socket, 2
huttons, 2 LEDs, and PCB connectors. Also comes with
MSP43062211 and MSP43062231 devices.

Learn hore | Order Now

Access documentation,
examples and tutorials
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Resource Explorer: Tutorials

@ TI Resource Explorer &3 l

=8

Packages: |Msré30mars

Devices: |n|| Topics: | Al

o

| launchpad

= E' Development Tools
E| B MSP-ExP430G2 (LaunchPad)
I j Quick Start Guide
j Uset's Guide
&Ey User Experience Project
! 2= Design Files %
=% 430B00ST-5ENSEL
----- )j User's Guide
----- @ User Experience Project
----- E5 User Experience GUI
----- = Design Files
= B Libraries
=8 Capautlve Touch Sense Library

----- == Wiew Library Source
=% Example Projects

[ &“3, Cne Butkon

1= One Button Compact
&Ey Proximity Sensar
@ Wheel Buttons

LRL:

5 User Experience Project

This is the out-of-the-box software for MSP-EXP430G2.

These are the steps to import the project, build the project, and debug the project.

Step 1. 23 Import the example project into CCS

Click on the link above to import the project. The imported project is available in the Project Explorer
view, expand the project node to browse the imported source files. To modify source code, double clicks
on the source file within the project to open the source file editor.

Step 2. % Build the imported project

To change build options, right click on the project and select Properties from the context menu. Te build
the project, select the link above, or select the Build toolbar button, or select the Project | Build
Project menu item.

Step 3: T Debugger Configuration

Connection: TI MSP430 USB1
Click on the link above to change the device connection. Additionally, this option is also available in the
project properties.

Step 4. % Debug the imported project

v

v

v

Click on the link above to launch a debug session for the User Experience Project project and switch to @I
L)
El consale &2 @G ﬁgﬁﬁf\u =B [51 Problems 52 |
DT Build Console [MSP-EXP430G2-Launchpad] 0 items
"fmain.obi" -1"libc.a™ "../1lnk msSp430gzZ231.cmd” | Description = Resource Path Location T
<Linking:>
'Finizhed building target: MS3P-EXP430GZ-Launchpad.out!'
"
-

##%% Build Finished #++%% @| < B




Create a New Project uo:r

Y’ Mew CCS Project A=E3]

Start the Project Wizard ccs Project =
Create a new CC3 Project, J_‘
— Select ‘New Project’ on the Welcome page [

Project name: | blinkLED

P
|/ TI Resource Explarer 25
Qutput type: | Executable

v Welcome Devices:
paCkaQES I} Ise default location

LRL: < )
WaIE
Device

w I t C Family: MSP430
e com e O U Wariank: <select ar bype filber kext> ( MSP430G2231 )

You can bring this page up at an ,
Cannection: | TI MSP430 USEL [Default] [ Device variant can vary ]

» Advanced settings

w Project templates and examples

P
i -3
l; ' ew Pro -Ect Toggle P1.0 by xor'ing P1.0 inside of a
software loop,
= Emply Project

= Empty Assembly-only Project
& Empty RTSC Project
# Emply Grace (MSP430) Project

 Fill'in the fields as shown on the right &

— Select the ‘Blink the LED’ template EHE"DWWH
— Device variant for LaunchPad can vary 4 [ Grace Examples g
* Check the device in the socket
« Select ‘Finish’ when done
@ Finish Cg[ Cancel
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ULP Advisor Message 90";

« A message highlighting the ULP Advisor will appear on project
creation

« This message can be ignored for now as ULP will be covered later in
this workshop

« Use the “Do not show this again” checkbox if you do not wish to see
this message again

. A VIS 0T j]

- The Ulkra-Low-Power Adwvisor™ (ULP Advisor™) checks For ultra low power best practices, Checking is
\]:) enabled by defaulk, Advice is grouped within the Problems view window under the Infos category,

Ta change ULP Advisor™ settings, go ko Project = Propetties > Build = M3P430 Campiler > LLP Adwisor™
For option details, go to Help = Help Conkents = M3P430 Optimizing C/C++ Compiler User Guide

Far ULP Advisar™ rule details, wisic hkkpe s, b, com/ulpadyisar,

[ Do not show this again
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Create a New Project 90";_1

« Once the project is created, a reference to it will be made in the
workspace and the project is now available for use within the
‘Workbench’ and visible from the Project Explorer' view

« Expand the project by clicking on it in the Project Explorer to see its
contents

-

Ly R T il S D e e O ey YOS E TR LN Y O
File Edit Wiew Mavigate Projectk Run  Scripks  ‘Window  Help

= < T | B CcCsEdit

N B LT,J TI Resource Explorer @ blirk.c 23

i II."II."*******1:**1;**'ﬁ'**ﬂ'**k1{**#ﬂ'*'ﬁ'*******1:1;*1‘**'ﬁ'**ﬂ'*ﬂ'**ﬂ'**1‘**#*************#**#***1

# ! Includes 27/ M3P430 Elink the LED Demo - ZSoftware Toggle F1.0
+- g blink.c 34
#-| g Ink_msp430g02231.cmd 4 /f Description; Toggle P1.0 by xor'ing P1.0 inside of a software loop.
[T M3P430G2231 . coxml [Ackive] 5/ ACLE = nfa, MCLE = 3MCLE = default DCO
6 f/
2l MZETIAD e Carar
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eclipse

Eclipse Concept: Workbench

i ‘WorkbenCh’ referS to the |~ G0s Edit - blinkUED/blink.c.- Code Composer Studio AER

. . File Edit Wiew Mavigate Project Run  Scripts  Window  Help
main CCS GUI window I EE IR B A E B [ ccsear |

[ Project Explorer £3 = <§> ~ = O || () 11 Resource Explorer g hhnk.kﬁg =0

H 1
Equivalent to the ‘Control | -8 s ey T
Window, in CCS 3_X %L‘;::d:s 2;’; MZP430 Blink the LED Demo - Software Toggle P1.0

L Ink_msp43002231.cmd 4// Description; Toggle P1.0 by xor'ing P1.0 inside of a software loop.
° The Workbench Contains [ MSP430G2231. coml [Ackive] 5/f/ ACLE = nfa, MCLE = SNCLE = default DCO
647

T MESP330x5%x

all the various views and i e
104/ 11 |

resources used for

12 /4 | |

development and debug 120! | rLol-im

15// J. 3tevenson
16// Texas Instruments, Inc
1744 July 2011

12 // Built with Code Composer Studio w5 —
R e e e e e S e L E T

B iiw,

zo

Z1#include <msp430.h>

2z

23 int mainivoid) {

24 WDTCTL = WDTPW + WDTHOLD; /¢ Stop watchdog timer

z5 FI1DIR |= Ox01: /¢4 Sec P1.0 to output direction

Zh Q

al I ] B

[ Problems 2 =4
0 items

Description

(=] I l B
: 0¥ ¢ Licensed {1 [ blinklED E
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Workbench (Comparison with CCSv3.x) ﬂ

« CCS3x

— Only one Control Window can be opened for each debuggable
CPU

— Information is not shared between each Control Window

« CCS4/5

— Multiple Workbench windows can be opened ('Window->New
Window")

— Each Workbench window can differ visually (arrangement of views,
toolbars and such), but refer to the same workspace and the same
running instance of CCSv4/5

» A project is opened from one Workbench will appear to be open in all
the Workbench windows
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Eclipse Concept: Projects

» Projects map to directories in the file system

» Files can be added or linked to the project
— Adding file to project
» Copiesthe file into your project folder
— Linking file to project
* Makes a reference to the file in your project

* File stays in its original location
ﬂ CCS 3.x project files used this concept exclusively

* Projects are either open or closed

— Closed Projects:
» Still defined to the workspace, but it cannot be modified by the Workbench

* The resources of a closed project will not appear in the Workbench, but the resources still reside on the
local file system

+ Closed projects require less memory and are not scanned during routine activity
ﬂ This differs from CCS 3.x, where closed projects do not appear at all in the CCS 3.x project view window.
* Projects that are not part of the workspace must be imported into the active workspace
before they can be opened

— Both CCSv4/5, CCE projects and legacy CCSv3 projects can be imported into the workspace

()
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http://processors.wiki.ti.com/index.php/Importing_CCSv3_Projects_into_CCSv4

View: Project Explorer

« Displays all projects defined in the active workspace

The view is mostly a representation of the file system of the project folder
— Linked files are marked with a special link graphic in the icon

Use filters to hide various file types to reduce clutter in the view
— Default is to filter CCS generated project files (.*)

-

s OO E1n - et PR e = S gy,

File Edit Wiew Mavigate Project Tools  Scrip

il A SR - R
L™ Projeck Explarer &3 — <},==5 ~ =0

#-h Includes
+- L. main.c
& Ink_rnsp430g2231.crmd
T M3IP430G2231, coxml [Active/Default]
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eclipse

Eclipse Concept: Views

« Views are windows within the main Workbench window that provide visual
representation of some specific information

— Most views can be accessed via the ‘View’ menu
— Views are context sensitive

== Disassembly (main) 7  Memory (1) =08
Enter location here - | @ t:ﬁh S @| ||_=‘{_=,' =~
11 -
2 CCET SUBAW. D2 B15, 0x6,B15
2 0627 MVK.L2 0,B4
21C4:  023C22F6 STW.D2T2 B4, *+SP[1]
[ Active tab (in focus) ] 21C8:  023F332R MVE. 52 0x7e66, B4
6x200021CC:  023C82D6 STH.D2T2 B4, *+5SP[4]
0x800021D0: 02125828 MVK. 51 0x24b0, A4
0x800021D4: 02400068 MVEH. 51 0x80000000, 24
0x800021D8:  423C LDH.D1T1 *B4[2],A3 L
0x800021DR:  004C LDW.D1T1 *R4 107,24 3
[Inacﬂvetab ] 0%800021DC:  E8230000 .fphead n, 1, W, H, nobr, nosat, 1i
(out of focus) 0x800021E0: 8637 ADDAW. D2 B15, 0x4,B4 o
0x800021E2:  2C6E NOP 2
0x800021E4: 4235 STH.D2T1 B3, *B4[2]
0x800021E6: 0045 STW.D2T1 R4, *B4[0]
CSDW3LS main$23B, C3L1:
0x800021E8:  02BD22C6 LDH.D2T2 *+5P[9],B5
0x800021EC:  023C82C6 LDH.D2T2 *+5P[4],B4 -
1| 1] 3
3 TEXAS
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. TS
Build, Load/Flash the Program oI
. Cllck the Debug button

