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void main(void)
{
WDT_init(); // initialize Watchdog Timer
while(1)
{
__bis_SR _register(LPM3_bits + GIE); // ik A\ LPM3, i FH o iy
activeMode(): IBEX g5
}
}

#pragma vector=WDT_VECTOR
__interrupt void watchdog_timer (void)
{
__bic_SR _register_on_exit(LPM3_bits); // %= i (1) I [H]1 A O(SR) 35 Fax LPM3 47, i H1 LPM3,
I HENGBATARE
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%9 CCS Edit - Tl Resource Explorer - Code Composer Studio
Fia EOE Vi Nevoas Priect R Suds WA Heb =
2 e : CCS Project ]
o LR Rypvee,
it | Packages: [wicome B oevies: i Create a new CCS5 Project,
e
Welcome to Code Composer Studio v5
Viouiooir rfng this jago’igr ot any teia by selocthng Wolione from te Waks movit
Project narne: |Iab-1 |
<~ Highlights =
Qutput bype:; |Executable “ |
S i e A R
naw project for & spacific davice.
b b L o Aasoacx Raiooar 2
e o Systamnn [“]use default location
* Welcome to Grace
Lozati \Dacuments and S Evlpal Browss..,
Getting Started
Device
Farmily: [MSP430 P |
Wariant: |MSP4SDGxxx Farnily | | MSP430G2231 \r:l
Connection; | TI M3P430 USB1 [Default] |

p Advanced settings

= Project kemplates and examples

Toggle P1.0 by xor'ing P1.0inside of a

|I vpe filter text
software loop,

[ Empty Project ol
E Empty Assermbly-only Project
[ Empty RTSC Project

| Emply Grace (MSP430) Project

=t E Basic Examples
B2 Elink The LED
o[ Hello waorld

i#-[Z] Grace Examples —

@ = Back MExE = [ Finish J [ Cancel ]
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% C/C++ - Lab_3_soln.c - Code Composer Studio (Licensed)
File Edit View Navigate |Project Target Tools 5

BRI R

Window Help

MALIIA S CIC+H+ T H

A

T HL ]
« PHATIH )
L

i)
o @ALAE A

B 35 Debug ‘@ C/C++ |

o TIFIUH AR AR

AR WEL RE

BE S = = v i =il
(B ¢/ C++ Projects 12 | L&| Flash_the_LED.C ‘ [€ Lab_3_soln.c % = O || 3= outline 53 | =0
o E | IntDegC = ((temp — 1855) * 667) / 4036; 5 laz & ‘G'E e~
& 1‘% Flash_the_LED format_temperature string(IntDegl, 'C'): [T] msp‘l_BDxE_4)f7-\h
15 Lab_2 7 o = B hal_ucs.h
£ &5 Lab_3 [Active - Lab 3] T (9/5)*Te + 32 U halpmMmvb o
i : i om
® ? Binaries IntDegF = ((temp - 1855) * 1199} / 4096 + 32; ™ hal_usg.h
& (2 Icludes format_temperature_string (IntDegF, 'F'): - ¢ STATUS_PASS
@ (= S HAL _ no_operation(); @———— /{ SET BREBKPOINT EERE L. # STATUS_FALL
E = Lab 3 -3 USB_STRING_LEM
& [8 Lab_3_soln.c /¥ lize ser communicakion module to send data over USB #/ L. # Ctens IJﬁ H j(QIiJ
B s e halUsbInit (); i o N -
[3] MSP430F5438A.coml [Active] T b 2 ok e e o L@ C_ones
lab_disclaimer.txt A enrS LR gL ok it g [INNSE = el . . - # F_hundreds
halUsbShutDown () ; // Shut down USB to enter sleej]
: ] Ink_msp430f5438a.cmd -# F_tens
+C
-l Lab_4 _ delay cycles(2200000); /{ Delay 2 seconds ! # F_ones
3 & Lab 5 1 = ++ halBoardinit
w5 Lab_6 3 ++ halADCInit
e -+ format_temperature_st
unsigned char format temperature spring(unsigned int degrees, unsigned chal @ USB_string
¢ . @Y temp
unsigned char hundreds = '0'; /f Init to '"0' to code in ASCI W
nnsigned char tens = '0';
i = i@ format_temperature_st
unsigned char ones = '0'; i
nnsigned char status = STATUS_PAES; - @ halBoardinit
- @ halADCInit
while (degrees >= 100){ ' place
hundreds++;
degrees -= 100; v
i i |
= 10 || E Problems 52 | » ¥ =0
Lab_3 [Project Debug Session] TI M5P430 USB1/MSP43 0 errors, 0 warnings, 0 infos
m = i | B - Description = Resource
M5P430: Program loaded. Code Size - Tex! P P
N
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e
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CCS

