EAAHNIKH AHMOKPATIA
ITANEITIETHMIO IQANNINQN
£XOAH [TAHPO®OPIKHE & THAEMIKOINQNION

LZ3"™) TMHMA TTIAHPO®OPIKHE
; & THAENIKOINQNIQN

MaObnpa 3°

Avaokotmnon MiKpoeAEyKTWV

Evowpatwuéva Zvotnpata
AiSdokov: [pnyoplog Aovpevng

ASaktiko YAwko: I'pnyoprog Aovpévng, NikoAaog lNavvakeag, lwdvvng MaockAafavog




AplOunTIKd cvoTnuATA

» H Bdon evog aplbpov givat évag oVUBOALGHOC LEGW TOV OTIO(0V T
oLuBoAa eEKAaUBAVOUV SLAQPOPETIKEC APLOUNTIKEC TIUEC

®» AvdAoya pe tnv faon Tov aplOuntikoy cUCTIUATOS TO
«11» onpaivel:

® 'Evreka yla aplOuntiko cvotnpo pe faon deka

®» Tola ylo aplOuntiko cvotnua e Baon to SVo

B AEKAETITA YLo aplOUNTIKO cVOTN O PE BAoT TO SEKAEEL
- nnn
®» H tiun evog aplbuov oto aplduntiko cvotnua pe Baon tov Sk
OVATIOPLOTATOL WG EENG:
1234,, = 1x103 + 2x10% + 3x101 + 4x10°
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AplOunTIKd cvoTnuATA
AeKaeEAOIKO

® ['lati AskaeEadiko aplOuntiko cvoTnua?

®» H Baoikn SuokoAla Tov avakVUTITEL ATtO TO SLASIKO CUO TN
ATIOPPEEL ATIO TO YEYOVOG OTL TO SUASIKO CVGTNUA ELVAL «PAVAPO»

» ['la va avamapaoctabet o aplOpog 202, 0to aplOunTiko ocVOTNUA LE
Bdaomn to 2 (bvadikog) amattovvtal 8 Svadika Ymeia

®» Ev To §eKadIKO OUOTN U TOV AVATIAPLOTA LOVO LE 3 Sekadika
Ynela Kal dpo TEPLOGOTEPO CUUTITUYUEVT

®» To dekae€adiko oVoTNUA alpeLl TNV «PAvapla» Tov dvadikoU Kal
TPOOCEPEPEL SVO XPTOLUA XAPAKTNPLOTIKA

®» O aplOpol avamaploTavtal ISLAITEPN CUUTITUYUEVOL

®» H petatpom amo 1o dekaeEadiko aplOunTiko cuoTnua 6to SLaAdIKo
elval LOLalTeEP EVKOAN KL VAOTIOW]OLUT




AplOunTIKd cvoTnuATA
AeKaeEAOIKO

Xapaktnplotikd AskaeEadikov AplOunTikov ZVoTHUATOG
et XuppBorwv {0,1,2,3,4,5,6,7,8,9,A,B,C, D, E, F}

H petatpot) ¢ avamapdotaons o€ SeKaeEadiko aplOunTiko cUoTNUX ATIO
Suadikd aplOUNTIKO cVLOTNUA Eival AUECT)

[Tapddetypa petatpommg Bin2Hex (Binary to Hexadimal):

1110011100010000

N/

E710

[Mapaderypa petatpomnis Hex2Bin: 0xOABCD

0000 1010 1011 1100 1101



METATPOTIEC OTA APLOUNTIKA CLUOTIUATA

4
0 GUGTINA LE

L o o . Fwooca pnyoavn
0 OTTIOLO ELMAXOTE AEKQAOLKO 4 AVAOLKO HNXAQVNG
efolKELWUEVOL

/ METQTPOTEC
amo TVoTNUA
20810 — 10a81k6 0€ CVOTNIX

2081k0 = 16a81k0

10a8ik6 = 2adiko ArkasEadIko

10adikd6 = 16a81k06

To cVoTpa
16a81k0 = 2a81k0 StevBuvolodotnon

pvipung

16a81k0 = 10ad1k0



BITWISE SYSTEM

C Programming

PIN Positions

A

[

|

PIN 7

PAOUT=10000000 =BIT7 =0x80

)

| T

PIN 0

P40UT &= BIT1

l / Logical AND

P40OUT =P40UT & BIT1=10000010

~BIT0=11111110

P4.7 P4.0 16adko
k P40UT ~=BIT1
st n
1 010 (L)(:)Og 0100l (2) 0 :)A:)O(I)) 10 | Ve Logical XOR
XOR 00000010 00000010 1stLoop| P40UT=P40UT~BIT1=10000010
10000010 10000000 2"Loop| P40UT=P40UT”BIT1=10000010




/

Bitwise System vs. DriverLib

#include <msp430.h>

int main(void) {
WDTCTL = WDTPW | WDTHOLD:;
P4DIR |= 0x80;

// Stop watchdog timer
// Set P4.7 to output direction

for(;;) {

volatile unsigned inti; // volatile to prevent optimization

P40UT "= 0x80; // Toggle P4.7 using exclusive-OR

i=60000;

doi--;

while(i != 0);
}

// SW Delay(~1sec)

return 0;

}

#include <msp430.h>

void main(void) {
WDTCTL = WDTPW | WDTHOLD
P4DIR |= BIT7; //P4.7 (Grn) -> Output

P40UT &= ~BIT7; //Green LED -> OFF

while(1) {
volatile unsigned long i;

P40OUT *=BIT7;

for(i=0;i<20000; i++); //delay

}

include "driverlib.h"

#define RED_LED GPIO_PORT_P1,GPIO_PINO
#define DELAY_CYCLES 1045000

void main(void)
{

// setup
WDT_A_hold(WDT_A_BASE); // stop watchdog timer

GPIO_setAsOutputPin(RED_LED); // setred LED to output

for(;;){  //loop
GPIO_setOutputHighOnPin(RED_LED); //turnred LED on
_delay_cycles(DELAY_CYCLES); // delay a while
GPIO_setOutputLowOnPin(RED_LED); //turnred LED off
_delay_cycles(DELAY_CYCLES); // delay a while

}

Bitwise manipulation

DriverLib
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AvoaokoTmnomn ApXLTEKTOV LKﬁ G
H/Y

TuoTuato MIKpOoETEEEPYATTWV
ASdokwv: I'pnyoplog AovpuEvng

ASaktiko YAkoO: NikoAaog IMNavvakeag, [pnyoplog Aovpevng




Aoun IMapovoiaonc

AVaoKOTIO1 APYXLTEKTOVIKNG YTOAOYLOTWV
1. Aoumn YmoAoylot
2. Emimeda Zvotnuatog
3. Aoun HIKpOETEEEPYAO T
1. Kataywpntég evikng Xpnong
. Kataywpntég eldikng Xpnong

2
3. AplOuntikn Aoywn povada (ALU)
4. Mvnun Cashe
5. Kevtpwkn Mvnun
Aopn pIKpoETEEEPYAOTI
4. Aopn) LKPOEAEYKTT)




diAoocoia AsiToupyiac
UTTOAOVYIOTIKOU CUOTAUATOC

YToAoyIoTIKO cUoTNHA

Aedopéva E1r £§ gpya Gia AtroteAéopata
> (EKTEAEOT evTOAWYV >
Eicodog TTPOYPAHHATOG) ‘E€odo¢
Mapddelypa eTTECEPYQTIOC
Eicodoc¢ Sedouévwy Emegepyaoia ‘E€odo¢ mAnpoopiag
r
ZUyKpIon TG TaXUTNTOG

To auTokivnTo pou EXEl U BUTCKIVITON JEU HETOY To auTtokivnTé pou
; ) nroy X :> .< Méooug 6pouUG TaXUTNTAG |:> : ’n M
TEAIKA TaxuTnTa 195Km/h TWV TTHO YVWOTROV TOTWY gival yprpyopo
QUTOKIVITWYV

.




MNHMH

ROM| [RAM

KME

L]

MONAAEZ
Eic680ou/EE6d0u

Aoun YTtroAoyion

Kevtpik) Movada Emregepyaoiag (KME): H KME
UAOTTOIEITAI O€ €va OAOKANPWHEVO YNPIako KUKAwa (IC)
TTOU OVOMNAZETAI MIKPOETTESEPYAOTHS. H ATTOOTOAN TOU
MIKQOETTECEPYAOTH €ivVal N EKTEAECN TWV EVTOAWYV TTOU
aTTapTi(OUV TO TTPOYPAM Q.

MvAun: H pvAun @IAogevei Ta TTpoypAupaTa (EVTOAEQ)
KaBwg Kal Ta 0edopEva TTou auTa diaxelpidovTal.

Movadeg Eic600u/EE600u: O novades auTég
eCao@aAifouv 1000 TNV AAANAETTIOPAON TOU UTTOAOYIOTH HE
TOV «ECW KOOHO» (TT.X. TTANKTPOAOGYIO, 000V, EKTUTTWTAG),
000 Kal JE aAAG BaOIKG CUOTATIKA OTTWG Ta HECT
atroBrkeuong (11.X. OKANPOG dIOKOC), KATT.



2UoTnua OlaUAWV

<>
MNHMH < q AiauAog Aedopévwy (Data Bus)
< > METAPOPA TWV OEQOPEVWYV (TT.X. METACU
MIKPOETTECEPYAOTH KAl JVAUNG)
<>
KME < > Aiaulog AleuBuvoewv (Address Bus)

< > EVEPYOTTOINON TNG TOTTO0ECIAC TTOU Ba
HETA@EPBOUV Ta dedopéva

MONAAEX > AiauAog EAEyyxou (Control bus)
Eigo0euiELo oS OUVTOVIOUOG HOVADWY CUCTHAUATOG

A. Aedopévwy
A. AisuBlvoeswv
A. EAéyxou




Baoikec uttopovadec KME

KME Ap18unTikA ka1 Aoyikil Movada (AAM-
ALU-Arithmetic & Logic Unit) = ektéAeon
aApIOUNTIKWY KAl AOYIKWYV TTPACEWV

Ap1OuNnTIKA Kai AoyIKA
povada (AAM-ALU)

|
|
|
| ‘ Movada EAéyyxou (CU)
|
|

Movada eAéyyou = «OUVTOVIONOG»
ECWTEPIKWYV AEITOUPYIWV HIKPOETTECEPYAOTN

KataywpnTEg = OUYKEKPIMEVEG TTEPIOXEC
ATTOONKEUONC TTOU XPNOCIKMOTIOIOUVTAI YIA TN
dlaxeipion Twv 0edOPEVWY TTOU AaUBAVEl
Xwpa 010 eo0wTePIKO TN KME




