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3ATAJIBHI ITOJOKEHHA

[Ipu BUKOHAHHI Ta0OPaTOPHOTO MPAKTHKYMY CTYIEHT 3000B'sI3aHHI:

- O3HAWMOMHTHCSA 31 3MICTOM Maﬁ6yTHLo'1' nabopaTopHOI poOOTH;

- TIOBTOPUTH MaTeplaJ'I TOTO PO3AUTY KypcCy “"HporpaMyBaHH;I
MiKpOKOHTPOJICPIB”, SIKOMY BIANOBiIa€ MaiOyTHs pobOTa, 1 MIArOTyBaTH
OJraHK 3BITY (SaHOBHI/ITI/I TUTYJIBHUH JIUCT, HAMACATH AJITOPUTM IPOTPAMH i
MiJrOTYBATH Bi/INOBil HA KOHTPOJIBHI 3aITUTAHH);

- BHKOHATH POOOTY 1 BiI[HOBiCTI/I BHUKJIAZIady Ha THTaHHSI KypCy
“"TIporpamyBaHHs MleOKOHTpOJ'ICplB ’ IAHOTO PO3ALTY;

-y TpoIeci CaMOMAroToBKH OGOPMUTH OIaHK 3BITY, SKIIO
HEOOXiZIHO, MPUKJIACTH JIMCTIHT MPOrpaMu 1 3pOOMTH BUCHOBKH TIPO
pe3ynbTaTH poOOTH;

- 3IaTH  BUKIAJady I[IJIKOM IIATOTOBJICHUH 1  PeTeabHO
odopmiieHUH OJaHK 3BITY.

IMpu npoBenenni naboparopHux podiT kypcy "[IporpamyBaHHS
MIiKPOKOHTPOJIEPIB” KOKEH CTYACHT MOBHHEH OpaTd ydacTh Yy BHKOHAaHHI
pobotu, ohOpMHUTH 1 31aTH BUKIIAIaTy 3BIT.

[pamroroun B naboparopii, HEOOXiTHO Mam'siTaTH, 10 BU IOBHHHI
BUKOHATH IpaBWJia BCTAHOBJICHI Ha Kadenapi. Y BHUMAIKy HECIPaBHOCTEH
OOYHCHIOBAJIPHOI TEXHIKA HETaMHO BIIKJIFOYUTH >KUBJICHHS 1 JTOBECTH IO
BiJIOMa BHKJIaJiadya 4M JlabopaHTa.

BUMOI'M 1O O®OPMJIEHHS 3BITY 3
JABOPATOPHOI POBOTH

3BiT sABNsAE cOOOI aKypaTHO OGOPMIICHI PE3yJlIbTaTH BHUKOHAHHS
3aBJIaHHsI, IPEJICTABJICHI HA BCTAHOBJIICHOMY OJIAaHKY.

3BiT Mo poOOTI 3 MIANKUCOM CTyJAEHTAa IOBMHHUN OyTH 37aHHI
HANPUKIHII JTA0OpPaTOpPHOTO 3aHATTS. BiH oMHOYacHO € JOIyCKOM [0
BUKOHAHHS HACTYMHOI poOoTh. Ha TUTYyNBHOMY JTUCTI 3BiTY CIiJl BKa3aTH
HOMED 1 Ha3By poOOTH, MPI3BUIIE i TPYITY CTYACHTA.

3BiT IIOBUHHMI MICTUTH:

- aJTrOPUTM MPOTPAMH;

- KOPOTKHUH OIMUC pOOOTH aJIrOPUTMY;
nporpamy peaiizauii (MoBa AcemOiep);

- BHCHOBKM 3 Ja0opaTopHOi poOOTH 3  PO3IAPYyKOBAHUMHU
pe3yJbTaTaMHu.

BukoHaHui#i 3BIT TNpen'sBIASETbCS HANPUKIHIN  3aHATTA  JUIA
3aTBEPKCHHS BHKJIaaqy.
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1 JABOPATOPHA POBOTA Nel
BUBYEHHA CTEHJIA TA KOMAH/{
OJHOKPUCTAJBHOI EOM AT90USB162

Meta po6oru: BuBueHHs QyHKIIIOHATPHIX MOXJIHBOCTEH yd4O0BO-
BIJITaTOYHOTO CTEH[IA, BHYTPIITHBOI CTPYKTypH 1 cucremu komang OEOM
AtMega. BuBueHHsS KOMaHI TepecWIaHb, apHU(PMETHYHHX, JIOTIYHUX
KOMaH]I, KOMaHJ Mepexo/iB, B3aeMoisl BHyTpilHix By31iB OEOM.

1.1 Mopaaok BUKOHAHHS JabopaTopHoi podoTn

1.1.1 BUBUHTH CTPYKTypHY CXE€MY CTEHJa, pO3MOMIT TMaM'sTi,
NPU3HAYCHHSI BY3JIiB.

1.1.2 Buuntu ctpykrypy AT90USB162.

1.1.3 BUBYHTH €JICKTPUYHY CXEMY CTEH]Y.

1.1.4 BUBYHTH CHHTaKCUC KOMaHJ TIepecUIaHHs, apuPMETHUHUX
KOMaH I, KOMaH][ IepeXoIiB.

1.1.5 CkmacTu mporpamy Ha acemOuepi y cepenoBuiu Atmel Studio

1.1.5 BianoBicTy Ha KOHTPOJIbHI TUTAHHS BUKJIa1a4a.

1.2 Teoperuuni BigzomocrTi
CrtpykTypa THIIOBOi MPOTpaMu

P R R R S
’

; HasBa IOporpamu,
; KOPOTKMM ommc, HeoOximHl nogcHeHHs
:*******************************************
.device AT90USB162
.include "usbl62def.inc"
.include «iM'ﬂ7®aﬁny1.posmmpeHHg» ; BKJIOUEHHS IOOINOJIHUTEJIbHBIX .
include «im'sa danny2.po3mMpPeHHS» ; Gannis
;X FFFAX*pofasibHI KOHCTAHTU
.equ iM'al = xxxx ;
.equ iM'g2 = nnnn
;¥ AxAxF*pobanbHl pericTpoBi 3MiHHI
.def im'gal= perucrTp.
def im'sa2= pericTp
;RF*AFA R CcerMEeHT OAHHBIX.
dseg
.0rg XXXX ; apeca [epuoro 3apes3epBOBaHOTO OamTa
labell: .BYTE 1 ; peseprByBaTM 1 Bamnt nin smiunny labell
label2: .BYTE m ; pesepByBaTM m GanT ninm 3mMiHHy label2
FxxAF* cermeHT EEPROM (OCIIN3Y)
.eseg
.org XXKX ; ampeca Mepuoro
3apes3epBOBAaHOTO OanTa
.db BupaxeHHS], BUDaXeHHS2, ... ; BamnMcaTy CnmMcok OanTie B EEPROM.



.dw BupaxeHHS1l, BUPaXeHHI2, .. ; BanucaTy CIOMCOK cJiiB B EEPROM.
j¥ER*XXKCerMEHT KOIOB.
cseg
.org $0000 ; ampeca IO4YaTKy [IporpamMy B NPOTPaMHil
nam'sari
j¥X*Exk BexTOpa INepepuBaHb (AKIO BOHM BUKOPMCTOBYKTBHCH)
rjmp main ;IepepuBaHHA O CKMIAHHD
.org $0002
rjmp INTO ; 0bpobmoBau nepepmBaHHa IRQ0
.org 50004
rjmp INT1 ; oBpobimoeau nepepmbaHHa IRQ1
.org adrintx ;agpeca HaCTyHNHOT'O ofOpobioBada NepepuBaHb
rjmp Intx ; oOpoBJoBayd NepepuBaHHA X

obpobimoBadl 1HUMX ;IepeprBaHb

org 0x40 ;*******ouaToOK OCHOBHOIL NpOTpamm

main:

;3aslexnTh Bip posMmipy Tabmuui BekTOpiB nepepmBaHb

<KOMaHIa> XXXX

jRRKRRxOY mimnmporpamm
jRxxkxdokmi gmporpama 1
subrl: <xoMaHIa> XXXX

ret

jRxxkxdokmi gmporpama 2
subr2: <KOMaHIa> XXXX

INTO:

reti
INT1:

Intx:

<KOMaHIOa> XXXX

<KOMaHIOa> XXXX

<KOMaHIOa> XXXX

; KiHeub nporpamMm HifgK He MO3HAYaeTbhCH.

[Ipuknan nporpamMmel, 0 BMUKAE YCi CBITIOAI0AN

.device
.include
.def
.equ
.equ
.equ
.equ

AT90USB162
"usbl62def.inc"
tmp= rl6
Reddiod=5
Yellowdiod=6
Greendiod=0;PD
Bluediod=2

;Oajsii oOMH MO OOHOMY PO3TAallOBYBaTH



.cseg
.org $0000 ; ampeca NOoYaTKy IpoI'paMM B NPOTPaMHiM
nam'sri
;¥ FRXXX BekTOpa NepepuBaHb (AKIO BOHM BUKOPUCTOBYITHLCH)
rijmp reset ;IepepuBaHHA IO CKUIAHHIO
.org $0040
;FHRAEXXXXIOUATOK OCHOBHOIL NporpaMmm
reset:
1di tmp,High (Ramend) ;BU3HadUeHHI CTekKa
out sph, tmp ; 3 BepumMHOW0 3a anpecoi Ramend
1di tmp, Low (Ramend)
out spl, tmp
; koHbirypauis noprise
1di tmp, $00 ; YucTMMO mnoptmu B U 3
out Portb, tmp
out Portc, tmp
1di tmp, 0b00010010
out Portd, tmp
1di tmp, 0011111111 ; BaHTaXMMO O3HAKY BUXOIY
out DDRB, tmp ; Y pericTp KepyBaHHA
; noptom "B"
1di tmp, 011111100 ;
out DDRC, tmp ; y pericTp ynp. noprtoMm "C"

1di tmp, 0601101001 ;
out DDRD, tmp ;BaHTaxmumMo B pericrp ymnp. noprom "D"

main:
1di tmp, (1<<Reddiod) | (1<<Yellowdiod) | (1<<Bluediod)
out Portc, tmp
1di tmp, (1<< Greendiod)
out Portd, tmp
end: jmp end
; kKlHeub nporpamm

dopMyBaHHS 3aTPUMKH 3 JIOTIOMOTOO [IUKJIIB
delay:

1di rl17,0xff; xonmyecTBO MNOBTOPiB

1di r18,0x7 ; vy rl7-r20

1di r19,0

1di r20,0
_delay: subi rl7,0x1

sbci rl8,0

sbci r19,0

sbci r20,0

brcc delay

ret



1.3 KoHTpOJIbHI MUTAHHSA

1.3.1 Yac BUKOHaHHS KOMaH]I (MIOHATTS TAKTy, MAITMHHOTO IIHKITY).
1.3.2 Tunu xomana. ®opmar komana. Komaunau npsmoi 1 Henpsimol

azapecartii.

1.3.3 Komauau 3cyBy. ApudMeTrnaHi kKoMan . JIOTidHI KOMaH/IH.
1.3.4 Perictp 03HaK, KOMaHJH{, MO BUKJIWKAIOTH 3MIiHY PETICTPY

O3HaK.

1.3.5 Komauau poOoTH 31 CTEKOM, IMOCHTIOBHICTE Jili (KOMaHI) MpH

poOOTI 31 CTEKOM.

