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AD Konvertor i tajmeri

Pregled

@ AD Konvertor i tajmeri
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12bit AD Konvertor

ADC12 1/3
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12bit AD Konvertor

ADC12 2/3

12-bitni AD konvertor sa sukcesivnim aproksimacijama J
Do 12 nezavisnih eksternih kanala J
Posebni kanali za interni temperaturni senzor i eksternu naponsku
referencu J
Maksimalna brzina konverzija do 200ksps J
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12bit AD Konvertor

ADC12 3/3

Softverski kontrolisano SH kolo

Tri interne ili eksterna naponska referenca

16 nezavisnih baferskih registara

Prekid sa brzim dekodovanjem izvora prekida

Odsek za ele ik 5T 0 ) MSPLite

2018/2019 7/53



NI (A AR ISl  12bit AD Konvertor

ADC12 funkcionisanje 1/2

Konvertuje ulazni napon u opsegu V,.cr— do Vi.cr4 po sledecoj formuli:

V; - ‘/reff

Napc = 4095 x
V;"ef—i- _‘/;’ef—

Referentni naponi su konfigurabilni

Za konfiguraciju 12bit AD konvertora zaduZena su kontrolni registri
(Videti User Guide )

Pre koriséenja AD konvertora neophodno je ukljuciti AD konvertor
setovanjem ADC120N bita. Zbog Cega se isklju¢uje AD konvertor kada se
ne koristi?

v
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NI (A AR ISl  12bit AD Konvertor

ADC12 funkcionisanje 2/2

Da bi konfigurisanje AD konvertora bilo mogucée neophodno je iskljuciti
konverziju sto se postiZe resetovanjem ADC12ENC bita. Ponovno
ukljuc¢ivanje AD konverzije vr§i se setovanjem ovog bita nakon §to je
konvertor konfigurisan

Konverzija signala zapocinje nakon detektovanja uzlazne ivice SHI
signala. Ovaj signal moze biti generisan softverski (setovanjem ADC12SC
bita) ili od strane nekog od tajmerskih modula Timer A i Timer B

Na raspolaganju je 16 registara za ¢uvanje rezultata konverzije. Uz
svaki registar moZe da se asocira bilo koji kanal
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NI (A AR ISl  12bit AD Konvertor

Zadavanje konverzije 1/2

Jedan naéin kontrole je softversko podeSavanje trajanja sampling
perioda

Start Stop Start Conversion

Sampling Sampling Conversion Complete

SHI i_|

SAMPCON I | 13 x ADC12CLK

I S
—P LW‘H— } |

+
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NI (A AR ISl  12bit AD Konvertor

Zadavanje konverzije 2/2

Drugi nacin je direktna kontrola SHI signalom )
Start Stop  Start Conversion
pling Conversion Complete

13 x ADC12CLK
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NI (A AR ISl  12bit AD Konvertor

Modovi konverzije

ADC12CONSEQx Mode Operation
00 Single-channel single-conversion A single channel is converted once.
01 Sequence-of-channels (autoscan) A sequence of channels is converted once.
10 Repeat-single-channel A single channel is converted repeatedly.
11 Repeat-sequence-of-channels A sequence of channels is converted repeatedly.

(repeated autoscan)
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NI (A AR ISl  12bit AD Konvertor

ADC12 prekidi 1/2

16 prekida asociranih sa ADC12IFGx flegom koji se setuje kada se u
odgovarajudi registar upiSe rezultat konverzije

Prekid asociran sa ADC120V flegom koji se dogada kada se u neki od

baferskih registara ADC12MEMx upisuje novi rezultat pre nego §to je stari

procitan

ADC12TOQV prekid koji se dogada kada se inicira nova konverzija pre nego

§to je tekuca zavrSena

Odsek za elektroniku (ETF Beograd) MSPLite 2018/2019
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NI (A AR ISl  12bit AD Konvertor

ADC12 prekidi

Svaki od 18 izvora prekida je moguce individualno maskirati )

Iako postoji samo jedan prekidni vektor za sve ADC12 prekide,
korig¢enjem generatora prekidnog vektora ADC12IV u kome je kodiran
jedan od 18 flegova koji izazivaju prekid lako se realizuje grananje u
prekidnoj rutini
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AD Konvertor i tajmeri [EERENT

Tajmer A

Tajmer A je 16-bitni tajmer sa nekoliko capture/compare blokova, ¢iji
broj varira kod razli¢itih predstavnika familije od 3 do 7

Timer Block
e
i o 3

oot
ThR ... ca
Re
L samen,
TarG

CCRO
[
[
CCRS
CoRi
=

CceRe
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Modovi rada broja¢a TAxR

MC Mode Description

00 Stop The timer is halted.

01 Up The timer repeatedly counts from zero to the value of TAXCCRO

10 Continuous The timer repeatedly counts from zero to OFFFFh.

11 Up/down The timer repeatedly counts from zero up to the value of TAXCCRO and back down to zero.

Odsek za e
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AD Konvertor i tajmeri

Broja¢ na gore (UP mod)

brojaca na 0x0000 setuje se TAxIFG fleg

Tajmeri

Po dostizanju vrednosti TAxCCRO setuje se CCIFG fleg a pri resetovanju J

OFFFFh
TAXCCRO

Oh
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AD Konvertor i tajmeri [EERENT

Kontinualni broja¢ (Continuous mod)

Tajmer uvek broji od 0x0000 do Oxffff. )
Ovaj nad¢in brojanja u COMPARE modu tajmera je pogodan za
generisanje signala razli¢itih uéestanosti J
TAXCCR1b TAXCCR1c
TAXCGRO> | TAxcCRoc | TAXCCROd
OFFFFh |- — — — — — — _‘_____L:_ ____}——— -
‘ TAXCCRI1d|

