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JIABOPATOPHASA PABOTA Nel.

3HAKOMCTBO ¢ annapaTtHoii miaardopmoii Freeduino u cpenoii pas-
padorku Atmel Studio. Hanucanue mpocTeHIIUX MporpamMm
1J151 MUKpOKOHTpoJu1epa ATmega328.

Heab padoThl: NOTYYUTH EPBUYHBIC HABBIKU PaOOTHI B cpefie pa3padoTke
MPOrPaMMHOT0 0OecTieYeHHs! JUIsi MUKPOKOHTPOJUIEPOB, HANMCATh U 3aIlyCTUTh Ha
OTJIAIOYHOM TUIaTe MPOCTEUIIYIO IPOrpaMMmy.

KPATKHUE TEOPETUYECKHUE CBEJIEHUA

B nacrosiee BpeMs 6€3 MUKPOKOHTPOJUIEPOB HE OOXOIUTCS MPAKTUYECKU
HHA OJTHO COBPEMEHHOE JJIEKTPOHHOE YCTPOMCTBO. MHKPOKOHTPOJUIEPHI IIMPOKO
IIPUMEHSIOTCS B YCTPOWCTBAX aBTOMATUKH, yIIPaBJIeHUs U 3aluThl. COBPEMEHHON
OBITOBOII M TPOMBIIICHHON 3JEKTPOHHOM TEXHUKU. B CBA3M ¢ 3TUM, 3HAHHE
MPUHIUIIOB PabOThl M BHYTPEHHETO YCTPOMCTBA MUKPOKOHTPOJUIEPOB, YMEHHE
KOHCTPYHPOBATh pa3InyHbIC U3/IENNs Ha UX 0a3e U MUcaTh AJIs HUX YIPaBISIOLIUE
IPOrpaMMBbl CTAHOBUTCSI BaKHBIM HAaBBIKOM JJIsI COBPEMEHHOI'O MHKEHEPA.

JIns 03HAKOMIIEHHsI ¢ OCHOBAMM IIPOTPaMMHUPOBAHUS MUKPOKOHTPOJUIEPOB,
UX CTPYKTYpOH M OCOOEHHOCTSMHU MPUMEHEHUs, BHIOpAaHbI §-MH OUTHBIE MUKpPO-
koHTposutep ATmega328, npousBojacTBa kommanuu Atmel.

OcHoBHbIe XapakTepuctuku ATmega328:

- Snpo: Atmel AVR;

- Paspsmnocts sapa: 8 bit.

- TakroBas wacrora: 0—20 MI 1;

-  O0ném Flash-mamsaru: 32 k0;

- O0BéMm SRAM-namsaru: 2 k0;

- O0ném EEPROM-namsaru: 1 0;

- 32 8-pa3psaaHbIX pabounXx perucTpa o0IIero Ha3HAYCHUS;

- Hanpsoxenne nuranus: 1,8-5,5 B;

- Tlotpebnsemslii Tok B pexkume padotsl: 0,2 MA (1 MI'h, 1,8 B);

- Tlorpebnsemsrit Tok B pexxume cHa: 0,75 MxA (1 MI'n, 1,8 B);

- KoamdecTBo TaliMepoB/CUETUMKOB: 2 BOCBMHOMTHBIX, 1 IIeCTHAIIIATHOUT-
HBIN;

- OO0miee KOIMIECTBO OPTOB: 23;

- Komuuectso [IIUM (PWM) BbIX0/10B: 6;

- KomuuectBo kananos AlIIl (aHamoroBsie BXo/ibl): 6;

- KomuuectBo anmaparusix USART (Serial): 1;

- KomuuectBo anmapartueix SPI: 1 Master/Slave;

- KomuuectBo anmaparueix 1*C/SPI: 1;

- Paspemenne ALIIL: 10 Our;

- PaGouwii TemnepaTypHsliii nuamna3oH, °C: —40...+85.



JIns mporpaMMHpPOBaHHUS AaHHBIX MHKPOKOHTPOJUIEPOB MPHMEHSIOT CIEAYIO-
mue cpeasl paspadorku: Atmel Studio, IAR Systems, WinAVR, CodeVisionAVR
¥ T.1. OHM TIO3BOJISIFOT MHCATh MPOTPaMMbI KaK Ha SI3bIKE acceMOJiepa, Tak U Ha
Cu.

JIist BBITIOJTHEHHUS JTAOOPATOPHBIX pabOT MUCHOJB3yeTCs cpena pa3paboTku «At-
mel Studio», Bepcuu 6.2.

OTJIAJTOYHAS IIJIATA «Freeduino 2009

JlabopaTopHble pabOTHI BBIMOJIHAIOTCS Ha OTianouHoM Tuiate «Freeduino
2009», koTopas SBISIOTCS aHAJOrOM  OTJIQJOYHBIA  IiaTel  «Arduino
Duemilanovey. IIpu HE0OXOIUMOCTH OHA JIETKO MOXKET OBITh JIOTIOJIHEHA TUIATAMH
pacUIMpPEHUs] © UHBIMU BHEITHUMU 3JIEMEHTaMHU.

BHentHui BU IU1aThl IPUBEIEH HA pucyHke 1.1.

TexHHYecKue XapaKTepUCTUKH 0Tiaaa0uHou miatel «Freeduino 2009»:

- Muxpokontpomiep: ATmega328;

- [II3Y (Flash Memory): 32 Ko6aiit, u3 aux 2 KoOaiita ucnoias3yrorcs 3a-
IPy34HUKOM

(bootloader) «Arduinoy;

- O3Y (SRAM): 2 Koaiir;

- [13Y (EEPROM): 1024 Gaiir;

- TakToBast vactora: 16 MI'1y;

- pabouure HapsLKEHUE MUKPOKOHTPOJUIEpa: 5 BOJIBT;

- Uurepdeiic ¢ [1IK: USB;

- [Tutanue ot USB, 1100 OT BHENIHETO UCTOYHUKA, BEIOOP C MOMOIIBIO TT€-
PEMBIUKH.



Puc. 1.1. Otnagounas wiara «Freeduino 2009y

Ha mmare pacnonosxxensr (puc 1.1):

1) MukpokonTposuiep, ATmega328.

2) Mukpocxema FT232RL. IIpeodpazosarts Serial B USB.

3) Pazsem USB-B, nns moakirodeHus T1aTel K KOMITBIOTEPY.

4) Pazbem 111 MOJKJIFOYEHUS BHEUTHETO MUTAHUs, MUKpPOCXeMa JIMHEHHOTO
cTabwmm3aTopa Ha 5 BOJBT M CXeMa aBTOMAaTHUYECKOT'0 BBIOOpA NCTOUYHUKA TTUTAHUS
— o1 USB nin BHEIIHEro HCTOYHUKA. B TIEpBBIX BEPCHUAX TUTATHI BEIOOP MUCTOYHUKA
MMATaHUS BBITTOJHSICTCS BPYYHYIO, C TIOMOIIBIO TIEPECTAHOBKOM JKaMIiepa.

5) KBapuessiit pezonarop, 16 MI.

6) Knonka RESET.

7) Pazwem noakmtoyenus ISP nporpammaropa.

8) BbIBOIBI HATIPSKEHUSI TUTAHUS U OOIIETrO MPOBO/IA.

9) Ananorossie noptel BBosa — PBO — PB5.

10) Hudpossie moptel BBOoAa/BeiBoma — PDO — PD7 (w3 mux 3 ¢ [IHUM-
CUTHAJIOM).

11) udpossie moptel BBoga/BeiBoga — PBO — PB5 (w3 Hux 3 ¢ IIHWM-
CUTHAJIOM).

Taxoke Ha MJIaTe UMEIOTCS YEThIPE CBETOAMO/A:
- TX u RX — oroOpaxaroT npuem/mepenady 1o rnocjieaoBatensaomy (Serial)
npoTokoJy cBsizu ¢ [IK unu npyrum ycTponcTBoM.



9

- PWR — unaukaTop Hanmuuus nUTaHUs.

- L (wmm 13) — monw3oBarensckuii cBeroano. CoenuueH ¢ 13 mudpoBsM
noptoM (opT Ha MK — PB5, 19 BeiBoj). Takke CIyKUT AJIsI UHAUKALMKA PAOOTHI
3arpy3urka. Mepiaet nepsbie 1-2 cekyH bl mocie nepezarpysku MK.

[Ipu ucnonp30BaHKUe OTIAJ0YHON TJIAThl HEOOXOAMMO MOMHUTH, UTO HOME-
pa BBIXOJIOB IIATHl HE COOTBETCTBYIOT HOMEPAM HOXKEK M TOPTOB MUKPOKOHTPOJI-
nepa. Cxema COOTBETCTBUS NMPUBE/ICHA HA PUCYHKE 1.2.

Atmega168 Pin Mapping

Arduino function Arduino function
reset (PCINT14/RESET) PC6J1 ™~ 28] PC5 (ADC5/SCL/PCINT13) analog input 5
digital pin 0 (RX) (PCINT16/RXD) PDO[J2 27171 PC4 (ADC4/SDA/PCINT12) analog input 4
digital pin 1 (TX) (PCINT17/TXD) PD1[}3 2601 PC3 (ADC3/PCINT11) analog input 3
digital pin 2 (PCINT18/INTO) PD2[}+ 2501 PC2 (ADC2/PCINT10) analog input 2
digital pin 3 (PWM) (PCINT19/0C2B/INT1) PD3[}5 2471 PC1 (ADC1/PCINT9) analog input 1
digital pin 4 (PCINT20/XCK/TO) PD4 s 2311 PCO (ADCO/PCINT8) anaiog input 0
VCC veeyr 2 1GND GND
GND GND[}s 21|"] AREF analog reference
crystal (PCINT6/XTAL1/TOSC1) PBB[}o 201 AVCC VCC
crystal {PCINT7/XTAL2/TOSC2) PB7 10 19] 1 PB5 (SCK/PCINTS) digital pin 13
digital pin 5 (PWM) (PCINT21/0CO0B/T1) PD5 11 18] ] PB4 (MISO/PCINT4) digital pin 12
digital pin 6 (PWM) (PCINT22/0COA/AINO) PD6[}12 171 PB3 (MOSI/OC2A/PCINT3) digital pin 11(PWM)
digital pin 7 (PCINT23/AIN1) PD7[}13 16]] PB2 (SS/IOC1B/PCINT2) digital pin 10 (PWM)
digital pin 8 (PCINTO/CLKO/NCP1) PBO |14 15]] PB1 (OC1A/PCINT1) digital pin 9 (PWM)
Digital Pins 11,12 & 13 are us

MISQO, S

imped

Puc. 1.2. Cxema COOTBETCTBHSI BBIBOJOB MUKPOKOHTPOJIJIEPA U TLIATHI

YIIPABJIEHUE IM®POBbBIMU BBIBOJAMU MK

BbIBOJ1I MUKPOKOHTpOJIJIEpA — 3TO JIOBOJIBHO CIOKHBIM MEXaHU3M (PETUCTpPbI
+ Tpurrepsl + MyJIbTUILIEKCOPHI + (GUIBTPHI + TaKTUpOBaHUE U T.1.). IIpu 3TOM 32
OJIHUM BBIBOJIOM MOKET OBITh 3aKpPEIUICHO MO HECKOIbKO (PYHKIIMM, YUCIIO KOTO-
PBIX 3aBHUCUT OT TOTO, CKOJIbKO MepU(PEpUHBIX YCTPOUCTB MOJIKIIOYEHO K JTaHHO-
My BbIBOJIy. HO HECMOTpsI HA OTHOCUTENIHHO CJIOKHYIO KOHCTPYKIIMIO, YIIPaBICHUE
BBIBOJIOM B MUKPOKOHTpoJuiepax ¢ saapoM AVR BO3MOXKHO BCEro JHIIb Yepe3 JBa
perucTpa, Mikoc eue OJUH PETUCTpP ISl KOHTPOJISI COCTOSIHHS BBIBOJIA.

[Tockonbky simpo AVR SBISIOTCS BOCHBMUPA3PSAHBIMU, TO Pa3pabOTUYUKU
JUTsl yoOCTBa TOJIb30BaTeNIe OOBEIMHIIIA BHIBOJBI B TPYIIIBI IO BOCEMb. Takas
rpynna HazbsiBaeTcs opt (Port). Y100cTBO 3aKkiouaercs B TOM, 4TO JIJISl yIIpaBJie-
HUSI BOCBMHUPA3PSAHBIMU TOPTAMU UCTIOJIB3YIOTCS TAKUE K€ BOCBMUPA3PSIIHBIC pe-
TUCTPBI/TIEpEMEHHBIC. DTO TO3BOJSET COKPATUTH pa3Mep MPOrpamMMbl U JOCTUYb
BBICOKOT'O OBICTPOICUCTBUS.
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Ha3zBanue BoiBOAa popmupyercs u3 unuimana ciosa Port («P»), mocne uero
UIEeT uMs nopta (kK npumepy «B») U TOpAIKOBBI HOMEP BBIBOJIA B 3TOM MOPTE, OT
«0» 1o «7» (x mpumepy «5», Toraa nonnoe umsa oyaetr «PB5»). B nokymenraiuun
Ha MHKpokoHTposuiep (datasheet) MoxxHO BeTpeTHTh Takoe 00o3HaueHne — «Pxny,
IJIE «X» 9TO M3l IIOPTaA, a «1» ITO HOMEP BBIBOJA.

Ha3BaHusi BceX NEPEUMCICHHBIX HWXKE PETUCTPOB IPEACTAaBICHBI B BUJE
NMSIx, tne «x» — 6ykBa nopta, B, D nm C.

DDRx — Data Direction Register of port X — peructp, yrupaBisiomui pexu-
MOM paboThl mopToB. Eciu B ero siueiiky (Hanpumep, 5-y10), 3anucaTh «1», To cBs-
3aHHbId ¢ Hed nopT MK (PXS) craner paborarh Kak BbIXoJ, «0» — kak Bxon. I'a-
PAHTUPOBAHHO, YTO IOCJE MEpe3arycka MUKPOKOHTPOJUIEpa WIM MOJAaYd Hamps-
KEHUsI UTaHus, 3HaueHue J1roooro DDRx peructpa paBHo 0x00, 3To o3Hauaer,
YTO MO YMOJIYAHHUIO BECh MOPT «X» HACTPOCH HA BXOI.

PORTX — ycranaBnmuBaet ypoBenb Ha moptax MK. «1» — Beicokuit, «0» —
Hu3kui. Eciom ke BeiBog MK HacTpoeH Ha BbIXOJ, TO «1» n «0» B COOTBETCTBYIO-
MU eMy SYeMKH 3TOTO perucrpa MOAKIIYAET, MO0 OTKIIOYAeT, BHYTPEHHUH,
«noarsruaromuin» BeiBog MK k «+» nutanus, peauctop. ['apaHTUpOBaHHO, YTO
NoCJ€e Mepe3anycka MUKPOKOHTPOJUIEpa WIM MOJAA4YM HaIpsyKEHUs MUTAHUS, 3HA-
yenue oo6oro PORTx peructpa pasuo 0x00. [Ipu stom, DDRX Toxe 0x00, a 3Ha-
YUT TI0 YMOJITYAHUIO BECh MOPT OyAEeT HAXOAUTCS B COCTOSIHMM BX0J1a, O€3 MOAKITIO-
YEHUS MOJATATUBAIOIIETO PE3UCTOPA.

PINX — mpuHuMaeT B ce0sl JIOTHUECKUE YPOBHHU HANPSHKEHUS (BHICOKOE WITU
HU3KOE) Ha COOTBETCTBYIOMUX BhiBoax MK u xpanut ux. ConepKuMoe 3Toro pe-
TUCTPa BO3MOKHO TOJIBKO «IIPOYUTATH.

Ha puc. 1.3 nokazana ynpoieHHast 0JOK-CXemMa OJJHOTO BbIBOJIA.

A A+V
|
I v
I /\ D1 R

pu
! 2
P . ’ ’ /~—Buxn,q f AQ@

I Cpml K1
| D2
I I —%Bxuﬂ
|

Puc. 1.3. biaok-cxema BeiBojia (HOKKH) AVR MHKpOKOHTpoJIIepa
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[TpuBenennsie Ha puc. 1.3 mquonst D1 u D2, nmpeaHa3zHayeHbl A 3aIIUTHI
BBIBOJIA OT HANPSDKCHHM, IPEBBIMIAIONINX HAMIPSHKEHUE MMUTAHUS (DJIEKTPOCTATHIC-
ckoe (ESD) u 1.11.), a emrocTh Cpin — 3TO mapa3uTHash €eMKOCTh BbIBOJA. RpU —
BHYTPEHHUU «TOATATUBAIOUIY pe3ucTop. OH moakaovaeTcs K «+» nutanus MK
¢ nomotbio Tpanzucropa VT. Kontakt K1 nogkimrouaeT/oTKIIOYaeT pexum pado-
Thl HO’KKM MUKPOKOHTPOJUIEpa Ha BBIXOJ WA allbTepHATUBHYIO QyHKIHI0. COoCTO-
saue kontakTta K1 onpenensercs peructpom DDRX.

MNPUMEP MIPOCTEUILIEN ITIPOT'PAMMBbBI
JIJISI MUKPOKOHTPOJLJIEPA ATmega328

Hwnxe npuBeneH npumep npocTenIner nporpaMMsal 1JIsi MUKPOKOHTPOJLIEPA.

JlanHast mporpamma peanu3yeT BKJIIOUEHHUE/BBIKIIOYEHHE CBETOAMOMA, MO-
KJIIOYeHHOTo K nopty PB5. DToT cBetoanos yxe ecTh Ha OTJIaJJOYHOM IIaTe, OH
00o03HaueH OykBoM «L» mnu ynciom «13».

#include <avr/io.h>
#define F_CPU 16000000UL //16MHz
#include <util/delay.h>

int main(void)

{
DDRB |= 1<<5;
PORTB &= ~1<<5;
while(1)
{
PORTB |= 1<<5;
_delay_ms(1000);
PORTB &= ~1<<5;
_delay_ms(1000);
}
}

PazbepeM e€ mocTpovHoO:

e #include <avr/io.h> — nmoxakitoueHue CTaHAAPTHONW OMOIUOTEKH IJIs sapa
AVR. B Heil HaxondTCsl onpeaeneHrss KOHCTAaHT, UMEH PErucTpOB U BCETro
MPOYEro, YTO MOXKET MOHATOOUTHCS ISl BBIOJHEHHS 0a30BOTO BBOJIA-
BBIBOJIA.

e #define F_CPU 16000000UL — 3amena B Ttekcre cimoBa F_CPU Ha
16000000UL. D10 TakTOBasg 4YacToTa KOHTpoJulepa B repuax. JlaHHas
CTpOYKa HYXXHa i1 KOppeKTHOH Oubmmoreku delay.

e #include <util/delay.h> — nmonkmouenne OMOIMOTEKH JJIs pealH3aliu 3a-
JE€PKKH BBITIOJIHEHUS IIPOrPaMMBbI TOJIBKO OJHON «KOMaHIAO0N.
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Crpoku mociie «int main(void){» u 10 «while(1)» — 3T0 cTpOKH TIEpPBHYHOM
WHUIMAIN3auuy nepudepun. B HUX BBIMOTHSAETCS HACTPOHKA PEXKUMOB pa-
OO0TBI IOPTOB M YCTAHABIMBAIOTCS UX HaYaJIbHbBIE COCTOSHUS.

DDRB |= 1<<5 — ycranoBka «1», B 5-ii out peructpa DDRB. D10 ycTano-
BUT nopt PB5 B cocrosinue «Bbixom». Omneparop «<<» — 3TO MOOUTOBBIN
CIBUT BJIEBO, a 3aMHUCh «1<<5)» 03Ha4yaeT 4YTO B JIBOUYHOM UHUCIIC CIAUHUILY
HEO0XO0JIUMO CIIBUHYTH NATH pa3. To ectb HaunHaeTcst ¢ 00000001 (rmo3urius
«0»), a B pesymbrare casura oyzaet 0010000 (mo3umust «5»). Oneparop «|[=»
IIPOU3BOJIUT JIOTUYECKOE CIOXKEHHE coaepkumoro perucrtpa DDRB ¢ unc-
aoM «1<<5y». Ilpu noruyeckomM MOOUTOBOM CIIOKEHUM €IUHUIIBI C JHOOBIM
YHCIIOM, pe3ynbTatoM Oyzaet «1». Ilpu crnoxxenun mo0oro ymcna ¢ HyJeM,
MOJIYYUTCS MCXOJHOE 4YMCIO. Bce 3TO 03HAadaer, 4To MOCIE€ BBHIOJTHEHUS
koMauel «DDRB |= 1<<5;» B narom Oute peructpa DDRB okaxertcs «1»,
a ocTaJibHbIE OUTHI HE U3MEHAT CBOE COCTOSIHHE.

PORTB &= ~1<<5 — 3aganue Ha4aJIbHOTO COCTOSHUE YPOBHS Ha BBIBOJIBI
PBS. 3anuce «0», B iareiii 6ut peructpa PORTB «0», uToObl Ha BbIBOME
OB HU3KUH ypoBeHb — Hanpspkenue 0 Bonbt. Oneparop «~» 03HayaeT UH-
BEPCHIO, a 3aIuCh «~1<<5» o3HayaeT ABomyHOE uncyio Obl11011111, To ecTh
yuciuo, oopatHoe yucay 0b00100000. DTo yMCIO Takke MEPEMHOKAETCH,
3HaK «&», ¢ coaepxkumbiM peructpa PORTB u pesynbprar 3anuceiBaercs B
peructp PORTB. buroBoe ymHOxkeHue Ha «0» nr000ro yuciaa JIaer B pe-
3yabTate «0». [Ipn ymHOXeHHH m1000r0 unciia Ha «1» pe3yiapraroM OyaeT
UCXoaHoe uuciao. B wurore, mocne BeMoigHeHHS KomaHnael «PORTB
&= ~1<<5;», B matom 6ute peructpa PORTB Oyner Houb, a ocTanbHbIC HE
U3MEHST CBOE COCTOsiHME. [laHHas cTpouka He ABJISIETCS 00A3aTENbHON, HO
KeJaTeabHa I HAJEKHOTO «CTapTa», C KECTKO 3a/lauHbIM Ha4aJIbHBIM CO-
CTOSIHUEM Ha UCIOJIb3yeMoM BoiBoge MK.