1.3.6 [IpusnaueHns BHyTpimHiX By3aiB OEOM.

1.3.7 Ilpusnauenus i pobota 3 pericrpamu nanux OEOM.

1.3.8 Cucrema nepepuBars OEOM. [Ipusnauenns moptie OEOM.
1.3.9 ®iznuni xapakTepucTHKH BUXigHNX curHanisB OEOM.

1.4 BapianTu iHAuBiAyaJbHHUX 3aBIaHb
Tabmuug 1.1 - Tabnuns 3aBnanb 1o 1adopatopHoi podoTu Nel

Ne TekeT iHAUBIAYaJIBLHOIO 3aBJaAHHSA

1 | V uukii 3anajiuTd 4epBOHMM, CUHIN CBITIOMIONU Ha 1 CeKkyHay 3
inTepBasioM B 0.5 cekyna. Uepe3 CeKyH/y IIOTaCHUTH.

2 | 3 inrepBasiom (.53 TOCIIOBHO 3amajiloBaTh YEePBOHUM, JKOBTHIA,
CUHIHN, 3eJICHUI.

3 | Muraru BciMa CBITIIOmioAaMH 13 4actoToro 2 1.

4 | V uukii 3anajuTH )KOBTHIH, IOTIM CHHIN CBiTIOAIOAM Ha 1 cCeKyHIY
4yepe3 CeKyH]y MOTacuTH.

5 | 3 inTepBasioM 13 MOCHIAOBHO 3amajioBaTH >KOBTHH, YEPBOHMH,
CHHIH, 3eJeHni

6 | Muratu cBiTIOJiOaMH, PO3TAlIOBAHUMH IO OJHIM 1 MO iHIIIHA
JiaroHai ¢ iHTepBaJoM 1 cek .

7 | [locninoBHO 3amanroBaTH CBITIIONIONH 32 TOAMHHUKOBOIO CTPLIKOIO
c inTepBanom 0.5 cek.

8 | [locnmimoBHO 3amanmioBaTH  CBITIOMIONW TMPOTH TOJUHHUKOBOI
CTPUIKH C IHTEPBAJIOM 2 CEK .
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2 JABOPATOPHA POBOTA Ne2
BUKOPUCTAHHA IMHAMHUYHOI'O IHIUKATOPA

Merta po6oTu: HaBumrtrcs 3amyckatd IpoCTi MPOrpaMu Ha CTEHII.
2.1 Nopsaaok BUKOHAHHS JabopaTopHOi podoTHu

211 Cknactu  mporpamy  JUIss ~ OOYHCIEHHS  JaHOTO B
IHIVBIAyaTbHOMY 3aBJIaHH| IIIIOYHCEIHHOTO JIOTIYHOTO BUPa3y 3 BUBOJIOM
Ha IHAUKATOp Pe3yibTary.

2.1.2 3amyctuTH iporpaMy Ha CTEH[I.

Crtucai TeopeTru4Hi BinomocTi
1

2.2
2.2.1 Cucremu Bino6paxenus indopmanii

Haiimpoctimumu — npunagamu — BigoOpakeHHst — iHopMamii B
UG POBUX MPUCTPOSIX € CBITIOAIONH 1 TU(POBI IHAUKATOPH.

5V 5V

@

Pucynok 2.1 - BKIIOYCHHS OMMHHUYHUX 1HAUKATOPIB

Yy HaIBIPOBITHUKOBUX CBITIIONIOAAX BUKOPHCTOBYETHCS
BJIACTUBICTh P-N TEPEXOJ]y BHIIPOMIHIOBATH CBITIO y BHAMMIH YacTHHI
CIIeKTpa TPH MPOTiKaHHI Yepe3 Hporo npsiMoro crpymy (Ip=5-20ma, Up=2-
3B). BapianTtu BimoueHHs iHIUKaTOpiB Ha puc.2.1.

Jns BimoOpaxkeHHs: 1udpoBoi iHPOpMaIlii HAKOLIbIIE MOMUPEHHS
oJlepXKalli CEMHCErMEHTHI 1HJWKATOPH, Y SKHX 300pakeHHS nudpu
CKJIaJaroTh 13 CeMH JiHIHHUX CBITJIOAIOJHUX CEIMEHTIB PO3TAIlIOBAHUX Y
Byl mudpu 8. Ha oCHOBI CBITIOMIONIB 1 CEMH CErMEHTHHX iHJIMKATOPIB
OyayroThcs MijcucTeMH BimoOpaxkeHHs iHpopmanii. [lpm mnoOymoBi
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MIICHCTEM BimoOpakeHHS iHGOpMAIii pO3pI3HIAIOTh JBAa IMIIXOAH -
JTUHAMIYHA 1 CTaTHYHA 1HIUKALli.

CraTvyHa iHIWKALis TOJSIra€e B TMOCTIHHOMY TiJICBIYyBaHHI
IHAMKATOPIB BiJ OAHOTO JKepena iHdopmaii

VY Takiii cucremi koxkeH iHaukatop HLn migkimouaerbes uepes
BiracHuil gemmdpatop DCn i perictp-kinsamMky RGn 1o muHM JgaHwmX,
BHOIpka pericTpiB RGn mpoBOAHUTHCS 3a JOMOMOTOIO CEIIEKTOpa aapecH
CA. AnapatHi BUTpaTH NpH TaKii opraHizamii CKIagaroTh n map (perictp
+nemundpaTop) Ipy n IECITKOBUX PO3pAaax iHIUKATOpa

CyTHICTP OWHAMIYHOI IHAWKANii TONATaE B  TOYEPTOBOMY
MUKITIYHOMY TiAKIIOYeHHI KoxkHoro iHamkaropa HGn no mxepena
inpopmauii uepes mopt PB.

[Tpu TakoMy BKJIFOUEHHI 3HAYHO 3MEHINYIOTHCS amapaTHi BHTPATH,
ajre HeoOXigHO 3a0e3MeYnTH NOCTATHIN Yac CBITIHHS OJHOTO 1HAWKATOpA,
UIE TOrO mOO0 HE 3MeHHIyBajacs SICKpaBicTh. Takox HE0OXiIHO
3a0e3MeYNTH TaKy 4acTOTy IMepeOdopy IHAUKATOPIB, m00 He OyJIO MOMITHE
MEpPEXTiHHSL.

2.3 Ilpukaan mignporpamMm JeKOJAYBaHHS
Hexait € Tabmauma

dcode:
.db 0b0OO111111 ;"O"
.db 0b000O0O0O110 ;™1

.db 0b01110001 ;"f"
TOO1 MOXEMO KOONYBATM PO3PSALN y r2 uUepes L
HNpouenypy
decode:
1sl r2
1di zh, high(dcode*2)
1di zl, low(dcode*2)
1di tmp, O
add zl,r2
adc zh, tmp
lpm r0,z
out PORTB,r0; BHBOL KOIa MHAMKALMM B IOPT
ret
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2.4 BapiaHTH inguBiayajbHux 3aBJIaHb

Tabmmst 2.1 - Tabmurisg 3aBaanb 10 1a00paTopHOT poOOTH Ne2

TekcT iHAMBIAYAJbHOIO 3aBAAHHS

3amectu B perictp R4 JJI wmcno 0X, y perictp R6 - X0, cymy uwmcen
BimoOpasutu Ha iHa. HG1, HGO.

2 |3anectu B perictp R3 JIJ] uncno XX BigoOpasutu ioro Ha ina. HG3, HGO.

3 |3anmectu B perictp B JI/] uucio, 3 gactotoro 2 ['11 BUBOJUTH 1€ YKCIIO HA
ing. HG1, HG2.

4 |3amectn B R26 JJ] umcno XX, y perictp R25 — X0, umcio 3 R26
BinoOpasutn Ha iHA. HG1, HGO, gncno X 3 R25 BinoOpasutu Ha iHA. HG2.

5 |3amectu B perictp R22 /I umcno 0X, y perictp R15 — X0, cymy uucen
BizoOpasutu Ha iHn. HG1, HG2

6 |3amectu B KOMipky 3 aapecoro 0Bh BHyTpimHBOi maM'sti OEOM JI/] umcno
0X, y perictp R3 — X0, cymy umcen BimoOpaxatu Ha iHn. HG2, HG1 3
yactororo 0,51,

7 |3amectu B perictp R10 [ uwmcmo XX, momepemiHHO BimoOpakaTu
Mooy i crapury terpaay Ha iHx. HG3, HGO 3 gacrororo 1 I'm.

8 |3amectu y perictp R27 IJ] uucmo X0, y perictp R28 - XX, gucno X 3 R27
BimoOpakatn Ha iHA. HGO 3 wactoToro 1 I'm, wmcno 3 R1 BimoOpaxkatu Ha
ing. HG3, HG2 3 wactororo 0,5 T'm.

11 |3anectu B R2 ]I uncno X0, y perictp R3 - 0X, cymy uwncen BimoOpa3utu Ha
inx. HG3, HGO.

12 |3anmectu B perictp R22 I wncno OX, y perictp RS — X0, nBa po3psmu
CyMH (ZiecaTKH 1 oMuHHMI) 10 uep3i Binoodpaxaru Ha 1. HG1, HGO.

13 |3anmectu B perictp R21 JJI gucmo 0X, BimHIMAarO4M Bi YHcIa OJUHHITIO
BigoOpaxarn Ha HG2 oTpumaHne 3HaueHHs /10 HyJ14 3 yactororo 1 I'm.

14 [3anectu B perictp R23 JIJI umcio XX, y perictp RS XX, nonepeminHo
BinoOpakatu wi yncna Ha iHA. HG3, HG2, HG1, HGO.

15 [3anecru B perictp R1 J/I umcio 0X, y perictp R2 — X0, uncno X 3 R2

BimoOpasutu Ha iHA. HG3, gucino X 3 perictpy R1 BimoOpakatu Ha iHI.
HG1 3 gactororo 0.5 '

[lepenik BUKOPUCTAHUX CKOPOYEHB!
A — akymynsTOD;
JIJI — nBOTYHO — JIECSATKOBE;




13

X — Oynp — sika nudpa Bix 1 g0 9;
1HI. — CTATUIHANA 1HIAKATOP.

2.5 KoutpoabHi nutanus

2.5.1 Illo Take AuHAMIYHA 1HIUKAI[iA?

2.5.2 Jemudpamis IBIHKOBO-ACCATKOBHUX YHCEI IIPH BHBOII Ha
IHUKATOPH.

2.5.3 IlporpamMHe BCTaHOBJICHHS, CKHJIAaHHS Ta MAacCKyBaHHs OiTiB
3acobamu mporiecopa AVR.

2.5.4 Apidmeruko-noriuni oneparrii mpomecopa AtMega.

2.5.5 Oprani3ailis 4aCOBHUX 3aTPUMOK.

PospaxyHok wacy pereHepamii i JUHAMIYHOTO  METOIY
BiTOOpaKeHHS .

2.5.6 OOrpyHTyBaHHS HEOOXIJHOCTI 3aCTOCYBaHHS Pi3HMX METOIIB
BiTOOpaKEeHHS TaHUX.

2.5.7 CxeMmoTexHI4YHI pilIeHHs A7 TOOYIOBH CXEM BimoOpakeHHs
iHpopMmalii.

2.5.8 Cxemu BKITIOUCHHSI OIMHUYHHX 1HIUKATOPIB.
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3 JABOPATOPHA POBOTA Ne3
CUCTEMA NNEPEPUBAHDbL. OIIUTYBAHHAA
JAUCKPETHUX JATYUKIB

Merta podotu: BuBueHHS peXMMIiB pOOOTH CHUCTEMH TEPEPUBAHb
AVR, nporpamua 06po0ka TUCKPETHUX CUTHATIB.