Odsek za elektroniku (ETF Beograd) MSPLite 2018/2019 18 /53



Tajmeri

UP/DOWN brojaé

OFFFFh |
TAXCCRObm — — — (o — — — — — — —  — — — — — _
|
TAXCCR1 |— — —:— —————
TAXCCR2 — SN -
on | | A — INZ_ _
| | | | | —ﬂ 4 | P l‘— Dead Time
| I ! | 1 I ! Output Mode 6: Toggle/Set
_ [ ] ‘ [ ]
| | |
mi bl I_ _
| | | | | | Output Mode 2: Toggle/Reset
: ] : o
EQU1 | EQU1 EQU1 | EQU1 Interrunt Events
TAIFG | EQUO | TAIFG | EQUO | P
EQU2 EQU2 EQU2 EQU2
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AD Konvertor i tajmeri [EERENT

CAPTURE/COMPARE blokovi

Svaki CC blok moZe da radi u CAPTURE ili COMPARE modu. To je
odredeno bitom CAP u kontrolnom registru TAxCCTLn

CAPTURE mod se koristi za merenje ucestanosti, tj. intervala izmedu
uzastopnih dogadaja na nekom pinu. Svaka promena na odredenom
pinu kopira trenutnu vrednost brojaca TAxR u odgovarajuéi TAxCCRn
registar is setuje odgovarajuéi CCIFG fleg.

COMPARE mod se koristi za generisanje PWM-a i signala razli¢itih
utestanosti. Svako izjednacavanje vrednosti broja¢a TAxR sa vrednogéu
u TAxXCCRn registru setuje odgovaraju¢i TAxCCRn CCIFG fleg

Odsek za elektroniku (ETF Beograd) MSPLite 2018/2019 20 /53



Izlazna jedinica

Svaki CC blok sadrzi izlaznu jedinicu koja se koristi za generisanje

signala kao sto je PWM

I 1 . . o . 1 oy h
zlazna jednica moZe da radi u osam razli¢itih modova )
‘OUTMODx Mode Description
000 Qutput The output signal OUTn is defined by the OUT bit. The OUTn signal updates immediately
when OUT is updated.
001 Set The output is set when the timer counts to the TAXCCRn value. It remains set until a reset
of the timer, or until another output mode is selected and affects the output.
010 Toggle/Reset The output is toggled when the timer counts to the TAXCCRn value. It is reset when the
timer counts to the TAXCCRO value.
o1l Set/Reset The output is set when the timer counts to the TAXCCRn value. It is reset when the timer
counts to the TAXCCRO value.
100 Toggle The output is toggled when the timer counts to the TAxCCRn value. The output period is
double the timer period.
101 Reset The output is reset when the timer counts to the TAxCCRn value. It remains reset until
another output mode is selected and affects the output.
110 Toggle/Set The output is toggled when the timer counts to the TAXCCRn value. It is set when the timer
counts to the TAXCCRO value.
111 Reset/Set The output is reset when the timer counts to the TAxCCRn value. It is set when the timer

counts to the TAXCCRO value.
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AD Konvertor i taj ri Tajmeri

Rad izlaznog bloka za broja¢ u modu brojanja na gore

|

OFFFFh |
TAXCCROF — — — — — — — g — — — — — — — ——

|

|
I ! !
i i i Output Mode 1: Set
| | |

""" I I Output Mode 2: Toggle/Reset
I 1 1 1
L~ |

Output Mode 3: Set/Reset

Output Mode 4: Toggle

Output Mode 5: Reset

L | Output Mode 6: Toggle/Set
| | | | |
I ' ' Output Mode 7: Reset/Set
EQUO EQUT  EQUO EQUT  EQUO
TAIFG TAIFG TAIFG Internupt Events
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AD Konvertor i taj ri Tajmeri

Rad izlaznog bloka za broja¢ u UP/DOWN modu brojanja

|
OFFFFh |

TAXCCRO b — — — e — — — —
|

|
+
| Output Mode 1: Set
|

I Output Mode 2: Toggle/Reset

I Output Mode 3: Set/Reset

Output Mode 5: Reset

|
| Output Mode 4: Toggle
|
|
1

| Output Mode 6: Toggle/Set

Output Mode 7: Reset/Set

|
|

| :

| EQU2 | EQU2 EQU2 | EQU2

I

FG EQUO TAIEG EQUO Interrupt Events
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AD Konvertor i tajmeri [EERENT

Prekidi Tajmera A

Dva prekidna vektora su povezana sa tajmerom A:
@ TAxCCRO vektor za TAXCCRO CCIFG fleg
o TAxIV vektor za ostale CCIFG flegove i TAXIFG

U CAPTURE modu CCIFG fleg se setuje kada se na spoljni dogadaj
registar TAxCCRn napuni vrednoSéu brojaca TAxR

U COMPARE modu CCIFG fleg se setuje kada vrednost brojac¢a TAxR
dostigne vrednost u TAxCCRn registru

TAIFG fleg se setuje kada vrednost brojaca TAxR dostigne 0x0000 J

Unutar TAxIV prekida se poliranjem odreduje koji je dogadaj izazvao
prekid J

Odsek za elektroniku (ETF Beograd) MSPLite 2018/2019 24 /53



15 14 13 12 11 10 9 8

[ TAIV |
r0 10 r0 0 ro r0 [} r0
7 6 5 4 3 2 1 0

[ TAIV |
(1] r0 ro 0 r-(0) r-(0) r-(0) r0

Table 17-8. TAxIV Register Description

Field

Type

Reset

Description

15-0

TAIV

Oh

Timer_A interrupt vector value

00h = No interrupt pending

02h = Interrupt Source: Capture/compare 1; Interrupt Flag: TAXCCR1 CCIFG;
Interrupt Priority: Highest

