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Heuan n 3ap1a4u J1a00PATOPHBIX U CAMOCTOSITEJILHBIX PadoT

Lenpto pabOTHI SBIAETCS OCBOEHUE CTYACHTaMHU MPUHIIUIIOB
NOCTPOCHUSI U (PYHKIIMOHUPOBAHUS MUKPOIIPOIIECCOPHBIX YCTPOUCTB,
OCHOB IPOTPaMMUPOBAHUS U paboThI C nepudepuein
MUKPOKOHTPOJUIEPOB, HAaBBIKOB MCIOJIb30BAHMS CHEIUATU3HUPOBAHHBIX
cpeactB pa3zpabotku [1O a1 MUKpONPOLIECCOPHBIX YCTPOMCTB.

IIpenmer «MukporpolieccopHass TEXHUKA B MEXAaTPOHUKE W
pOOOTOTEXHUKE»  NPEACTaBIsA€T  JUCUMIUIMHY  0a30BOM  4acTu
npodheCCUOHATBLHOIO IMKJIAa  y4eOHOro TIjlaHa [iJisi HampaBJICHUS
noaroroBku 15.03.06MexatpoHuka U poOOTOTEXHHKA.

BrinosHeHue paboOThl OpPUEHTUPOBAHO Ha (HOpMHUpOBAHUE Y
CTYJICHTOB CJIEIYIOLUX AJIEMEHTOB MPOPECCUOHATBHBIX KOMITETECHIIMIA:

I[IK-2 -  cmocoOHOCThIO — pa3pabaThiBaTh  MPOrPAMMHOE
oOecrieueHure, HeoOXxoauMoe sl  00pabOTKM  uHPOpMaLMK U
yNpPaBJICHUS B MEXaTPOHHBIX U POOOTOTEXHUYECKUX CUCTEMaX, a TaKKe
JUISl UX TIPOEKTUPOBAHUS

[1K-11 - cnocoOHOCTHIO TPOU3BOJUTH PACUETHI U MPOCKTUPOBAHUE
OTJIETTbHBIX YCTPOWCTB u MOJICUCTEM MEXaTPOHHBIX U
pOOOTOTEXHUYECKUX CHUCTEM C  HUCIOJb30BAHUEM  CTaHJAPTHBIX
UCIIOJTHUTENBHBIX M YINPABISIONMX YCTPONCTB, CPEICTB aBTOMATHKH,
U3MEPUTEIIbHOM M BBIYMCIWUTEILHOM TEXHUKHM B COOTBETCTBUU C
TEXHUYECKUM 3aJJaHUEM



JlabopaTopHas padora Nel.

CPEJA PASPABOTKHU INTPOI'PAMM JJIA
MUKPOKOHTPOJIJIEPOB CODE VISION AVR.

Ienv pabomur:

1) O3HakoMJeHWE C YCTPOHCTBOM U TPHUHIIUIIOM PaOOTHI
MUKpPOKOHTpoJsuiepa Atmegalo.

2) Ilosmakomuthcss ¢ kommmmaropom Cm moa AVR
CodeVisionAVR u momrydnTh OCHOBHBIC HaBBIKH pazpadorku 10 mis
MK.

3) 3akpenuTh 3HaHUs 10 s3bIky Cu iss MK.

Ob6vexkm uccneooeanus: MUKpokoHTposutep Atmegalo.

Annapammnuwle cpedcmea: BUpTyanbHas gadopatopus Ha 9BM IBM
PC, nporpammusiii naker CodeVisionAVR — kommuisrop Cu s AVR
MUKPOKOHTPOJUIEPOB.

KpaTkue TeopeTnueckue cBeaeHHs

MuxkpokorTposuiep (MCU) — mukpocxema, npeaHa3HaYCHHAS JJIs
yIpaBJICHUS 3JIEKTPOHHBIMU YCTPONCTBAMHU. Tunuunabii
MUKPOKOHTpPOJUIEp coueraer B cebe (yHKuuMM 1mpoieccopa U
nepudepuiiHbIX yCcTpoicTB, MoxkeT coaepxkatb O3Y u II3VY. Ilo cytw,
ATO OJHOKPUCTAJILHBIA KOMIIBIOTEP, CIIOCOOHBIN BBIMIOJHATH MPOCTHIC
3amaun. Mcnonp3oBaHue OJHOW MHUKPOCXEMbI, BMECTO LIEJIOr0 Habopa,
KaK B CiIy4ae OOBIYHBIX MPOIIECCOPOB, MPUMEHSEMBIX B MEPCOHAIBHBIX
KOMITbIOTEpAX, 3HAUUTEIBHO CHUKAET pa3Mephl, SHEPTONOTpeOIeHUE U
CTOMMOCTb YCTPOMCTB, MOCTPOEHHBIX HAa 0a3¢ MUKPOKOHTPOJICPOB.

MUKpPOKOHTPOJIIIEPHI  ABJSAKOTCA  OCHOBOM I ITOCTPOCHMUS
BCTPAUBAEMBIX CUCTEM, UX MOKHO BCTPETUTHh BO MHOTMX COBPEMEHHBIX
npubopax, TaKuxX, Kak TeJle(OHbI, CTUPAIbHbIE MAaIIWHBI U T. II.
bonpmias  4Yacth  BBITYCKAaEMBIX B MHUpPE  MPOIECCOPOB  —
MHUKPOKOHTPOJUIEPHI.

Ha cerogusmuuii nenp cymiectByer 6Oonee 200 momudukarmit
MHUKPOKOHTPOJUIEPOB, coBMecTHMBIX C 18051, BBITyCKaeMbBIX JIBYMS
JeCATKaMU KOMITaHWHM, U OOJBIIOE KOJWYECTBO MHUKPOKOHTPOJUIEPOB
apyrux TUNoB. [lomynspHOCTBIO y pa3pabOTYMKOB TOJIb3YIOTCA 8-
outHbie MuKpokoHTposuiepel PIC ¢upmer Microchip Technology wu
AVR ¢upmer Atmel, mectaaaumatuoutaeie MSP430 dupmer Tl, a Taxke
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ARM, apxutekTypy KOTOphiX paszpadatsiBacT pupma ARM u npogaér
JULEH3UM APYrUM (pupMam 1Jisi UX IpOU3BOJICTBA.

AVR st10 cemeiictBo MK ot kommanuu ATMEL, pa3paboTaHHBIX ¢
y4€TOM OCOOCHHOCTEHN U yJ00CTBa HaNKMCaHus MporpaMM Ha sizbike Cu.

Iloyemy aisi Kypca BbIOpPaHbl MMEHHO MHKPOKOHTPOJLIEPHI
AVR?

DTO HEAOpOrue, MHUPOKO JOCTYIHBIE, HAJIEKHBIE, NPOCTHIE,
I0BOJIbHO ObicTpo cumTtatromme, MK. Kpome Toro, OONBIIMHCTBO
WHCTPYKIIUA BBITIONHAECTCS 3a 1 TakT - T.e. mpu dactore 10 Mg
BbITIONIHsAETCA /10 10 MJIH. MHCTPYKIIUI B CEKYHTY.

AVR wumeror pasButyro nepudepuro, T.e. HaOOp amnmapaTypbl
OKPYXAIOIIEH MPOILECCOP-BBIUNCIAUTENL B OJHOM Koprmyce MK wim
Ha0op BcTpoeHHbIX B MK 351eKTpOHHBIX YCTPOICTB, OJTIOKOB, MOAYJIECH.

OcHoBHbIe NapaMeTpbl AVR:

- TakToBas yactota J0 20 MI'1 ;

- BCTpOeHHBIN nporpammupyemsbiii RC-reneparop, yactora 1, 2, 4,
8 MI';

- Flash-TI3Y mnporpamm, mnporpammupyemoe B cucteme, 10 000
[IMKJIOB NEpPE3aIuncy;

- EEPROM panneix (100 000 1ukimoB) — OJOK, B KOTOPOM
COXpaHsAeTCs IporpaMma J1a>ke Mpu OTKIIOUYECHUH MUTaHUS;

- BayTpennee O3V co BpemeHem aocrtyna 1 TakT;

- 6 ammapaTHBIX KOMaH]T YMHOXKEHUS (JIIs1 ceMercTBa Mega);

- pa3BUTasl CUCTEMa aJipecallii, ONTUMHU3UPOBAHHAS JJi1 pabOThI C
C-KOMITWIISITOpaMU;

- 32 peructpa 00111er0 Ha3HAUYCHMUS;

- cuaxponubi (USART) wimm acuaxponnsii (UART) (B megab4 u
megal28 ux o 2) uarepdeiic;

- CHHXPOHHBIN TocienoBaTeNnbHbIi opT (SPI);

- nByxmnpoBoaHou untepdeiic TWI, coBmectumebiii ¢ unrepdeiicom
12C;

- MmHorokanaimeHeii PWM 8-, 9-, 10-, 16-Outapii HIUM-
MOYJISITOD;

- 10-6utneiid ALl ¢ nuddeperimatbHBIMU BXOAAMU,

- mporpammupyembiii koapdunnent ycuienus nepen AL 1, 10 u
200;

- BCTPOCHHBIA UCTOYHUK OMOPHOTO HarpspkeHus 2,56 B;
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- QHAJIOTOBBIM KOMITApaTop;

- CTOpPOKEBOU Tanmep - nepesarpyxkaet MK npu "3aBucanun',;

- HACTpanBaeMas cXema 3aJIep>KKU 3aIycKa Mocie NoAaud MUTaHUS;

CymectBytor AVR co Bctpoennbimu untepdeiicamu USB, CAN u
co BCTPOEHHBIMU paauo IpUEMO-TIEPENATUNKAMH. Ectp
cnenunanusupoBanibie MK AVR st ynpaBieHUs! 3JIEKTPOIPUBOJIOM,
anekTpoaBuratessiMu - cepust ATIOPWMXXXX.

OHU TMO3BOJSIIOT BBIMIOJIHUTH JIIOOYIO 3aJady JIHOOUTEIHCKOTO
ypOBHS (M MHOTME 3afadyu Mpo(EeCCHOHATBHOIO YPOBHS - 3TO XKE
cepuiinblii MK), OHM NOAAEPKUBAIOTCA CUMYJISTOPAMHU 3JIEKTPOHHBIX
ycrpoiictB Ha AVR - VMLAB unu PTOTEUS (oH Takke mO3BOJISET
cumynupoBaTth u apyrue MK cemeticts PIC, 8051, ARM7, Motorolla).

Takxe OHM UMEIOT JOCTATOYHO ONEPATUBHOM MaMsTH U MAMSITH JJIs
IporpamMM, UMEIOT MHOTO BBIBOJIOB (HOXKEK), UTO O4YE€Hb yn00HO. OHHU
uMeroT BcTpoeHHbIW RC reHepatop (TakTupyroiiee YCTpPONCTBO, C
4acToTO paboThl kKoToporo padoraer MK) m Moryr paborarh 0e3
BHEIIIHETO KBapIEBOIO0 T'€HEpaTropa - JIOCTATOYHO MOAATh MUTAaHHUE Ha
HOBbI MK 1 OH 3apaboTaer.

B pamkax mnabGopaTopHbIx paboT ucnoibdyercs oauH MK —
Atmegalt.

BuinoJiHeHHe pad0ThI

B pamkax nanHoi jnabopaTopHOi pabOThl HAUIIIEM MpOrpaMMy Ha
Cu nns MK, nenpro KoTopoi sBseTcss oOllee O3HAKOMIICHHE C
MeToauKou pabotsl B cpene Code Vision AVR.

WVHCTa/UISIIIMOHHBIA TTAaKET CBOOOJHO PaCIpOCTPaHIEMON BEpCUU
IPOrpaMMbl, PACCUUTAHHOW HA CO3JaHUE MPOTrPaMM, PE3yJIbTUPYIOLIUN
KOJI KOTOpBIX He mpeBbimaet 2 KoaitT, MoxkxHO ckadyaTh B MIHTEpHETE 110
anpecy http://www.hpinfotech.ro/html/download.htm.

Kak no Ha3sHaueHUI0, TaKk M II0 CTPYKTYpE H YCTPOMCTBY,
nporpamma Code Vision AVR odens nHanmommHaer AVR Studio.
['maBHOE OTJIMUKME — OTCYTCTBHE COOCTBEHHBIX CPEACTB OTIaiKu. Jlis
orinanku nporpamm Code Vision AVR mnonp3yercs OTIIaJI0YHBIMH
cpenctBamu cuctembl AVR Studio.

Hanee paboTaeM M0 aIropuTMYy:

o YcranapnmuBaem komrmuiasitop Code  Vision AVR B
aupekropuro mo ymordanuio C:\CVAVR
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o B mamke C:\CVAVR (rme y Bac JO/DKEH HaXOIUTHCS
kommmiarop CodeVisionAVR) cosnaiite manky z1 mis ¢aiinoB 3Toro
IIPOEKTA.

B komnunatopax n cumynatopax Bbl pabotaete ¢ npoektamu. [lpoekTt - aTo
HeKoTopas COBOKYMHOCTb (PalnrioB, OTHOCALLUMXCS K Ballen 3agade U pacrnofiaratoLmnxcs B
crneumanbHO cos3fgaHHon nanke. [pyu atom cparn onucaHns npoekta 06blMHO KMeeT
pacLupeHue .prj

CogerTbl:

1) JaBanTe nankam NpoOeKTOB OCMbICIIEHHbIE Ha3BaHus! Hanpumep: z1 - 3agava 1.

2) YoobHo pacnonaraTbe gannbl U KOMAOMAATOPA U CUMYNATOpa B OOHOW obLuen
nanke npoekta - Torga KOMMOMANATOP BblgaeT BbixogHble damnbl .hex .cof __.¢ a
CUMYNATOP MMEET K HAM SOCTYN AM151 UCMONb30BaHNA B CUMYNALUNA.

[Mpn aTOM Bbl OAHOBPEMEHHO 3anyckaeTe Ha [MK u KoMnunsaTop n CcUMynaTop u
nognpaBnB Ko B KOMMWUMSATOPE, 3aHOBO KOMIHLIMPYeTe MPOEKT W, MEepeknouMBLUMCE B
CUMYNATOP, TepecTpavBaere IMPOEKT W 3anyckaeTe CUMYISUMIO YK€ HOBOro BapuaHTa
NPOLLUNBKMN.

3) Cosgante B manke MpOeKkTa elle ogHy nanky, Hanpumep, Files n nomeliarnte B
Hee BCe AOKYMEHTbI, HalpuMep AaTalIuThI(OMHCaHus) N T.1I., OTHOCSLLUMECS K BaLLEMY MPOEKTY,

HO He ABMsLLMeCS dhannamm KOMNUIaTopa Unm cMMynaTopa.

o 3anyctute kKommwiasaTop. Jnas cosmanms (aiia mpoekrta
Haxxumaiire: File -> new -> project -> OK -> No .
. [lepeliguTe B CO3MAHHYIO IS IPOCKTA AnKy Z1 U BBEIUTE B

nosie "'file name': z1

o HaXXMUTE ''Save'' - OTKpOoeTCs OKHO KOH(PUTYpAIIK TIPOEKTA.

° nepeiiaute Ha 3akmanaky '"C compiler™

° BeIOepuTe MK (Chip) ATmegal6

° ycranoBute yactory TakTupoBanus MK (Clock) 1,0 MI'

o yoeaurech uto B okue ''File Output Format(s)" ectb COF u
HEX

Tenepb BCC OOJIDKHO BBIIVIAACTD TaK:


http://www.hpinfotech.ro/

1>, Configure Project z1_prj

Fies  CCompier | After Make |

Code Generation | Giobaly #define | Paths |

—SRARM
Chip: PANEEELS
= Data Stack =i
I:Ic'c:k:l'l 0aaaoa Z I MHz ;
Heap size:
Memony Model———
' Internal SRAk
) Tirwy
& Smal External SRA
[" Ezternal &
—Optimizefor——— ) ————
« Sige —Code Generati
" Speed Bit Wariables ¢
™ Pramnta e

e Haxmure OK.

.COF @atin cooepacum npuessxy k mexcmy npoepammsl na Cu (8 komnursimope CodeVisionAVR x

mexcmy ¢paiinia ¢ pacwupenuem __.C - m.e. K KONUu a He K CAMOMY UCXOOHOMY (ailiy ¢ meKcmom
npoepammel na Cu - ¢gaitny .C ) Kk codepacumomy ¢patina npowueku MK - .hex. Dma ungopmayus
nozeonsiem npu cumyasiyuu 6 VMLAB (uiu opyeom cumynsmope) nabniodams Osusicenue npocpammol

npsamo no Kooy Ha szvike Cu.

[Tepen BaMu TIOSIBUTCS] OTKPBITHIN TEKCTOBBIN (aitm Project Notes -
z1.prj B KOTOPOM BBl MOJKETE 3aIMCHIBATh CBOM 3aMEYaHHUS U MBICIIH
10 TIPOEKTY.

Tenepb HY)XHO cO34aTh TJIaBHBIM 11 HAC TEKCTOBBIM (ailn s
Habopa ucxoaHoro Tekcta Ha CH - ero paciuImpeHue .c

- Haxumaiite: File -> New -> Source -> OK. [losBuics daiin
untitled.c

- gaxxumaiire: File — Save as - Beeaure B noze "'file name': z1.c
U Ha)KMUTE Save.

HyxHo noGaBuTh co3maHHbiil ¢aiin z1.c B CIHUCOK (haiiyioB
IIPOEKTA.

- OTKpOHTe MeHI0 KoH(HUTypuUpoBaHUs Tipoekra: Project ->
Configure:

CodeVisionAYH - z1.pn - [CACYAYRYS

[ Eile Edit| Froject Took Settings ‘wind

El [le‘;l [% Check Syntax g

_D‘I: —

M avigator u Lompie F3

S €V Codevi 25 Make Shift+F9

EI@ Pro 9 Stop Compilation

o Irfarmatiarn
=5 Oth
@ Motes Chrl+M

®

B oOTKpBIBIIMMCS Juanore, Hy»XHO BbIOpaTh spibik ''Files™ u
Ha)kaTh KHonky ""Add"



X

i A |
=L | Add su:uuru.:e file to project
S —
4+ Move Up |
T love DDW:'

B noBoM nuanore, BbiOepute (aitn “z1.c" m nHaxmure "Open”.
Teneps (aiis1 BKIIOYEH B MPOEKT:

:", Configure Project z1_prj

Filez | C I:::umpilerl Aifter Makel

- Haxxumanre: OK

- MAaKCUMU3UpPYUTE (pa3BepHUTE) OKHO (haitna - z1.C

Tenepb BCe roToBO K COBCTBEHHO NMPOrpaMMMPOBaHUIO - T.€. K
CO30aHNI0 TEKCTa MNMporpamMmbl Ha A3bIKE Cu.

Hanucanue nporpammsel Ha Cu:

MunumanbsHas nporpamMmma Ha sizbike CH BBITJISIIUT TakK:

main() { }

Bcs mporpamma  CcOCTOUT W3  OJHOM CTPOYKHM U COJEPIKHUT
oOs3aTenbHyt0 Juisi nporpamMMmbl Ha Cu ¢QyHKIMIO: main (¢ aHIL
riiaBHas). OTa mporpaMma Oecrioyiie3Ha, OHa HUYEro He JIeJaeT, HO €€
MOYKHO CKOMITHJIUpOBaTh, HakaB KHoOmKy - ''make the project”

BBITIOJTHUTH TTOJTHYHO KOMITHJISALIMIO MMPOEKTA!
Help
N EAREY R B e T )

main() |

o b ake the prniectl

Ei

—

[TosiBUTCS MHDOPMAIIMOHHOE OKHO M COOOIIUT, YTO KOMITHUISIIUS
poria YCIICIITHO: Hu omuooK(Errors), HU
npexynpexaeHuii(warnings) ser.

Buvl nasepno Ooeadanucv, ymo Habupaemwvli mexcm nosensiemca 6 ¢haine Z1.C u ou oice

Komnunupyemcsi no knonke "“make the project”
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Ho uTto ynuBuTEnnHO, MporpaMma yxe umeer pasmep 92 ciopa uimu
184 oGaiita - 910 cocraBiasier 1,1% oObema mnamMATH TPOTPaMMm
BbIOpanHoro Hamu MK ATmegale.