3.1 lopsanok BUKOHAHHS JabopaTopHOi podoTH

3.1.1 Bupuutu cucremy mepepuBanb AVR  AT90USB162,
OCOOJIMBOCTI  OMWTYBaHHS JUCKPETHUX JATYUKIB 3 MEXaHIYHUMH
KOHTaKTaMH.

3.1.2 Po3pobutn anroput™M A7 BUKOHAHHS 1HAWBITyadbHOTO
3aBIaHHS.

3.1.3 Pozpobutu mporpamy i BHUKOHAaHHS iHAMBITYaJbHOTO
3aBJJaHHs JI0 ITOYATKY JJAOOPaTOPHOTO 3aHATTS

3.1.4 YBecTn nporpamy iHAwBixyansHOTO 3aBAaHHA Ha [1K.

3.1.5 IpoananizyBaTi BUKOHAHHS 1HANMBITyaTbHOI TPOTpaMu

3.1.6 3aBanTtaxkut mporpamy B  creHn. llepekoHaTmcs B
NpaBUJIBHOMY BHKOHAHHI iHAMBIAyaJbHOTO 3aBIAaHHS, NPU HETATUBHOMY
pe3ynpTaTi 3MIHCHUTH 3MiHYy anroputMy abo mporpamu. [loBropurn
3aBaHTaXeHHs Mporpamu B creng AVR.

3.1.7 Po3apyKyBaTH JIUCTIHT MPAaBHIBHO MPAIIOI0Y0i POTPaMHu.

3.1.8 BignoBicTy Ha KOHTPOJIbHI TMTAHHS BUKJIAA4a.

3.2 Ctuchan TeopeTH4Hi BitomMocTi
3.2.1 OnutyBaHHS ANCKPETHUX CHTHAIIB

Jns BBenmeHHs iH(OpMAIii MIMPOKO 3aCTOCOBYIOTHCS KHOIIKOBI
nepeMuKadi 1 KOHTakTHI kimaBiaTypu. CHTHaN TakuxX IEpEeMUKadiB
(bopMy€eTHCS LIIAXOM 3aMHUKaHHA (PO3MUKAHHS) €JICKTPUYHOIO JIAHIIOTA.
CurHan  copMOBaHMH  KOHTaKkTHOO  Mapold  CYIPOBOIKYETHCS
JiepeHYaHHSIM, TPUBAJICTD SIKOTO cKianae ~8-12mc (puc.3.1)

il [/ —

c812mc 8-12 Mc
Pucynok 3.1 - CurHan KOHTaKTHOI mapu
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Jnst yCyHeHHsS NepeHYaHHs B OJACPKYBAaHOMY CHTHAJII Ha BUXOI
KOHTAKTHOI Tapu BCTAHOBIIOIOTH crhenianbHi (Gopmysaui. [lpukian
Takoro popMyBada 3aCHOBAHOTO Ha MPHUHIIMII OE3MOCepeTHhOI YCTAHOBKU
RS-tpurepa npuBenenuii va puc. 3.2.

— >
DD1.1 K1SSTM2
s

T

C
D Boixon
R L%ﬁ

+5B

SB1

1—.-'7:

Pucynok 3.2 - Cxema ycyHeHHs AepeHYaHHs 3a JonoMororw RS-tpurepa

Jns 3MeHIIeHHS amapaTHUX BHTPAT 3acCTOCOBYIOTh MPOTpaMHE
YCYHEHHSl JepeH4YaHHs. BoHO monsrac B TOBTOPHOMY OIMTYBaHHI
KOHTAaKTHOI Hapy 3 3aTpUMKOI0 B 12 Mc. SIKIIo pe3yiapTaTH ONMHUTYBaHHS
30iraroThCsi, TO KHOMKa Oylla HATHUCHYTa, 1HAKIIE B Pe3yJbTaTi MEPIIOTO
OMUTYBaHHA 0YI0 3a(iKCOBAHO JepeHYaHHS.

3.2.2 Cuctema nepepuBans AVR AtMega

Sk npairoe nepepuBanns B AVR mikpokoHTposiepax?

1. Ilpunyctumo BinOyBes “3anut Ha 00poOKy nepepusanus’ (IRQ).

Mo pedi : AKmI0 0JHOYACHO BiOYAYThCS KUJIbKA 3alUTIB HA 00OPOOKY
NepeprBaHHs, Te nepumuM Oyae oOpoOseHe NMepepuBaHHS 3 HAMBHUIIMM
NpiopuUTeTOM, yci iHmI 3amutu OyayTh OOpOOJIeHI MO 3aBEpUICHHIO
BBICOKOIIPHOPUTETHOT'O TIEPEPUBAHHSI.

2. [lepesipka.

Skiio OIT akTHBAIlI JaHOTrO MepepuBaHHs BeTaHoBieHUi (Interrupt
enable bit), a Takox [-BiT (0iT 3araspHOrO T03BOJY MEPEPUBAHb) PETICTPY
crany mnponecopa (SREG) ycraHoBneHui, TO TpOIECOp IOYHUHAE
MiITOTOBKY MpOIeypH 0OpOOKH IepeprBaHHs, IPU IIbOMY OIT 3arajbHOTO
no3Boay nepepuBanb ( I-bit perictpy SREG) ckumaerbes, 3a00poHs0UH B
Takuii croci6 yci iHmi nepepuBanHs. Lle BinOyBaeTbes At TOro miod Hisika
1HIIIa TIO/1iA HE 3MOTJIa NepepBaTH 00pPOOKY MMOTOUYHOTO NIEpEPUBAHHS.

Jo peui : gKimo B mpoieaypi oOpoOKu mepepuBaHHsS BCTaHOBHUTH I-
bitr y cran nor. oguHuLi, Te OyAb-sKe aKTUBOBAHE IEPEPUBAHHSI MOXKE Y
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CBOIO 4Yepry mepepBatd OOpOOKYy TOTOYHOrO TepephBaHHA. Taki
nepepuBaHHs Ha3UBarOThHCS BKianeHi (Nested interrupts).

3. IliaroToBKa.

[Iponecop 3aBeplllye BUKOHAHHS MOTOYHOI aceMOJIEpHOI KOMaH]IH,
miCisl 90ro TOMIIae ajapecy HacTymHoi komanau B crek (PC->STACK).
Jani mporecop mepeBipse sKe IKepero TepepruBaHHs MOAAI0 ‘3allUT Ha
00poOky mnepepuBanHs” (IRQ), micias YOro CKOPUCTABIIUCHL BEKTOPOM
JIaHoro pkepena (MOCWIIAHHS) 3 TaOMWIll BEKTOpiB (KM  3ali3HO
3aKpITUICHUA 33 KOXHHM JDKEPEIOM IEPEepPHBaHHs), TMEPEXOIUTh Y
npouenypy oopoOku mepepuBanHs (iHcTpykuis JMP). Ha Bci, mpo Bce
mporecop BUTpadae MiHIMyM 4 TakTy! ( 3aJIeKHO BiJf MOMEHTY TMOSIBH
3aMuTy ¥ TPHUBAJICTh BUKOHAHHA MOTOYHOI iHCTpyKii). e myke rapuuit
yac peakuii Ha IRQ, y moOpiBHSHHI 3 MIKPOKOHTpOJIEpaMU IHIIUX
BUPOOHUKIB.

Ho peui : sxmo IRQ BigOyneTscs, KoM MiKpOKOHTpOJIep mepedyBae
B cIusraoMy pexxknMi (sleep mode), gac peaknii Ha IRQ 30inbmIyeTsCs 1II€
Ha YOTUPHU TaKTH, TUTFOC Yac 3aknaneHe y ¢pro3 oitax SUT1 1 SUTO (Start-

Up Time).
4. Buxonanns Tina ISR.
Hdo peui : Oinpmiicte Ci-KOMIINATOPIB, TMepe] TOYATKOM i

3aBEpIICHHSM BHKOHAHHS Tija TIpOLEAYpU OOpOOKM TMepepHBaHHS,
BCTaBJSIIOTh ~ JOJATKOBI  “IiANporpaMu  30€peKeHHs/BOCCTAHOBICHUS
pericTpiB” 3arainpHoro npusHadennsi (POH) i perictpy crany (SREG). Tak
0 MPOrpaMiCTOBI HEMae HEOOXITHOCTI  CaMOCTIMHO  30epiraTu
BoccranasnuBate POH ming wac mepepusanb. [Ipocynyti Ci-komminstopu
MOXYTh BHpaxyBaTH ckiibku POH 3nanoGusaTecs qanomy oOpo0ioBaveBi
NepepruBaHHs W BCTaBUTH MiANPOrpaMu 30epeKeHHs/BOCCTaHOBIICHUS
TiNBKY MOTPiOHOT KinbkocTi POH.

5. [loBepHEHHS KepyBaHHS

[licns Toro sK BHKOHAHHS MPOIEAYPH OOpPOOKH TepepUBaHHS
3aBeplileHe, MPOIecOp BUTSTAE aapecy MOBEPHEHHS 3 MepepUBaHHS, SKHUH
BiH 30epir y creni (STACK->PC), nogae 1o nmokaxdnka cTeka 3HaYCHHS 2,
IO BIJANOBiZa€ 3MEHIIEHHIO CTeKa Ha JBa OaliTu, sKi paHilie 3aiimaB
ajipecy MOBEpHEHHs 3 nepepuBanus. Jam npouecop ycranoritoe I-bit (it
3araJisHOTO JI03BOJY IE€pEepHBaHb) pericTpy craHy mnpouecopa (SREG). Ha
BCi, PO Bce mpouecop BUTpayae piBHO 4 TakTy. Ilicas Hboro BUKOHAHHS
NPOTrpaMu TPUBAE PIBHO 3 TOTO MiCIs Jie BOHA OyJiia mepepBaHa.
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3.2.3 Tabauus nepepuBaHb
Tabmmng 3.1-Tabmauus agpec nepepuBanb ATmegal64P

e

1 oxoooo(1)
% 0x0002
3 0x0004
4 0x0006
5 0x0008
6 0X000A
7 0x000C
8 OX000E
9 0x0010
10 0x0012
1 0x0014
12 0x0016
13 0x0018
14 0X001A
15 0x001C
16 0X001E
21 0x0028
22 0X002A
23 0x002C
24 0X002E
25 0x0030
26 0x0032
27 0x0034
28 0x0036
29 0x0038
30 0X003A
31 0x003C

RESET

INTO

INT1

INT2

PCINTO

PCINT1

PCINT2

PCINT3

wDT
TIMER2_COMPA
TIMER2_COMPB
TIMER2_OVF
TIMER1_CAPT
TIMER1_COMPA
TIMER1_COMPB

TIMER1_OVF
USART_RX

USART_UDRE
USART_TX
ANALOG_COMP
ADC
EE_READY

T™WI
SPM_READY
USART1_RX
USART1_UDRE
USART1_TX

3.2.4 3oBHimIHI MepepuUBaHHA.