04h = Interrupt Source: Capture/compare 2; Interrupt Flag: TAXCCR2 CCIFG
06h = Interrupt Source: Capture/compare 3; Interrupt Flag: TAXCCR3 CCIFG
08h = Interrupt Source: Capture/compare 4; Interrupt Flag: TAXCCR4 CCIFG
0Ah = Interrupt Source: Capture/compare 5; Interrupt Flag: TAXCCR5 CCIFG
0Ch = Interrupt Source: Capture/compare 8; Interrupt Flag: TAXCCR6 CCIFG

OEh = Interrupt Source: Timer overflow; Interrupt Flag: TAXCTL TAIFG; Interrupt
Priority: Lowest

Odsek za e
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RETI

jmeri

; Interrupt handler for TADIFG

TAO_HND
ADD
RETT
3
3
3
T
T
T

TAOIFG_HND
RETI
CCIFG_6_HND

RETT
CCIFG_5_HND
RETI
CCIFG_4_HND
RETI
CCIFG_3_HND
RETI
CCIFG_2_HND
RETI
CCIFG_1_HND

RETI

&TAOIV, BC

Tajmeri

Primer prekidnih rutina tajmera A

IFG

handler Interrupt latency

TAOCCRL through TAD

Interrupt laten
to Jump table
No interrupt

Vecter 14: TAOIFG Flag
Task starts here

Vector 12: TADCCRE
Task starts here
Back to main program

starts here
to main program

T 8: TAOCCRA
starts here

Back to main program

Vecter 6: TAOCCR3
Task starts here
Back to main program

Vecter 4: TAOCCRZ
Task starts here
Back to main pragram

r 2: TADCCRL
starts here
Back to main program

MSPLite

2
2
2
2
2
2
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Tajmer B

Vrlo sli¢énih karakteristika
kao i tajmer A

Ima viSe CC jedinica i
mogucnost sinhronog
upisivanja

Odsek za e

16-bi Timer
TBR  RC
8 101216

Timer Block
c

10 [ SetercTL
TBIFG

CCRo

)

ccrz

cCRa

CCRa

CCRS

15 o
TBxCCRE

ouThop,

ouTs signal

CCRe
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Pregled

© Primeri
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Zadatak 1 - Startovanje AD konverzije i ¢itanje rezultata

Zadatak

Napisati program koji pritiskom na taster S4 vrsi startovanje konverzije
napona na potenciometru P1. Na sedmosegmentnom displeju se
ispisuje konvertovana vrednost.

Napomena

Na displeju je potrebno ispisivati heksadecimalnu vrednost koja
predstavlja 4 najvisa bita digitalnog zapisa konvertovane veli¢ine.
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Zadatak 1 - Startovanje AD konverzije i ¢itanje rezultata

Regenje

Da bi se ispunili uslovi zadatka potrebno je konfigurisati sledece:
o SAMPCON signal se generiSe softverski u Pulse modu
o Kao izvor takta koristi se interni oscilator AD konvertora

o Konvertuje se kanal 14 AD konvertora jer je na njega povezan
potenciometar P1

e AD Konvertor je u Single channel single conversion modu

Kod
Videti primer v4-zI1-adc-tast u materijalima
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Tajmeri
Zadatak 2 - PWM signal

Zadatak

Napisati program koji realizuje kontrolu osvetljaja diode LDI.
Pritiskom na taster S4 vrsi se povecanje intenziteta osvetljaja diode.

Odsek za elektroniku (ETF Beograd) MSPLite 2018/2019 31 /53



Zadatak 2 - PWM signal

PWM

Sta je PWM signal? Koja je veza izmedu intenziteta osvetljaja diode i
PWM signala?
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Tajmeri
Zadatak 2 - PWM signal

5 0% Duty Cycle
PWM - Pulse Width ]
Modulation 25% Duty Cycle

Nagin generisanja signala
kod koga je moguce menjati ol . . | | 7

trajanje impulsa/pauze. Y— — M

PWM signal karakterise o 75% Duty Cycle
perioda (D ) i Duty Cycle ' 1 1 1 i_
( D ) o
o 100% Duty Cycle
5V
o |
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Tajmeri
Zadatak 2 - PWM signal

Kod signala generisanog na ovaj nacin lako se menja srednja vrednost
signala

Intenzitet osvetljaja diode, brzina okretanja motora, ... zavise od
srednje vrednosti signala

Kod

Videti primer v4-2z2-tmp-pwm u materijalima
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Zadatak 3 - Startovanje AD konverzije koristec¢i tajmer

Zadatak

Napisati program koji sa periodom od 0.5s vr&i startovanje konverzije
napona na potenciometru P1. Na sedmosegmentnom displeju se
ispisuje konvertovana vrednost.

Napomena

Na displeju je potrebno ispisivati heksadecimalnu vrednost koja
predstavlja 4 najvisa bita digitalnog zapisa konvertovane veli¢ine.

Odsek za elektroniku (ETF Beograd) MSPLite 2018/2019 35 /53



Zadatak 3 -Startovanje AD konverzije koristeéi tajmer

Resenje
AD konvertor u ovom zadatku se inicijalizuje na sli¢an na¢in kao i u
prethodnom. Razlika je u sledec¢em:

e Kao pocetak konverzije uzima se uzlazna ivica signala generisanog
od strane tajmerskog modula Timer A

o AD Konvertor je u Repeat-single-channel modu

Kod

Videti primer v4-z3-adc-simple-tmr u materijalima
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Lo L AD Lo
Zadatak 4 - Generisanje PWM signala

Zadatak

Napisati program koji generise PWM signal kod koga je trajanje
impulsa srazmerno konvertovanoj vrednosti dobijenoj sa potenciometra
P1. PWM signal kontrolise intenzitet osvetljaja diode LD1. Konverzija
analogne vrednosti vréi se sa periodom od 0.5s.

