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Architektira mikrokontrolerov AVR

Prednsky
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6. & P y USART =T Prica s USART—TX-Précana-zadani
7 s P y-USART—R; Pracas-USART—~RX-Prica na zadani
8. TC€O - Normal mode Pra€asFEOPiaca e cadan
9. TCO - Fast PWM mode, Fazovo korektna a CTC PWM Prdca s TCO. Praca na zadani Tx
10. A/D prevodnik Programovanie A/D. Préca na zadani
A, EEPROM, FUSE bity Programovanie EEPROM. Préca na zadani
12. 12C zbernica Zapocet - Prakticka praca s MCU
13. Predtermin Zapodet - Prakticka praca s MCU
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ATmega328P - 8 bitovy tasovat / potitadlo TCO — ReZimy innosti (19.7)

« Refim ginnosti uréuje spravanie vyvodov casovaé/pocitadio a vjvodov porovnavania vystupu.

+ Refim &innosti je definovany bitmi pre generovanie krivky TCCROAWGMO[2:0] a bitmi reZimu porovnavania vystupu
TCCROA.COMA[1:0] a TCCROA.COMB[1:0].

*  Bity rezimu ia vystupu ply

t potitania, zatial ¢o bity rezimu generovania krivky ano.

Rezimy ¢innosti TCO:

o Normal Mode o
o Fast PWM Mode 3,7
o Phase Correct PWM Mode 1,
o Clear Timer on Compare Match Mode (CTC) 2
0 0 00 eriCounter Mode of Operatio OP | Update of OCROxat | TOV Flag Seto
0 0 0 0 Normal O0xFF Immediate MAX
1 0 0 1 PWM, Phase Correct OxFF TOP BOTTOM u
2 0 1 0 CcTC OCRA Immediate MAX
3 0 1 1 Fast PWM 0xFF BOTTOM MAX
4 1 0 0 Reserved - - -
5 1 0 1 PWM, Phase Correct OCRA TOP BOTTOM
6 1 1 0 Reserved - - -
7 1 1 1 Fast PWM OCRA BOTTOM \ TOP )

Tabde 19-3. Compars Outpcs Mode, non PHM

COMOAT  COMOAD  Description COMOAT COMOAD Description
o o "Nomml port operaton, OCOA discommected.
1 ‘Toggie OCOA on Campare Match ° 1 WGME = O Normel Port Operston, OCOA Disconmected
' ° Clear OCOA on Compere Match WGMO2 = 1. Togghe OCOA on Compars Match
1 1 561 OCOA on Compae Metch 1 o Cewr sotr
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ATmega328P— 8 bitovy &asova/ potitadlo TCO— Fast PWM mode (19.7.3) (71-89)

« Potita od BOTTOM k TOP s
naslednym redtartovanim od
BOTTOM

TOP je OXFF (8 bitov)

« AKTCNTO = TOP , na vyvode
0COx nastavi log. 1. Generuje
sa aj prerusenie TOVn (17).
Ak TCNTO = OCROX , na
vyvode OCOx sa nastavi log. 0.

e (From Prescater )
Generuje sa aj prerusenie TimeniCounter
0COx (15, 16). TCNTO 0x46
« Frekvencia PWM sa vypotita (HENE oena
podra vztahu: ntRea)
fewo Wavetom
= = | OCnA
Socor = N 256 Genesation
« Strieda PWM sa nastavi do Foe
registra OCROX podla vztahu: ocns
OCROx = 255 * Duty / 100 [‘mmm

T T T T et Fo Set
T~ >~
TenTa
OCux T commno-om

= (COMa101 - 0x5)
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Riadenie vykanu pamacou PWM (napr. ota€ky DC motora)

PWM wave
3 reduancyLpari ot
H by
Duty cycle
| D=—"——"—x100 %
H Period
H
Time
verna
vty e
-
vgh b =S -
oy 1008
™
e m [k —>
- o PWM varies
I s speed
° s 0 1 » »
Time
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ATmega328P— 8 bitovy Easovat / poéitadlo TCO — Fast PWM mode (19.7.3) (71-89)
Mode

TCNTn > \ \/ \

OCnx (COMnx{1:0] = 0x2)

OCnx

T g R S S A

*  Periéda PWM je kon3tantnd, mozné je menit len striedu PWM signalu zmenou hodnoty v OCROx.