Baoikd xapakKTnPIOTIKA UTTOAOYICTIKOU

OUOTNUATOC

|
: 00 |
| 01 :
| 02 |
: 03 |
04 :
05 |
' |
' |
| |
| |
YmoAoyioTi [ |
Yiotng . i
MNHMH %0
UoTNHA
Karaywpnrwv
/V EcowTtepikoc Aiauhoc EAgyxou
KME Il
| EcwTtepikoc Aiauhoc Aedopéviwv |
l T Movada iE ii =
eAéyyoU ) Ap1BunTikn
MONAAES ATToKwdIKOTTOINTIG Kal
* i PN EvroAwv Noyikn
Eic680u/EE680uU =5 Movdda
I
| | BonBnrtikn : :
| Mucu 066vn MAnkTpoAdyio

EAeykTnig | | EAeykTiig | |

EAeykTig




AOYIOUIKO & ETTITTEOQ CUOTNMOATOC

E E@apuoyég
Etritredo § XPROTN
+ A
MMwoogg ) Av;i%p::l]gla
ETritredo 4 TPIYPIHHATIGHOY APXITEKTOVIKN
upnAou emmITédou . 4
(Eo1 Java, i) (UAIKG) YAwko (Hardware)
--------------- R A L - e IepthapPBavel OAOKANPWHEVX KUKAWHXTO
ESdpTno : .
’ e — jng Tnnvn KoL n?\a’apov LKEG SLO(TO(EE’L(,‘ ;
ETitredo 3 TTPOYPUUHATIONOU APXITEKTOVIKI  KaBiota to UT[O}\OYLO'TLKO ovoTnux
(Rssembly) (UAKO) AeLTovpyLKo
+ \ 4
EtiTreSo 2 rAaooa Aoylopiko (Software)
Sanals «  Alvel «lw1)» 0T0 VAIKO
v * Ymootnpllel T AELTOVPYIX TOV GUGTI|UOTOG
i Zroixeia KL TG EQAPHOYEG TWV XPTNOTWV
Emrimedo 1 ApXITEKTOVIKI « A&lomotel To VAIKO
MIKPOETTEEEPYOOTH
ETritredo 0 YAIKG




ATTOKWOBIKOTIOINTNAG

Kataxwpnrég EvioAwv

i @

EocwTepikog diauAog eTmIKOIVWVIAG

§ ¥

Movdda eAéyxou

Ap1OunTIKA &
NoyIKN povada

MIKPOETTEEEPYQOTTIC

["€VIKI) OOUN MIKPOETTECEPYOAOTH

Kataymwpntég

v

v

v

ZUYKEKPLUEVEG TIEPLOXEG TIPOCWPLVIG ATTOOT|KELOTG
ZUYKEKPLUEVO OVOUA KAL XWPNTIKOTN T

[TAN606 KAl YwPNTIKOTNTA AVAAOYX UE TNV
QPXYLTEKTOVIKI) TOU ULKPOETEEEPYAO TN

v' Tumkn xwpntikoétnta 8/16/32/64 /128 bit

d1AoEevouv Sedopéva TTOV HETAPEPOVTAL ATIO TN
VTN OTOV ULKPOETEEEPYATTI] KAL TO AVTIOTPOPO

XPNOLUOTIOLOVVTUL UTIOXPEWTIKA YLOL T1) LETAPOPE
SeSOUEVWV

[evikn ¢ kat e8IKNG Xp1oNg



["eviKn dounN MIKpoeTTeECcEPYaOT- I

Karaxwpnrég

ATTOKWOIKOTIOINTHG

EvroAwv
i 1
\ \/
EocwTtepikog diauAog eTiKoIvwviag
h. : }
7 \/

Movdda eAéyxou

MIKPOETTECEPYQATTHC

Ap1OunTikn &
NoyIkn povada

Movada sA£yyov

v ZUVTOVIOUOG EVEPYELDV TWV HOVAS®WV TOU
LLKPOETEEEPY AT TI) TIPOKELLEVOL VI ElVaL SUVATN 1)
EKTEAEOT] TWV EVIOAWV

v Hoapaywyn KATAAANA®Y ONULATWV
«evepyoTomonG» (LECW CUOTILATOG ECWTEPLKWV
SLaVAWV)

ATIOK®WSIKOTIO T1)G EVTOAWV

V' «YTIOSEXETU Lo EVTOAT] 0TV aUTH «EPOE aTmd T
LLVT) U], WOTE 0T OUVEXELX VX YVWPLLEL O
LULKPOETEEEPYATTIG TL AKPLBWGS B TIPETEL VA KAVEL
AVAPOPLKA LLE TNV EKTEAEOT] TNG

AplOunTikn & Aoyikn povada

v EKTEAEON aplOUNTIK®V KAl AOYIKWV TIPAEEWY YIX
TIG EVTOAEG TOU TIPOYPAUUATOC 1 TIS ECWTEPLKES
AELTOVPYLEG TOV UIKPOETEEEPY O TN



[1EPICOOTEPA VIO TO EOCWTEPIKO
TOU UIKPOETTECEPYOAOTN

Karaywpntég KartayxwpnTég
eIBIKNG XPriong YEVIKNG XPriong
VT T T T T T NI T :
| i : . Aiaulog 6860pévwv<ij>
! PC 1 Kart. A !
! i ! (ZuocoWPEUTAG) !
)
E 7 i AiauAog 6|£u60voswv<:j>
: MAR g Kar. B !
1 Ea \
! E | | E€wTEPIKEG <\:$
! ] ! AUPES EAEYXOU
: MBR b Kar. C ! HEOHES St b
| ! | :
i Lo i i
1 L | 1
| SP B 1 1
1 L | | |
1 L) I 1
| U ' \
1 K 1
1 L \
! SR i Kar. K !
i b :
1 I | :
(o e s e e s e 1

— 12

Movada — ATTOKWJIKOTTOINTHG Movada KivnTig
€AEyxou EVTOAWV ApI1OuNTIKA & UTTO3100TOARG
- AoyIki jovada

ﬁ

Mikpoete&epyaoTrig




KataxwpnTég YEVIKAG XProng

KataxwpnTtéc Kataxwpntég
eIBIKNE Xpnong YEVIKNG XProng
(et R B Ul R Ty Wl = e e 1
1 | ]
1 i : ) Aiauhog BeBOUEVWVS )
g 1 Kar. A
1 PC I : ;
' ! H (ZuooWwPEUTAG) :
] 1
i i : ) AiauAog Bi1EuBUVOEWV( )
: MAR . Kar. B !
| 1
i ! ! ! E€wTepIKEC <,:$
! 1 QUUEC EAEyXOU
: MBR Do Kar. C : L
| i 1
] ] ! | !
1 ! 1 !
' SP b ' i
| ! | 1
1 ! 1 :
1 1 ! | !
1 ) ! 1
| N 1
: SR o Kar. K i
i i i
1 ! |
N nETT T 0

EocwTepikog 6|’c(u|)\]og Sedopévwv .
vy o v v

IR T T2

] 17

Movdda —| ATTOKW3SIKOTTOINTIG Movdda KivnTig
eAéyxou EVTOAWV ApIOuNTIKA & UTTOB100TOANG
. NAoyIKi povdda

ﬁ

MIKPOETTEEEPYAOTAC




‘Eva yeviko TTapadelyua apiOunTtikng
TTPACNC UE TNV EUTTAOKI KATAXWPENTWVq

O TPOYPAUUATLOTIG EXEL SNULOVPYTOEL TNV EVTOAT Y=5+2 (TpOcBeon Twv aplBuwv

5 kot 2)
e MiKpoeTTESEPYAOTAS KevTpiki pvAuNn Q MikpoeTTegepyaoTig KevTpiki pvAaun
Kataxwpntég Kataxwpntég
YEVIKNG XProng YEVIKIG XpPriong
Kart. A Kart. A B L
SUCOWPEUTAC Y=5+2 SUCOWPEUTAC V=542
Kar. B Kar. B
Kar. C Kar. C
a MikpoeTreepyaoTHG KevTpikni HvAun
Karaxwpntég
YEVIKIG XPriong
Kart. A &
2UCOWPEUTAG Y=5+2
Kar. B 2 |« |
Kart. C




‘Eva yeviko TTapadelyua apiOunTtikng
TTPACNC UE TNV EUTTAOKI KATAXWPENTWV

° MikpoeTregepyacTing KevTpikq pvApn

Karayxwpntég
YEVIKNG Xprong
Kar. A 5
ZUCOWPEUTAC Y=5+2
ApIBuNTIKA & Kaot. B 2
AoyIKni povada
5+2=7 Kart. C
e MikpoeTTEEEPYAOTHG Kevrpiki pvipn
Karaxwpntég
YEVIKAG Xpriong
Kart. A 7
ZUCOWPEUTAC Y=5+2
ApIBuNTIKA & Kaot. B 2
Aoyikn povada
5+2=7 Kar. C
L




AplOunTikn KoL Aoyikn povada

Kataxwpntég KataxwpnTtég
€I0IKAC XPHONG YEVIKNG Xpriong
T T T i !
i Lo : Aiauhog dedopévwy <j::>
| [ Kart. A 1
1 PC I . i
! ! (ZuoowpeuTig) !
[}
E ! E i Aiaulog dieuBuvoEWY <t:>
) MAR i Kar. B !
1 [ |
i i E ! E€wTEPIKEC <::‘>
: ' AUPEG EAEyXOU
E MBR P Kar. C : L
1

i o , !
0 1 1 1
! i 1 1
: sP | - !

1 1
! 1k 1 1
. L 1 1
1 ) ] 1
1 : : \
i SR o Kar. K :
’ P L |

[ EowTtepikdg diaulog dedopévwv
IR T T2
Movdda — ATTOKW3IKOTTOINTHG Movdda KivnTig
eAéyxou EVTOAWV Ap18unTIKA & uTT081a0TOARG
S Aoyiknj povada
I ——— |
MiKpOEeTTEEEPYQAOTAC




AplOunTikn KoL Aoyikn povada

droco@la AstTtovpylag ywx Tnv pocOeon 5+2

G Kataxwpntég a YEVIKAG XPriong

Karaywpntég
YEVIKAG XPriong

Eowrepikog Ecwrtepikdg
Aiauhog Aia u)§og N/ N
Aedopévwv Aedopévv 5 |11 2 |12

ApiBunrikA &
Aoy povdada

ApiBunTikn &
Aoyikn povada




‘Eva yeviko TTapadelyua apiOunTtikng
TTPACNC UE TNV EUTTAOKI KATAXWPENTWVq

E MikpoeTregepyaoTnG KevTtpikq HVAHN
Karaxwpntég
YevIkig xpriong
Kart. A -
ZUCOWPEUTAG I > Y=54+2

Ap18uNTIKA & Kat. B 2
AoyIKA povada

S+2=7 Kar. C




KataxwpnTeC €I0IKNC XPNong

Kataxwpntég Katayxwpntég
€IBIKAG XPriong YEVIKAG Xpriong
eSS e TS s e SEE ST 1 (st it = e =ty
1 L
. i & i AiaulAog 6&60pévwv<:::>
i PC ! ! Kart. A . -
: Lo (Zuoowpeutrig) | !
| I
{ - E Aiauhog 5I£U90V0€wv<;:$
|
E MAR ; i Kar. B !
L}
E E i : E€wTepIKEG <\:j>
] - QUMEG EAEYXOU
E MBR H Kar. C : MRS
| (| :
i o ! !
1 (] | i
! SP 2 I I
1 [ ! '
! ! ! ' ]
1 b 1
1 : : |
. SR Lo Kart. K !
i ' : ;
— e {}?