Napomena

Korstiti alternativnu funkciju na pinu koji je povezan sa diodom LD1.
Zadatak realizovati bez upotrebe prekidal
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Lo L AD Lo
Zadatak 4 - Generisanje PWM signala

Resenje

U ovom primeru Tajmer A koristimo kao triger za pocetak AD
konverzija dok tajmer B koristimo za generisanje PWM signala

Ako se detaljnije pogleda DataSheet ovog mikrokontrolera vide¢emo da
je alternativna funkcija na pinu

PIN NAME (Pd.x) R I —— CONTROL BITS OR SIGNALS
P4DIR.x P4SEL.x
4.0 (I10) 1 0; 01 0
P4.0/TB0.0 0 | TBO.CCIOA and TBO.CCIOB 0 1
TB0.0'™ 1 1
4.1 (110) 10, 0: 1 0
P4.1/TB0.1 1 | TBO.CCI1A and TBO.CCIB 0 1
TBO.1 1 1
4.2 (I/0) 1 0; 01 Q
P4.2(TBO.2 2 | TBO.CCIZA and TBO.CCI2B 0 1
TBO.2(1 1 1
43 (II0) 10001 0
54.3/TB0.3 3 | TBO.CCI3A and TBO.CCI3B 0 1
TB0.3(" 1 1
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Lo L AD Lo
Zadatak 4 - Generisanje PWM signala

U ovom primeru funcionalnost programa implementirana je jedino u
glavnoj programskoj petlji

Niz slajdova koji slede u nastavku treba da ilustruju implementirani
algoritam

Kod

Videti primer v4-z4-adc-tmr u materijalima
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Lo L AD Lo
Zadatak 4 - Generisanje PWM signala

Fs=2Hz DC=50%

ADC12
Perioditni start

konverzije

Ocitavanje

%
N

rezultata konverzije

Glavni program preuzima
podatke iz AD konvertora i
upravija Timerom B koji generise
PWM

Ispis na displej

Fpwm=10kHz DC=0..100%

JTT

lUplsnnRJc Duty-cycle-a

Timer B
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Lo L AD Lo
Zadatak 4 - Generisanje PWM signala

I Inicijalizacije
pertovi, ADC12,
timer A, timer B |

| Ocitavanje flega
koji ukazuje na
¥raj konverzije |

Detektovan
zavrsetak
kenverzje

Ispisivanje |
podatka na displej
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Zadatak 4 - Generisanje PWM signala

¥ CCSEdit - adc-tmi/function.c - Code Composer Studio
File Edit View Navigate Project Run Scripts Window Help

O~ K-t~y @
s
[ (8 mainc 52 ..
= rinctude sasptso. Konfiguracija
5| 2winclue “function portova za
[£2 | 2sdefine TA2MzPERTOD (8192) g q
SSittine e (oer | diSPLe]
e & #define TBOUTY (ex07)

5unsigned int adc_result;

Konfiguracija

e L Konfiguracija _
tajmera A koji
upravlja A/D

konverzijom

selektova
ukLjucen
ADC125HS_1 + ADC12CONSEQ_2;

ADCI2ACTLO = ADCLZINEH 143

socizcTio

7% pode: Podesavanje
Taoccrio o

TAOCCRO ~ TAZHZPERIOD; /

tajmera B kojim
se generiS§e PWM
signal

TAGCTL = TASSEL_L + MC_1;

2 za dio

RIOD; /
TBOCCTLS = OUTHOD_7;
TBOCCRS = TEDUTY;
TBOCTL = TBSSEL_L + MC_1;

ile (1) {
while (!(ADCI2IFG & BITE));
adc_result = ADCI2MENO;
WriteLed((adc_result >> 8) & @x0F);
TBOCCRS = (adc_result >> ) & OxOF;

Writable

MSPLite

QuickAccess | 19 | (EECCRER) % CCs ebug

8 function.c

R 1 #include <mspa3e.h>

 const. unsigned char tabelaseg(] = {

2void WriteLed(const unsigned char index)

PBOUT = tabelaseg[index];

[E=2 E=R ==

Tajmer A periodi¥no startuje
konverziju. Funkcija glavnog
programa je testiranje flega koji
ukazuje da je konverzija zavrgena.
Nakon otitavanja rezultata vrii
se ispis na displej i podeSavanje
PWM-a

Smartlnset | 26:1
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Lo L AD Lo
Zadatak 4 - Generisanje PWM signala

¥ CCSEdit - adc-tmi/function.c - Code Composer Studio
File Edit View Navigate Project Run Scripts Window Help

i K-iRits~id~ilE

B
@ | @ maine 2

1 #include <nsps30.h>
5 | 2sinclude "function.