(COMa{1-0] = 0x3)
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ATmega328P— 8 bitovy Zasova& / potitadlo TCO — Fast PWM mode

TENTO TCNTO TCNTO
N 4 A
| | OCRO=FF
23 { / A
Lt i _ime
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4 ] e = S 1
| | ‘ |
— L o+ — — 04 —_ =

Obr. 63 Jednoduché znazornenie invertujiceho Fast PWM signdlu

TCNTO TCNTO ICNTO
| | OCRO=FF
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Obr. 64 Jednoduché znazornenie neinvertujiceho Fast PWM signalu
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TCOd.c Priklad TCO - Fast PWM mode
#define BOTIOM 6 //ans Pt 258 drowni
#define PERIODA 4 //ns

#define TOP

ISR (TIMERO_OVF_vect) //0bsluha prerusenia TCO
PORTD "= (1<<PORTD7);  //test osciloskop
ticlede; ticpunie;

£F (ticled < (SO/PERIODA)) PORTE |= (1<<PORTSS);
4 (elcled > (so/penioon a8 ticles < (25e/peRIOOn) rorTo b ~(1¢5ORTES)
if (ticled > (250/PERIODA) && ticled < (30 PORT!

iF (ticled > (300/PERIODA) 8& ticled < (waa/wwnmn PORTE & ~(1CPORTES) 5
iF (ticled > (1000/PERIODA)) ticled

4 (etcpun > (s0/peioon) ¢
cpun =
¥ Cocnon ¢ Tor) Scronee;
else OCROA = 80
1F oches < 109) ckoBs;
else OCROB = BOTTON;

)

cNTo = BOTTON;
)
int main (void) {

//povolenie WDT ,5:
//nastavenie LED na vystup

//Nastavenie OCROA, OCREB na vystup

//nastavenie vystup pre osciloskop

//set prescaler to 256 (Tiner clock = systen clock/256)
J/Clear Tove flag

J/Enable T overflow interrupt

/MNastavenie TCNT®

e enaeUDI0 S0015);
1

/718 - Fast P

Tecron |- (reciomon) | (rcaionen); //set fase o (100:061)

TCCROA |= (1<<COMOAL set non-inverting mode OCROA (PDAG)
(1<<uwus])\(1<<mmaua7 772t mverting mose ocRop (053

while(1) {
wdt_reset();

)
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TCOd.c  Priklad TCO- Fast PWM mode
Maximalna frekvencia generovaného prerusenia TOVO je pre N=256 a TCNTO = 255;

fa
Frovp= % =62500Hz >  Tpupoy = 0,000016s = 16 us

V zadani dlohy je generovanie prerusenia kazdé 2ms = pocet impulzov poéitadla = 2ms / 16us = 125.

8 bitové potitadio TCNTO umo:
generovanie prerusenia TOVO

at 255 ,impulzov* a nasledujuci ,impulz” vynuluje TCNTO, &o sposobi
SPFR). Aby sa generovalo prerusenie, musi ddjst k preteceniu poitadla TCNTO.

Ak bude TCO pogitat 125 impulzov od hodnoty 0, nikdy neddjde k preteteniu. Preto je potrebné nastavit pociatoénd
hodnotu poéitadla TCNTO_SET = 131 (modré znatka).

ISR (TIMER@_OVF_vect) //Obsluha prerusenia (2ms)

Toto nastavenie je v obsluhe prerusenia TOVO. if (BLIKANIE) {
if (++ticled

ticled
}

}
TCNTO = 131;//TCNTO_SET

250) {
5 TOG_LED;

TCNTn = TOP

ToP

OCRNA or
OCRNB

256*16=4,096 TCNTO_SET 125 TCNTO_SET 125
ms 2ms
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TCOc.c ATmega328P— 8 bitovy &asovat/ potitadlo TCO — Fast PWM mode
Priklad inicializicie mod 3 (Fast PWM), generovanie PWM na OCOA,

TCCROA |= (1<<WGMO1) | (1<<WGMOO); //Set Fast PWM — mode3

TCCROA |= (1<<COMOAL); //Set Non Inverting Mode fe
TCCROB |= (1<<CS02); //Set prescaler 256 ( Tp,m=4,096ms) &= focox = N =256
TCNTO =0;

OCROA = 170; //tser =170 * (4,096ms/256) = 2,72ms

TONTO=TOP=255

TONTO=OCROA

TCNTO ' l/

TOP = 255

HCROA

ocoA Pl

oo Hesizanial
7702 W e

:
BT % ettt S
3 [ e =
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TCOe.c Priklad TCO— Fast PWM mode

1. Rezim LED di6dy na vystupe PB5: Svieti, Nesvieti, Bliké (500ms/500ms)
2. Regulovanie jasu externej LED diédy 0% az 100% na vyvode OCOA alebo OCOB

1. Pocitadlo TCO, f_clk, =16 MHz.

Blikanie LED na vyvode PB5 bude realizované v obsluhe prerusenia TOVO (TIMERO_OVF_vect).
Preruenie sa bude generovat ka?dé 2ms. Cas svietenia a zhasnutia led diédy bude riadit
softvérové pocitadlo tic_led = 250 (pretoze 500ms / 2ms = 250).