File Edit Yiew Mawvigate Pm;zt T%: Scripks  Window I-:el:::

. ‘Debug button does multiple steps at once:

Prompt to save source files
Build the project

Start the debugger (CCS will switch to the ‘CCS Debug’
perspective)

Connect CCS to the target
Load (flash) the program on the target
Run to ‘main’

« Don’t want it to do all of the above at once”? You can
configure it to skip some steps (Debugger Options)
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Build, Load/Flas

h the Program

main (void)

WDTCTL = WDTPW + WDTHOLD:

File Edit Wiew Search Run Project Tools Scripts  Window Help
NrHEI(YeB- DR e ia i % P 5 (%, cC5 Debug | BB € ”
%5 Debug S@l % Ok [0 M @ 3 & 3 S f ﬁ - & @43 = = O || = variables % | 8% Expressions | i Registers| x) @43 & Net™ = E||
= w blinkLED [Code Composer Studio - Device Debugging] Mame Type ‘alue Lacation
=g TIMSP430 UISB1iM5P430 {Suspended) )= unsigned int 63543 00270
= main{} at main.c:26 0xFa00
= c_ink00_noinit_noexit{) at 0xFE3C
@ TI Resource Explorer w
154/ J. Stevenson <
16/ Tewxas Instruments, Inc
17 44 Ooctoher 2008
15/ Built with Code Composer Studio wd
19 ll."ll."***************************************************************************************
20
@Zlﬂinclude <wsp430.h ace the h £ile nsaume
22 hat matches your device.
23 013 iz #include "msSp430xzZlxl.h™ =
24

/f Ftop watchdog timer

P1DIR |= 0O=01; ff Set P1.0 to output direction
for (;:]
{
ECUnsoIeE@l EeRE| B-TC5- =0
blinkLED
1 : Program loaded. Code Size — Text: Tres ata: vtes
< SP430: P loaded. Code 5i T 74 B I 2 h
1 —
0% & ¢ Licensed Writable Smart Insert 26:1
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Eclipse Concept: Perspectives

« Defines the initial set and layout of views in the Workbench window

Similar in concept to CCSv3 ‘workspaces' (*.wks) except that multiple perspectives are
available from the Workbench window (though only one can remain active at a time)

« Each perspective provides a set of functionality aimed at accomplishing a specific type
of task (‘CCS Edit’ for project development, ‘CCS Debug’ for debugging, etc)

- Can create custom perspectives

Y1.CCS Edit;- blipk.ED/main.c - Code Composer Studio =3 . GGS Debup - blinklED)/mainsc - Gode Gomposer Stindio; = [B]x]
File Edit ¥iew Mavigate Project Tooks Scripts wWindow  Help File Edit WYiew Search Run Project Tools Scripts Window Help
(i LR R R R I SR [ ¥ ©C5 Debug \| [ cCsEdt | i - & - [FRE R <] T %5 CC5 Debug N CosEdE ©
[ Preject Explorer 51 = % ¥ = O () TIResource Explorer [€] main.e &2 =8 F5 Debug 2 S @ v % 8 T T O 0= vaniables 11 |6 Expressions| W3 Registers < ENE2 & i
s S -
El=) binkLED Lo/ 3. Srevensen [~] =) ¥ binkLED [Code Composer Shudin - Device Debugging] name Type value Location
3%, Binaries 16// Texas Instruments, Inc = g TIMSP430 USB1/MSP430 (Suspended) o= unsigned int 63548 0x027C
il Includes 1747 october 200 main{) at main.c:26 DxFE00
> Debug 184/ Built with Code Composer 3tudio vé £Ink00_noinit_noe:dt) at DFE3C
(€] main.c 1asy
2 Ink_msp43002231 ,cmd 20
] Mspa3062231 coxml [Aclive/Cefaul] 107 ) pinclude <mspa30.h> % : you need to replace the .h file name
22 // with the one that matches your deviee,
23 // For exawple F2013 is #include "mspd3Oxzixl.hn ™ =
o v » () T Resowee Explorer | [€) mainuc 5% =]
25 int main{void) 15// J. Stevenson [
26k 16// Texss Instruments, Inc
27 WDTCTL = WDTPW + WDTHOLD: /7 Stop watchdog timer 17// October 2008
28 PIDIR |= 0x01; /¢ Set F1.0 to output direction = 16// Built with Code Composer Studis v4 1
29 187/
30 for (::) z0
31 € 3 )21 #include <mspd30.h> i : you need to replace the .h file name
32 wvolatile unsigned int i; // volatile to prevent optimization b 22 // with the one that matches your device.
33 23 // For ewawple F2013 is #include "wsp430x21x1.hw"
34 PLOUT *= Ox01: // Toggle P1.0 using exelusive-oR 24
35 25 int main(void)
36 i = 10000; /7 W Delay =
37 do i--; 27  WDTCTL = WDTPW + WDTHOLD; /¢ Stop warchdog timer
38 while (i !'= 0); 25 PIDIR |= Ox01; // et P1.0 to output direction
39 + 29
40} = 30 for (::)
a1 31 1
[20 problems 52 v =0
0 kems B console 5 x bl #B-r3-°0
Description Resource | Path Location Type birk ED
M5P430: Program loaded. Code Size - Text: 74 bytes Data: 2 hytes
0®  Licensed Writable Smart Insert | 2611 it B Licensed H wiritable Smart Insert | 26 1
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View: Debug

 The Debug view displays:
— Target configuration or project

— Call stack
FPgbug 52 < @mﬁ@vzﬁ
«'# blinkLED [Code Composer Studio - Devicedbebugging]
\dJ TI MSP430 USE1 [MSP430 (Suspendéd)
= maini) at main.c:26 0xF800
= c_int00_noinit_noexit) ay0xFasc

« Buttons to ‘run, halt, terminate (debug session), source and asm stepping,
reset CPU, restart program
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INSTRUMENTS




View: Console

* Multiple contexts

— Can display build messages or debug messages (including CIO) depending on which console is
selected

— Automatically switches contexts when a new message occurs
» Can use the “Pin” option to prevent this

CCS 3.x had separate, dedicated views for build output, CIO output and debugger messages

* You can open multiple console windows
— CIO output in one and build messages in the other

El console &2 x ol | A BT O
blirkLED ﬁl DT Global Build Cansale
M5P430: Program loaded. Code S3ize — Text: 74 bhytes Data: 2 hytes Elz COT Build Console [blinkLED]
] 3 blinkLED
i3 Texas
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Blink LED1

« Press the ‘run’ button = to run the program
— LED1 on the LaunchPad should now be blinking




Debugging: Using Watchpoints

Press the halt\suspend button © to halt the running program

— The code should stop somewhere inside the ‘for’ loop

« Open the ‘Breakpoints’ view
— ‘View -> Breakpoints’
« Create a new Watchpoint and

specify the variable ‘I as the
location

« Right-click on the watchpoint

and select ‘Breakpoint Properties’

s | g Breakpoints &7 & -

£ Condition| ~ Breakpaint

Hardware Breakpoink

A

4= Variables | 55" Expressions | 33 Registers | ®a Breakpoints 53
Tdentity Mame Condition
Ll
ik

Breakpoint {Code Composer Studio)

Disable
¥ remove
“ig Remove Al
Select all
=| Copy

CHHEHFHFHAATFFTIFATAI TSI AAN

_ @'E‘:' Impott Breakpoints, ..
e .h file name

itches your device.
¢ Hinclude "mEpdI0xz [}

?@ Export Breakpoints. ..

uolr |

ki

& - XK K

Cau

b

Chrl+-A
ChrlC
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Debugging: Using Watchpoints ‘no:r

Set the Properties as shown below:
APropErtiesior NEE

Breakpaint Properties @& Breakpoint Properties -

Properties Values
= Hardware Configuration

« Trigger: Memory Data Bus = Type Simple

\ Ackian Halt Target
= Trigger O

Mernory Data Bus

. Value: 0x100 (256) . vake  Joam |
Mask, QucFFFF
. Arcess Mo instruckion Fetch
« Basically halt the target when Trigger 1 None
. .. = Miscellaneous
variable ‘I’ is set to value ‘256’ Group Defauit Group
Marmne ‘Wakchpoink

« Click OK

by

All settings under this are handled by the target without inbruding on the karget's execution

@:‘ o4 ] [ Cancel
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Debugging: Using Watchpoints ‘no:r

* Click on the ‘Variables’ view tab to bring it to the front
()= Vari{}f\,s 3 | G Expressions | 008} Registers | @@ Breakpoints =t [/ @q} 5 Cfet™ =0

Marne Type Value Location

B unsigned int G636 Ox0Z78

Run the target again. Execution will automatically halt when ‘i’ is at ‘256’
e 65 Uabig - UL ED e - Cada Cupigusar Siudiy L.ihja1

File Edit WYew Search Run Project Tools Scripts  Window  Help
M wilhe & @ e PR ® A 5 |#1 ccs Debug | [ CCs Edit
35 Debug &2 [l D@3 e @ & @ T T Ot varishles 22 | 6T Expressions | 883 Registers | ®e Breakpaints | e § i~ =0