[0 2 sdefine Ta2HZPERTOD (mo2)
5 #define TBPERIOD  (@xer

& #define TBOUTY (m:)

Sunsigned int adc_result;

107+

11 % main.c

12
T35 int main(void) {
4 WDTCTL = WDTPW | WDTHOLD;  // Stop watchdog tine

5 /% podesavanje LED displeja */

b P |- I segrenti
15 PuDIR 71 selektovan prvi displej
o a0 4 oarmi;

20

1 vanje A/D

22 BIT6;

ADC12C
wrent] 1+ Amzmusz@,
= ADCI2INGH_14;

¢ | aocixcrio |- aoc

5 /" podesavanje tajmera za A/D
9 TAGCCTLO = OUTMOD 4; /
@ TAGCCRO = TAZHZPERIOD;

1 TAGCTL = TASSELL + MC_1;

TBRCCRO = TBPERIOD;
TBOCCTLS = OUTHOD_7; 1 CCR3 reset/set

TBRCCR3 = TEDUTY;

5 71 CCR3 Pt duty cycle
TBOCTL = TBSSEL_L + MC_1;

ACLK, up mode

57
=

/= glavna petlja */
while (1) {
while (1(ADCI2IFG & BIT®));  // ceka da se zav
adc_result = ADC129EMO; /7 ocitava rezul

e

WriteLed((adc_result >> 8) & @x0F);
TBOCCRS = (adc_result >> ) & OxOF;

T

Writable

MSPLite
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e o 3 ) o) o o) )
Gan o i nly whon ADGTZEN
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| ACESHTOx [0 [ADC12 % samplo-nhod mo-Thess i ol o numberof ADGI2GLK
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on s overlow iniomupt ot
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Zadatak 4 - Generisanje PWM signala

¥ CCSEdit-adertmiffunction.c - Code Composer tudio Sloes
Fle Edit View Noigate Poject Run Scrts Window Help
= I [0 B o 0 5 5
o~ K-iPig-id i@ [ AOGTZGSTARTADDX T ROGTZSHS. T
) ) ) ) o) ) o) o)
s ; . s B 3 o
& | @ meine 2 I ABGTZ0K T ADGTZSSEL T ADitconeoe [ AocizeusY |
L sinclude <spé3n. > o) o) o) o) =) 0 =) 0

2#include "function.
el lude "funce Gan be modified only when ADCTZENC

[£1 | 2sdefine Ta2nzPERTOD (3192)

Q 5 #define TBPERIOD (@xoF) Table 28-5. ADC12CTL1 Register Description

Gtdefine TBOUTY  (0x07)
7 Bit Field Type Reset Description
Bunsigned int adc_result; 1512 RW Oh ADC12_A conversion start address. These bits select which ADC12_A
9 conversion- memnvy rewsiu is used for a single conversion or for the first

10/+ Conversion na seduance. The vae of CSTARTADDX 5 0 10 OFh

1 * main.c Comesponding 1o ADGIZMEN 10 ADCIZVEMTS,

— 0 |ADGTESHSY AW |00 | ADC12_A sample-anchol source seect
12int msin(uoid o0 pokoyh

) {
VOTCTL = WOTPW | WOTHOLD; | // Stop watchdog tine 01b = Timer source (see evice-speciic data sheet or exact imer and locatons)

5 /% podesavanje LED displeja */
e et 7 segrenti 11b = Timer source (see device-specilic data sheet for exact timer and locations)
15 / displej g ADG1ZSHP AW [oh ADC12_A sample-andhold puse-mode select. Ths bi selects the source ofthe.
19 / ukljucen prvi displej ool Sona (SAMPGON, 1o 5 aher i 6Pt ot samping e o tho
2

‘sample-input signal directly.

0b = SAMPCON signal is sourced from the sample-input signal.
1b = SAMPCON signal s sourced from the sampling timer.
ADCIZISSH AW o ADC12_A invert signal sample-and-hold

0b = The sample-input signal is not inverted.

1b = The sampie-input signal i inverted.

ADC12DIVx RW 0h ADC12_A clock divider

5 | apciactie |- anc

5 /" podesavanje tajmera za A/D */
9 TAGCCTLO = OUTMOD 4; 11 outmod
@ TAGCCRO = TAZHZPERIOD; / 2
1

TAGCTL = TASSEL_L + MC_1;  // ACLK, up mode

d

: ; A ieten 11o0- D7

B T e /) aeses R A Lo ey prerssmmmprer

2 Tooccns oo Sl o AR oK)

5 Toocneseirh 4 hets 11 s o oA

o i

o g Eeths / 11b - SMGU

3 while (!(ADCI2IFG & BIT@)); 1/ ceka da se zaur 21 AW o ADC12_A conversion sequence mode select

ingle-channel,single-conversion
equence-of-channels
tepeat-single-channel
equence-of-channels

adc_result = ADCI2MENO;
T iTered((ade.result >3 8) & 0x0F);
TBOCCRS = (adc_result >> ) & OxOF;

itava rezul

0 ADC12BUSY R 0h AADC12_A busy. This bit indicates an active sample or conversion operation.
b = No operation s active.
‘ 1b = A sequence, sampl, or conversion is active.
Writable Smartlnset | 26:1 Free License
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Zadatak 4 - Generisanje PWM signala