3ariisiHUTe B NAaNKy HAlIero mpoekra - z1 - B pe3yabrarte
KOMIWIAUUY, TaM MOSBWIOCH MHOI0 HOBBLIX (pailsioB. B mporecce
pacIIMPEHHOMN TpaHCIALMU Nporpammbl popmupyercst He Toiabko HEX-
daiin, HO W Qailn TOM Ke mporpaMMmbl, MEPEBEICHHBIA Ha S3bIK
AccemOnep, a Takke crnenuanbHbii  ¢aiinm B COF-dopmare,
npeaHa3HAYCHHBIN s mepemadn mporpammbl B AVR Studio mns
omnaaku. Ilocne co3maHus M paclIMPEHHOM TPAHCILILUUA IPOEKTa €ro
IUPEKTOPUS OyIeT coaepkaTh (haiiibl CO CACAYIONIUMU PACIIUPEHUSMH:

z1.hex - ¢abin-npormuBka i "3arpy3ku’ 8 MK

z1 _.¢c -xonus ¢aiina z1.C 1yia cUMyISTOPOB

z1.cof - uH(dopManus CBs3bIBaIOLIAsl COJIEPKUMOE (PaiiioB
z1__.cuzl.hex.

Otu Tpu ¢aityia ynoOHO ucroab30Bath B cumyssitope VMLAB unu
PROTEUS u B npyrux.

HeoOxoaumbiM  jist peanbHoro MK sBiseTcss  juIib daiin
npomuBky - z1.hex

prj — daiin npoexra Code Vision AVR;

txt — daiin koMMeHTapueB. DTO MPOCTOM TEKCTOBBIM (haill,
KOTOPBIN BbI 3aNIOJIHSETE [0 CBOEMY YCMOTPEHUIO;

C — TEKCT nporpammsl Ha si3bike CH;

asm — rtekct mporpammbl Ha AccemOnepe (chopmmporan Code
Vision);

cof — dopmar mns mepenadyn nporpamMMbl B APYTAE CUCTEMBI IS
OTJIAJIKU;

eep — couepxumoe EEPROM (dbopmupyercss ogHOBpeMEHHO ¢
HEX-daitnom);

hex — pe3ynbTaT TpaHCISIIUK IPOTPAMMBI;

InC — dail-nonoHeHWe K TporpamMme Ha AcceMOiiepe ¢
OMMCAaHWEM BCEX 3apE3CpPBUPOBAHHBIX SYEEK U  OINPEACICHHEM
KOHCTAHT;

1St — AMCTUHT TpaHCIALIMHU IporpamMmMbl Ha AcceMOIepe;

Mmap — pachpeaeicHue NaMATH MHKPOKOHTpOJUIepa Ui BCEX
HepeMEHHBIX porpaMmel Ha CH;
Obj — oOBekTHBIN (haiin (MPOMEKYTOUHBIN (aii, HCIIOIb3yeMBbIit

IpY TPAHCIIALINN );
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fom — omnucaHue COJACPKUMOro IIpOorpaMMHOM maMsTH (Ta Ke
nHpopMarus, uro u B HEX-daiine, Ho B Bue TaOJIUIbI);

VEC — emnie OJHO JOMOJHEHHE K MporpamMme Ha AcceMOnepe
cojieprKalliee KoMaH bl epeonpee/ieHUs] BEKTOPOB MPEPhIBAHUM;
CWp — daitn moctpoutenst npoekta. CoAepKUT BCe MapaMeTphl,

KOTOPBIC Bbl BBCJIK B ITOCTPOUTCIIb

B npouecce nanucanua 6 meKkcme npoZpammol HEU30EHCHO U O00bLIUHO GO03HUKAIOM
owmuoxu. Komnunsmop evinoansiem KOMIUIAYUIO TUULb NPU OTMCYMCMBUL OUWUOOK, NPEeOYNPeHCOeHUs.

He mewarom npoyeccy KOMnuaiAyuu.

JaBaiite caenaemM OomIMOKY B TEKCTE MPOrPAMMBI U TOCMOTPUM, KaK
€€ HalTH.

JoGaBuM B TeJo QyHKIUH (3TO  MPOCTPAHCTBO MEXKAY
(GUTrypHBIMH CKOOKaMH { } T.€. YTO HAIMCAHO OT CKOOKH { 10 CKOOKH })
main omnepanuio ¢ JABYMS HE OOBSBIICHHBIMH TIEPEMCHHBIMA W HE
MOCTaBUM B KOHIIE TOUKY C 3aIlsITOM:

main () {
temp = papa + 2
}

Haxmure kHomky B,  9TOGBI KOMIHISATOP IPOBEPHI TEKCT
IpPOrpaMMBl.

AN AR =R 3K

I Check Sentas for all the project's files|

mainf) |
temp = papa + 2
'

o e oo ro o

Buuszy »skpaHa B oOkHe cooOmenuii - Messages - mosiBUTCS
cooOuieHue ToJabko 00 ojHoM omuoke.  CooOlleHHe COAECPKUT
Ha3BaHue (ailla U HOMEp CTPOKH, B KOTOpOH OOHapykeHa omnOka, a
TaK J>K€ KpaTKoe€ ONUCAaHWE OIIMOKU. AHAJOTUYHOE COOOIIEHNE
MOSIBUJIOCH U B OKHE HABUTATOPA IO MPOCKTY:
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Navigator
= &K CodeVisionAVR
= @ Project; 21
MNotes
= Zl.c
Included Files
Ay Giobal Variables
= -F{} Functions

= E Erors

.g 4 undefined.svmbol temp'
[31 Other Files y

Ecny 1IenKHyTh MO CCBUIKE, OyJeT MOJCBEYEHA CTPOKA B TEKCTE
nporpaMmsbl, cojepskamas omuoOky. KoMmmnuisitop npemaynpexaaer o0
UCIIOJIb30BAHUM B TEKCTE€ MPOrpamMMbl HEOIMPEACICHHOT0 CHMBOJA!
temp

Pa30epem 3Ty cutyanuio:
Pa3 Mbl Hanucanu temp creBa OT 3HAKAa =, 3HAYUT, Mbl XOTEJU

IMPUCBOUTDH temp KaKO€-TO 3HAYCHUEC, U 3HAYUT temp - 9TO IICPCMCHHAA.

OueHr BaxHO: B (Cwm B3HaK = &8BTO He BHaAK paBHo! BOro oneparop

npucBamMBaHWs 3HAa4dYeHMd clpaBa OT B3BHa~kKa = ToMy, 4YTO CTOMT cCjieBa OoOT

3Haka. IlosToMy 3amnuch:

HEe JIMHmeHa CMBICaa, Kak 9570 Ovyio OB B MATEMATHMKE, a O3HAYaeT
OyKBaJIBHO: B3STH BHAUYEHME I[IEPEMEHHOM X, HOO00aBUTE K HEMYy OEeCATUUHOE

yycso 3 M BanMcaTbe pel’ysbTaT OOpaTHO B HNEPEMEHHYH X.

B Cu kaxjaasi mepeMeHHasi J0JKHA ObITh O0OBSIBJIEHA MepeNn
HcnoJb30BaHueM! T.e. MBI JODKHBI COOOIIUTH KOMIIUJIATOPY, YTO
MOXET COAEpXKaThb dATa IMEPEMECHHAs MW CKOJbKO MaMATH HYXKHO

3ape3epBUPOBATH 0T HEE.
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HO,HpO@HO O IIepeMEHHBIX M TuilaX [HJaHHBIX BEI MOXeTe I[IpodyuTaTb B

help'e xoummmnsTopa - pasnen Variables wum Data Types. HamGosee wuacTo
nucrnose3yemen; B MK Turn: unsigned char - 6e3 3HaKOBBII, CHMBOJILHED,
MOXeT XpaHuTe umcsia or 0 mo 255 - 5710 ommH GanmT wmamu 8 OuT MM OIOUH

perucrtp 8-mm 6urTHOrO MK AVR.

Ecimn nepemeHHas X Orpula, HanpuMep, oOBsABIeHa Tak unsigned char
X; ¥ X mMmesia 3HavyeHue 254 TO mocisie CTPOKM

x =x + 3;

ee 3BHayeHme craHeT 1 (mecaruyHas enmHmIila), TakK KaK ecyu OpubaBisaTe 3
pasa mno enuHMIle, TO BHAYeHMe X OyHneT MEeHSITHCS TakK:

gHauane 255, zamem 0, u HakoHney 1

Obs3arensHO noyvmure 570! Tak MEHSITCS BHaYeHus B perucrpe 8-mu
6urHOrOo TamMepa MK, Korpa OH CYUMTaerT.

[Ipasuno: npu '"'nepenonnenuu’ ouanazona OONYCMUMbBIX 0714 NEPEMEHHOU 3HAYEHUIL
NPOUCX00Um nepexod Om MAKCUMAIbHO20 3HAYEHUS K MUHUMANbHOMY U 3ameM 3HAYeHUe
yeenuuugaemcs oanee. m.e. 255 zamem 0 3amem 1 3amem 2 u max oanee, no kpyzy. B oopammuyio
CHIOpOHY - ananozu4Ho!

He JuiIleHa CMbIcJa, Kak 53To Opuio OB B MaAaTeMaTMKe, a Oos3HauaerT
OyKBaJIbHO: B34Th 3HAUEHME I[IepPEeMeHHOM X, OoDaBUTb K HEeMy OeCaTUYHOE
UyCcJIO 3 M 3anMcaTbh pel3ysbTaT Oo0paTHO B IIEePEeMEeHHY X.

Ecnu B cBOMCTBaxX MpOEKTa Bbl HE YOUPAJIH rajJouKy:
¥ charis ur
TO MOXeTe mucath npocro: char Takmm o0pa3oM, moiydaem
CIIEAYIOIIUN TEKCT IPOrPaMMBI:

char temp;
main ()

{

temp = papa + 2
}

Mrl  OOBSABMIIM MEPEMEHHYK BHE Tejla KakKou—-jambo @QyHKImMu. Takwue

IIepeMeHHEBIe ABJIARTCA 106 aJ1EB HEIMK - T.E. JOCTYIIHEl MM  MOI'YT OEITE

MCIIOJIE30BAHE M M3MEHEHB B JIIOOOM MeCcTe IIporpaMMel, B Jir060M1 QDYHKHMVI.

X =X + 3;

14



Haxxmure kHONKY B 910681 KOMITUJIATOP CHOBA MPOBEPUI TEKCT
nporpammel. Ternepb KOMIWISATOp WHOOPMHUPYET O HE OOBSIBICHHOU
nepeMeHHoil — papa. OO0bsBUM TmepeMeHHyro papa. Ho He HoBoid
CTpOKOM, a B TOH ke, rAe oObsBwm temp. Kpome Toro,
WHHUIUAJIM3UPYEM €€, T.C. IPUCBOUM eil 3HAUeHH e NIPU 00 bSIBJICHUH -
gucio OXFE - ato 16-puunoe npencrapieHue ASCATUYHOTO ynuciaa 254

char papa = OxFE, temp;

B oOgHy CTPOKY MOXHO 3ammMcaTb OOBSBJIEHME  HECKOJIBKUX
IeEpEMEeHHBIX OXHOI'O THuIa dYepe3 3aniaTyio. Ilocjge HNocjaenHey He
B3abyngpTe [NOCTaABMUTE TOYKY C 3angTror. Ecau npu  OOBSIBIEHUMU
ryio6ajIbHOM [EPEMEHHOM He IIPUCBOMUTE €M 3HadyeHue, TO OHa Oyner
comepxats 0.

Coper: Bcerma mnpucBamBauTe SHAYEHHUS II€PEMEHHEIM HO MHX
MCIONBBOBaHNUSI — YTO6B TOYHO BHATEHE, YTO OHM COJEepxXaT, TaK Kak B
OPYT'HUX KOMOMJISTOPAaX NpaBuia ''mo yMoadaHwupo' MOryT O6HTE wMHBMu!

Tenepr 00e¢ Hamm mepeMeHHBIE 03 3HAKOBBIC, CHMBOJIbHBIC, TTPH
ATOM

temp conepxut uncimo 0

papa coaepXuT (XpaHuT) 3HaUeHUE 254,

Haxxmute KHOMNKY B| Kommmmitop coobmaer HaM 0
NPOIYIIEHHOM CUMBOJIE |

O6parure BHHMMaHMe: KOMIMIATOP yKa3EHBAE€T HA CTPOKY HUXE,
yeM Ta, I'ge MEl 3a0BUIM HOCTABUTE TOUKY C 3alsdToH.

3HaK ; HY)KHO MOCTaBUTh MOCJIE YKCIa 2 - BOT TaK:

char papa = 0xFE, temp;

main () {

temp = papa + 2;

}

Tenepb mpoBepKa MporpaMMbl HE BBIJAET COOOIECHUM 00 OmMOKax
U MOXXHO BBITIOJIHUTh TOJHYH KOMIIWJIAIMIO IIPOTpaMMbl, Ha)KaB

KHOIIKY:
200
b ake the |

Haxkonen B mHOOpMAaIIMOHHOM OKHE MBI BHIAUM, YTO OITHOOK HET U
pasmep mporpammbl ctanmr 99 cmoB wim 1.2% mamsaTa mporpamm
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ATmegal6. IIporpamMma TMOJHOCTBIO TOTOBAa JUISl «IPOIIMBKH» B
peanbHbI MK.

TpeGoBaHus K 0TYETY

OT4YeT NOMKEH COJIEPKAaTh CIACAYIONIUE Pa3IEibl:
TUTYynbHBIN TUCT

[{enb paboOTHI.

Kpatkoe onucanue mukpokoHTposuiepa Atmega 16.
Kpatkoe onucanue cpennt CodeVision AVR.
BrinosiHeHue paboThl (C TEKCTOM MPOTrpaMMBb).
BriBoabL

Sk whE

KoHTpPOoJBLHBIE BOIPOCHI VI CAMOCTOATEJILHON PAOOTHI

1. YTo Tako€ MUKPOKOHTPOILIEP?

2. Ha3oBuTe  OCHOBHBIE  COCTAaBIISIOIINE  APXUTEKTYPHI
MUKPOKOHTpoJuiepa?

3. Ha3oBuTe OCHOBHBIE NIPEUMYIIECTBA MHKPOKOHTPOJIICPOB
AVR?

4, JI7g KakoM 1eny KCIOJb3yeTcs KBaplUeBbl reHeparop. Ha
KaKHX 4acToTax OH paboraer?

S. CKOJIBKO perucTpoB 00111ero Ha3HaueHus ecth B Atmegal6o?

6. UYto Takoe EEPROM. Kakoii ero pazmep?

7. Ckoubko TaiimMepoB ectb y Atmegal6. [ns kakux uesneit oHu
npeIHa3HAYEHbI ?

8. Kakve wuHTEpdeichl CBSI3W € BHEINIHUMU YCTpPOMCTBAMHU
cyliecTByoT Ayt Atmegal6?

9. Kakue BO3MOXKHOCTH €CTh [Ji1 paOOThl C aHAJIOTOBBIM
CUTHAJIOM?

10.  Jlusa yero ucnomnb3yercs hpyHkius Reset?

11.  Yrto Takoe KOMOUIATOp?

12. Kakue cpenpl sl pa3pabOTKU  TporpamMm s
MHUKPOKOHTPOJUIEPOB CYIIECTBYIOT?

13.  Kakwue (ailsibl cO31at0TCs MPU KOMITWISIIIUU TIPOCKTA B CPEJIe

Code Vision AVR?
14. Yro comepxkat Qaiinbl ¢ pacmupenusmu .Cof, .c, .hex, .asm?
15.  Yro Takoe Teno GpyHKIUN?
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16.  Omummute BO3MOXkHOCTH uHTepderica cpeasl Code Vision
AVR?

17.  Kakue CYLIECTBYIOT THIIBI IIEPEMEHHBIX TUISL
nporpammupoBanug MK?

18.  Kak mpoucxoauT WHUIIMATU3AIINS TIEPEMEHHBIX?

19.  Yewm omimuaroTcs riao0aabHbIe EPEMEHHBIE OT JTOKAIbHBIX ?

20. Kakuwe orpaHduyeHusi CYyIIECTBYIOT TpU  HalKUCAHUU
nporpamm st MK?

17



JlabopaTopnasi padora Ne2

OPTAHU3ALIMSA CBETOAMOJIHON UHIUKALIUU C
UCIMOJIL30OBAHUEM MUKPOKOHTPOJLIJIEPA ATMEGA

Ienv pabomur:
1) O3HakOMJICHUE C TIPUHIMIIOM PaOOThI IOPTOB MHUKPOKOHTPOJLICPA.
2) Hanmcath mporpamMmy, OpTaHU3YIOIIYI0 padoTy IBYX CBETOIUOIOB OT
MK Atmegalo.
3) Ilo3HakOMUTBCS €O cCpemnod cuMylsimuA Tporpamm  Proteus.
OcymiecTBUTh CUMYJISIIIAIO TPOTPaMMBbI
Ob6vexkm uccneoosanus: MUKpokoHTposuiep Atmegalo.
Annapammnsle cpeocmea: BUpTyaibHas Jlaboparopus Ha OBM IBM
PC, nporpammusiii naker CodeVisionAVR — kommuisatop Cu s AVR
MUKPOKOHTPOJUIEPOB, MPOrpaMMHBII nakeT Proteus — cpena cumMynsiuu
pabOThl MUKPOKOHTPOJUIEPOB U JIPYTUX AJIEKTPOHHBIX YCTPOUCTB.

Kparkue TeopeTndeckue cBeleHUsA

B nmannoit nmabGopatopHoii paboTe opraHu3yercss padora JBYX
ceeroauonoB or MK Atmegal6. [Ipu sTom, oauH CBETOAUO] TOPUT TIPU
Hamuuuu nutanus Ha MK, BTopoll — paboTaeT 1O aaropuTMy,
3a1aBa€MOMY MOJIb30BATEIEM.

Takum 00pa3zoMm, B 3TOMl paboTe paccMaTpPUBAIOTCS aJITOPUTMBI
BbIBOJIa curHasia Ha nopTel MK. TTopt B MK — 3T0 8 HOXEK Win JTUHUN
BBOJa-BeIBOa (BBIBOAOB MK wmiau 10 wmimu 1-O wmimu 1/O), umeromiue
uHauBUayansHble HOMepa oT 0 mo 7 m obmryro 6ykBy A, B, C, D, ...,
OTJIMYAIOIIYIO 3TOT HOPT OT APYTHUX.

Kaxnaeiii mopt B MK nmeer 3 COMOCTaBICHHBIX €My pErucTpa.
Hampuwmep, noprt B:

DDRB — 3naueHne OUTOB B 3TOM PETUCTPE OMpeAcIsieT ueM OyieT
HOXKKa JTOr0 IOpTa C HOMEPOM OTOro OuTa — HavyajabHOEe (TIpHU
BKiroueHuu MK unu nociie cOpoca) 3HaueHue «0» — HOKKA BXO, €CITU
caenath OUT = «1» (roBopsT: ycTaHOBUTH 0UT anri. Set bit ), To sTa
HOKKA cTaHeT BbIXoAoM. Craenath OMT = «0» — TOBOPST: COPOCHUTH
nam ounuctuth ouT anrs. Clear bit

PINB - O6uthl 3TOrO peructpa mokaspiBatoT 4eM («1» umu «0»)
cuutaet MK HampspkeHHME Ha HOXKKE MOpTa C HOMEPOM ATOro OuTa.
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(OroT pernctp B Atmegal6 HY)KHO TOJBLKO YHMTATh, 3alHCHIBATh B
HEro 4To-JIM00 OECIIOJIE3HO).

PORTB — Out storo peructpa HyxXHO caenath «1» wumm «0y,
4TOOBI HA HOXKKE MTOPTa C HOMEPOM ATOro OuTa nosiBuiach «1» mmm «0».
[Ipu sTom Takoii ke Outr peructpa DDRB nomxken Obith «1» — T.e.
HO’KKa JIOJDKHA ObITh BbIXOAOM. Eciu oHa cKOHQUTypHpoBaHa Kak BXOJ
(T.e. e€ outr B peructpe DDRB ouwiien unu paBeH HyJ0) - TO €Cld
OuuIeH U cooTBeTcTByrOmuUl O6ut B peructpe PORTB Hoxka Oyner
BBICOKOMMIICTAHCHBIM BXOAOM (Z-COCTOSIHHE, BXOJ C OYCHb BBICOKHM
BXOJHBIM compotuBjicHueM Oojee 10 Mowm), a ecimm OUT B perucrpe
PORTB ycraHoBIeH, T.e. paBeH «1» TO BKIIIOUaeTcs «moaTsokkay (pull-
UP) BBICOKOMMIIENAHCHOTO BXOoAa K  Iumocy mnutanus MK depes
BCTpoeHHBIN pe3ucTop npuMepHo 40 KOM — HOXKKY Kak-Obl COSUHSIOT
TaKUM pe3ucTopom ¢ nutanuem MK.