T 1 — A A R

B IUH R

% Debug - Lab_3_soln.c - Code Composer Studio (Licensed)

File Edit View Navigate Project Target Tools

H b il
* L)

. fFk

. B
i i

o HERG BRI

AL IR CIC++
T H LA

et S R TG FEL O B U AT )
s L
FUNE B EE

Lab [ ro it Neb Session] Bl MSEEKELSBUMGR D CL29 06

IMSP430: Program loaded. 42 b

Code Size — Text: Data: 32 bytes

[>

| €

nv B R

B K

AR 7
o SEINWT A TR L R

SE . RGEN MSP430 {5

o [NfE. RAM. 15 H B n)

BRI eEE s 8- ZE IR el 77| %5 Debug | T cioe+
HrDrebugsi H— O 222 % @ o @~ & B 7 T O||e-Locl (1) i | Watch (4)| Breakpoints| @ e |
= &, Lab_3 [Lab 3] - TI MSP430 USB1/MSP430 [Project Debug Session] Mame Value Address Type
=4 Device - IntDegC 364 0%58F8 unsigned int
=-of* Thread [main] {Suspended) - IntDegF 687 0%5BFA unsigned int
= 0 main() at Lab_3_soln.c:71 0x05d06
H = 1 c_int00_noexit() at boot.c:139 0x05¢26
o TIMSP430 USB1/MSP430 (1:29:46 PM)
! .ﬁ TIMSP430 USB1/MSP430: CIO (1:29:46 PM) r | 3
[l Flash_the LED.c | [g Lab_3_soln.c 52 | = O || i Registers (1)... 2 |Memory( D mbly ... |=':' im|
64 IntDegC = ((vemp — 1855) = 667) / 4096: A B e
ii format temperature string(IntDegC, 'C'}): Grid Layout . E!
6’ // Temperature in Fahrenheit & it Core Registers |
&z ff TE = (9/5)*Tc + 32 Wi PC=0x005006 W16} SP=0x005BF8
€9 IntDegF = (({vemp — 1855) * 1198} / 4096 + 32; "¢ SR=0x0000 W18l R3=0%000000
70 format temperature string(IntDegF, "F'): il R4=0x002004 Wet RS=0%000007
w71 __no operation(); ® /{ SET BREAREOINT HERE i R6=0x0051B1 i1 R7=0x07E881
2 i RE=Dx0E3722 15 RO=0X0CF5EL =
73 /% Initialize serial communication modple to send data over USE =/ e B 0=0x000000 W R11=0X0BFAFS
ke :izzizzizs(zingcmsa string[0],USB STRING LEN+2) diit R12=0x000001 it R13=0x000045 ‘E‘
= a i, ul. = 2): = eh iE = 110 1 [IRRY
76 nallsbSaucDown () ; £ mode s i O o WAT ARV IR
77 — || = & ADC12
_ delay cycles{2200000); // Delay 2 seconds ® S CRC16 .
¥ & i DMA o 7 VI 4 AN
' e S 44 1
& B3t MPY_16__Multiplier__16_Bi
pigned int degrees, unsigned char c_or f) & & MPY 32 Multiplier__32_8i
igned char hundreds = '0' T i e & W Port_A
uns'{gne char hundreds = H /¢ Init to '0' to code in ASCII & 5% port 1.2
ansigned char tens = '0'; AR
unsigned char ones = '0'; ¥ B war POrt_8 LM
Wl