=1 &%) blinkLED [Code Compaser Studio - Device Debugging] Mame Type Location
(=R TIM5P430 USBIJ‘MSP‘}SU (Suspended) 9= i unsigned int 00274
= [EyWE RS o

= c_int00_nainit noemt() ak 0xFa3C

G:ITI Resource Explorer @ main.c &3 [% =0
int main(void) g
{
WDTCTL = WDTPW + WDTHOLD: /¢ Z3top watchdog timer
PIiDIR |= Ox01: /¢ et P1.0 to output direction
for (::)
{
rolatile unsigned int i; ff wolatile to prevent optimization
PACUT = 0Ox01; /¢ Toggle P1.0 using exclusive-CR ) =
i = 10000; /4 SW Delay
do i--;
while (i !'= 0); =
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INSTRUMENTS




View: Breakpoints

* View all available breakpoints
« Can group breakpoints by CPU (multi-core device)

» Specify various actions when the breakpoint is triggered
# Refresh All Windows or update a specific view (replaces “Animate” in CCS 3.3)
— Control Profiling (set profile halt/resume points)
§ File I/O (Probe Points in CCS 3.3)
— Run a GEL expression
— Set a Watchpoint
— Control CPU trace (on selected ARM & DSP devices)

()= Yariables | &5 Expressions | 013 Registers | @@ Breakpoints 53 & - % S = ﬂ:f} ¥ =0
Identity Mame Condition Zount Ackion
Q main.c, line 37 (C$0OMW4LEr Breakpoint 0o Femain Halked
i3 TEXAS

INSTRUMENTS




More Debugging \‘ﬂf’r,‘

. . . e G0 iz - U e - e
d InveSt|gate Other debugglng VIeWS | File —Edip Search Run  Project  Tools
 ,

L Project Explorer

(Open via ‘View’ menu) A=hdl P *

ﬁ Debug (%1 Problems S
— Memory Browser 5 ¥ bl & console
. =R nded
— Registers 35 Debug
. . ¥/ Target Configurations Fa3C
— Disassembly (see next slide) 8 scripting Console

» Use the buttons in the ‘Debug’ view to: Oreoyromer

W Registers

— Restart the program DTIRe: 4 e oressions
251nf ()= Variables
— Source stepping oo | 9 Breskpoints .

28 B

— Assembly stepping o1 o
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View: Disassembly

Go to the ‘main’ symbol in the .
Disassembly view by typing it in the cone
address field and hit ‘ENTER’ £810;
Toggle the ‘Show Source’ button R
Note how interleaved source with the ::D

disassembly is toggled or/off

1ETS
“DoIT

mnain gﬁi\)—@ e T =0

.text, text, main:

g3z21 DECD.W =P
40BZ S5L80 0120 MOV.W  #0x5a80, sWatchdog Timer YDTCTL
D3DZ 0022 EIS.E  #1,&Port_1 2 PIDIR
CSDWSLSmain5258, CSL1:
E3DZ 0021 ¥OR.E  #1,&Port_1 2 P1OUT
40B1 2710 0000 MOV.W  #0x2710,0x0000 (SF)

CSDHSLSmains35B, CSL2, CSDHSLSmain$25E:

53591 0000 DEC.W  0Ox0000(SPE)
9351 0000 TST.W  Ox0000 (SE)
27F6 JEQ [C3L1)
CSDHSLSmains 458, CSDWSLSmain$3SE:
SFFAL JHP [C3DWELSmaingzE)

CSDWSLSmain$45E, c int00, ¢ int00 noinit noexit:

fE22: 4031 0OZVE Julaitamn) #DxﬁE?E,SP
faze6: 40EBz F345 0z00 Mo #O0xf843, £.bas
fo8zZe: 40EB: FS45 0zZ02 Julaitamn) #0xf345, sunlock
FEAT . 17RO WEAN TATT H# orrotrare s iwdt
|
¥ Disassembly E4 | g fER e Y 0
.text, text, main:
5321 DECD.W P

f&0c:

36

£510:

37

fE16:

39

¥ £3la:
fole:

WDTCTL = WDTFW + WDTHOLD: /4 Stop watchdog tim

OBZ S5A50 01z0 MOV . #DxSaBD,&Hatchdog_Timer_wDTCTL
P1DIR |= 0Ox01: ff Set P1.0 to outpu
D3Dz 00zZz2 EIZ.EB #1,&PDrt_l_2_P1DIR 2

P1OUT = 0Ox01: ff Toggle P1.0 using
CS5DMSLSmain$256, CSL1:
E3D2 0021 HZOR.E #1,&PDrt_l_2_P10UT I
i = 10000; ff 8W Delay
40EB1 2710 Qo000 Ju (93T ) H#OxZ710, 00000 (3F)
do i--:
CS5DMSLSmain$35E, CSL2, CSDWSLSmain$2SE:
8391 0000 DEC.W 0=0000 (27
¥
Q381 0000 TIT. W 00000 (3P
27F6 JEQ [CSL1)

AONITOT CmainCAQR AONITOT Cmad 2300 «
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Debugger Options

« Many debugging features can be enabled/disabled from the Debugger Options

* During a debug session in the ‘CCS Debug’ perspective:
— ‘Tools->Debugger Options->Generic Debugger Options’

« Configure a variety of debug options like enable/disable:
— auto-run to main
— auto-connect to a HW target
— real-time options (on supported HW)
— program verification on load
— eftc...

* Use the “Remember My Settings” option to have the settings apply for
subsequent debug sessions

i3 TEXAs
INSTRUMENTS




Remove the Watchpoint

« Clear breakpoints

— Go to the Breakpoints view

DOIT

— Click on the button to “Remove all Breakpoints” * , say yes to the

prompt
Restart execution
— Go to the Debug View

— Click on the Restart button
— The program counter should be back at main

i3 TEXAs
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Counting Cycles

The profile clock

— Available on most devices and can be used to count cycles
— On some targets it can be used to count other events as well

Enable the Clock
— Run -> Clock -> Enable

— The clock will now be displayed on the status bar

{ 0¥ & Licensed & o

Wfritable

Smart Insert

26:1

Place a breakpoint and run to it

— Double click in the selection margin on line 35 (“}” for the for loop) to

add a breakpoint

— Click the run button to run to this point

— Clock should now show 24 cycles

QOITV
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Remove the Breakpoint

« Clear breakpoints

DOIT

— We need to clear the breakpoint or it will get set for our next lab as

well as we are using the same target
— Go to the Breakpoints view

— Click on the button to “Remove all Breakpoints™ % , say yes to the

prompt

i3 TEXAs
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Terminate the Debug Session

* (o to the Debug view
 Click on the terminate button =

 This will kill the debugger and return you to the

CCS Edit perspective

DOIT
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TEMPERATURE SENSE DEMO
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Temperature Sense Demo: Briefing

« Key Objectives
— Create and build the Temperature Sense Demo

— Start a debug session and load/flash the program on
the LaunchPad

— Run the program to start Temperature Sense Demo

* Tools and Concepts Covered
— Adding source files
— “Focus” concept
— Loading Symbols
— Changing Build Options
— Changing Compiler Version

Jl’ TEXAS
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Create a New Project

Launch ‘New CCS Project’ Wizard
— In‘CCS Edit’ perspective, Project -> ‘New

CCS Project’
Project Location

— Note that this time we will be creating this
project outside the workspace

— Uncheck the box to use default location
— Specify C:\ti\Projects\Temperature

Select ‘Finish’ when done

-
«r MNew CCS Project

CCS Project
Create a neuwr CCS Project,

Project narne: Ternperature_Sense_derno

Output type: lExecutabIe

([ [[]Use default location

Location:  CATIWProjects\Termperature

Device
Family  [MsP43n -
Wariant: <select or bype filter text> * | MEP430G2Z31 v]

Connection: [TI hASP430 LUSEL

¥ Advanced settings

* Project termplates

type filker text

4 | =| Emphy Projects
= Ernphy Project
& Ernphty Assermbly-only Project
& Ernphy MEPA30 Grace Project

4 | =| Basic Examples
= Hello Wiorld
¢ [ =| Grace Examnples

¢ = IPC and IFO Examples

Creates an ermphy project fully initialized
fior the selected device,

@ % Back

Mext = Finish l [ Cancel

i
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1ETS.
Add Temperature Sensor Source Code ‘boir

Remove the generated ‘main.c’ file from the project

— Select it in the project explorer and press delete =
=I-1=* blinkLED
+ ﬁ}p‘ Binaries
- nfl Includes

* Open Windows Explorer and browse to: 5 (= Debug

4 Lg| main.c
— C:\TNLaunchPad\temperature_sensor  Ink_msp43092231 cmd
T MIP430G2231 coxml [Active)Defaulk]

#-hjl Includes

 Drag and drop ‘Temperature_Sense_Demo_ G2xxx.txt’ o ik
to the “Temperature_Sense Demo’ project FHEPAI0GZZIL cruml [Active]

— Use the file that matches the MSP430 device being
v Bl Ui @ %

For G2553, use: Temperature_Sense_Demo_G2553.txt
Select how files shauld be imported inko the project:

— Make sure the file is dragged to the
‘Temperature_Sense _Demao’ project

() Link ta Files
* Inthe dialog popup, select the option to
‘COpy FileS, and hit ‘OK, Configure Drag and Drop Setkings...
|§:| oK H Cancel

i3 TEXAs
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1S
Add Temperature Sensor Source Code ‘boir

=l Temperature_Sense_demo 22
H- [t Includes 23
* nght-CIICk On the f L:;E?ggzzgflz:xrcnrln[d.ﬁ.ctwe] 3: int main
‘Temperature_Sense _Demo_G2xxx.txt® “ new ,
file in the Project Explorer and select the Open
H ‘ ’ . Cpen With r
option to ‘Rename..’ the file —
= Copy Chrl4+C
— Rename the file so that the “.txt’
. . ¢ ¥ Delete Delete
extension is renamed to ‘.c e,

s

== blinkLED
+ 91:,3 Binaries
H-n}t) Includes
+-[= Debug
- |.E| main.c
& Ink_msp430g2231.cmd
(7] M3P430G2231, coxml [Ackive/Default]
= Tﬁ' Termpetature_Sense_Demo
H-[pjl) Includes
+- .| Temperature_Sense_Derno,c
£ Ink_msp43092231.crnd
[®) M3P430G2231, coxml [Ackive]

M~
* Projectis ready to build L Project Explorer 07 @ =5

'}
INSTRUMENTS




ST
eclipse

Eclipse Concept: Focus

« Focus refers to the highlighted portion of the workbench
— Can be an editor, a view, a project, etc.