30BHIIIHI MepepuBaHHS 3AIMCHIOIOTbCA 4depe3 BuBoau INT7:0.
3BepHITH yBary, IO Ticlsi J03BOJIy 30BHIIIHI TepepuBaHHs OyIyTh

Extemal Pin, Power-on Reset, Brown-out
Reset

External Interrupt Request 0
External Interrupt Request 1
External Interrupt Request 2

Pin Change Interrupt Request 0
Pin Change Interrupt Request 1
Pin Change Interrupt Request 2
Pin Change Interrupt Request 3
Watchdog Time-out Interrupt
Timer/Counter2 Compare Match A
Timer/Coutner2 Compare Match B
Timer/Counter2 Overflow
Timer/Counter1 Capture Event
Timer/Counter1 Compare Match A
Timer/Coutner1 Compare Match B

Timer/Counter1 Overflow
USART Rx Complete

USART Data Register Empty
USART Tx Complete

Analog Comparator

ADC Conversion Complete
EEPROM Ready

TwI Transfer complete

Store Program Memory Ready
USART1 Rx Complete
USART1, Data Register Empty
USART1, Tx Complete
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reHepyBarucsa, HaBiTh skmo JiHiI INT7:0 mactpoeni sk Buxomu. Jlana
0COOJIMBICTE MOXKE€ BUKOPWUCTOBYBATHCS Ui TIPOTPAMHOI TeHeparlii
nepeprBaHHs. 3OBHIIIHI TEpepUBaHHS MOXYTb TeHEpPyBaTHCA IO
najadoMy abo HapocTarouoMy (QPOHTY, a TaKOX IO HHU3BKOMY JIOT.
piBHto. OfHa i3 NOHMX YCTaHOBOK 3aJa€ThCsi B PETiCTpax KepyBaHHS
3oHImHIME nepepuBaHHsaMUA EICRA (INT3:0) i EICRB (INT7:4). Skmo
30BHIIIHE MIEPEPUBaHHS J03BOJICHE H HACTPOEHE HA CIPALbOBYBaHHS MpPU
HU3bKOMY PiBHI, TO TlepepuBaHHs OyZe iHIMIFOBaTHCS MOCTIHHO MOKW Ha
BUBOAI OyAe 3aiuimaThcs HU3BKAW piBeHb. 3BEpHITH yBary, I0 Ui
pO3Mi3HaBaHHS Majar4yoro abo Hapoctarouoro ¢pontie Ha INT7:4
HEeoOXiZiHa HasiBHICTh CHHXPOHI3allil BBeIEHHS-BUBOAY. llepepuBanHs 1O
HU3bKOMY piBHIO I poHTam Ha INT3:0 BU3HAwarOThCA acHHXpOHHO. lle
O3Hayae, WIO JaHi TIepepuUBaHHS MOXYTh BHUKOPUCTOBYBATHCS JUIS
npoOyIKeHHST ~ MIKPOKOHTpoJiepa 3  PEXHMIiB  T[JIMOOKOTO  CHY.
CuHXpOHI3aIlisl BBEJACHHSA-BUBOMIY 3YIUHSIETHCA y BCIX pEXHMax CHY 3a
BUHATKOM pexxumy xonoctoro xonay (Idle).

Tabmurs 3.2-Perictp A kepyBaHHs 30BHiIIHIMU niepepuBanasaMu — EICRA
Po3spsin 7 6 5 4 3 2 1 0
ICS31 ICS30 |ICS21 |I1CS20 |ICS11 [ICS10 | 1CS01 | 1CS00

Janwii perictp Ha TOCTYHmHHA y pexuMi cyMicHOCTI 3 Atmegal(3,
ajyie BUXiJlHA YCTaHOBKa BIJIMOBiJJa€ HACTPOIOBAHHIO HA INEPEpPHBAHHS TI0
HU3bKOMY piBHIO Ha INT3:0, mo Takox sk i B Atmegal03.

Poszpsoun 7..0 — ISC31, ISC30 — ISC00, ISCO0: bitu BuGopy ymoBu
reHeparlii 30BHIITHLOTO repepuBaHHs 3 - 0

3oBHIIIHI epeprBaHHs 3 - 0 aKTHUBI3YIOTHCS Yepe3 30BHIIIHI BUBOAU
INT3:0, sxmo BcraHoBieHni mpamop | y perictpi cratycy SREG i
BigmoBigHa Macka nepepusanHs B EIMSK. BuGip piBast abo ¢ponTy st
aKTHBI3allil 30BHINIHBOTO IEPEPUBAHHS 3IIHCHIOETHCSA BIAMOBIAHO [0
tabiuii 48, ®pout Ha INT3.INTO BUABISIOTBCS aACHHXPOHHO.
[lepepuBanns mo BeB. INT3:0 Oyne creHepupoBaHO, SIKIIO TPHUBAJICTH
iMnynbcy Oyzne Oinblie MiHiManbHO HeoOXigHow (auB. Ta6n. 3.3). Ilpu
BUHUKHEHHI IMITYJbCIB MEHIIOT TPUBAJIOCTI TEHEpallis MepepUBaHHS He
rapanryetscs. Skmo oOpaHe mepepuBaHHS MO HU3BKOMY PiBHIO, TO JUIS
reHeparii nepepuBaHHS HEOOXiAHO, 100 Iel piBeHb 3aJMIIaBCsS Ha
KOJIMIIIHKOMY HHU3bKOMY PIiBHI JI0O MOMEHTY 3aBEpIICHHS BHKOHAHHS
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nmoto4Hol iHcTpyKmii. [licis mo3Bony mepepwBaHHA 3a piBHEM BOHO Oyze
reHepyBaTHcsa Oe3yNMMHHO TOTH, IOKH Ha BXOJi MPUCYTHIN HU3HKUH PiBEHb.
IIpu 3mini  OiT Iscn Moke BHUHHKHYTH mepepuBaHHS. Tomy,
PEKOMEHIIy€ThCS CIOYATKy BIAKIIOYMTH TepepuBaHHs Intn mmsxom
ckugaHHs Oita mo3Bony mepepuBanHg B perictpi EIMSK. Ilicma mporo,
3HadeHHS OiT Iscn moxe OyTu 3miHeHe. I, HapemTi, mepes TOHOBICHHSAM
po0OTH TepepuBaHb HEOOXiAHO CKMHYTH Npanop mepepuBaHHA Intn
IUIIXOM 3amucy Oanka. 1 y mpamop nepepuBanns (Intfn) y perictpi EIFR.

Tabmuus 3.3— 3aBnaHHg yMOBH T'€HEpalliil 3aMuUTy Ha MepepruBaHHs

Iscnl | IscnO Onuc
0 0 |Hwusbkuii piBeHb Ha Intn TeHepye 3anuT Ha IEpEPUBAHHS
0 1 Bynp-sixa 3miHa JOTigHOTO CTaHy Ha Intn reHepye 3amuT Ha
[IepEepUBAHHA
1 0 Ilagarounii poHT, BUSABICHHN MO ABOM BHOipkam Ha Intn,
TeHEepye 3alUT Ha TIepepUBaHHS.
1 1 |Hapocratounii ppoHT TeHepye 3auT Ha epepUBaHHSI.

Ilepen 3minoro OiT Iscnl/Iscn0 HeoOximHO 3a00poHHUTH POOOTY
nepeprBaHHs IUIIXOM OYHIICHHS OiTa J03BOJY INEpepHBAaHHS B pericTpi
EIMSK. A skmio Hi, TO epepuBaHHs MOKe BUHUKHYTH ITiCJISI 3MiHU TaHUX
0ir.

Tabmnuus 3.4-Perictp B kepyBanns 30BHimHIME niepepuBanasiMu — EICRB
Pozpsn| 7 6 5 4 3 2 1 0
ICS71|ICS70 1CS61 |ICS60 ICS51 ICS50 |ICS41 1CS40

EICRB

Pozpsou 7..0 — ISC71, ISC70 - ISC41, ISC40: bita BuGopy ymMoBH
reHepatii 30BHILIHBOTO NepepuBaHHs 7 - 4

30BHIIIHI TIepepuBaHHs 7 - 4 aKTUBI3YIOThCS Yepe3 30BHIIIHI BUBOIH
INT7:4, sxmo BcraHoBieHni mpamop | y perictpi cratycy SREG i
BiAmoBiAHAa Macka nepepuBaHHs B perictpi EIMSK. VYmoBa, mo skomy
TEeHEPYEThCS MEePEPUBaHHS, BUOMPAETHCS BUXOASMUM 3 AaHuX Tadmuii 3.8.
s Bu3HaueHHs QpoHTiB Ha BuBomax INT7:4 3milicHioeThCs BHOIpKa X
ctaHiB. Slkmo oOpane nepepuBaHHA 1O (GPOHTY abo 3MiHI PiBHS, TO
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nepepuBaHHs Oy/le CreHEepOBaHO, SIKIIO HAa BXOAl 3'SBISIETBCS IMITYIIBC,
TPHUBAIICTH SKOTO OijbIIIe OJHOTO Mepioay cuaxpoHizarii. [Ipu xii Ha Bx0mi
OiMbII KOPOTKUX IMIYNbCIB TeHepalliss NepepuBaHHA HE TapaHTYEThCS.
3BepHITH yBary, o yactota cuaxponizamii [IITY moxe OyTu Hikue YoMy
gactota XTAL, sxmo mo3BojeHa podota miapHHKa 9acToTd XTAL. Skmio
oOpaHe TiepeprBaHHs N0 HU3HKOMY PIBHIO, TO TIEPEPUBAHHS TCHEPYETHCA,
SKIIO O MOMEHTY 3aKiHYeHHS BUKOHAHHS TMOTOYHOI iHCTPYKLIi HA BXOAi
M0 KOJWIIHBOMY € TPUCYTHIM HH3BbKHHA piBeHb. SIKIIO JO3BOJICHE
TIepepuBaHHs 3a piBHEM, TO BOHO Oynae reHepyBaTHCs O€3yNHHHO IOTH,
MOKH Ha BXOJIi MPUCYTHI! HU3bKUH PiBEHb.

Tabmurs 3.5 — 3aBgaHHS YMOBU TeHepallii 3aluTy Ha epepruBaHHs

Iscnl | IscnO Onuc
0 0  |Husbkwii piBeHs Ha Intn reHepye 3amuT Ha epepuBaHHS
0 1 Bynp-sixka 3MiHa JOTiYHOTO CTaHy Ha Intn reHepye 3amuT Ha
nepeprBaHHs

[Nagarounii GpoHT, BUSBIICHHMIA IO TBOM BHOIpKaM Ha Intn,

Hapocratounii GpoHT reHepye 3anuT Ha IIepeprUBaHHS.

IMpum. 1: n=7, 6, 5 abo 4.
IMepen 3miHolO OiT Iscnl/Iscn0 HeoOXigHO 3a00pPOHHUTH POOOTY
nepeprBaHHs IUIIXOM OYHIICHHS OiTa J03BOJY NEpepUBAHHS B pPericTpi

EIMSK. A sK1Io Hi, TO IepepuBaHHs MOK€ BUHUKHYTH IiCJIS 3MiHU TaHUX
oir.