| Eocwtepikog diauAog dedouévwv

v v v

IR ™ 2

Movada — ATTOKW3IKOTTOINTAG Movdada KivnTAg
eAéyxou EVTOAWV ApIBunTIKN & uUTTO8100TOAG
: Noyikn povada

MIKPOETTECEPYATTIG




PC - Program Counter
(MIT - Metpng Ilpoypappatog)

v AglYVEL T1) S1EVOVVON TG EMOUEVNG TIPOC EKTEAEST] EVTOANG

v OL EVTOAEG TOV TIPOYPAUUATOS BPLOKOVTOL ATIOONKEVUEVES OTN
pvipm

v ExTéAeon evToAnG = TTPoUTOOETEL TNV AVAKANON TNG ATO TN
pvripm

v" AvAKANON = 0 LIKPOETEEEPYAOTNG TIPETEL VA YVWPLIEL OE TIOLX
0€om uvnung (6tevBuvon) Eekva n evtoAn (ULo EVToATn pmopel va
KaTtoAapuBavel TeplocOTEPES ATO pL OETELS PV1UNG)



['evikO Tapadelypo eEKTEAEONG
evtoAwv (xpnon tov MII)

e L e ——————— an
G , AF00 | | a . AF00 | | -
ISR AFO01 I T MIKPOETTEEEPYATTHG - :_
Magnmg —: EvtoAn-1 :— . AF01 : ) 1
MpoypdppaTog AF02 _: :_ MeTpnTng AF02 — EvtoAn-1 —
MpoypauuaTOg 1 |
pc[ AF00 AFO3 | | L =
AF04 ;_ EvioAq2 | PC AF04 | AFO03 : .
‘Evapgn ektéAeong ! TMAF04 | | EvioAq2 :
EVTOANG-1 | , ; A R
L : Evapén ekTéAeong !
5 EVTOANC-2 :
AFO8 ns E
AF09 | | EvioAqN ! 1
AFOA | AF08
AF09 | | Evioain !
AFOO | 1 i AFO0A
MiKpOETTESEPYATTIG — :_ : ]
" ; AFO01 : TP
£TPNTNG _— VTOAN-
Mpoypdupatog AFO02 : :—
I |
Pc[ AFo09 AF03 | | .
AF04 | Eviorjz |

‘Evapén ektéAeonc
evToAng-N 5

AF08
AF09 | EviomiN !
AFOA




MAR - Memory Access Register (KAM - Kataywpntg AtevBivoewv Mvnung) &
MBR - Memory Buffer Register (ITKA - [Ipocwpivog Kataywpntng Asdouevwv)

Aiauhog AleuBivoewyv

- (Address Bus)
Mikpoeme€epyaoTig
> AF00
A o AFO01

MAR I:l AiauAog Aedopévwv AF02

Mvripn

(Data Bus) AFO03
MBR  AF04
AlauAog AlguBuvoewy -
. (Address Bus) ikl oL
Mikpoeme§epyacTig
AF01 AF00
p.4
A[S |/ %‘AFM ATt0O7T OLOD 5
MAR Ajauhog Asdopévwy AF02 o nKSUO-n Tov apL MOU O_Tn
e AF03 0€on pvnung AF01
MBR | | AF04

Q Ajaulog AleuBuvoewv

(Address Bus) Mviiin

AF00

A5 h | AFO1 5
Ajaulog Aedopévwv
MAR [ AF01 iy 4 /<M

AFO03

MBR | 5 F—> (3) . AF04

V

MIKPOETTEEEPYATTHG




SP - Stack Pointer (AX - Aeiktng Xwpov)

A€l VEL TAVTA TV KOPU@PT) TOU GO POV
v Zwpds = TpOTIOg 0pydvwong Sedopévov

v YAomoinomn = oTn pviun =

v TlpécBaocn 610 cwpd = 6TV KOPUPT] TOV

v Ilpowbnomn - Avaktnon = Auto mov mpowBdeital
TEAELTALO AVAKTATAL TIPWTO

v ATAOG TpoOTOG SLaxeiplong




[Mapaderypa xpnong cwpov

Bijpna 1: O cwpog eivat Kevog
Bijpa 2: AmoOnkevon (wbnon) tov aptdpov FA otnv kopuen

oL owpov (Stadikacio PUSH) @ @ @ 04

Bijua 3: AmoOnkevon (wOnomn) touv aptduov 04 otnv KopvPn FA FA
owpov (Stadikacio PUSH) PUSHFA PUSH 04
Nua 4: Aodnkevon (wOnon) tov apOpov BB otnv kopuem
Tov owpov (Stadikacio PUSH) BB
Bijna 5: Avaktnon (amwbnon) tov aptdpov amd Ty Kopuen @ 04 @ 04 @
Tov owpov (aplBudg BB, Stadikacio POP) FA FA FA

Bijpua 6: Avaktnon (amwOnon) tov aptduol amd v Kopuen PUSH BB POP POP
Tov owpov (aplBudg 04, Stadikacia POP) (BB) (04)




SR - Status Register
(KK - Kataywpnt¢ Katdotaong)

v Amoteleital amd bit mov Aettovpyovv aveéaptnta PeTad TOUG

v" Ta bit §giyvouv avd TAco GTLYUn TNV «KATAGTAGT)» TOU
ULKPOETEEEPY DT

v' TIANPOoYOPIES YIa KPATOVUEVO, UTIEPXEIALOT), TIPOGT O, KATE

B O ANl K A & N

v' AG @aVTOOTOUUE TA EVOEIKTIKA AQUTIAKLO TOU
YOOI @ < ET

B O N KijArad N v" KaBe éva amod autd Aettoupyel aveEaptnTa Kal

0) () () () (e)(e)(e)(e)] B nag Sivel Sta@opeTiki TANpoopia

B A0 K A & /N v' 210 SumAavo oxnua, ol ev8eiels eivat:
[ JOIOI IOIOIOIONY
(o) Ev8eucrucd Aagméricio / B: BevCivn (xapnAn otabun), K: Kavoaépia (kokn molotnTa)
(B) Aev uTiapxECKaToI £100TIOMOT) 0: Ogpuokpaocio (VPNAN) A: Aepooakog (SvuoAettovpyia)

Y1t §U 8 ) B, I1
(v) Ymtapyovv Vo el§omowjoeis (B, 1) A: AdSia (xapnAn otéOun) ®: dpéva (yaunAn mieon)

I1: [TopTeg (avolyTEG) N: Nepo (xoapunAn otadun)




SR - Status Register
(KK - Kataxwpnms Katdotaonc)

Zuvn 0o pévn Soun KaTaympnTi] KATAGTAOTG 6TOVUGC UKPOETIEEEPYNOTTEC

Zero: exsL tpokLYPEL uNSEV amo pia aplOunTikny pddn (m.x.
Helwom Tov TEPLEXOUEVOU EVOG KATAXWPNTT)

Z|s|of|c| P ]|T]|1 Sign: 0tav To TpwTo bit evog apBuov yivel 1 (oe
L, Logic ‘1’ TPOCNUACHEVOLG apLlOpoVG)

— Trap

Overflow: 6tav évag aplBpdog ev xwpa va amobnkevutel ot

> Interrupt B€om TPOoOPLoUOV (T.X. KAL 0€ VTIEPYEIALON APLOUNTIKNG UE
» Parity CUUTIATPWUA WG TIPOG 2)

» Carry

o Pivarfingg Carry: £xel mTPpoKVYEL KPATOVUEVO ATIO TIPAEN

> Sign Parity: wootipia twv bit evog aptBpo (.. meptrtd mAT006
» Zero Unoilwv pe v tun 1)

Interrupt: emitpemovtal 1} OXL oL SIAKOTIEG

Trap: xpnon ywa fua mpog frpa amooc@aipdtwon 1: Aoyiko
1" wg T ava@opag




ATIOKWOLKOTIOW TG EVTIOAWV

KaraywpnTég Kataxwpntég

€151k XPriong YEVIKAG XPriong
i—_____________-___-: :_ _________________ E A[GU)\OQGC&OH@VNV<{L4 >
i o Kar. A : 1 0 ’ ’
5 e | Lavooupamo | b v 'OtV TIPOKELTAL VO EKTEAECTEL L
! Lo E AiauAog BIEUBUVOEWY ) , 7 p
1L R L ' EVTOAT), LETAPEPETOL O AVTIOTOLYOG
| b i Eguwrepikég /L E 2 ’
[ wer | ke | s s/ KWOLKOG (0€ OPLOUEVES TIEPLTITWOELG
i | § § Holl pe To oplopaTo OO TNV TPWTN
g B ' § KUETAPOPO») ATIO T UVI|UT] OTOV
1 SR ro Kar. K .
; | ; Kataywpntn EvtoAwv KE (IR-

it b Instruction Register)
Eowrepik6g Siaulog Sedopévwv
e i 4| M|
" m - v 0 ATOK®WSIKOTIOU TG SEXETAL WG
] 1l eloodo to mepleyopevo tou KE kat
MquBu : Arroxwﬁlxo*f'ronnn’]g Movada xlvn'r’r’]g «6 LVSL Osnylsg» yla Tnv EKTE}\EGT] Tng
eAéyxou EVTOAWV ﬁ?,:zm;ﬂ:a UTTOB100TOANG EV T O }\n g
MikpoeTTEEEPYAOTAG




AAAEG LOVAOEC

Movada sAyyov

v ZuvTtovilel e Ta KATAAANAQ OT)UATA TN AELTOVPYIA OAWV TWV HOVASWV TOU
ULKPOETEECEPYUTTI] WOTE VA EVAL SUVATY) 1 EKTEAECT] TWV EVIOAWV.

v" 0 cuVTOVIOUOG AVTOGC E0TIALETAL KUPIWS 0TOV EAEYXO TNG PONG SESOUEVWV PETOED
TWV LOVASWV TOV UKPOETECEPYATTI LEGW TOV E0CWTEPLKOV SLAUAOL SESOUEVWY

v' EAéyxeL 1o XpOVIOUO TwV povadwv pe v a€lomoinon Tov poAoyLov

v AéYETAL TANPOPOPIEG ATIO TOV ATIOKWELKOTIOM TN

Movada KivnTng VTTtoSLG TOATC
v TaAoiol pKpoemeEepyaoTes = aplOuNTIkEG TTPAEELS pEoW AOYLOUIKO, HPYOTEPU ATIO
EeEXWPLOTO OAOKANPWHEVO KUKAWUA (CUVETIEEEPYATTG)