« This concept is important since several operations inside Eclipse are
tied to the element in focus

— Project build errors, console, menu and toolbar options, etc.

=

s DGRy - D B e = e[ gy

File Edit Wiew Mavigate Project Tools  Scripk

Iy . :%,:tﬁ:,ﬁ,:
il E E s |

L™ Project Explorer 23 — <,1_5;} = =0

s

=I-1=" blinkLED:
+ #ff Binaries
-1l Includes ‘Temperature_Sense_Demo’ project is in ‘Focus’ since it
(= Debug has been selected. So pressing the ‘Debug’ button will

- [8) main.c build the project and start the debugger for the
2 Ink_mspd3002231 .crnd Temperatrue_Sense_Demo’ project
T M3IP430G2231, coxml [Ack aulk]
s

H ) Includes [%
+-[.t] Temperature_Sense_Demo.c
& Ink_msp43092231.crnd
T MSP430G2E31, coxml [Active]
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Build and Load/Flash the Program '%?f

 Make sure the ‘Temperature _Sense Demo’
project is in ‘Focus’. Then use the ‘Debug’ button

OGS Ed bl RN A e e oM POs e TS LU D)
File Edit “iew Mawvigate Project Tools  Scripks  Window  Help

K- it 9 iE iR

L™ Projeck Explorer &2 == B | (1) 71 Resource Ex

(}
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Temperature Sense Demo

. Press the ‘run’ button " to run the program

— LED1 (red) and LEDZ2 (green) on the LaunchPad should now alternate
blinking




_ 1ETS.
Temperature Sense Demo: Debugging ‘oot

* Press the halt\suspend button * to halt the running
program
— The code should stop in the PreApplicationMode() function.

e Step-into = the code once and it will enter the timer ISR
for toggling the LEDs (tal isr)

« Step-over = afew more times and notice that the red and
green LEDs alternate on and off

* When you are done, terminate the debug session =
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| IETS.
Loading Symbols for Flashed Program \lszolf

« |f the program is already flashed in CCS and just wish to debug the
existing code flashed on the target, you can configure CCS to debug
the project by loading symbols only

« Select the drop-down menu next
to the ‘bug’ button and select
‘Debug Configurations..’

-

s e COT R - Tapiaisiny= Oayiaa Uapa ey Jai= Hay

File Edit “iew Mavigate Project Tools  Scripks  Window  Help

_ Nef L SEN-A% LR AN EL Rk

e:clipse EClese Concept Debug . . e —: w« 1 Temperature_Sense_Demo

Configurations - Cached information | = 5 birkieD Ry 2 biinkl ED

created when a debug session is first| ;= e Debug s ‘

launched for a project or target &8 Dabus Ongnize Favorkes... 1

configuration. Information cached # Ink_msp430g2231 .cmd

. . . . 7| MIP430G22531 . coxml [ Ackive/Default]

includes which target configurationto | . =

use, debug settings... 45 Binaries
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Loading Symbols for Flashed Program

AETS
,u\o'lT,f

Select ‘Temperature_Sense_Demao’ in the left panel and the ‘Program’ tab in

the right panel
Under ‘Loading options’, select ‘Load symbols only’

L e O T R e L DS

Create, manage, and run configurations

[ -+, .
| X = & Mame: | Temperature_Sense_Demo

g Mainﬁ Targek E,ySDurl:e £ Comman

E Z/C++ Remote Application )
= ) . Device
= ¢ Code Composer Studio - Device

=

=« blinkl FD

= Project | Temperature_Sense_Demo
= ¢ Temperature_Sense_Demo
ol CodeTompo odio=10% Det || | Program | $4{build_artifack: Temperature_Sense_Demokt

B Launch Group Loading options

) Load program

(#) Load symbols anl %

Then select ‘Apply’ and then ‘Debug’
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| IETS.
Loading Symbols for Flashed Program !QOIT

« The debugger will start up, connect to the target, and load
only the symbols for the program for the debugger (no
code is loaded/flashed on the target)

« The program counter will be set to the entry point of the
code and not at ‘main’

— ‘Run->Go Main’ will run the target to ‘main’

e G5 Lz - Sudd Sopiuuaay St diu
File Edit Wiew Search Project  Tools  Scripts  Window  Help
1K B Connect Target Chrl4-alt-+C
' Disconnect Target Chrl+HAl+D
%% Debug 52
we Temperature_Sen: -é?Ln:nad »
=g TIMSP430 US|
= cntoo_ng  BeResume Fa
(9] Terminate Ckrl+F2
i Reset % L4
¥ Restart
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Loading Symbols for Flashed Program

ature_Sense_Demao.c - Cade Composer Studic
File  Edit Wiew Search Bun  Project Tools  Scripts  Window  Help
i %@. OB &~ (TR <SR g Y |35, CCSDebug | B 07
%5 Debug &2 l = O || 9= variables | T Expressions | #i Registers [00 Breakpoints 23 l =8
%0 B| 23| RS - X RPINBEST
5] Temperature_%ense_demno [Code Composer Studio - Device Debugging] Identity Name Condition Caunt Action I
o TIMSP430 USE1/MSP430 (Suspended)
= main{) at Temperature_Sense_Demao.c:38 0xF300
= c_intl0_noexit() at 0xFC
| |
| @TIResource Explorer | @ main.c [@ Terperature_Sense_Demao.c 05 l E c_intl0_naexit) at Oxfche = 0= Disassermnbly &2 l =08 I
|
i 52 void ConfigureTimerPwm|void); - ~
I 23 void ConfigureTimerUart(vodid); -
54 void Transmit(void); rnain
85 void InitializeClocks(void); N
86 il 3 @| e
57 void main{void) (i .text, text, main: .
» sl . . » fsea: | 1204 PUSH
89 ““ngne'd int y 89 un=igned int uartUpdateTimer
22 unsigned char f8@z: 4034 Q3ES M. |2
91 WDTCTL = WDTR a1 UDTCTL = WOTPM + WOTHOLD;
92 . f8@6: 4862 SAB@ @120 MOV Ul
| 3 In::t::al:l_.zeclocks(), 93 InitializeClecks();
(|| %% InitializeButten(]; faec 1260 FD2A CALL
|| 55 Initializeleds(}; 4 InitializeButton();
\ 95 PreapplicationMode(); /# Blinks LEDs, waits for buttom press f81@ 12B@ FCF& CALL
|| 97 b Initializeleds();
I 98  /* Application Mode begins */ fR1a 12E@ FD74 CALL
99  applicationMode = APP_APPLICATICN_MODE; =13 Prefpplicationtode( ) ;
188  ConfigurefdcTempiensor(’; 4 fore 4 AEn Erza i 3%
P ] ] b
El console 52 GG|'—E5EE-‘:¢|L’E!'F3'=E'
CDT Build Console [Termperature_Sense_dema]
©_O0Emo o
C:\Development Toocls\ProgramsiCode Composer Studio wS.1 ME_3hceswsShutils\bintgmake -k all Tl
gmake: Nething to be done for “all'. L
#add Build Findshed #+*
I -

o B Licensed Yyritable

Smart Insert a8




Changing Build Options %’f

« Terminate the debug session =

* Right click on the "Temperature_Sense_demo” project and
select ‘PropertieS’ S ——— BIx|

General (Sl -

+- Resource
Device and high level ) >

. —- Build Configuration: |Debug [ Active ] Manage Configurations. ..
settings |y 15P430 Complr

Processor Opkions
Optirnizakion [ —
i i bug Options = Main
Compiler Options Debug Opti
Include Options

Output bype:
ULP Advisor SIS

+- Advanced Options

Devi
#)- M5P430 Linker e
Debug Family:
/ ‘ariant: <select or bype Filter text = MSP430G2231
Connection: | TIMSP430 USEL [Default] (applies to whale project)

w advanced settings

Device endianness:

[ Llnker Optlons Compiler version: TIw4.1.0

Qutpuk Format: eahi (ELF)

Linker command file: Ink_msp43092231.cd
Runtime support library: | <automatic >

Restore Defaults
@)

\.£) show advanced settings Ok Cancel
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Changing Build Options uolT

« Build options are set per build configuration
« Change your Configuration to “Release”

« Change the optimization settings
— Go to the Basic Option Group
— Change the optimization level to 3
— Change speed vs size to 0 (optimize for size)
Y Properties for, Temperature Sense. demp, =13

Optimization 4= o -

+- Resource

General
=I- Build @aﬁon: Release :EEeCc'nFigurations...