Tabmurs 3.6-Perictp macku 30BHiIHBOTO NiepepuBanHs — EIMSK
Pospsin |7 6 5 4 3 2 1 0
INT7 [INT6 [INTS|INT4|INT3|[INT2 INT1|INTO

Pospsaum 7.0 — INT7 — INTO: Jlo3Binm 3amuTy Ha 30BHILIHE
nepepuBanHs 7 - 0

SAxmo B 6iT INT7 — INTO i B Oit I perictpy crarycy SREG 3anucaru
1, To mo3BOJSIETHCS poOOTA 30BHIMIHBOTO MEPEPUBAHHS 110 BiJIIOBIAHOMY
0 BUBOJY. biTm BUOOpY yMOBHM TeHepallii MepepHBaHHS B pericTpax
kepyBaHHA 30BHiIIHIMU niepepuBanHsiMu EICRA i EICRB Buznavaroth no
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AKili yMOBI TeHEPYEThCS TEPEepPHBAHHA: IO HAPOCTAIOUOMY (POHTY, IO
nagarodomMy (poHTy abo 3a piBHeM. KoxHOi 3 maHMX BHBOAIB 30epirae
aKTHBHICTh, HABITh SKINO BiH HACTPOEHWH Ha BUBIiA. JlaHa 0COOIMBICTB
MO’K€ BUKOPUCTOBYBATHUCS ISl MPOTPaMHOI reHepallii mepepruBaHHs.

Taomuis 3.7 EIFR: TIpanopu 30BHimIHIX nepepuBanb 7 - 0
Pospsin |7 6 5 4 3 2 1 0

INTF7 [INTF6 |[INTF5 |[INTF4 [INTF3 [INTF2 [INTF1|INTFO

Axmo ¢pont abo 3miHa noriyHoro crany Ha INT7:0 Buknukae
nepepuBaHHs, TO BiamoBigHwi mpamnop INTF7:0 yxBamoe ogmHHYHHIA
ctaH. Sxmo BcranosneHi OiT I perictpy cratycy SREG i BianmoigHuii 6iT
no3oiy mepepuBanHsi INT7:0 y perictpi EIMSK, TO MikpokoHTposep
BUKOHA€ IepexiJ] Ha BEKTOp nepepuBaHHA. [Ipanop ckumaerscsi amapaTtHO
MiCIsT BUKOHAHHS TMPOIEAYpH OOpOOKH TmepepuBaHHs. AJBTEPHATHBHO
mpamnop Moxke OyTH CKMHYTMH TpOTrpaMHO NIISIXOM 3amucy 1y
Bignopiguuii OiT. Skmo INT7:0 HacTpoeHi Ha reHepallito MepepUBaHHs 3a
piBHEM, TO TPANOpH MOCTIHHO TIepe0yBalOTh Y CKHHYTOMY CTaHi. 3BEpHITh
yBary, 1o Ipu NepexoJli B PeXUM CHY 3 BIAKIIOUEHUMH MEePEPUBAHHSIMU
INT3:0 Bxigni Oydhepu ux BUBOAIB OyIyTh BiIKIIOYEHUMH. Y CBOIO Yepry
1€ MOXKE€ BUKJIMKATH 3MiHa BHYTPILIHBOTO CTAHY CHTHAJIiB, SIKMH MpPHUBEAE
no ycranoBku niparopis INTF3:0.

3.3 llpukanang HanamrtyBanHsa INT1 ta INTS na magawuunii

dpoHT
cli

1di tmp, (1<<ISC11)
STS EICRA,tmp ;o0 crnany
1di tmp, (1<<ISC51)
STS EICRB, tmp ;oo cnany
in tmp, EIMSK
ori tmp, (1<<INT1) | (1<<INTD5)
out EIMSK, tmp
sei
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3.4 BapianTu iHAUBiAyaJbHHUX 3aBAaHb
Tabmuig 3.5-Tabnuis 3aBnans 10 1aboparopHoi podbotu Ne3
Ne TekcT iHIUBITYaJIBLHOI0 3aBJaAHHS

1 |Ipu mocmimOBHOMY HATHUCKaHHI OyAb-KHX KHOIIOK, BiZoOpaskaTh HOMep
KHONKH Ha [I. iH].

2 |Tlicns HaTHCKaHHA KHONKH S1, 3MIHCHUTH MEPiOIUYHE MUTOTIHHS 3 YaCTOTOIO
2 'mHa iHg.gucia 43.

3 |V mBilikoBoMy Bui BioOpaxkaTh Ha OAMHMYHMX iHIuKartopax D1-D4 Homep
HATUCHYTOI KHOIIKH.

4 |3giificHUTH BBIMKHCHHS/BUMUKAHHA ONUHWYHHUX iHguKaTopie D1-D4 'y
KIJIBKOCTI, BIANOBIJHIH HOMEpY HATHCHYTOI KHOII, BifOoOpasUTH HOMEp
KHOIIOK Ha 1HJI.

5 |Ha imn. BimoOpasutu yucio 12. [To HaTHCKaHHIO KHONKH S2, 3IiHCHIOBATH
3MEHIIICHHS Ha OJJUHMII0 BiJOOpaKyBaHOTO YHUCIIA.

6 |[lo HaruckanHiO KHOmKM S1 Ha KiaBiaTypi BKJIIOYMTH CEKYHIOMIp 3
BiMOoOpakeHHsSM Horo 3HaueHHS Ha  iHA. [IpW HATHCKaHHI KHOMKH S2
3IIACHUTH CKUJIAHHS CEKYHIOMipa.

7 |Harucuytu knomky S1 BimoOpasuru Ha Cinn. umcino 10. Hatuchytu S2,
Bi0Opa3uTH Ha iHJ. yucimo 11.

8 |BinoOpasutu Ha iHg. umcio 4321. [lo HaTuckaHHIO KHONMKK S1 3MeHIyBaTH
Ha OJWHUINO BiOOpa’kyBaHE YWCIO, MO HATUCKAHHIO S2 3017bIIyBaTH Ha
OJIMHUITIO BiTOOpakyBaHe YHCIIO.

3.5 KouTpoJbHi nutanus

3.5.1 Crpykrypa cucremu nepepuaib AVR ATMega.

3.5.2 [Ipu3HadeHHs, MPUKIIaI1 3aCTOCYBaHHS CUCTEMH TIEPEPUBAHb.

3.5.3 [lepepuBanus BiJ[ TalMepiB, MOCJIIZIOBHOTO
IpuiioMoriepesaBaya.

3.5.4 AnapaTHe yCyHEeHHs epeH4aHHs KOHTakTiB i cxem 3 TTJI i
KMOII.

3.5.6 IIporpamue ycyHeHHS IcpeHYaHHS KOHTAKTIB.

3.5.7 HeoOxigHicTh 3acTOCYBaHHs amapaTHOro abo MPOrpamMHOro
YCYHEHHS JIepeHYaHHs KOHTAKTIB.
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4 JABOPATOPHASA PABOTA Ne4
N3YYEHUE TAUMEPOB MUKPOKOHTPOJIJIEPA
AVR

MeTta po60oTH: BUBUHTH TaiMepu MikpokoHTpoiepa AT90USB162,
HaBUMTHCS  KEpyBaTH  pEKUMaMU  TaiiMepiB  MIKpPOKOHTpoliepa
ATI90USB162 i 00pobmnsiT nepepuBaHHs Bij TaiiMepa.

4.1 Teopetuuni Bitomocrti

Taiimepu B 8-po3psimHUX MikpokoHTposepax AVR sBisiioTs co6oto
8- abo 16-po3psiHi JIYMIBHUKK iMIyNbCiB. J[KepermoM paxyHKOBHX
IMITynTBCiB MOke OyTr TakToBHil TeHeparop OMK abo 30BHIMHINA JaTINK
abo reHepaTop iMITyIbCiB. YacToTa paXyHKOBHX IMITYJIBCIB, IO HATXOSTH
y TaiimMep, Moxe OyTH 3MeHIIEHa B MONEPEIHBOMY IiIBHUKY YacTOTH
(npennenutene) taiimepa. Ilpemnmemurens y  CYTHOCTI TakoX €
TYAITFHUKOM 3 (DiIKCOBaHUM HAa0OpOM MeEX pPaxyHKY, IO BH3HAYAIOTh
KoeilieHTH PO3MOJiTy, 1 BUIAE B TaliMep IMIMYJIbC HANMPUKIHII KOKHOTO
Mepioy CBOTO PaxyHKY.

Ilepen cknamaHHAM MOPOTPaMU HEOOXIAHO 3amaTHC 3HAYEHHIM
TaKTOBOT YACTOTH MIKpOKOHTpOJIEpa i po3paxyBaTH HEOOXiTHI AT BiATIKY
yacy KOeQiieHTH po3MoNily W MOIyJdl paxyHKy TalMepiB, IO
3a0e31euyl0Th TeHepyBaHHs CUTHAMIB 3aJJaHUX 9acTOT..

Sxmo norpiObHO chopMyBaTH 3BYK, TO 3pYYHO BUKOPUCTATH PEXUM
CTC raiimepiB abo sikuii-HeOy b 13 pexxumiB PWM 3 kepoBaHUM MOJyjeM
(Mexero) paxyHKy ¥ mmapyBaTicTio immynbceiB Q = 2. Kpim 1poro, y psiai
BUNAJKIB 3pDYYHO BUKOPUCTOBYBAaTH IEPEpPHUBAaHHS TalMepiB st
KEepyBaHHsS TIPOLIECOM BHBOJAY IMIYJbCIB (HANpPUKIA, JJIsi 3aIycky,
3yMUHKK 200 MepenporpaMyBaHHs iHIIIOTO TaitMepa).

Hexait moTpiOHO BHBecTH iMITynbcH i3 yactoTor f =666 11, a
CHCTeMHa TakToBa yactora MikpokoHTposepa fclk 1/0 =4 Mru. ¥V pexumi
CTC TaiiMepiB 4YacToTa IMITyJIbCIB BH3HAYAETHCS BMICTOM pETiCTPY
nopiBastHHS OCR:

o

/= 3IN{+ 0cR)

: 1)

ne N — koeilieHT po3noAiny npeanenuTens Taimepa.
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3anmamo 3HadeHHs N = 64 3 pamy IpUITyCTUMUX 3Ha4eHb. Bupasumo
3 popmynu (1) 3nagenns OCR:

ocR - Jaso _|_ 4000000

— el T — 4507
ONf 264666

)

OtpuMmaHe 3HAYeHHS HE MEPEBHIIyE MaKCHMajlbHE YHCIO, IO
BMIIIA€THCS B PO3PSAAHOCTI Taiimepis (255 mnst 8-pospaguux i 65534 mis
16-po3psagnux), 1 HOro MOXKHAa BHKOPHUCTOBYBAaTH, OKPYIJIMBIIA [0
Haitommkdaoro miyoro OCR = 46. [lomunka 3aBIaHHsS 9acTOTH MPH IIHOMY
oyne

-100 %

A f ‘f okp f ‘
s , ®
ne fokp —3HaUYeHHS 4YaCTOTH, pO3paxoBaHE IICIS OKPYIJICHHS
3HaueHHs OCR.
Axmo nomunka Af BHABUThCS  OiNbllie  MPUIYCTHMOI, a
pospaxynkose 3HadeHHs1 OCR npu upomy Oyne BinHocHO ManuM (MeHm 10
% BiJl MAKCUMAJILHOTO), TO CIIiJi BUOpATH MeHIle 3HaueHHs N.

4.1.1 Timer/Counter0

Taiimep-JliunnbHUK TO BUKOPUCTOBYE JiBa BHUBOJIU
MikpokoHTposiepa Atmegal6. Busig TO - e BXiJ 30BHIITHBOTO TAaKTOBOTO
curHairy. BiH Moke 3acTOCOBYBaTHCS, HANpHUKIAA, IS MiAPaXyHKY
immyneciB.  Busig OCO - 1€ BHXiJ CXeMH TIOpiBHSHHS Taiimepa-
niunnbHuKa. Ha mpomy BHBOAL 32 JONOMOIOIO TaiiMepa Moxe (opMyBaTH
Mmeanp abo [IIMM curnan. Takox BiH MOXe MPOCTO MIHSATH CBIH CTaH Mpu
CHpalbOBYBaHHI CXeMH HOPiBHSHHSL.