Ak periéda generovania TOVO md byt kazdé 2ms, potom f;,,,= 500Hz.
Je potrebné zvolit vhodny deliaci pomer N (1, 8, 64, 256, 1024) a vypotitat hodnotu TCNTO, pre
generovanie 2 ms prerudenia (celé kladné &islo).

(ak N=64, potom je TCNTO0 = —244)

Zvolime N=256.
16 Mhz (ak N=1024, potom je TCNTO = 1,25)

TCNTO = 256 — ————"—- = 131

* Volba rezimu LED diédy na vyvode PB5 sa bude realizovat’ komunikaciou MCU a PC

p UARTu a naslednych prikazov:
Prikaz _Terminalexe _ Data li
Zapni  $02Zapni$03  \x02Zapni\x03

Vypni  $02Vypni$03  \x02Vypni\x03
Blikaj ~ $02Blikaj$03  \x02Blikaj\x03
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TCod.c Priklad TCO — Fast PWM mode
. Regulovanie jasu externej LED diddy 0% aZ 100% na vyvode OCOA a pwm signdlu na vyvode OCOB.

~

TCNTO potita od TCNTO_SET do 256, £o je 125 trovni potitania, ktoré je mozné pouZit pre generovanie PWM (N=256).
fakio _ _16MHZ_ _ co0 4

focoxpwn = N Gse—rcnro) = 256m125

Zmena striedy sa realuu]e zmenou obsahu OCROA alebo OCROB. OCROx = TCNTO_SET+(255-TCNTO_SET) * Duty / 100.
Duty = 100%: OCROx = 131+(255-131) * 100 / 100 = 131+12

Duty = zo% 31+(255-131) * 20 / 100 = 131+24,8
Duty = 0% OCROx = 131+(255-131) * 0/100 = 131
Apwm = 100% /(256-131) = 0,8 %
. jas=50% OCROA = 131+(255-131) * 50/ 100 = 131+62 = 193
© pwm=25% OCROB = 131+(255-131) * 25 / 100 = 131+31 = 162

PDS5/0C0B PD6/OCOA

Prikaz "PWM_S025"
nastavi pwm na 25%

Prikaz "JAS_S050" 02
nastavi jas led D2 na 50% \WLED

$02PWM_S025803 $02JAS_S025$03

Zmena striedy pwm signilu z PC (Terminal) Zmena jasu led prikazom z PC (Terminal)

Zéklady mikroprocesorovej techniky
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TCOd.c  Priklad TCO— Fast PWM mode
jas =30% , pwm = 30%
Invertujuci méd
TCCROA |= (1<<COMOB1) )| (1<<COMOBO);
OCROB = TCNTO_SET + (255-TCNTO_SET) * pwm / 100

Periéda 2ms

Neinvertujici méd 0,6ms
TCCROA |= (1<<COMOAL);
OCROA = TCNTO_SET + (255-TCNTO_SET) * jas / 100

TCNTH = TOP
OCRn Updated  TCNTn = OCRn  TCNTn = BOTTOM

|
ror
—_—
e
‘ sorrom
,
e l l 1 1
ofta
Nos e oo
T

Zéklady mikroprocesorovej techniky

13

ATmega328P— 8 bitovy Easovat / potftadio TCO - Fazova karektnd PWM

OCRn Updated
1

TCNTA ‘
5 - TOP =285
/ / - OCR~205
OCRn - 128
Z 1/ 1/ p—
BOTTOM
t
o Dty Cycle = 50% Duty Gycle ~ 20%
ocns i
{ Non Inverting Mode.
i
t
ocnA,
or
ocns
Non lnverting Mode
Duty Cyclo - 50%

i i=- shifted Phaso
Obr. 67 Princip vzniku posunutia fazy PWM signalu v reZime Fast PWM pri zmene Duty Cycle
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ATmega328P— 8 bitovy &asovat/ poitadlo TCO - CTC ,Clear Timer en Compare match” méd (19.
Wode | WGMI2 WGMS! | WGMD0 | TimerCounies Mode of Operaion | T0P | Updaie of OCRlxat | TON Flag Set on
2 Wi