'+ CCS Edit - adc-tr/function.c - Code Composer Studio ==
File Edit View Navigate Project Run Scripts Window Help
/@it~y ig Quick Access 5 | [ CCSEdit | % CCSDebug
==
s
Ry | @ mainc 52 & function.c 52
L #include <mspé30.h> .
o | 2#include "function. 7 5 g 0 B z o
E [ FocizEos | AOCTZSAER. ADGTZINGHY
[ sdeine TaanzpERIOD (8152) - - = - - - -
5 #define TEPERIOD  (0x0F)
U | Gkderine Too0T . (oven) Gan be modifed anly when ADGI2ENG
unsigned int adc_result; Table 28-8. ADC12MCTLx Register Description
10/+ Bt [Fied Type [Resel | Description
o 2 min.c T [mcizEss AW [0 | Endofsoquone. e s comersion 3 e
int main(void) { b = No o
12" WDTCTL = WOTPM | WDTHOLD;  // Stop watchdog time 10 - End ofsequence
54 |ADCIZSRER R fsommie
/* podesavanje LED displeja </ e avss
pera |- o117 17 segrents Ves
/ selektovan prvi displej 0100 V{3 - VoRER and VI - AVSS
’ ucen prvi displej qu VLRo) VeREF+ and V(R-) = AVSS
V(R+) V(R-) F-/VeREF-
015 V() - VRER- and V() - VREF NeREF-
1100~ VRr) - VOREF+ and V(R.) = VREF /VOREF.
111 ViRe) - VOREF+ and V() - VREF-VeREF-
1245 // vrsi se skvizicij 30 |ADGiZINGHX AW (00 input chamal solect
ADCI2CTLO |= ADCI2ENC; / 1 e 00006 = A0
001 - A1
Tacccrio = oUmhoD.4;
TAGCCRO - TAZHZPERIOD; 21
TAOCTL = TASSELL + MC_1;  // ACLK, up mode
diodu */
i avlja diodon
TB@CCR® = TBPERIOD; / b
TBOCCTL = OUTD_7; 77 CR3 reset/set 10100 - Temperature diode
TBOCCR3 = TBOUTY; CcR3 P duty cycle 1011 - (AVCC - AVSS) /2
TROCTL = TBSSELL + HC_1;  // 11000 - A12. On doviess wihthe Batary Backup Systom, VBAT can bo
moasured infomaly by 1o ADC.
/= glavna petja =/ 1H01b = AT3
while (1) { 11100 = ATé
while (1(ADCL2IFG & BIT0));  // 111 - A1
adc_result - ADCIZUENO;
riTered((ade resilt 55 5) & 0x0F);
TBOCCRS = (adc._result »> 8) & 0x0F;
b
)
Wiitsble Smartlnsert | 2651 FreeLicense
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Zadatak 4 - Generisanje PWM signala

¥ CCSEdit - adc-tmi/function.c - Code Composer Studio
File Edit View Navigate Project Run Scripts Window Help

K-iRits~id~ilE

& | @ meinc
2 #include <mspé30.h>
a | 2#include "function.

[£0 | 2 sdefine TA2HZPERTOD (3192)
5 #define TBPERIOD  (xOF)
& #define TBOUTY (0x07)

unsigned int adc_result;

11 int main(void) {
WDTCTL = WOTPH | WOTHOLD;

/% podesavanje LED dis;
pe0IR |- ~BL77; enti

prvi displej
ucen prvi displej

anje a
BIT6; / seleksovan 470 kansl Als

120 cen ADC12
L 1 + An(lzmusfgz, Sample/hold vr
- ADCI2INGH 16 kvizicija kanala

ADC12CTLO |+ ADC konve:

7+ podesavanje tajmera za A/D
TABCCTLD = OUTHO0, 4; /
TABCCRO = TAZHZPERIOD; /
TAGCTL = TASSEL_L + MC_1;

av1ja diodon

TBOCCRD = TBPERIOD; /
TBOCCTLS = OUTHOD_7; 17 et
TBOCCRS = TEDUTY; ® duty cycle
TBOCTL = TBSSEL_L + MC_1;  //

while (1) {
while (!(ADCI2IFG & BITO));  // <
adc_result = ADCI2MENO; /7

WriteLed((adc_result >> 8) & @x0F);
TBOCCRS = (adc_result >> ) & OxOF;

QuickAccess | 5 | (EECCSEdR) %y CCS Debug
5
2 function. 53
5 0 s B n 0 g
Reserved TASSEL
w-(0) w-(0) ™w-(0) ™w-(0) w-(0} w-(0) ™w-(0) w-(0)
7 5 5 4 3 2 1 3
) T Fosored | TAGLR | TAE | TAFG
wio) o) o) wio) w0} w(o) o) w0
Table 17-4. TAXCTL Register Description
B [Fied Type [Resel [Description
510 |Resened AW [on Resorved
58 [TASSEL AW [0h [Timer A clook source select
TAXCLK
11b - INGLK
7% o "W [on
&4 MC [ o Mode control. Setting MCx = 00h when Timer_A is not in use conserves power.
oo ode: Tmer s hated
ode: Timer counts up to TAXCCRO
Continuous mae: Timer courts up to OFFFFh
Upldown mode: Timer counts up to TAXCORO then down to 0000h
3 Reserved (o Resorved
2 TACLR W [0 | Timer A clear. Setting this bit esets TAAR, th tmer clook dvicer logc, and the
count irecion. The TACLR bt s automatical reset an is avays read  zero
T TAE [ [T ruot rabi.Ti s TAIG rupt i
= nteruptgisabled
o - naruptonabiod
o TAFG AW Oh Timer_A interrupt flag
0b = No intrrupt pending
1o - Interupt ponding
Witzble Smatinset | 26:1 Free License
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Tajmeri i AD konvertori