V' ZUyXpOoVoL LKPOETEEEPYAOTEG = TNV TMEPIAAUBAVOVY 6TO ECWTEPLKO TOUG, SLaBETEL
SLKEG TNG EVTOAEG KL KATOUXWPNTEG, EVW ATIALTEL TILO «ELSLKO» TIPOYPAUUATIONO



00
01
02
03
04
05
06
07
08

09

YmoBetTiko povrédo 10 Beoewv

KeVTPIKN VAN

O¢ocig KaL SlevOvvoelg

N to A1 00¢ bit yia Vv
amoTUTIWOoT K&Be dtevbuvong
(M=mtA100¢ B€cewV pvnung)

['a peyaro M xpnoipomolovpe
Tov emopevo tumo (To N
OTPOYYVUAOTIOWLEVO TIPOG T

TAVW)
N=log ,M



[evIKad XApAKTNPLOTIKA TNG KEVTPLKTG LVT|UNG

MAR MBR

AicuBuvon  lepiexduevo

AiauAog AiauAog

AleuBuvoewy AedopéEvwv

2uotnua Mviung

Avayvmot) TOV TIEPLEXOUEVOV
™G 0€ong AFO0



[eviKd XApaAKTNPLOTIKA TNG KEVTPLKNG LV UNG

ALToVPYLEC KUKAWUATOC HVI|UNGS (LEC®W ONUATWV)
v Emidoyn SteBuvong pviung yla eyypoagn / avayvwon

v Emdoyn Aettovpyiag (avayvwon / eyypaen)

v' Tpo@odooia pe Sedopéva TPog amodnkevon

v' Aéopevon 1 amteALOEPWON PVHUNG




[eviKd XapaKTNPLOTIKA TNG KEVTPLKTG LVT|UNG

[evikn) pop1 otolyelov pvnuns RAM

R/|W C|S
amd VG
M x N bit
Aiauhog AiauAog
AlcuBuvoewv Aedopévv

Ztowyelo uvnung RAM 16x8 bit

Aieubuvon
A;.. A,

{

Eicodoc¢
AedOUEVWV

OUT;..OUT,
‘E€0d0C
AeBOPEVWV



XapToypa®non Lvnung

'Eotw 0TL éva cVoTa SLABETEL pvnuTn IOV ATTOTEAELTOL ATIO
S0 meploxes RAM peyéBoug 8Kbyte 1 kaBe pia.
['vwpilovtag 6Tt 1Kbyte=1024byte pmopovpe va BpoVue TIg
0PLUKES SLEVOVVOELS TWV AVTIOTOLYWV TIEPLOYXWV

Opraksg Ieproym
gvBvveeic IiEpey
0 0000000000000 0
8Kbyte 8Kbyte
(B210245-4=8 10 R11 b1 NN 191 1 1
192 1000000000000 0
SKbyte 8Kbyte
(16*1024)-1=16383 111 00¥r11 £ 1 U1




KokAwpa dtevBuvoelobotnonge

A1 . Ag
/

RAM *

Mikpoeme§epyaoTig

— ROM

To meplocdTeEpO onuavtiko bit (A13) Ba ypnoiwpomomBel yia TNV emAoyn

TEPLOXTG UVIUNG

Ileproyn
0000000000000 0O

8Kbyte
1111111111111
1000000000000 O

8Kbyte
I1111111111111




Elcaywyr 6Toug HKPOEAEYKTEC
(mapaderypa owkeyeveror MSP430)

TuoTuato MIKpOoETEEEPYATTWV
ASdokwv: I'pnyoplog AovpuEvng

ASaktiko YAkoO: NikoAaog IMNavvakeag, [pnyoplog Aovpevng




MIKpPOEAEYKTEG/MIKPOETTEEEPYAOTEG
OpLopog

Ot LKPOEAEYKTEG eival HIKPOETEEEPYAOTEC VPNATNC OAOKAN PWONG OL OTTO(0L
£XOVV OXESLAOTEL EI6IKA YLOL TNV XP1|OT) TOUG OE EVOMUATWUEVA GUOTI|UOTC.
'Evag TUTIIKOG HIKPOEAEYKTNG TIEPLAAUBAVEL:

» OAokAnpwuévo kUkAwua CPU
viues (RAM + ROM / EPROM / EEPROM)
Zvokeveg Eloddov EE060v
®» Metatpomeic AvadoyikoV o Pnlako (Analog-to-digital / ADC)
®» Metatpomeic Pnelakol oe Avaioyiko oe DAC (Digital-to-analog) converters
® [loumodéxteg UARTSs (Universal Asynchronous Receiver Transmitter)

» KukAopata I°C (Inter-Integrated Circuit)




MIKpPOEAEYKTEG/MIKPOETTEEEPYAOTEG

YVOTATIKA

Amapattnta:
®» MkpoemeEepyaotn)g/ MIKPOEAEYKTNG
®» Mvnun (On-chip 1 Off chip)

®» Communication path with the interacting environment

[MpoaipeTika:

®» Mcoa amobnkevong (Moviun pviun)
®» Alemtagn Xpnot

» AwoOntpeg

®» Metatpotr¢ (A-D and D-A)

®» Evepyomomntég (Actuators)




Microcontroller characteristics

S
All Rights
Reserved

® [ntegration: Able to implement a whole design onto a single chip.
®» (Cost: Are usually low-cost devices (a few $ each);

Clock frequency: Compared with other devices (microprocessors and
DSPs), MCUs use a low clock frequency:

» MCUs today run up to 100 MHz/100 MIPS (Million Instructions Per
Second).

Power consumption: Low power (battery operation);

Bits: 4 bits (older devices) to 32 bits devices;
Memory: Limited available memory, usually less than 1 MByte;
Input / Output (I/0): Low to high (8 to 150) pin-out count.



Lots of manufacturers ship ARM products

ATMEL

®

JActel

POWER MATTERS

B > &5
- O/ém-:'rwom(s

——__E.-s CYPRESS

PERFORM

I3 TEXAS
INSTRUMENTS




ETaipia

['VwoTol HKpOEAEYKTEG

AiguBuvon oto internet

EvOeIKTIKO pHovTéAO
MIKPOEAEYKTA

Texas Instruments
Microchip

Zilog

Freescale

Atmel

Parallax

Maxim

Intel

http://www.ti.com/
http://www.microchip.com/
http://www.zilog.com/
http://www.freescale.com/
http://www.atmel.com/
http://www.parallax.com/

http://www.maximintegrated.com/

MSP430F1x
PIC16F84A
S3F80P5
HCO8EY

AVR ATMEGA328
Basic Stamp

MAXQ611

8051 (dev mrapdyetal TTAEOV
atrd Tnv Intel)



What differentiates these

products from one another?




voouTMI—]
VDDCORE—]

XOUTZ <—]
SHON ]
PP —]
voosy—
nAsTE—>]
ERASE—3»|
NRST%—

XNz ]

The difference is...

L) A &
& SR
o ¢ ol ety -y
las!
t ¢t ¢ ¢ TH ACTIVE & kBytes 128 kBytes
HS UTMI | PA e T
Transcener Em
il ves RF_TXALT PN ‘- -
Syetes o Deice SYNTH [« .‘ MAC ARM CORTEXM3® | [ 2level
Cortex-M3 Processor I + CPU with NVIC Interrupt
Fmax 96 MHz c Baseband and MPU controlier
= i @> SR S
I ERE 1 [— L CPU deb
— g N
ash S-layer AHB Bus Malrix — BIAS R TRIL/TTMS Encryption
— I£| General FPR/DWT Fesker
|— OSCA N = purpose
prer— —1 HF crystal Intermnal HF Calibration ) Abways
zﬂFzﬁgwes 32 iy | 12 Kovice @ P! Hesﬁ:m‘ #Chamsi - 0SCB ose RC-DSC ADC fimers Powerad .
1x12m<3nes 16 Kayes | 16 KByeen comrete | Domain Sersl | ,:l
- | GPIO Wire and [SCE
] VREG_OUT Regul aior registers ITAG
[ [Foc ] Pnc :: Gereel Watchdog debug
USARTO nRESET Purpose
Gatamel ml? war] e %2 ssc HSMCI > ADC UARTY
10-bit ADC USARTE | :::ﬁ i Intemal LF ST mfn:i;er S“ﬁf
[T 11 N P h 1 RC-0SC
£ €ri erals [] Y vy ¥ L]
T 13 0 T8 s 410 P —
oh%&%;ﬁ* S R et g . . "
@ "
S Peripheral SRR RN ER R RN R R RN R R
o e
ST eripherals ERRRREREER ol
PA[T:0), PB[7:0), PC[T:0]
SysReg |-«—| ppp
Cortex-M3
Fabric Interfaca 10100 Peripheral
MO M1 Controller Ethernet MAC DMA
1 D s M2 M3 M4
i A
Y
= MM1 MM2 MM3 Mma
MMO )
AHB Bus Matrix
M50 Ms1 Ms2 M53 M54 M55 M56 Ms7
50 51 52 53 54 55 56 57
aSRAM 0 aSRAM 1 aNWVM External APB 2 Fabric APE 0 APB 1
AHB AHB AHB Memory (ACE) Interface - -
Controller Controller Controller Controllar Controller

SWCLK,
JTCK

AE250



['VwoTtol HKPOEAEYKTEG

Microcontrollers (MCU) Application (MPU)

MSP430

16-bit

Ultra Low
Power & Cost

MSP430
ULP RISC

MCU

* Low Pwr Mode
= 250nA (RTC)
= 770nA (LCD)

» Analog I/F

« USB and RF

TI-RTOS

Flash: 512K
FRAM: 128K

25 MHz

$0.25 to
$9.00

C2000
32-bit

Real-time

* Real-time
C28x MCU

* ARM M3+C28

* Motor Control
* Digital Power

* Precision
Timers/PWM

TI-RTOS (K)

512K
Flash

300 MHz

$1.85t0
$20.00

TivaC Hercules
32-bit 32-bit
All-around
MCU Safety
ARM C 2RMM3
ortex-
Cortex-M4F Cortex-R4
* 32-hit Float « Lock step
* Nested Vector  Dual-core R4
IntCtrl (NVIC) ECC Memory
* Ethernet e
(MAC+PHY) * S|L3 Certified
rd
TI-RTOS 3¢ Party
(only)
1MB 256K to 3M
Flash Flash
120 MHz 220 MHz
$1.00 to $5.00 to
$8.00 $30.00

Sitara DSP  Keystone
32-bit 16/32-hit 32-bit
Linux All-around Massive

Android DSP Performance

+C66 + C66
ARM
+A15 + C66
Cortex-A8
Cortex-A9 A8 + C64
21268 « ARM9 + C674
«$5Linux CPU  «C5000 Low X or Float
. : P DSP  *Upto 12 cores
3D Graphics  FOWer 4 M5 + 8 CB6x
« PRU-ICSS * 32-bit fix/float N
industrial subsys C6000DSP * ggg SAO%AC S-
Linux, Android, C5x: DSP/BIOS Linux

TI-RTOS Kernel C6x: TI-RTOS (k) TI-RTOS (k)
L1:32Kx2 L1:32Kx2 L1:32Kx2
L2: 256K L2: 256K L2: 1M + 4M
1.35 GHz 800 MHz 1.4 GHz
$5.00 to $2.00 to $30.00 to
$25.00 $25.00 $225.00




MikpoeAeyktnc MSP430

Utility Metering portable Medical
CE;Iectricity Meters Blood Glucose Meters
as Meters Thermometers
Flow Meters Heart-Rate Monitors
Smart Meters Implantable Devices A /
k J

Thousands of applications are
enabled by MSP430 MCUs

Sensors & Security

_ J
Wireless Applications

Remote Sensors

Differentiation is possible with MSP430 MCU'’s

Ultra-Low Power performance, high analog & Smoke Detector

Communication ((::
Controllers ).
RFID 4

. =

Consumer Electronics Energy Harvesting

Portable Electronics !
Remote Controls

Personal Care
PC peripherals

_J

.

digital peripheral integration, and easy-to-use

tool chain.