2|0 | 1] @ cc OCRA| etz
+  TCNTOsa nuluje, ak je zhoda r— T
s OCROA. o (il Req
+ OCROA definuje hodnotu [ Dwecton | | e Ciock Seedl
TOP pre potitadio. ‘—L
*+ Nastavuje  TIFRO.OCFOA, Dstecior
poziadavku prerusenia pri Toe Tsormm '
zhode TCNTO a OCROA. e
« Ak je povoleny vystup,
zmena vystupu na OCOA. lFSI
* Frekvencia generovaného =
priebehu sa vypoéita podfa H * it Rea )
vatahu: ) | “Wavetomn
) fek 10 | Generaten |
Jocor =373~ (1+ OCROA)
OCROA 0x47 ot il
Maximlna frekvencia, ak i o 008

OCROA=0aN=1: [

Focne 12512 b E]H

(Figure 19-5)

Obsah TCNTO sa  zviciuje
dovtedy, pokial nedosiahne
hodnotu TOP v OCROA. Potom

sa TCNTO nuluje. Zmenou TOP | % 1 — L
hodnoty v OCROA sa meni

periéda PWM signdlu. paiod p— b |

TCNTR

COMas{10] = 0x1)
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ATmega328P— 8 hitovy Easovaé / potitadlo TCO - Fizovo korektna PWM (19.7.4)

« Mozeme ju oznatit ako
symetricki PWM sostredom 5 | 1 5
symetrie v BOTTOM.

« Opakovane potita od BOTTOM Cout

Kk TOP a potom od TOP k ﬁ Control Logie:
BOTTOM.

* TOP je OxFF alebo OCROx .

« Vidy ked TCNTO = BOTTOM,
nastavi sa priznak prerusenia
TIFRO.TOVO.

« Ak sa potitadio inkrementuje a
TCNTO = OCROX, potom sa
OCOX nastavi na log. 0.

« Ak'sa potitadio dekrementuje

From Prescaler

IF‘I
ocnA
| > intReq)

Wavatom

i TCNTO 0x46

PINM, Phase Comect OcRA TOP BOTTOM

Mode| WGMOZ WGMG1 WGMOD _ TimerCountes Mode of Operation | TOP_ Update of OCRAxat__TOV Flag Seton
[] 1 PIVM, Phase WiFF TOP BOTTOM

a TCNTO = OCROX, potom sa
OCOX nastavi na log. 1.
Frekvencia PWM na vyvode
0COx sa vypogita podfa vztahu:

f | Seneraton |

s _ farwo
ocoxPwm =30

[ESET——

« Tento méd je vhodny prel
riadenie motorov.

* Ak OCROx = BOTTOM, potom| -
0COx bude v log. 0. -

+ Ak OCROX = MAX, potom OCOX e
bude log. 1.

255*2=510 ‘
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ATmega328P— 8 bitovy tasovat / potitadio TCO - Fazovo korektnd PWM

TeNTo TENTO 'I;FNTO e
OCRO =OX
FF FFT
/\ OCRO /\
0CRO | +ime / tme time
T

oco o oco

i

Obr. 68 Jednoduché zndzornenie neinvertujtceho Phase Correct PWM signélu

TeNTo : TENTO 1;rcNm =
Tov=! TOV=L DCRO = OXF
FP £F
/\ 0crO X
0CRO |/ fime se | time
-

Dfo oT(.o CTco
| ) S 1 O

Obr. 69 Jednoduché znazornenie invertujiceho Phase Correct PWM signélu
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ATmega328P— 8 bitovy &asovaé / poéitadlo TCO - CTC , Clear Timer on Compare match” méd (19.7.2)

Priklad inicializacie TCO v CTC méde, generovanie signdlu na wstupe OCOA (Obr. 62)

TCCROB |= (1<<CS02);
TCCROA | = (1<<WGMO1);
= (1<<OCIEAO);

J/set prescaler 256
//set CTC mode
//Enable Output Compare Interrupt

<<OCFAD); //Clear OCFA flag
(1<<COMOAO); //Toggle OCOA on Compare Match
1<<DDDS); //Enable OCOA (PD6) Output

//Set 70 fOC0A=446,42Hz

Priklad obsluhy prerusenia COMPA

I
ISR (TIMERO_COMPA_vect)
{

_ et 1
if (OCROA == 69) OCROA = 99; focox =53~ (1+ 0CROA)

else OCROA = 69;

//Set 100 TOCOA = 1,6ms.
//5et 70 TOC0A2 = 1,12ms.

OCRO TCNTO __ 16000000 ..
255, Jocor =52256- 1+ 99) 11O
1
29
Tocos = ———= = 3,2ms
6 /1/ 446,42
0 =
100 clk 70clK time
T,
2 =16ms

e 100ctkc =
g

Obr. 62 Priklad priebehu signdlu na vyvode OCOA v CTC méde TCO
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