«while(1) { OCHOBHAA IIPOI'PAMMA }». OcHOBHasi porpamMma BBITIOJ-
HseTCcs B Tene nukia While moka yciioBue BXoja B UK UCTHHHO, TO €CTh
paBHO «l». Tak kak 3TO 3HaYeHUE 33JaHO U3HAYAIBLHO U HE SIBIISIETCA Iepe-
MEHHOM, TO YCJI0BHE OYET BBINOIHATHCS BCET/Ia U MUKPOKOHTPOJLIEP, MOKA
MoJaHO MHUTaHue, OyJaeT OECKOHEUHO, UKIWYHO, BBIMOJIHATH COJAEPKUMOE
TeJa MUKIIA.

PORTB |= 1<<5 — ycranoBka «1» B 5-Tblif OUT pEruCTpa COCTOSHUS MOpPTa
B, a cienoBarenbHO BBICOKOTO, 5 BOJIBT, YPOBHS Ha HOxke PBS5 (9 Hoxka
MUKPOKOHTpoOJIIepa, 13 mopT Ha OTIago4HOM 1uiaTe). BKiItoueHue mosb30-
BaTeNIbCKOTO cBeToauoa «Ly» («13»).

_delay_ms(1000) — zagepxka B 1000 MUITUCEKYH/I, YTO PaBHO OJHO Ce-
KYH/IC.

PORTB &= ~1<<5 — ycranoBka «0» B 5-TbIif OUT perucTpa COCTOSHUS TIOP-
Ta B, a cnenoBarenbHo HU3KOTO, 0 BOJBT, ypOBHS Ha HOXKe PB5. Brikito-
YEHUE MOJIb30BaTENbCKOr0 cBeToAnoaa «Ly («13»).

_delay_ms(1000) — 3agepxka B 1 cekyHy.
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CTOuTh OTMETHTB, UTO 3aMMHUCHh OUTOB B PETHCTPHI MOXKET OBITh BBHIMIOJHEHA U
B IPYTOM BHJIC.

Hampumep:

DDRB = 0x20; — B mecTHaaAIIaTEPUIHOM.

DDRB = 0b00100000; — B 1BOUYHOM.

[Ipu 3TOM B 000X ciaydasx OyayT U3MEHEHBI U BCE JPyryue OUTHI PETUCTpA.
D10 ynoOHO, KOTja HY)KHO HACTPOUT Ha BBIXOJ/BXOJ WM YCTAaHOBHUTH BBICO-
KUI/HU3KAM YPOBEHb Cpa3y Ha HECKOJIBKHMX IMOpPTaX, HO MU3JIMIIHE, €ClId HeoOXo-
JTUMO U3MEHUTH COCTOSIHUE TOJBKO OJHOTO TOPTa.

IJIATA PACIIMPEHUS «TPEXIIBETHBIM CBETOJIUO/I»

JI71st BBITTOJTHEHUST JAHHOW J1a00paTOpHOI pabOThI JOIOIHUTEIBLHO MOTPeOy-
eTCsl TUIaTa PACIIUPEHUS «TPEXIIBETHBIA CBETOHOI.

Ha sto muate ycranorien RGB (Red, Green. Blue) cseroaunon. Konctpyk-
THBHO OH COCTOHUT U3 TPEX OTJAEIBHBIX CBETOANOJOB, COOPAHHBIX B OJHOM KOPITY-
ce. JTO MO3BOJSIET MOJy4YaTh WM TPH LBETA MMOOYEPETHO, WM JIH000H Ipyroi
[[BET, MyTEM BKJIIOYCHHS Cpa3y JABYX CBETOJMOJOB M PETYJIMPOBKH HX SIPKOCTH.
Bxitrouenue Bcex TPEX MO3BOJHUT MOJTYYUTH MICEBA0-0CIIbIN I[BET.

Cxema miarsl pacluupeHus puBeacHa Ha pUCYHKE 1.4.

X1

R1
R2
R3

O[NP IWIN|—
‘;-

U1

l%g‘\}-j‘\\

Puc. 1.4. CxeMa miaThl pacIIupEHUs «TPEXIBETHBIN CBETOIMO I

Ha cxeme 0003Ha4YeHBI:
e R1-R3 — pe3uctopbl. OHUM OrpaHUYMBAIOT TOK Yepe3 CBETOAUOJ, a
TaKke MopT MUKPOKOHTpoJuiepa. Tok He mpesbimaet 15 mA.
o U1-U3 — cBeroanossl. 3en€HbIN, KPACHBIN U CHHUM.
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[Tnaty pacmmpenus He0oOXOIMMO YCTAHOBHUTH TaK, KaK MOKa3aHa HA PUCYH-
ke 1.5. Iloptel oTnanounoit mnatel «8» u «AREF) He 10mKHBI OBITH 3aHSTHI.

Puc. 1.5. Pacnonoxenune niaartel pacuinpCHUAg Ha OTH&HOHHOﬁ I1aTe

IMOPAJOK BBIIIOJIHEHUA PABOTbBI

3amyctute Atmel Studio u Bermmonaute File -> New -> Project.

[losIBUTCS OKHO CO3[IaHMsI HOBOTO IIPOEKTa. B HM>kHEN ero yactu Bel Moxe-
T€ 3aJaTh Ha3BaHuWE Mpoekra. MM 1o yMomuaHul OyJeT HMETb BHJ
«GcecApplicationl», nmpu 3TOM 4HCIIO B OKOHYAHUE MOXKET OBITh Pa3IUYHbIM. 3a-
MeHUTe ero Ha ums B (opmate «['pymrma, WHIMBUIYaIbHBIA HOMED, CIIy4ailHOE
yucao g0 100» (manpumep, «EAD-083 06 53»). CBoit MHIMBUAYAIbHBIH HOMED
MOYKHO y3HAaTh Yy IIPENOAABATEIIA.

B nmosisusiiemcs okue Boidepure « GCC C Executable Projecty. ITocie storo
0TOOpa3uTCs OKHO BbHIOOpPA HCIOJB3YEMOrO B IPOEKTE MHUKPOKOHTPOJLIEpA.
Haitnure B crnmcke «ATmega328P». KiIMKHWUTE MBIMIKOM 1O ITOM CTpPOKE W
HaxxmuTe OK. PexomMeH1yeTcss BOCIIOJIb30BaThCSl CTPOKOM MOUCKA, B TPABOM BEPX-
HEM yTJy OKHa BBIOOpAa MUKPOKOHTPOJLIEPA.

Ha cTpanuiie ¢ TeKCTOM NporpaMMbl COTPUTE BCE U HAOEPUTE MPOrpaMMy U3
pa3o0paHHOrO BHIIIE TPUMEpA.

Brimonaure Build -> Build Solutions, mn6o saxmure F7.

JlokIuTeCh OKOHYAHWS KOMIWIALHMHM. B HimkHeM okHe «Output» mTOmKHBI
MOSIBUTCSI CTPOYKHU:

Build succeeded.

========== Build: 1 succeeded or up-to-date, O failed, O skipped

Jli1st Toro, 4TOOBI HEMOCPECTBEHHO TIOMECTHTh COJIEPKUMOE IToro (haiina B
namsaTh MHKPOKOHTPOJUIEpa, HEOOXOAWMO BOCIOJIB30BAThCS JIOTIOJHUTEILHON
nporpammoii — XLoader.

[MoaxarounTe OTIAJOYHYIO TUIATY K KOMITBIOTEPY, UCIONB3Ysl KaOeab THUIa
USB-A — USB-B, u 3anyctute nporpammy XLoader.

OKHO TIPOTpaMMBbI COACPIKUT CICAYIONINE HIEMEHTHI:

e Hex file — 3mecw Hy)xHO yKka3ath myTh 110 3arpykaemoro HEX ¢aiina;
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e Device — 31ech HEOOXOAMMO BHIOpATh THI IUTATHI U MUKPOKOHTPOJUIEpA.

Duemilanove/Nano(tun MK — ATmeg328);

e COM port — 31ecr HEOOXOAMMO BBIOPATh BUPTYaJIbHBIH KOMII MOPT, Yepe3

KOTOPBIM KoMIIbIOTEP ob1iaercs ¢ MK

e Baud rate — ckopocts nepenaun gaHHbIX yepe3 COM-mopT. 3aBUCUT OT TH-

ma MK u BeicTaBisieTcst aBTomatudecku. s ATmega328 — 57600.

[TonHbIM TyTH 10 HANKK OyJ1€T UMETh BU/I:

Joxymente\Atmel Studio\6.2\Ims_nipoexra\ Ums_ nipoekxra\Debug

B manke Debug HeoOxoaumo Haiitu ¢aiin ¢ pacmupenuem «.hex». IMeHHO
3TOT (pailsl «3amuBaeTcs» B MUKPOKOHTpoIUIiep. B HEM conepkutcst mporpamMmma Jijis
MUKPOKOHTpPOJUIEpA B BUJI€ MAITUHHBIX KOJIOB.

Ecnu Bce ycTaHOBKHM TpaBWIIbHBIC, TO Tocie HaxaTtus kHomku «Uploady
mporpamMma CBsDKETCsl ¢ 3arpy3unkoM B MK u, moigyduB OT HEro OTBET, 3arpy3uT
coagepxkxumoe HEX daiina B mamsate MK. Ilpomecc oOmeHa JaHHBIMH MOYHO
HAOJIIOIaTh BU3YaJIbHO, MO MEPIAHUIO PACIOJIOKEHHBIX Ha OTJIAJIOYHOM IjaTe
ceetoqunonoB RX u TX.

NHANBUAYAJIBHBIE 3A TAHUSA

[ToakmrounTe TIATy PaCHIMPEHUS «TPEXIIBETHBINA CBETOIUOMI.

Omnpenenute, Kakue MOPTHl MUKPOKOHTPOJIIEpa HEOOXO0UMO HACTPOUTh KakK
BBIX0/J1. BBIMOSIHUTE HACTPOKKY B COOTBETCTBYIOIIEM peructpe DDRX.

Brimonaure naauBuayanebHoe 3amanue. HoMep 3amanus yToyHsUTE y mpe-
ojJiaBaTerisl.

Hanummte nporpammy, peajiu3yrouyo Cleayomuid pexxuM padoThl CBETO-
JIAOJIOB:

1) IToouepenHoe BKJIIOUEHHE BCEX CBETOIMOJOB C MOCIEAYIOUIMM TOOYe-
penHbIM OTKIOYEHMEM. MHTepBan npowns3BoibHBIM, HO He MeHee 500 mwmumce-
KyHJ. B KOHIIE O 2-3 «BCHBIMIKW» PA3HBIX AP CBETOANO/IOB.

2) KpatkoBpeMEHHOE BKIIFOUEHUE, «BCIBIIIKAY, KaXKIOI0 U3 TPEX CBETOAMO-
JIOB CHauaJia 1o o4Yepe/id, a MOTOM IOMapHO, B KOHIIE BKJIIFOUEHHUE Cpa3y BCEX CBe-
TOJAMOJOB Ha 1 CEeKyHIy.

3) Kaxxaplii cBeTO MO BKIIFOYASTCS/BBIKIIIOUACTCS 110 ouepeu 2-3 pasa, 1mo-
TOM M0 MapHO. B KOHIIe 2 «BCHBIIIKKWY» BCEX CBETOJIMOIOB BMECTE.

KOHTPOJIBHBIE BOITPOCHI

1. Ha3nauenue peructpoB DDRXx.

Ha3nauenue peructpoB PORTX.

3. g yero HEOOXOAMMBI PE3UCTOPHI HA MJIATE «TPEXIBETHBINA CBETOIUOY.
[IpenenbHBIN TOK Yepe3 MOPT MUKPOKOHTPOJLIEPA.

4. Oyukuus _delay_ms(). [Tpuniun paboThl ¥ HETOCTATKH.

N
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5. Xapaktepuctuku MUKpokoHTposuiepa ATmega328. 3aBucMMOCTh TAKTOBOM
YaCTOTHI OT HAIPSKEHUS TUTAHUA.
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JIABOPATOPHAS PABOTA Ne2.

Hanucanue nporpaMmmsbl 1Jisl OIIPOCA COCTOSAHUI BXOJA0B
MHUKPOKOHTpOJJIepa ATmega328

Leab padoThl: NOJY4YUTHh MEPBUYHBIE HABBIKK pabOTHI B Cpejie pa3paboTke
IPOrpaMMHOTr0 OOecredeHust JUisi MUKPOKOHTPOJIJIEPOB, HAITMCATh U 3aIyCTUTh Ha
OTJIAJIOYHOM IUIaTe€ MPOCTEHIIYIO MPOTpaMMy, PEaU3yIOIIyI0 pPa3IHYHbIE allro-
PUTMBI pEaKIIMU Ha U3MEHEHNE COCTOSTHUSI KHOTIKU.

KPATKHUE TEOPETUYECKUE CBEJAEHUSA

B nacrosimee BpeMs 0e3 MUKPOKOHTPOJUIEPOB HE OOXOAUTCS MPAKTUUYECKH
HU OJIHO COBPEMEHHOE JJIEKTPOHHOE YCTPOMCTBO. MUKPOKOHTPOJUIEPHI IIHPOKO
IPUMEHSIOTCS B YCTPOMCTBaX aBTOMAaTUKH, yIpaBieHUs U 3amuThl. COBpEMEHHOM
OBITOBOM M MPOMBIIUJIEHHON 3JIEKTPOHHOM TEXHUKH. B CBs3u c 3TUM, 3HAHUE
OPUHLUIIOB pabOThl M BHYTPEHHETO YCTPONCTBA MHUKPOKOHTPOJUIEPOB, YMEHHE
KOHCTPYHPOBAThH Pa3INUHbIC U3/IENUs HAa X 0a3e U MucaTh Uil HUX YIPABISIIONIUE
MIPOrpamMMbl CTAHOBUTCS BaKHBIM HABBIKOM ISl COBPEMEHHOI'O MHKEHEPA.

JInst 03HaKOMJIEHUSI C OCHOBAMH MPOrPaMMHPOBAHHSI MUKPOKOHTPOJUIEPOB,
UX CTPYKTYpOll W OCOOEHHOCTSAMH IPUMEHEHHUs BbIOpaHbl §-OMTHBIE MHKPO-
koHTpoJutepsl ATmega328 mpousBojacTea kommanuu Atmel.

OcnoBuble xapaktepuctuku ATmega328:
- Sgpo: Atmel AVR;
- Paspsanocts sapa: 8 bit.
- Taxkrosas wactora: 0—20 MI'L;
- O0bwéwm Flash-mamsaru: 32 x0;
- O0BnéMm SRAM-namsaru: 2 k0;
- O0ném EEPROM-namsaru: 1 k0;
- 32 8-pa3psaaHbIX pabouux perucTpa o0IIero Ha3HAYCHUS;
- Hanpsoxenue nuranus: 1,8 — 5,5 B;
- Tlorpebnsemsrit Tok B pexkume padotsl: 0,2 MA (1 MI'm, 1,8 B);
- Tlorpebnsemsrit Tok B pexkume cHa: 0,75 MxA (1 MI'm, 1,8 B);
- KonunuecTBo TaiiMepoB/CUETUYMKOB:
2 BOCBMHOUTHBIX M | IecTHaAIIaTHONTHBIN;
- OO6miee KOIMYECTBO OPTOB: 23;
- Kommnuectso IIMM (PWM) BbIx0/10B: 6;
- KomnuecTBo kananoB ALII (anamoroBeie BXObI): 6;
- KomuuectBo anmaparueix USART (Serial): 1;
- KonunuectBo annapatueix SPI: 1 Master/Slave;
- KonuuectBo annaparusix 1*C/SPI: 1;
- Pazpemienne ALIL: 10 Our;
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- PaGounii Temnepatypusiii auamnason, °C: —40... +85.

JIns mporpaMMHpPOBaHHUS AaHHBIX MHUKPOKOHTPOJUIEPOB MPHMEHSIOT CIEAYIO-
mue cpeasl paspadorku: Atmel Studio, IAR Systems, WinAVR, CodeVisionAVR
¥ T.1. OHM TIO3BOJISIFOT MHCATh MPOTPaMMbI KaK Ha SI3bIKE acceMOJiepa, Tak U Ha
Cu.

JIisl BBITIOJTHEHHUS JTA0OPATOPHBIX pabOT MUCHOJB3yeTCs cpena pa3paboTku «At-
mel Studio», Bepcuu 6.2.

OTJIAJTOYHAS IIJIATA «Freeduino 2009

JlaGopaTopHble pabOTHl BHITOJHSAIOTCS Ha OTiamo4Hou 1ate «Freeduino
2009», koTOpas ABJISCTCS aHAIOTOM OTJIAA04HbBIN IIaThl «Arduino Duemilanovey.
[Ipy HEOOXOAUMOCTH OHA JIETKO MOKET OBITh JOIOJHEHA IJIaTaMHU PaCIIMpPEHUs U
MHBIMU BHEITHUMU DJIEMEHTAMHU.

BHemrnuii Bu 1aTel mpuBeeH Ha pucyHke 2.1.

TexHruYecKue XapakKTepucTUKH o0Tiaaa0uHoi mnatel «Freeduino 2009»:

- MuxkpokonTtposiep: ATmega328;

- [II3Y (Flash Memory): 32 Ko6aiit, u3 aux 2 KoOaiita ucnoias3yrorcs 3a-
rPY34HMKOM

(bootloader) «Arduinoy;

- O3Y (SRAM): 2 Koaiir;

- [13Y (EEPROM): 1024 Gaiir;

- TakToBast gactora: 16 MI'1y;

- pabouune HanpsHKEHHE MUKPOKOHTPOJLIEPA: 5 BOJIBT;

- Uurepdeiic ¢ [1K: USB;

- [Tutanue ot USB, 1100 OT BHENIHETO UCTOYHUKA, BHIOOP C MOMOIIBIO T1€-
PEMBIYKH.



Puc. 2.1. Otnagounas rwiara «Freeduino 2009y

Ha mnate pacmonoxensl (puc. 2.1):

1) MukpokonTpoiuiep, ATmega328.

2) Mukpocxema FT232RL. IIpeodpaszosarts Serial B USB.

3) Pazsem USB-B, nns moakirodeHus T1aTel K KOMITBIOTEPY.

4) Pazbem 111 MOJKJIFOYEHUS BHEUTHETO MUTAHUs, MUKpPOCXeMa JIMHEHHOTO
cTabwmn3aTopa Ha 5 BOJBT M CXeMa aBTOMAaTHYECKOTO BHIOOpA MCTOYHUKA MTUTAHUS
— o1 USB nin BHEIIHEro HCTOYHUKA. B TIEpBBIX BEPCHUAX TUTATHI BEIOOP MUCTOYHUKA
MMATaHUS BBITTOJHSICTCS BPYYHYIO, C TIOMOIIBIO TIEPECTAHOBKOM JKaMIiepa.

5) KBapuessiit pezonarop, 16 MI.

6) Knonka RESET.

7) Pazpem noakimouenus ISP mporpammaropa.

8) BbIBOIBI HATIPSKEHUST TUTAHUS U OOIIETO TPOBO/IA.

9) Ananorossie noptel BBosa — PBO — PB5.

10) Hudpossie moptel BBOoAa/BeiBoma — PDO — PD7 (w3 mux 3 ¢ [IHUM-
CUTHAJIOM).

11) udpossie moptel BBoga/BeiBoga — PBO — PB5 (w3 Hux 3 ¢ IIHWM-
CUTHAJIOM).

Taxoke Ha MJIaTe UMEIOTCS YEThIPE CBETOAMO/A:
- TX u RX — oroOpaxaroT npuem/mepenady 1o rnocjieaoBatensaomy (Serial)
npoTokoJy cBsizu ¢ [IK unu npyrum ycTponcTBoM.
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- PWR — unaukaTop Hanmuuus nUTaHUs.

- L (wmm 13) — monw3oBarensckuii cBeroano. CoenuueH ¢ 13 mudpoBsM
noptoM (mopT Ha MK — PBS5, 19 BeiBox). Takke CIy)UT i1 MHANKAIIANA PaOOTHI
3arpy3urka. Mepiaet nepsbie 1-2 cekyH bl mocie nepezarpysku MK.

[Ipu ucnonp30BaHKUe OTIAJ0YHON TJIAThl HEOOXOAMMO MOMHUTH, UTO HOME-
pa BBIXOJIOB IIATHl HE COOTBETCTBYIOT HOMEPAM HOXKEK M TOPTOB MUKPOKOHTPOJI-
nepa. Cxema COOTBETCTBUS MPUBEJIEHA HA PUCYHKE 2.2,

Atmega168 Pin Mapping

Arduino function Arduino function

reset (PCINT14/RESET) PC6] PC5 (ADC5/SCL/PCINT13) analog input 5
digital pin 0 (RX) (PCINT16/RXD) PDO[] PC4 (ADC4/SDA/PCINT12) analog input 4
digital pin 1 (TX) (PCINT17/TXD) PD1[] PC3 (ADC3/PCINT11) analog input 3
digital pin 2 (PCINT18/INTO) PD2 [} PC2 (ADC2/PCINT10) analog input 2
digital pin 3 (PWM) (PCINT19/0C2B/INT1) PD3[}5 PC1 (ADC1/PCINT9) analog input 1
digital pin 4 (PCINT20/XCK/T0) PD4 ] PCO (ADCO/PCINTS) analog input 0
vee vee GND GND
GND GND s AREF analog reference
crystal (PCINT6/XTAL1/TOSC1) PB6[] AVCC VCC
crystal (PCINT7/XTAL2/TOSC2) PB7 [} PB5 (SCK/PCINTS) digital pin 13
digital pin 5 (PWM) (PCINT21/QCOB/T1) PD5[] PB4 (MISO/PCINT4) digital pin 12
digital pin 6 (PWM) (PCINT22/0COA/AINO) PD6 ] PB3 (MOSI/OC2A/PCINT3) digital pin 11(PWM)
digital pin 7 (PCINT23/AIN1) PD7[] PB2 (SS/IOC1B/MPCINT2) digital pin 10 (PWM)

digital pin 8 (PCINTO/CLKO/ICP1) PBO[] PB1 (OC1A/PCINT1) digital pin 9 (PWM)

Puc. 2.2. CxeMa coOTBETCTBUS BEIBOJOB MUKPOKOHTPOJLIEPA U TIATHI

YIIPABJIEHUE HIU®POBbBIMHU BBOJIAMMU MK

BriBo MUKPOKOHTpOJIIIEPA — 3TO JOBOJBHO CIOXKHBIM MEXaHU3M (PETUCTPHI
+ TpUrrepsl + MyJIbTUIIEKCOPHI + (GUIBTPHI + TaKTUPOBaHUE U T.1.). [Ipu 3TOM 32
OJIHUM BBIBOJIOM MOYKET OBITh 3aKpEIUICHO MO HECKOJBKO (PYHKIIH, YUCIO KOTO-
PBIX 3aBUCHUT OT TOTO, CKOJIbKO MepUEpUMHBIX YCTPOUCTB MOAKIIOYEHO K JIaHHO-
My BbIBOY. HO HECMOTpSI HA OTHOCHUTENIBHO CIIOKHYIO KOHCTPYKLHIO, YIIPABICHUE
BBIBOJIOM B MUKPOKOHTpoJuiepax ¢ sapoM AVR BO3MOXKHO BCEro JHIIb Yepe3 JBa
perucTpa, IIHOC e1Ie OJUH PETUCTP AJIsI KOHTPOJISL COCTOSIHUS BBIBOJA.