Renewable Energy
Battery-less devices
Solar, thermal,
vibration, etc

J

Smart Sensors
\_

Motion Detector 4 -

Vibration Detector ls

Personal Health &

Fitness

Sports Watches
Pedometers
Calorimeters
Dive watches




MikpoeAeyktnc MSP430

ApXLTEKTOVIKY €EPETIKA YapunAng katavaiwon (Ultralow-power architecture)

®» (.1-puA RAM retention, 0.8-pA real-time clock mode

» 250-pA / MIPS active
16-bit RISC CPU

®» 27 evtolég (instructions) kat 7 Tpomovug dtevBuvolodotnong (addressing modes)
Apxttektovikn von-Neumann g Eva xwpo S1ev00voewv ov Stapotpalovtat:

®» Kataywpnteg eldikov okomov (special function registers - SFRs)

®» [Ieppepelakda (peripherals)

» Mvnun RAM (128 bytes — 2k)

®» Mvnun Flash / ROM (1k - 60k)
In-system programmable Flash

.'.. ;~’rgf o~ if Q{ :.N EE"

8 ASD 7400 ‘seut e A/ N

-

MR & oriee

METOTPOTELC

®» 12-bit or 10-bit ADC, 12-bit dual-DAC
Atema@n (USART Peripheral Interface)
Elocodot/ 'E€odou (Digital I/0 ports)

®» ? 31 6 mopteg 8-bit (I/0 ports)

NSLAIMMxXxx~D

COPYRISHIC(DY 2
OLINEX TR
ittty

.
{ ™
O
»‘_z‘)
b
5
.
-
:I
5
-
~
-
v
-
©
-
v
-
N
-

R
.(
»

)
.
g
4
:
.»,“
'5
1
l



NVM (max KB)
SRAM (max KB)
GPIO
Comparator
Timer

ADC

DAC

UART

[’C

SPI

Capacitive touch
Multiplier

DMA

Op amps

LCD

RTC

PMM

1.8-VI/0

CRC

High-resolution timer

USB

Hardware encryption (AES)

FRAM
RF

Max speed (MHz)

['VwoTtol HIKPOEAEYKTEG

I Low Power + |
Performance

Security +
Communications

Ultra-Low Power

F2x/Fdx FRAM F5x/6x
16

120

8
14-80
o

16
56

4
4-32

16
120

10
10-48
.

ROM Fixed Function

4

Upto 8 30-44
L ]

32

.
On select

[ ]
L ]
Low Power + 5
Performance o
L ]
[ ]
[ ]
[ ]
On select
Ultra Low Security + 1356 MHz  Sub-1GHz
Power Comm




Avamtuélako Xvotnua MSP430

ApXLTEKTOVIKN

RISC CPU
16-Bit

JTAG/Debug

Analog S Digital
Peripheral Peripheral

Watchdog

L I
i




t— (ONV/03d
et | N/} 3d
et ONV/¢3d
t— ONY/E3d
< PNV/P3d,
o ONV/S3d,
e gN\V/93d,
< /NV//3d,

+ vbD

7 2 B
> >
F___ Fn

A/D CONVERTER
PORTE

il

axd
oxL

<> 0X4/00d
< QXU/}(0d

MIKPOEAEYKTEC

ROM
EEPROM
RAM
SCi

< OSIN2ad
> |SONEQd
= %08/¥0d

OSIN
ISON
A0S

CONTROL
PORT D

SPI

[vvi vl

|

SYNHLS
» WHBELS

> ((J/0%/00d
> |(1¥/10d
—» 20/2Y/20d
- $Q/EY/E0d
3= p(/pY/70d
- G()/SY/S0d
— 90/9Y/50d
= [Q/LY/L0d

[

FESET
!
=2

XIRG
INTERRUPT LOGIC

CONTROL
PORTC

ADDRESS/DATA

-

Pyiveviy

CPU

PARALLEL /O

WMl L

3 8Y/084

» 6Y/18d

» (LY/284
» | LV/E8d
> ZiVved
017584
= /984
- SIY/L8d

W -

STROBE AND HANDSHAKE

!

OSCILLATOR |
PORT B

CLOCK LOGIC

XTAL EXTAL
BUS EXPANSION
ADDRESS

|

evvevvvvy J3EEREEE 44

1dNYH3INI 21001634 < £3l0vd

e gl/vd
nECUAL
> |00/500/8Yd
» | 001p00/%Yd
> 100/£00/SYd
» |00200/8Yd
> | 20AVd/LYd

MODB/
Vsiav

TIMER
SYSTEM
PORT A

MODE
CONTROL

* NOT BONDED ON 48-PIN VERSION,

;

=

d0d dOLYINANJY 357Nd

!




dvAAadLa Sedopuevwv Tov MSP430:

H Stdtaén €xel eva peydio aplOuo
TEPLPEPELAK WV

KdaBe axpodektng elo0dov /€060
WG EXEL TAVW Ao pia
Agyfoupyla;

ePLAQUBAVEL TIIVAKA TIEPLYPAPTG TNG
Aettovpylag KABe akpodEKTN

[Tapddetypa, AplOpog akpodektn 2 =
P6.5/A5;

Pnelakn B0pa 6 etoodov/eE6dov bit3;

e3navaloyikn €(codog.

Avamtuélako Xvotnua MSP430

dUVAAa SedopEvwy

P6.4/CB4/A4
P6.5/CB5/A5
P6.6/CB6/AB
P6.7/CB7/AT
P7.0/CB8/A12
P7.1/CB9/A13
P7.2/CB10/A14
P7.3/CB11/A15
P5.0/A8/VREF+/VeREF+
P5.1/A9/VREF-/VeREF-
AVCC1

P5.4/XIN

P5.5/X0OUT

AVSS1

P8.0

P8.1

P8.2

DVCCA

DVSS1

VCORE []

L I A i

N3O R WN =

O so[d P6.3/CB3/A3

791 P6.2/CB2/A2
781 P6.1/CB1/A1
7711 P6.0/CBO/AQ

76]1 RST/NMI/SBWTDIO

7511 PJ.3/TCK
741 PJ.2/TMS

73] PJ.1/TDITCLK
7211 PJ.O/TDO

710 TEST/SBWTCK
70] P5.3/XT20UT
691 P5.2/XT2IN

1] W} AVSS2

67|01 V18

gsl] VUSB

g511 VBUS

6411 PU.1/DM
6310 PUR

62l PU.ODP
11 VSSU

60
59
58
57
56
55

53
52
51
50
49
48
47
46
45

43
42
41

bbby

P1.0/TAOCLK/ACLK [} 21

P1.1/TA0.0 ]| 22

P1.2/TA0.1] 23

P1.3/TA0.2 (] 24

P1.4/TA0.3 [] 25

P1.5/TA0.4 [] 26

P1.6/TA1CLK/CBOUT ] 27

P1.7/TA1.0] 28

P2.0/TA1.1 ] 29

P2.1/TA1.2 ] 30

P2.2/TA2CLK/SMCLK [ 31

P2.3/TA2.0 ] 32

P2.4/TA2.1 ] 33

P2.5/TA2.2 [] 34
P2.6/RTCCLK/DMAEO [] 35

P2.7/UCBOSTE/UCAOCLK [] 36
P3.0/UCBOSIMO/UCBOSDA [} 37

P3.1/UCBOSOMI/UCBOSCL [] 38

P3.2/UCBOCLK/UCAOSTE [ 39
P3.3/UCAOTXD/UCAOSIMO ] 40

P7.7/TBOCLK/MCLK

P7.6/TB0.4

P7.5/TB0.3

P7.4/TB0.2

P5.7/TB0.1

P5.6/TB0.0

P4.7/PM_NONE

P4.6/PM_NONE
P4.5/PM_UCA1RXD/PM_UCA1SOMI
P4.4/PM_UCA1TXD/PM_UCA1SIMO
DvCcC2

Dvss2
P4.3/PM_UCB1CLK/PM_UCA1STE
P4.2/PM_UCB1SOMI/PM_UCB1SCL
P4.1/PM_UCB1SIMO/PM_UCB1SDA
P4.0/PM_UCB1STE/PM_UCA1CLK
P3.7/TBOOUTH/SVMOUT
P3.6/TB0.6

P3.5/TB0.5
P3.4/UCAORXD/UCAQSOMI



Avamtuélako Xvotnua MSP430

MSP430

®» ‘Eva avantuiloko ZUoTnua Ue
ovvdeon USB

i RY0E »

| »
=
LY

®» XounAov KOGTOUGS Kol EDXPNOTO

®» E{val 1l8aviko ylo TV e€olkelwon
APYXAPLWV XPNOTWV UE UKPOAEYKTEG

® On-board eéopolwtng pe
SLVATOTNTA ATTACPAAUATWONG

®» [Japeyet kovumia kot LED yio tmv
VKON SLETTAPY) LE TOV XP1OTN

e

BW RST

7
P2.5

TST

MSP-EXP430F5529LP @

Revi.4

SBHW

G S
;\




Integrated USB hub and
USB-based power supply

RESET button, for
thetarget device

But/ton that invokes the
USB bootstrap loader,
for firmware updates

Develop your own USB
applications and emulate,
using a single USB cable!

- 0000000 @
o

MSPY30F5529

Pushbuttons and LEDs,
for user interface

Avoamtuélako
ZUOTNUX
MSP430

eZ-FET emulator

e Open-source

e Works with almost any
MSP430 target

Isolation Jumper Block

e Connect to other targets

¢ Allow more accurate power
measurement

40-pin BoosterPack header

e Compatible with 20-pin and
40-pin BoosterPacks

* Now allows BoosterPacks
with more functionality

MSP430F5529 USB Microcontroller
e 128KB flash, 8B RAM

¢ Full-speed USB

e ADC

e 5 timers

e 4 serial interfaces (SPI, UART, I'C)
e Analog comparator

* Much more !