= M3P430 Compiler

Processor Options
Debug Options Dpkimization lewvel (--opt_level, -0
Include Options
ULP Advisar Control speed ws, size trade-offs (O=size, S=speed) {--opt_for_speed
T

Advanced Oplions
+- M3P430 Linker
Debug

« Click OK
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Changing Build Options 00"__{

« Change the active configuration to ‘Release’
— Right click on the Project
— Select Build Configurations -> Set Active -> Release

 Build the project by clicking the build button

— In the console view you will see that the Release configuration has
been built

* You can also change the configuration and build it by click
on the arrow beside the build button and selecting the
configuration you want to build
— Select ‘Debug’ and it will build the Debug configuration
— The active configuration is indicated by the Checkmark [ﬁ- i - ﬁv}

1Debug
¥ 2 Release

i3 TEXAS
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Compiler Versions

Each project specifies which version of the compiler to use
— Actually set on a per configuration level
— l.e. Debug can use one version and release another

* When you download a new compiler if you want to use it
you have to change the compiler version specified by your
project

« CCS will allow you to select from all the compilers that it
knows about on your computer

« When you install a new compiler via the Update Manager
In CCS it will automatically know where the computer is

— However you can also tell CCS where another version of the
compiler is located

i3 TEXAS
INSTRUMENTS




Compiler Versions

Launch ‘New CCS Project’ Wizard

— In ‘CCS Edit’ perspective, Project ->
‘New CCS Project’

Fill in the fields as shown on the right

Expand the ‘Advanced Settings’ and
check the ‘Compiler version:’
dropdown menu

— Note there is only one option (v4.1.0)

— Select ‘More..." button next to the
‘Compiler version:’ field

ENEWICES Yo ject

CCS Project

Create a new CCS Projeck.

Project name: | newProj

Oukput bype: | Executables

Use defaulk location

Device
Farnily: MSP430
Wariant: <select or bype filber text=

w Advanced settings

Device endianness:

Carpiler version: TIw4.1.0

QOIT

B[]

- =
P

Custarm MSP430 Device

< Mare... >

A

Cukput Formaks l TEgacy LUFF
Linker command file:

Runtime support library:

¥ Project templates and examples

Browse, .,

Firish ] [ Cancel

i3 TEXAs
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Changing the Compiler Version Doir

« Browse to the path shown in the dialog and click OK
| SgselectCompilanyersion &l

Please select the compiler version, Alkernatively, browse to a build-tool location in the File-system, That tool wil
automatically be registered For future use.

IS4 Family: | MSP430

Connpiler

() select compiler wersion:

(%) Select new build-tool From File-system: | CATIMSP430 3.3, 2 Compiler

oK D\JQ[ Cancel |

« CCS will determine what compiler is located there and select it for
your active configuration. You will see that Tl v3.3.2 is now specified

« Hit ‘OK’ to return to the New Project Wizard

i3 TEXAs
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Compiler Versions uon‘

X NewCCSProject: (=] /E3
 The ‘Compiler version:’ field will be e et =

updated to use version 3.3.2 of the
TI MSP430 compiler

Output bype: | Executable

* Note how both v3.3.2 and v4.1.0 7] se defu catn
(default version that ships with |
CCSv5.2) now appear in the oty [
dropdown ||St Yariant: <select or type Filter text> Custom MSP430 Device

 The location of v3.3.2 is now « sevrcad et
known to CCS and will be available | ...

as an option for all projects using canpterveen: - [11v3:32 [vere. ]
Ciubput Format: =

the Same Workspace Linker command File: Q

« Note that compiler versions can be | sty

C h an g ed fo r eXi Stl n g p rOJ eCtS Vi a b Project templates and examples

— Right click on your project and select
‘Properties’
— Click on ‘General’

'/‘? Finish ] [ Cancel
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SHARING PROJECTS
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Sharing Projects

« Sharing “Simple” projects (all source/header files
are contained in the project folder)

« Sharing “Linked file” projects and all source
(project uses linked files)

« Sharing “Linked file” projects only (no source)

— Only the project folder is shared (person receiving
project already has all source)

— Effort involves making the project “portable”
« Eliminate absolute paths in the project

— This Is the most common use case

J‘I} TEXAS
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Sharing Projects — “Linked file”’ Projects

« USE CASE(S):

— Wish to share (give) a project folder only. The person receiving the
project folder already has a copy of the external source files

— Wish to check the project folder/files into source control

« Most use cases involve sharing JUST the project folder
Instead of bundling all the source files
— People will have their own local copies of the external source files

* Need to make the project portable to make sure the
project is easily shared

« Portable projects avoid any absolute paths

 ldeal portable projects should be usable without modifying
any of the project files
— This is ideal for projects maintained in source control

i3 TEXAS
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CREATING A PORTABLE

PROJECT
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Portable Projects: Briefing

« Key Objectives
— Create a project that uses a linked source file
— Make the project portable

* Tools and Concepts Covered
— Linked Resources

— Linked Resource Path Variables
— Build Variables

{L) TEXAS
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Create a New Project

Launch ‘New CCS Project’ Wizard

— Select ‘New Project’ from the
Welcome page

Fill in the fields as shown in the right
— Use compiler version v4.1.0

Select ‘Finish’ when done

Generated project will appear in the
Project Explorer view

Remove the generated ‘main.c’ file

from the project

CNEWICESIEroject,
CCS Project

Create a new CC5 Project,

Project name: | msplab

Cukput bype: | Executable

Use default location

Device
Family: [M3P430
Wariank; 2231

Connection; | TI M3P430 USE1 [Default]

w Advanced settings

Device endianness:

Carmpiler version: TIw4.1.0
Cugbput Format; eabi (ELF)
Linker command File: < automatic =

Runtime support library: | <aukomatic >

b Project templates and examples

QOIT

B]x]|

fare

Browse

Browse

l

Finish

] [ Cancel
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_ . AETS
Create a Linked Resource Path Variable ;IQOIT

«  Open the workspace lreferences A=)
prefe rences Linked Resources o -
—_ WindOW -> Preferences = an?d?!nrs [#]Enable linked resources
a - , 2| Text Editors Drag and drop ikems on a Folder or project
* GO to the LI n ked Resou rces Linked Mode (i Prompt () Copy  (Link ) Link and create wirtual Folders
prEfe rences ) Wm:_(;fi:j ST S Drag and drop ikems on a virtual folder
_ Type ‘Linked: in the fllter f|e|d tO (®Prompt  (CLink () Link and create virtual folders
make it easier to find
Path variabIF-Ts_ specif';.f_lu:ucations in the File s'_;-'stem. The locations of linked resources
. USG the tNeWs button tO Create a E:;nizspp;:ieac:iri;t:e to these path variables.
‘Linked Resource Variable’ that —
points to the root location of the @WKWWB m
workshop LaunchPad labs
* Hit ‘OK’ when finished
)
i) [0]'4 &\[ Cancel

()
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Create a Build Variable Bom

* Go to the ‘Build Variables’ preferences
— Type ‘Variables’ in the filter field to make it easier to find
*  Build Variables allow you to use variables in the project properties
— Linked Resource variables are only used for linked files
+ Use the ‘Add’ button to create a ‘Build Variable’ that points to the root location of the workshop
LaunchPad labs
— Setthe ‘Type:’ to ‘Directory’ to browse to a directory

. Hit ‘OK’ when done

o=
L

Build ¥ariables
= O+
= Build NamJ LTy N ER L B T a
Build Yariables
= Editar Variable name: | CCS5_WORKSHOP_LAE
Hovers B Tvpe: Direckary
Syntax Coloring
=I- Run,/Debug Value: CH T LaunchPad

String Substitution

Ok, H Cancel l

b
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Link Source Files to Project uolr

* Open Windows Explorer and browse to:
— C:A\TNLaunchPad\msp_portable project\source_file

* Drag and drop the ‘'msplab.c’ file in to the ‘msplab’ project

9~ 5 3R = colircentile
T 0= % 7 T 0 Fle Edt View Favorites Tools  Help

.rlilii . r -

,_:,'z'bhl'lkLED . JbBack ~ &) T search Folders &y (3
5= : -

1| Iru: - Address |[C3) CATILaunchPadimsp_portable_projectisource_File
43[!:;2231 crnd

e Ink Mame
(%] MSP430GE2231, coxml [Active] File and Folder Tasks - &

+ _,;',- Temperature_Sense_Demo
IEI[I Rename this File

& Move this file
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Link Source Files to Project

UOIT

A dialog will appear asking if you wish to Copy or Link the files:

— Select ‘Link to files’

— Select ‘Create link locations relative to:’
» Use the new Linked Resource variable we created (CCS5 WORKSHOP_LAB)

— Hit 'OK’

Files will now appear in the Project Explorer with the ‘link’ icon

| se Fll Uit

Select how files should be imported inko the project:

() Copy files
() Link, to files

Create link locations relative bo: | PROIECT _LOC

CG_TOOL_ROOT
ECLIPSE_HOME
CC5_BASE_ROOT

Confiqure Draq and Drop Setkings. ..

()

(2) EXTERMAL_BUILD_ARTIFACT
WORKSPACE_LOC
PARENT _LOC

CCS_INATALL_ROOT
PROJECT _LCZ

Edit Yariables. .. b\

L™ Project Explarer &3 | [= <}=r=;> = =0
-5 blinkLgD

Hajl) Jrcludes
H-| g Ink_msp43092231.crnd
£ g msplab.c

T MSP430G2231 ool [Active]
B0 Temperature_Sense_Demo
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%
a’"

Link Files to Project 00"_;_’_

* Right-click on ‘msplab.c’ file and check the ‘Properties’
— See how the ‘Location’ parameter references the Linked Resource Variable

[B]x]|

Fog? o - [}
SN O E N ESN ORI e

Resource -
- Build Path: Il?ﬁsplah{msplah.c
5 MSP430 Campiler Type: Uitediile
Processar Optians Location: C55_WORKSHOP_LABWhsp_portable_projectisource_fileimsplab.c

Cintiizati
th.l:;gpl.?;ns R.esalved lacation: CiTILaunchPadimsp_partable _projectisource_fileimsplab,
Include Options Size: 1,151 bytes

LILP Advisar Last modified: april 4, 2012 12:16:22 PM
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Modifying Project Properties \Doir

* Right-click on the project and select ‘Properties’

* In the compiler ‘Include Options’, add the following entries to the list of include search paths:
—  ${CCS5_WORKSHOP_LAB}msp_portable_project\nheader_file

« ‘${<BUILD VARIABLE>} is the syntax to use a Build Variable in the project properties

SH|(=]E3

|I:':.-'|:|E.- Fil et bewt Include Options A= -
-- Resource
General
= Build Configuration: |De|:|u|;| [ Active ] [Manage Cu:unfiguratinns...]