[Tockonbky simpo AVR SBISIOTCS BOCBMUPA3PSAHBIMU, TO Pa3pabOTUYUKU
JUIsl y1oOCTBa MOJib30BaTeNleld 0ObeAMHUIM BBIBOJBI B TPYMIIBI 0 BOCEMb. Takas
rpynna HaszsiBaeTcs nopt (Port). ¥ 1o0cTBO 3akitouaercs B TOM, 4TO JJIsl yIIpaBiie-
HHs1 BOCBMUPA3PSAIHBIMU ITIOPTAMU UCIIOJB3YIOTCS TAKUE K€ BOCBMUPA3PSAIHbIE pe-
TUCTpbI/TIEpEMEHHBIE. DTO MO3BOJSET COKPATUTH pa3Mep MporpamMMbl U JOCTUYb
BBICOKOT'O OBICTPOJICHCTBHS.

HasBanue BbIBOga (hopmupyeTcst U3 uHUITMANA ciioBa Port («Py»), mocie vero
uaeT uMms nopta (K npumepy «B») U mopsAIKOBBII HOMEpP BBIBOJIA B 3TOM MOPTE, OT
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«0» 1o «7» (x mpumepy «5», Toraa nonnoe umsa oyaetr «PB5»). B nokymenranuun
Ha MHKpOKOHTpoJuiep (datasheet) MoskHO BCTPETHTh Takoe 0003HaUYCHHE — «Pxny,
IJI€ «X» 3TO UMsI IOPTa, & «1» ITO HOMEP BBIBOJIA.

Ha3BaHus BcexX NMEPEUYUCICHHBIX HHUXKE PETUCTPOB IPEICTABICHBI B BUIE
NMSIx, tne «x» — 6ykBa nopta, B, D nim C.

DDRx — Data Direction Register of port X — peructp, yrupaBisiomui pexu-
MOM paboThI mopToB. Eciu B ero siueiiky (Hanpumep, 5-y1o), 3anucath «1», TO cBs-
3aHHBIN ¢ Hel mopT MK (PX5) craner paboTaTh kKak BbIxoja, «0» — kak Bxoj. ['a-
PaAHTUPOBAHHO, YTO IOCJE Mepe3anycka MUKPOKOHTPOJUIepa WIM MOJauyd Hamps-
KEHUsI UTaHus, 3HadeHue J1roooro DDRx peructpa paBHo 0x00, 3To o3Hauaer,
YTO TI0 YMOJYAHUIO BECh MOPT «X» HACTPOEH Ha BXOJ.

PORTX — ycranaBnmuBaet ypoBenb Ha moptax MK. «1» — Beicokuit, «0» —
Hu3kui. Eciom ke BeiBog MK HacTpoeH Ha BbIXOJ, TO «1» u «0» B COOTBETCTBYIO-
M eMy SYeKHW 3TOTr0 PEerucrpa MOAKIIYAET, JIMOO OTKIIYAET, BHYTPEHHUH,
«noarsruBaromuii» BeiBog MK k «+» nurtanus, pesucrop. I'apaHTHpOBaHHO, 4TO
nocJie mnepesamnycka MUKpPOKOHTPOJUJIEpa WM MOJa4l HAMpsHKEHUsS MUTaHUsS, 3HaA-
yenue goo6oro PORTx peructpa pasuo 0x00. IIpu atom DDRX toxe 0x00, a 3Ha-
YUT 110 YMOJIYAHUIO BECh MOPT OyJI€T HAXOAUTCSA B COCTOSIHUU BX0J1a, 0€3 MOAKIIIO-
YEeHMsI TOATITUBAIOIIETO PE3UCTOPA.

PINX — npuHuMaet B ce0sl JIOTHUECKUE YPOBHU HANPSKEHUS (BBICOKOE WITU
HU3KOE) Ha cooTBeTCcTBYIOMMX BhIBOAaxX MK u xpanut ux. Coaepkumoe 3Toro pe-
TUCTPa BO3MOKHO TOJIBKO «IIPOYUTATH.

Ha puc. 2.3 noka3zana ynpoiieHHas 6JI0K-CXeMa OJTHOTO BBIBOJIA.

A A+

e
£ o1 "
:

. /ﬁ—BHxn,q."ACD
K1

Con |
I —[>>—Bxoa

Pxn

D2

Puc. 2.3. biaok-cxema BeiBojia (HOKKH) AVR MHKpOKOHTpoOIIIepa

[TpuBenennsie Ha puc.2 auoabl D1 u D2, mpeaHa3HaueHsbl i 3alUThl BbI-
BOJla OT HAMpPsDHKEHUM, MPEBBIIAIONINX HANpPSKEHUE MUTaHMS (DJEKTpOCTaTHYe-
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ckoe (ESD) u 1.1m1.), a emrocTh Cpin — 3TO mapa3uTHasi eMKOCTh BbIBOJA. RpU —
BHYTPEHHUI «IOATATUBAIOIINKN» pe3ucTop. OH nogkioyaercs K «+» nuranust MK
¢ momorsio Tpansuctopa VT. Konrakr K1 nmoxakimouaeT/oTkiouaeT pexxum pado-
Thl HOXKKH MUKPOKOHTPOJIIEPA HA BBIXOJ WM albTepHATUBHYIO QyHKIUI0. CocTo-
saue konTakTta K1 onpenensercs peructpom DDRX.

IHPUMEP ITPOI'PAMMBI V1A MUKPOKOHTPOJIVIEPA

Hwxe mpuBeneH mpumep mporpamMMBbl Jis MUKPOKOHTPOJIIEpa, KOTOpast pe-
aNMM3yeT OMPOC OJHOW KHOIKH W BU3YaIbHOE OTOOPaKEHHUE €€ COCTOSIHUS C TIOMO-
IIBI0 UMEIOMIErocs Ha OTJIAIOYHOMN IUIaTe CBETOIMO/A, TOIKIIOUCHHOTO K MOPTY
PB5. OToT cBeToaro 1 0003HaUYEeH Ha iaTte 0ykBou «Ly» wiu unciom «13».

#include <avr/io.h> //monkmrouenue crangapTHOW OHMOIMOTEKH BBO-
J1a/BBIBOJIA

int main(void)

{

DDRB |= 1<<5; ; //mun 5 mopta B paboTaeT kak BBIXO — CBETOINO]T
DDRD = 0b00110000; //riunet 4 1 5 mopta D paboTaroT Kak BEIXO/I
PORTD |= 1<<5; //tuu 5 nopta D HacTpoeH Ha BBIBOJ +5 BOJIBT
PORTD &= ~1<<4; // nun 4 nopra D nactpoen Ha BeiBO GND (-5

BOJIBT)

while(1) //6eckoneuHbI# 1TUKIT (OCHOBHASI ITpOrpamMmma)

{

/l HaxkaTa M KHOMKA HA TTUH 27

// ipy HaXKaTOM KHOIKE — HU3KKi ypoBeHb — GND (-5 BoJbT)
iIf(~PIND & (1<<2))

{
PORTB |=1<<5; //na — cetoauox Ha PB5 BKJI

PORTB &= ~1<<5; //uet — cBeroaunon na PB5 BBIKJI

}

Pazbepem e€ mocTpodHoO:
e #include <avr/io.h> — moxakmroueHue CTaHZAPTHONH OHMOIUOTEKM IJIS sapa
AVR. B Hell HaxoasTcsl onpeieiieHus: KOHCTAHT, UMEH PErUCTPOB U BCETO
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MPOYEro, YTO MOXKET MOHATOOWUTHCS JJIsl BBIOJHEHHS 0a30BOTO BBOJA-
BBIBOJIA.

Crpoku mociie «int main(void){» u 10 «while(1)» — 3T0 CTPOKH TIEPBHYHOM
UHUIMAI3auuu nepudepun. B HUX BBIMOIHSAETCS HACTPOHKA PEXKUMOB pa-
00TBI MOPTOB M YCTAHABIMBAIOTCS HAYAJIbHBIE COCTOSIHUS.

DDRB |= 1<<5 — ycranoBka «1», B 5-b1if Out peructpa DDRB. D10 ycra-
HOBUT nopT PB5 B cocrosiHue «BbpIX0m». Oneparop «<<» 3TO0 NOOHUTOBBII
CIBUT BJICBO, a 3amuCh «1<<5» o3Ha4aeT, 4TO B JBOMYHOM YHUCIIC CIUHUITY
HEO0XOJIUMO CIIBUHYTH NATH pa3. To ectb HaunHaeTcst ¢ 00000001 (rmo3urius
«0»), a B pesymbrare casura oyaet 0010000 (mosumust «5»). Oneparop «|[=»
IIPOU3BOJIUT JIOTUYECKOE CIOXKEHHE coaepkumoro perucrtpa DDRB ¢ unc-
oM «1<<5y». [Ipu moruuyeckoM MOOUTOBOM CJIOKEHUU E€IUHHUIIBI C JIFOOBIM
YHUCIIOM, pe3ysbTratoM Oyaet «1». [Ipu ciokeHuu m000TO YUCHa C HYJIEM,
MOJIYYUTCSI UCXOJIHOE YHMCiOo. Bce 3TO 03HAYaeT, 4TO MOCJE BHITTOJHEHHUS
koMauael «DDRB |= 1<<5;» B narom Oute peructpa DDRB okaxertcs «1»,
a oCcTaJibHbIE OUTHI HE U3MEHAT CBOE COCTOSIHHE.

DDRD = 0b00110000 — ycranoBka BeiBogoB PD4 u PD5 nHa Beixoa. Heo0-
XOJIMMO JIJTSL KCTIOJTh30BAHUS TIJIAThI PACIITHPEHUS ¢ KHOITKaAMH.

PORTD |= 1<<5 — ycraHoBka BbIcOKOTO ypoBHs Ha BbIBojie PD5. Ilogaua
MOJIOKUTENIBHOTO MOTEHIIMajla OT UCTOYHUKA MUTAHUS Ha IUIaTy ¢ KHOIKa-
MU.

PORTD &= ~1<<4 — yctaHoBKa HU3KOTO ypoBHs Ha BbiBojJie¢ PD4. Ilogaua
OTPHUIIATEILHOTO TOTEHIINAJIA OT UCTOYHHUKA MTUTAHUS Ha TUIATY C KHOMTKAMH.
PORTB &= ~1<<5 — 3ajganue HayaJabHOTO COCTOSIHUE YPOBHS Ha BBIBOJIBI
PBS5. 3amuce «0», B nsaTeiit Out peructpa PORTB «0», uToObl Ha BBIBOJIE
ObUT HU3KUM ypoBeHb — HampsbkeHue 0 BonbT. Oneparop «~» 03Ha4aeT uH-
BEPCHUIO, a 3aMuCh «~1<<5» o3HauaeT aBonuHoe uucyio O0b11011111, To ecthb
yucio, obpatHoe unciao 0b00100000. D10 yucno Takke MEPEMHOMKAETCH,
3HaK «&», ¢ coaepkumbiM peructpa PORTB u pe3ynbrar 3anuchiBaeTcs B
peructp PORTB. buroBoe ymHoxkeHue Ha «0» ir000ro yucia Jaer B pe-
syabTaTe «0». [Ipu ymHOXeHUU m1000T0 urciia Ha «1» pe3yabTratoM OyaeT
ncxoaHoe uuciao. B urore, mociie BeimosiHeHuss komaHapl «PORTB &=
~1<<5;», B arom oute peructpa PORTB Oyner Hosb, a ocTambHBIC HE H3-
MEHSAT CBOE cocTosiHMe. JlaHHas cTpodka He SBJISETCS 00s3aTebHON, HO
JKeJaresibHa JJI HaJIe)KHOTO «CTapTay, € )KECTKO 3a/1auHbIM HadaJIbHBIM CO-
CTOSITHUEM Ha MCTIOJIb3yeMOM BbiBojie MK.

«while(1) { OCHOBHAS ITPOI'PAMMA }». OcHOBHas mporpaMMma BbI-
noJiHsieTCs B Teie 1ukia While, moka ycioBue BXxoja B I[UKJI UCTHHHO, TO
ecTh paBHO «1». Tak Kak 9TO 3HAYEHUE 33J]aHO M3HAYAIBHO U HE SBIISCTCS
MePEMEHHOM, TO YCIOBHE OYJET BBITIOJHITHCS BCETAa, U MUKPOKOHTPOJLIED,
MOKa TOJaHO MHUTaHWe, OyneT OSCKOHEYHO, IUKIMYHO, BBITIOJHITH COJIEP-
KUMOE Tella IUKIIA.
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o if(~PIND & (1<<2)) — omepaTop BeTBJCHHS. YCJIOBHE, YKa3aHHOE B CKOO-
kax nocie if, untaercs Tak — Ha Bxone PD2 Huskuii yposens? Eciu «z1a», TO
JienaeTcsl KoJ B MepBoy mape (UrypHbIX KaBblueK. Ecnu «Her» (Ha BXoje
PD2 BBICOKHI YPOBEHB), TO JIeJaeTCs KO BHYTPH Napbl (PUTYPHBIX KaBBIYECK
nocie «else». BapuaHT s «HET» MOXKET OTCYTCTBOBATh, TOr/a «else» He
MUIITYT.

e PORTB |= 1<<5 — ycranoBka «1» B 5-Tblii OUT perucrpa COCTOSHUS MOPTa
B, a cnegoBaTenbHO, BBICOKOTO, 5 BOJIBT, YPOBHA Ha HOXKe PB5 (9 HOoXxka
MUKPOKOHTpoOJUIepa, 13 mopT Ha oTiIagoyHOoi 1uiare). BxitoueHue mosiab3o-
BaTeJIbCKOTro cBeToaAnoAa «Ly («13»).

e PORTB &= ~1<<5 — ycranoBka «0» B 5-Tblif OUT perucrpa CoCTOSHUS MOp-
ta B, a cnegoBarenbHO, HU3KOr0, 0 BOJIBT, YpOBHS Ha HOXxke PBS. Brikito-
YEeHHE I0JIb30BATEIBCKOTO cBeToanoaa «Ly» («13»).

CToUTbh OTMETHUTD, YTO 3aMUCh OUTOB B PETMCTPBI MOKET OBITH BHIIIOJHEHA U
B IPYTOM BHJIE.

Hanpumep:

DDRB = 0x20; — B mecTHaAIaTePUIHOM.

DDRB = 0b00100000; — B 1BOUYHOM.

[Tpu 3TOM B 000MX citydasix OyAyT U3MEHEHBI U BCE APYTrHe OUTHI PETUCTpa.
OT10 ynoOHO, KOrja HY»XHO HAaCTPOUTh HAa BBIXOJI/BXOJ WJIU YCTAaHOBUTH BBICO-
KHI/HU3KUI YPOBEHb Cpa3y Ha HECKOJBKHX MOPTaxX, HO M3JIMIIHE, €CIIU HE00XO-
JUMO U3MEHUTH COCTOSIHHE TOJIBKO OJJTHOTO TOpTa.

IIVIATA PACHIMPEHUSA «KHOIIKW»

J{71s1 BBIMIOJIHEHUS TaHHOM J1abopaTOPHOM pabOTHI IOMOJTHUTEIBHO MOTPEOY-
€TCs IUIaTa PACIIUPEHUS «KHOIIKID.

Ha »T0ii nnaTe ycTaHOBJIEH JABE KHONKU 0e3 (prkcanuu.

KoHcTpyknuus mnatel pa3paboTaHa AJil YCTAHOBKHM KaK HENOCPEJICTBEHHO B
OTJIaI0YHYIO TIaTy Thma «Arduinoy», Tak ¥ Ha MaKETHYIO IUIaTy JUIsd OeCcracuHoro
MoOHTaxa. [{y1st paboThl TU1aThl TPEOYETCS AOTIOTHUTENILHOE TUTAHUE.

CxeMa 1aThl pacliupeHus MpuBeeHa Ha pucyHke 2.4.
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Puc. 2.4. Cxema miaThl pacIipeHHst «KHOTIKM

Ha cxeme 0003Ha4YEeHBI:
e R1, R3 — pesucropsl moaTsSX KU. Pe3rcTOp MOATSHKKU 0OECTICUMBAET
BBICOKMU JIOTMYECKMU YpoBeHb Ha Bxoae MK no Tex mop, moka He
HakaTa KHOTIKA.
e R2, R4 — 3ammrtHbIe pe3ucTophl. [IpeqoXpaHaroT 1enu NMUTaHUS U
Bxoxa MK oT GoJIbIINX TOKOB.
o SB1, SB2 — xnonku 6e3 Qukcarum.
[TnaTy pacupenus HEOOXOIMMO YCTaHOBUTH TaK, KaK MOKa3aHO HA PUCYH-
ke 2.5. ITopTel 0TnamouHOM TIaThI « 7%, «6» B «1», «0» He TOMKHBI OBITH 3aHSTHI.
[Tpu Takoi ycTaHOBKE ONMXKHSS K MUKPOKOHTPOJIJIEPY KHOIKA OyNeT IMo/I-
KItoueHa K BeiBoty PD3, nanbusiss — PD2.
BriBosbl PD4 u PD5 HeoOxoaumo HacTpouTh Ha BeIXoA. Ilocie vero ycra-
HOBUTb BbICOKUH ypoBeHb Ha PD5 u nuzkuit Ha PD4.
[Ipu HaxkaToil KHOIKE B coOoTBeTCTBYMOIIMI OuUT peructpa PIND Oyxaer 3a-
NUCHIBATHCA «0», MPU HE HAXKATON — «1».
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Puc. 2.5. Pacnonoxenue miaTel paciiipeHus Ha OTAaA0YHON 11aTe

HOPAJOK BBIITIOJIHEHUA PABOTBI

3amyctute Atmel Studio u Bermonaute File -> New -> Project.

[losIBUTCS OKHO CO3[IaHMsI HOBOTO IIPOEKTa. B HM>kHEN ero yactu Bel Moxe-
T€ 3aJaTh Ha3BaHuWE Mpoekra. MM 1o yMomuaHul OyJeT HMEThb BHJ
«GcecApplicationl», nmpu 3TOM 4HCIIO B OKOHYAHUE MOXKET OBITh Pa3IUYHbIM. 3a-
MeHUTe ero Ha ums B (opmate «I'pymma, WHIMBUIYAIbHBIA HOMEp, CIIy4ailHOE
yucao g0 100» (manpumep, «EAD-083 06 53»). CBoit MHIMBUAYAIBHBIH HOMED
MOYKHO y3HaTh y IIPENOAaBaTEIIA.

B nmosisuBiiemcs okue Boidepure «GCC C Executable Projecty. ITocie storo
0TOOpa3uTCs OKHO BBIOOpPA HCIIOJIB3YEMOTO B IPOEKTE MHKPOKOHTPOJUIEPA.
Haitnure B crnmcke «ATmega328P». KiIMKHUTE MBIMIKOM IO ATOM CTpPOKE M
HaxxmuTe OK. PekoMeHayeTcsi BOCIIOJIb30BaThCsl CTPOKOM MOMCKa B MPABOM BEPX-
HEM YTy OKHa BIOOpAa MHUKPOKOHTPOJLIEPA.

Ha cTpanuiie ¢ TeKCTOM NpOrpaMMbl COTPUTE BCE U HAOEPUTE MPOTpaMMy U3
pa3o0paHHOrO BBIIIE TPUMEpA.

Brimonaure Build -> Build Solutions, mn6o saxmure F7.

JloKIuTeCh OKOHYAHWS KOMIWIALHMHM. B HkHeM okHe «Output» mTOmKHBI
MOSIBUTCSI CTPOYKHU:

Build succeeded.

========== Build: 1 succeeded or up-to-date, O failed, O skipped

Jli1st Toro, 4TOOBI HEMOCPECTBEHHO TIOMECTHTh COJIEPIKUMOE ITOro (paiina B
namsaTh MHKPOKOHTPOJUIEpa, HEOOXOAWMO BOCIOJIB30BAThCS JIOTOJHUTEILHON
mporpammoii — XLoader.

[MogxmrounTe OTIAMOYHYIO TUIATY K KOMITBIOTEPY, UCIONB3Ysl Kabelb THUIa
USB-A — USB-B, u 3anycture nporpammy XLoader.

OKHO TIPOTPaMMBI COICPIKUT CIICAYIOIINE DIICMEHTHI:

e Hex file — 3mecw Hy)xHO yKka3ath myTh 110 3arpyxkaemoro HEX ¢aiina;
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e Device — 31ech HEOOXOAMMO BHIOpATh THI IUTATHI U MUKPOKOHTPOJUIEpA.

Duemilanove/Nano(tun MK — ATmeg328);

e COM port — 31ece HEOOXOAMMO BBIOPATh BUPTYAJIbHBIH KOMII MOPT, Yepe3

KOTOPBIM KoMIIbIOTEP ob1iaercs ¢ MK

e Baud rate — ckopocts nepenaun gaHHbIX yepe3 COM-mopT. 3aBUCUT OT TH-

ma MK u BeicTaBisieTcst aBTomatudecku. s ATmega328 — 57600.

[TonHbIM TyTH 10 HANKK OyJ1€T UMETh BU/I:

Joxymente\Atmel Studio\6.2\Ims_nipoexra\ Ums_ nipoekra\Debug

B manke Debug HeoOxoaumo Haiitu ¢aiin ¢ pacmupenuem «.hex». IMeHHO
3TOT (pailsl «3amuBaeTcs» B MUKPOKOHTpoIUIiep. B HEM conepkutcst mporpamMmma Jijis
MUKPOKOHTpPOJUIEpA B BUJI€ MAITUHHBIX KOJIOB.