LAB -1 1§ ULP Advisor
- iR H

& LLP Advisor™

File Edit i Pate  Project  Run Scripts  Window  Help
* v The Ultra-Low-Power Advisor™ {ULP Advisar™) checks For ultra low power best practices, Checking is 3 = 3 1 1= o
\y enabled by defaulk, Advice is grouped within the Problems view window under the Infos categary, N i A T Q : LA LE L e

. = 0 i
To change LLP Advisor™ settings, go to Project = Properties = Build > M3P430 Compiler > ULP Advisor™ I-T:l Project Explorer &3 l H Q;D = @ TI Resaurce Explorer w_

glab—l 1 AR AR AR TR AT ATAATS

20 M3P430 Blink the LED In

3/

4 // Deascription; Toggle P1

[loa not shaw this again ‘ 5// ACLE = nfa, MCLE = 3MC

[

T HSP430x5:
g8/ 0 mememe e
= AR

10/ [

114/ -—|RET

1z /ff |

13 /4 |

14 //

15// J. Stevenson

16/ Texas Instruments, Inc

17/ July 2011

18/ Built with Code Composh

19 f‘fﬁﬂ‘ﬁﬁﬁﬁﬁﬁﬂ‘ﬁﬁﬁﬁﬁﬁﬂ‘ﬁﬁﬁﬁﬁﬁﬂ‘ﬁ

For option details, go to Help = Help Contents = MSP430 Optimizing CjC++ Compiler User Guide

Far ULP Advisor™ rule details, visit htbp: S fwem, i comfulpadvisar,

20

21 #include <mspd430.h>

22

23 int main (void)

24 WDTCTL = WDTFW + WDTHC
25 PI1DIR |= 0Ox01:

26

27 fori(;:) {

28 rvolatile unsigned :
29

30 F1QUT *~= 0Ox01;

31

32 i = 10000;

O s




LAB -1 1/ ULP Advisor
&% ULP Advisor ALy & )

Hinclude <m=p330. k=

dnt maini(wroid) 1
WMLTZTL =

WD TPW + WDTHOLD:
P1DIER | =

Stop watchdoog Timer
O=x0O1 -

Set Pl.0 o output direcition
Eoxr (s 2] i

rvrolatile un=signed int

srolatile o prevwvwent optCimi=zasation
P1oOOT = 0Oxx0O1:

i = 10000:
Ao i—— -

while (i

Toggle 1.0 using exoclusiwee—0OR

ST Dielasy

= i Infos (2 itemns)

1 #10371-D (ULP 1.1) Detected no uses of low power mode state changes using LPMx or _bis_SR_register() or

lab-1

__low_power_mode_x() in this project,
1 #10372-D (ULP 4.1) Detected uninitialized Part 2 in this project, Recommend initializing all unused ports to eliminate wasted current consurmption on unused pins. lab-1

INSTRUMENTS




LAB -1 4§ F§ ULP Advisor
VHEE ULP $RZE LUFTh4E T[4 100 %!

Z21l#include <m=pdi0.h>

22

23 int main{void)
WD TCTL WOTFW + WDTHOLD: 4 Btop watchdog timer
P1DIE |= EBITO: JAPL.0 Zet as output
BC3CTLS = LFET13 2 4 LFET1 = VLo

F1D IR O0xFF; Sfoonfigure unused pins to SaVe poOwWer
P1oOUT O=00;
PZDIR OxFF;
PZOUT O=00;

WDTCTL wDpT ADLY z250;
IE1 |= WDTIE:

__enable interrupti]:
LPM3;

41 #pragma vector = WDT VECTOR

4z interrupt void WDT TSR (void)

43 1

44 P1OUT “= 0Ox01; A Toggle P1.0 using exclusive-0R
45}

INSTRUMENTS




LAB -1 {§F§ ULP Advisor
# MR —4 CCS T H

% C/C++ - Flash_the_LED.c - Code Composer Studio (Licensed)