BuBoqu TO i OCO 3amiroThCs TUTBKM TIPH  BiATIOBIAHHUX
HACTPOIOBAaHHIX TaliMepa, Y 3BUYalHOMY CTaHi II€¢ BUBOJM 3araJbHOIO
NPU3HAYCHHS.

4.1.1.1 PericTpu TajliMmepa-aiunabnuka TO
Taiimep TO Mae y CBoEMY COCTaBi TP PEriCTPH:
- paxynkosuii perictp TCNTO,
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- perictp mopiBasHHST OCRO,

- koHirypamiitai perictpu TCCROA, TCCROB.

Kpim Toro, € me Tpu perictpu, U0 CTaBIATHCS 0 BCiX TaiMepax
Atmega:

- KoHirypamiitanit perictp TIMSK,

- crarycuwuii perictp TIFR.

- perictp cnenianpaux pynkuid SFIOR
TCNTO

Bit 7 6 5 4 3 2 1 1]
r———
I TCHTO[7:0] I TCNTD
Read/\Write RW RV R RW RN RW RAW RW
Initial Value 1 0 0 0 0 0 0 0

Lle 8-mi pospsimHuii paxyHkoBui perictp. Konu TaiimMep mpaiitoe, o
KOXXHOMY IMITyJIbCy TakToBoro curHamy 3HadeHHs TCNTO 3MmiHrO€TBCS Ha
OJIMHUIIIO.

3anexxHo Bifl pe:KUMY poOOTH TaiiMepa, paxXyHKOBHI PEricTp Moxke
abo 30inpmryBarucs, abo 3menmryBatucs.  Perictp TCNTO moxHa sk
YUTATH, TaK 1 3ammcyBatH. OCTaHHE BUKOPHUCTOBYETHCA KOIH TMOTPIOHO
3a7aT HOro MoYaTKoBe 3HaYeHHs. Koy TaiiMep mpairoe, 3MiHIOBaTH HOTO
BMicT TCNTO He pekOMeHIy€eThCsI, TOMY L0 1€ OJI0Ky€e CXeMy MOPIBHIHHS
Ha OJIMH TaKT.

TIFR
Bit 7 8 5 4 ] 2 1 0
I- [ - [ - [ - [ - | oEFTs | OCFoA_| Tovo | TIFRO
Read'Writs R R R R R AW AW RIW
Initial Value 0 0 0 0 [ 0 0 0

TOVO0 — npanop nepernoBHEHHS
OCFO0A, OCFOB — npanop nozii pieHocTi Bignosigao OCR0OA, OCROB

OCROA, OCROB

Bit 7 & E 4 3

ra
-
(=]

S
I OCROL7:0] ] ocro
Read/Writs RIW RIW RIW RIW RIW RIW RIW RIW

Initial Walue 0 1] a 1] o 1] o a

Le 8-mi po3psanHuii perictp mnopiBHsSHHA. Moro 3Ha4yeHHs NOCTiiiHE
piBHs€TBCS 3 paxyHKOBUM perictpoM TCNTO, i y Bunanky 30iry Tanimep



26

MOJK€ BUKOHYBAaTH SIKICh [Mii - BHUKJIMKATH TEPEpPUBAHHA, MIHSATH CTaH
BuBoay OCO 1 T.ZI. 3aJI€KHO BiJl peXKUMY pOOOTH.
3navyennss OCRO MoxHa SIK UNTaTH, TaK 1 3aMUCyBaTH.

TCCROA, TCCROB

e nmBa koHbirypamiiHuii pericTp Taimepa-migmnbHuKa 10,
dopmatu sIKMX Maike TOJIHOCTH 30iratoThes 3 perictpamu TCCRIA,
TCCR1B :

Bit 7 L] 5 4 3 2 1 V]
I COMDAT COMOAD | COMOB1 comMoad | — - WGMO1 WGMOD I_CCQIJA
ReadMWrite RW AW RW RW R R RW AW
Bit 7 ] 5 4 3 2 1 o
I s
J FOCOA | FOCOB [ - | - | WGMD2 | Cs02 | csm | €500 ] TCCROB
ReadWrite W w R R AW R RwW AW
Initial Valss o 0 o o o a o o

bitu CS02, CSO01, CS00 (Clock Select) - BU3HA4YaIOTh JKEPEIIO
TakTOBOI 4yacTtoTH s Taiimepa TO i 3amai0Th KOE(DILIEHT MpeaIeIuTEIs.
VYc¢i MOXKIIMBI CTaHU OIMCAH] B TAOIHUI HIDKYE.

Tabmmnad.1 — bitu CS

CS02 | CS01 | CS00 [Onmuc

0 0 0
[xepena TakTMpoBaHuA Hemae. TaMep 3ynMHEHUN.

0 0 1 [Taktoa yactota MK

0 1 0 [TaktoBa YacTtota MK/8

0 1 1 [TaktoBa yactota MK/64

1 0 0 |[TaktoBa yactota MK/256

1 0 1 |[TaktoBa yactota MK/1024

1 1 0 [3oBHiwHe Oxepeno Ha BbiBoaeTO.
CnpaupboByBaHHS N0 3aAHLOMY (PPOHTY

1 1 1 BoBHILLHE oKepeno Ha BbiBogeTO.
CnpaupboByBaHHSA MO NepeaHbLOMY (OPOHTY

bitu WGM10, WGMO00 (Wave Generator Mode) - BU3HA4alOTh PEKUM
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pobotu TalimMepa-miuninbHuKa T0. Ycporo ix moxke OyTH dHYOTHPH -
HOpMaNbHHAN pexum (normal), ckunanas taiimepa nipu 36iry (CTC), 1 nBa
PEKUMH  IHUPOTHO-iMIynbcHOT Momyisimii  (Fastpwm 1 Phase Correct
PWM). Vci MOXKITHBI 3HAYCHHS OIKMCAHI B TAOHMII HIDKYE.

Taomuus 4.2 — bitu WGM
WGMO01 | WGMO0O0

Pexum pobotun
TanmMepa/niynnbHuKa

0 0 Normal

0 1 PWM, Phase
1 0 CTC

1 1 Fast PWM

bitu COMO01, COMO00 (Compare Match Output Mode) - BU3HA4alOThH
noBeninka BuBoy OCO. Skmio xou oauH i3 uX OWTOB YCTAaHOBIEHH B 1,
to BuBig OCO mepecrae (yHKIIIOHYBaTH SK 3BUYAHWN BUBIJl 3araIbHOTO
NpU3HAYCHHS W MIJKIIOYAaeThCsl A0 CXEMU TOpIBHSHHA —TaliMepa
miunnpauka TO. OpHaK Npu HBOMY BiH MOBHHEH OYTH IIE HACTPOEHHH 5K
BUXIII.

I ocranniii 6iT perictpy TCCROB - ne 6ir FOCO (Force Output
Compare). Lleil 0iT mpH3HAYEHUH I MPUMYCOBOI 3MiHHM CTaHy BHBOIY
OCO. Bin mpamtoe tinbku ans pexkumiB Normal i CTC. Ilpu ycraHOBkH
o0ita FOCO B oWHHWINIO CTaH BHBOJY MIHSETHCSA BIAMOBIAHO 3HAYCHHIM
ouroB COMO1, COMO00. FOCO 6iT He BUKITMKAE MEPEPUBAHHS i HE CKUIAE
taiimep B CTC pexumi.

TIMSK (Timer/Counter Interrupt Mask Register)

Bit 7 & 5 4 3 2 1 0

— - — — —

I OCIEZ | TOIEZ | TICIE1 | OCIE1A | OCIE1B | TOIE1 | OCIED TOIED I TIMSK
Read/Write RW RW RW RW RW RW RW RAW

Initial Value a o a 0 0 0 0 0

3aranpHUI pericTp A BCIX TphoX TaiimepiB Atmegal6, BiH MiCTUTBH
Tpamnopy 103BoITy mepepuBadb. Taitmep TO MoXke BUKIIMKATH TIEpEPHUBAHHS
npyd TepenoBHeHHI paxyHkoBoro perictpy TCNTO i mpu  30iry
paxyHkoBoro perictpy 3 perictpom nopiBHsHHsS OCRO. BiamosigHo mms
taiimepa TO y perictpi TIMSK 3apesepoBano apa Oitu - e TOIEO i
OCIEQ. Iami 6iT cTaBasThCA A0 1HIIUX TaliMepiB.
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TOIEO - 0-¢ 3HaueHHs OiTa 3a00pOHSE MEpPEpUBAHHS IO ITOMIT
MepernoBHEHHS, | - T03BOJISE.

OCIEQ - 0-e 3nHaueHHs1 3a00pOHSE MepepUBaHHs Mo moaii 30ir, a 1
JIO3BOJISIE.

[MpupoaHo mepepuBaHHS OYAYTh BUKIMKATUCS, TUIBKH SKIIO
BCTaHOBJIEHUH OIT TI00aIbHOTO J03BONY MepepuBaHb - Oit I perictpy
SREG.

TIFR (Timer/Counter0 Interrupt Flag Register)
3 2 1

Bit T 6 5 4 2 1]

[TocFz" ] Tovz | ICF1 | OCFiA | OCFIB | TOV1 ] OCFO ] TOVO TIFR
Read/Write RW RW RIW RW RIW RW RIW RiW

Initial Value a 1] 0 1] 1] 1] 1] 1]

3aranpHUA A7 BCIX TaiMepiB-TiYMIBHHUKIB pericTp. MiCTUTh cTaTycHi
MPanopH, siKi BCTAHOBIIOIOTbCS MPH BUHUKHEHHI noxin. s Taiimepa TO -
e mepenoBHeHHs paxyHkoBoro perictpy TCNTO i 36ir paxyHKOBOTO
perictpy 3 perictpom nopiBasHHsT OCRO.

SAxumio B i Mmomentu B perictpi TIMSK mo3Boneni nmepepuBanHs i
ycTaHoBieHnd OiT [, TO MIKPOKOHTpOIEp BHKJIHYE BiAMOBIAHHUN
00po0IroBay.

[Ipamopu aBTOMATUYHO OYMINAIOTHCSA MPH 3allyCKy 00poOstoBaya
nepeprBaHHA. TakoX II€¢ MOXKHAa 3pOOMTH HPOrpamMHO, 3amucaBmi | y
BiJIMOBITHAH TIpamop.

TOVO - ycraHoBmoeTbcs B | TpW IMEPENOBHEHHI PaxyHKOBOTO
pericTpy.

OCFO - ycranoBmroerbess B 1 mpu 30iry paxyHKOBOTO PETIiCTpy 3
pericTpoM MOpiBHSHHS

SFIOR (Special Function 10 Register)

i 6 5 4 3

Bit 7 2 1 0
— — —
I ADTS2 | ADTSA | ADTS0 | - | ACME | PUD PSR2 | PSRA0 I SFIOR
Read/\Write RAW RAW RAW R RAW RW RAW RW

Initial Value 0 0 0 0 0 0 0 0

[MouatkiBIeBi mpo el pericTp y MPUHIKIT MOXHA i HE 3HATH, OJIUH 3
fioro po3psaiB copocesiBaeT 10-Tu po3psaHUil IBIHKOBUH JIIYMIIBHUK, SIKUH
IinmuTh BXiAHY Yactoty ais taitmepa TO 1 Taiimepa T1.