Ecnu Bce ycTaHOBKHM TpaBMIIbHBIC, TO Tocie HaxaTus kHomku «Uploady
mporpamma CBsDKETCsl ¢ 3arpy3dnkoM B MK u, moiayduB OT HEro OTBET, 3arpy3uT
coagepxkxumoe HEX daiina B mamsate MK. Ilpomecc oOmeHa JaHHBIMH MOYHO
HAOJIIOIaTh BU3YaJIbHO, MO MEPIAHUIO PACIOJIOKEHHBIX Ha OTJIAJIOYHOM IjaTe
ceetoqunonoB RX u TX.

NHANBUAYAJIBHBIE 3A TAHUSA

[ToaxirrounTe IUIaTy pacliupeHus «TPEXIBETHBIA CBETOAUOY.

Omnpenenure, Kakue MOPTbl MUKPOKOHTPOJIEpa HEOOXOAUMO HACTPOUTH Kak
BbIXO/1. BbInOMHUTE HACTPOIKY B COOTBETCTBYIOLIEM peructpe DDRX.

BrinonnuTe nHauBuayanbHOe 3aaaHue. Homep 3amaHus yTOYHSIMTE Yy IIpe-
[101aBaTEJIs.

Hanumure nporpaMmy, peaiM3yollyo CIEAYIOMNA pexuM paboThl CBETO-
TMOM0B:

1) KonmudecTBO Ha)kaTWi HA OJHY M3 KHOIIOK IMOJCYUTHIBaeTcsA. [Ipu Haxa-
TUU HA APYTYIO KHOIIKY JIFOOOW CBETOAMOJ] BCHBIXHET CTOJIBKO Pa3, CKOJIBKO pa3
ObLia HaxkaTa rnepBas kKHonka. [lociie 3Toro cueTynk HaxaTvii MepBOil KHOMKHU 00-
HYJISIETCS.

2) Haxxatue Ha OJIHY KHOIIKY 3aIlyCKaeT CJICAYIOIIMHA aJrOpUTM — OIHMH U3
CBETOJIMOJIOB BCIIBIXUBAET (KPAaTKOBPEMEHHOE BKJIIOYEHME) J1BAa pasa, MOCIE Yero
JApyroi CBETONMO BKJIOUaeTcsa Ha 3 cekyHabl. [Ipumymaiite cobcTBeHHYIO mocie-
JOBATEJIbHOCTb.

3) [Ipu HaxkaTHH HA OJIHY KHOIIKY 3aropacTcsi KPacHbI CBETOUO, Ha JIPY-
T'YIO — CHHUH, Ha 00€ — 3€JICHBIN.

KOHTPOJIBHBIE BOITPOCHI

1. Haznauenue peructpa PINX.

2. Cioco6 moakIItoueHrne BHYTPEHHETO MOITATUBAIOIIETO PE3UCTOPa.

3. Haznauenue noatsrupatomiero pesucropa. CrocoObl MOATSHKKY BBIBOJIA MUKPO-
KOHTpOJIJIEpA.
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4. BO3MOXXHO JIH ONPOCUTH COCTOSIHME MWHA MUKPOKOHTPOJUIEpA, HACTPOESHHOTO
Ha BBIXOJI, a HE Ha BXOJ?
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JIABOPATOPHAS PABOTA Ne3.

Hanucanue nporpamMmsl 1Jist padoThl ¢ TAUMEpPaMu MUKPO-
koHTpoJuiepa ATmega328. Padora TaiimepoB B pe:xkume HHINM.

Heab padoTbl: U3yunuTh pabOTy TaliMEPOB/CUETUYNKOB, HAYYUTHCSI HACTpPau-
BaTh TaliMephl JJI T€Hepalliy CUTHANA C IUPOTHOU-UMITYJILCHOM MOIYJISIIUEH 3a-
JAHHOM YaCTOTHI U CKBAXKHOCTH.

KPATKHUE TEOPETUYECKUE CBEJAEHUSA

Taiimep-cueTyuK ABISETCS OJHUM U3 CaMbIX HCIIOJIb3yEMbIX NEepUPEpURHBIX
YCTPOMCTB MUKPOKOHTpOJuIepa. Ero OCHOBHOE Ha3HaY€HUE — OTCUUTHIBATh 3a/1aH-
HblE€ BPEMEHHBIE MHTEpBAIIbI. KpoMe TOro, TaliMephl-CUETYUKH MOTYT BBIIIOJIHATH
psAA  JOMOJHUTENBHBIX (QYHKIUH — (QopMHpOBaTH CHUTHaJAbBl C IIMPOTHOM-
uMITyascHor moayssinueit (LLIMM), BecTy mojcueT JIMTEIBHOCTH U KOJIMYECTBA
BXOJAIINX UMITYJIbCOB.

B mukpokonTpomiepe ATmega328 ects Tpu Taitmepa — 2 no 8 6ut (TO, T2)
u onuH Ha 16 6ut (T1). I HUX Bcex ecTh OAMHAKOBBIE PEXKUMBI paOOTHI:

e OOBIYHBIN PEKUM PAOOTHI.

CampIil pacpOCTpaHEHHBIM PEKHUM, KOTIa TAMEP MPOCTO CUYMUTAET MPUXO-

JSIIME UMITYJIBCBI M TP MEPENOJHEHUN CUETHOTO PETUCTPA YCTAHABIMBAECT

(ar nmpepeiBaHMs IO NepenoaHeHuto. [lpu 3Tom cueTHsbIi peructp copachi-

Baercd B 0 M OJICYET MMITYJILCOB HAYMHAETCS CHAYAJIa.

e Pexum noacuera umiynbcoB (COpoc pu COBIMAICHUN).
Taxxe HazpiBaeTrcs CTC. B aTOM pexume Npu COBIAIEHUU CUETHOTO PETHU-
CTpa C OJTHUM M3 PETUCTPOB CPaBHEHHUS BBICTABIISIETCS (hiar mpephIBaHUs 110
COBINAJCHUIO, CYETHBI PETUCTP OOHYIISETCS U MOJACYET HAYMHAETCA CHaya-
na. IIpu 3TOM MO COBNaZCHUIO MOYKET MEHATHCS CUTHAJI HA BBIXOAE TanMe-
pa, COOTBETCTBYIOIIETO HUCIIOIB3YEMOMY PETUCTPY COBIAIAEHUS.

e Pexum HINM.
B naHHOM pexmMe M3MEHSIETCA IMUPUHA UMITYJIbCAa B 3aBUCUMOCTH OT 3Ha-
YEHUS, 3aMIMCAHHOTO B PETUCTP COBITAJCHHS.

e Pexum koppekuuu aszer ILHIM.
B o6krunom pexxume IIIMM mbl nosydaem miaBaroinyto (azy BBIXOIHOTO
curHasa. [{ns Toro, 4ToObl 3TOr0 M30€XaTh, B PEeXKUME KOPPEKUUHU (Da3bl
[IVM npu TOCTHKEHUHA MAaKCUMAJIBHOTO 3HAYEHMUs!, CUETHBIA PErUCTp Taul-
Mepa/cueTyrKa HAaUMHAET YMEHBIIATCA. JTO MPOUCXOIUT IIUKIHYECKH.
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OTO OCHOBHBIE PEKUMBI padOThHI TAWMEPOB/CUETUHKOB. Y TaliMepa/cueTynka
TO mpucyTCTBYIOT TOJBKO OHU, a T1 1 T2 UMET JONOIHUTETBHBIE PEKUMBI.

JlonomHUTENBHBIE PEXKUMBI paOOTHI TaiiMepa/cueTunka T2:

e ACHUHXPOHHBIH PEKUM PAOOTHI.
B acunxpoHHOM pexume padoThl K MHKPOKOHTPOJUIEPY MOAKIIOYACTCS
BHEIIIHUM KBapueBbii pe3oHaTop 32 kl'm. Yame BCero 3ToT peKUM UCIIONb-
3yeTcss Juisi paboThl TaiiMepa/cueTdyrka T2 B KadecTBE YacOB PeabHOTO
BPEMEHH.

JlonomHUTENbHBIE PEXKUMBI PabOTHI TaiimMepa/cuerunka T1:

e Pexum koppekuuu (aszel u yactorsl IHNUM.
Otnnyaercst ot pexxuma koppekiuu ¢aszpl [HMM numb MOMEeHTOM OOHOB-
JICHUs] PETUCTpa CpaBHEHUs. Peructp cpaBHEHUs OOHOBISETCS, KOTAa 3Ha-
YEHUE CUETHOI'O PETUCTPA JOCTUTAET MUHUMYMA.

e PexuM 3axBara.
[Ipu mocTymnieHur curHajga OT aHaJOrOBOI0 KOMIIapaTopa, a TakKe Ha BbI-
BoJ ICP1 (14 noxkka MK) 3HaueHHe CUETHOTO PETHCTPa COXPAHSIETCA B pe-
TUCTpE 3aXBaTa, YCTAaHABJIUBAs MPU 3TOM (pyiar mpepbIBaHUA 110 3aXBaTy.

Ecnu taiimep paboTaeT B pexuMe CUETUMKA, TO OH CUUTAET KOJTUYECTBO UM-
MyJbCOB, MOCTYNMBIIKX HA BHIOPAHHBIM BXOJ MUKPOKOHTpoJuiepa. B aTom ciyuae
HOPT, CBSI3aHHBIN CO CYUETUMKOM TaiiMepa, T0JKEH ObITh HACTPOEH Ha BXOJ.

Ecnu talimep paboTaeT B KauecTBe TailMepa, TO YaCTOTa €ro TAKTUPOBAHUS
3aBUCUT OT YaCTOTHI F€HEPATOPa TAKTa MUKPOKOHTPOJIJIEPA.

Kaxxnplii TakT c4eTYUK B TailiMepe YBEIMYMBACTCS HAa €IUHUILY (UTEparius).
[lepenosnHeHrne 8-OMTHOrO CUETYMKA HACTYNAET MPHU JOCTUKEHUU 255 utepauui,
16-6uTHOTO — NP AOCTHKEHUHU 65535 UTeparmii.

[TonHOE onmcaHne BO3MOKHOCTEW U HACTPOMKHU PETUCTPOB JJIsl BCEX TalMe-
POB IIPUBEICHBI B IPUIIOKEHUE 1.

HIMPOTHO-UMITYJbCHASA MOAYJALIUA

IupoTtHo-uMmynscHast moaynsuus (IIIMM, anra. pulse-width modulation
(PWM)) — ynpaBiieHue cpeTHUM 3HAYCHUEM HAIPSDKEHHS HA HArpy3Ke MyTEM W3-
MCHCHUSI CKBaXKHOCTH UMITYJICOB, YIPABJISIONINX CHUJIOBBIM KITFOYOM. Paznuyaror
ananorosyio MM u mudposyro MM, nBouunyio (n1ByxypoBHeByto) IIINUM u
TpouuHyto (TpéxypoBHeByto) LIIVIM.

Ha pucynke 3.1 mpuBeneH Buz (OpMbI BBIXOJHOTO CHTHaja C IIAPOTHO-
VUMITYJIbCHOM MOAYJISIIUEN.
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LLiupoTHo-UMnynkcHaa moaynauus
0% paBoyero umkna

Sv

Ov
25% paboudero Unkna

LT T

Ov

50% pabouero yukna
5":" | |
ol L | |

75% paGodero uukna

5v

Ov |

100% pabodero UWkna
| i |

Ov

Puc. 3.1. ®opma BBIXOHOTO CUTHAJIA C IIHUPOTHO-UMITYJILCHOW MOy IAIIHEH

Sv‘ -

3esneHble JIMHUM OTMEYAaKOT MOCTOSHHBIE BPEMEHHBIE MEPHOJbI. JlmuTenb-
HOCTb Iepuojia oopaTHo nmponopiiroHanbaa yactore IHIIMM. To ects ecim wacTora
UM cocrasnsger 500 I'ti, To 3eneHble TUHUU OyIyT OTMEUYATh UHTEPBAJIBI JIJTH-
TEJIBbHOCTHIO B 2 MUJUIMCEKYH/IbI KaXK/IbIH.

3anoJiHEHUE TMepuoAa BBICOKMM YpPOBHEM ONPEACISIETCS IapaMeTpoM
«CKBaXHOCThY». OT 3TOr0 3aMOJIHEHUSI 3aBUCUT «BBIXOJIHOE HaIpsbKeHHe». B mpo-
CTOM MPUOTUKEHUU MOKHO CUUTATh, UTO JOJISI 3aMOJIHEHHUS — 3TO MPOIEHT OT
MaKCHMAaJIbHOTO BBIXOJIHOT'O HAMPsHKEHUS, paBHOTO HampsikeHuto nutanus MK.

3agaHue CKBa)XKHOCTH BhINOJIHAETCS peructpoM cpaBHeHnss OCRxx. Korpa
3Ha4YeHUE B CYETHOM PETUCTpPE TaliMepa TOCTUTAET 3HAUCHUsI, HAXOIAIIEeToCs B pe-
TUCTPE CPAaBHEHMUSI, TO MOTYT BO3HUKHYTh CJICAYIOIIUE alapaTHbIe COOBITUS:

- IPEPHIBAHKE MO COBMA/ICHUIO;

- U3MEHEHHUE COCTOSHMS BHEIIHETO BbIXoJa cpaBHEHHUs] OCXX. DTH BBIXOJIbI
BBIBEJICHBI Ha BBIBOIbI MUKPOKOHTPOJLIIEPA.

[Ipennonoxum, yto Mbl HacTpown Ham MM reneparop Tak, 4to Koraa
3HAYECHHUE B CYCTHOM PETUCTpPE OOJIbINE, YeM B PETUCTPE CPABHEHUS, TO HA BBIXOJIC
y Hac 0, a koraa Mensle, To 1.
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Yro npu 3ToM npowusoiiner? Talimep Oyner cuutaTh, Kak €My U MOJOKEHO,
OT HYJIS 10 255, ¢ 9acTOTOM, KOTOPYIO MBI HACTPOUM OWTaMU TPEII-IACITUTEIS Tal-
Mepa. A KOrja 4Kciio B CYETUHKE TaliMepa COBMHAJAET ¢ YyuciaoM B peructpe OCxX,
Toraa cocrossHue Bbixona OCXX M3MEHUTCS C BBICOKOTO Ha HHM3Koe. [locne mepe-
MOJIHEHUS CYETUMK Taiimepa cOpacbiBaetrca B 0 U IPOJOJIKAET CUUTATH 1O HOBOM.
B stom ciiywae Ha BhIBoe OCxX cHOBa 1, 10 Tex Mmop, MOKa YUCIO B CUETUUKE
BHOBb Ha coBIajeT ¢ uucioMm B peructpe OCxx. Takoi pexum padotst LINM
Ha3bIBaeTCS HEMHBEPCHBIM. Ero rpaduk nokazan Ha pucyske 3.2.

Bo3MO0kHO HacTpouTh U HA0OOPOT — Mepexo]i cocTosiHue Bbixonaa U3 0 B 1,
npu coBmnajaenre ynucia B OCXX ¢ YUCIOM B CUETYMKE TalMepa. ITO MHBEPCHBIN
M.

QcR* : | : : |

1'5'#

T

Puc. 3.2. I'padux padotsl Heunsepcuoro [HIMM

Takum 00pa3oM Moiy4aeTcsi, YTO, U3MEHsA 3HAUYEHHE B PETHCTPE CpaBHE-
HUSI, MOKHO MEHATH CKBaXHOCTh [IIMM curnana. A ecnu nponyctuts 3toT LM
curHai yepe3 criaxuparonryio RC nenouky (MHTErpaTop), TO MOJYyYUM HEMpe-
PBIBHBIM, aHAJIOTOBBIN, CUTHAJL.

IHPUMEP ITPOI'PAMMBI 'EHEPUPALIMH IIIUM CUT'HAJIA
JJIA YITPOBJIEHUA APKOCTBIO CBETOANO/10B

#include <avr/io.h> //monkmrouenue craHgapTHOW OHMOJMOTEKH BBO-
11a/BBIBOJIA

#define F_CPU 16000000UL //ompesenenne TaKTOBOW 4YacTOTHI MHKPO-
KOHTpOJUIepa Uisl KOPPEKTHON pabOThl (PYHKIIMM 3a0€p>KKH

#include <util/delay.h> //monkmtouenue OMOIMOTEKHU JIJIsi TEHEPALIMK 3a1ep-
KEK

int main(void)

{
/ISETUP PORTS
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DDRB=0b00001110; //mopt D paboraer kak BBIXOJ, TaK KaK K HEMY
otHocsTes BeIBoJEI OC2A, OC1A u OCIB

[ISETUP TIMER 2

TCCR2A=0b10100011; //BeiOMpaeM HEMHBEPCHBIA PEKUM IIUM JIJIS
000MX BBIXOJIOB TaiimMepa 2

TCCR2B=0b00000001; //BeiOupaem padoTy Taiimepa 0e3 JAeauTes

/[SETUP TIMER 1

TCCR1A=0b10100001; //BoiOMipaeM HEMHBEPCHBIA PEKUM IIUM JIJIS
00omX BBIXO/IOB Taiimepa |

TCCR1B=0b00001001; //BeiOupaem paboTy Taiimepa 63 AeIUTEIIS

while(1) //6eckoHeuHbIN UK (OCHOBHAS ITPOrpaMmMa)

{
for(int 1=0;i<256;i++) //yBenmuuuBaeM SPKOCTH MO KaXJIbIe
10 mc
{
OCR2A=i;
_delay_ms(10);
¥
¥

}

TCCR2A=0b10100011 — Hacrpoiika peructpa TCCR2A, mis Taiimepa 2:

- butet WGM21, WGM?20 (rio3uruu 1 u 0) peructpa TCCROA ycranasnu-
BAIOT peKuM paboThl Taiimepa/cuerunka TO: 11 — pexum M.

- butet COM2A1 u COM2AO0 (no3uninu 7 u 6) BIKSAIOT Ha TO, KAKOW CUTHAJ
nosaButcsi Ha BbiBoJge OC2A mipu COBIAJEHUM 3HAYEHUS CYETHOrO PETUCTpa
TCNT2 co 3nauenueM peructpa cpaBHeHuss OCR2A. Ceituac ycranoBineHo 10 —
copoc BeiBojga OC2A B 0 mpu coBnazieHuu ¢ A, yctanoBka Beioga OC2A B 1 eciu
peructp TCNTO mpunumaet 3nauenue 0x00 (HEMHBEPCHBIN pexKUM).

- butet COM2B1 u COM2B0 (mo3utuu 5 u 4) BIUSIOT HA TO, KAKOW CUTHAI
nosiutcst Ha BhiBoJie OC2B (12 HoxKka) nipu coBnazeHuu ¢ B (coBnajeHune 3Haue-
Husi cyetHoro peructpa TCNT2 co 3Hauenuem peructpa cpaBHeHus OCR2B).
Ceituac ycranosieno 10 — copoc BeiBosa OC2B B 0 mpu coBmajzeHuu ¢ A, ycra-
HoBKa BeiBoja OC2B B 1, ecnu peructp TCNTO npunumaet 3nauenue 0x00 (He-
MHBEPCHBIN pexuM).

TCCR2B=0b00000001 — nactpoiika perucrpa TCCR2B, mis Taiimepa 2:

- buter CS22, CS21, CS20 (nmo3unuu 2, 1 u 0) peructpa TCCR2B ycranas-
JUBAIOT PEXKUM TAaKTUPOBAHMUS W MPENJCIUTENsE TaKTOBOM 4YacTOThl TaiiMme-
pa/cuetunka T2. Ceituac BeicTaBienbl 0uThl 001 — TakTOBBIN renepaTop CLK, 6e3
JEJUTEIIS.
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VYcraHoBkoi pexrMa paboThl TaiiMepa/cueTdrka T1 BBIMOTHSATCS HEMHOTO
CIIO)KHEE — JIByMS Mapamu OUT B pa3HbIx peructpax. buramu WGM13, WGM12
(no3urmus 4 u 3, B peructpe TCCR1B) u 6uramu WGM11, WGM10 (mo3umus 1 u
0, B peructpe TCCR1A). B 060oux napax 3anucano 01 — PWM, 8-6ur.

TCCR1A=0b10100001 — Hacrpoiika peructpa TCCR1A, mis Taiimepa 1:

- butet COM1A1 u COMI1AO (rto3utiuu 7 u 6) BIKAIOT Ha TO, KAKOW CUTHAJ
nosiButcss Ha BhIBojie OCIA mnpu coBHaJieHMM 3HAYEHUSI CUETHOTO pErucrpa
TCNT2 co 3naueHueM peructpa cpaBHeHuss OCRO1A.

- butet COM1B1 u COM1BO0 (no3utuu 5 u 4) BAUSIOT HA TO, KaKOW CUTHAI
nosiutcs Ha BeiBoje OC1B (12 noxka) npu coBnagenuu ¢ B (coBnaaenue 3Have-
Hust cuetHoro peructpa TCNT2 co 3nauenuem peructpa cpaBuenuss OCR1B).

TCCR1B=0b00001001 — nactpoiika peructpa TCCR1B, mus Taiimepa 1:

- buter CS12, CS11, CS10 (nmo3unuu 2, 1 u 0) peructpa TCCR2B ycranas-
JUBAIOT PEXUM TAKTUPOBAHUS M TPEIJCTUTENs] TaKTOBOM YacTOThl TalMe-
pa/cuetunka T2. Ceituac BeicTaBiensl OuThl 001 — TakTOBBIN reHeparop CLK, 6e3
JEHUTEIIS.

ILJIATA PACHIMPEHUSA «TPEXIIBETHBIA CBETOJIUOI»

J{1s1 BBIMOJIHEHUS TaHHOM J1abopaTOpHOU pabOThI JOMOJIHUTEIHHO MTOTPEOY-
€TCs IUIaTa PaCUIMPEHUS «TPEXLBETHBINA CBETOANO .