File Edit View Navigate Project Target Tools Window Help
' s E il SR i M Ol B % Debug | c/c++ |
|G c/C++ Projects 2 | Taalhiet Conﬁgurat'mnsi =Ei| | [€] Flash_the_LED.c &2 | =0
2| B & 7| 23°void main(veiq) A
- - Y =
= FHash_the LEQY [Active - Debug
- b St L 1 25 WDTCTL = WDTPW + WDTHOLD: [/ Hold WDT for clock/p
w4 Binaries G
. ] e
# (2 Includes 27  P1OUT = 0x00;
&= Debug 22 PIDIR |= BITO; // Enable LCD output
#- € Flashghe LED.C 24
v 30 WDICTL = WDT_ADLY 1000; // WDT source by ACLE,
31 SFRIE1 |= WDTIE; // Enable WDT interrapt
33 __enable interrupti):; [/ Enable global interr
34 % =
36 // Watchdog Timer interrupt service routine
37 #pramma vector = WDT VECTOR L
< | 3
2 Console X = [ || B! Problems 32 ¥ 70|
<terminated> Flash_the LED [Project Debug Sessiol 0 errors, ?_\ygf_r]_i_r_]&gz_o_:l_lj}qu
| RSBl 2 E-H Description = Re
uBUGn H%Z%ﬁﬁg#/ﬁ M5P430: Program loaded. Code Size -
=
— A »,
) YR IR B
!
< - | B |s | 3|
M | :

WS s




LAB -1 {§F§ ULP Advisor
BT &Z1E—~ CCS i H

% Debug - Flash_the_ LED.c - Code Composer Studio (Licensed)

LX)

File Edit Wiew MNavigate Project Target Tools £
= o= iEm TR T 1 : H 1 R B = £ ®
RE(HaE8 % Q- 79l & & -
[ 3% Debug 2 i T 3 I
o g Flash_the_LED [Debug] - TI MSP430 USB1/MSP430 [Project Debug
=1 Device
| | SUSpended)
w A ///7—:, — : ~= 0 main() at Flash_the_LED.c:25 0x05c2¢
1— : = 1 ¢_int00_noinit_noexit() at boot.c:154 0x05cle « , /7
cop TIMSP430 USBL/MSP430 (11:38:47 AM) ,2\? H ﬁﬁ
.p TIMSP430 USB1/MSP430: CIO (11:38:47 AM)
i [¢ Flash_the LED.c 2 i = Disassembly (main) 22 I
23%void main(void) e ‘ | Enter location here v| [&
|t = maini Al
i{#l25  WDICTL = WDTEW + WDTHOLD; £ ® 0x05cZc:  40B2 5480 015C MOV.W  #0x5a80, sWatchdog Timer
= 0x05c32: 43C2 0202 CLR.B &Port_1_2 Fl1OUT
27 F1lOUT = Ox00; 0x05c36:  D3D2 0204 BIS.B  #1,sPort 1 2 PIDIR
23 P1DIR |= BITO: 0x05c3a: 40B2 5A3C 015C MOV.W  40x5a3c, sWatchdog Timer
29 0x05c40: D382 0100 BI5S.W #1,s5FR_ Special Functis
30 WDICTL = WDT ADLY 1000; i Ox05cd4d: D232 EINT
31 S5FRIEl |= WLDTIE: v Ox05c4a: 0110 RETR
32 _system pre init:
ic enable interrupt(); i 0x05cdE: 431C MOV.W  #1,R12 o
34 ¥ - = Ox05cda: 0110 RETA
35 CSSEXIT, abort:
36 // Watchdog Timer interrupt sService routine g 0x05cdc: 4303 NoOE
37 #pragma vector = WDT VECTIOR C4LL:
= 4 = s = 0x05cde: 3FFF JHP {C&L1)
8% idinterrupt wvoid WDT ISR (void)
o = i _nop: 2
[ | > < J 3 |
2 Console X X 5 a2 e i ':'E”
Flash_the_LED [Project Debug Session] TI MSP430 USB1/MSP430 (11:38:47 AM) .
MSP430: Program loaded. Code Size — Text: B2 bytes Data: 4 bytes A
W
0 e

WS s
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msPezon. uap I IR (Wolverl ne):” M5tIn ﬁ
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i3 TEXAS
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p b3 v
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o FEEEE THRL M —Ib{REFRTHFELFE