0 USB Connector
A T b ushbatal JSVVBUS 00 o0 NSRS 4 dAF
Y g 1
P | ™s62237 | |
_ =17 »l  5v33v |a
S m_lu | Protection DC-DC Converter __ I .m
_ o
SN B T
o = _ \ = — m
a :.W_ 7 __ eZ-FET lite _ _.M
o [— '
ul m = TUSB2046 [t I Emulator | =
n - _ 6MHz == | Full-Speed [y :mm__ _ —
S gle==] | L v K B
_ 5V VBUS I Ny AMHz N
© | el
(SN T 5 5 LR T g Y isolation, _
’U N ! Jumper Block
N s £ |2
IO USBBSL Reset |2 . =3
. o) [+ = o e
S S
— O Yy | b4
M & 8
<)) Q
)
w = IS
E e =
(4°]
S = . =
> m Target Device o
A 2 MSP430F5529 e
(aa] m
= o
S -
< <
£ =
Q o
2 | T s
5 SAMHz T T 32kHz |
2R v I : R
o 1D Vi O) o v
(ol H b..\\w . ./l\‘. .C. o H
.

User LEDs and Switches
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BoosterPack Software-Configurable
Pinout Standard MSP430F5529 Pin Functions

+3.3V
AnalogIn ;,;_;;1_'.‘ JY P65 2
UCAOSOMI P34 ¥,
UCAOSIMO pas 1
CBOUT Tmcm(‘(O)H

F5529 LaunchPad

. T CBB A8 ) P6.6 i
—(sm CLK H UCAOQSTE P3.2
UCBOSTE g UCAOCLK (0)

150 SCL 2V Ri& I EO I HPM_UCBISCL HEZE

SDA - R GV PM_UCBISDAHEZE!

+8V
GND
P6.0
P6.1
P6.2
P6.3
P6.4

TBOS P36

@) General /O

Reserved

Reserved J TBO.S g P3.5

. Umazed function
\\ (!) Denotes an interrupt-capable I/O




@) General /O

. Unused function

\\

F5529 LaunchPad

0000000 &
S

¢
O |
» I

® ® & & & & & & & »

Avamtuélako Xvotnua MSP430

Software-Configurable BoosterPack
MSP430F5529 Pin Functions Pinout Standard

{PWM out (GPIO_ H_ (D)

{SPICS wireies  HGPIO _H_(D)
GPIO**

RST

GND
(P2.0 H(OHTAL1

2R3 (0); SMCILK | | TA2CIK

(P7.4 Hgy: (o
RST

- ap on e an angen w e an g o

R H UCBOSIMO Hgs[es:lu18):8 SPI MOSI
R SH UCBOSOMI jHgefe:[vsied MISO

 P2.6 | RTCCLK § DMAEO

{SPICS oy HGPIO H( () )

e & & 5 & & » 9 8 H

(P2.3 HOHEZED (SPICS ome:  HGPIO )} O )

P8.1 , {crro YO )
]

(P25 HID)HTAzZ2 :

(P24 H{(OHTh2.]

(P1.8 H(OHTAO.4
_P1.4 H()HTAO.3
(P1.3 H{()HTAO.2
(P1.2 TAO.1
§Z%B; PM UCBICLK g PM UCAISTE
@XBz PM_UCBISTE g PM_UCAICLK
P3.7

e o o - . -

- —— —

P8.2




Avamtuélako Xvotnua MSP430
DUVAA SeSoUEVWV

Kataywpnmg EA¢yyov FLL_CTL1

! 6 5 4 3 2 1 0
% SMCLKOFF | XT20FF SELMX SELS FLL_DIVX
Bit Description
6 SMCLKOFF Disable the submain clock signal (SMCLK):
SMCLKOFF = 0 = SMCLK active
SMCLKOFF = 1 = SMCLK inactive
5 XT20FF Disable the second crystal oscillator (XT2):
XT20FF =0 = XT2 active
XT20FF =1 = XT2 inactive
4-3 SELMx Select the master clock (MCLK) source:
SELM1 SELIMO =00 = DCO
SELM1 SELIMO =01 = DCO
SELM1 SELMO =10 = XT2
SELM1 SEIMO =11 = LFXT1
2 SELS Select the submain clock (SMCLK) source:
SELS =0 = DCO
SELS =1 = XT2
1-0 FLL DIVx Select the auxiliary clock (ACLK) signal divider:
FLL DIV 0=00 = Divider factor: /1
FLL DIV 1 =01 = Divider factor: /2
FLL DIV 2 =10 = Divider factor: /4
FLL DIV 3 =11 = Divider factor: /8




Avamtuélako Xvotnua MSP430

ApXLTEKTOVIKN

» Evepyslaka Amodotikog (Efficient) - Ultra-low power CPU i ROPC (Program Counter)
R1/SP (Stack Pointer)

» LAk petayAwttiot) C/C++

R2 R2/CG1
Apyrtektovikn RISC R3 R3/CG2
= 51 EvtoAég R =
R5 R5
» 7 Tpomovg Stevbuvolodotnong | B =
= Tevvijtpla Etabepwv (Constant Generator) é R7 R7 g
14 4 14 ’ 4 3 R8 R8 g
[Ipagelc KaTaYWPNTWV EVOG KUKAOU POAOYLOV S| e — =
» Ensiepyacia BIT, byte, AéEswv R10 R10
1 5 : R11 R11
®» 1 MB evwalo¢ yaptng pviung (memory map) cia 2o
= Xwpic oeAdomoinomn (paging) R13 7 riz_
R14 R14

= Tpomot AtevBuvorodotnon - —
R15 R15

» Xwplg oeAdomoinon (20-bit) -
Zero, Z dst src

» TayOtatn ektédeon B 16/20-bit ALU MCLK
Negative,N

» 100% cvpBATOC KWSIKAC LE TIC TTPONYOUUEVEC EKSOTELG | >




Avamtuélako Xvotnua MSP430
Apxitektovikn-Mvnun

In-System Prog (ISP) = ‘F5529 Memory Map
MEMORY MAP + Write using: User Bytes MSP430 Me'

program, JTAG, BSL
+ Byte, word, long-word
+ Erase one (or all)
segments at a time

Main Flash

+ 512 byte segments

+ Start address moves
according to RAM

Flash 128K

RAM

OXFFFF

ass]  INT Vect 30 + Always a contig. block
Info Memory ’ —

+ If enabled, USB port

+ Use for your own uses first 2K
calibration data, etc. /] + RAM segments can be
+ 4 segments (A-D) 0y 3468 RAM 8K powered down
+ 128 byte segments <
T OX01C0 USB RAM 2K
Boot Loader (BsL) " Info Memory | 512 Device Descriptors (TLV)
+ Program Flash/RAM | Bootloader | 2k + Factory calibration

with serial (slau319)
+ Password protected
+ 512 byte segments

data, periph support,...

Peripherals 4K + Found in peripherals
(at 0x1A00)

0x0000




Avamtuélako Xvotnua MSP430
Apxitektovikn-GPIOs

GPIO

CH3
XIN XOUT RST/NMI DVCC DVSS VCORE AVCC AVSS PA FB / PC PD
1t | | | | iy P2x, PRE#Fe.q B J‘}v BN DR DP.DM,PUR

Unified
Clock
System

MCLK

- Vi v—3
Full-speed
uss
USB-PHY
USB-LDO
USB-PLL
v

cruxvz g as
warne| ¢ Fvos £ GP'O (R
reoistery A A 4 Independently programmable

4 Any combination of input, output,
e v v interrupt and peripheral is possible

¢ Each 1/0 has an individually

JTAG! TAD TA1
5w sz || mera || mimera || nmera || mimers || "rEa pro'grammable pull-up/pull-down
| 5CC 3 eC 3cc 7CC res|stor

Registers Registers Registers Registers

4 Many devices can lock pin values

‘F5529 block diagram during low-power modes
4 Some devices support touch-sense

capability built into the pins




Avamtuélako Xvotnua MSP430

Apxitektovikn-Timers

Watchdog GPIO
CH3 &5 CH3
XIN XOUT RST/INMI DVCC DVSS VCORE AVCC AVSS ’ PA PB [ PC PD
A | | I | i ‘ l P1.ﬂ/ PZ.)/(}/ P3.):+, P4.)§, PJ{/ Pﬁ.s/uf, P7.§+/ Pa.ﬂ, DP,DM,PUR
[
v v v v v v | / 7 Y
[ A 4
1 L ACLK
uc'r:: Ful:-j»sspseed
1 |Systempp SMCLK
USB-PHY
1 USB-LDO
MCLK : USB-LDO
- -
CPUXV2 g
wiing | |- wos Timer (Chapters 3, 5, 6, 8)
Registers|

¢ Timer_A: 16-bit timer/counter
+ Multiple capture/compare registers

+ Generates PWM and other complex
waveforms & interrupts

+ Directly trigger GPIO, DMA, ADC, etc.

TA1

IntseBrf:Ice = s Ra 1 i
Prerest! scc | sec || scc ¢ Timer_B: Same as A; improved PWM

Registers Registers Registers

/ ¢ Timer_D: Same as B; with hi-res timing

‘F5529 block diagram- —— = ¢ RTC: Real-time clock with calendar &
CH6 CHS8 alarms —runs in LPM3 low power mode

TimerA&B RTC + Watch: Watchdog or interval functions




Avamtuélako Xvotnua MSP430

Clocks e Apxitektovikrn-Power Mgmt

CH4 CHA4

XIN xou? RST/NMI DVCC DVSS VCO;‘E AVCC AVSS PA PB PG PD
| 4 | | | | o P1, P2X, P3X, PAX, PSX, PEX, PTX, P8X. DP.OM,PUR
v vy v v v v 7y

Clocking (Chapter 4)

4 Three Internal Clocks provide for

CPU, fast and slow peripherals
0 b e & Many clock (internal and
Workina | £ woe Y \ 4 v v any ClocCK sources (Internal an
Registers) A A A A external) provide cheap and accurate
clks with quick wake-up
] yY YY WYY WYY ¢ Clock defaults and failsafe’s improve
system robustness
JTAG/ TAD TA1 TA2
||ni?+?ce WYR || mmera (| mmeca [] Timer A Power Mmt
Registers Registers Registers .
0 - 4 Brown-out reset on all devices

¢ Many provide LDO’s and power

F5529 block diagram supervisors

4 On-chip power gating drives ULP
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ApxLteKTOVIKN-AVOAOYLKO

Clocks Power Watchdog GPIO
CHA4 CH4 CH3 &5 CH3
XIN xou]'f RST/NMI DVCC DVSS VC(;};E AVCC AVSS |l PA P [ pc P
A l I l | ‘\‘-. Plx|, P2x|. P3.x,P4.),(,PI,5.x/, Pﬁ.x/, P?J;,PS.X, DP,.DM,PUR
v Vi ¥ e v | T & & T
- \ l i’l y v v
1" |unifieal > AcLk l\hPower 5% || wo pors || vopons || 1o pors || vo pors S—
it | P | N B, S22 s =
USB-PHY
Analog l o |l I
| ¢ Families ADC converter options: iataioe | | 1ait Vo
JE. 10 or 12-bit SAR (ADC10, ADC12) : ,
|+ 16 or 24-bit Sigma-Delta (SD16, SD24) EIE T e
f « Slope converters WaE ' | | '