Ha stoi1 nnare ycranoBinen RGB (Red, Green. Blue) cBeronnon. Koncrpyxk-
TUBHO OH COCTOMT U3 TPEX OTIEIBHBIX CBETOJIMOAOB, COOPAaHHBIX B OJHOM KOpITY-
ce. DTo MO3BOJIAET MONIyYaTh WA TPH LIBETA TOOYEPETHO, HIIM JTHOOO0M IpYroil LiBET
MyTEM BKIIIOUEHHS Cpa3y ABYX CBETOJMOJOB M PETYJIUPOBKH MX SpKOCTU. BKito-
YEeHHE BCEX TPEX MO3BOJIUT MOJYUUTh OEIIbIN 1BET.

CxeMa 1uaThl paciiupeHus MpuBeeHa Ha pucyHke 3.3.
X1

R1
R2
R3

DN IWIN|—
’:-

Puc. 3.3. CxeMa miathbl pacIMpeHUs] «TPEXIBETHBIN CBETOIUOI
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Ha cxeme 0003HAYEHBI:

. R1-R3 — pesucropbl. OHU OTpaHUYMBAIOT TOK Yepe3 CBETOIMOJ, a
TaKXe MOPT MUKPOKOHTpoIiepa. Tok He mpeBbImaet 15 mA.
. U1-U3 — cBetoauoansl. 3eaEHbIN, KpaCHBIH U CHHUM.

[InaTy pacimpeHus HEOOXO0AMMO YCTaHOBHUTH TaK, KaK MOKa3aHa Ha PUCYH-
ke 3.4. Iloptel oTiamouyHoi miatel «8» U « AREF» He 10JKHBI OBITH 3aHSTHI.

Puc. 3.4. Pacnonioxxenue niaaThel PaCHInpCHUA Ha OTHaﬂOqHOﬁ IJ1aTc

IMOPAJOK BBIIIOJIHEHUA PABOTbBI

3amyctute Atmel Studio u Bermonnaute File -> New -> Project.

[losIBUTCS OKHO CO3[IaHMsI HOBOTO IIPOEKTa. B HM>kHEN ero yactu Bel Moxe-
T€ 3aJaThb Ha3BaHue mnpoekta. MM 1o ymonuanuio OyIeT UMETh BHJ
«GcecApplicationl», mpu 3TOM 4KCIO B OKOHYAHUHM MOKET OBITh pa3iMyYHbIM. 3a-
MeHUTe ero Ha ums B (opmare «['pynma MHANBUAYaTbHBI HOMEp CIIy4ailHOE
yucao g0 100» (Hanpumep, «EAD-083 06 53»). CBoit MHIMBUAYAIbHBIH HOMED
MOYKHO y3HaTh y IIPENOAaBaTEelI.

B nmosisuBiiemcs okue Boidepure «GCC C Executable Projecty. ITocie storo
OTOOpa3UTCS OKHO BBIOOpPA HCIOJIB3YEMOTO B IPOEKTE MHUKPOKOHTPOJIIEPA.
Haiimute B ciucke «ATmega328» (umu «ATmegal68»). KimnkauTe MBIIIKON MO
sToil ctpoke U HaxkmuTe OK. PekoMeHiyeTcs BOCIOIb30BaThCs CTPOKOM MTOMCKA B
MIPaBOM BEPXHEM YIJIy OKHa BHIOOpAa MUKPOKOHTPOJLIEPA.

Ha ctpanuiie ¢ TEKCTOM MPOrpamMMbl COTPUTE BCE U HAOEpUTE MPOTpaMMy U3
Pa300paHHOIO BBIIIE MPUMEPA.

Brimosaure Build -> Build Solutions, mn6o saxmure F7.

Jloxnurech OKOHYaHUA KOMNWISUUM. B HMxkHeM okHe «Output» HOJKHBI
MOSIBUTCSI CTPOYKHU:

Build succeeded.

========== Build: 1 succeeded or up-to-date, O failed, O skipped

Jljis TOrO YTOOBI HETIOCPEICTBEHHO TOMECTUTD COAEPKUMOE ITOTO (aiina B
namMsTh MUKPOKOHTpOJIJIEpa, HEOOXOIUMO BOCIOJIb30BATHCS JOMOJIHUTEIBHON
nporpammoii — XLoader.

[TonkmrounTe OTIAJOYHYIO TJIATY K KOMITBIOTEPY, MCIOJB3Yys Kabenp Tura
USB-A — USB-B, u 3anyctute nporpammy XLoader.
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OKHO MPOrpamMMBbl COJIEPKUT CIAETYIOUTUE FTIEMEHTBI:

. Hex file — 31ech Hy»kHO yka3aTh myTh 10 3arpyxkaemoro HEX caiina;

. Device — 3mech HEOOXOIMMO BBIOPAThH THII IIATHI U MHUKPOKOHTPOJI-
nepa. Duemilanove/Nano(tun MK — ATmegal68 ninu ATmeg328);

. COM port — 31ech HEOOXOAMMO BBIOPATh BHUPTYaAJTbHBIM KOMII TIOPT,
gyepe3 KOTOphI KoMIibioTep obmraercs ¢ MK;

. Baud rate — ckopocts nepenaun gaaHHbIx yepe3 COM-mopt. 3aBUCHUT

ot tuna MK wu BeicTaBisiercss aBromarudecku. [t ATmegal68 — 19200, nis
ATmega328 — 57600.

[TonHBIN MyTh 10 MANKW Oy/I€T UMETh BUI;

Joxymente\Atmel Studio\6.2\Ims_mipoexra\ Ums_ nipoekxra\Debug

B nanke Debug nHeo6xoaumo Haitu ¢aiin ¢ pacmmpenueM «.hex». UMeHHo
ATOT (haidJl «3aJIMBACTCS» B MUKPOKOHTpOJLIEp. B HEM conepKuTCes mporpamma Jijist
MUKPOKOHTPOJIJIEpa B BUJI€ MAIIIMHHBIX KOJIOB.

Ecnu Bce ycTraHOBKe MpaBWiIbHBIE, TO Mociie HaxaTus kKHomku «Uploady»
nporpaMmma CBsDKeTCsl ¢ 3arpy3uukoM B MK u, mojyduB OT HEro OTBET, 3arpy3UT
coapepxkumoe HEX daiina B mamsate MK. Ilpomecc oOmeHa JaHHBIMH MOYHO
HaOII0/IaTh BU3YaJIbHO, MO MEPIIAHUIO PACIOJOKEHHBIX Ha OTJIAJIOYHOM IIIaTe
cBetoauonoB RX u TX.

NHINBU Y AJIBHBIE 3ATAHUA

[TogxirrounTe TIATY PACIIMPEHUS «TPEXIBETHBIA CBETOIHOY.

Onpenenute, Kakue NOPThHl MUKPOKOHTPOJUIEpAa HEOOXOAMMO HACTPOUTH Kak
BbIXOJI. BeInosmHUTE HACTPOIKY B cOOTBETCTBYIOIIEM peructpe DDRX.

Hanumure nporpamMmy peaiM3yromlyr0 OAWH U3 CIEAYIOIIUX PEXUMOB pa-
OOTBI CBETO/INO/IOB:

1) Hacrtpouts 00a Beixoaa Taiimepa 2 Ha padoty B peskume IIIMM. Hanncats
nporpammy JUist I0OYEPETHOTO HAPACTAHUS U 3aTyXaHUs IPKOCTU KaXKIOro
U3 TPEX CBETOIUOJIOB.

2) Hactpouth 00a Beixoma Taiimepa 2 Ha paboTy B pexxume LIIMM. Hanucats
porpammy Jijisi OTHOBPEMEHHOM paboThI H000M Mapel cBeToAn010B. Koraa
APKOCTb OJAHOTO BO3PACTAET, TO Y APYTOro OHAa yObIBaET.

3) Hactpouts 00a Bbixona TaiimMepa 2 Ha paboty B pexume LIIUM. Hanucatp
nporpamMmmy Juisi paboThl BCEX CBETOANOOB B PEXKUME «PATYTH».

KOHTPOJIBHBIE BOITPOCHI

1. Haznauenue TaliMepoB.

2. PexxuMbl paboThI TaitMEPOB.

3. Tunsl TaiimepoB B MUKpoKOHTpoJuiepe ATmega328.
4. Hacrpoiika Taiimepa 1 B pexum renepanuu [IIVM.
5. Hactpoiika Taiimepa 2 B pexxum renepanuu HINUM.
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JIABOPATOPHAS PABOTA Ne4.,

Pa3paboTka nmporpamMmbl JJisl MCTIOJIL30BAHMS NPEPbIBAHUSA
B MUKPOKOHTpoJIepe ATmega328. IlpepriBanue no taiimepy.
BHeuiHue npepbIBaHus.

Heab padoThbl: M3YYUTh MPUHIUIBI PadOTHl PA3IMYHBIX MPEPhIBAaHUM, MO-
Jy4YUTh NEPBUYHBIE HABBIKA HAIMCAHUS IPOTPaMM C MCIIOJIb30BAHUEM IIPEpPHIBA-
HUU.

KPATKHUE TEOPETUYECKUE CBEJAEHUSA

[IpepriBaHrE — 3TO OCTAHOBKA BBIMOJIHEHHUS TEKYIIIEW MPOrpaMMbl U3BHE Ha
BpeMsl BBITOJHEHUSI HEKOTOPOH MOJAIpOrpaMMbl (KOTOpasi Ha3bIBaeTCs «o0paboT-
YUK MPEPHIBAHUSY).

JIroboe mpephIBaHHE UMEET «BEKTOpP» — CTPOUYKY KOJIa, YKAa3bIBAIOIIUME HA
MECTO B MaMSITH, IJIe HAUMHACTCS KOJI MPOTrPaMMBbI, KOTOPbIH HEOOXOIUMO BBITIOJ-
HUTH TIPU cpabaThIBAHUH 3TOTO MPEPHIBAHUS.

[To oxOHYaHUS BBIMOJIHEHUS! BRI3BAHHOW MPEPhIBAHUEM MPOrPaMMbl MUKPO-
KOHTPOJUIEp BO3BPAILAETCS K TOMY MECTYy OCHOBHOM NPOrPaMMBbI, TAE €ro «Ipe-
pBaN.

Hampumep, eciny MUKPOKOHTPOJIJIEp HAXOJWJICS BHYTPH (DYHKIIMH 3aJepikK-
ki, «delay», TO OH IPOJOIKUT BHITIOJIHATH €€ C TOM )K€ MO3UIMU CYETUYHKA, Ha KO-
TOPOM HAXOUJICS B MOMEHT BbI30Ba MPEPHIBAHUSI.

[IpepriBanusi UMEIOT npuopuTeT. Uem BbIlIe ajpec MpepbiBaHUs B OJOKE
BEKTOPOB, TEM HUXE MPUOPUTET MpepbiBaHUs. TO €CTh B ouepeau MpepbiBaHUN
MpepbIBaHUs ¢ OOJBIIUM MPUOPUTETOM OYIyT BBIMOJHATHCA pasblie. Ecnu Haua-
Jachk o0pabOTKa KaKoro-HUOyAb MpEpbIBaHUS, HUKAKOE APYroe HE MOXKET ObITh
BBI3BAHO, JaXK€E C OOJIBIITUM MIPUOPUTETOM.

HcrounnkaMu TpephIBaHUS MOTYT OBITh TaMEphl, PETUCTPHI MOCIEI0BAa-
TEJIBLHOTO MopTa, BHemHUe BIBOABL, SPI, AT u T.1.

BremiHnee npepriBaHuE MOXKET cpadaThiBaTh IPU U3MEHEHUU YPOBHS HA BbI-
Boze INTX ¢ HM3KOTO Ha BBICOKUH MM HA00OPOT, BCE BPEMs MTPU HATMYUHA HU3KO-
T'O YPOBHSI, UJTU K€ MPHU JTF0OOM U3MEHEHUE YPOBHSI.

[IpeppiBanust 1Mo TaliMepy MOTY CpabaThiBaTh TPH COBIAJECHUU CUETYMKA
TaliMepa ¢ 3aJaHHBIM YUCJIOM WJIH K€ MPU €T0 NEPENOJIHCHUU.

MPEPBIBAHUE IO NEPENOJITHEHUIO TAUMEPA

Hwxe npuBenen npumMep mporpamMmbl 1Jist padoThI ¢ MPEephIBAHUEM TI0 TIEpe-
MIOJIHEHUIO TauMepa.
[Iporpamma peanusyeT CIeAYOIIUN alrOPUTM:
1) BxiroueHue cBeTouoa Ha BeiBojie PBS;
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2) Oxunanve 1 CeKyHIy;

3) BeikiroueHne cBeTO1M0/1a Ha BeIBOJIE PBS;

4) Oxunmanue 1 cexyHuy;

5) BeckoHeuHOE MOBTOPEHUE MPEABIIYIIUX TyHKTOB.

Takoil ke aarOpuTM BBIMOJHSJICA MPOrpaMMON M3 TIepBOM J1abopaTOpHOH
paboThl, HO TEMEeph €CTh CYIIECTBEHHOE OTJIMYME — TENEeph B T€UCHHE | CEKyHJbI
MEXJIy CMEHAMHU COCTOSIHUWA CBETOIMOJA MUKPOKOHTPOJUIEP MOXKET BBINOJIHIThH
Jmo0ble IeUCTBUS, TOT/Ia KaK Mpexie oH O0e3aeiicTBOBal.

#include <avr/io.h> // Tlogkmouaem OMOJIMOTEKY BBOIa-BBIBOIa
#include <avr/interrupt.h> // Tlogkrouaem GMOIUOTEKY TIPEPHIBAHMIA
#define CPU _SPEED 16000000 // 3anicbiBaeM TaKTOBYIO YacTOTY

[/ ®yHKIMS 17151 MHATTAAIA3AIUY TIPEPhIBAHUS
void t1_init()
{

// HactpauBaem nenutensb Ha 1024

TCCR1B = (1<<CS12)|(0<<CS11)|(1<<CS10);

// BeictaBnsiem 3nadenne TCNTI

// 17151 KOPPEKIMK CUETYMKA, YTOOBI BpeMsi ObLIO POBHO 1 cexyHie
TCNT1 = 65535 - CPU _SPEED/1024;

// Pa3periiaeM npepbIBaHKE 10 IEPETOTHEHUIO TaiMepa

TIMSK1 |= (1<<TOIE1);

}

/[ ®yHKIMS 17151 TedCTBUI TIpy cpabaThIBAHUU TTPEPHIBAHUS
ISR(TIMER1_OVF_vect)
{
// BoictaBnsgem 3HaueHne TCNTI
// NSt KOPPEKIMK CUETYNKA, YTOOBI BpeMsi ObLIO POBHO 1 cekyHie
TCNT1 = 65535 - CPU _SPEED/1024;
Il lenaem KaxKayrO CEKYHTY
// naBepcuto 5-ro outa B peructpe PORTB

I/ B pe3ynbraTe MUTaeM CBETOIMOOM Ha BbIBoe PB5
PORTB "=1<<5;
}

int main(void)

{
// Bee BeiBos1a PBX HacTpoeHbI Ha BBIXO/T

DDRB = OxFF;

// HayanbpHOE COCTOSIHUE Ha BCeX BbIBoJax PBxX — HU3KMIi ypoBEHb
PORTB = 0x00;
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// BBI3BIBaEM (DYHKITUIO HHUIMATA3AIUH IPEPhIBAHUS
// mo mepenonHeHUIO TaliMepa

t1_init();
Il Pa3peraem Bce npepbiBanust — QyHKIK U3 0udanoreku interrupt.h
sei();
while(1)
{
// B TmaBHOM ITUKJIE HUYETO HE MMPOUCXO/IUT.
by

}

Crpoka «TCNT1 = 65535 — CPU _SPEED/1024;» HemocpeACTBEHHO ONpe-
JEISIET TMPOJOJIKUTEIBHOCTD IEPHUOIa BPEMEHH MEXIY BBI30OBOM TPEPBHIBAHUS IT0
NEePEeTnoTHEHUI0 TaliMepa.

[lepenonnenue Taiimepa — ycinoBHOe Ha3BaHue. Ha camom perne nepenonHsi-
ercsi cuetHblil peructp TCNTx. Tak xak Taiimep 1 MMeeT CUETHBIH PErHCTPHI
TCNT1 ¢ nnuaHOM B 16 OUT, TO MaKCUMaJIbHOE YUCIIO, KOTOPOE OH MOXKET Xpa-
HUTH B cebe, coctaBisger 65535. Kak TOJNbKO 3TO YUCIO OYJET TOCTUTHYTO, TOTJa
M BBI30BETCS  BEKTOpP TMpEpbIBaHUS MO  MEPENoJHeHUI0  TaiMepa —
TIMER1_OVF_vect. 3T0oT BeKTOp YKaXeT Ha MECTO B MaMATHU MIPOTPaMM, TJIe Jie-
XKUT (parMeHT MPOTPaMMBbI, KOTOPhIE HEOOXOIUMO BBITIOIHSATE TIPH CpabaThIBAHUN
JAHHOTO TIPEPhIBAHUS.

Jlst TOro 4TOOBI MEPEMOTHEHHE HACTYITHIIO Yepe3 JKeTAeMbIi TPOMEKYTOK
BpEMEHHU, HEOOXOMMO PACCUUTATh, 32 KAKOE BpeMs 3aIIOJIHUTCS CUCTHBIN PETHUCTP
MpH 3aJaHHON TaKTOBOM 4acTOTe MUKpPOKOHTpoJuepa. [Ipocreiiei cnocod — pas-
JICTATh MAaKCUMAJIbHOE 3HAYCHHE CUCTYMKA HAa TAaKOBYIO YAaCTOTY MHKPOKOHTPOJI-
nepa. [lomydenHoe BpeMst Oyner u3MepsThes B cekyHaax. Jis gactorel 16 MI'
BpEMsI IEPETNOTHEHUS COCTABUT IPUMEPHO 4 MUJIITUCEKYH/IBI.

JI71s1 yMEHBIIIEHHSI 3TOTO YMCJIa HEOOXO0UMO NP MHUITMATU3AIUU U KaXKIOM
cpabaThIBaHUU MPEPHIBAHMS 3aIMCHIBATH B CUETHBIN PETUCTP HEOOXOIUMOE YHCIIO.
Tem cambiM peructp OyneT cyuTaTh HE C HyJIS M TIEPETIONHATLCS ObICTpEE.

JIist yBeTM4EeHHS MPOMEKYTKA BPEMEHH HEOOXOAMMO YMEHBIIIUTH CKOPOCTh
3aMoOJHEHUSI PErucTpa. ITO JOCTUTACTCS BKIIOUCHHEM mpesienurtens. B mpuse-
JIEHHOM TIpUMepe MpeJeanuTeb HACTPOCH Ha MakcuMajabHOe 3HaueHue — 1024,
DTO 3HAYUT, UTO CYETUYUK OyJET YBEIMUUBATHCS Ha eAUHUIY Kaxabie 1024 Takra.

Opmnako 16 MI't / 1024 = 15625. Otcroga BUIHO, YTO TOJYYEHHOE YHCIIO
MEHBIIIE YeM MaKCHUMaJbHOE 3HA4YeHHE CYETHOTro peructpa. CiaeaoBaTesbHO, €ro
MIEPETOJIHEHUE MPOU30MIET HE uepe3 | cekyHay, a mpumepHo uepe3 4,1, dro
OonblIe, yeM HaM HeoOxoaumo. [103ToMy MBI BCce BpeMs 3allUChIBAEM B CUETHBIM
PETUCTp YHnCIIO0, mosydaemoe 1o dopmysie: 65535 — 16000000/1024 = 49910.
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HNHTEpPECHBIM pEIIEHUEM SIBIISIETCS OTAATh PACYET HAYAIBHOI'O YKCIA HEIO-
CPEICTBEHHO MUKPOKOHTpOJUIEPY. Y XOTS 3TO HEMHOTO 3aMeIsieT ero padoTy, HO
YOPOIIAET MEePEHOC MPOrPaMMbl Ha TaKOH K€ MUKPOKOHTPOJIIEP, HO paboTaromuii
C MHOM TaKTOBOM 4aCTOTOM.

BHEHIHEE ITPEPBIBAHUE

Hwxe npuBeaéH npumep nporpamMmsl AJis JEMOHCTPAIMKA PaObOThl BHELTHETO
npepbiBanus 1o Bxoay INTL.

[TporpaMMa BKJTIOUACT/BBIKJIIOUAET CBETOAMO Ha BbIBoje PBS5 HezaBucumo
0T pabOTHl OCHOBHOTO IMKJIA, B KOTOPOM IMPOUCXOJIUT BKJIIOYECHHE/BBHIKIIOUCHHUE
cBeToanoaa Ha BeiBosie PB2, ¢ ucnonb3oBanue gpynkiuu delay.

#include <avr/io.h>

#include <avr/interrupt.h>
#define F_CPU 16000000UL
#include <util/delay.h>

//nactpoiika BHenHero npepbiBanust INT1
void intl_init( void )
{

//HactpanBaem Ha cpabatsiBanue INT1 no nepegnemy GppoHTy
EICRA |= (0<<ISC11)|(0<<ISC10);

IIpa3pemaem BHenHee npepbiBanune INT1

EIMSK |= (1<<INT1);

}

//byHKIMS 06padoTyrK BHENTHEro npepeiBanus INT1
ISR(INT1_vect)

{

Il Nenaem nuBepcuto S5-ro outa B peructpe PORTB
I/ B pe3ynpTaTe ynpasiseM CBETOAMOA0M Ha BhiBojiec PB5
PORTB "= 1<<5;

}

int main()

{

DDRD = 0b00110000;
PORTD |= 1<<5;
PORTD &= ~1<<4;
DDRB = 0xFF;

PORTB = 0x00:;
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intl_init();
sei();

while(1)
{
PORTB |= 1<<2;
_delay_ms( 1000 );
PORTB &= ~1<<2;
_delay_ms( 1000 );
¥
return 0O;
¥
MMOPATOK BBIITIOJIHEHUSA PABOTbI

JI1s BBINIOJIHEHHSI TIEPBOM 000MX pabOT MPUCOEIUHUTE K OTIAJOYHOM IJIaTe
IJIaThl PACIIUPEHUS] «TPEXIBETHBIA CBETOANO» U «KHOIIKNY.

3amyctute Atmel Studio u Bemmoanute File -> New -> Project.