= MSP430 Compiler
Frocessor Options
Optimization
Debug Options specify a preinclude file (--preinclude) & w) F 5l
i Include Options
- ULP Advisor

- Advanced Ciptions
[+ M5P430 Linker

- Debug

Add dir ko #include search pathl{ II'|C|LII:|EJ:IE||:|'| -I) = w2 -'i}| f}|
-’ IICCJE iy IIFI‘ SHC IF.T:E'IFH ) |||r|':||:|||- rojectiheader_File”
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| _ TS
Project Properties Doty

. Go to ‘Resource -> Linked Resources’ to see all the Linked Resource Path Variables that is available
to the project

— This will show all variables created at the project level and workspace level
« See the workspace level Linked Resource Path Variable that was created appears in the list

« Variables may be edited here but changes will only be recorded at the project level (stored in the
project files)

opertiesonmsplab | __J d]

Linked Resources = -
=~ Resource —ee
Linked Resources Path Variables | Linked Resources
Resource Filters Path varisbles specify locations in the file system, including other path variables with the synkax "${var}",
General The locations aof linked resources may be specified relative to these path variables,
=) Build Defined path wariables for resource 'msplab’s

= M5P430 Compiler

. [arne A Mew...
Processar Options
Optimization @ZSE_WORKSHOP_LP.B CATHLaunchPa

Debug Cptians == CC5_BASE_FCT T LCC5YS, 2,0,00047M5P cosvSiccs_based,
Include Cptions =TS _IMSTALL_ROOT CATHCCSYS, 2,0,0004 FMSP coswsh,
IULP Adwvisor [ == CE_TOOL_ROOT CATHCCSYS, 2,0,00047MEPY cosy S toolst compiler mspd 300,
+- Advanced Options [==ECLIPSE_HOME CATHCCSYS, 20,0004 7 MSP coswSheclipse),
+- MSP430 Linker [==PAREMNT _LOnC 1\ Tlhworkspaces\S2mMsP
Debug = PROJECT L i\ Tlhworkspaces\52MSPymsplab
= WORKSPACE_LOC i Thworkspaces\S2M3P
'/?' Show advanced settings [ 8] 4 ] [ Cancel
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Project Properties

TS,
Doy

The ‘Linked Resources’ tab will show all the files that have been linked to the project

— It will sort them by files linked with a variable and files linked with an absolute path

Fog? e - v
SN OTE T ESN OISy

Links can be modified here with the ‘Edit..." button
Links can be converted to use an absolute path with the ‘Convert...” button

J=1E3|

Linked Resources = -
= Resource —
Lirlzs) Plesrurees Path Variables | Linked Resources
Resource Filkers Linked resources in project 'msplab’;
General
= Build Resource Mame Location
= M3P430 Compiler = [ variable Relative Location
Processor Options L] msplab.c CC55_WORKSHOP_LABmsp_portable_projectsource_fileimsplab.
Optirizakion
Debug Options
Include Cptions
IILP Adwisor
+- Advanced Options
+1- MSP430 Linker
Debug
'ﬁjﬁl Show advanced settings [ K ] [ Cancel
i
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Project Properties

Go to ‘Build’ to see all the
Build Variables that is
available to the project

— Only project level

variables will be listed by
default

— Enable the “Show system
variables” checkbox to
see variables set at the
workspace and system
level

See how the workspace
level Build Variable that
was created appears in the
list

- L - "
L RTOpETEENORMEpla

= Resource
Linked Resources
Resource Filters
General
= Build
=I- M3P430 Compiler
Processor Cptions
Optirnization
Debug Options
Include Options
ULP Adwisor
+- Advanced Options
+- M5P430 Linker
Debug

5
'\‘?J' Show advanced settings

Build

Configuration:

Debug [ Active ]

= Buider | (& Behaviour | 2= Steps

e Type Yalues

CCS_BASE_ROOT Directory CTIICC S, 2.0, 0004 FMSP cosvS/cos_base

CCS_IMSTALL_ROOT  Directory C{TI/CCSYS,2.0,00047MIP cesvs

o5 _Macro Skring <ECLIPSE DYMAMIC WARIABLE =

Sl e T s Bl 101014 ISP s Skl
S5 WORKSHOP [AR  tring Pt T —

cdt_pathentry_var Skring <ECLIPSE DYMAMIC WARIABLE =

COTVersion Skring 5.3.2. 201202111925

C5_CLEAN_CMD String DEL JF

CiE_TOOL_AR File CTIICCSYS, 2,0, 0004 FMSP cosvStoolsf compil. ..

CiE_TOOL_CL File CTIICCSYS, 2,0, 0004 FMSP cosvStoolsf compil. ..

CiE_TOOL_HEX File CTIICCSYS, 2,0, 0004 FMSP cosvStoolsf compil. ..

CiE_TOOL_ROOT Directory CTIICCSYS, 2,0, 0004 FMSP cosvStoolsf compil. ..

CLASSPATH Skrineg List . || Z:\Program Files\Javaljérel.4.2_13\ibYext. ..

COM_TI_SDO_GRACE... String <ECLIPSE DYMAMIC WARIABLE =

CommonProgramFiles String Zt\Program FilesiCommon Files

COMPUTERMAME Skring TOROKISOOLAR

ComSpec String CHWINDOWS system32iomd. exe

ConfigDescription Skring

Confighlame String Debug

WD String A TlworkspacesiS2MSPimsplabiDebug

nnE_TMSTALL DTR Shrinn CACCShding wA Simak 17

%] Show syskem variables

See 'General' for changing kool versions and device settings

1ETS.
ool

[B]x]

- =

Manage Configurations. ..

og Varisbles | B Erwiranment | P Link Order || o[3 Dependencies

’ Restore Defaults ] ’

Apply ]

[

Ok

] [ Cancel ]
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Project vs Workspace Level Variables%

 The last few slides shows that ‘Linked Resource
Path Variables’ and ‘Build Variables’ can be set at
the project level

 This current lab set these variables at the
workspace level

* What is the benefit of setting these variables at
the workspace level instead of the project level?

Qj TEXAS
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Project vs Workspace Level Variables

* What is the benefit of setting these variables at
the workspace level instead of the project level?
— All projects can reuse the same variable (set it once)

— Do not need to modify the project!

« This is important for projects checked into source control and to
avoid constant checkouts so the project can be written to!

{L) TEXAS
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ULP (Ultra-Low Power) Advisor
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ULP (Ultra-Low Power) Advisor

« Guide developers to write more efficient code to fully utilize
the unique ULP features of MSP430.

» First true software-based teaching tool in the industry for
enabling customers to always write code with Ultra-Low
Power in mind.

Offers unique and not-easily-

discovered ULP tips and tricks. % i e
Customers will understand where T?l“f-*f =
they can improve their code line- == G
by-line for ULP performance. =T :

BETA available now

www.tl.com/ulpadvisor
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http://www.ti.com/ulpadvisor

ULP Advisor | Integrated SW

* |IDE Integration
— Comes with Code Composer Studio v5.2
— Pre-installed as a plug-in for IAR (coming April) e .,

SIAR
5

SIAR
NSTEMS

« Stand-alone version coming soon
— Support for other IDEs, such as Open Source MSPGCC

« Automatically enabled for new projects
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ULP Advisor | Operation

« Activated when compiling a project

« Scans through project’s code files against a ULP checklist
* Highlights ULP violations and reports in Problem View

ULP Remarks

o t—
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1) (et e
1) [ b e
QAR 5 1) Dot e
GAF % 1) Dmmctond dnte
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ULP Advisor | Wik

« Each remark provides:

Brief suggestion
Hyperlink to wiki with detailed information on the rule

 Customers can find:

Background information, why the rule is important
What ULP Advisor checked to issue this remark

Now that | know why and whether or not:
« what is wrong with my code or
» understand why my code intentionally consumes such power

Code examples

Videos

Tutorials

Links to relevant documentation

Leverages Tl's huge e2e online community.
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ULP Demo and Lab
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. .S
Import and Build ULP Demo Project \;50",

* Import ULP Demo project into the workspace
— Import -> Existing CCS Eclipse Project

— Project is located in:
« C:\ti\LaunchPad\ulp_demo

» Explore the one source file ‘ulp_demo.c’
* Build it

{i) TEXAS
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ULP Diagnostics ool

« ULP Diagnostics appear in problems view

 Maximize ‘Problems’ view

* Click on link to open advice window for that
diagnostic

* Experiment with the links

* Can position Advice window anywhere

Qj TEXAS
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2. Problems £ \ no ' T'
0 errors, 18 warnings, 4 others N
Description « 0 Resource Path Locatio

@ 6 ngings (18 items) C“Ck here!

= 1 Infos (4 items)
i #10371-[ (2 .1) Detected no uses of low power mode state changes using LPMx or _bis_SR_register() or __low_por ulp_demo
1 #1535-0TWULP 8.1) variable "const_local" is used as a constant. Recommend declaring variable as either 'static const' or ' ulp_demo.c  fulp_demo line 47
i #1539-D (ULP 11.1) Loop program control flow variable "flags_var" compared against higher bits. Recommend compare ulp_demo.c  julp_demo  line 72
i #1544-D (ULP 13.1) Detected loop counting up. Recommend loops count down as detecting zeros is easier ulp_demo.c  jfulp_demo line 88

'@ Advice 52
P

W

ULP Adyvisor > Rule 8.1 Use 'static' & 'const' modifiers for local variables

What it means

ULP MSP430™

In an MSP430 C function, local variables without any modifiers are dynamically allocated upon each function call. This Advisor | Ultri-Liow Power MCUs

requires additional code & RAM space and the impact increases depending on the function call frequency. On the other
hand, when declared as 'static', the variables are only generated once and remain available throughout the lifetime of the
application. This minimizes the amount of code needed to re-allocate/re-initialize the variables every time the function is T 2 =

invoked. Alternativelv, when the const modifier is used, the variable is stored as data in flash as part of the function, ULP Advisor Rule Table
hence requiring no further re-allocation for each function entry.