Zadatak 4 - Generisanje PWM signala

¥ CCSEdit - adc-tmi/function.c - Code Composer Studio

(E=2 E=R

MSPLite

File Edt View Navigate Project Run Scripts Window Help
0 ] -iQids i Quick Access | [ | [ CCEAR ) CCS Debug
=&
B
7y | @ mainc 52 (@ function.c 3
1#include <mspé30.h> - 1#include <mspa30.h> -
5 | 2#include "function. 2
= s 5 const unsigned char tabelaseg(] = {
[£2 | 2sdefine TA2MzPERTOD (8192) 4 7€,
5 #define TBPERIOD  (0xOF) exzo,
| Gadefine TROUTY  (0x07) oxéD,
7 ox73,
unsigned int adc_result; o3,
oxse
10/ oxr,
11 main.c exre,
1 - ex7F,
int main(void) { ox7e,
14 WDTCTL = WOTPW | WOTHOLD;  // Stop watchdog time ox77,
oxF,
desavanje LED displeja */
et TS i T T2 T 0 0 0
PLIIR |- BIT1 [ ™R
PLI0UT &= ~BIT1; (o) o) w0) w{0) w0) 0] w0) o)
/* podesavanje A/D ’ ° s 4 2 il 0
; [ TR
= Abc120m; w0 (o) o) o) o) (o) o) )
ADCI2MCTLO = ADCI2INCH 14 8
T Table 17-5. TAXR Register Description
(B [Fieid [Type [Reset [ Description
podesavanje tajnera za ; x mer A regiter R registe s he Gount of Tmar
Taoteria < Summeon o , [50  [tam [Aw — Jon Timer_A register. Te TAXR regster s the count of Timer A
TAGCCRO = TAZHZPERIOD; / %
TAGCTL = TASSEL 1 + HC_1; X, up mode
7+ podesavany
PAOIR |= BIT7;
pase i
TBRCCRD = TEPERTOD;
TBOCCTLS = OUTHOD_7;
TBOCCR3 - TBDUTY;
TBRCTL = TBSSEL_1 + HC_1;
[r Sheura pectse */
while (1) {
while (1(ADC12IFG & BIT0));  //
ade_result = ADCIZVEND; /7
Wrifeled((adc_result >> 8) & Ox0F);
TBOCCRS = (ade_result >> ) & OxeF;
¥
}
Wrtable Smartlnset | 26:1 Free License
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Zadatak 4 - Generisanje PWM signala

¥+ CCS it~ adc-tmi/function.c - Code Composer Studio ==
File Edit View Nevigate Project Run Scripts Window Help
o KR-iDits~ Quick Access | 5 | (BT CCSER) % CCS Debug
==
Ry | @ mainc 52 & function.c 52
1 #include <nsps30.h> - L#include <mspa30.h> =
5 | 2sinclude "function. 2
C e 5 const unsigned char tabelaseg(] = {
[£2 | 2sdefine TA2MzPERTOD (8192) 4 7€,
S #define TEPERIOD  (0v0F) s ox0,
e & #define TBOUTY (ex07) ox6D,
7 7 ox79,
Sunsigned int ade_result; 03,
5 oxse
- o o,
* main.c o0,
1 2 ox,
3 int main(void) { ox78,
VDTCTL = WDTPH | WOTHOLD;  // Stop watchdog tine
5 T 0 2 [ o 5 5
£ podezmuarie L0 diplegs >/ [ Thxconn |
PIIDIR |- BITL . (0} w-(0) (0) ) ) w(0) (0] w0
PLIOUT &= ~B1T1; 7 7 s s 4 3 2 ' 3
. X [ TAXCCRN |
podesavanje A/D 0] -0 e0) 0) e0) (0 w0 w0
- Abcazon;
ADC12SHS_1 + AD()Z(ONSEQL ra SHS signal Table 17-7. TAXCCRn Register Description
ADC12INGH 1.
Bt [Field Type  [Reset | Description
150 | TAXCCRO RW oh ‘Gompare mode: TAXCCRN holds the data for the comparison to the timer value
inthe Timer A Register, TAR.
Gaptr mode: The iner A Resor, TAR, s copid o th TAYCGR gt
ThoCCRD = TARRERCRIOD; nen a capture s perorme.
TAOCTL = TASSEL_L + MC_1; X, up mode
seL diodon
TBGCCRD = TEPERIOD;
TRRCCTLS = OUTHOD_75 77 ccws et
TBGCCRS = TBDUTY; duty cycle
TBOCTL = TBSSEL_1 + MC_1;  // ACLK, up mode
glavna petlje =/
while (1) {
while (!(ADCIL2IFG & BITe));  // ceka da
adc_result = ADC129EMO; /7
iriTeLed((ade_result > 8) & 0x0F);
TBOCCRS = (ade_result >> 8) & oxoF;
b
Hisy
2
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Zadatak 4 - Generisanje PWM signala

¥ CCSEdit - adc-tmi/function.c - Code Composer Studio
File Edit View Navigate Project Run Scripts Window Help

i K-iRits~id~ilE

& | @ meinc
2 #include <mspé30.h>
a | 2#include "function.

[0 2 sdefine Ta2HZPERTOD (mo2)
5 #define TBPERIOD  (@xer
& #define TBOUTY (axw)

5unsigned int adc_result;

10/
11 main.c
12

Fi2 it maingvotd
18

) {
WDTCTL = WOTPW | WDTHOLD;  // Stop watchdog time

DC12 cen ADC12
wrent] 1+ Amzmusz@,
= ADCI2INGH_14; K

& ADCLCTLO |- ADC

7+ podesavan
TAGCCTLO = OUTHOD_3;
TABCCRO = TAZHZPERIOD;
TAGCTL = TASSEL_L + MC_1;

" seletovana dioda
s 5 7 avlja diodom
S5 TBGCCRD = TBPERIOD; 7

7 TGCCTLY = OUTHOD_7; 77 cer3 reset/set

3 TRRCCRS - TBDUTY; / CCR3 P duty cycle

59 TGCTL = TBSSELL + MCL;  // ACLK, up mode

o

1 /" glavna petlja +/

22 while (1) {

- while (!(ADCL2IFG & BITe));  // ceka da se zaur

adc_result = ADCI2MENO;
T iTered((ade.result >3 8) & 0x0F);
TBOCCRS = (adc_result >> ) & OxOF;

itava rezul

5 /% podesavanje LED displeja */
b7 P |- 11 11 seguenti

15 PuDIR 71 selektovan prvi displej
o a0 4 oarmi; / ukljucen prvi displej

20

1 odesavanje A/D /

22 BIT6; / selektouan A/D kanal At

Fiold

Type

Description

oM

01b = Capture on rising edgo
100 - Capurson g o
Capture on both rising and fallng edges

512

ccis

lcompare input select. These bis select the TAXCCRO input signal. See
the device-specifc dala sheet for specifc signal connections.