Ha  pucynke mpeacrtaBieHa  ympoiueHHas  (0e3  ydera
JOTIOJITHUTEIbHBIX (YHKIIMHA 3TOTO BBIBOJA) cxema BbiBojga  PBI,
MOSICHAIONIAs JIOTUKY €ro paOOThI:

Ol
9
Z
-

PORT B.1

DDRB.1

Hanpsoxkenne Ha BweiBoge PBl ¢ 3amepxkoit B 1.5 Takra
npeoOpaszyerca B JIoTUueckue ypoBHU «l1» miu «0», KOTOpbIE MOXHO
npountath B peructpe PINB sto 6ut 1 unu PINB.1 B CVAVR

bur 1 B peructpe DDRB ympapnser nepekioyaTeneM — Ha
PUCYHKE TMEpeKIoyaTelb TMOoKa3aH B MOJIokeHWH OuT 1 paBeH «O».
Jlvon Ha cxeme uaeanbHbI — 3HAYuT eciau 6ut 1 B PORTB Oyaer Toxe
paBeH «0» To BbiBOJ PB1 Oynet BBICOKOOMHBIM BXOJIOM.

A eciu outr 1 B PORTB caenars «1» to BeiBoA PB1 uepes nuon
u pesuctop 40 Kom noaxmrountcs k nutanuto MK — T.e. ctaneT Bxogom
C MOJTSIKKOM.

Eciu 6ut 1 B peructpe DDRB chenats «1» mepekitodarenb
U3MEHUT cocTosiHue U 3HadeHue Out 1 B PORTB Oyner BhIBOAUTCS
npsimo Ha PB1 — Teneps 310 OyneT mpocTo BHIXO/I.
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Tabmuia cocrostHuS HOXKA MK

CoCTOAHKE
3HadeHe BTa_x
ecieoga MK
[NporparMma MoxeT TonekD
YMTaTE 3TOT GMT ! [Nporparmma ynpaenaeTt
(OTNKYKA ANA HEKOTORLX STHMK BHATEMK DB
K. onMCaHE ERIWE)
| PINE. ¢ | DORBx | PORTB.Xx
BICOKMA Nor, ypoEeHE
{EEIEOA, HaH Dbl
1 1 MOACOEAMHEH K
MAT SHKED WIH
LIESACTODOM
i okono 20 O}
Hid=ra4i nor, ypoEEHE
{EelB0A Hak Dbl
0 0 sa3EMNEH
LESACTODOM
okono 20 O}
onpeaenseTcs MoaTAxea - pull-up,
BuiEog Hak Gbi
TONbKO peasnbHbIM ) e T
HarpA-HeH1eM AT aHKHD [IH,
Ha HOXKe MK ! YEpES
0 pezucTop 40 KoM
HanpAaxeH9e
npeotpazyetca e "1" Z-COCTOSHME.
M "0 No Npree geHHEIrM 0
BEILLE NMASEIMNAR. BieICOKDOMHEIR EX04

Takum o6Opazom, 32 Hoxku |O Mukpokontposiepa Atmegal6b
MOTYT OBITh MPOrPAMMHO W HMHAMBUIYAIbHO CKOH(PUIYpUpOBaHBI (U
nepeKoH(UTrypupoOBaHbl 0 MEPEe HEOOXOIUMOCTH) KaK:

1) BxoamI ¢ BeicokuM (Oosiee 10 MOM) BXOAHBIM COMPOTHBIICHUEM (1151
HanpsbkeHuit ot 0 1o Hanpsokenust nutanusg MK) wiu Z-Bxox

2) BXOBI 110 I1.1), HO ¢ TIOJKITIOYCHHBIM BHYTPCHHHUM IOATATHBAIOIIIM
pesuctopoM Ha + mutanuss MK (HomMuHan pesuctopa npumepHo 40
kOM)

3) kKak BBIXOJBI CIIOCOOHBIE 00eceunTh TOK 10 20 MA (HO OOIIHIA TOK
Ha mopT Toibko o0 80 MA, a Tok Bcex moptoB g0 200 MA B DIP
KOpIyce)
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Basxcno: smu 32 noocku MK umerom u OononHumenvbHoe (HYHKYUOHATbHOE
HazHavenue onucannoe 6 J[LII u knueax - onu AGIAIOMCA 6X00AMU-8bIXOOAMU
(nuwym: 10 unu 1/O ) u onsa ycmpoiicme nepugpepuu MK. U npu axmusayuu
KaKko2o-1bo nepugeputinoco ycmpoucmea MK npocPamMmo,
coomeemcmeytoujue Hoxcku MK aemomamuuecku Konguaypupyromes max, Kax
mpebdyemcsi 011 NPAsuIbHOU padomvl 3mMo20 YCMPOUCMEA He3ABUCUMO OM MO20,
KaK OHU Obliu CKOH@Ueypuposanvl paree. A nocie omxutOueHus yCmpoucmea ux
KOH@ueypayus cmanem makou, umo Oblla 3a0aHa NOCleOHel NO MeKCmy
npocpamMmbi.

BrinosiHeHHne padoThI

PaccmoTrpumM, Kak TporpaMMHO peajan30BaTh KOH(PHUTYPAIHIO
noptoB MK, a Takke Kak OCyIIECTBUTh BBIBOJI CUTHaJIA HAa HOXKA MK.

Pa3paboTky 11000ro 3J€KTPOHHOIO YCTPOMCTBA HY’KHO HAUMHATH
C NOCTAHOBKHM 3aJauM. OTO JenaloT B Bujae 13 - TEXHHMYECKOIO
samaausa.  ChopMynupyeM TeXHHWYECKOE 3aJaHWe IS HAIIero
YCTPOWCTBA:

Pazpaborate ycTpoilcTBO Ha MukpokoHtpoiiepe ATmegalo,
KOTOpoe OyAeT OCYIIECTBIATh MEPEKIOUCHHE CBETOAMONA  C
uHTEpBaIoOM B lc.  YCTpoHCTBO ~ THUTaeTCs  IMOCTOSHHBIM
CTaOUJIM3UPOBAHHBIM HaIpsHKEHUEM oT 3,3 110 9,5 BOJIBT. TaKTHPOBAHKE
MK ocymiecTBisieTcss OT KBapIlieBoro pesoHaropa ¢ yacrtoroir 4 MI.
Jns maaukanuu Hanuuug nutanuda Ha MK ucnonb3yeTcs CBETOAMOLI.
Juonpl MOOKIIOYAIOTCS OT HOXEK rmoprta A dYepe3  TOKO-
OrpaHUYHUTEIbHBIE PE3UCTOPHI K 3emiie MK.

Brinmonnenue paboThl HauMHAEM C CO3/aHUSL CXEMbI, KOTOpas
(U3UYECKH MOXKET BBITIOJIHUTH TO, UTO HamucaHo B T3.

1) Keapu Ha 4 MI'm nogkmouaeM k Hoxkkam MK XTALL u XTAL2 u
AT HOXKHU 3a3eMyisieM KoHjaeHcaTopamu mno 22 nd Ha HOxkky GND
Homep 11.

2) enaem menb copoca MK - RESET. Jlns aToro HOXKy 9 3a3emiriem
koHgeHcaropom 0.1 Mx® na Hos)kky GND nomep 11.

3) Hoxxku 30 u 32 coenunsiem ¢ Hoxkoi 10.

4) Hoxky 31 ¢ HOXKO# 11.

5) INMuraane MK mnonaercst Tak: 0 Ha HOXKY 11 u +5 BOJIBT Ha HOXKKY
10.

6) ITocraBbTe O0KHpOBOUHBIN KOHIeHCaTOP 0,1 MK®D Mex Ty HOKKAMH
10 1 11 nnsg ¢puapTpanmy BO3MOXKHBIX TTOMEX.

7) CBeTono bl MOAKITIOYAOTCS YepToukaMu K HoxkkamM MK 39 u 40. K
JIPYTUM BBIBOJIaM CBETOAHMOJIOB MOJCOCIUHSIIOTCS pe3ucTopbl oT 470 mo
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750 Om - wux Toxke Oymer 2 - BTOpBIC BBIBOJBI PE3UCTOPOB
nogcoeanustorca kK 3emiie MK - Hoxxkka 11. B co3maBaeMbIx cxeMax
PEKOMEH/IYI0 BCErja MCIOJIL30BaTh OJMH CBETOAMOM MJIA WHAUKAIUU
Haanunsa nutanust Ha MK, oObrdHO ero moakmtouaroT K 40 Hoxkke MK
(uu x PortA.0).

CrnenyromuMm 3Tanom co3nanug ycrpouctB Ha MK saBisercs
CO3JIaHNE AJTOPUTMA _NPOrpaMMbl, KOTOpbIA 3aCTaBUT paldOTaTh
CO3JTAaHHYIO CXEMY, BBINOJIHA 13.

Aneopumm - 3mo onucanue nocie008amenbHOCMuU U J102UKU uazo (Oelcmautl) npuoosuux K
HysrcHoMy pesyrvmamy. On He 3a8ucum om s3bIKa NPoepaAMMUPOBAHUsL U MOJCENm ObIMb 3aNUCAH :
- epaghuyecku, ¢ NOMOUbIO CHEYUATLHOU NPOSPAMMYBL, TUOO OM PYKU.

- l’lC@@dOKOaOM, m.e. OObIYHBIM MEKCIMOM.

Mp1 HamMIeM ajJropyuT™ B BUIE TICEBIOKO/IA.

a) CTapT MPOTrpaMMbl

0) cmenath HOKKH MK, K KOTOpPBIM TOAKJIIOUEHBI CBETOIUOMIBI
BBIXOJAMHU.

B) nociaTth Ha BeIxoJ MK 40 eaunuily (opraHu3yeM HHIUKAILIUIO
nutanus MK).

r) nociark Ha Bbixod MK 39 egunuily (B 3TOM NyHKTE U Jajiee
opranusyeM padoTy ynpaBiIIEeMOTO JUO0/a, TUO HAYNHAET TOPETH)

1) KIaTh 1c

¢) nocyath Ha BeixoJ MK 39 Houb (1Mo riepecTaeT ropeTh)

K) )KaaTh lc

3) MEPEUTHU K MYHKTY T)

Jlanee HYXHO 3alMcaTh _AJTOPUTM _HA BbIOPAHHOM _sI3bIKE
nporpamMmmupoBanus. Mbl 0ynem ucnoas3oath Cu g MK.

CoszgaauM HOBYIO Hanky ajis Hamiero mpoekra C:\cvavreval\Laba2.

Haiee otkpeiBaeMm CodeVision. Co3ziaeM HOBBIH HPOCSKT, HAKUMAEM
CodeVisionAVR - laba2.prj

File Edit Wiew Projeck Tools 5
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file:///D:\AVR\Kyrs\05.htm

B cnenyroimemM nuanoroBoM okHe BbIOMpaeM Project u Haxumaem

Ok.

i" Create Mew File

Jlanee BaM mpemyiaraercsi MCHOJIb30BaTh T'€HEPATOP HAYAIbHOIO
koga CodeWizardAVR, naxumaem YES. Ilpu Hanumcanuu mporpamm
st MK ouenb y100HO MCIIOIB30BaTh FeHEpaTop HavajbHOrO Koja. OH
MO3BOJIIET OYE€Hb MPOCTO CcKOH(purypupoath MK mnox 3amaun,
peanu3yromuecs B mporpamme. Mtak, ecinm Bce ClIeaHo MPaBUIIbHO, TO
1epe]l BaMHU MOSIBUJIOCH CIIEIYIOIIEE OKHO.

£ CodeWizardAVR - untitled.cwp

Namenssem turm MK (chip) ma Atmegal6, u BBEIOMpacM YacToOTy
kBantoBanus (clock) 4MI'm. J[lanee mepexoauM Ha BKIAIKY ITOPTHI
(ports). Kakx ™Mbl BuUauM, BCE TOPTHI IO YMOJYAHHUIO HAa3HAYCHBI
BXoAaMu. B Haiieit 3agaue Ham HY>KHBI 2 BeixoAa — 40as u 39ast HOXKKHU
MK wimu Outbl HyneBod u mepBbli mopra A (PortA.0, PortA.l),
MI03TOMY Ha3HAa4YaeM COOTBETCTBYIOIIHME OMTHI OpPTa A BhIXxomaMu. Jlis
9TOTO KJIMKAaeM Ha HaAMUCAX |N HanpoTHB HYXHBIX OWTOB, BHJIUM, YTO
npu 3ToM In mensiercs Ha Out.
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#+ CodeWizardAVR - untit led.cwp £+ CodeWizardAVR - untitled.cwp
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Takum 00pa3zoM, Mbl ONPEETWIIN, YTO B HaIIEH nporpamMme OyaeT
ucnonb3zoBad MK Atmegal6, nporpamma B HeM OyAeT BBITIOIHSATHCS C
gactotor 4MIn, Bce HOokkn MK, kpome 39 u 40 saBusrorcs
BBICOKOOMHBIMHU BXOJaMH, HOKKH ke 39 1 40 — BEIXOBI.

Nlanee naxumaem File - > Generate, Save and Exit. B
MOSIBUBIIEMCS OKHE BBIOMpaeM Mamnky AJisg COXpPaHEHHUsI MporpaMMbl U
Ha3bIBaeM Hauny nporpammy. [Ipyu 3ToM COXpaHSAIOTCS U TEHEPUPYIOTCS
3 Tuna ¢$aiaoB, COOT-HO U COXPAHATh KKl pa3 mpuaercs 3 pasa.

MakcuMuzupyite OKkHO ¢ana ¢ paclIMpeHHeM .C. Bbl BUAUTE 4TO
4acTh MPOTPaMMbl YK€ creHepupoBaHa. BHavane (uoieToBBIM IIBETOM
HanucaHbl KOMMEHTapuH. 37€Ch OINUCHIBACTCS T'€HEPATOP HAYaJIbHOTO
KOJla, Ha3BaHUE MPOEKTa, TUIl MCHOJIB3yEeMOro YCTPONCTBa, 4YacTOTa
KBAaHTOBaHMS U T.1. Bce roToBO Mg HamMcaHus HalIel MPOTrpaMMBbl.
Bbynem nBuratbcsi Mo CO3JaHHOMY HaMU aJrOPUTMY.

a) crapT nporpammel B MK nporpamma ctapTyeT aBTOMaTHYECKH
rnocye nmogauyy nutadua U Haauuuy 1" Ha Hoxke RESET. T.e. ma Cu
HUYEro CHENUabHOro mucath He Hajo. Ho Mbl Hamuiiem TO, C 4ero
OoObIYHO HauMHaeTcsi nporpammMa Ha Cu. A mnporpamma Ha Cu
HAYMHAETCH C JUPEKTUB Mpenporeccopa (3TO TOT KTO TOTOBUT TEKCT
porpaMmbl K Komnuiisinuu ). Hanpumep, B Haiiem cirydae:

finclude =megalé_h>

Ff Declare your global wariahles here

#include<> - o3nauaet, 4TO BMECTO <....> MPEMPOLECCCOP AOIKCH
IIOJICTABUTh TEKCT (paiiya - megal6.h - B Hem onmcansl peructpsl MK n
24



nMeHHO ATmegalt, yToObI KOMIOUIATOP 3HAI UX (PU3MYCCKHUE aapeca B
MK.

[Tocne 3naka // B Cu MayT KOMMEHTapuu. B KoMIuasTope npu
TeHEepaIuy CO3Jal0TCS CTPOKH ¢ TAaKUMH PEKOMEHIIAIMSIMU, HApUMeEp,
JaHHAs CTPOKa PEKOMEHIYET OIpEeIeiuTh IJIOoO0aIbHbIE IepEeMEHHBIS
BaIlleii mporpamMmbl Hbke Hee. 11ob30BaThCsl TAKMMH KOMMEHTAPUSAMHU
O4Y€Hb YA00HO.

IIommmMmo sTOIO0, A PEKOMEHAYKN BaM OCTaBJIATE CBOM KOMMEHTApMy IO Mepe
COBgaHmAa InporpamMM, HAlprMep, I[IPOINMCEIBATE KaKad I[IepeMEeHHAasd 3a 4YTO oTBedaeTrT.
HpM COBgaHmy CJIOXHEIX IHIporpaMM 3aTeM 5yﬂeT JIET' KO BCIIOMHUTEB, 4YTO BBIIOJIHAJIOCHE
B TOM MJIM MHOM ydacCTKe IIPpOI'aMME!.

EcJjim BEI, BOpYyI', pelmnjiy IIOMEHATHE THUII MK wmiim yacTroTrTy KBAHTOBaAHMA, TO 395TO
MOXHO cpejiaTe, lIeJIkHyB Project - > Configure

Crenyromui mar ajJaropurma:

0) crmenate HOXkM MK, K KOTOPBIM IOIKIIOYCHBI CBETOAMOJIBI,
BBIXOJIAMH.

Paccmotrpum ocHoBHYIO mporieaypy (main). Hauwnraercs oHa ¢
MHUIMAIN3anY TopToB. Hac mHTEpEecyeT mopT A, BUAMM, YTO JIJIsI HETO
OIPEJIEIICHO CIEIYIOIIEe COCTOSHUE PETUCTPOB:

PORTA=0x00;
DDRA=0x03;

OOpatumcsi K TaOJuIle UCTUHHOCTH PETHCTPOB MopTa (CM. B
KpaTKoll Teopuu), BUIUM, 4YTO B HaiieMm ciydae peructp PortA
conepkut 0, COOTBETCTBEHHO Bce OUTHI ATOro peructpa (Hoxku MK ¢
33 o 40) MoryT ObITh 100 BHICOKOOMHBIMH BXOJAMH, JTUOO BBIXOJIAMHU
C BBIXOJIOM HHU3KOI0 jorudeckoro ypoBHs. Peructpy DDRA mpucBoeHo
3HaueHue 0x03. Takum o0pazom B 1aBa OuUTa JAaHHOTO pETUCTpa
3anucaHa 1, T.x. 3 B nBonuHOM cucteMe 310 11, eciu Obl MBI XOTEIU
clenaTh, HampuMep, emie OMT2 BBIXOJ0M, TO HY)KHO ObLIIO OBl 3aIucaTth
B 3TOT PETUCTP YUCIO /, T.K. / B ABOMYHOM cucteme 310 111 u 1.1.

VY Bcex octanbHbIX TOPTOB B peructpbl POrtX n DDRX 3anucanbl
Hynu. Takum oOpa3oM, 3TH TOPTHI OMNpPEETeHbl KaK BBICOKOOMHBIE
BXO/JIbI.

Jlanee uner MHULMATU3ALNS TAMMEPOB U Pa3IMYHBIX alMapaTHBIX
¢bynkuuit MK. O HuX OyaeT uaTy pedb B MOCIEAYIOMINX JJa0OpaTOPHBIX
paboTax.
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3areM UET HHTEpecylollas Hac nporeaypa — npoueaypa While (1)
{ } Kon B aT0M nporieaype BBIIOIHSASTCS oKa ecTh nuTanue MK.

IIyHKTBI B) M I) alroputMa CXOIHbI MO HanucaHurw B Cu,
nodTOMy O0OBeaMHUM WX. BHavane momaem HampspkeHue Ha Bbixon 40,
HAITOMHIO, YTO 3TO BBIBOJI MHIUKAIIUY TTUTAHHMS.

PORTA.O0=1;

T.e. B 31Ol cTpoOKe HysneBoMy OUTY nopta A munu 401 HOXKKE, €CIH
CMOTpPETh IO PACIMHOBKE IPUCBAMBACTCS €AWHUIIA. AHAJIOTHYHO JIJIS
39011 HOKKHN

PORTA.1=1;

n) :xkaate 1c B Code Vision AVR mpexycMoTpeHa craHaapTHas
GyHKIOMS IS OpTraHW3allik BPEMEHHOM 3aJepKKU C 3aJ1aBacMbIM
MHTEepBaJIoM 3a/iepKku — GpyHkius delay. OHa 3amuchIBaeTCsl TaK:

delay ms (1000) ;

Delay — 5310 coOctBeHHO cama (YHKIUS, dYepe3 HUXKHEe
MOUCPKUBAHUE _ YKA3bIBAIOTCS CAMHUIIBI U3MEPEHUS, B HAIIEM CIIydac
ATO MHJUIMCEKYHJIBI, HO TaKXXe€ B ATOW (PYHKIIMH MOTYT HCIIOJIb30BaThCS
MUKpPOCCKYHIBI(US). B CKOOKax yka3pIBaeTCs BPEMEHHOM MPOMEKYTOK
sanepkkn (1000). 1000mMc=1c, 4TO 1 HY)KHO HaM IO aJIrOpUTMY. Takxke
IUISL UCTIONB30BaHUS 3TOM (YHKIIUU K MPOEKTY HYKHO MPUKPETIUTH (haili
C ONMMCaHWeM JlaHHOW GyHKIMU. JlenaeTcss 3To cpasy mociie CTPOUYKHU, B
KOTOpOM B TIPOEKT BKJIIOYaics ¢aitn ¢ omnucanuem Hamero MK
CJIETYIOIITUM 00pa3oMm:

#include <megal6.h>
#include <delay.h>
// Declare your global variables here

e) mocjaath Ha BbIxoa MK 39 Houab(amoa mepecraer ropetsb).
Kaxk BBINMOTHUTH JAHHBIN MYHKT, 5 TyMalo, YK€ MOHSITHO:

PORTA.1=0;

T.e. mbl mockutaem O B OuUtT nmopra A, COOTBETCTBYIOUIUN 39 HOXKKE
MK wnu 6utyl nopra A.