CkunanHs 37ilcHIOETRCS Tipu yctaHoBili 6ita PSR10 (Prescaler
Reset Timer/Counterl i Timer/Counter() B oguHuUIIO.
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4.1.1.2 Timer/Counterl
Hokmamgao  po3misHemMo 16 pospsammii  perictp  (16-bit
Timer/Counterl) y zHammomy MK

4.1.2.1 PericTtpu Taiimepa-aiunabHuka T1
Bit 7 6 5 4 3 2 1 0

—
TCNT1[15:8] TCNT1H
TCNT1[7:0] TCNTIL
Read/Write R/W RIW R/W RW R/W R/W RIW RW

Initial Value 0 0 0 0 0 1] 1] 0

TCNT1(L/H) — tie nBa 8 GiTHI pericTpiB sKi B CyMi 1at0Th oauH 16 GiTHHI
perictp. Konm Taiimep mnpamioe, Mo KOXHOMY IMITYJbCy TaKTOBOTO
curHany 3HadeHHss TCNTI1(L/H) 3MiHIO€TBCS Ha OOWHMINO. 3aJIEKHO Bif
peXuMy poOOTH TaliMepa, paXyHKOBHI pericTp Moxe abo 30imbIryBaTucs,
abo 3menmyBarucs.Perictp TCNT1(L/H) MoxHa sk 4yWrTaTH, TaK i
3anmucyBatd. OCTaHHE BHKOPHCTOBYETHCS KOJNHM TOTPIOHO 3amaTh HOro
MOoYaTKOBe 3HadeHHA. Komum Taiimep mpairoe, 3MIHIOBAaTH HOTO BMICT
TCNT1(L/H) He pekoOMeHIy€eThCS, TOMY IO 1€ OJIOKYE CXeMy MOPIBHIHHS
Ha OJIMH TaKT.

3ammc y crapmmii perictp (Tentxh) BemeTbes crodaTky B pericTp
TEMP. Lleit perictp 4uCTO CITy>KOOBHH, 1 HAM HisIK HEJOCTYITHHIA.

3amucyemo crapumit 6aiit y perictp TEMP ( miist Hac nie Tentxh), a
MOTIM 3allUCYyeEMO MOJIOMIINN OaiT. ¥ 1eil MoMeHT, y peansHuil Tentxh,
3aHOCHTBCS paHillle 3anmucaHe HaMy 3Ha4deHHs. ToOTo nBa OGaiT, cTapmi
1 MOJIOJIIIMIA, 3aITUCYIOThCS OJJHOYACHO! MIiHATH MOPSIOK HE MOXKHA!

Burnsnae e tak:
CLI ;3abOpOHAEMO NepepuMBaHHA, B OOOB'A3KOBOMY HNOPAIKY!

STS TCNT1H,R16 ; Crapwol 6auT cnodaTky B TEMP

STS TCNT1L,R17 ; A Temnep 3ammcaljiocs ¥ y cTapmmi i
; MOJIO O !

SETI ; JO3BOJISEMO NepepuBaHHA

YuTaeTscsi BCi TAKOX, TUNBKH y 3BOPOTHOMY MOpAAKy. Crovarky
MoJoamuii 6aiT ( mpu upomy crapmwuii ine B TEMP), notim crapmmii. e
rapaHTye Te, [0 MU BBAKAEMO caMe TOH OailT skwii OyB Ha JaHWA MOMEHT
y paxXyHKOBOMY pericTpi.
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Bit 7 6 5 4 3 2 1 0

OCR1A[15:8] OCR1AH
OCR1A[7:0] OCR1AL
Read/Write R/W R/MW RW RW RW R/MW RW RW

Initial Value 0 0 0 0 0 0 0 0

OCR1A (L/H) - ue jaBa 8 OiTHI pericTpiB sAKi B CyMi Jar0Th OJuH 16
GiTHuit perictp. Moro 3HayeHHs MOCTiitHE PiBHAETHCA 3 PAXyHKOBUM
perictpom TCNT1(L/H), i y Bumaaky 306iry Taiitmep Moke BUKOHYBaTH
AKich Al — BUKJIMKATH TiepepuBanHs, MiHATH cTad BuBogy OC1(A/B) i
3anexxHo Big pexkxumy podortu. 3naueHHs OCR1A(L/H) moxHa sk auTatw,

TakK 1 3aMUCyBaTH.
7

Bit [ 5 4 3 2 1 o

OCR1B[15:8] OCR1BH
QCR1B[7T:0] QOCR1BL
Read/Write RIW R/W R/W R/W R/W R/W R/W R/W

Initial Value 0 0 0 o o 0 o o

OCR1B (L/H) - ue aBa 8 OiTHI periCTpiB AKi B CyMi JJalOTh OAMH 16
GiTHuit perictp. Moro 3HaYeHHs MOCTiiHE TTOPIBHIOETHCS 3 PAXYHKOBHM
perictpom TCNT1(L/H), i y Bunaaxy 36iry Taiimep MoXxe BUKOHYBAaTH
AKiCh il — BUKIIMKATU TIepepuBanHs, MiHsaTH cTaH BuBogy OC1B i 1.1.
3aj1e3KHO Bijg pexxumy pobotr. 3nauenuss OCR1B(L/H) moxHa sk gutaT,
TaK 1 3aIMCyBaTH.

TIMSK
Bit 7 [ 5 4 3 2 1 0
| cciEz2 TOIE2 TICIE1 OCIE1A | OCIE1B | TOIE1 | OCIE0 | TOIED | TIMSK
Read/Write RIW RIW RW RIW RW RIW RIW RIW
Initial Value 0 0 D i D 0 D 0

3aranpHUA pericTp A BCiX TphOX TaiiMepiB Atmega32, BiH MiCTUTh
Mpamnopu A03BOJy nepepuBanb. Taiimep T1 MoOXe BUKITUKATH ITEpEpUBAHHS
IpH TIepenoBHEeHH] paxyHkoBoro perictpy TCNT1 i nmpu 36iry
paxyHKOBOro perictpy 3 perictpamu nopiBasHHs OCR1(A/B). BianosigHo
mst Tavimepa T1 y perictpi TIMSK 3apesepoBano Tpu 6itu — e TOIE] 1
OCIE1A u OCIE1B. Inuri 0iTH CTaBISTHCS JI0 IHIIAX TaliMEpiB.

TCCR1A i TCCR1B - Ille koHdirypauiiini perictpu taiimepa-
miynnsHuKa T1, BiH BU3HAUYA€E HKEPENIO TAKTYBaHHS TaliMepa, KOeQillieHT
NpeaeIuTeNs], PeKUM poOoTH TaliMepa-niunibHrka T1 1 moBeninka
BuBoaiB OC1A 1 OCIB. Y uux aBox pericrpax nepe0yBaroTh OiTH sKi
Maibke BCi 01TH BU3HAYalbHI K OyJie mpairoBaTy Ham T1.
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Bit 7 6 5 4 3 2 1 0

| comiat | comiao | COMiB1 | COMIBO FOC1A FOC1B WGM11 WGM10 | TCCRIA
Read/Write RIW RIW RIW RIW w w RIW R/W
Initial Value o 0 0 il 0 0 [l [l
Bit 7 6 5 4 3 2 1 0

| IeNc1 | ICEs1 | - | wem13 | wemiz | csi2 | csi1 | csio | TCCRIB
Read/Write RIW RIW R RIW RIW RIW R/W RIW

Initial Value 0 0 0 0 0 0 0 0

Bbitu ICNC1 i ICES1. ICNC1 BKJIIOYA€/BUKIIIOYAE CXEMY
MpHUIYIIEHHS TeperKoa. SIKmo BiH ckuHyTHH B 0, TO cXeMa MpUTHIYEHS
NEPEIIKO/ BUKIIOUEHa i 3aXBaT MPOBOAUTHCA IO MEPIIOMY K aKTUBHOMY
¢ponty Ha BuBoxi ICP1. SIkmio OiT ycTtaHOBICHHMIA B 1, cXeMa NMPUTHIYCHS
MEePEeIIKo/l BKIIOUYEHA W 3aXBaT MPOBOAWUTHCS TINBKH y BUMAIKY 4-ex
OJTHAKOBUX BHOIPOK, BIAMOBITHUX A0 akTHBHOTO (poHTY curHamy. ICES]
BH3HAYa€ aKTUBHHUHA (PPOHT CUTHAIY, TOOTO (PpOHT 1Mo SKOMY OJIOK 3aXBaTa
Oyzie BUKOHYBATH 30€pEeKEHHS PaXyYHKOBOTO pericTpy. SAKIo 6iT CKuHyTHIA
B 0, akTHBHMM € chagarounii QpoHT. SKmo BcraHOBIeHWH B 1, TO
aKTUBHUM Oy/ie HapOCTarunil (GPOHT.

PET'ICTP 3AXBATA: ICR1- me perictp 3axBata. Y HbOMY
30epiraeTbcs 3HAYEHHs PaXyHKOBOTO pericTpy npu curaaii Ha Hixmi ICP1.

bitru COMI1(A /B)0 i COML(A/B)l - Bu3HAYarOTh MOBEIIHKY
BuBoay OCI1(A/B). ko xou oauH i3 1[UX OUTOB YCTaHOBJICHHI B 1, TO
BuBin OCI1(A/B) mnepecrae GyHKIIOHYBaTH SK 3BHYAWHWUN BHBIX
3arajibHOro NPU3HAYCHHS U MiJKITIOYAETHCS 10 CXEMH MOPIBHAHHS TaiiMepa
nmiunnbHuka T1. OpHak npu HbOMY BiH MOBHHEH OYTH 1€ HACTPOEHHH SIK
Buxif. [loseninka BuBogy OCI(A/B) 3amexuth Big pexuMmy poboTu
taiimepa-mumneHuka T1. ¥V pexumax normal i CTC Busig OC1(A/B)
MOBOJUTHCS OJHAKOBO, a oT y pexumax IIM iioro mnoBexinka
BiJIpi3HSETHCS.

Tabmuns4.3 —3nauenns 6utoB COM miist pexxumiB Normal i CTC

COM1A1/COM1B1/COM1AT/COM1B Onwuc
0 0 Hixka BigkntoveHa Big T1
0 1 CtaH B1BOAY MIHAETLCA Ha NPOTUNEXHE
1 0 Busig OC1(A/B)ckmaaeTbes B "0"
1 1 Busig OC1(A/B)yctaHoBntoeTbes B "1"
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Tabmuia4.4 —3nauenns 6itoB COM mns pexumy Fast PWM

COM1A1/COM1B1/COM1AT/COM1B Onuc
0 0 Hixka Bigkntouera Big T1
0 1 3ape3epBoBaHe
1 0 Ckupaetbes B "0" npy NnpsiMOMY paxyHKy,
ycTaHoBMOETLCS "1" NpK 0BHYMIHHI.
1 1 YcTaHoBntoeTbed B "1" npu npssmMomy
paxyHky, ckugaeTtbcs B "0" npy 0BHy"iHHi.

Tabmuis 4.5 —3navenns 6ito COM s pexxumiB Phase i Frequency

Correct
COM1A1/COM1B1/COM1AT/COM1B Onuc
0 0 Hixka Bigkmtouena Big T1
0 1 3apesepBoBaHe
1 0 Ckupaetbes B "0" npy NpAMOMY paxyHKy,
ycTaHoBmoeTbesA "1" Npyu 3BOPOTHOMY.
1 1 YcraHoBnoeTbes B "1" npy npsimomy
pPaxyHky, ckngaetbcs "0" npyu 3BOpOTHOMY.