00b = CCIxA

01b - CCh®

100

1

vee

This
Signal wih the timer clock.

0b = Asynchronous capture

1b = Synchronous capture

scal

The is latched
wilh the EQUx signal and can be read via this bt

Reserved

Reserved. Reads as 0.

Capture mode.
0b = Compare mode
1b = Capture mode

UTHOD

Output mode. Modes 2,3, 6, and 7 are not usefulfor TAXCCRO because EQUx
00 OUTbivave

010 Yﬂqq\!’vese\

i1b

CCIE

enable, request of the
corresponding CCIFG flag

b = Intemupt disabled

1b = Interrupt enabled

Capture/compare input. The selected input signal can be read by ths bi.

Output. For output mode 0, his bit irectly contrals the state of the output
0b = Output low
1b = Output high

This bit indicates a
reset with software.

0b = No capture overflow occurred
1b = Capture overfiow oc

COV must be.

ccrG

Capture/compare interrupt flag
0b - Nointerrupt pending
1b = Inerrupt pending

Writable
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Zadatak 4 - Generisanje PWM signala

. CCSEdit- adc-tmr/function.c - Code Composer Studio (E=5Een =

File Edit View Navigate Project Run Scripts Window Help

o & -iQits~ig i E QuickAccess || 5 | (5 CCoEd) %5 CCS Debug
==

s

By | @ meine 5
2 #include <mspé30.h>

o | 2#include “function.® TBAR g |
[ | 4sdefine TaznzeERIOD (8192)

5 #define TBPERIOD (@xeF)
e & #define TBOUTY (ex07)

5unsigned int adc_result;

int main(void) {
WDTCTL = WDTPH | WDTHOLD;  // Stop watchdog tine

savanje LED displeja */

BIT6; / seleksovan 470 kansl Als
ADC12CTLG = ADC120N; 1jucen ADC12

ADC125HS 1 + Ancucouszw,
ADC12INCH_14;

|
;
: Output Mode 4: Toggle

Taatrsis
TAGCCRD = TAZHZPERIOD;
TAGCTL = TASSEL_L + MC_1;

1
|
| Iiulpul Mode 3: Set/Reset
|
i

|
| Output Mode 5: Reset

|
|
A dedon I f T T
| | |
. | | | Output Mode 6: Toggle/Set
I | I |
" I Output Mode 7: Reset/Set
" [
250§ e s oo ; L] [S—
ade_result = ADCIONEHO; ¢ 3 EQUO EQUT  EQUO EQU1  EQUO
riteLed((adc_result >> 8) & @x0F); Int t Events
Toscchs  ade renutt 2> B) & oxar: TBIFG TBIFG TBIFG niermupt Fven

Writable Smartlnset | 26:1 Free License
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Zadatak 5 - Generisanje PWM signala

Zadatak

Napisati program koji generise PWM signal kod koga je trajanje
impulsa srazmerno konvertovanoj vrednosti dobijenoj sa potenciometra
P1. PWM signal kontrolise intenzitet osvetljaja diode LD1. Konverzija
analogne vrednosti vrsi se sa periodom od 0.5s.

Napomena

Korstiti alternativnu funkciju na pinu koji je povezan sa diodom LDI.
Zadatak realizovati kori§¢enjem prekida AD konvertora!

ReSenje

Videti primer v4-z5-adc-tmr u materijalima
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Zadatak 5 - Generisanje PWM signala

¥ CCS Edit - ade-irg/function.c - Code Composer Studio

(=3 Eon =
File Edit View Navigate Project Run Scripts Window Help
o KR-iPidsvigiE QuickAccess | 5 | (B CCS Edit) % CCSDebug
=]
[ meinc 52

[8 function.c 33

PLIOUT &= ~BIT1; A 1 #include <nspé3e.h>

5 const unsigned char tabelaseg[] =

Dozvola
prekida

7 podesavanje tajmera za A/D */
TAOCCTLO = OUTHOD_4:

TAGCCRO = TA2HZPERIOD; 7
TABCTL = TASSEL_1 + MC_1; ACLK, up mode

anje P

ovana dioda
v1ja diodom

PasEL |« 6]
TBOCCRO = TEPERIOD;
TBRCCTLS

TBOCCR3 - R: )Er oy cycle .
ToeTL - TRSSELL + MC_3; /1 ACLR, up mode Konfiguracija |: i uitetedcconst unsigned char index)

ADC12

_bis_SR_register(GIE);

balna dozvola maskirajucih prekida PEOUT = tabelaseg[index];

/* glavna petljs */ N
ke (10; g

DC12 prekidna rutina

gra vector=ADC12_VECTOR
terrupt void ADCI2_ISR(void)

suitch (ADC121V) Prekidna rutina u kojoj se obavlja
‘ otitavanje rezultata AD konverzije,
poziva funkcija za ispis displeja i
podeSava PWM

adc_result = ADCI2END,
WriTered((adc resunt 53 8) & oxar);
TBOCCR3 = (adc_result >> 3) & xOF;
break;

case 10 break;
65 case 12: break;
67 case 14: break;
55 case 16 break:
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