) K1aTh 1¢. BbINOMHEHNE 3TOrO MyHKTAa aHAJIOTUYHO MYHKTY JT)
CTPOUYKY MOXHO MPOCTO KOMUPOBATh, KaK B OPUCHBIX MPUIIOKECHUSIX.

3) mepeiMTHM K NYHKTY I) /{1 BBINOJHEHUS JaHHOTO MYHKTA
HUYEro MucaTh B MPOrpaMMe HE HY)KHO, TIOCJIC BBITIOJIHEHUS MOCTIEIHEN
CTpoKkM mporpammbl B Tenme ¢ynkmuu  While(1), mnporpamma
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ABTOMATUUYECKU BEPHETCS K MEPBOM CTpOKe Tena 3Tol GyHKuuu. Takum
00pa3oM MOJYUYHUIIH CICAYIONIUNA JIUCTUHT IPOTPAMMBbI;

24 finclude “megalé. h> e

25 finclude <delay.h> | BN while (1)

26l void main (woid) B0 {

2F | GBIl roRTL.0=1;

280 romTA=0x00; b roRTA_1=1;

298 DDRA=0x03; B3l delay wms(1000);
208 ronTE=0x00; B4l ronTa_ 1-0;

J1@ DDEE=0x00; Bl d=lay wm={1000);
J2@ PORTC=0x00; BB };

J3l DoDEC=0x00; Gl }

J48 PORTD=0x00;
258 DDED=0x00;

J6@ TCcoRo=0x00;
3@ TCNTO=0:x00;
J8l ocRo=0:x00;

J9@ TCcCoRlA=0x00;
40 TCCRIE=0x00;
41@ TCHNT1H=0x00;
478 TCNT1L=0x00;
438 ICR1H=0x00;
448 IcR1L=0x00;
458 OCR1AHM=0x00;
460 OCR1AL=0x00;
478 0CER1EH=0x00;
450 OCR1BL=0x00;
498 LEsR=0x00;

ol TCocRE=0x00;
51 TcHuTEz=0x00;
2@ ocRE=0x00;

3l MCUCE=0:x00;
4@ MCUCER=0x00;
S5l TIMSE=0:x00;
6l LCER=0xE0;

5@ sFIOR=0zx00;

31ech CrenraibHO HET KOMMEHTapUeB, YTOOBI MOKa3aTh TOJBKO
HY)KHbIE CTPOKM MporpamMmHoro kozga. Ilpu sTom Hama nporpamma
3auuMaer Jmmb  okoido 10 % or ywacTka  mporpamMmmsl,
CTC€HEpUPOBAHHOTO I'€HEPATOPOM HAYaJIbHOIO KOJIa U 3aHMMAaET BCEro 6
CTPOYEK.

MoaeaupoBaHnue

B nganHoM pazjene  BBIMOJHEHHUS JaOOpaTOpHOMl  pabOThI
PacCMOTPUM BOIIPOCHI, CBSI3aHHBIE C MOJCIMPOBAHUEM MPOTpaMM JJis
MK.

[Ipu co3maHny pa3INdHbIX YJCKTPOHHBIX, Ja U APYTUX YCTPOUCTB,
nepesl BOIUIONMICHUEM YCTPOMCTBA Ha IPAKTUKE BCEra II0JIC3HO
CMOJISIUPOBaTh ero pabory Ha KoMmmbloTepe. Ilpm co3manuu
MEXaHWYCCKUX  YCTPOMCTB JIII 3TOTO  MOXKET  HCIIOJIb30BaThCS
CosmosExpress nimm CosmosMotion, npu co3ganmn CAY — 3T0 makeT
Matlab u T.1. B ciaydae 31IeKTpOHHBIX YCTPOHCTB W YCTPOMCTB C
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ucnosibzoBanueM MK OyzaeM ucnosib3oBaTh maker Proteus — odeHsn
MOIIHAs MporpamMma JJis CUMYJISILUN Pa3IMNYHOIO POAa JIEKTPOHUKH.
[IpousBenem MopenupoBaHUE PabOThl TOJBKO YTO CO3JAaHHOMU
MIpOrpaMMBblI.
Otkpoem Proteus ISIS Professional (C:\Program Files\Labcenter
Electronics\Proteus 7 Professiona\BIN\ISIS.EXE). TIlepen Bamu

ITOSJABUTCS CHCI{YIOHICG OKHO.
isis UMTITLED - ISIS Professional

[ 220 [ e X |

Ilepeod pabomoii Hao HOBLIM NPOEKMOM PEKOMEHOYemCsl CPA3) COXPAHUMb
npoeKm, npuyem COXpAaHsmb JIyuuie 6 nanke ¢ eauieli npoepammoll, mozoa He
BO3HUKHEMm NpobieM npu neperoce Paiios Ha Pa3iuyHbIX HOCUMESIX

Haxwumaem File - > Save design as n coxpaHsieM IPOEKT B IaIKe,
B KOTOPOM XPaHUTCS CO3/IaHHAs HaMH IporpamMma.
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i55 UNTITLED - ISIS Professional

Save Design As...

AHUEL Sl Liol .

Terneps B mycTyro (OpMY TPOEKTA HYXKHO T00ABHTH HyKHbIC HAM
KoMTIOHEHTHI. [[i1s aToro Haxkumaem Ha kaHonky Pick from libraries

i5is Laba2 - ISIS Professional

Pick from Libraries .....

B mosBuBmIeMcs okHe moj Ha3BanueM Pick Devices BwiOupaem
HY>KHBIC HaM KOMITOHEHTBI. BBIOOp MOXKHO OCYIIECTBIATH JHOO I10
HA3BaHUIO CXCEMbl WM KOMIIOHCHTA, JHOO IOJb3ySICh TI'OTOBBIMH
pasnenamu  OmOimorekn. HaGepem B crpoke keywords nHasBaHue
Hamero MK Atmegal®.
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Fewwords: Besultz [1]; ATMEGATE Preview:
|Atmega151 | | Device || Library || Description W5 DLL Modsl [84F.DLL]
Match whale Words? [ |ATMEGAIE AWR  AWE Microcontoller 16k byte self-programming Flash Program Memory, 1k = [aemer roozoL] 2
. 13 PCAS0A —=
Cateqary: o Lt Reom =
o PCWTDO —=r
- — PAOADCD PCSTH —
Microprocessor [Cs Z— PaADCT PoaoEC! [
= PAZADCT PCTTOEE —
= | :ﬂ::? POOYRAD |2
4
£ A T
E PATIADCT PD3INTI I
+ [
_3__ PENTI PDSICP %
Sl PEZINTZAMD POTOCE ——
= ::::‘gumm
=
:—_ o, e -2
—— PEMECKE AREF [——
PCE Preview:

Sub-categorny:

M anufacturer;

{DIL40 =l

| QK I | LCancel I

B pesynbraTe BUIMM clipaBa BBEpXy MpejacTaBiieHue 3toro MK
KaKk Mozenu Proteusa m HUIKe THIT KOpITyca M ICKHU3 PEajbHOM CXEMBI.
Haxxumaem OK.

Tenmepp HakxaB Ha JIF0OO€ MECTO TMPOEKTAa OJUH pa3, BUIUM
PAacoJIOKEHNE KOMIIOHEHTA, HaXKaB €lIe pa3, paciojaraéM KOMIIOHEHT
B y00HOM JJIs1 HAC MECTe, HallpuMep, BOT TakK:
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idic Laba2 - ISIS Professional

PLL Lo

ATMEGATE N R L R I
......................... = PAAMADC] _g Ce e e e e
------------------------- | PAZADCZ PCTTOSCE f— . - . . « . . .
------------------------- == PAIR0C et
------------------------- PAMADCE P DOFA=D

=] HEE)
------------------------- | PASADCS PONTAD e+ 0 o e e e
------------------------- 33—P.ﬁ.l:'n‘.l’l.lilliﬂ:'u PDZ‘II'I'I:I7 e e
......................... = | PAT/A.DCT PDj‘lIT"ljg e e e e e
.......................... v pnmcmﬁg e e e e e
......................... P BOC<C KO P D0 18,

=] =
......................... Tpnm pnanp_ﬂ_ e e e e e
......................... ‘_pamumﬁm PDTMOCE I=— . . . . . . ..
......................... - PEIOCOANT e e e e e e
......................... _G_pu.;.m A
......................... _7_F551,|:|8| oo
......................... P ESMED _.w'cc_z e e e e e
......................... = | pETECE AREF |—= . . . .. +
........................... o
........................... D IR

Ol'IpeILCJ'II/IMCﬂ C TCMHU KOMIIOHCHTAMM, KOTOPBIC HaM CIIIC HYXHbI
JJIA CXCMBI. 970 2 HammMx Anoaa, TOKOIrpaHUIHUTCIIbHBIC PE3UCTOPLI
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3agaHus HA BHINOJHEHUE JIA0OPATOPHOH padoThI
Hamucate mporpamMmy, peanu3ylollyl0 cIeIyloulee 3aJaHue U

IMPONU3BCCTHU CC MOJACIIMPOBAHUC!

1 rpynna

OpraHu3oBathb WHIUKAITUIO
MUTaHUs Ha 6 HOXKE mopTa A.
OpranuzoBatb BKJIFOUECHUE
yOpaBJIIEMOTO CBETOJMOJAa Ha
Ic m BeIKIIOYeHue Ha 0,5Mc B
rukite Ha 0 Hoxkke mopTta D.

2 rpynmna

Opraau3oBarhb WHTUKAITUIO
nutanus Ha 4 Hoxke mopTta C.
OpranuzoBatb BKJIFOUCHUE
ynpasisieMoro cerogauoga Ha 500
MC ¥ BBIKIIFOUCHHE KaXKJble 3C B
nukie Ha 1 Hoxkke nopra B.

3 rpynmna

OpranuzoBaThb WHIUKAITUIO
MUTaHUS Ha 2 HOXKKE mopTa A.
OpranuzoBatb BKJIFOUECHHUE

yOpaBIIIEMOTO CBETOJMOJA Ha
300Mc W BBIKJIIIOUCHHE KaXKIbIE
300Mc B 1mukie Ha 1 HOXKeE

4 rpynma

OpranuzoBarb WHIUKAIUIO
nuTaHus Ha / HOXKe nopta D.
OpranuzoBathb BKJIFOUCHUE

YIPaBISIEMOT0 CBETOAMO/IA HA 2C U
BBIKJIIOUCHHE Kaxayrlo lc Ha S
HOXKe nopta C.

nuTaHus Ha 4 HOXKe TopTa B.
Opranu3oBathb BKJIFOUCHHE
yOpaBIIIEMOTO CBETOJMOJa Ha
3¢ ¥ BBIKJIIOYCHUE Kaxkaele 1,5¢
B LIUKJIE Ha 3 HOXKe nopTa D.

nopta A.
5 rpynmna 6 rpynmna
OpranuzoBarb uHauKauio | OpraHu3oBaTh VHIMKAIIAIO

MUTaHUS Ha 5 HOXKe mopTa D.
Opranuz3oBathb BKJIIOYEHHE
YIPaBISIEMOT0 CBETOAMOJIA HA 5C U
BEIKJIIOUEeHHE Kaxkaple 0,7¢ B IUKIIE
Ha 2 HOXKE nopTta A.

TpeOoBanus K oTHETY
OTyYeT NOIKEH CONEPKATh CIEAYIOIIUE PA3IEIbl:

/. TUTYyNbHBIN TUCT
8. lenb paboThI.

9.0nucanure NOPUHIUMIIOB PabOThl C MOPTaMU MHKPOKOHTpOJUIEpa

Atmega 16.
10.
11. Brinonuenue

pe3yJibTaTaMyd MOACITUPOBAHUS ).
12. BriBoabl.

Kpatkoe onucanue cpeasl Proteus I1SIS.
paboThI

(c TekcToM  OporpaMmbl |
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KoHTpoJIbHBIE BONIPOCHI JIJISI CAMOCTOSITEJIbHOM Pad0Thl

1. Uto Takoe mopT MHUKpOoKOHTposuiepa? CKOJBKO MOPTOB BBOJIA-
BbIBOIa Yy MK Atmegal6?
2. CKOJIBKO PETUCTPOB COMOCTABIEHO C KaxabIM moptoM? Jlist dero
OHU MPEIHA3HAYCHBI?
. O0BgcHUTE JOrUKY padoThl BbIBOJOB MK.
. Kakue coctosiHMs BEIBOAOB CYILIECTBYIOT?
. Kak ocymecrBusiercss noarsaruBanue curHaina? /[limsg yero oHO
pEaHa3HAYEHO?
6. Onmumure wuHTEepdedc U NPUHLIUN PadOTHl C TEHEPATOPOM
Ha4aJIbHOT'O KOJIA.

(G2 SN S)

7. Onumte cTpyKTypy nporpamm st MK.

8. s yero npeaHa3zHayeHa ¢yaknus include?

9. Kak npoucxoauT nHUIMaIK3aIys noptoB MK?

10. Kak peanuzyrorcst BpeMeHHbIe 3a1epkku B MK?

11. Kak ynpaBnste BeiBogom curnana ¢ MK?

12. Kakue cpembl  MoOIEIMpOBaHHUS  JJIGKTPOHHBIX  CXEM
CYIIECTBYIOT?

13. Omnwumute uHTEpdetic cpensr Proteus Isis.

14, Kax OCYIIECTBISAETCS CUMYJISIIHAS paboTHI

MHUKPOIIPOIECCOPHBIX YCTPOUCTB?
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JlaGopaTopHasi padoTa Ne3
OPI'AHU3ANIUA IIPEPBIBAHUU ITPU PABOTE
MUKPOKOHTPOJIUIEPA

Ienv pabomur:

1.0O3HakomiieHHE €O crnoco0aMM OpraHu3auu U 0o0pabOTKU
IIPEPHIBAHUN pu pabote MK, 3aKpEIJICHUE HAaBBIKOB
nporpammupoBanus MK.

2.0O3HaKOMJICHUE C HaBBIKAMHM TE€HEpAllMM Ha4YaJIbHOIO KOjJa W
ornanku mporpamMm B makerax — «CodeVisionAVR» u «Proteusy,
CO3/IaHUE MPOTrPaMM, PEATU3YIOIIUX U 00padaTHIBAIOIINX MPOTrPAMMHbBIE
U allrapaTHbIC TPEPHIBAHUS.

3.OcyIiecTBICHHE  CUMYJSIIUU  PpabOThl  MHUKPOMNPOIECCOPHOM
CUCTEMBI IporpamMM B cpejie «Proteusy.

4.OcymiecTBUTh 3amuch (MPOIIMBKY) IporpaMMm B pealbHbli MK,
TaK)KE€ TMPOBECTH JEMOHCTpPALUIO PabOThI MPOrpaMMbl Ha peajbHOM
CXEMe.

Oovexkm uccnedosanusa: mukpokonTposuiep ATMega 16.

Annapamuwie cpedcmea. BUpTyaibHas nadbopatopust Ha OBM IBM
PC: mnporpammuble makeThl «Proteus», «CodeVision AVR». MK
ATMega 16, knonku SWT, ceetoauoas! blueLED.

KpaTkue TeopeTuyeckue cBeaeHHs

BHemHyue SIEKTPUYECKUE CUTHAJBI. 3TO HANPSHKEHUS H  TOKH
noctynaromme K MK oT moJKIt04Y€HHBIX K HEMY POBOJIHUKAMHU IPYTUX
KOMIIOHEHTOB 3JIEKTPOHHOTO YCTPOMCTBA.

Baxxnenmunit u3 Hux - 310 Hanpsaxcenue numanusi MK,

MK AVR cepun ATMega wmorytr paborarh, T.€. HCIOJHATH
3I0)KEHHYI0 B HUX MPOrpaMMy Y»K€ MPHU MO0Ja4y€ OJHOTO HANPSKEHUS
MUTaHUs, a y3HaTh O TOM, YTO OH pabOTaeT, MOKHO 1O U3MEHEHUIO TOKa
notpedasiemoro MK o nmpoBoay nuTaHus.

Jlnana3oH JOMYyCTUMBIX HANpsDKEHUM MUTAHUS YKa3aH Ha TEPBOU
ctpanuie DataSheeta u cocraBnser o0biuno 3,3 — 5,5 B mocTosHHOTrO
HaIPSHKEHUS - TTI0C KOTOpOTo nojakitodaercs K BoiBojgam VCC MK.

OTpuuaTenbHbli  BBIBOJI MCTOYHMKA MUTAaHHUS MOAKIIOYAECTCS K
BbiBOoJlaM MK GND u ero nmoreHmuan npuHUMAaeTcsi 3a HOJb BOJIBT U
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OTHOCHUTEJIBHO HETO0 M3MEPAIOTCA BCE JIPYTrM€ HAMNPSKEHUS HA HOXKKAX
MK.

[IpoBomumk, coemumHeHHBbIM ¢ BbBogamMu GND MK, nHasbpBaoT
o0ImMM WM HyJI€BbIM WM '"3emia" W Ha cxeMe 0003HayaroT
CHEUUAIbHBIM CUMBOJIOM - HalpuUMeEp, JKUPHOW TOPU30HTaJIbHOMN
YEpPTOUYKOW WIJIM HECKOJIBKMUMH TOPU3OHTAIBHBIMH MOJOCKAMHU APYT MO/
IpYroM yObIBarOIIEH JJIMHBI.

DNEKTPUUECKUE CUTHAJIBI 3TO TOKU U BbI3BIBAEMBIE UX MTPOTCKAHUEM
HanpspkeHuda. Ho roBopst o curHamax, nocrtymarommx B MK, bl
paccMaTpMBaeéM MX KakK, HEKOTOPbIE€ HAMNpSHKEHUS, H3MEpsSeMble
orHocuTenbHO HOXKeK GND MK.

Basxicno: B yugposoii mexnuke npumamvl HeKomopwvie Npasuid No Komopbim
MOJHCHO NPeOCcmasums AHAI0208bli CUSHATL, OONYCIMUMDBLLL OJis1 NOOAYU HA HONCK)
MK (on oonoscen 6vimo gviuie -0.5 B u nuoice uem nanpsiscenue numanusi MK
yeenuuennoe Ha 0.3 - 0.5 B) kax [-6umnwiii yughposou cueHan uiu Kaxk 0OHO U3
08YX 3HAYEHUIL:

"1" - gvicokuti nocuyeckul ypogenw (BJIY) - noeuneckas eounuya

unu

"0" - nuzxuil nocuueckul yposensv (HJ1Y) - nocuueckuii now.

Baoicnwiii 61600 - 1060e uzmenenue nanpsaxcenusi Ha Hodcke MK nescawee
MeAHcoy 08YMs NOPO2OBLIMU HANPANCEHUAMU He edem K U3MEHEHUI0 MO020 KAKUM

nocudeckum yposHem cuumaem MK HanpsowceHue Ha 3mou HOMNCKe 8 OAHHbLU

Hpyrue Baxkubie 1151 padoThl MK BHENTHUE CUTHAJIBI:

1) cuenan coébpoca RESET - mpu "0" Ha o1oii HOkke MK
OCTaHaBJIMBAET BBIMOJIHEHUE MPOTrpaMMBbl, coaepumoe peructpoB MK
CTAaHOBUTCSI HAyaJIbHbIM, a BCE BBIBOJbI CTAHOBSITCSI BBICOKOOMHBIMH
BX0/1aMH (TOBOPSAT: Z - COCTOSIHHE).

[Tocne nosiBiaeHuss Ha 3ToM HOXKe 1" W Hanmmuuu nutanuss MK -
BBIMOJIHEHUE MPOTrpaMMbl HAYHETCS C Hadaja, KaKk IOCJe BKJIOYEHUS
nutanus MK.