[TosiBUTCS OKHO CO3[IaHMsI HOBOTO MpoeKTa. B HkHEN ero yactu Bel Mmoxe-
TE€ 3aJaTh Ha3BaHUE TMpoekTa. MMs 1o yMmomyaHuo OyJaeT WMETh BHJI
«GcecApplicationly, mpu 3TOM 4KMCIIO B OKOHYAHUE MOXKET OBITh Pa3IUYHBbIM. 3a-
MEHUTE ero Ha uMsa B (dopmate «['pynmna MHIMBUAYaTbHBIM HOMEp CiIydailHOe
yucao g0 100» (mampumep, «EAD-083 06 53»). CBoit MHIMBUAYAIbHBIH HOMED
MOKHO y3HAaTh y MpenogaBaTess.

B nosiBuBmemcs okue Beibepure « GCC C Executable Projecty. ITocie atoro
OTOOpa3UTCS OKHO BBHIOOpPA HCMOJIB3YEMOTIO B IMPOEKTE MHUKPOKOHTPOIIIEPA.
Haitnute B cricke «ATmega328» (unu «ATmegal68»). KiukHUTE MBIIIKON MO
atoi ctpoke n HaxxmuTe OK. PekomenayeTcst BOCIOIb30BaThCA CTPOKOM ITONUCKA, B
MIPaBOM BEPXHEM YTIJIy OKHA BHIOOpa MUKPOKOHTPOJLIEPA.

Ha ctpanuie ¢ TekcToM nporpaMmbl COTPUTE BCE U HAOEpUTE IporpamMmy U3
Pa300paHHOTO BHIIIE MPUMEPA.

Brimosaute Build -> Build Solutions, mu6o saxmure F7.

JloxknuTech OKOHYAHHS KOMIWIAIMU. B HukHeM okHe «Output» momKHBI
MOSIBUTCSI CTPOYKHU:

Build succeeded.

========== Build: 1 succeeded or up-to-date, O failed, O skipped

Jls1s TOro, 4TOOBI HEMOCPECTBEHHO TIOMECTHTh COJIEPIKUMOE 3TOro (aiiia B
aMsITh MHKPOKOHTpPOJIJIEpA, HEOOXOIUMO BOCIOJIB30BATHCS JOMOJHUTEIBLHON
nporpammoit — XLoader.

[MoaxarounTe OTIAJOYHYIO TUIATY K KOMITBIOTEPY, UCIONB3Ysl KaOeab THUIIa
USB-A — USB-B, u 3ammyctute nporpammy XLoader.
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OKHO TTPOTPaMMBbI COEPKUT CICTYIONTUE DIICMEHTHI:

o Hex file — 3mecr Hy)HO yKa3aTs myTh 110 3arpyxkaemoro HEX ¢aiina;

e Device — 3mech HEOOXOAUMO BBIOPATh THII IJIATHI M MHKPOKOHTPOJLIEPA.
Duemilanove/Nano(tun MK — ATmegal68 nimu ATmeg328);

e COM port — 31ech HEOOXOAMMO BBIOPATh BUPTYAJIbHBIH KOMII MOPT, Yepe3
KOTOpBI KoMIbioTep obmaetcs ¢ MK;

e Baud rate — ckopocts nepenaun naHubx yepe3 COM-nopT. 3aBUCUT OT TH-
na MK wu BbeicTaBmsieTcs aBromaruuecku. {ns ATmegal68 — 19200, mis
ATmega328 — 57600.

[TonmHBIA MyTh 10 MANKH OyIeT UMETh BUI:

Joxyments\Atmel Studio\6.2\Ims_mpoekra\ UMsnpoekra\Debug

B manke Debug HeoOxoaumo Haiitu ¢aiin ¢ pacmupenuem «.hex». IMeHHO
ATOT (pailsl «3auBaeTCs» B MUKPOKOHTpoILiep. B HEM comepxutcs mporpaMmma Jijis
MHUKPOKOHTPOJIJIEPA B BHJIC MAIIMHHBIX KOJIOB.

Ecin Bce ycTaHOBKM MpaBWiIbHBIC, TO Tocjie Haxatus kHomku «Uploady
mporpamMma CBSDKETCs ¢ 3arpy3uukoM B MK U, TOJlydWB OT HETO OTBET, 3arpy3uT
coaepxkumoe HEX ¢aiina B mamsate MK. Ilponiecc oOmMeHa MaHHBIMH MOHO
HAOII0/IaTh BU3YAJIbHO, TIO0 MEPIIAHMIO PACMOJIOKEHHBIX HA OTJIAJ0YHON IuIaTe
ceetoquonoB RX u TX.

NHINBU Y AJIBHBIE 3ATAHUA

Hanumure nporpaMmy, peajM3yollyo CIeAYIOMNA pexuM paboThl CBETO-
MO 0B:

1) [epekitoueHne CBETOAMOAOB IO BHYTPSCHHEMY MTPEPBHIBAHUIO.

2) IlepexinroueHue CBETOIMO/IOB 110 BHEITHEMY MPEPHIBAHHUIO.

3) BemosHeHHEe ompoca KHOIKU 10 BHYTPEHHEMY TpepbiBaHuio. Eciu B
MOMEHT OIPOCa KHOMKA Ha)aTa, TO COCTOSIHUE CBETOIMO/A TOJKHO N3MEHUTCS Ha
IIPOTUBOIIOJIOKHOE.

KOHTPOJIBHBIE BOITPOCHI

1. HazHaueHue nmpepbIBaHU.

2. IcTOYHMKY TTpEephIBaHUM.

3. Hactpoiika Taiimepa 1 Ha paboTy B pexuMe MpepbIBaHuUs.
4. HacTtpoiiky BHEIIHETO MpepbIBaHUS.
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JIABOPATOPHAS PABOTA Ne5.

Pa3paborka nporpammsl 1isa moayJjsa UART mukpokoHTposuiepa
ATmega328. YnpasjieHre BbIX0JaMH MUKPOKOHTPOJLJIEpa
no komanaam c I1K.

Heab paGoThbl: U3y4nUTh NPUHIUIBI paOOTEl MOIYJIS MpUEMa-TIepeaaTuInKa
UART, mony4uTs nepBUYHbIE HABBIKM HANIMCAHUS MPOrpaMM JJI peai3aliu mo-
cieaoBaTeaLHOrO MpoTokona cBsa3u yepe3 UART.

KPATKHE TEOPETHYECKHUE CBEAEHUA

UART — Universal Asynchronous Receiver-Transmitter (YHHBepcalbHbIN
ACUHXPOHHBIN NpuéMornepenaTynk) — nepudepuiiHplii 010K MUKPOKOHTPOJLIEpa,
peIHa3HAYCHHBIN JIJIST OpraHu3alii CBA3M C JPYTUMU HU(PPOBBIMU YCTPOUCTBA-
MU MO nocieaoBaTtenbHoMy uHTepdeicy. [lepegaua nannsix yepes UART Bbinon-
HSETCS B BUJIe MoclieoBaresbHon nenouku out. st atoro UART mpeoOpasyer
neperaBaeMble JaHHBIE B TIOCIEA0BAaTEIbHBINA BUA. MeTon mpeobpa3oBaHusi CTaH-
JapTU30BaH U MIMPOKO MPUMEHSJICS B KOMIIBIOTEPHON TEXHUKE.

UART npencraBnser coOOl JIOTHYECKYIO CXEMY, C OJIHOM CTOPOHBI MO/I-
KIFOYEHHYIO K IIMHE BBIYUCIHUTEIHHOTO YCTPOWCTBA, a C APYroil MMEIOIIyI0 JBa
(mpuem/niepeaua) uiau 6oJiee BEIBOJOB JUIS BHEIIHETO COSIMHEHHSI.

OH no3BOJISET MepeAaTh NaHHbIE, UCMOIb3Ysl Pa3IMUHbIE CTaHIapPTHBIE MIPO-
TOKOJBI, Takue kKak RS-232, RS-485, MODBUS u T.1.

Hacrpoiika UART B MukpokonTposuiepe ATmega328 BbITIONHSIETCS ¢ T0-
MOILBIO COOTBETCTBYIOIIUX peructpoB. llogHoe onucaHue 3TUX PErUCTPOB M UX
HACTPOEK MPUBEIEHO B JOKYMEHTAIIMU HA MUKPOKOHTPOJLIED.

HNPUEM U IEPEJAYA JTAHHbBIX
C HEPCOHAJIBHOI'O KOMIIBIOTEPA

Huxe npuenen npumep nporpammsel s padotel ¢ UART B pexume mo-
BTOPEHMSI OTIIPABICHHOTO COOOIICHMSI.

MUKpOKOHTPOJUIEp MPUHUMAET TOCIAHHBIN eMy OalT W cpa3y OTIPAaBIISET
ero oopartHo. 310 mo3pojsieT yoeautses B ucnpasHoctu UART u otrcyTcTBUHE TIO-
TEPh HA JMHUH CBS3M MEXKIY MEPCOHAIBHBIM KOMITHIOTEPOM M MUKPOKOHTPOJLIE-
pPOM.

#include <avr/io.h>
void uart_init( void ) // ynkius nantmanuzamun UART

{

//HacTpoiika CKOpoCcTH 0OMeHa
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UBRROH = 0;

UBRROL = 103; // ( 16000000/( 9600*16 ) ) — 1 =103  yucnio aus
16 MI't u ckopoctr 9600 6011

UCSROA=0x00;

UCSROC = (1 << UCSZ01 ) | ( 1 << UCSZ00 ); // nactpoiika Ha
npueM 8-MU OWTHBIX JaHHBIX, 0€3 KOHTPOJIS YSTHOCTH

//pa3pemmTh IpUeM U Tiepeady TaHHbIX

UCSROB = (0 << UCSZ02);

UCSROB = (1 << TXENO) | (1 <<RXENO);

}

unsigned char uart_getc( void ) // pyHkums 3a0upaet moJydeHHBIH OalT U3
Oydepa u 3anuceiBaeT ero B nepemeHnyro C

{
Ilxnem npuema Oarita
while( (UCSROA & (1 <<RXC0))==0);
//cuuThIBaEM MIPUHSATHIN OalT
return UDRO;
by

void uart putc( char ¢ ) // pyHKums s noiaydeHuss ogHoro cumpoiia. [Ipu
nepeaadye CTPOKHU MOJyIuM HabOp CUMBOJIOB

{
//1ieM OKOHYaHUS Mepelau Npeablayiero oaiita
while( (UCSROA & (1 << UDREO0))==0);
UDRO = c;

b

void uart puts( char *str ) // yHkuus ays ynpouieHust OTIpaBKU TEKCTO-
BBIX COOOIIIEHUH

{

unsigned char c;
while( ( ¢ = *str++ ) != 0 ) // moo4yepeaHO OTIpaBIILieM OAWH OANT U3
MaccHBa — IepeacM CTPOKY Mo OyKBam

{
uart_putc( c);
by
by
int main( void )
{

vart_init(); //zamyckaem UART

while(1)
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¢ char ¢ = uart_getc(); / mpuHIEMaeM CUMBOJT
uart_putc( ¢ ); // mepemaeM CUMBOIT
}
return O;
¥

YIOPABJIEHUE CBETOANOA0OM
C IIEPCOHAJIBHOT'O KOMIIBIOTEPA

Hwxe npuBenéH npumep mporpaMmbl i JEMOHCTPAlUWH BO3MOKHOCTH
yIpaBJeHUs yAAICHHBIM YCTPOUCTBOM (CBETOJIMOI0OM) C MEPCOHATIBHOTO KOMIThIO-
tepa uepe3 UART.

OtnpaBnsis B nopt «1» mim «0» depe3 mnporpaMMmy-TEPMUHAT MOXKHO,
BKJIIOYATh M BBIKJIIOYATh CBeTO MO0 Ha PBS.

#include <avr/io.h>

void uart_init( void )

{

//HacTpoiika cKopocTh 0OMeHa

UBRROH = 0;

UBRROL = 103; // ( 16000000/( 9600*16 ) ) — 1 =103  yucno aus
16 MI't u ckopoctu 9600 601

//8 6UT naHHbIX, 1 cTON OUT, 0€3 KOHTPOJISI YETHOCTH

//UCSROC = (1 << URSEL) | (1 << UCSZ01) | (1<<UCSZ00);/l
HACTPOWKa Ha MPUEM 8-MHU OUTHBIX JTaHHBIX

UCSROA=0x00;

UCSROC = (1 << UCSZ01 ) | ( 1 << UCSZ00 ); // nactpoiika Ha
npueM 8-OUTHBIX TaHHBIX

//pa3penmTh IpUEeM U Nepeaady JaHHBIX

UCSROB = (0 << UCSZ02);

UCSROB = (1 << TXENO) | (1 <<RXENO);

}

unsigned char uart_getc( void )

{

Ilxnem npuema Oaiita

while( (UCSROA & (1 <<RXC0))==0);
//cauThIBaeM MPUHSATHIN OalT

return UDRO;
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void uart putc( char ¢ ) //camonenbHas QyHKIUS I MOJYYEHUS OJHOTO
cumBona. [Ipu mepenade cTpoku morydyuM HabOp CHMBOJIOB

{
/KneM OKOHYaHUS Tepeauu mpeablayIiero oanra
while( (UCSROA & (1 << UDREO0))==0);
UDRO =c;
}
int main( void )
{
DDRB |= 1<<5; // moakitouaeM CBETOIUO] Ha TIJIaTe
vart_init(); //zamryckaem UART
while( 1)
{
char ¢ = uart_getc();
if(c=="1")
{
PORTB |= 1<<5;//Led_ON
}
if(c=="0")
{
PORTB &= ~1<<5;//Led OFF
}
}
return O;
}

INEPEJAYA UTHOOPMAIIUA O COCTOAHHUU KHOITIOK
HA IEPCOHAJIbHBIY KOMITIBIOTEP

Hwxe npuBenén npumep nporpaMmsl Jis IEMOHCTPALIMU BO3MOXKHOCTH TO-
Jy4eHUuss UHPOPMALMU O COCTOSHUM NAaTYUKOB (KHOIOK) MU O00OpYyJOBaHUSI Ha
nepcoHanbHbIi KoMibroTep yepe3 UART.

KonTpouiep nocrossuHo, ¢ uHTepBasoM B 300 Mc, oTOpaBiisIEeT B MOPT CO-
CTaBHYIO CTPOKY C TEKCTOBOW MH(pOpMaIUel 0 COCTOSIHUU KHOTIOK.

#include <avr/io.h>
#define F_CPU 16000000UL //16MHz
#include <util/delay.h>

void uart_init( void )
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//HacTpoiika CKOPOCTH OOMEHa

UBRROH = 0;

UBRROL = 103; // ( 16000000/( 9600*16 ) ) — 1 = 103  umcimo s
16 MI't u ckopoctu 9600 601

//8 OuT naHHbIX, 1 cTom OUT, 6€3 KOHTPOJISI YETHOCTH

//UCSROC = (1 << URSEL) | (1 << UCSZ01)| (1 <<UCSZz00); //
HACTpOMKa Ha MpUeM 8-MH OUTHBIX JIAaHHBIX

UCSROA=0x00;

UCSROC = (1 << UCSZ01 ) | ( 1 << UCSZ00 ); // nactpoiika Ha
pueM 8-MU OUTHBIX JaHHBIX

//pa3pemuTh IpUEM U Tiepeaady JTaHHbIX

UCSROB = (0 << UCSZ02);

UCSROB = (1 << TXENO) | (1 <<RXENO);

}
unsigned char uart_getc( void )
{
I nem npuema Oarita
while( (UCSROA & (1 <<RXC0))==0);
//cuuThIBaEM MPUHSTHIN OalT
return UDRO;
}

void uart_putc( char ¢ ) //camonenbHas GyHKIHS JUTIS TOJTYYCHHS OIHOTO
cumBoia. [Tpu mepenade CTPOKHU MOTydUM HAOOpP CHMBOJIOB

{
//1ieM OKOHYaHUS Mepelay IpebIayiero oaiita
while( (UCSROA & (1 << UDREO0))==0);
UDRO =¢;

}

void uart puts( char *str ) //camonmenbHas QyHKIMS ISl YIIPOILEHUS OT-
IIPaBKH TEKCTOBBIX COOOIIICHUI

{
unsigned char c;
while( (¢ =*str++)!1=0) {
uart_putc( c);
by
by
int main( void )
{

DDRD = 0b00110000;
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PORTD |= 1<<5;
PORTD &= ~1<<4;

uart_init(); //3anmyckaem UART

while( 1)
{
if(~PIND & (1<<3))
{
uart_puts( "VKL ");
}
else
{
uart_puts( "OFF ");
}
if(~PIND & (1<<2))
{
uart_puts( "VKL\r\n");
}
else
{
uart_puts( "OFF\r\n");
}
_delay_ms(300);
}
return O;
}

MMOPAJOK BBIIIOJIHEHUA PABOTbBI

JI71s1 BBIMOTHEHUST padOT MPUCOEIMHUTE K OTJIAIOYHOM TUIATe TIaTy «KHOII-
K.

3amyctute Atmel Studio u Bermonnute File -> New -> Project.

ITosBATCS OKHO CO37aHUsI HOBOTO NPOEKTa. B HMkHEN ero yactu Bel moxe-
TE€ 3aJaThb Ha3BaHUE TMpoekTra. MMms 1o ymomyaHuo OyJeT HMETb BHJ
«GccApplicationly, mpu 3TOM YKHCIIO B OKOHYAHUE MOXKET OBITh Pa3TUYHBIM. 3a-
MEHHUTE ero Ha uMms B (opmare «I'pynna MHIUBUAYaIbHBIH HOMEpP CIIydailHOE
yucao g0 100» (manpumep, «EAD-083 06 53»). CBoii MHIMBUAYAIbHBIH HOMED
MOHO y3HAaTh y MPENogaBaTess.

B nosiBuBiemcs okue Boidepute «GCC C Executable Projecty. ITocie atoro
0TOOpa3uTCs OKHO BBHIOOpPA HCIOJIB3YEMOTO B MPOEKTE MHUKPOKOHTPOJLIEpA.
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Haiinute B cincke «ATmega328» (unmu «ATmegal68»). KiiukHuTEe MBIIIKON MO
aToi cTpoke u HaxmuTe OK. Pexkomenayercs BOCIoab30BaThCs CTPOKOM MIOKUCKA, B
IIPaBOM BEPXHEM YTIJIy OKHa BRIOOpa MUKPOKOHTPOJLIEPA.

Ha cTpanuiie ¢ TeKCTOM NporpaMMbl COTPUTE BCE U HAOEPUTE MPOrpaMMy U3
Pa300paHHOTO BHIIIE MPUMEPA.

Beimosaute Build -> Build Solutions, nmu6o vaxmure F7.

JloxknuTech OKOHYAHMS KOMOWISAIMU. B HukHeM okHe «Output» momKHBI
MOSIBUTCS] CTPOYKHU:

Build succeeded.

========== Build: 1 succeeded or up-to-date, O failed, O skipped

J{1st TOro 4To0Bl HEMOCPEICTBEHHO MMOMECTUTh COJIEPKUMOE ATOTO (haiisia B
MaMsITh MHUKPOKOHTPOJUIEpA, HEOOXOJUMO BOCIOJIB30BATHCS JIOMOJHUTEIBHON
nporpamMmmoit — XLoader.

[TogxmrounTe OTIAAOYHYIO IJIATY K KOMIIBIOTEPY, HUCIOJB3Yysl Kadeab Thma
USB-A — USB-B, u 3ammyctute nporpammy XL oader.

OKHO MpOrpamMMBbl COJIEPKUT CIAETYIOUIUE FJIEMEHTBI:

e Hex file — 3mech HykHO yKa3aTh myTh 110 3arpykaemoro HEX ¢aiina;

e Device — 3mech HEOOXOAUMO BBIOPATH THI ILIATHI U MHKPOKOHTPOJLIEPA.
Duemilanove/Nano(tun MK — ATmegal68 win ATmeg328);

e COM port — 3mecr HE0OXOIUMO BBIOPATh BUPTYaIbHBIA KOMII MOPT, Yepes
KOTOpbIN KoMIbtoTep obmaerca ¢ MK;

e Baud rate — ckopocts nepenaun gaHHbIX yepe3 COM-mopT. 3aBUCUT OT TH-
na MK wu BreicTaBmsiercs aBromaruuecku. [ns ATmegal68 — 19200, mis
ATmega328 — 57600.

[ToHBIN yTH 10 MANKW Oy/IeT UMETh BH/I:

Joxymente\Atmel Studio\6.2\Ims_nipoexra\ Ums nipoekra\Debug

B nanke Debug HeoOxonumMo HaiTh (aiin ¢ pacmmpenuem «.hex». IMeHHO
3TOT (hailJl «3aJIMBACTCS» B MUKPOKOHTpOJUIEp. B HEM comepKuTcs mporpamma Jijist
MUKPOKOHTPOJIJIEpa B BUJI€ MAIIMHHBIX KOJIOB.

Ecin Bce ycTaHOBKM MpaBUiIbHBIC, TO Tocie Haxatus kHomku «Uploady
nporpaMma CBsDKETCsl ¢ 3arpy3uukoM B MK u, mojgyduB OT HEro OTBET, 3arpy3uT
conepxkxumoe HEX daiima B mamsate MK. Ilpomecc oOmeHa JaHHBIMH MOYHO
HaOMI0AaTh BU3YaJbHO, MO MEPIIAHUIO PACIOJIOKEHHBIX HAa OTJIAJOYHON TIUIaTe
ceetoquonoB RX u TX.

NHIANBU Y AJIBHBIE 3AJTAHUSA

HanuimuTe nporpaMmy, peajM3yrollyo CIeAYIOMHUA pexuM paboThl CBETO-
§1172(0)1 (0): 5

1) Iepexmouenue cBeromuono mo komanae ¢ I[IK. TlorpeOyercst miara
PACUIMPEHHUS] «TPEXLIBETHBIA CBETOIUOIY.
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2) OtnpaBka HHPOPMAIIUK O COCTOSHUE KHOIOK TOJBKO IMPH MOIyYESHUH C
komanzsl ¢ [IK

3) Komanma c¢ IIK BxirouaeT BO3MOXKHOCTH TEPEKIIOYATh CBETOJUOJIBI
HakatueM Ha KHonku. Jlpyras komanna ¢ IIK oTkirodaer 3Ty BO3MOXHOCTB. [Io-
TpeOyeTcs I1aTa pacliupeHHs «TPEXIIBETHBINA CBETOIUO Y.