ULP 1.1 Ensure LPM usage
& . ULP 2.1 Leverage timer module for delav loops
Risks, Severity ULP 3.1 Use ISRs instead of flag polling

ULP 4.1 Terminate unused GPIOs
Using local variables without 'static' or 'const’ modifier requires additional code execution to reallocate & reinitialize the ULP 5.1 Avoid processing-intensive operations: modulo, divide.

variables each time the function is invoked. ULP 5.2 Avoid processing-intensive operations: floating point

ULP 5.3 Avoid processing-intensive operations: (s)printf{)
Why it is happening ULP 6.1 Avoid multiplication on devices without hardware multiplier
The project code contains a function with local variables that are not but can be declared with the 'static’ and/or 'const' ULP 7.1 Use local instead of global variables where possible
modifiers. ULP 8.1 Use 'static' & 'const' modifiers for local variables

ULP 9.1 Use pass by reference for large variables
ULP 10.1 Minimize function calls from within ISRs

Remedy ULP 11.1 Use lower bits for loop program control flow
i3 TEXAS
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Fix Rule 8.1 %”

* For function ulp_demo rule 8 1

 Static and const variables are preferred over plain
local variables
— Add static const before const local

» Make change directly

* Orcheat ...
— Change #define BREAK RULE 8 1t00

* Build

« Diagnostic about rule 8.1 no longer in problems
view
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Rule 8.1 — After Fix

4
41 // Demonstrate rule 8.1 - Use 'static' and 'const' modifiers for local

42 // wariables

4y
441int ulp demo rule 8 1)

45 {

46 static const int const_local = 10;

47 return const_local;

48 }

49

% Problems &2
0 errors, 18 warnings, 3 others
Description =
@ & Warnings (18 items)
= i Infos (3 items)
i #10371-D (ULP 1.1) Detected no uses of low power mode state changes using LPMx or _
i #1539-D (ULP 11.1) Loop program confrol flow variable "flags_var" compared against hi
i #1544-D (ULP 13.1) Detected loop counting up. Recommend loops count down as detec
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Fix Rule 11.1 ‘oir

* For function ulp_demo rule 11 1
 Change #defineF1...F4t01,2,4,8

— MSP430 can use those constant values cheaply
* Make change directly

* Orcheat ...
— Change #define BREAK RULE 11 1100

* Build

« Diagnostic about rule 11.1 no longer in problems
view
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Rule 11.1 — After Fix

51// Demonstrate rule 11.1 - Use lower hits for loop prograwm control flow

53 ##define F1 0Ox01
54 #define F2 0x02
55 #define F3 0Ox04
56 ##define F4 0Ox08

4]

) Q0

Sunsigned flags var = 0;
Svoid ulp demo rule 11 1()
0{

o

L

6
61 while (flags var & (F2 | F3))
62 do_some_processing():’

63 }

S Problems &2,
O errors, 18 warnings, 2 others
Description ~
= & Warnings (18 items)
= 1 Infos (2 items)
i #10371-D (ULP 1.1) Detected no uses of low power mode state changes using LPMx
i #1544-D (ULP 13.1) Detected loop counting up. Recommend loops count down as ch
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Fix Rule 13.1 oir

* For function ulp_demo rule 13 1

* Change to loop that counts from N-1to O
— Comparisons against O are cheaper

* Make change directly

* Orcheat ...
— Change #define BREAK RULE 13 1100

* Build

« Diagnostic about rule 13.1 no longer in problems
view
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Rule 13.1 — After Fix

B e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
70 // Demonstrate rule 13.1 - Count down in loops

A R
7Zwvoid ulp demo rule 13 1(int input)

734

74 int i:

75 for (i = input-1; i >= 0; i--)

76 do_some_processing():

77}

~o
fi=]

. Problems 2
0 errors, 18 warnings, 1 other
Description
® & Warnings (18 items)
= 1 Infos (1 item)
i #10371-D (ULP 1.1) Detected no uses of low power mode state changes using LPMx or

* Rule 1.1 problem remains
* Click the link to see related advice
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Importance of Rule 1.1

| @ Advice =

ULP Adyvisor > Rule 1.1 Ensure LPM Usage

What it means

Low power mode (LPM) usage is highly recommended. One of the necessary steps to achieve low power consumption in an
MSP430 application is to minimize the time spent active mode and maximize the time in low power modes. Peripherals can be
configured to operate without CPU intervention and the CPU only needs to wake up to perform critical tasks and quickly return
to low power mode.

Risks, Severity

An application that always stays in active mode is not energy efficient and could significantly reduce lifetime for battery-powered
applications.

Why it is happening
This remark is issued when no LPM-entering instruction can be found in any code file in the project.

Remedy

o Use low power modes in your application when applicable, i.e. while waiting for certain peripheral tasks to complete.
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Importance of Rule 1.1

 Remain in low power mode (LPM) as long as
possible

« Cannot run any code while in LPM
 Come out of LPM with an interrupt
* Primary technique for conserving power
* More details beyond scope of this demo
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What 1s Grace?

« Grace is a tool that allows you as an MSP430
developer to generate the peripheral’s set up
code within minutes

i i void ADC10 init {void]
I want to use the ADC10 ’ - ‘ ( 2
.+ Introduction % | —— 17 .ﬁTI:-|::1|:|:::TL|:| &= ---;Im:
reneiam /M“‘_ 4 g /* Control Regis
The ADC10 module suppor E \ e = ADC10CTLO = ADC1
The DTC allows ADC10 i <2 B i

st w2 /% Control Regis
Enable peripherals with a Interactive elements for Generates fully-commented,

single click peripheral configuration easy-to-read C code
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Grace

* Fully harness MSP430 MCUs integrated analog
and digital peripherals with Grace Software

» Grace software supports all MSP430F2xx and
G2xx Value Line MCU devices

« Seamless integration into Tl's eclipse-based Code
Composer Studio v5 software
— Grace comes with Code Composer Studio v5

J{) TEXAS
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Create a New (Grace) Project oir

Start the Project Wizard
— Select ‘New Project’ on the Welcome
page

Fill in the fields as shown on the right

— Select the ‘Blink LED from the CPU’
template under ‘Grace Examples’

Select ‘Finish’ when done

~ New OS5 Project (=1 E3)
-

CCS Project r

-
Create a new CC5 Project, i

Project name: | blinkLED_grace

Qukpuk bvpe: | Executable

Use defaulk lacation

Device
Farnily: M3P430
Wariank: <select or bype filker text> M3P430G2251

Cannection: | TI MSP430 USEL [Default]

¥ Advanced settings

* Project templates and examples

Minimal GPTO example that sinnply togales the
= LED an P1.0 &k approcdmately 4Hz {assuming
& Empty Assenmbly-only Project a D setting of 1 MHz).

£ Empty RTSC Project
B ETPLY ! Try changing the DCO ar the example's delay

_ £ Emply Grace (MSP430) Project tine and observe the affect on the LED's blink.
=I||=| Basic Examples rate.
£ Blink The LED " - - |
= amy more peripheral-specific examples are
b= Hello World available in the Grace Examples section of the
=I+|=| Grace Examples TI Resource Explorer {accessed via the View
= _ | | -=TI Resaurce Explarer renu),
oy
'\1?_,' l ek = ] [ Finish D\g l Cancel
13 TEXAS
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Grace — Configurat

lon File

W rre Edi el Fl 3 . . |
S CES b T IS e ra cel e s g o e o oS e st o J J a
File Edit Wiew MNavigate Project Run  Scripts  Window  Help
- i R =R T %5 CCsDebug | B3 cosEdie |
I Project Explorer 52 = <}=='g> =04 led.cfg 52 =0 EE outlne 23 | = | = ¥ =0
s T
= blinkLED
- i
= '@; blinkLEL_grac 4l Grace - Welcome W @ type Filker text
1 Inchad &
¥ Includes [Device Crverview ] ’System Reqgisters @ BCSplus
[£] led.c
Ink, 43092231 .cnd ® ciL
+ .
£ T_msptatgz2al.om ~ Introduction @ Grio
S led.cfg [Grace] @ Program
makefile defs The Grace tool is a plug-in to Code Composer Studio that allows wou as an MSP4350 developer to generate d
. peripheral set up code within minutes, Along with each peripheral module, bypical application use cases are ® system
%] M3IP430G2231.coxml [Ackive] . . A ;
s provided, Each of these consist of easy-to-follow steps For initial set up of the peripherals as well as ready-to- @ WDTplus
= Temperature_Sense_Demo use code snippets For peripheral runtime contral that can be copied straight into wour application.
« Getting Started + More Information
1. Click on the Device Cverview button to see the *  Additional information an how to use Grace can
peripheral modules available For configuration be Found on the Grace Wik
{depicted in biue) # In-depth peripheral specific information is
2. Click on the peripheral module you want ko available in the MIP430 Family User's Guide
configure
3. Follow the use case instructions or Freely * Grace Product Release Motes
configure your device *  Plaase posk vour questions and feedback to
Mote: ‘ou can copy example code From any
e . the MSP430 E2E Forum
use case by selecting the text and using the
right-click context menu and paste directly inko
wour application
4, Zelect Project - = Build All to build wour
project or press the Debug icon to build and
lnad wour project onto your connected kargek
device
Grace | Source
[21 Problems 52 = = B | i= avaiable Producks £3 =08
0 items -
Descripkion Resource Path bype Fileer teict
=4 Grace (MSP430)
o CsL
@. Peripherals
=235 ¥DCkools
# Diagrostics
[i Memory Management
Synchronization
< | ©@ n | 8 =
0* . Licensed
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- | 3
Grace — Building/Running the Example \lu\olf

« Build and load the Grace example using the ‘Debug’
button
— HINT: Make sure the new grace example project is in focus

* Run the example =»

« LED1 should be blinking
— Note the blink rate

« Terminate the debug session = and return to the ‘CCS
Edit’ perspective
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Grace — Modifying the Example uo:r

« Let’s change the blink rate. How?