2) numanue ananoeosou yacmu MK, AIIT (Bxoxbet ADC_X) HOXKa
AVCC - ee nyxHo coeaquauTth ¢ BeiBogoM VCC nutanust MK maxe eciau
BbI HE TIpenoJaraete ncnoiab3oBath AL
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3) onoproe nanpsiocenue ons ALIT (Bxoasr ADC_X) noxka AREF -
HaIpsDKEHUE Ha HeMl T0/HKHO ObITh OT 2 B 10 Hanpspkenus nutanus MK.

4) HOXKKHK JUIsS MOAKIIOYCHUS KBaplia MM KEPaMHYECKOTO pe30HATOpa
XTALL XTALZ2.

IIpepriBanus B AVR.

Interrupts - npepbiBanus, Oo4eHb BakHas W MolmiHas QyHkuus MK
AVR ATmega u ATtiny.

HNHorna Ttpedyercss MAaKCUMAJIBHO OBICTpasi peaklysl MporpaMMbl Ha
Kakue-to coObiTus. Hanpumep, mnpuxon manueix Ha USART wim
3aBepmienne ALl wnm wu3mMenenue ypoBHsS Ha HOoxkke MK
NOAKJIFOYEHHON K KOHTAKTHOMY JIaTUYHKY WU NIEPEIIOJTHEHUE TauMepa.

BricTpyto peakiuio obecrieunuBaeT MEXaHM3M MpepbiBaHul. ['pymma
KOMaH/l, BBIIIOJIHSIEMBIX B OTBET HA 3alpOC NPEPbIBAHUSA, HA3bIBACTCS
noAnporpaMmoit  00padoTku mpepsiBaHus. lIpepbiBanue (eciaum OHO
pa3pelIeHo) BbI3BIBAETCS B HOPMAJILHOM IOTOKE MPOrPaMMbl cpasy IO
OKOHYAaHWM WCIIOJHEHHUSI TEKyIler KoMaHAbl. JIormka mnpepbiBaHHs
3aHOCHUT COJEPKUMOE BCEX PETUCTPOB B CTEK M, TAKUM 00pa3oM, HUX
COCTOSIHUSI MOTYT OBITh BOCCTAaHOBJICHBI IO 3aBEPILICHUU IPEPHIBAHUA.
IIpeppiBanue 3aBepluaeTCss KOMAaHIOW BO3Bpara W3 IIPEpbIBaHMA,
KOTOpasi M3BJIEKAET M3 CTEKAa U IEPENUCHIBACT paHEe COXPAHEHHOE
COJIEP)KMMOE PETUCTPOB M, TaKUM OOpa3oM, COCTOSIHHME MpoLeccopa
BHOBb CTAaHOBHUTCS TakKMM, KakMM OHO ObUIO O Hadaja MpPOUEAYpPHI
00CITyKMBAaHUS IPEPHIBAHUSI.

Nporpamma ofpaboTet npepsisanus

Coxpanenne KONTEXCTa NPpepRanmoi
NPOTPAMMS YCTAMOBKA PEXMMS

pafoTm CHCTEMM NpepmBaMME

—_—
— Teno nporpamms:
vicnonn obpaborxu npepaiBamus
seMan (_-\—
NPOPIMLLA BOCCTONOBNSNHE KONTEKCTS
Ot NPEDBANNOI  NpOrpasMM

CxeMa npuHIMna oOpadOTKH MpephIBaHUM.

36



3anomnume: Ilpu 603HUKHOGEHUU COOLIMUSL KOMOPOE MONCEN BbI36AMb
paspeuienHoe 6 OaHHbll MOMEHM 6PeMeHU Npepbleanue (CRUCOK MaKux
cobvimuii 6 damawume 6 pazoene Interrupts mabdruya "Reset and Interrupt
Vectors”) u npu I7IOBAJIBHOM paspewenuu npepuvieanuti (bum 7 6 pecucmpe
SREG '"ycmamnosnen"), evinonnenue npoecpammor MK ocmarnagnusaemcs,
COXpAHAIOMCS (3ANOMUHAIOMCS) MeCmo OCMAHOBKU U HEKOMOpble HYHCHble
Ooaunvie, oum7 6 peeucmpe SREG ob6nynsemcs, ouuwaemcs pnae
cpabomasuieco Npepuleanus U 3amem NPOUCXOOUM 6bl308 U BbINOJHEHUE
@yHKYyuu 06pabomuuka 0AHHO20 NPEPLIBAHUSL.

Om momenma HacmynjieHus coobimus 00 HaA4aua 8bINOJHEeHUs. OYHKYUU
0bpabomuuka npepwvleanus npoxooum He meree 4 maxmos npoyeccopa. Taxum
obpazom, CKOpocmv peakyuu Ha NpepvieaHue HANPAMYIO  3A8UCUM
om uacmomol, Ha komopou pabomaem MK/

Ecnu npoepamma naxooumces 6 ¢hynkyuu oopabomuuxe npepviganusi u 6

smoti pyuxyuu ne 6Ovi1 ycmawnosnen oum SREG.7 mo opyeue cobvimus

NPT INT TN ANTANAIIAIN TATANINT TN NTIAICT TID RANAAINIAA AVAINAA AT TN NTIAAT  TATANINT TN NTIAI A TATAANANIN AR AR AT T AL

B koHue gyHkuuu oOpaboTuMKa MpepbIBaHUS KOMIUISATOP CTaBUT
uHcTpykiuio RETI mocne BeimosHeHMs: KoTopoit OUT 7 B pErucTpe
SREG cranoBurcs "1" - T.e. mpepsiBanus onars [JIOBAJIBHO
paspemarTcss U ImporpaMMa IMpOJOKAET BBIMOJHATHCS C TOIO MeECTa
r7ie OHa ObUIa B MOMEHT BOBHUKHOBEHHUS MTPEPHIBAHUSI.

HO! Ecnu npu rmo6aibHOM pa3penieHuu NpepbiBaHU OOHAPYKUTCS
YCTaHOBJICHHBIN (Jyiar pa3perieHHOTo MpephiBaHUsA, TO OYyJEeT BbI3BaHA
dbyHKIMS 00pabOTUYHK ATOTO MPEPHIBAHMUS.

Takas cuTyalusi MOKET BO3HUKHYTb €CJIM BO BpPEMS BBITIOJHEHUS
0o0paboTuMKa TMpephIBaHUS BO3HUKIO JPYroe TMpepbIBaHUE - T.€.
ycTaHOBUJICA ero ¢uiar. EciM BO3HMKHET HECKOJBKO pa3perieHHbIX
IpepbIBaHUN OJHOBPEMEHHO, TO TIEPBBIM OYIET BBINOJHATHCS, TO
KOTOPOE€ BBIINIE B CHHUCKE BeKTOpoB mnpepeiBanun MK B I
COOTBETCTBEHHO I10 Mepe OTPaOOTKU HAKOMUBIIUXCS U Pa3peIICHHBIX
npepbiBaHu# ux ¢iarv OyayT OUUIIAThCA.

A BOT (yarum HepaspelieHHbIX MpEephIBAHUN HE OUYMCTATCA, MOKa
mporpaMmMa 3TOro HE CJIeJIaeT 3aMuchio B HUX yncia 1.
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BbI MOKeTe 3amperiarh U pa3peliath Kak Bce MpepbIBaHMsI cpa3y, TaK
M KaXI0€ 1O OTICIbHOCTUH. Bce cpa3y - uM3MeHss OUT7 B perucrpe
SREG Bot Takumu cTpoukaMu B kommmisstope CodeVisionAVR:

#asm("'sei") /* out | caenath "1" Tenephb pa3pelleHHbIC IpePhIBAHUS
OyayT oOpabaThIBaThCs, €CIM €CTh YCTAHOBJICHHBIN (hiar mpepbIBaHus,
TO MPOMU30MACT BHI30OB €ro PyHKIIMU 0OpadoTynKa */

#asm('cli") /* our | cmematre "0" 3ampeTuTh BCE TpepHIBaHUA
['JIOBAJIBHO. */

[IpepriBaHuA JIETKO HACTPOUTh UHTEPAKTUBHO C MOMOUIBI0 MAaCTEPOB
HavyaabHOTO Kojia KommmisiTopoB CVAV.

B MK AVR wu npyrux, npepbiBaHusI MOTYT BO3HHMKATh 110 MHOTMM
COOBITUSIM:

- U3MEHEHHE YPOBHS Ha HEKOTOPbIX HOkKax MK,

- "0" Ha HexoTopbIx HOXKKax MK,

- IIEPEIOJIHEHUE TAUMEPOB,

- "HacuuThIBaHHE" TAMMEPOM OIPEIAECIEHHOIO 3HAUYCHUS,

- 3aBepuienue ALIT npeoOpazoBanus,

- I3MEHEHHUE YPOBHS Ha BBIXOJE KOMIIaparopa,

- cooriTust B USART,

- npyrue coObitus ([ms ATmegal6b mnpepbiBaHus TepeUHCIICHBI
B Tabuie 18 "Reset and Interrupt Vectors")

HOpHI[OK U METOJHUKA BBINNOJIHCHUSA paﬁoTbI

1) O6pad0oTKa BHYTPEHHHUX NPEPLIBAHMI

Bxonpl BHEMIHUX  IPEPBHIBAHHM INTO INT1 INT2
mukpokoHTposuiepa (MK) ATmegal6 nmoaxkmounuTh yepe3 pe3ucTopbl Mo
4,7 KOM K UCTOYHHMKY NMHUTaHUS MHUKpocxeMbl (+5B) mist cozmanus
BHEIIHEU MTOATSKKH.

K otum ke BeIBOgaM  moakimounth  kHomku  (button)
KOMMYTHPYIOILIHE 3EMITIO.

JIns uHAMKaIMKY pexuMa paboThl MUKPOKOHTPOJUIEpA MOJACOCIUHUM
CBETOIMO/I K HYJIEBOW HOXKE MopTa A.

[Honmyuunm cxemy, MOKa3aHHYIO Ha PUC.
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Cxema noAKIIIOYEHNST MUKPOKOHTPOJIJIEPA B OKHE MTPOTPAMMBI
Proteus

Haxumasi KHOINKY MBIIIKOH BO BpeMs MOJCIUPOBAHUS, MOXKHO
3aMbIKaTh COOTBETCTBYIOIIYIO HOXKKY Ha "3eMiit0" co3gaBast Ha Heit 0"
Ha BpeMs ITOKa KHOIKa Hakata. Korjga KHONMKK HE Ha)kKaThl HAa HOXKKaxX
"1,

CkoH(pUTYpHpOBaTh MPEPHIBAHUS C TTOMOIILI0 MacTepa TeHepaTopa
HagaipHOro Kojga CVAVR.

IIpepuiBanus INTO INT1 paspemiersl u ckoHQUTYpUPOBaHBI "TIO
JT000MY MU3MEHEHUIO YPOBHS" - T.€. MPEephIBAaHUE MOXKET BOZHUKATH U TI0
¢pouty ("0" -> "1") u mo cmaxy ("1"->"0") curnana Ha HOXKe PD2 n
PD3 cooTBETCTBEHHO.

[IpepriBanue INT2 He ckoH(bUTrypHpOBAaHO - OHO OCTaBJIEHO 'TO-
YMOJTYAHUIKO" T.€. OTKJIFOUEHO.

[locne coxpaHeHHsI HAYalbHOIO KOJA, HAMUIIUTE MPOrpaMMy
00pabOoTKH MpephIBaHU, COTTIACHO BapHaHTy (Tad).
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BapuanTsl 3aganus 111 00pabOTYMKOB NPEPHIBAHUM

1 rpynna

Opranu3zoBarb WHIAKALIAIO
nuTadus Ha 4 Hoxke mopTa C.
OpranuzoBatb BKJIFOUECHUE

yIpaBJiieMoro cseroauoaa Ha 0
HOXKe nopTta D:

2 rpynmna

OpraauzoBarhb WHIUKAITUIO
nuTaHus Ha 4 Hoxke mopTa C.
OpranuzoBatb BKJIFOUCHUE

YIPaBJIIEMOIrO CBETOAMO1a Ha Ha 1
HOXKe nopTa B.

OmnokpatHo 1 cexk - mo|OnpHokpatHO 3 CeKk - 1O
npepbiBanuio INTO npepbiBanno INTO

Tpexkpatno na 0.5 cex - mo|/IBykpatHo Ha 0.5 cek - 10
npepbiBanuio INT1 npepbiBanuio INT1

3 rpynmna 4 rpynma

OpranuzoBaTh uHANKaIuo | OpraHu3oBaTh WHIMKAIIAIO
NUTaHus Ha 2 HOXKKE mopTa A. | nuTaHus Ha { HOKKe nopTa D.
Opranu3oBaTh BKJIIOUeHHEe | OpraHu3oBaTh BKJIFOUCHHE

YIPaBIIIEMOI0 CBeTOaMOAa Ha 1
HOXKe noprta A:

yIOPaBISIEMOI0 CBETOAMOJA Ha S
HOXKe nopta C.

HBykpatno Ha 0,3 cex - mo|/IBykpatHo Ha 1 cexk - 1o
npepoiBanuio INTO npepoiBanuio INTO

TpexkpatHo Ha 0.5 cexk - mo|OpHokpaTHO Ha 2 Ce€K - 1O
npepbiBanuio INT1 npepbiBanuio INT1

5 rpynmna 6 rpynmna

OpranuzoBarb uHauKauio | OpraHu3oBaTth WHTUKAIUIO
nuTaHus Ha 4 HOXxKe nopTa B. MUTaHUs Ha S HOXKe mopTa D.
OpraHn3oBathb BKJItOUeHUE | OpraHu30BaTh BKJIFOUEHHUE

yIPaBISIEMOro CBETOAMOIAa Ha 3
HOXKe nopTa D:
JIBykpatHo Ha 3 cCeK -
npepsiBanuio INTO
OnHokpatHo Ha 1 cek - 1Mo
npepbiBannto INT1

I10

yIOpaBISIEMOr0 CBETOAMO/A Ha 2
HOXKE noprta A:

TpexkpatHo Ha 1 cexk - 1O
npepsiBanuio INTO
OngHokpaTHO Ha 2 CEeK - TIO

npepbiBannio INT1

3arpy3uB mporpaMMmy B MHKPOKOHTPOJUIEp B mporpamme Proteus,

BBITIOJIHUTC CUMYJIALHUIO.

[IpoBeppTE NPABUIBHOCTH BBINIOJHEHUS TTOANPOrPaMM ITPEPBIBAHUN.

Ecnu nipu BbINOIHEHMHU 00pabOTUMKa OAHOTO MPEphIBAaHUS BHI3BATh

BTOPOC, TO OHH 6y,Z[YT BBIIIOJIHATCA ITOCJIEAOBATCIIBHO.
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CornacHo Teopuu MPEPHIBAHUN O 3aBEPUICHUM TEKYIEH 00paboTKu
IIpEpPbIBAHUS INTO  nmokHBI TNpOM3OWTH eme 1Mo 1 BBI3OBY
oopaboTunkoB npepeiBanuid INTO u INT1 - mpuuem ceituac MK nHe
"3HaeT" Kakoe M3 HUX CIYYWIOCh TNEPBBIM U 3HAYUT, OyHAeT
o0OpabaThIBaTh UX 10 MOPSAAKY IepedncieHus B Tadbmuie 18 u datasheet.

Hakomuienne HeoOpaOOTaHHBIX MPEPHIBAHUI KpaliHE HEXKENATENbHO,
tak kKak MK "He mnomHHUT" mNOCIEOOBATEIHLHOCTE BO3HHUKHOBEHUS
COOTBETCTBYIOLIUX COOBITHIA!

OTyYeT NOIDKEH CONEPKATh CICAYIOIINE PA3IETbI:

13. TUTyJIbHBINA JIUCT

14, [{enb pa®oTHI.

15. Kpatkoe onucanue paboTsl ¢ mpepbiBanusamu B Atmega 16.
16. BrinosniHeHue paboThl (C TEKCTOM MPOTrpaMMBb).

17. BriBOAOEL

KoHTpoJIbHBIE BONPOCHI /LIS CAMOCTOATEIbLHOMH Pa0dO0ThI

YTto Takoe nmpeprIBaHUE MPU pabOTe MUKPOKOHTpoIIepa’?

Kakue ObIBaIOT TUIIBI TTPEPHIBAHMI?

Kak BbI3BaTh BHEIIHEE IPEPHIBAHUE MUKPOKOHTpOJLIEpa?

J171s1 4ero ucnosib3yeTcs: TaiMepbl B MUKPOKOHTpOJIIEpax?
[louemy Haxkatue u otnyckanue kHonkd KO BbI3Basio 1Be
o0pabotku npepwiBanusg INTO, a ot knonku K1 tonbko ogHO?
Ha3zoBute 0CHOBHBIE Cliydyan IPUMEHEHUS IPEPHIBAHUMN.

. Kako#i anroputm npoueaypsl 00pabOTKU NpephIBaHUA?

8. B kakoMm npuoputere 00padaThIBalOTCs MpEephIBAHUS?

RN S

~N o
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Jlaboparopnasi padora Ne4

AIIITAPATHAS PEAJIM3ALIUS HTUPOTHO-
MMIIYJbCHOU MOAYJALNU HA OCHOBE
MUKPOKOHTPOJIJIEPA ATMEGAL16

Ilenv pabomur:
1) O3nakomiienne ¢ npununamu LM ynpasieHus.

2) Hanucanue nporpaMMbl, OpraHU3YIONIEH anmapaTHYIO peaIU3aiiuio
[T M Ha ocHOoBe MK Atmegalo.

Ob6vexkm uccnedosanus: MUKpokoHTposuiep Atmegalo.

Annapammnsle cpeocmea: BUpTyaibHas Jlabopatopusi Ha OBM IBM
PC, nporpammusiii naker CodeVisionAVR — kommuisatop Cu st AVR
MUKPOKOHTPOJUIEPOB, MPOrpaMMHBII nTakeT Proteus — cpena cumynisainuu
pPabOTbhl MUKPOKOHTPOJUIEPOB U IPYTUX IJIEKTPOHHBIX YCTPOUCTB.

Kparkue TeopeTnueckne cBeaeHUs
oHInm - JTO WIMUPOTHO-UMIYJIbCHAA MOMIYJIALIMS. T.C.
MOAYJISILUS (YIPABICHUE) HAMPSHKEHUEM WJIM TOKOM MyTEM HM3MEHEHUS
IMPUHBI UMITYJIBCOB IPU HEU3MEHHOW UX BEJIMYMHE.
Ha »skpane ocuwuiorpadpa WM  curHan — BBITJISIUT
CJEAYIOINM 00pa3oM:

LT

- nepuwog LWHMM
T/A ckeaxHocTs LIWM

A/T - senvuuma LUUM

OT10 npakTudecku 1udpoBoi curHai. OH uMeeT 2 COCTOSHHUS -
au6o BrIOYeHO (Ha HOoxke MK srto sor. "1"), mubo BBIKIIOUEHO (HA
Hoxkke MK ato jor. "0"). dns cozganus LIIMM curHaia ucrnoiab3yrTcs
pa3IMYHbIE KIIOUYM — HampuMmep, BcTpoeHHble B MK wiam BHemHue
TPAH3UCTOPHI WM peEJIe.

HIUM ( aurn. PWM ) curHan uMeeT clienyrone OCHOBHBIE
napaMeTphbl:

- mepuon HIHUM - 510 Bpemsi Mexay ¢poHTamu (WiIn
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CllaJlaMH) COCEIHUX HUMITYJbCOB - oOo3Hayaercss T - OOBIUHO OH
NOCTOSIHEH MO BpeMeHu. C mepuoaoM cBs3aHa oOpaTHas BEJMYMHA -
yactora IIIUM paBnas 1/T B I'L.
- sesinyuHa UM - 510 otHOmieHne A / T yMHOKEHHOE Ha
100 - nonmyuyaem mpouienTsl (anra. X % duty cycle).
- pasmax IHIUM - 310 pa3HOCTh MEXJYy 3HAYCHUSMU BKI. U
BBIKJI. 3HAUEHUE BBIKJI. MOKET ObITh U HEHYJIEBBIM.

ITpumenenune HIMM 1103BOJISIET:

1) peryirpoBaTh MOIIIHOCTh B Harpy3Ke.

PerynupoBanue MOIIHOCTA OCYUIECTBIISIETCA W3MEHECHUEM
CpEIHEro0 BPEMEHM  I[0Ja4Yu NOuTaHus B Harpy3ky. Ilpu stom
KOMMYTUPYIOIIUM  (BKJIOYAIONIANA -  BBIKJIOYAIONIMM)  Harpys3ky
TPAH3UCTOPHBIN KJII0Y pabOTaeT B KIIOYEBOM PEXKHMME W TMOITOMY Ha
HEM BBIAEIACTCS MUHUMYM TEILIA.