>R %t — FRAM - R EIERROFHERER, HSMRETRT 250 &
sScIp T T 5446 o I&fE% RAM BIERES REM
A9 14 BE o LFEFZIREIBFES RERZ 100% Sk

. BT SURTHER AR ARE R
ERT . ERAN RGN B SN RRE
MSP430™ g o VRS EREIE R
FRERS . REMREET R AREMRLIFE T

RIKRY =43 =4 3d: =439:
frifes il BT Mg
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CZRARBIF A EBRNE

o TIEIKITT 130nm TZET8
o £180nm IZF1 AT, ¥IE4RMARE T EIR
HHRIEM SRR AR RIIFEN IR ER
o FRT MEAFESLE, HASR:
o 10 £5 A1) H L FR AR 0 IR
15% [¥iz4T DFERE IR
FEATARNEL S N I UR 2 — M PR D R 1

o ZEMRIHBAEAEIE TSR (Wolverine) 1) 284412
FER 2 RIS 3E 4 7= i PR 5 A5 A 1

f5lan. BN\ 13kB it

NFEEHE
6600pW

FRAM B ¥
27TuW
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Tl * %HU%E” (Wolverine) ThLaﬁEﬁE’JIﬁﬁ% —

TN HE

nano Amps

Standby Current (nA)

=K
WThiE
(360nA)

E{TIIFE
I (100uA/MH2z)

CompA CompC CompB

"Wolverine"

Comp A CompB CompC "Wolverine"

s Analog-to-Digital Converter

A =

;.

0.8 -

0.6 -

0.4 ~

Figure of Merit (FOM)

0.2~

0

=Ky
SMEThEE
(75uA)

Comn B

BRIRE: TI 2AHEERSE
"Wolverine" PNl
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LAB -2 {fif] MSP-EXP430FR5739 OBE Demo
PREAR: JFAE RN AL

o 4 PR
— F% FRAM 5 AR
— WA EAL
— T RAE A g A 2
— AR A R A A A =
o A S1aEFE—ME, FHATH S2 Dl Nz
o YLTERMEIICE, il S2 LIRS BoR 5 UART
o WFFIBHIFRPIER, R S1
o WHRPEMHBEEA—AEIEHE P
— ...OBE\ FRAM_GUIFRAM_GUl.exe

{y TEXAS
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LAB -2 {#ifH MSP-EXP430FR5739 OBE Demo
VRMR: JHAEE AR AL

MCUTTTFRAM \ FRAM_GUINFRAM_GUl.exe

F FRAM_GUI

| FRAM User Experience Demo

L - \

200 1200 / LAM h-spead write test 800 1200

FRAM @ e i Flash®

kB/s N kB/s

2000

1828.499 kB/s 9.456 kB/s

f’;.; FRAM Experimenter's Board i3 Texas
\72¥ MSEP-EXP430FR5739 INSTRUMENTS

FRAM 5 \# & 15 BN B N B
LED BREF

i3 TExAS
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LAB -2 {fif] MSP-EXP430FR5739 OBE Demo
PREAR: JFAE RN AL

|

Wit LTI FRAM_GUl.exe

LY N E AN ]

P i B Mode 1. Wl FRAM # & (FRA7: kB/s)
HIUL: EFE Mode 2. WG FLHINAF 3 E (CHLA7: kB/s)
FHP: EEE Mode3. Ky JRMCE T — MK, DIESEA mode 3 Z B i FLE TR
HNE: Y FR5739 7EiaAT Had s R AR N, 0 r g AR URHS B 1 1) GUI Bk
0 EFE Mode 4. MMZE TR EE_EFH R FET) LED J77)

& B B

1]

T NFSE SR

i3 TExAS
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LAB -2 {§F MSP-EXP430FR5739 OBE Demo
FIH GUI BT ER S

o GUIZIEDIREMER, FEA G
— M www.java.com PG N &I Java iAs
— R LB TA] !
o GUI MNERERY et (LED/ AN H)
— PC HJIEJE 252 m GUI 1 il 8 2
— BEPEREIA AT R (FPS) s O
— AEIKT 25fps HIRIBr R A E M A AR S T CPU BEl
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