KOHTPOJIBHBIE BOITPOCHI

1. Haznauenue UART. HnTepdelickl Ha ero ocHOBE.

2. IlpepriBanus ot UART. Ux komn4ecTBO U OMUCaHUeE.

3. Pexumst pabotet UART. MX KOIMYECTBO 1 OMHCaHUE.

4. Ilouemy HeBO3MOXKHA Iepefada cTpoku Leiarkom? Kak MoHO 3TO peanuso-
BaTh?

5. B yem otitmunie UART ot USART?



o1

JIABOPATOPHAS PABOTA Ne6.

Pazpaborka nporpammsl ajist moayJasi AT
MHUKpPOKOHTpoJLIepa ATmega328.

Heab padoThl: U3yYUTh MPUHIMIIBI paOOTHI aHAJIOTOBO-IIU(POBOrO MPeod-
pa3oBaTelis, MOJy4YUTh MEPBUYHBIC HABBIKM HAMKCAHUS MPOTPAMM C HCMOJIh30Ba-
HUEM aHaJIOTOBO-LIU(PPOBOTO Mpeodpa3oBaTes.

KPATKHUE TEOPETUYECKUE CBEAEHUSA

Amnanoro-uidpoBoit npeodpazoparens (ALIIl) — 3To ycrpoiicTBO yis mpe-
00pa30BaHUs AHAJIOTOBOI'O CUTHAJIA B JIBOMYHBIN KO/I.

ALII MUKpOKOHTpoJulepa yMEET HM3MEpATh TOJbKO HampsbkeHue. UToObl
MPOU3BECTU U3MEPEHUE IPYTrux HU3MYECKUX BEIUYUH, UX HY>KHO BHadalie mpeoo-
paszoBaTh B HanpspkeHue. CUrHall Bcerjia u3MepsieTcsl OTHOCUTENIBHO TOYKU Ha3bl-
BAeMOil OMIOPHOE HAMPSHKEHUE, ATA KE TOUKA SABISETCI MAKCUMaIbHBIM 3HAYEHUEM
U3MEepsAEeMOro HanpsbkeHus. B kauecTBe nucrounuka onopHoro HanpsbkeHus (MOH)
PEKOMEHTyeTCsl BBHIOMPATh BHICOKOCTAOMIIbHBIA UCTOYHUK HANPSKEHUSI, THA4YE BCE
U3MEpeHUus OyAyT IOCTOSIHHO M3MEHSATHCS BCJEA 3a U3MEHEHHUSIMU OIMOPHOTO
HaIPSKEHUS.

OpHoll U3 BaKHEHIIMX XapaKTEPUCTHK SBIISETCS pa3peliarolas crocoo-
HOCTb, KOTOpasi BIUSAET HA TOYHOCTh U3MEpPEHUs. Bech quana3oH u3MepeHus pas-
OuBaeTcs Ha vacTd. MHUHHMYM HOJb, MakcumyMm Hampspbkenne WOH. Jlns
8-outnoro ALIII sto 2/8=256 3nauenuii, ;s 10-outHoro 2°10=1024 3HaucHuUs.
Takum 00pa3om, 4eM BBIIIE Pa3psiAHOCTh, TEM TOUHEE MOXKHO U3MEPSATh CUTHAJL.

Honyctum, Bel u3Mepsiere curiai ot 0 10 5 B. MUKpoOKOHTpoJIIep UCTIOJIb-
3yeM Atmega328, ¢ 10 6utaeim ALIL. Do 3HauymuT, yro nuana3zoH 5 B Oyxaer pas-
nened Ha 1024 3pauenwnii. 5B/1024 = 0,00488B — ¢ TakuM mrarom Mbl CMOKEM H3-
MepATh HampsbkeHue. Ho yuTuTe, 4To MUKPOKOHTpOJUIEp OyAeT CUMTATh BEJIMYH-
ubel 0.0055, 0.0075 u gaxe 0.0095 oanHAKOBBIMU, OKPYTJISS WX B IMPOU3BOJIHBHYIO
CTOpOHY.

B kauecTBe MCTOYHMKA OMOPHOTO HAMPSHKEHUSI MOKHO HCIIOJIb30BaTh BHYT-
pEHHUN UCTOYHUK W BHemHUH. Hanpsbkenne BHyTpeHHEro uctounuka (2,3-2,7 B)
HE PEKOMEH/YyeTCsl MCIOJIb30BaTh, MO MPUYMHE HU3KOW CTaOUIHLHOCTH. BHenHuit
MCTOYHHK TOJKIIIOYAETCs K HOKKEe AVCC win Aref, B 3aBUCUMOCTH OT HaCTPOEK B
YIIPaBJISIOUIEN IPOTrPAMME.

AHAJIOT'OBO-HIU®POBOE ITPEOBPA3OBAHUE CUT'HAJIA
C IIEPEJAYEUN JAHHBIX HA IEPCOHAJIBHBIN KOMIIBIOTEP

Hwuxe mpuBenen npumep nporpammsl i padotsl ¢ ALIL. TIpeobpazosan-
HOE 3HaYCHME aHaJIoroBoro curuajua nepenaércesa Ha [1K ¢ momompio UART.
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#include <avr/io.h>
#define F_CPU 16000000UL //16MHz
#include <util/delay.h>

void ADC_Init()// ynkius nanmanuzamun AL
{
ADCSRA |= (1 << ADEN) // Bkntowaem ALIIT
(1 << ADPSI1)|(1 << ADPS0); // ycraHaBiuBaeMm NpeeIUTENhb
npeodpazoBaTesis Ha 8
ADMUX |= (0 << REFS1)|(1 << REFS0) //Bpibupaem HampspkeHHE
MUTaHUS KaK HCTOYHHK OIOPHOTO HAMPSKCHHS — 5 BOJIBT
(0 << MUXO0)|(0 << MUX1)|(0 << MUX2)|(0 << MUX3); // caumatp
cur"ai 0ynem ¢ Bxona PCO — A0 va Arduino

}

void uart_init( void ) // dynkius naunpanusanun UART

{

//HacTpoiika CKOpOCTH OOMEHa

UBRROH = 0;

UBRROL = 103; // ( 16000000/( 9600*16 ) ) — 1 =103  uucno mis
16 MI't1 u ckopoctu 9600 6011

UCSROA=0x00;

UCSROC = (1 << UCSZ01 ) | ( 1 << UCSZO00 ); // nactpoiika Ha
npreM 8-OUTHBIX TaHHBIX, 0€3 KOHTPOJISI Y4€THOCTH

//pa3pemuTh IpUEM U nepeady JaHHbIX

UCSROB = (0 << UCSZ02);

UCSROB = (1 << TXENO) | (1 <<RXENO );

}

unsigned char vart getc( void ) / pyHkiust 3a0upaeT moaydeHHbI OalT u3
Oydepa u 3anucpiBaeT ero B nepeMeHnyio C

{
//xneM ipuema Oaiita
while( (UCSROA & (1 <<RXC0))==0);
//cauThIBaeM MPUHSATHIN OalT
return UDRO,;
by

void uart putc( char ¢ ) // pynkuust s noisydeHust ogHoro cumpodia. [Ipu
nepeaave CTPOKH MOTyduM HaOOp CUMBOJIOB

{

//*nemM OKOHYaHUA Nepeadn npeablayiero oanra
while( (UCSROA & (1 << UDREO0))==0);
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UDRO =c;
}

void uart_puts( char *str ) // ¢byHkIusa I8 yOpoIieHus OTIPaBKH TEKCTO-
BBIX COOOIIEHUIT
{
unsigned char c;
while( ( ¢ = *str++ ) != 0 ) // noouepeHO OTIpaBIsAeM OIUH OANT U3
MaccHBa — MIEPeIaeM CTPOKY Mo OyKBaM

{
uart_putc( c);
}
¥
int main( void )
{

unsigned int voltage Z[3], voltage[4];
unsigned int u;

ADC_Init();//3anyckaem ALIII
uart_init(); //zanyckaem UART

while( 1)
{
// craptyem ALIIT
do
{
ADCSRA |= (1 << ADSC); // Haunnaem npeodpa3oBa-
HUE
}

while ((ADCSRA & (1 << ADIF)) == 0); // nenaem 310, moka
He OyJieT BeICTaBeH (pyiar 00 OKOHYAHUH MPEe0Opa3oBaHUS

u = (ADCL|ADCH << 8); // CuntpiBaeM MOJIy4YEeHHOE 3HAYe-
Hue. B nepemenHoit u nexut uucio ot 0 o 1023

//pa3buBaeM 4YKCIIO U3 MEPEMEHHOW U Ha OTJEIbHbIE YHUCia B
COOTBETCTBHUEC C MECTOM B HHUCJIE

voltage[0] = u/1000;

voltage[1] = u%1000/100;

voltage[2] = u%100/10;

voltage[3] = u%10;
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//oTnpaBinsieM uncio o uudpam uepe3 UART

for(int i=0;i<4;i++)

{

switch(voltage[i])
{

case O:
uart_puts("0");
break;
case 1:
uart_puts("1");
break;
case 2:
uart_puts("2");
break;
case 3:
uart_puts(*'3");
break;
case 4.
uart_puts("4");
break;
case 5:
uart_puts("5");
break;
case 6:
uart_puts(*'6");
break;
case 7:
uart_puts("7");
break;
case 8:
uart_puts("8");
break;
case 9:
uart_puts("9");
break;

}

//BOoccTaHaBNIMBaeM 3HaueHWe HampsbkeHus Ha Bxoge ALl u
otnpasisieM uepe3 UART

u=u* 48875 /10000;

voltage Z[0] = u/1000;

voltage Z[1] = u%21000/100;
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voltage Z[2] = u%2100/10;
uart_puts(" ");
for(int 1=0;i<3;i++)

{

if(i==1)

{
}

uart_puts(",");

switch(voltage Z[i])

{

case O:
uart_puts(*'0");
break;
case 1:
uart_puts("1");
break;
case 2.
uart_puts("2");
break;
case 3:
uart_puts("3");
break;
case 4.
uart_puts(*'4");
break;
case 5:
uart_puts(*'5");
break;
case 6:
uart_puts("6");
break;
case 7.
uart_puts("7");
break;
case 8:
uart_puts("8");
break;
case 9:
uart_puts("9");
break;
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//3anepxka obHoBieHuss ALIl u mepeHoc Kypcopa Ha HOBYIO

CTPOKY
_delay_ms(200);
uart_puts( "\r\n");

}
return O;
¥

IMOPAJOK BBIIIOJIHEHUA PABOTbI

Jl5is BBITIONTHEHUST pa0OT MPUCOECTUHUTE K OTJIAJ0YHON TuiaTe OJIOK ¢ mepe-
MEHHBIM PE3UCTOPOM.

3amyctute Atmel Studio u Bemmoanute File -> New -> Project.

[TosIBUTCS OKHO CO3[IaHHsI HOBOTO MpoeKTa. B HMkHEN ero yactu Bel Moxe-
TE€ 3aJaTh Ha3BaHUE TMpoekTa. MMs 1o ymomuaHuo OyJaeT HMETh BHJI
«GcecApplicationly, mpu 3TOM 4KMCIIO B OKOHYAHUE MOXKET OBITh Pa3IUYHBbIM. 3a-
MEHUTE ero Ha uMsa B ¢dopmate «['pynmna MHIMBUAYaTbHBIA HOMEp CiIydailHoe
yucao g0 100» (manpumep, «EAD-083 06 53»). CBoit MHIMBUAYAIBHBIH HOMED
MOKHO y3HAaTh y MpPEnogaBaTess.

B nosiBuBmemcs okue Beibepure «GCC C Executable Projecty. ITocie atoro
OTOOpPA3UTCS OKHO BBIOOpPA HCMOJIB3YEMOTIO B IPOEKTE MHUKPOKOHTPOIIIEPA.
Haitnute B crinucke «ATmega328y». KIMKHUTE MBIIIKOM MO 3TOW CTPOKE U HAXKMHU-
te OK. PexomeHnayercst BOCIOIb30BaThCA CTPOKOM MTOMCKA, B IPABOM BEPXHEM YT-
Jy OKHa BBIOOpA MUKPOKOHTpOJLIEpA.

Ha cTpanuiie ¢ TeKCTOM NporpaMMbl COTPUTE BCE U HAOEPUTE MPOrpaMMy U3
Pa300paHHOTO BHIIIE MPUMEPA.

Brimosaute Build -> Build Solutions, mu6o saxmure F7.

JloxxnuTech OKOHYAHHS KOMOWIAIMU. B HuxkHeM okHe «Output» momKHBI
MOSIBUTHCS CTPOUKHU:

Build succeeded.

========== Build: 1 succeeded or up-to-date, O failed, O skipped

Jl7s TOro 4TOOBI HEMOCPEICTBEHHO MMOMECTUTh COJIEPIKUMOE 3TOro (haiiia B
HaMsITh MHKPOKOHTpPOJIJIEpa, HEOOXOIUMO BOCIOJIB30BATHCS JOMOJHUTEIBLHON
nporpammoit — XLoader.

[MoaxarounTe OTIAJOYHYIO TUIATY K KOMITBIOTEPY, UCIONB3Ysl KaOeab THUIa
USB-A — USB-B, u 3anyctute nporpammy XLoader.

OKHO TIPOTPaMMBI COICPIKUT CIIEAYIOIINE DIIEMEHTHI:

e Hex file — 3mech HyxHO yKka3aTh myTh 110 3arpyxaemoro HEX daiina;
e Device — 3mechr HEOOXOAUMO BBIOPATh THIT IJIATHI U MHKPOKOHTPOJLIEPA.

Duemilanove/Nano (tun MK — ATmeg328);
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e COM port — 3mecr HE0OXOIUMO BBIOPATh BUPTYaJbHBIA KOMII MOPT, Yepes

KOTOPBIM KoMIIbIOTEp obmmaercs ¢ MK

e Baud rate — ckopocts nepenaun naHHbIX yepe3 COM-mopT. 3aBUCUT OT TH-

na MK u BeicTaBnsercs aBromarnuecku. st ATmega328 — 57600.

[TonHbIN yTH 10 TANKK OyJ1eT UMETh BU/L:

Joxymente\Atmel Studio\6.2\Ims_mipoexra\ Ums_ nipoekra\Debug

B manke Debug HeoOxoaumo Haiitu ¢aiin ¢ pacmmpenuem «.hex». IMeHHO
9TOT (hailyl «3aTMBaeTCS» B MEKPOKOHTpOIIIEp. B HEM comepkuTcs mporpamMma st
MHUKPOKOHTPOJIJIEPA B BHUJIC MAIIMHHBIX KOJIOB.

Ecim Bce ycTaHOBKE NpaBHWIIbHBIC, TO IMOcie Haxkarus kHomku «Uploady
mporpamMma CBSDKETCs ¢ 3arpy3uukoM B MK u, ToyduB OT HETO OTBET, 3arpy3uT
coagep)kxumoe HEX daiina B mamsate MK. Ilpomecc oOmeHa JaHHBIMH MOYHO
HAOJIIOIaTh BU3YaJIbHO, MO MEPIAHUIO PACIOJIOKEHHBIX HA OTJIAIOYHOM IjIaTe
ceetoauonoB RX u TX.

NHIANBU Y AJIBHBIE 3ATAHUA

Hamummte nporpaMMy, pealn3yOmyo CASAYIOMMUA PEXUM pabOThl CBETO-
TIMOJIOB:

1) BxiroyeHHEe pa3IMYHBIX CBETOAMOOB IIPH Pa3IMYHOM YPOBHE HAIpsKe-
Hus Ha Bxojzie ALIIL [ToTpeOyeTcs muiata paciimpeHust «TPEXIBETHBIN CBETOUOIY.

2) BxiroueHue cBeToroa Ha 13 BBIBOJC OTIIAJOYHOM IUIATHI MIPH YMECHbB-
IICHUH BXOJIHOTO HAMPSHKEHUS HIDKE 3a/1aBa€MOT0 TIOpora.

3) Otnpaska 3naueHus Ha Bxoae ALl yepes UART Ha 1K Tosbko mpu mo-
nyyeHur komanael ¢ 1K,

KOHTPOJIBHBIE BOITPOCHI

1. Haznauenue ALIIIL.

2. Bo3moskno nu nipepbiBanue ot ALIT?

3. Kak moxxnO yBennunuth TouHOCTh ALLII 1715t m3MepeHus curuasia ¢ aMIuiuTyA0u
MeHee 5 BOJIBT?

4. Kak MOXHO YBEJIMUUTH TUANA30H U3MEPSEMbIX HAIIPSAKEHUN?
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MHNPAUJIOXKXEHHE 1
Taitmep/cuetank TO (8 OuT)

Xapaxkrepuctuku Taiimepa/cuetunka TO (8 OuT):
- JIBa HE3aBUCUMBIX BBIXO/Ia ITO COBIIAJICHHUIO;
- Talimep cOpoca pu COBNAJCHUY;

- HN3mensewmsbit nepuon [HINMM curnana;

- @a3osriil koppekTop UM curnana;

- TakToBBIi1 TEHEPATOD;

- Tpwu He3aBUCHMBIX HCTOYHHUKA ITPEPHIBAHMUS.

Peructpsl Tatimepa/cuetunka TO:

- TCNTO — cuernblit peructp Taiimepa/cuerunka TO;

- OCROA — peructp cpaBHeHHS A;

- OCROB — peructp cpaBueHus B;

- TIMSKO — peructp macku npepbiBaHu ais Taiimepa/cuetyuka TO;
- TIFRO — peructp dhnaros npepsiBanmii 11 Taitmepa/cuetanka T0;
- TCCROA — peructp ymnpaieHus A,

- TCCROB — peructp ynpasnenus B.

M cTOYHMKOM TaKTOBOIO CHUTrHaja il Tailmepa/cuetdynka TO MoOKeT OBITH
KAaK TaKTOBBI CUT'HAJI, UCIIOJIb3YEMBIN JJI1 BCETO MUKPOKOHTPOJUIEPA C UCIIOJIB30-
BaHHEM MPEJCIUTENS, TaK U CUTHAJ, TocTynaromuii Ha Bxoa TO0 (6 Hoxka). Eciaun
HE BBIOPAHO HU OJJHOTO MCTOYHHUKA TAKTOBOI'O CHTHajla, TO TailMep/CYeTunK ocTa-
HaBJINBACTCH.

Pexxum paGotel Taitmepa/cuerunka TO ycTaHaBiIMBaeTcs perucTpaMu
TCCROA u TCCROB.

Peructp TCCROA:
7 6 5 4 3 2 1 0
COMOA1 | COMOAO | COMOB1 | COMOBO - - WGMO01 | WGMO00

butet COMOAT (7) u COMOAO (6) BIusitOT Ha TO, KAKOM CUTHAII IOSIBUTCS
Ha BbIBOJIe OCOA (12 HOXKa) npu COBMAIeHUU C A (COBIAJICHUE 3HAYEHUS CUECT-
Horo peructpa TCNTO co 3nauenuem peructpa cpaBuenust OCROA):

1. OOBIUHBIN PEKUM

- 00 — BeiBog OCOA He GyHKIIMOHUPYET

- 01 — u3menenne cocrosinus BbiBoga OCOA Ha MPOTHUBOIOIOXKHOE TPHU
COBIIAJICHUH C A

- 10 — copoc BeiBoga OCOA B 0 pu coBnazieHuu ¢ A

- 11 — ycranoBka BeiBojia OCOA B 1 mipu coBmageHuu ¢ A

2. Pexxum [HLINM

- 00 — BeiBog OCOA He pyHKUIHMOHUPYET
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- 01 — ecim 6utr WGMO2 peructpa TCCROB ycranosien B 0, BeiBog OCOA
He QYHKIIMOHUPYET

- 01 — ecm 6ut WGMO2 peructpa TCCROB ycranosien B 0, n3MeHeHHE
coctosiHusA BbiBo1a OCOA Ha MPOTUBOIIOIOKHOE MIPU COBIAICHUH C A

- 10 — copoc BeiBoga OCOA B 0 mpu coBmajeHuu ¢ A, yCTaHOBKAa BBIBOJA
OCOA B 1, ecnu peructp TCNTO npunumaet 3Hauenue 0x00 (HeMHBEpCHBIN pe-
KUM)

- 11 — ycranoBka BbiBoga OCOA B 1 npu coBnajieHuu ¢ A, yCTaHOBKa BbI-
Boga OCOA B 0,ecu peructp TCNTO npunumaet 3Hauenue 0x00 (MHBEpCHBIM
PEKUM)

3. Pexum xoppexnun daszsr UM

- 00 — BeiBog OCOA He GQyHKITMOHUPYET

- 01 — ectm 6ut WGMO2 peructpa TCCROB ycranosien B 0, BeiBog OCOA
HEe (PYHKIIMOHUPYET

- 01 — ecm 6ut WGMO2 peructpa TCCROB ycranosnen B 0, nu3meHeHHe
cocTtosiHusA BeiBO1a OCOA Ha MpOTUBOIIOIO0KHOE

- 10 — copoc BeiBoga OCOA B 0 mpu coBmajieHuu ¢ A BO BpeMsl YBETUUCHUS
3Ha4YE€HUs cueTurka, ycraHoBka BbiBoga OCOA B 1 mpu coBmagenuu ¢ A Bo Bpems
YMEHBIIICHUS 3HAYCHUS CYETUNKA

- 11 — ycranoBka BbiBoga OCOA B 1 npu coBnageHuu ¢ A BO BpeMs yBeJH-
YeHHUs 3HaueHMs cueTdynka, copoc BeiBojja OCOA B 0 mpu coBmajzeHuu ¢ A BO Bpe-
M YMEHBIIICHUS 3HAUCHUSI CUETYMKA

butet COMOB1 (5) 1 COMOBO (4) BnusitoT Ha TO, KaKOW CUTHAJI TTOSIBUTCS
Ha BbIBoJiIe OCOB (12 HOXKa) npu coBnajeHuu ¢ B (coBmajeHne 3HaYCHUS CUET-
Horo peructpa TCNTO co 3nauenueM peructpa cpaBuenust OCROB):

1. OOBIUHBIN peKUM

- 00 — BeiBog OCOB He pyHKIIMOHHpYET

- 01 — m3menenne cocrtostausi BbiBoja OCOB Ha mpoTHBOMONIOKHOE TMPH
COBIIaJIeHUU ¢ B