Bot npumep perynupoBaHusi MOITHOCTH B BJIEKTPOJIBUTATENE:

1 o+
\/.:\ 7 %
\\\ 4 DC
TO-&OFIN MOTOR
2

1

S

D(2)
IRL540 |
AR
PWM In o) | ’: Ly
—©° =
| | L [s
K
— GND

MoTop NOAKIIIOYAETCS K INHUTAHWIO +V KOrja HanpsKEHHUE
"PWM In"
OyZeT MOCTaTOYHBIM JUIsl OTKpbiBaHUS TpaH3uctopa IRL540. Momnbie
nosieBbie U [GBT TpaH3ucTOpBl MPaBHIBHO MEPEKIIOYATh C MOMOIIBIO
CIIeLUANIbHBIX ApaiiBepoB — Hanpumep, IRS2110.

Ecnu yacrora mepekitouenuii HeBbicokas (mo 2-3 KI'), To
MOHO YNpaBisATh MnojeBbiMU TpaHzuctopamu MOSFET cepum IRL
Hoxkol MK depe3 pesucrop 100 Om, HO mydile HCHOJb30BaTh
tpanzucrop IRLZ44 .

Yhpasigss NONEBBIM TPAH3UCTOPOM OJHOM HOXKOW MK,
MOXkHO nepekaodaTth Tk 50 -100A. BMecTO 3€KTpOABUTATENS] MOKET
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ObITh JPYrol THUN HArpy3Kd, HANpUMEpP, JaMIlia, HarpeBaTEIbHbBIN
AJIEMEHT WM CMEIIaHHasl Harpy3ka - T.e. komouHanus R, C u L.

Ilpumep: Ecau 635mub 31eKmMpoMomop ¢ HOMUHALbHLIM Hanpsjcenuem 6
80161 U NOOKIIOUUMb €20 NO cXeMe, ONUCAHHOU 8blule, K numanuto 12 eonvm,
mo npu nooade na "PWM In" credyrowux cuenanos:

On = High Level Off = Low Level
1 10%

Momop O6ydem pazeueams maxyro MOWHOCMb:

- o5 eepxnetl ouazpammol LLIAM 10% - mownocms 6yoem 20%
(om HomMuHanbHOU, npu 6 801LMAX).

- 015 cpedneut ouazpammol LLIUM 50% - mownocms 6yoem 100%

- ons Hudicheeo epaghuxa LLTUM 90% - 3nauum mowmnocms momopa
npegvicum 6 1.8 paz HOMUHANLHYIO (8 MAKOM pexcume MOUWHOCMb O8ucames
npesvluiaem HOMUHANbHYIO NOYmMU 6 2 paza u Npu mMaxKoM pexcume Geluxd
8EPOSAMHOCIb CKOPO20 8bIX00A 08UAMEJISL U3 CIPOS).

2) 1AM  1o03BOJSET  BBINOJHUTH  IH(PO-aHAIOIOBOE
npeoOpaszoBanue, T.6. ¢ 1nomompo WM MOXHO BBIBOAUTH
aHasioroBelii curnaja. HyxHo mumib n1o6aButh ®HY - GmibTp HM3KUX
4acToT.

®HY moxet ObITh pocTeHuM - K BeIBOAY MK, Ha KOTOpBIi
BeiBOgUTCA IHIHWUM moxkmrodaercs pe3ucTop, a JAPYrod BBIBOJ
pe3ucTopa 3a3eMIIsIeTCsl KOHACHCATOPOM - Ha 3TOM KOHJAEHcaTope OyaeT
pesyabtar IIA mpeoOpazoBanuss PWM curnama. Ho myume
UCII0JIb30BaTh Oosiee HaASKHBIM (QuiabTp HU3KUX yactoT — @HY Ha
OCHOBE OIEPALMOHHBIX YCHIIUTEIICH.

AVR ATmegal6 wumeer amnmapaTHyl0 BO3MOXXHOCTb
dbopmupoats 4 INNUM curnana Ha Hoxkax OC0O OC1lA OC1B OC2.

AVR ATmega48 -88 -168 wumetor 6 anmapatueix UM
curHaiioB ¢ yactorou j10 78 KI'm.

AVR ATmegal2?8 umeer 6 anmapatHeix PWM ¢
paspenienruem 110 16 Our.

B nmannoit paGote, mpu opranuzauuu anmapatHoro HIHUM
CUTHAaJa, UCTIONB3YIOTCS TaiiMepbl. Pazbepem, 4To 3TO Takoe W JJIA 4ero
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OHHU CITy>KarT.

Taiimep (ot anri. Timer) — cpeacTBo oOeceueHus 3aepiKeK
Y U3MEPEHUSI BpEMEHU CPEICTBAMU MUKPOKOHTPOJLIEpA.

Cy1iecTByIOT JiBa BUJa TaliMEPOB:

e AmnmapaTHble TaiMepbl (QYHKIIMOHUPYIOT HE3aBUCHMO  OT
[IEHTPAJILHOTO TPOIIECCOpa U B MOMEHT CpabaThIBaHUS MOCHUIAIOT
npepbIBaHuE.

e [IporpaMMHBIE TalMeEpbl PEATU3ZYIOTCS 3a CYET BBINIOJHEHUS B
IIUKJIC 33JJaHHOTO KOJIMYECTBA OJIMHAKOBBIX «ITYCTBHIX)» OMEpalui.
[Ipu ¢pukcupoBaHHOHN YacTOTE pabOTHI MPOILIECCOPA ITO MO3BOJISAET
TOYHO ONPEACNATh NpolIeaniee Bpems. [JIaBHBIMH MUHyCaMU
TAKOTO METOJia SIBIISIOTCS: 3aBHUCHUMOCTh KOJIMYECTBA HTEpaiuit
[MKJIa OT THUIAa M YacTOThl MPOIECCOpPa, HEBO3MOXKHOCTh
BBITIOJTHCHUS JPYTUX OTEpaIFii BO BPEMS 3aJICPKKH.

B MK ATMegal6 ectp Tpu TaiimMepa/cueTumka — JBa 8-
outaeix (Timer/CounterO, Timer/Counter2) u oaun 16-OuTHBIH
(Timer/Counterl). Kaxplif U3 HUX COACPKUT CIICIUATBHBIC PETUCTPHI,
OJTHUM M3 KOTOPBIX siBIsieTcst cueTHbIN peructp TCNTN (n — 310 yucio
0, 1 nmm 2). Kaxaplii pa3, Koraa mpoleccop BBIMOJHIET OJHY KOMaHIy,
COJIEPKMMOE D3TOr0 PETrucTpa YBEJIMYMBACTCA Ha €IUHMIYY (JI100
Kaxasie 8, 64, 256 wnu 1024 TaktoB). IloToMy OH W Ha3bIBaeTcCs
cyeTHbIM. [loMuMoO Hero, ectb eme u peructp cpaBHeHus - OCRN
(Output Compare Register), B KOTOpbIii MOXHO 3aIUcaTh Kakoe-JIH00
guciao. Y 8-OMTHOTO cueTyuka 3TH peructpbl 8-OuthHble. [lo Mepe
BBITIOJIHEHUST TIporpaMmbl, coaep:kumoe TCNTN pacter u B Kakoil-To
MOMEHT OHO coBmajaer ¢ coaepxkumbiM OCRN. Tornma (eciau 3amaHbl
CIielMalibHble TlapamMeTpbl) B peructpe ¢naroB mnpepbiBanuii TIFR
(Timer/Counter Interrupt Flag Register) onuH u3 OUTOB CTaHOBHTCS
pPaBEH €IMHUIIE U TPOLIECCOP, BUISA 3alpoC Ha MpPEpbIBAHUE, Cpaszy ke
OTPBIBACTCS OT BBIMOJIHEHUS OECKOHEYHOTO LIUKJIA U UAET 00CIyKUBATh
npepeiBanue Taumepa. [locie 3Toro npouecc moBTopseTCs.

Hwxe mnpencraBinena BpemeHHass auarpamma pexkuma CTC
(Clear Timer on Compare). B sToM peXuMe CUYETHBIA PETUCTP
oumImaeTcs B MOMeHT coBmajaeHus coaepxkumoro TCNTn m OCRN,
COOTBETCTBEHHO MEHSIETCS U TIEPUO/I BHI30BA ITPEPHIBAHUSI.
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CTC Mode, Timing Diagram
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3910 JTAJIEKO HE €IMHCTBEHHEBIN peXUM  pabOTHI
TaliMepa/cueTuyrka. MOXXHO HE OYMIIATh CUETHBIM PErHMCTP B MOMEHT
COBIIAJICHHUS, TOT/Ia 3TO OYET PEKUM I'eHEepalMU IUPOTHO-UMITYILCHON
MOAYJSUUA. MOXXHO MEHSITh HalpaBJIEHUE CuUeTa, T. €. COACPKUMOE
CYETHOTO perucrtpa OyAeT YMEHbIIATbCA 10 MEpPE BBINOJHEHUS
nporpaMmMbl. Takke BO3MOKHO NMPOU3BOAMUTH CUET HE MO KOJIUYECTBY
BBITTOJIHEHHBIX MPOIIECCOPOM KOMaHJ, a MO KOJHWYECTBY H3MEHEHUU
YpOBHsS HamnpsbkeHuss Ha «HOkke» [0 wmmum T1 (pexxum cyeTdmka),
MO>XXHO aBTOMAaTHU4Y€CKH, 0€3 yyacTus Mpoleccopa, MEHSITh COCTOSHUE
Ho)kek OCn B 3aBUCUMOCTH OT cOCTOsIHMS Taiimepa. Talimep/Cuerunk]
yMEET NMPOU3BOJIUTH CPABHEHUE CPa3y IO JABYM KaHainaMm — A win B.

Kak HacTpouTh TaiiMepbl Ha TOT WM HHOW PEXUM PadOTHI
OyZAeT pacCMOTPEHO HUXKE B pa3zielie BBIOJHEHUE PAOOTHI.

BroinoJsiHeHne padoThI
Bnauane cdopmynupyem 3agady, KOTOPYIO MbI XOTHUM

peumute u  Hanumem T3,  PaspabGorate  mporpamMmy ISt
MUKpoKOHTposuiepa  ATmegal6, «koropas  peanmuzyer UM
ynpapieHue B cienyroomieMm pexume: 2¢ MM curHan ¢ BeTWYHHOU
HINM 1%, 2¢c HIMM curnan Benunuuaon 25%, 2¢ — ¢ Bemuuunou 50%,
2c — ¢ BemuuuHOM 75%, 2¢ — 99%. Pazpsanocte HIUM - 1024.
Caumaemsbiii IIIMM curHan MOKHO IIpOCMaTpUBaTh, MOACOCIUHSS
cooTBeTCcTBYIOIMM BBIBOJA MK k ocuuiiorpady

CrnenyrommuM 3TanoM co3nanust yctpoilctB Ha MK sBusercs
CO3/1aHMe AJITOPUTMA _MPOIrPaMMbl, KOTOPBIM 3acTaBUT padboOTaTh
CO3/IaHHYIO CXEMY, BhINOJIHSISA T3.

MBI HanUIIEM aJITOPUTM B BUJE TICEBAOKOAA.

a) CTapT MPOrPaMMBbI
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0) cnaematb HOXKY MK, kK KOTOpOW MOJKIIOUYEH CBETOIUO]
BBIXOJIOM.

B) cienath HOXKM MK, ¢ koropeix cHumaem IIIMM curnan
BBIXOJIaMH.

r) ckoHurypupoBath Taiimepl MK B pexum HIMUM curnana,
pa3psaHOCThIO 1024,

n) nocnatek Ha Beixog MK 40 egununy(opranuzyeM HHIUKAIIAIO
nutanusa MK).

e) opranuzoBars [IIMM curnan ¢ Benuuunoi 1M 1%

K) KAaTh 2¢

3) opranun3oBath [IIMM curnan ¢ Benuuunoi HINUM 25%

1) KOaTh 2C

k) opranu3oBath [IIM curnan ¢ senumuunoit HIUM 50%

1) KAaTh 2¢

M) opranuzoBath [IIWM curnan ¢ sennunnoit HINUM 75%

H) *KJaTh 2C

0) opranu3oBath [IINM curnan ¢ Benuuunoit HIUM 99%

1) *K1aTh 2C

p) IEperTH K ITYHKTY JT)

Jlanee HYXHO 3amucarb ajirOpUTM Ha BBIOPAHHOM  SI3BIKE
nporpaMMmupoBanusi. Mel Oynem ncnosb3oBath Cu aiasa MK.

Coznagum HOBYIO HarKky U1t HAIIIETO MPOEKTA
C:\cvavreval\Laba4. Jlanee orkpriBacm CodeVision. Co3gaauM HOBBIH
IIPOEKT, IIPX 3TOM BOCHOJIB3YEMCS T€HEPATOPOM HAYAIBLHOI'O KOJA.

B mnosBuBLIEMCA OKHE TI€HEpaTOpa HAYAJIBHOTO KOJa HACTPOUM
Hamt MK B COOTBETCTBUU ¢ TPEOOBAHUSIMU MPOTPAMMBI.

Jlanee nelcTByeM 1O CIEAYIOMIEMY AJITOPUTMY:

1) Ha Bxiaagke Chip BbeiOMpacM  MHKPOKOHTPOJUIEP

Atmegal6, 3agaem yactoty TakTupoBaHus 4MI'w.
% CodeWizardAVR - untitled.cwp
File Help

AHTmegalk
4.000000
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2) Ha Bknagke Ports zagaem omT 0 mopra A BbIXOJOM (3TOT
BBIXOJI HCHOJb3yeTcs i uHaukaiuu nutanus MK),
TaKXe€ BBIXOJOM Ha3zHadyaem OMT S mopta D (3TOT BBIXOJ,
ucnonb3yercs 11 BeiBoga [IHMM curnana).

3) Ha Bxmamke Timers Beiompaem Timerl 3amaem clock
value 4000xI'u, BeiOupaem pexxum (Mmode) Fast PWM
top=03FF (B aToMi ke BKIaJKe MOXKHO 3a7aBaTh U APYTUE
peXUMBI PabOTHl TaliMepa, HAMpPUMEpP, MEHSTh PEKUM
[IIMM curHana, OpraHU30BBIBaTh PadOTy € TalMeEpoM
OIIpEJICIICHHOM YacTOTHI U T.1.). 3aaaeM Beixoa A (Out A)
kak HenHBepTUpoBaHHbI (NON-INV) Beixog HIMM.

%% CodeWizardAVR - untitled.cwp

File Help

System Clock,

4) Jlanee renepupyem u coxpansem daiin (File -> Generate,
Save&EXxit)

Hanee Oyzaem cienoBaTh CO3JJaAHHOMY HAaMU allTOPUTMY.

[lynkr (a) — crapt nporpammsbl. [Iporpamma B MK HaumHaet
BBITIOJIHATHCA TIpu Hamunu niutanuss MK, enununbsl Ha HOkke Reset.
Takum oOpa3oM, HamMCaHHs CHEIUATBLHOTO MPOTrPaMMHOIO KoJa st
ctapta nporpammsl 1ii1 MK He TpeOyercs.

OO0beanHuM NyHKTHI (0) ¥ (B) B oauH. J1J1s1 X BBIMOJHEHUS TaKKe
HEe TpeOyeTcs HaNMCaHWs MPOTPAaMMHOTO Koja. OTH JTamlbl ObLIU
peaau3oBaHbl MpPU KOHMDUTYPUPOBAHMM TOPTOB B  TE€HEpATOpE
HavaJbHOTrO Koma. UYToOwl 3amath Te¢ WM HMHBIE OMTHI mopToB MK
BBIXOJIaMU, HY>KHO 3aIllHCaTh COOTBETCTBYIOIIME 3HAYECHUS B PETUCTPHI
PORTX u DDRX. B namewm cnyuae, B peructp DDRA 3anucanu uncio
0x01, B peructp DDRD 0x20 (3amuce 0x01 o3nauvaer umcio 1 B
mectHaanatupuaaorn  dopme wmwim 00000001 B mBOWYHOM,
COOTBETCTBEHHO i1 unciia 0x20 mpencraBieHUe B JABOMYHOU (opme
umeet caenyromui Bua: 00100000).
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ITynkr (r) — ckoHdurypupoBath Talimepl, ... [ns peanuzanuu
ATOTO 3Tara arOpuTMa Takxke He TpeOyeTcs HaMCaHUs MPOrPaAMMHOTO
koJia. OH Tak:ke ObLI BBITIOJIHEH MPU I'eHEePAIIMY HAa4YaJIbHOTO KO/Ia.

FAf Timer/Counter 1 initialization
A Clock source: 3ystem Clock

A Clock walue: 4000, 000 kHe

4 Mode: Fast FPUM top=03FFh

A4 0OC1h output: Non-Inwv.

A OC1B output: Discon.

f/ Noise Canceler: Off

A Input Capture on Falling Edge
A Tiwer 1 Orrerflow Interrupt: Off
A Input Capture Interrupt: Off

A4 Compare A Match Interrupt: Off
ff Compare B Match Interrupt: Off
TCCR1a=0x53;
TCCR1E=0x029;
TCHNT1H=0x00;
TCHNT1L=0x00;
ICR1H=0x00;
ICR1L=0x00;
OCR1AH=0x00;
OCR1AL=0x00;
OCR1BH=0x00;
OCR1BL=0x00;

Ctpoku 66-7/7 — KOMMEHTapUH, YKa3bIBAIOIIUE KaKON TaliMep U B
KaKOM PEXHUME HCIONb3YETCsA, KaKhe BBIXOAbl HMCHONB3YyIOTCA. [lanee
uaeT KoHPuUrypauus TaiiMepa noj Haiy 3anady. 3MeHsATh COCTOSIHUE
TaliMepa MOKHO MEHSIS 3HAQY€HUS B COOTBETCTBYIOUIUX PETrUCTpax
(monpobHee cmotpuTte B narammute MK).

[Tynkt (1) — mocnatk Ha HOXKKY 40 MK enunuity. C 3Toro nmyHkra
HAayMHAETCsl COOCTBEHHO Hamucanue camou mporpammbl aiigs MK. Kax
OpraHM30BaTh BBIBOJ cuUTHaJa Ha HOXkM MK, mnoapobHO OBLIO
pPacCMOTPEHO B MPEIbIAYIIUX JiabopaTopHbIX pabotax. s Haiero
CiIy4asi 3TO OyJeT €IMHCTBEHHAs! CTPOKa

PortA.0=1;

[Tynkt (e) opranuzoBars [IIMM curnan ¢ Benuuunoit UM 1%.
B pamkax maHHOro IyHKTa pacCMOTpUM, Kak ke opranusyercs LIINM
ynpaBiaeHrue. YToObl BBITIOJHUTH JAHHBIA TYHKT HYKHO 3alHcaTh
CJICIYIOIIMK MPOTPAaMMHBIN KOJ:

OCR1AH=0x00;

OCR1IAL=0x0A;
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Takum o00pazom, uyToObl H3MeHHTH BenuuuHy IHIHUM HyXHO
n3MeHuTh 3HadueHue B peructpe OCRI1A. B Hamem ciaydae yactoTa
takTupoBanuss MK 4MI'u, pexxum UM 03FF, uto o3nauaer, 4to
paspsaHocts MM 1024. T.e. yactoTra MMITyJIbCOB B HAIlEM Cllydae
4000000/1024=3,9xI'. M3mensaTe yacTtory mmnyiabcoB LIINMM moxHO,
MeHss yactoTy padotel MK, nnbo menss paspsanocts IIIMM curnana.
Taxxe MeEHSATH 3Ty BEIMYMHY MOXHO, MEHsS 3HAUECHUE pEerucTpa
TCNT1 (6onee mogpoOHOE onrcanrue cMOTpH B onrcannu MK).

PaccmoTpum, modeMy HY)XHO 3amucarb WMEHHO 4YHCIO A B
peructp OCR1A.A mecTHaaunarepuyHoe npeacTaBieHue uucia 10, a
10 — sro mpumepHo 1% ot 1024, Takum oOGpazoM MbI obOecrieunBaeM
Tpebyemyto Benuuuny HIIAM.