¢ DAC converters: 12-bit DAC12

1 11— 1 |

¢ Comparators -
usClIo ADC12_A
¢ Voltage REFerences R (| comp =
In] . - WA, 8 i Channels
| & Featuresin common: g Jf:E“WZi;, 12 Channel
+ Analog mux supporting multiple input chan’s | s |

+ DMA can read/write samples without CPU
+ Precise timing when using timer to trigger
+ Generate interrupts to CPU

+ Low power dissipation

i




Avamtuélako Xvotnua MSP430

Apxitektovikn-Emikowwvia

Clocks Power Watchdog GPIO uUsB
CHA4 CHA4 CH3 &5 CH3 CH 10

PA PB | pc PD P/
PIY, P2X, P3X, PAX, Pf.)/(, Pox,, PT, PaX, OPOM.PUR
=%

I
XIN XOU{ RST/NMI DVCC DVSS VCORE AVCC AVSS (

ol £ £

LY

7

Full-speed
usB

USB-PHY
USB-LDO

MCLK | | : oc USB-PLL
Communications %A
.| & USB (Chapter 10) v 4y 3 2 S el
o1« USB 2.0 at Full speed (12Mbps) A | A &
« Includes PHY, LDO, PLL, PUR l lI l H
oz | @ Serial ports v v \ 4
« USSPl I2C
e « USCI: SPI I2C. I'DA, UART i | cero | oRe (Roowses || mer || comes
L} . eUSCI: enhanced USCI ) T | R e i

USCI_Bx:
SPI, 12C

+ Radio Frequency

+ (CC430 and RF430 devices include
Sub-1GHz or NFC radios

+ WiFi, BLE, ANT, Bluetooth & Sub1GHz
communications via Tl SimpleLink

S5
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Apxitektovikn-Emitoyuvteg

Clocks Power__\atchdas GPIN USB
rCH . - CH4 Accelerators fH 20
XIN ﬁour RSTllNMI DV|CC DV|SS chk\i AV‘G + DMA (”hardware memcpy”) \ DP.DMPU?{/.
YUY YAl « Copy from memory to memory 1/
P ..« 1| v + Faster copies than with CPU i
| svmomf > sucu 220 | | sxesase ™|+ Supports periph’s (ADC, UART) uss
e || ““%|ld  MPY32 (8/16/32 Multiplier) 250
/ + MAC, fractional, saturation support _
. ¢ CRC: Single-cycle CRC generation ~{ V] -
;vg:‘:gu | ® AES: 128,192, 256 bit encryption > 3 Chisinit
¢ LCD: Automatic with up-to 160-bit "
eem |4~ | 1
(L: 8+2) | g
USCI0,1 ADC12_ A
JSTQVC;'I TA1 TA2 TBO .y %ilﬁ?x 20:)2|(Bsi:bs REF comp B
Shiarace TIr;lco:rC_A Ti;nng_A Tl;ngrc_B - rDA, SPI A8 Chasale 19 Channele
Registers Registers Registers SCI_Bx: | J(14 ext/2 int)
Pl, 12C Autoscan

‘F5529 block diagram




Code Composer Studio
IDEs

Free Integrated Development Environments (IDE) available

Code Composer Studio
. Eclipse-based IDE (Compiler, debugger, linker, etc) for all TI embedded processors
@ Code Composer™studio B Unrestricted version available for $495
' "ﬂA o :& «  Free versions are available!
e —g o * Free 16kB code-limited version available for download
‘ W * Free, full-featured, 120-day trial version available

IAR Embedded Workbench

. Strong third-party IDE offering with project management tools and editor. Includes
config files for all MSP430 devices.

. Free versions are available!
* Free 4/8/16kB code-limited Kickstart version available for download
* Free, full-featured, 30-day trial version available

MSPGCC

. Free, Open source, GCC tool chain for MSP430

includes the GNU C compiler (GCC), the assembler and linker (binutils), the debugger (GDB)
. Tools can be used on Windows, Linux, BSD and most other flavors of Unix.

. Learn more @ http://mspgcc.sourceforge.net/

THEEHEEHEERRELERT R
L]

AARERRRNRERNRNRENNY|



http://mspgcc.sourceforge.net/

Code Composer Studio

¢ Integrated development environment for Tl embedded processors
Includes debugger, compiler, editor, simulator, OS...
The IDE is built on the Eclipse open source software framework
Extended by Tl to support device capabilities

¢ CCSv5 is based on “off the shelf” Eclipse (version 3.7 in CCS 5.1)

Future CCS versions will use unmodified versions of Eclipse
Tl 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...
¢ Linux support soon

. Code Composer™ Studio

-
¢ <
— Lﬂ " r\\

Tenas
e T TS




Code Composer Studio
Kowm xpnon

¢ Creating New Projects
= Very simple to create a new project for a device using a template

¢ Build options

=  Many users have difficulty using the build options dialog and find it
overwhelming

= Updates to options are delivered via compiler releases and not
dependent on CCS updates

¢ Sharing projects

= Easy for users to share projects, including working with version
control (portable projects)

= Setting up linked resources has been simplified




Code Composer Studio

Projects
Workspace Project ink Source files
Project 1 & INK | source files Code and Data
Project 2 AEEEETLCE Link | Header files
. : : . —
Project 3 SR Declarations/Defines
Settings and preferences Build and tool settings | | | _ :
- = &ink| Library files
Code and Data

A project contains
your build and tool
settings, as well as
links to your input
files.

Deleting files from the
workspace deletes the
links, not the files

A workspace contains
your settings and
preferences, as well as
links to your projects.
Deleting projects from
the workspace deletes
the links, not the files




Code Composer Studio
Projects

we Mew CCS Project - | &
|DCEPru|'act
Create a new CC5 Project,

Project name:  HelloWarld
Output type: | Bsecutable

[#] Use default locstion

Locatiar [ CHCCSinstalls\oosvd.] B2 vweorkspace’ HelloWorld || Browse.
[Device
Famil: | M5P430 =
o T —
Conrection: | TIMSP430 USBL

b Advanced settings

* Project ternplates
type filter test | Creat
. forth
|[F] Empty Projects
& Empty Project

g Empty fssembly-onby Project
| Empty RTSC Praoject

|[F] Basic Exarmiples

[F IPC and I'D Brarnples

® <Back | Me=t> [ Fnsh ]| Concd |H




Code Composer Studio
Projects

[}

o

0 €
T

: K
ELEEPEVEEERRTEY)

REH Y

9zZ4

P10—<CEERID
PITI—=CUARTY
PL2=CUARTY

- Create a new workspace e
- Create Lab1 Project .
. ® . L hy Bifs
« Add in temperature sense demo 3 b dpTees ks
by STRUMENTS e

/2 W 94|

Complle It and run ; Lgéfgﬁﬁggz LaunchPad °




Code Composer Studio
Projects

Step 1: Create CCS workspace

» Put the Lab files onto your desktop
® [aunch CCS v5 Core Edition

» Select a “Workspace” location

%]

% Workspace Launcher

Select a workspace

Code Composer Studio stores wour projects in a Folder called a workspace,
Zhoose a workspace Folder bo use For this session,

Workspace: |Dt\workbenchhCCS40K LaunchPad QDWW “ | | Browse...

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

] 4 | | Zancel




Code Composer Studio

Step 2: Create CCS project

File > New > CCS Project
Project Name: Labl
Device>Family: MSP430
Variant: MSP430F5529

Project templates and examples

. Empty Project

¥ C/C++ - Code Composer Studio (Licensed)

5N Edit View Navigate Project Target Tools Window Help
New Alt+Shift+N  » |3 CCS Project
Hew File... [ Standard Make Project
Open File... [&4] RTSC Configuration Project
% Faolder
[€ Seurce File
[ Header File
[ % File
(& Class
[& Target Configuration File
233 DSF/BIOS va.o¢ Configuration File
Move £ RTSC Configuration File
Rename... F2 [ Other...
Refresh F5
Convert Line Delimiters To
Switch Workspace...
g Import...
L Export...
Properties Alt+Enter
Exit

& New CCS Project

CCS Project
Creake a new CCS Project,

Projects

Project name: |Lab

Qubpuk Eype: E::-::E-:ut-ah

Use default location

Browse. ..
Device
Family: |MSP4SD “ |
Wariank: |<:se|ect or bype filker beot s L | |M5p43|3(32452 w |
Canneckion: |TI MSP430 USB1 [Default] v|

» Advanced settings

* Priject kemplabes and examples

| Creates an empty project fully initialized for

= E Emply Projects

E Empky Project

E Empty Assembhy-only Project

[ Empky RTSC Project

[ Empty Grace (MSP430) Project
=] E Basic Examples

[& Blink The LED

[ Hella World

[#-H=] Rrare Frarmnlas

|

| £

the selected device.




Code Composer Studio

Step 3: Add a File to the CSS Project

® Project > Add Files
®» Navigate to Lab source folder

®» And select:
Temperature_Sense_Demo.c

% CCS Edit - Lab7fmain.cfg - Code Composer, Studio

File Edit Wiew MNavigate BaEoEss Wiindow  Help

1 [l = &R - [ Mew CCS Project

25 Example Projects
[ Project Explorer &2

Run  Scripks

orp Eiild Al Chrl+E
EEE | ab1 [Active - Dl .
— Build Configurations
3z, Binaries ) i
Build Project
[m! Includes ) .
Build Warking Set
(= Debug Clean
Irk_rnsp4 300245
"g T - pt d . Build Automnatically
emperature_Se
P = Build Options. ..

T M3P450G2452 . C
= Labz

= Lah3 — _ _
5 Labe ¥ Import Exisking CCSMCCE Eclipse Project
1= Labs EImport Legacy CCSv3.3 Project

oS

1= Laba
-1 | ah7

add Files. ..