- 10 — copoc BeiBoga OCOB B 0 npu coBnageHuu ¢ B

- 11 — ycranoBka BeiBogga OCOB B 1 npu coBnagenuu ¢ B

2. Pexuwm [INM

- 00 — BeiBog OCOB He pyHKUIMOHUpYET

- 01 — pesepn

- 10 — c6poc BeiBoga OCOB B 0 mpu coBmanenun ¢ B, ycTaHOBKa BBIBOJIA
OCOB B 1, ecnu peructp TCNTO nmpunumaet 3Hauenue 0x00 (HemHBEpCHBIN pe-
KUM)

- 11 — ycranoBka BbsiBoga OCOB B 1 npu coBnaaenuu ¢ B, yctaHoBka BbI-
Boga OCOB B 0, ecnu peructp TCNTO npunumaer 3naueHue 0x00 (MHBEpCHBIM
pPEeXKUM)

3. Pexxum koppekuuu daszsl LM

- 00 — BeiBog OCOB He pyHKUIMOHUpYET

- 01 — peszepn
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- 10 — cOpoc BriBoga OCOB B 0 mpu coBnanenuu ¢ B Bo Bpems yBenuueHus
3Ha4YEeHUs cueTurKa, ycranoBka BeiBoga OCOB B 1 mpu coBnaaenuu ¢ B Bo Bpems
YMEHBIIICHUS 3HAUCHUSI CUETUUKA

- 11 — ycranoBka BbiBojga OCOB B 1 npu coBnaaenuu ¢ B Bo Bpems yBenu-
YeHUs 3HaUeHMsl cueTurka, copoc BeiBoga OCOB B 0 npu coBnangenuu ¢ B Bo Bpe-
Ml YMEHBIIICHUS 3HAUECHUS CUETUMKA

butrst WGMO1 (1), WGMO0 (0) peructpa TCCROA ycTaHaBIUBaIOT PEKUM
paboThI Taiimepa/cueTynka TO:

- 00 — OOBIYHBINA peKUM

- 01 — pexum xoppekiuu ¢aszsl LLHIUM

- 10 — pexxuM mocyeTa UMITYJILCOB (COPOC MPU COBMAICHUH )
- 11 — pexxum HLIMM

Peructp TCCROB:
7 6 5 4 3 2 1 0
FOCOA | FOCOB - - WGMO02 CS02 CS01 CS00

butsr FOCOA (7) u FOCOB (6) peructpa TCCROB npunyautenbHo ycTa-
HaBiuBaroT 3HaueHue Ha BeiBogax OCOA u OCOB.

buter CS02 (2), CSO01 (1), CS00 (0) peructpa TCCROB ycranaBmuBaroT
PEXKUM TaKTUPOBAHUS U TPEICIUTEIS TAKTOBOM YacTOTHI TaiiMepa/cuerdnka 10:

- 000 — Taitmep/cuetunk TO ocTaHOBICH

- 001 — TakroBsiii rerepaTop CLK

- 010 - CLK/8

- 011 - CLK/64

- 100 — CLK/256

- 101 - CLK/1024

- 110 — BHemHMI UCTOYHUK Ha BbIBOZIE 10 (6 HOXKKA) TIO CIay CUrHaja

- 111 — BHemHu UCTOYHUK Ha BbIBOJIE 10 (6 HOXKKA) MO BO3PACTAHUIO CHUT-
HaJa

YnpaBieHHe MPEpPbIBAHUAMU OT TalMepa OCYIIECTBISIETCS B PETUCTPE

TIMSKO.
Pernctp TIMSKO:

7 6 5 4 3 2 1 0
- - - - - OCIEOB | OCIEQOA | TOIEQ

butst OCIEOB (2) u OCIEOA (1) pa3pematoT npepblBaHus IPpU COBMAICHUN
¢ A u B, a outr TOIEO (0) pa3pemaet npepbiBaHrE MO MEPETIOTHEHUIO TIPH yCTa-
HoBke 1. Ecu B aTn Outhl 3anucats ), IpepbIBaHus OT TaiiMepa/cueTyuka OymyT
3aMpeLEHBI.
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Taxxe ects peructp ¢aaroB npepbiBanuii TIFRO, koTOpblii MOKa3bIBaeT,

KaKoe MpephIBaHKe MOCTYMUIO OT Taiimepa/cuetunka T0.

Peructp TIFRO:

7

6 5 4 3 2 1 0

- - - - OCFOB | OCFOA | TOVO

butet OCFOB (2), OCFOA (1) u TOVO (0) yctanaBnuBaroTcs B 1 B 3aBUCH-

MOCTH OT TOTO, KaKO€ IPEPbIBAaHME NOCTYNWIO — CoBIaaeHue ¢ A, B ninm nepe-
IIOJIHCHHUE.

Talimep/cuetuux T1 (16 Our)

XapaktepucTuku Taiimepa/cuerynka T1 (16 6ur):
- JIBa HE3aBUCHUMBIX BBIXOJA 10 COBIIAJICHHUIO;

- Taiimep cOpoca pu COBIA/ICHUU;

- OuH BXOJ1 3aXBaTa;

- biiok mymononaBsieHus BX0/1a 3aXBaTa;

- U3mensiemsrii nepuoa MM curnana;

- ®azoBbii koppekrop LM curnana;

- U3mensemsii nepuon IHMM curnana;

- TakToBBIN TeHEpATOD;

- Tpn HE3aBUCUMBIX HCTOYHHKA ITPEPBIBAHUA.

Peructpsl Talimepa/cuetunka T1:

- TCNT1 — cuetHsIii peructp Taiimepa/cuerunka T1 (16 6uT)

- OCR1A — peructp cpaBaenus A (16 6ur)

- OCR1B — peructp cpaBuenusi B (16 6ur)

- TIMSK1 — peructp Macku npepbsIBaHu# 11 TaliMmepa/cuerunka T1
- TIFR1 — peructp ¢uaroB npepbiBanuii i Taiimepa/cuerdynka T1
- TCCR1A — peructp ymnpasieHus A

- TCCR1B — peructp ynpasnenus B

- TCCR1C — peructp ynpasnenus C

- ICR1 — peructp 3axBara (16 6uT)

M cToYHMKOM TaKTOBOTO CUTHaia AJig Taiimepa/cuerunka T1 MoxeT ObITH

KaK TaKTOBBIA CUTHAJ, UCIIOJIb3YEMBIU JJI1 BCETO MUKPOKOHTPOJUIEPA C UCIIOJIb30-
BaHHMEM MPEISTUTENs, TaK U CUTHaJ, moctynatomuii Ha Bxoa T1 (11 Hoxka). Ec-
JM HE BBIOPAHO HM OJIHOTO MCTOYHHMKA TAKTOBOI'O CHUTHAJIA, TO TalMep/CUETUHK

OCTaHABJIMBACTCHI.
Peructp TCCRI1A:
7 6 5 4 3 2 1 0

COM1A1 | COM1A0Q | COM1B1 | COM1B0 - - WGM11 | WGM10
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Pexum pabotel TaiiMepa/cuetunka T1 ycTaHaBIMBaeTCs perucTpamMu
TCCRIA u TCCR1B

butrst COMI1AL1 (7) u COM1AO (6) BIusitoT Ha TO, KaKO CUTHAJ TOSIBUTCS
Ha BeiBoJie OC1A (15 HOXKa) pu coBIajeHuu ¢ A (COBNaJicHUE 3HAYCHUS CUET-
Horo peructpa TCNT1 co 3HauenueMm peructpa cpaBHeHus OCR1A):

1. OGBIUHBIN pEeKUM

- 00 — BeiBog OC1A He GpyHKIHOHUPYET

- 01 — usmenenue cocrosinug BbiBojga OClA Ha NMPOTHUBOIOIOXKHOE IMPU
COBIAaJeHUU c A

- 10 — copoc BeiBoga OC1A B 0 pu coBnazenuu ¢ A

- 11 — ycranoBka BeiBoga OCI1A B 1 npu coBnagenuu ¢ A

2. Pexxum [HLINM

- 00 — BeiBog OC1A He GyHKITHOHHUPYET

- 01 — eciu 6uter WGM 13 — WGM 10 ycranosnenst B (0000 — 1101), BeiBox
OCI1A He QyHKIHOHUPYET

- 01 — eciiu OuTBLIWGM13 — WGM10 ycranosnensl B 1110 wm 1111, uzme-
HeHue coctosinns BeiBoga OCOA Ha IpOTUBOMOJIOKHOE P COBNAIAEHUU C A

- 10 — copoc BeiBoga OCI1A B 0 mpu coBnajeHuu ¢ A, yCTaHOBKa BBIBOJIA
OCI1A B 1, ecniu peructp TCNT1 nmpunumaer 3nauenue 0x00 (HEeMHBEPCHBIN pe-
KHM)

- 11 — ycranoBka BbiBoga OC1A B 1 npu coBnanenuu ¢ A, yCTaHOBKa BBbI-
Boga OCI1A B 0, ecmu peructp TCNT1 npunumaer 3nauenue 0x00 (MHBEpCHBIN
pEXKUM)

3. Pexxum koppekuuu ¢daszsl LM

- 00 — BeiBog OC1A He QyHKIIHOHHUPYET

- 01 — ecm 6utet WGM13 — WGM10 ycranosnens B (0000 — 1100, 1010,
1100 — 1111), BeiBog OC1A He hyHKIIMOHUPYET

- 01 — eciu OuTBIWGM13 — WGM10 ycranosnenst B 1101 wmm 1011, uzme-
HeHue coctosius BeiBoga OC1 A Ha IpOTUBOMOJIOKHOE MPHU COBNAAEHUU C A

- 10 — cOpoc BeiBoga OC1A B 0 mpu coBnagennu ¢ A BO BpeMs YBEJIUUYEHUS
3HAYEHHUs CUeTurKa, ycraHoBKa BbiBoga OClA B 1 npu coBnageHuu ¢ A BO Bpems
YMEHBITICHUS 3HAUCHUS CUETINKA

- 11 — ycranoBka BeiBoga OCIA B 1 npu coBnagenun ¢ A Bo BpeMsl yBEJHU-
YeHUs 3HaueHMs cueTyuka, copoc BeiBojga OC1A B 0 nmpu coBnajzeHuu ¢ A BO Bpe-
MsI YMCHBIIICHUS 3HAYEHUS CUCTUNKA

butrst COMI1B1 (5) u COM1BO0 (4) BiusitoT Ha TO, KaKOW CUTHAJ TOSIBUTCS
Ha BeiBosie OCOB (12 HOXKa) pu coBnajieHnu ¢ B (coBnajeHue 3HaYeHUs! CUET-
Horo peructpa TCNT1 co 3nauenuem peructpa cpaBHenuss OCR1B):

1. OOBIUHBIN PEKUM

- 00 — BeiBog OC1B He ¢pyHKUIMOHHpYET
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- 01 — u3menenue cocrostuusi BbiBoja OC1B Ha mpoTHBOMONIOKHOE MPH
COBIIAJIcHNM C B

- 10 — cOpoc BeiBoga OC1B B 0 pu conagenuu ¢ B

- 11 — ycranoBka BeiBojia OC1B B 1 npu coBnagenuu ¢ B

2. Pexum [INM

- 00 — BeiBog OC1B He dhyHKIMOHUpPYET

- 01 — BeiBog OC1B He ¢pyHKIMOHUpPYET

- 10 — copoc BeiBoga OCI1B B 0 mipu coBnageHuu ¢ B, ycTraHOBKa BbIBOJA
OCIB B 1, eciu peructp TCNT1 npunumaet 3nauenue 0x00 (HeMHBEpCHBIN pe-
KHM)

- 11 — ycranoBka BeiBoga OCI1B B 1 npu coBnaaenuu ¢ B, yctaHoBka BBbI-
Boja OCI1B B 0, ecu peructp TCNT1 npunumaer 3nadenue 0x00 (MHBEpCHBIN
pEXKUM)

3. Pexxum koppekuuu paszsr LM

- 00 — BeiBog OC1B He dhyHKIMOHUpYET

- 01 — BeiBog OC1B He dhyHKIMOHUpPYET

- 10 — c6poc BeiBoga OC1B B 0 npu coBnanenuu ¢ B Bo Bpemsi yBeTUUCHUS
3Ha4YE€HUs cueTurKa, yctaHoBKa BbiBojia OC1B B 1 npu coBnaaenuu ¢ B Bo Bpems
YMEHBILICHUS 3HAYCHHS CYETUNKA

- 11 — ycranoBka BbiBojja OCI1B B 1 npu coBnageHuu ¢ B Bo BpeMs yBenu-
YeHHUs 3HaYCHMS cueTuyrka, copoc BeiBoga OCIB B 0 npu coBnageHnuu ¢ B Bo Bpe-
MsI YMEHBIIICHUS 3HAYEHHUS CUEeTUMKa

Pernctp TCCRI1B:
7 6 5 4 3 2 1 0
ICNC1 ICES1 - WGM13 | WGM12 CS12 CS11 CS10

buret WGM13 (4), WGM12 (3) peructpa TCCRI1B u outet WGM11 (1),
WGM10 (0) peructpa TCCRIA ycraHaBIuMBarOT pexuM pabOThl TakMe-
pa/cuerunka T1:

- 0000 — oOBIYHBII peKUM

- 0001 — xoppexknus (pazsr PWM, 8-6ur

- 0010 — koppekuus dha3zsl PWM, 9-0ut

- 0011 — koppekuus dpazsr PWM, 10-6ut

- 0100 — pexum cuera ummnynnbcoB (OCR1A) (cOpoc npu coBageHun)

- 0101 — PWM, 8-6ut

- 0110 - PWM, 9-6ut

- 0111 — PWM, 10-6ut

- 1000 — koppekuus daswl u yactotel PWM (ICR1)

- 1001 — xoppexknus da3zsl u yactorsl PWM (OCR1A)

- 1010 — xoppexknus ¢pazst PWM (ICR1)

- 1011 — xoppekiwust dasbl 1 yactorel PWM (OCR1A)
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- 1100 — pexwum cueta ummynbcoB (ICR1) (cOpoc nmpu coBmaaeHnm)
- 1101 — pe3eps
- 1111 - PWM (OCR1A)

bur ICNC1 (7) peructpa TCCR1B ynpaniser cxemoi MmoAaBieHUs] TOMEX
6s1oka 3axBata (0 — BeIKIIIOUeHa / 1 — BKJIIOUEHA).

bur ICES1 (6) peructpa TCCRI1B BbiOupaer akTUBHbIA (DPOHT perucrtpa
3axBata (0 — mo cmamaromeMy GpoHTy curHajna / 1 — mo HapacTaromemy GpoHTY
CUTHAaJja).

bursr CS12 (2), CS11 (1), CS10 (0) peructpa TCCR1B ycranaBiauBarot
PEXXUM TaKTUPOBAHUSA U TIPEACIUTENS TAKTOBOM 4acTOThI TaitMepa/cuerunka T1:

- 000 — Taitmep/cuetunk T1 ocTaHOBIEH

- 001 — TakroBsii rerepaTop CLK

- 010 - CLK/8
- 011 - CLK/64
- 100 — CLK/256

- 101 - CLK/1024

- 110 — et uctounuk Ha BeIBojiE T1 (11 HOXKa) 1O cniagy curHamta

- 111 — BHemHu# uctouHuk Ha BeiBoJie T1 (11 HOXKa) MO BO3pacTaHUIO
CUTHaJIa

Peructp TCCRIC:
7 6 5 4 3 2 1 0
FOC1A | FOC1B - - - - -

butet FOCIA (7) u FOCI1B (6) peructpa TCCR1C npunyauTensHo ycTa-
HaBJIMBaroT 3HaueHue Ha BeiBogax OC1A u OCIB.

Peructp TIMSK1:
6

7

5

2

1

0

ICIE1

OCIE1B

OCIE1A

TOIE1

VYrpaBneHue nNpepblBaHUAMH OT TalMepa OCYILIECTBIISIETCS B PETUCTPE
TIMSK1.

bur ICIE1 (5) pa3pemaer npepsiBanue no 3axsaty, outel OCIEIB (2) u
OCIEIA (1) pa3zpemator npepbiBanusi npu conaaennu ¢ A u B, outr TOIEL (0)
paspeniaeT MnpepbIBaHuEe MO MEPEeroSHEHUI0 pu ycTaHoBke 1. Ecnu B 3Tu OUTHI
3anucath 0, mpepbIBaHUs OT TaiiMepa/cueTynka OyayT 3arpemieHbl.

Taxxke ectb peructp ¢uaroB npepsiBanuii TIFR1, xoTopslii mokasbiBaer,
KaKoe MpephIBaHUE TIOCTYNUIIO OT TaiiMepa/cuerdynka T0.

Peructp TIFR1:

v | 6 [ 5 [ 4 | 38 | 2 [ 1 [ o0 |
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- [ - T icr | - ] - ] OCF1B | OCFIA | TOV1 |

butet ICF1 (5), OCF1B (2), OCF1A (1) u TOV1 (0) ycranaBnuBatorcsi B 1 B
3aBUCUMOCTH OT TOr'0, KaKO€ MPEphIBAHUE MOCTYIUIIO — 3aXBaT, COBHNAJACHHUE C A,
B wim nepenonHenue.

Taiimep/cuetank T2 (8 OuT)

XapakTepucTuku Taiimepa/cuetunka T2 (8 Our):

- JIBa HE3aBUCHUMBIX BBIX0/IA [0 COBIIA/ICHUIO;

- Taitmep cOpoca 1pu COBITIaJICHNH;

- U3mensiemsrii nepuoa MM curnana;

- ®a3oBeii kKoppekrop HIMM curnana;

- TakTOBBIN reHEPATODP;

- Bo3MokHOCTH pabOThl OT HE3aBUCHMOTO BHEIIHETO YacOBOTO TaKTOBOTO
reneparopa 32 kl';

- Tpu HE3aBUCUMBIX UCTOYHHMKA PEPHIBAHMUS;

- Jlenutens yactoTel 10 OuT;

- ACUHXPOHHBIN PEKUM.

Peructpsl Talimepa/cuetunka T2:

- TCNTZ2 — cuetHbIif peructp Taitmepa/cuerdanka T2

- OCR2A — peructp cpaBHeHHs A

- OCR2B — peructp cpaBHenusi B

- TIMSK2 — peructp Macku npepbsIBaHul A1 TaliMepa/cueTuanka T2
- TIFR2 — peructp ¢uaroB nmpepbiBaHui i TaiiMepa/cuerynka T2
- TCCR2A — peructp ynpasieHnus A

- TCCR2B — peructp ynpasnenus B

- ASSR — peructp acHHXpOHHOTO peKruMa

- GTCCR — rnaBHBIN perucTp BCEX TAHMEPOB/CUETUNKOB

M cTOYHMKOM TaKTOBOIO CHUTHajia A Tailmepa/cuetunka T2 MOXKeT ObITh
TAKTOBBIM CUTHAJ, UCIOJIb3YEMBbIN IS BCETO MUKPOKOHTPOJUIEPA C HMCHOJIb30Ba-
HueM npeanenutens. Eciau He BbIOpaH Ko (ULIMEHT JeleHus], TO TahMep/CYeTUnK
OCTAHABJIMBAETCS.

Pexxum pabotel Taitmepa/cuetunka T2 ycTaHaBIMBaeTCsS perucTpaMu
TCCR2A u TCCR2B ananornuno taitmepy/cuetanxy TO.

Peructp TCCR2B:
7 6 5 4 3 2 1 0
FOC2A FOC2B - - WGM?22 CS22 CS21 CS20

Paznuna mume B Ourax CS22 (2), CS21 (1), CS20 (0) peructpa TCCR2B,
KOTOPBIE YCTAHABIUBAIOT PEKUM TAKTUPOBAHMSL.
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- 000 — Taitmep ocTaHOBJICH

-001 -CLK

- 010 - CLK/8

- 011 - CLK/32
- 100 — CLK/64
- 101 - CLK/128
- 110 — CLK/256

- 111 - CLK/1024
Taxoke y TaliMepa/cueTynka eCTb aCHHXPOHHBIN peKUM pabOTHI.

Peructp ASSR:

7 6 5 4 3 2 1 0

- EXCLK AS2 | TCN2UB | OCR2AUB | OCR2BUB | TCR2AUB | TCR2BUB

bur EXCLK (6) peructpa ASSR pa3pemiaet ucnoyiib30BaHuE BHEITHETO TaK-
TOBOI'O CUTHAJIa OT KBapieBoro pesonaropa 32 kl 1 npu 3amnvcu B Hero 1.

butr AS2 (5) peructpa ASSR ymnpasnsier cnoco6om TaktupoBanusi (1 — ot
BHemHero pesonaropa 32 kl'n, moakmoueHHoro k TOSCI1 (9 noxka) / 0 — or
BHyTpeHHero reneparopa CLK)/

bur TCN2UB (4) peructpa ASSR mnokasbiBaeT, AOCTYIEH JIK IS 3alUCH
peructp TCNT2 (1 —nenoctynen / 0 — 1oCTymeH).

bur OCR2AUB (3) peructpa ASSR noka3bIBaer, JOCTYIEH JIM AJIs 3alKUCH
peructp OCR2A (1 — Henoctynen / 0 — mocTymeH).

but OCR2BUB (2) peructpa ASSR noka3biBaeT, TOCTyIEH JIU IJi 3alUCU
peructp OCR2B (1 — HegoctyneH / 0 — JOCTYIIEH).

bur TCR2AUB (1) peructpa ASSR noka3biBaeT, TOCTYIEH JU AJIsl 3alKUCH
peructp TCCR2A (1 —uegoctynen / 0 — gocTymnen).

but TCR2BUB (0) peructpa ASSR noxka3bIBaeT, JOCTYNEH JIM IJIs1 3alUCU
peructp TCCR2B (1 — Henoctynien / 0 — qoctymen).

Peructp GTCCR:

7 6 5 4 3 2 1 0

TSM - - - - - PSRASY | PSRSYNC

bur PSRASY (1) peructpa GTCCR cOpacbiBaeT mnpenenurenb Taime-
pa/cuetunka T2, ecnu ycTaHOBUTH B 1, mocie 3Toro 6ut copacwiBaercs B 0 aBTo-
MaTHYECKH.

bur PSRASYNC (0) peructpa GTCCR cOpacbiBaeT npenaeianTesb Taiime-
pa/cuetunka TO u T1, ecan yctaHoButh B 1, mociue 3toro o6ut copaceiBaetcs B 0
aBTOMATUYECKHU.

bur TSM (0) peructpa GTCCR 3anpemaer aBToMaTuueckuii coOpoc OMTOB
PSRASY u PSRASYNC peructpa GTCCR.
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