ITynktel (kx), (1), (1), (H), (1) oObenuHUM B OJMH MYyHKT. Kak
OpraHM30BaTh 33JEPKKYy IO BpPEMEHM ObUIO pPacCMOTPEHO B
npenpIaynmx JjJadbopaTopHeix pabotax. [IporpamMmMHO 3TO BBITJIAIUT
CEAYIOIHUM 00pa3oM:

delay ms (2000) ;

Taxke HeoOXoauMO M00aBHTh CTPOKY B JTUPEKTUBBI TIpEANpolieccopa,
BKJIFOYAIOIIYIO OMUCAHKUE ITOU (PYyHKIIUH:

#include <delay.h>

[Tynaktel (3), (M), (H), (0) OOBEIMHUM B OJMH IMYHKT. B 3Tux
NyHKTaX HeoO0Xxoaumo u3MeHsaTh BenuuuHy [IIMM curnana. s sToro
HeoOxoaumMo MeHATh conepxumoe peructpa OCR1A nogoOHO TOMy,
KaK 9TO Jenanoch B myHKTE (€). CoOTBETCTBEHHO M 25% HeoOXoaumMo
nocimatek 1024*0.25=256, nnsa 50% - 512, noa 75% - 768, nng 99% -
1014.

st Toro, 4ToOBl OpPraHM30BaTh MEPEXO]] B HAYAIO MPOrPAMMBI
TaK)XKe HE TpeOyeTcs 3alucu Kakoro-inbo mporpaMMHOIO KOja, Mocie
BhIMOTHeHHS niporeaypsl While(1) nporpamma Bo3Bpaiaercss K Hadary
3TOU MPOLEAYPHI.

OOmuil JTUCTUHT TPOTPaAMMBbl, PEATU3YIONMIEH TaHHBIA aJTOPUTM
BBITJISIIUT CIICIYIOITUM 00pa3oMm:

#include <megal6.h>

#include <delay.h>
// Declare your global variables here
void main (void)
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{

// Declare your local variables here

// Input/Output Ports initialization

// Port A initialization

// Func7=In Func6=In Funcb5=In Func4=In
Funcl=In Func0=0ut

// State7=T State6=T State5=T Stated=T
Statel=T State0=0

PORTA=0x00;

DDRA=0x01;

// Port B initialization

// Func7=In Func6=In Func5=In Funcd4=In
Funcl=In FuncO=In

// State7=T State6=T State5=T Stated=T
Statel=T State(0=T

PORTB=0x00;

DDRB=0x00;

// Port C initialization

// Func7=In Func6=In Funcb5=In Funcd4=In
Funcl=In FuncO=In

// State7=T State6=T State5=T Stated=T
Statel=T State(0=T

PORTC=0x00;

DDRC=0x00;

// Port D initialization

// Func7=In Func6=In Func5=0ut Func4=0ut
Funcl=In FuncO=In

// State7=T State6=T State5=0 State4=0

Statel=T StateO0=T
PORTD=0x00;
DDRD=0x30;
// Timer/Counter 0 initialization
// Clock source: System Clock
// Clock value: Timer 0 Stopped
// Mode: Normal top=FFh
// OCO output: Disconnected
TCCR0=0x00;
TCNT0=0x00;
OCR0=0x00;
// Timer/Counter 1 initialization
// Clock source: System Clock
// Clock value: 4000,000 kHz
// Mode: Fast PWM top=03FFh
// OClA output: Non-Inv.
// OC1B output: Non-Inv.
// Noise Canceler: Off
// Input Capture on Falling Edge
// Timer 1 Overflow Interrupt: Off
// Input Capture Interrupt: Off
// Compare A Match Interrupt: Off
// Compare B Match Interrupt: Off
TCCR1A=0xA3;

o1

Func3=In

State3=T

Func3=In

State3=T

Func3=In

State3=T

Func3=In

State3=T

Func2=In

State2=T

Func2=In

State2=T

Func2=In

State2=T

Func2=In

State2=T



TCCR1B=0x09;

TCNT1H=0x00;

TCNT1L=0x00;

ICR1H=0x00;

ICR1L=0x00;

OCR1AH=0x00;

OCR1AL=0x00;

OCR1BH=0x00;

OCR1BL=0x00;

// Timer/Counter 2 initialization
// Clock source: System Clock

// Clock value: Timer 2 Stopped

// Mode: Normal top=FFh

// OC2 output: Disconnected
ASSR=0x00;

TCCR2=0x00;

TCNT2=0x00;

OCR2=0x00;

// External Interrupt(s) initialization
// INTO: Off

// INT1: Off

// INT2: Off

MCUCR=0x00;

MCUCSR=0x00;

// Timer (s)/Counter (s) Interrupt(s) initialization
TIMSK=0x00;

// Analog Comparator initialization
// Analog Comparator: Off

// Analog Comparator Input Capture by Timer/Counter 1: Off
ACSR=0x80;

SFIOR=0x00;

while (1)
{

PORTA.0=1; // Place your code here
OCR1AH=0x00;
OCR1AL=0x0A;

delay ms (2000) ;
OCR1AH=0x01;
OCR1AL=0x00;
delay ms (2000) ;
OCR1AH=0x02;
OCR1AL=0x00;
delay ms (2000) ;
OCR1AH=0x03;
OCR1AL=0x00;
delay ms (2000);
OCR1AH=0x03;
OCR1AL=0xF06;
delay ms (2000);
}i
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CrenyromuM dSTarnoM SIBJISIETCS  CUMYJISIIAS  paOOThl  TaHHOM
nporpammel B cpeae Proteus. [l 3Toro HEOOXOAUMO CO3/IaTh CXEMY,
MPEJCTABICHHYIO Ha CIEAYIOIIEM PUCYHKE:
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ATMEQATS

Jlanmee HEOOXOAWMO OCYIIECTBUTh CUMYISIUI0 UM TMOJYYUTh
ocuusuiorpammel uccienyemoro HHINMM curnana.

TpedooBaHNA K OTUETY

OTyeT J0JDKEH Co/IepKaTh CIASAYIOIINE pa3/Iebl:

18. TuTynbHBIN TUCT

19. [ens paboTHI.

20. Onucanue npuniumnos [IINUM ynpasnenus.

21. Xoxa paboThl (C TEKCTOM IpOorpaMMbl U CXEMaMH B MaKeTe

Proteus, a Takxe oCcIMIUIOrpaMMaMU MTOJTYYEHHBIX CUTHAJIOB).
22. BriBogpbi.

KoHTpPOoJBLHBbIE BOIPOCHI 1JI1 CAMOCTOATEJILHON PA0OTHI

15. Yto takoe HINM?

16. s yero ucnonwiyercs [IMM ynpaBnenue?

17. OcHoBnble napametpsl [IINMM curnana.

18. [Ipumepsl pacuera mnapaMeTpoB palOOThl JBUTATENS MpHU
[ITNM ynpaBiieHUHN.

19. [IpuHUMNBI OpraHu3anuu nporpamMmMHon peanuzauuu [HINUM
curHana?
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20. [Tpuniunsl opraHuzanuu anmnapatHod peanusanuu UM
curHasa?

21, Onunmmre cymecTtByromue B MK taimepsl.

22. Bapuantsl npumenenus talimepoB B MK.

23. Otuero 3aBucuT Bpemsi umiyinbcoB MM curnana npu
anmapatHon peasm3zanuu WM ynpasienns?

24, Kak M0XXHO NHOOUTHCS MPOMEXKYTOUHBIX 3HAUCHHM BpEMEHU

nmnyabsca MM curnana?
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JlabopaTopHasi pabora Ned
NCCIEAOBAHUE AHAJIOT'O-IIM®PPOBOI'O
INPEOBPA3OBAHMUA (AILLII)

Ilenv pabomur:

1) O3HakoMIJICHHE C MPUHITUIIOM PaOOTHl U BHYTPEHHUM YCTPOMCTBOM,

HACTpOMKO# aHanmoro-nudposBoro npeodpaszonaresns (ALLLD).

2) Hanucate mporpammy, opranusytomyto padory AT MK Atmegalo6.
Ob6vexkm uccneoosanus: MUKpokoHTposutep Atmegalo.
Annapammnsle cpeocmea: BUpTyaibHas J1abopatopusi Ha O9BM IBM

PC, nporpammusiii naker CodeVisionAVR — kommuisatop Cu st AVR

MUKPOKOHTPOJUIEPOB, IPOrpaMMHBIi makeT Proteus — cpema cumymnsiiuu

paboThl MUKPOKOHTPOJIJIEPOB U JPYTHUX IEKTPOHHBIX YCTPOUCTB.

Kparkas Teopus

Ananoro-tudposoii npeodpazoBatens (ALl anrn. Analog-to-
digital converter, ADC) - yctpoiicTBO, TpeoOpasyromiee BXOIHOU
aHaJIOTOBbIM CUTHAJ B JUCKPETHBIN KoA (uudpoBoii curHan). OOpaTHoe
npeoOpazoBanue ocyuiectsiagercs npu nomomum Al (tudpo-
aHasioroporo Tmpeoopasosatensi, DAC). Kak npasumo, ALIl -
AIIEKTPOHHOE YCTPOMCTBO, Mpeodpasyrollee HanpsHKEHUE B JIBOMYHBIN
nudpoBoi koa. TeM He MeHee, HEKOTOpPbIE HEAJIEKTPOHHBIE YCTPOKUCTBA
¢ 1u(dpPOBBIM BBIXOJIOM, CleNyeT Takxke oTHOocuTh K AIlll, mampumep,
HEKOTOPBIE TUIIBI TPEOOpa30BaATENCH YToJI-KO/I.

[Ipocrerimnm  ogHOpa3psaaHbiM  aBoudHbiM ALl aBisiercs
komnapatop. Pazpsgnocte ALl Pazpsamnocts ALl xapakrepusyer
KOJIMYECTBO JUCKPETHBIX 3HAUEHUH, KOTOPhIE MPeoOpa3oBaTesib MOXKET
BbIIaTh Ha BbIxoae. B nBomunbix ALl pa3psaHOCTh u3MepsieTcs B
outax. Pazpsgnocthio ALl ompenensiercs u ero paspenieHue —
MUHUMAJIbHOE MU3MEHEHUE BEJIMYMHBI BXOJHOIO aHAJIIONOBOTO CHUTHAJA,
KOTOpoe MOXeT ObIThb 3aduxcupoBaHo gaHHbM  AIIIl. AL
npeoOpa3oBbIBAET CHUTHAN (HANPSOKEHHE) HAXOIAIIMKMCS B JUalia3oHe
U3MEPSEMBbIX CUTHAIOB. HWXKHSSI M BEpXHSA TpaHUIA 3TOr0 Juana3oHa
ONPEACISIIOTCS.  HANPSHKEHUSIMU, TOJAHHBIMU HAa COOTBETCTBYIOIIHE
BoIBOABL. 1 [Jlms MK co BcrpoennbiM AILIIl, HMKHSIS TpaHuUlla — 3TO
ypoBenb GND (0 B), a BepxHsas — mojaercsi Ha OTICIbHBIM BBIBOI
(AREF) wnmm wWcronp3yroTcss BHYTPEHHHUE WMCTOYHHMKH — OIOPHBIX
HanpspkeHuu. [Ipu nnanaszone Bxoanbeix Hanpsbkenud ot 0 B 1o S B u
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ucnojb3oBanuu 10- outHoro ALIIT Mbl uMeeM crienyroliee pa3penicHue

AT A .

Wl Pes-1 npeodpazosanus
A ADC p p A
5B 1023
U, -U, 5B-0B 5B _

TA A==apc_ = 20 Tioaa B
0B 0

Pazpemenne 10-0utnoro AT

T.e. ALIII B cocTossHUY pa3IM4UTh CUTHAJIBI, KOTOPBIE OTJIIMYAIOTCS
Ha 4,9 mB. Ilpm yBenmnuenun curnHana Ha 4,9 MB — pesynbrar
npeodpa3zoBaHus yBenuuuTcs Ha 1. Ecnu s Takoro ’ke Jauamna3oHa
BXOJHBIX CUTHAJIOB HCIOab30BaTh ALIIl ¢ Oombiieit pa3psiAHOCTBIO, TO
MBI CMOXKeM 3a()UKCUPOBATh MEHBIIINE 3HAYCHHUS, T.C. MOJYYUTh Oojiee
TOYHOE 3HAYEHHWE CHUTHAJIa (Ha pHUC TMPEACTaBICHbI 3HAYECHUS MIPHU
HCHoIb30BaHuu 24-outHoro ALIIT).

Ha mnpaktuke paspemenne ALl orpaHud4eHO OTHOIIEHHEM
CUTHaJI/IIyM BXOAHOTO curHaia. [Ipu 0oibI1oil MHTEHCUBHOCTH IITYMOB
Ha Bxoje AIlIl pasznmnuenme coceqHMX ypPOBHEW BXOJHOIO CHTHAJIA
CTaHOBUTCA HEBO3MOXHBIM, TO €CTh 2 yxyamaercs paspemenue. [Ipu
ATOM PEAIbHO JOCTHKUMOE pa3pelieHue OmnuchiBaeTcs d(PPeKTUBHON
paspsyiHocThio (Effective Number Of Bits - ENOB), xoTopas mMeHbIIe,
yem peanbHas paspanHocte ALl Ilpu npeoOpazoBaHUU CHIIBHO
3aIIyMJIEHHOTO CHUTHAJIA  MIIQJIIAE  Pa3psapl  BBIXOJHOIO  KOJA
MPaKTUYECKH OECIIOJIE3HBI, TAK KaK COAEPIKAT LIyM.

Yacrora nauckpermzauuu ALl AHanoroBelii CHUrHand SIBJISETCS
HenpepbiBHOW  (PyHkuuei Bpemenu, B AIlIl on mnpeobOpasyercs B
MOCJIEA0BATEIbHOCTh 1 (ppoBHIX 3HAYEHUI. CiietoBaTenbHO,
HEOOXOJAUMO OINpPEICIUTh YacTOTY BBIOOPKH HU(PPOBBIX 3HAYECHUU W3
aHaJoroBoro curHaia. Yactora, ¢ KOTOpOMl MPOU3BOAITCS LUGPOBBIC
3HAYCHMS, MMOJIyYrJla Ha3BaHUE yacTtoTa Auckpernsanuu AL

[Tockonbky peanbHbie ALl HEe MOryr mnpou3BeCTH aHalIoro-
udpoBoe npeodpazoBaHre MTHOBEHHO, BXOJJHOE aHAJIOTOBOE 3HAUCHHE
JOJKHO YIEPKUBATHCS MOCTOSIHHBIM, 10 KpaWHEW MEpE OT Havajia Jo
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KOHIIa IIpoliecca IpeoOpa3oBaHus (3TOT MHTEPBAI BPEMEHHU Ha3bIBAIOT
BpeMs npeoOpa3oBaHusi). JTa 3ajaya peliaeTcsi MyTéM HCIOJIb30BaHUS
crienaibHOM cxeMbl Ha Bxoae ALIII - ycTpoiicTBa BEIOOpKU-XpaHEHUS.
YCTpOUCTBO, XPAaHUT BXOJHOE HANPSLKEHUE B KOHIECHCATOPE, KOTOPBIN
COEIMHEH CO BXOJOM YEpPE3 aHAJIOTOBBIN KIIIOU: TP 3aMbIKAHUM KJIHOYa
IPOUCXOIUT BBIOOPKA BXOJIHOTO CHTHAJIa (KOHJIEHCATOP 3apsKaeTcs N0
BXOJIHOT'O HANIPSIKEHUS ), IPU pa3MbIKaHUU - XpaHEHUE.

B wmukpokoHTpoiepax wacrora auckpernsaunu ALl moxer
ObITh HacTpoeHa mporpaMMHo. Ho, yeM Bbllie yacTora (OoJiee yacTtas
BBIOOpKA) — TeM OoJibllle OIIMOKA MpeoOpa3zoBaHusl (MEHBIIE TOUHOCTD ).

Tunwvt AIII CymiectBytot cienyromue turnbl AL

» AIIIT npsimoro nipeodpazoBanus (mapasienbusiid ALT);

* nocieaoBarenbHo-napamuiensabie AL,

« ANIl nocnemoBaTenbHOro MNpuOIMKEHUS (C TMOpa3psAIHBIM
YPaBHOBEUIMBAHUEM );

* ALIIT nuddepeniimanbHOro KOAUPOBAHNS;

 AIIIT cpaBHEHMS C TUIO000OPA3HBIM CUTHAJIOM;

 AIIIT ¢ ypaBHOBEIIMBAHUEM 3aPAJIA;

 koHBebepHbIe ALIIL;

« ANIl ¢ #OpoMexyToYHbIM NpeoOpa3oBaHUEM B YacTOTY
CJIEAOBaHUS UMITYJIbCOB;

e curma-genbTa ALIL.

s 6onpmnaCcTBa AL paspsaHocts cocTaBisieT oT 6 g0 24 OuT,
yactora nuckpernsauuu 10 1 MI't. Mera- u rurarepuossie AL Takxke
noctyrnHbl. OMH U3 (PaKTOPOB YBEIMUMUBAIOIIUX CTOUMOCTh MUKPOCXEM
- 9TO KOJIMYECTBO BBIBOJOB, IIOCKOJIbKY OHU BBIHYXIAIOT JIEJIATh KOPITYC
MHUKPOCXEMBbI OOJIbIIIe, M KaXKJIbI BBIBOJI JIOJKEH OBITh MPHUCOCIUHEH K
KpUCTaJLTy.

Jl1s yMeHbIleHHus KojinuecTBa BIBOAOB yacTo ALIIL, paGoTarormiue
HAa HU3KHX 4YaCcTOTaX JUCKPETHU3AIMHU, HMEKOT IOCJIEI0BATEIIbHBIN
uHTepdeiic.

[Ipumenenue ALIII ¢ mocnemoBaTenbHBIM HHTEP(PEHCOM 3a4acTyIO
MTO3BOJISIET YBEJIIMYNTH MJIOTHOCTh MOHTAaXa M CO3/1aTh MJIATY C MEHbBIIEH
momaapo. Yacto mMukpocxembl ALl MMEIOT HECKOJBKO aHAJIOTOBBIX
BXOJIOB, MOAKJIFOYEHHBIX BHYTPU MUKPOCXEMbI K enMHCTBeHHOMY AL
4yepe3 aHAIOTOBBINM MYJIbTUILIEKCOP.

Paznuunsie momenu AILIIl Moryt BkIo4aTh B ceOsi yCTpoicCTBa

BBIOOPKU-XPAHEHHUS, WHCTPYMEHTAJIbHBIC YCHWIUTENN WJIY
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BBICOKOBOJIBTHBIN TU((DEepeHIIMaIbHbIA BXO U APYTrUe M0oA00HbIE 1IEIH.
MuxkpokonTtpomuiep MEGAIL6 coaepxur B cBoeM coctaBe 10-
paspsianbiii (10- OutTHbINA), 8-ukaHanbHbId ALl mocnemoBaTeabHOTrO
NPUOJIUKEHUS C BCTPOCHHBIM YCTPOUCTBOM BBIOOPKU-XPAHEHUSI.

ADCT —»

A0CHE

'

T

Clock ‘

A0S

i

h 4

Al

£ approsimation ALCH
) |

Al e -

Aln

‘

A0

'

A0

'

Cxema ALIIT B Atmegal6

8 BxomoB AIIIl moxkmtouensl k omaHomy ALl mpu nomomu
aHAJIOrOBOTO  MynbTHIUIEKcopa, T.e. Al B cocrosHum
peoOpa3oBbIBaTh TOJIBKO OJIMH CUTHAJ B 4 TEKYIIMH MOMEHT BPEMEHH.

Ecim HeoOXoauMo mnpeoOpa3oBbIBATh HECKOJIBKO CHUTHAJIOB
OJIHOBPEMEHHO — TO OHHM MPE0OPa30BBIBAIOTCS MOCIEAOBATENBHO.

Ha BeBom MK nox wumenem AREF mnomaerca omnopnoe
HampspDKeHue (BEepXHsss TpaHuIia [JJisi  TIpeoOpas3oBaTelis), HUKHSS
rpanuna — Bceryma 0 B (GND).

B kadecTBe BepxXHEHl TpaHUIBI MOXET OBbITh HCIOJIL30BaHO
HanpspbkeHue nutanus VCC wiM BCTPOEHHBIM HMCTOYHHUK OIMOPHOTO
HamnpspkeHus 2,56 B.