— Modify the source code... or
— Tweak register values... or..
— Use Grace to change the clock value!

* Inthe ‘led.cfqg’ file, select the ‘Device Overview’ button to
see the peripheral modules available for configuration

i3 TEXAs
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Grace — Modifying the Configuration

"y T e
we 0T Edir - Ul EED oy

File  Edit

Wiew MNawigate Projeck Run Scripks

rs - R g e
|.—[\3Proje-:t Explorer &3 = <fg> ~ =08
1= blinkLED

= LM;; blinkLED_grace [Active - Debug]
#c;b Binaties

[ Includes

== Debug

= src

(2] led.c

g Ink_msp43002231.cond

|2, led.cfg [Grace]

| @ makefile.defs

[T MSP430G2231. coxml [Ackive]

'[zi—(; Temperature_Sense_Dema

[ B

%] i |

- Licensed

Sl efd - Coda Cupiuoasy dindio

Window  Help

s o
A ledcfg B2 [£] led.c =08
) Grag% - Welcome & @

wakem Registers

( Device Crwverview
D

= Introduction

The Grace toolis a plug-in to Code Composer Studio that allows wou as an M3P430 developer to generate
petipheral sek up cade within minutes, Along with 2ach peripheral module, typical application use cases are
provided, Each of these consist of easy-to-follow steps For initial set up of the peripherals as well as ready-to-
use code snippets For peripheral runtime control that can be copied straight into wour application.

« Getting Started + More Information

Additional information on how ko use Grace can
be Found on the Grace Wiki

# In-depth peripheral specific information is
available in the MSP430 Family Uset's Guide

1. Click on the Device Crverviews button to see the .
peripheral modules available For configuration
{depicted in blus)

2. Click. on the peripheral module vou want ta
configure

3. Follow the use case instructions or Freely ® Grace Product Release Motes
configure your device

Mote: You can copy example code From any
use case by selecting the text and using the
right-click context menu and paste directly into

your application

4, Select Project - > Build Al to build yvour
project ar press the Debug icon to build and
lnad vour project onto your connected target

® Please post vour quastions and Feedback to
the MSP430 EZE Forum

device
Grace | Source
El consale 52 Erpl #BE-5- 0O E‘._\‘ Praoblems &3 =
blinkLED _grace 0 errars, S warnings, 4 others
HM3P43530: Program loaded. Code 3ize — Text: Z9Z Description

hytes Data: 2 bytes.

& Wéarnings (8 items)
i Infos (4 items)

R

[ % CCsDebua | [ ccsedt |

O | & available Products 52

& =1E

5= Qutline 52 EE| =~ =08

tvpe filker bext

@ BCSplus
@ 5L
@ GPIo
@ Program
@ System
@ WhTplus

=08

type Filber bext

(=4 Grace (M3P430)
ah CsL
@ Petipherals
=334 ¥DCkools
# Diagnostics
m Mernory Management
ﬁ Synchronization
)

el —

3 TEXAS
INSTRUMENTS




. . ETS.
Grace — Device Overview “oiT’
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Grace — BCS+ Overview

2 led.cfg 22 ] led.c

& BCS+ - Overview

Overview - This view describes the
< Basic User } Paower User ] [ Registers ] peripheral and shows you the most
important use cases for it

EnableClod Select the ‘Basic User’ mode to

~ ntroductid configure the clock frequency

The basic clock module+ (BCS+) supports low system cost and ultra low-power consurnpkion, Using three internal clock signals, the user can select the best balance of performance and low power

consurnpkion. The BCS+ can be configured bo operate without any external components, with one external resistar, with one or bwo external crystals, or with resonators, under Full software

conkrol,

The BC3+ incorporates an oscillakor-Fault Fail-safe Feature which detects an oscillator Fault For LFXT1 and xT2, The crystal oscillator Fault bits, LFXT10F and #TZ0F, are set if the corresponding
crystal oscillator is turned on and not operating propetly, The Fadlt bits remain set as long as the Faulk condition exists and are automatically cleared if the enabled oscillators Function normally.

The OFIFG oscillator-Fault Flag is set when an oscillabor Fault (LFXT1OF or XT20F) is detected, IF OFIE is set, the OFIFG requests an NMI interrupt, When the interrupt is granted, the OFIE is reset

automatically, The OFIFG Flag must be cleared by software, The source of the Fadlt can be identified by checking the individual Fault bits,
I a Fault is detected For the crystal oscillator sourcing the MCLE, the MCLK is automatically switched to the DCO Far its clack source,

+ Use-Case: Oscillator Fault Handling

Grace Configuration:

1. Enable BC5+ and select the Power User View

2. Configure low speed external clock source 1 with 32, 768kHz external crvstal and external high speed external clock source 2 appropriately
3. Seleck T2CLE For both MCLE and SMCLE clock sources

4,  Enable the Oscillator Faulk Interrupt and specify the name of the Interrupt handler, e.q. MMIISRHandler

User Code:

S MMI (05C Faultc) Interrupt Handler
void NMIIZPHandler (void)

{
Ff HKTLAETE Failure Detected
dao |
IFGl &= ~0FIFG; ff Clear 05C Fault flag
_delay cycles {50000} FF Time for flag Lo set again
} while (IFGl & OFIFG); ff Loop while 03C Fault flag is set
IEl |= OFIE: £ re-enable osc fault interrupt
}

¢ Use-Case: Dscillator Fault interrupt handling checks the source of oscillator Fault flag (XT1/XT2) set

Grace |BCS+ 27 | Source
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This view includes most of
the configuration settings
that most users will need

Change the frequency of the
‘High Speed Clock Source’
from 1 MHz to 200 kHz

Save the led.cfqg file

= led.cfg 22 [£] led.c

Grace — BCS+ Basic User Mode

& BCS+ - Basic User Mode

Overview

[ Pawer User ”

Reqisters ]

High Speed Clock Source
Seled calibrated

frequency Cuskom D

Lo
< manually configure* | 200,477
[ —

—

kH=z

—

—————
" Manually con iguring the frequency
can resultin a +-10 % frequency
deiation

Low Speed Clock Source**

Select available 17 kHz
preset frequency

ar

manualy configurs

CPU
200,458 kHz

High-Speed Perpherals
200.48 kHz

v

kH=z

** Thiz setting uses an intemal lowfreguency
osdllator. Frequency can vary between 4kHz o

20kHz. See gpedfic device datashest.

LowSpeed Peripherals
12 kHz
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Grace — BCS+ Power User Mode

4 led.cfg i3 [ ] ted.c
H BCS+ - Power User Mode

[ Overview ] [ Easic User ]

Configure Clock Source

Internal High Speed Clock Source

Internal DCO™ 200,477 kHz
Pre-calibrated DCO Values | Custam

Disable DCO ]

-
Low Speed External Clock Source 1

Select Clock Source®* 12 kHz
Tl kHz
Ink. Load EFf. Capacitance

Excternal Digital Source ]

System Start-up Delay™ 0.0/ ms

** Thig setting uses anintemal lowfrequency
Grace |BCS+ EY | Source

Power User Mode. This view

, includes all the configuration

settings of the peripheral

Select Clock Source

Clock Source Divicler MainSystem Clock MCLK)
— DCOCLE Divide by 1 200,48 kHz
Output MCLK

Clock Source Divicler Sub Sygtem Clock (SMCLK)
— DCocLk Divide by 1 200,48 kHz
Output SMCLK —————— SMCLK Qukput OFF

Clack Source from Divider Auxiliary Clock (ACLI)

Low Speed External — 12 kH
Clock Source 1 Divide by 1 =
Output ACLK  ————— ArLK Qukput OFF

Oscillator Fault Interrupt Enable O
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Grace — BCS+ Register Controls

& lediefg 22 [£] ledic
49 BCS+ - Register Controls

[

Overvie ] [

Basic User

H Power Lser ]

DCOCTL, DCO Control Register

Register Controls. This view depicts the
peripheral's control registers and

: g . . ; 2 individual bit settings.
DCOx MO
Ll Ll Ld Ll
ECSCTL1, Basic Clock System Control Register 1
7 -] 5 4 3 2 1 a
XT20FF TS DA RSELs
Divide by 1 [ | [ O O
ECSCTLZ, Basic Clock System Control Register 2
7 -] 5 4 3 2 1 a
SELM= Dl x SELS DivEx DCOR
pooctk [ | owideby 1t [ | O | oividety1 [
BECSCTL3, Basic Clock System Control Register 3
7 -] 5 4 3 2 1 a
HT25x LFXT1S= HCAPR NT20F LFXT10F
D4-tmH [ |wock | ~6pF B = R

[E1, Interrupt Enable Register 1

7 ]

5 4

<]

[FG1, Interrupt Flag Register 1

T ]

5 4

Grace |BCS+ BT | Source
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Grace

1S,
Doy

* Rebuild and reload the Grace example using the ‘Debug’

button *

— HINT: Make sure the new Grace example project is in focus

* Run the example *
« LED1 should be blinking

— Note that new blink rate is 5x slower
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