Properties

Projects

Add files to Lab1

Look in: | 3 Lab v Q2 mE
y E_ I’% Temperature_Sense_Demo.c
My Recent
Documents
F‘[‘.‘
Desktop
ty Documents
ty Computer
File name: |Temperature_Sense_Demo.c v | I Open ]
tedy M etwork, " v | l Caticel ]
% File Operation [z
Select how files should be imported into the project:
(%) Copy files
() Link ko Files
Create link locations relative bo:
Configure Drag and Drop Sethings. ..
@ [o]'4 ] [ Cancel




Code Composer Studio
Environment

1-click project Debug

¥ C/C++ - Lab_3_soln.c - Code Composer Studio (Licensed)

Eile Edit View MNavigate |Project Target Tools Window Help
. R G- PR I G B %5 Debug |Fg c/c++ |
CfC++ Projects 52 = O || [¢ Flash_the_LED.c [ Lab_3_soln.c &2 = 0| 5= outline 2 =0
2| EFT 64 IntDegC = {(temp - 1855) * 667) / 4096; ~ ERas e T
bc Flash_the LED :2 format_temperature_string(IntDegC, 'C'}): 1] msp430x54xA.h
L ]
bcLab_Z . 67 / Temperature in Fahrenheit u hal_UCS.h
=% Lab_3 [Active - Lab 3] - /4 TT = (3/5)*Tc + 32 S oholFMn o
< Binaries 69 IntDegF = ((temp - 1855) = 1193) / 4096 + 32: = hal_uss.h
e & Includes 70 format_temperature_string(IntDegF, 'F'): # STATUS_PASS
(= So_HAL ﬁ 71 __no_operation(): @ f/ SET BRERKPOINT HERE # STATUS_FAIL
(= Lab3 72 # USB_STRING_LEN
r 4 Lab_3_soln.c 73 /% Initialize serial communicafpion module to send data over USE */ # Ctens . .
. 71|  newsbmtos Project Outline
rOJ |ew [# MSP430F5438A.coml [Active] o X . . . # C_ones
lab disclaimer.bd 5 halUsbSendString (8USE_string[0f ,USE_STRING LEN+2); # E hundreds .
. - - - 76 halUsbShutDown () » f// Shut down USB to enter sleej - [ )
* Ljst of all Projects B Ink_mep43075438a.cmd - : : ¥ Fotens Shortcut to project parts
-
= Lab_4 __delay_cycles (2200000); /{ Delay 2 seconds # F_ones
£ Lab_5 ¥ ++ halBoardInit
25 Lab_6 } ++  halADCInit
8 E ++ format_temperature_st
g2-unsigned char format temperature sfring(mnsigned int degrees, unsigned cha: @ usB string
83 { @Y temp
8 nnsigned char hundreds = '0'; ff Init to '0' to code in ASCIC ® main
8 unsigned char tens = '0';
- . _ e format_temperature_st
8 unsigned char ones = '0';
8 unsigned char status = STATUS_PAES: @ halBoardhnit
a @ halADCInit
while (degrees »= 100){ ff Calculate hundreds' place
hundreds++;
degrees -= 100; Z
< 3
= Console X = 0|/ E! Problems 32 ¥ =0
Lab_3 [Project Debug Session] TI MSP430 USB1/MSP43 0 errors, 0 warnings, 0 infos
Xk Rt BE-CS- Description Resource
M5P430: Program loaded. Code Size - Texijf o
I oblems Vie
< > < 3|| > 1
< 3@ _ 2l e |Information,
e
Warnings, Errors

Console
e Build Information

Code Wind

* Real-time breakpoints, Syntax highlighting

ow



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

Target control
Start

Stepping
Stack Trace

1-click project Debug

Code Composer Studio

Environment

Independent Debug
and C/C++ Project
Perspectives

File Edit View Navigate Project Tgrget Tools Window Help
REEed@ s 8- IF YA e [ | 35 Debug | B cree+
Fr-pebug—E Rt OlE - . 33 & Ir @ o B 7 T 0| = Local (1) i Watch (4)| Breakpoints @ - e 7 2
= g Lab_3 [Lab 3] - TI M5P430 USB1/MSP430 [Project Debug Session] Name Value Address Type % | R
=i Device )= IntDegC 364 0X5BF8 unsigned int H | g h |y coO nf| g u rab | e
=-af Thread [main] (Suspended) )= IntDegF 687 OX5BFA unsigned int .
= 0 main() at Lab_3_soln.c:71 0x05d06 win d ow I ayo ut
= 1 c_int00_noexit() at boot.c:139 0x05¢26
i TIMSP430 USB1/MSP430 (1:29:46 FM) ° p f
] TIMSP430 USB1/MSP430: CIO (1:29:46 PM) 3 N User refterences
3 24| 3 I g
Flash_the_LED.c Lab_3_soln.c &2 = O || 1% Registers (1)... % | Memory (1) Disassembly ... g~ P u g I n S u p po rt
g i Y
64 IntDegC = ((temp - 1855) * 667) / 4096: ~ BE| e & &y~
:2 format temperature string(IntDegC, 'C'); Grid Layout = A
a7 // Temperature in Fahrenheit e m Core Registers
68 [/ TE = (9/5)*Tc + 32 Y PC=0x005006 i SP=0x005BF8
€9 IntDegF = ((temp - 1855) = 1138) / 4096 + 32; ¢ SR=0x0000 Wt R3=0%000000
T0 format temperature string(IntDegF, 'F'); il R4=0x002004 Wt R5=0x000007
w71 __no_operation(); ® // SET EREAKPOINT HERE ! R6E=0x0051B1 il R7=0x07E881
7z i R8=0x0E3722 ifhi RO=0X0CF5EL = H H m
:3 _-'*lér.;:t['_e'_'_(]ze serial communication modhle to send data over USE */ M R10=0%000000 Wi R11=0x0BFAFS Real -tl m e, I n -S yste
4 hallUsbInic(); 1010 1010
et R12=0x000001 oo R13=0::000046 o 5
75 I i B ing[0] ] 29 .
- halUsb3endString (£USE _string[0],USE STRING LEN+2): L M R14=0x0004AF 8 R15=0x000000 M S P430 n fO rmation
& halUskbShutDown () ; / Shut down USE to enter sleep mode
77 = Wi ADC12 - R . t
78 __delay cycles (2200000); // Delay 2 seconds ¥ CRC16 eg I S er aCCGSS
} i DMA
) & & Fosn * Flash, RAM, Info
== &4 MPY_16__Multiplier__16_8i
EZ-'r:mslgned char format_temperature_string(unfigned int degrees, unsigned char ¢ or f) A MPY_32__Multiplier__32_Bi S eg m ent aCC eSS
- igned ch dred 0 I 4 - 53 Port_a ) ;
nnsigned char hundreds = '0'; / Init to '"0' to code in ASCII 838, bI
85 unsigned char tens = '0'; mPor‘t_l_Z Q Dlsassem y VIeW
g8 unsigned char cnes = '0'; 4 aiii Port_8 b
A | =
Target Voltage 3 Eafl #B-r5-70
Lab_3 [Project Debug Session] TI MSP430 USB1/MSP430 (1:29:46 PM)
S5P430: Program loaded. Code Size - Text: 1042 bytes Data: 32 bytes /_~
¥
P 1° R

* Real-time breakpoints, Syntax highlighting



Step 4: Build and
Debug a CSS
Project

Click the “BUG” to build the
code & launch the debugger

Code Composer Studio
Projects

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

File Edit View MNavigate Project Target Tools Window Help
& & % § iEHp P 2 th O - E % Debug |HE c/c++ |
Eg ¢/C++ Projects &2 .Affrget Configurations| = O || [g Flash_the_LED.c &2 =g
Y =i ¢¢' = 23=woid main(void) -
© - 24 {
Flash_the_ /D [Active - Deb
S T L ug] 25 WDTICTL = WDTPW + WDTHOLD; // Hold WDT for clock/p
< Binarig e
uy
(= Inclyffes 27  P1CUT = 0x00;
= Dgliug 28 PIDIR |= BITO: // Enable LCD output
[€) JMash_the_LED.c 29
3 MSP430F5438.coxml [Active] 30 WOTCTL = WDT_ADLY 1000 /{ WDT source by ACLEK,
%] Ink_msp430f5438.cmd 31 SFRIE1l |= WDTIE: // Enable WDT interrupt
32
33 __enable interrupt(): /{ Enable global interr
34 } L
35
36 / Watchdog Timer interrupt service routine
37 #praoma vector = WDT VECTOR .
b | 2
2 Console X = O | [El Problems 2 T =08
<terminated> Flash_the_LED [Project Debug Sessiol |0 errors, 0 warnings, 0 infos
X% Gpll tB3-r05- Description Re
MS5P430: Program loaded. Code S5ize -

A




Step 5: Run,
Terminate a CSS
Project

s

‘IRU N 7

Code Composer Studio
Projects

¥ Debug - Flash_the LED.c - Code Composer Studio (Licensed)

File Edit View Navigate Project Target Tools Window Help
FR-EHE-IE R R A IR R R T SR R
% Debug &2
= T Flash_the_LED [Debug] - TI MSP430 USB1/MSP430 [Project Debug Session]
-0 Device

=g Thread [main] (Suspended)

0 main() at Flash_the_LED.c:25 (L
1 c_int00_naoinit_noeg boot.c:154 Ox05cle
wl TIMSP430 USE PR30 (11:38:47 AM)

g TLLkse®) USB1/MSP430: CIO (11:38:47 AM)

Perspectives

[£] Flash_the_LED.c 2 = B ||z Disassembly (main) &3 =g
23=void main(void) ~ |Enter|0cati0n here V| [ o |05
224 main: -~

®l25  WDICTL = WDTPW + WDTHCLD; /7 ® 0x05c2c:  40B2 SR80 015C MOV.W  #0x5280,sWatchdog Timer
28 0x05c32: 4302 0202 CLR.B  sPort_1_2 P1OUT
27 FlOUT = 0x00; 0x05c36: D302 0204 BIS.B  #l,sPort_1 2 PIDIR
28 PIDIR |= BITO: 0x05c3a: 40B2 SA3C 015C MOV.W  #0x5&3c, sWatchdog Timer
23 0x05c40: D392 0100 BIS.W  #1,s5FR_ Special Functis
30 WDTCTL = WDT_ADLY 1000; O0x05c44: D232 EINT
31 SFRIE1 |= WDTIE; 0x05cdé: 0110 RETL
32 _system pre init:

33 enable interrupt(): 0x05c48: 431C MOV.W  #1,R12 J
34 3 Ox05cda: 0110 RETRZ
35 CE3EXIT, abort:
36 // Watchdog Timer interrupt sService routine L3 0x05cdc: 4303 noE
37 #pragma vector = WDT_VECTOR oL
- - . - . 0x05cde: 3FEF JHMP {CsL1)
38= interrupt woid WDT ISR (wvoid)
o [ - ~ _nop: ~
< | > < | >
W X% Expl AB-r3-70
Flash_the_LED [Project Debug Session] TI MSP430 USB1/MSP430 (11:38:47 AM)
S5P430: Program loaded. Code Size — Text: 822 bytez Data: 4 bytes E
W

o* M@ R




Code Composer Studio

Projects
HELLO WORLD!

WDTCTL = WDTPW + WDTHOLD; // Stop watchdog timer
volatile unsigned int i=0; // volatile to prevent optimization
P1DIR |= 0x01; // Set P1.0 to output direction

for (;;)

{

P1OUT ~= 0x0 1} // Toggle P1.0 using exclusive-OR - Red Blinks

1 = 10000; // SW Delay

do i--;

while (i '= 0);