ALl B MUKpPOKOHTpOJUIEpE, TaK €, KaKk M BCE OCTaJIbHbIC
yCTpoicTBa, paboTtaeT oT TaktoBo dYactotel MK. Yacrory,
nogaBaemMyro Ha AIlIl MOXHO TOHM3WTH IIPU TOMOINM ACTUTEIA
gactoTel ALIIl. IIpeoOpa3zoBanue mpu 3TOM OYyJET BBHIMOIHATHCS Oosee
MeEJJICHHO, HO M 00JIee KaueCTBEHHO.
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IIpumenenue ALl  Ananoro-uudpoBoe  mnpeoOpa3oBaHHUE
UCIIONIb3YETCSl BE3Je, e TpeOyeTcsa o0padaThiBaTh, XpaHUTh WIIU
nepenaBaTh Curai B iudpoBoit hopme:

» ALIIT siBAsIFOTCSI COCTaBHOM YacThIO CUCTEM COOpa JaHHBIX;

* obicTpbie Buaeo AT ucnonsiyrorces, Hanpumep, B TB-TioHEpax
(aTO mapaiuienbHbie U KoHBeepHbie ALIIT);

e MeJJieHHbIe BCTpoeHHbIe &, 10, 12 unu 16-0utHbie ALl yacTo
BXOJSIT B COCTAaB MUKPOKOHTPOJUIEPOB (KaK MPaBUJIO OHU CTPOIOTCS IO
MPUHIIUITY MOPA3PSTHOTO YPABHOBEIIMBAHUSI, TOUHOCTh UX HEBBICOKA);

* oueHb ObIcTpbie ALl HeoOxoaMMBI B IU(DPOBBIX OocIuiIIorpadax
(mapasenbHble U KOHBEEPHBIE);

* coBpeMeHHbIe Bechl ucnonb3ytor ALIIl ¢ paspsaHocThiO 10 24
ouT, npeoopa3yrolre CUrHal HEMOCPEICTBEHHO OT TEH30METPHUUECKOTO
natuuka (curma-ugenpta ALLIT);

» AIIIT BXomsIT B COCTaB pajMOMOJIEMOB M JPYTHX YCTPOMCTB
pajyoriepeaun JaHHBIX, T/I€ UCIOJIB3YIOTCSI COBMECTHO C IIPOIIECCOPOM
1 ppoBoit 00pabOTKU CUTHAJIOB B KAYECTBE AEMOIYJISATOPA;

» cBepxObicTpbie AIIIl uCmonb3yrOTCsST B aHTEHHBIX CHCTEMax
0a30BbIX cTaHui (B Tak Ha3piBaeMbix SMART-anTeHHax) u B
AHTEHHBIX PEIIETKAX PAJAUOJIOKAIIMOHHBIX CTAHIIAM.
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Onncanue perucTpoB Jjs nporpammupoBanus ADC

ADMUX (ADC Multiplexer Selection Register) — perucrp myiastumiekcopa AL
7 6 5 4 3 2 1 0
REFS1 | REFSO | ADLAR | MUX4 | MUX3 | MUX2 | MUX1 | MUXO0

Bit 7:6 — REFS1:0: Reference Selection Bits

OTU OUTHI ONPEACIISIIOT BEIMYMHY BEPXHEH TpaHUIIBI OMOPHOTO
HanpspkeHus st ALIT (cm. Ta6n.). Ecniu nanHbie OUTHI U3MEHUTH BO
BpeMsl MIpeoOpa30BaHUs — U3MEHEHUE HANPSIKECHUS ITPOU30MJIET TOJIBKO
IpH CIAEAYIOLIEM IPeoOpa30BaAHUM.

Tabauua 1. Buibop onopunoro nanpsxenns ais AL

REFSI REFS0 Be160op ONOpHOro HanpsiKeHus
0 0 AREF (BeiBog MK), BHYTp. Vref BeIKIIIOUEHO
0 1 AVCC ¢ BHemiHMM KoHAeHcaTopoM Ha BeiBojae AREF
1 0 3ape3epBHPOBAHHO
1 1 Buytp. 2.56 V HanpsbkeHue ¢ koHjaeHcatopom Ha AREF

Bit 5 - ADLAR: ADC Left Adjust Result
ADLAR 06utr otBeuaer 3a mnpencrasienue pesyibrata ALl B
peructpe aanubix AIlll. VYcraHoBka Outa B «l» TmpuBener K
BBEIpAaBHUBAHUIO pe3yibTaTa BieBo, «0» - Bmpapo. M3meHenue Outa
OPUBOAUT K HEMEHJICHHOMY H3MEHEHMIO BBIPABHUBAHUS pe3yJsibTaTa
ALIT (aist Tekyuiero u mocleayrouux npeoopazoBanuil). JleranbHee
Opo BbIpaBHMBAHUE pe3yJibTaTa ONuUcaHo B peructpe AaHHbix ALl
(peructpel ADCL u ADCH).
Bits 4:0 — MUX4:0: Analog Channel and Gain Selection Bits
3HayeHus IAHHBIX OUTOB ONpPEICIIAIOT KOMOMHAIIUIO
MOJKJIIOUYECHHBIX AHAJIOTOBBIX CHUTHAJIOB, a Takxke Kod3(PQUIIHEHT
ycuwieHus: i quddepeHnruanbHbIX peXUMOB BKJItoueHus. Eciu OUTh
U3MEHUTh BO MIpeMsi MPeoOpa3oBaHMsl, STO OTPA3UTCS HA CIEAYIOIIEM
npeoOpa3oBaHuM.
ADCSRA (ADC Control and Status Register A) — peructp A
HacTpouKy U craryca ALl
7 6 5 4 3 2 [ 0
ADEN | ADSC | ADATE | ADIF ADIE | ADPS2 | ADPSI1 | ADPS0
Bit 7 — ADEN: ADC Enable
Jlannbiii Out BItogaeT/Boikiaouaer AlLIIl. Copoc nmanHoro Oura B
«0» mpepbIBaeT TEeKyIlee Mpeoopa3oBaHHUE.
Bit 6 — ADSC: ADC Start Conversion
B  pexume  oauHOYHOrO  mpeoOpa3oBaHUs, HEOOXOIUMO
yCTaHaBJIMBATh JAaHHBIN OUT B «1» mis 3amycka kaxmaoro ALIL. ADSC
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Oyner octaBathCs B «1» 110 TeX mop, nmoka ujaet npeodopazosanue. Kormna
npeoOpa3oBaHue Oy/IE€T 3aKOHUYEHO, OH aBTOMATHYECKU COPOCUTHCA B
«O».

Bit 5 - ADATE: ADC Auto Trigger Enable

OTOT OUT OTBEYAET 3a PEKHUM aBTO-3aIyCKa MpeoOpa3oBaHUs IO
curHainy. B paHHONl paboTe NaHHBIA pE3UM HE MCIOJIB3YETCS M HE
paccMarpuBaetcs. st OTKIIIOUEHHUs JTaHHOTO PexXuMa — OUT cOpOCUTH B
«O».

Bit 4 — ADIF: ADC Interrupt Flag

OTOT OUT aBTOMATUYECKH yCTAHABIMBAETCS B «1» MO OKOHYAHUU
npeodpazoBanus. O0padboTuuk npepriBanus 1Mo okoHuanuto ALIT Oyner
BbI3BaH, €CIIM MpepbIiBaHus s Hero paspeuieHsl B (paare ADIE u 1-6ut
B peructpe SREG ycranosnen B «1». Ilocie BeimoaHeHUs: 00paboTunka,
JAHHBIA OUT aBTOMATHUYECKHU cOpachiBaeTcs B «0».

Bit 3— ADIE: ADC Interrupt Enable

Korpa manneiit 6ut ycraHoBsieH B «1» u 1-out B peructpe SREG
yCTaHOBJEH B «l», mpepbiBaHUsA MO OKOHYAHHUIO MPeoOpa3OBaHUS
pa3pelICHBI.

Bits 2:0 — ADPS2:0: ADC Prescaler Select Bits

JlaHHBIE OUTHI ONpPENENAIOT ACIUTENb padouei yactoTel MK s
nogauun ee Ha AIIIl. T.e. onun ompenenstoT ckpocTh padoTel AILIII
(4acToTy IUCKpeTH3aluu). 3HAYeHUs JaHHBIX OWTOB NPHUBEICHBI B
cienyroieu Tadaure.
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Tabanua 3. Buibop sxoanoro kanaaa AILT]
ADPS2 ADPSI ADPS0 Jlenurenb
0 0 0 2
0 0 1 2
0 1 0 4
0 | 1 8
1 0 0 16
1 0 1 32
1 1 0 64
1 1 1 128
ADCL u ADCH (The ADC Data Register) — perucrp aanubix AL
i 6 5 4 3 2 1 0
ADCH ADC9 | ADCS

ADCL | ADC7 | ADC6 | ADCS | ADC4 | ADC3 | ADC2 | ADCI1 | ADCO
3uavenus perucrpos npu ADLAR = 0!!!

7 6 5 4 3 2 1 0
ADCH | ADCY9 | ADC8 | ADC7 | ADC6 | ADCS | ADC4 | ADC3 [ ADC2
ADCL | ADCI1 | ADCO - - - - - -
3uavenus perucrpos npu ADLAR = 1!!!

B pesynbraTe npeoOpazoBanusi 10-OutHOe 1HUppoBOE 3HAUEHUE
COOTBETCTBYIOIIEE HaNpsKeHUIo Ha BbiBoJie MK pasmernaercs B AByX 8-
outHeix peructpax (ADCL u ADCH).

BripaBHMBaHUE pe3ysbTaTa BJIEBO MO3BOJISET UCIIONIB30BATH OOJee
3HauuMble  Outhl  (9..2). T.e. Muammue OUTBI  pe3yjbTara
npeoOpa3oBaHusi UTHOPUPYIOTCS, @ MCIOJIb3YIOTCA TOJBKO CTapIlive —
ATO TPUBOAUT K MOTEpPE TOYHOCTU MpeoOpa3oBaHMs, HO PabOTaTh C
TaKUM pe3ysibTaToM (0aiT) ropasao yaooHee, yeM ¢ 10-OUTHbBIM.

[Ipy yTeHUn perucTpoB cHayana JoJkeH ObITh npountan ADCL,
3areM ADCH. Ecnu 3HaueHust Miaaamux OUTOB UTHOPUPYETCS — UUTAIOT
cpazy ADCH.
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BroinosiHeHne padoThI

HacrtpauBaeM nmapameTpbl IpoeKTa:
KonTpomnep BbIOMpaeM Atmegal6
YcranasnuBaeMm uactory 4.000000 MHz

% CodeWizardAVR - untitled.cwp g|
File Help

USART | Analog Comparatar | ADC | SPI
|12C 1Wwire 2Wire [I12C)
Bit-Banged Project Information
| Ports External IRQ | Timers

L

Chip: | ATmega32 v

Clock: | 16.000000 '_A] MHz

[] Check Beset Source
Program Type:

Application A

[TopThl HacTpamBaem CJEAYIOIIMM 00pa3oM: Bce MHUHBI mopTa B
Ha3HA4YaeM BBIXOJIAMHU.
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& CodeWizardAVR - untitled.cwp @

File Help

Poit4 | PotB |PortC | Port D |

Data Dire
Bit(@ T Bit0
Bit1 T! Bit1
Bit2 In T Bit2
Bit3 In TI Bit3
Bitd In T Bitd
BitS In T Bit5
Bit6 In T Bit6
Bit7 In T Bit?7

US&RT | Analog Comparator | ADC | SPI
12C | Twie || 2Wie (12C)
LCD BitBanged | Project Information
| Chip || Pots [l ExtemallRQ | Timess |

Pullup/Output Value,

Chck on bit &

¥ CodeWizardAVR - untitled.cwp @
File Help

USART = Analog Comparator - ADC | 5F
12C 1 Wire 2'wire {12C)
LCD Bit-Banged = Project Information
Chip PO"'S Extemal IRQ | Timers

Fortd  PotB  PotC | PartD

Data Direction  Pullup/Output Value
Bit1 Out 0} Bit1
Bit2 Out 0 B2
Bit3 Out 0| B3
Bitd Ouw 0 Bid
Bit5 Out 0 BrS
Bit6 Out 0/ Btk
Bit 7 Out 0 Bit7

Hacrtpauaem napametpsl ALIIT (ADC).

CraBuM ramouky B uek Ookc ADC Enable

akTuBUpoBaB PpyHkuuo ALIII.

i+ CodeWizardAVR - untitled.cwp

TEM CaMbIM

File Help
|2C 1 'wire
LCD Bit-Banged
Chip Puorts E stermal

USART | Analog Comparatar | abC | 5P|

40
| Inkterrupt

Wolt. Ref:| AREF pin

Clock: | 1000.000 kHz
Ao Trigger Source:
Mone

CEnabled [ ]Use & bits

X

2%ire [12C]
Project Infarmation
RO

Timerz

M
[

[v]

Tak kak a9 WHAUKAIUK PabOThl OyJeM HCMOJb30BaTh IHHBI
nopta B, To B HacTpoiikax yka3biBaeMm §-OUTHBIN pexuM padotsl AL
(3TO TO3BOJIUT HaM HCIOJIb30BaTh TOJILKO MJIAIIIMN PETUCTP JTaHHBIX

ATLII).
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#+ CodeWizardAVR - untitled.cwp

File Help
[2C 1 e 2 Wire [12C)
LCD Bit-Banged Project Infarmation

Chip Puorts External IRQ Timers
USART || Analog Comparator | ADC |SF'I

ADC Enabled 2 bits
[ ] Interupt
Vol Ref:| AREF pin [v]
Clock: | 1000.000kHz ||
Auta Trigger Source:

MHone [V]

Jlanee HactpamBaeMm omopHoe Hanpspbkenue (Voltage Reference)
s LIAIL. B manHom mpoekte Oynem ucnosib3oBath uH AVCC kak
MCTOYHHUK OIOPHOTO HANPSKCHUSI.

¥+ CodeWizardAVR - untitled.cwp

File Help
[2C 1 Wire 2 Wire [|2C)
LCD Bit-B anged Froject Infarmation

Chip Portz External IRG Timerz
USART | Analog Eu:umparatu:ur| aDC | 5P|

ADC Enabled Ize 8 bitz
[ Interrupt

Wolt. Ref:| AREF pin [v]

Clock: AREF pin
Auto Trigd Int., cap. on &REF

Mone [V]

Jaee HactpauBaeM dactory padorsl ALIT 125.000 kHz
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#+ CodeWizardAVR - untitled.cwp 'E'

File Help
[2C 1 e 2 Wire [12C)
LCD Bit-Banged Project Infarmation

Chip Puorts External IRQ Timers
USART | Analog Comparator | abC | SPI

40C Enabled Usze & bits
[ ] Interupt

[ToBbiienne wyactoThl padorel ALl Moxer mnpuBecTH K
CHWIKEHHUIO TOYHOCTH IOKa3aHWil. Oosiee MOAPOOHO 3THU BOIPOCHI
M3JI0KEHBI B JOKYMEHTAIIMM HA MUKPOKOHTPOJLIED.

HacTtpauBaem ycioBus 3amycka npeodpazoBanus ALl B Hamem
cimyqae 310 Free Running - To ecTh mocTosHHas padoTa, He
NPUBSI3aHHASA HU K NMPEPBIBAHUSAM, HU K BHYyTPEHHUM CUETUHKAM.

#+ CodeWizardAVR - untitled.cwp 'E'

File Help
[2C 1 'Wwdire 2 wfire [[2C]
LCD Bit-B anged Froject Infarmation

Chip Farts Extemal IRG Timers
SART | Analog Eu:umparatu:ur| ADC | 5P

ADC Enabled se 8 bits
i [ Intemrupt

Yalt. Ref.| ayCr pin [v]

Free Running
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Ha »TtoM HacTpolika 3aBepuieHa, MOXHO NIPUMEHHUTH OILUIO
Generate, Save and Exit.

------------------------------------------------- Paccmorpum
creHepupoBaHHbIi ko. [losBunack ynkius read_adc.
Chip type : ATmegald
Program type : Application
Clock fregquency o le_0ooooo MH=
Memory model : EBmall
External RAM =ize - o
Data Stack size : ZEB

*****t*******t*******t*******t*******t*******t*******f

finclude -<“megalé. h=

finclude -<delay. h=

#define ADC WREF_TYPE Ox&0)

Jlanee nepexoauM K HalMcaHHIO Koza - Gynkiuu While.

while (1)
{

S Place wyour code here

b
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JInst mpoBepKH pabOThI, HAUIIIEM KOJT WJUTIOCTPUPYIONIUN padOThI
AIII ¢ momomikto niopta B.

[

while (1)
{
Ff Place your code here
delay ws {5000
ff Let us connect our analog input
fF at PINO (PIN =zero) of PORTA.
ff Hence, we have to select chanhel zero
Ff for A-D conwversion.
PORTE = read adci{0);
1

KomnunupyeM mnpoekT U reHepupyeM  (Qaiia  MpOIIMBKH
MUKpOKOHTposuiepa. CieaquM, 4ToObI MPYU KOMIWIISIIIUK KOMITWIATOP HE
NOKa3aJl HAJIMYHE OIMINOOK.

;Iﬁ ["_‘?@ ¥ Compile F3 %
a N N
R . Buid shift+Fs 11|48
o ] + Build Al Ctrl+FS |
92 i
93 1 & Clean Lip
94 #
95
Q6
a7 {
o8
99 i aliza
100 I
100 || 475 notes
10z 4
103 r$ Configure

IlepexoguM K MoaenupoBaHWIO mpoekta B Proteus. [lma s3to
cobepeM CXeMy COCTOSIIYIO0 U3, MUKpOKOHTposuiepa Atmegal 6, monenu
pesuctuBHoro mnoteHimomerpa POT-HG, 8 cBerogmomor LED wu
pesuctopos Resistor 470 Om
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A
D1 R1 RV1
oe—
b=l °
gg:ﬁ&:u 3
@ = E
o — FEE= reoscy 2
LED-GRERN POUSDA 43
D3 e, PCITCK, ot
R3 e T PCITME
- el
470
LED-GREEN 2] phumecy FOATOSCT %
R4 & PAADCS PCITOEY 5
 S— e S peesoce g
coansEn. T I 3 et PGSO POMFXD 10
D6 R FOIMCT
RS g POACCE p—18
| S— PROTI0ICK PRSOCIA 3
GOGRERN. PRTY m'o, w‘ 1
VOCT
RE FoAgE
.  Ca— T reswOs;
h AR . e m —
D7 R7 ATNGGA 'S
— =
470
ungasm
o ——
ey
LES-GNEEN
[MIar 15

VYka3piBaeM B HACTpOilKax KOHTposuiepa (haili MPOMIMBKU U
MOJIeTIUpYEM paboOTy yCTpOMCTBA.

B mpoumecce MoaenupoBaHUsS MOXHO H3MEHSTh IOJIOKEHUE
MOJI3YHKA MEPEMEHHOIO PE3UCTOpa, HaxkuMasi Ha kHomku "+" "-". Ilpwu
sTtoM 1udpoBoi koxa 3HaueHus AIllIl, Oyaer BbIBOAWTCA Ha
CBETOJIMOJIHYIO TIAHEIIb.

O6patuM  BHMMaHUE,  4YTO  CBETOJUOALI  TMOJKJIIOYEHBI
MHBEPTUPOBAHO - T.€. 3HaUCHMIO OuUTa "1" COOTBETCTBYET HE TOPAIIUMA
CBETOJIMO/I.
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KoHTpoJbHBIE BONPOCHI JJIS CAMOCTOSITEIbHOI PadoThI

LED-GREEM

1. Yto takoe ALIIL.
2. Ha 4urto Bnusiet pazpsaanocts ALIIL.

..}
D1
R1 \j | RV
@ —
L 470 L]
LED-GREEN
D2 ]
R2 B U
[] | = | PTa= ™ 1 o | —
470 ] —=] BEseT
LED-GREEN s
Da XTAL1
R3 A28 ] s
| S |
n 470 g‘g: FADIADCI
LED-GREEN <=1 PATADE
D4 S7m] PAZIADC
R4 = PazanC
r 1 | e aEm PALIADC:
470 - 5= PAG/ADC!
EEE-GREEN == PABIADC)
=] paTiADC
R5 =
= { ] =] PEOTON
470 £ FBT
LED-GREEM r EB2AIMD
D6 == FESiAINT
R6 = FB4i5S
= { ] T = PEsmMos
470 & = FBBMISC
LED-GREEN PETISCK
D7 R7 ATMEGATE
| o |
[ e
470
LED-GREEN
D&
RS
e

3. Uro xapakrepusyet yactora auckperusanuu ALIIL.
4. Kakue tunsl ALIIT cyniecTByrOT.
5. Obnactu npumenenus: ALIL.

6. Xapakrepuctuka AT nis MK MEGALG.
7. YUto uzmepsier ALILT — Tok, HanpsiKEHWE WA CONPOTUBJIEHUE.
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