Biru WGM10, WGM11, WGM12, WGM13 (Wave Generator Mode) -
BU3HAYAIOTh PEKUM poOOTH TaiiMepa-niuniabarka T1. Ycboro ix Mmoxe
OyTH YOTHPH HOpMaJbHUN pesxkuM (normal), CKuaHHA TaliMepa TpH 30iry
(CTC), 1 nBa pexxuMH LIMPOTHO-IMITyIIbCHOT Moy sinii (Fastpwm i Phase
Correct PWM). Yci MOXIIMBI 3HaYCHHS OTIMCAHI B TaOJIMIN HUXKYE.
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Tabnuus 4.6 —3nauenns 6itroB WGM

P 6 . B Bi YcraHoBka
Pexum|  WGM eKHM Po oTa Taiimepa- | Bepxus iIHOBJICHHSI npamopa TOVN
JIiYHIbHAKA mexka [Ocrnx Ha:
010 [0 |0 |0 [Normal OXFFFF [Bigpa3sy micis 3anucy [MAKC
110000/ gwﬁ&n «Phase Correct OXOOFF ([1a BepmuHi paxyHKy |l lvokHEM Mesxi
210010 g@PﬁHH «Phase Correct O0XO1FF ([Ta BepmmHi paxyHKy [HrokHil Mexi
310011 ;&%THHH Phase Correct O0XO3FF [Ha BepuiuHi cHiry HroxHiit Mexi
410 1100 |CTC Ocrna  Bigpa3y micas 3amicy [MAKC
Ha BepmmHi
510 |1 |0 |1 [8-6nnibififast PWM OXOOFF |Ha BepunHi CHIry  [paxyHKy
Ha BepmmHi
6 10 | [1 |0 |9-6imibi«Fast PWM 0XO01FF |Ha BepmuHi paxyHKY [paxyHKY
Ha Bepumni
710 1 [1 |1 [10-6Hthbififast PWM O0XO3FF |Ha BepmmHi CHIry  [paXyHKY
Phase & Frequency . . .
8 (10010 Correct PWM Icrn Ha HyokHil Mexi 1 lyroxHeM Mesxi
Phase & Frequency - . - .
91 001 Correct PWM Ocrna  [Ha HmxHill Mexi Hioxnil Mesxi
1011 |0 [1 [0 |Phase Correct PWM Icrn Ha Bepunni cuiry  [HekHiit Mexi
1111 |0 [1 |1 |Phase Correct PWM Ocrna  |Ha Bepumwi cHiry  |HmkHil Mexi
12]1 |I [0 |0 |[CTC Icrn Binpa3sy micist 3anucy MAKC.
13|11 |11 [0 [1 |(pe3epB) -
Ha BepmmHi
1411 1 [1 |0 |FastPWM Icrn Ha BepIIuHi paxyHKy [paXyHKY
. Ha Bepmmni
151 1 (1 |1 |FastPWM Ocrna  |Ha BepmmHi paxyHKY baxymiy

4.1.2 Ininianizania rtaiimepa.
Inimianmizamis tafimepa 0

1di
out
clr
out
1di
out

tmp, Prescaler
TCCROB, tmp

tmp

TCCROA, tmp

tmp, Initcounter
TCNTO, tmp

[Hinianizamnis nepepuBaHHs 110 MEepernoBHEHHIO Taiimepa
lds tmp, TIMSKO
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ori tmp,1<<TOIEQ

sts TIMSKO, tmp

sei

4.1.3 O6podka nmepepuBaHHA Bix Taiimepa.
IHimianizaris mepepuBaHHs 1O TEpENOBHEHHIO Taitmepa 0

1lds tmp, TIMSKO

ori tmp, 1<<TOIEO

sts TIMSKO, tmp

sei

Ha mouaTky nporpamu ciizx po3TantyBaTH KOJI:

.org $002A ;timer0 ovr
rjmp TIMOInt
1 HANPUKIiHII — TPOLEAYPY OOPOOKH IepepruBaHHS

TIMOInt:
;i1 IO TIepepUBaHHIO
reti

4.1.4 3arpumMka Ha Taiimepi.
[Mpuknan npoueaypu 3aTpUMKH Ha Taiimepi 0:
timdel:
;3aTpuMka Ha Tanmepi 0
; MaxkcuMaJIbHO Ha 1/3.81 cex
push tmp
1di tmp,Initcounter; nouaTkoBe BHAUEHHS
out TCNTO,tmp ; JIiUMIIBHMUKA
sbi TIFRO,TOV0O; dUmMCTMMO MNpPalop IIE€PEelOBHEHHS

read:
in tmp, TIFRO; read the Timer Flag Register
sbrs tmp,TOVO;test the overflow flag
rjmp read ; SKIO He BCTAHOBJIEHMM - Ha read

TOVO is set

sbi TIFRO,TOVO; cxmmanusa overflow flag
pop tmp
ret
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4.2 TlopAi0OK BUKOHAHHSA podoTH
4.2.1 Ckiacté Tmporpamy 3TiTHO IHAWBIIyaJbHOMY 3aBIAaHHIO,

BUKOPHUCTOBYIOUHM A1 (pOpMyBaHHS THMYACOBHX iHTEepBaiiB ab0 0OpoOKy
nepepuBaHHs, a00 3aTPUMKY Ha TalMepi.

4.2.2 BiAKOMMIIOBAaTH TPOrpaMmy i3 cCepeloBHINa W YCYHYTH

ITIOMUIJIKH.

4.2.3 Orpumanuii hex (haiin 3aBaHTaXUTE B CTCH]I.

4.3 3apnaHHda 1o JabopaTtopHoi podoTu 4
Tabmums4.7 - Tabmuisg 3aBaadb 10 J1abopaTtopHoi podotn Ned

Ne TekcT iHAUBiAYaTbHOT0 3aBIaAHHS

1 | BUKOpHCTOBYIOUM MPHKIAA Yy MPOUEAypi 3aTPUMKH OpraHi3yBaTH
MIEPEeMHUKAHHS YEePBOHOTO, JKOBTOTO, 3€JIEHOTO CBITIOMIOMIB 5K Y
cBiTiodopi 3 iHTepBaiom lc.

2 3a [I0MOMOror TepepuBaHHS BiA TaliMepa MepeMUKaTH CHHIN 1
YepBOHUM CBITIIOAIONM. Y II€ K Yac MOPraTH 3eJICHUM i3 4acTOTO 2
I'1 y ocHOBHOT mporpami.

3 Muratd CHHIM CBITJIOAIOAOM 3a JIOTIOMOTOK) IIEPEPUBAHHS BiJl
Taiimepa i3 yacrororo 41 1.

4 | [lepemMuKaTd >KOBTHH 1 3€lC€HHH CBITJIONIOAW 32 JOIOMOTOIO
nepepuBaHHs Bija Taiimepa i3 yactororo 10,

5 Muratu 3eJeHIM CBITJIOII0IOM 32 JIOTIOMOTO0 3aTPUMKH Ha TaliMepi,
a 4epBOHMM — i3 yacToToro 1011 32 JONOMOT 00 TIEpepUBaHHSI.

6 | Muratu mo TpW pa3d HYEPBOHUM, IIOTIM CHHIM, MOTIM 3€JICHUM
CBITJIOZIIOJIOM 3a JIOTIOMOT'OK0 IEPEPUBAHHS BiJl TaiMepa i3 4acTOTOIO
211,

7 Ilo 4ep3i mepeMHUKaTH CBITJIOMIOAB! 32 TOAMHHUKOBOKO CTPLUIKOIO 3a
JIOTIOMOTO10 ITepEepUBaHHS BiJl TaiiMepa 13 yacToToro 2.

8 | Muratu 3eneHMM CBITJIOAIOJOM 3a JOIOMOTOI TIEPEPUBAaHHS Bij

taiimepa 0 i3 yacToToro 2 ', a . CHHIM CBITJIOI0IOM 32 JIOTIOMOT OO
nepepuBaHHs Bijg Taiimepa 1 13 yacrotoro 4 ',

4.4 KoHTpPOJBbHI MUTaAHHSA

4.4.1 CueTHble perucTpbl TAMEPOB.

4.4.2 Ypapmisionfe perucTpbl TAHMEPOB.

4.4.3 TakTupoBaHUE TaltMEPOB.

4.4.4 Hactpoiika 1 epexBaT NpepbIBaHUNA OT TaliMEPOB.
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5 TABOPATOPHA POBOTA Ne5
IFEHEPANIA IIIM

Merta po6oru: Hapumtncs kepyBatu anmapatHum LIIM.
5.1 lopsAaaoKk BUKOHAHHS JabopaTopHOi podoTH

5.1.1 Cxkmactu mporpamy Ha MoBi C.
CrBopits HOBuii mpoekt y Atmel Studio (File->New Project) ta
Bubupure C/C++ -> GCC C Executable Project

Installed Templates

T C/C++
5 e+ GCC C Executable Project ClC++ ype: CK
Creates an AVR 8-bit or AVR/ARM 32-bit C
Arduino-Boards project
Atmel-Boards GCC C Static Library Project cfc++
User-Boards
Assembler GCC C++ Executable Project C/C++
Atmel Studio Solution
GCC C++ Static Library Project ClC++
*nelyy, =
e <ayr,
i,
¢ odn
o
=t He1p. 4
Name: |t npoexta
Location: [y | Browse...
Solution name: |mn npoexTa IV Create directory for solution
concel

Pucynok 5.1 — CTBOpEHHS HOBOT'O MIPOEKTY

[Ta6ioH mporpaMu Moxe OyTH OCh AKIM:

#define F_CPU 1000000 // Buxopucrana uacrora CPU

#include <avr/io.h>
#include <avr/wdt.h>
#include <util\delay.h>

int main (void)

{
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wdt reset () ;
wdt disable () ;
PORTB = 0b00000000;

DDRB=0xff;

PORTC = 0b0000000O0;
DDRC = 0b11111100;
PORTD = 0b00010010;
DDRD = 0b01101001;

}
5.1.2 HanumiiTh nporpamy, BiIKOMITLTIONHTE. 3ayCTUTh Mporpamy Ha
CTEHII.

5.2 KopoTki TeopernuHni BizomocTi

Tabmurs 5.1 —BiamoBigHICTh BUBOIB i KaHAJIB TaliMepiB

Busin Kanan Taiimepa Ipuctpiii
PC5 OC1B quBOHHH CB.JO,
JMHAMIK

Tinpku  mporpamMHHN

PC2 TIIM CuHiH cB.1iof
PC6 OC1A JKoBTHii cB.A10
PDO OCoB 3enenuii cB. 110/

5.2.1 Pexxnmu IIIM

Pesxxum Normal

Ile HaWOITBII TPOCTHUH pPEXUM POOOTH TaWMEpiB/IIUMILHUKIB.
Y upoMy PpexuMi paxyHKOBHH perictp (QYHKUIOHYe SIK 3BHYAHHUN
HiACYyMOBYIOUYHMHA JTiYMIbHUK. [0 KOXXKHOMY iMITyJIbCY TaKTOBOI'O CHUTHAITY
clktn uakpementyercss paxyHkoBuii perictp. Ilpu mepexomi uepe3
3HadyeHHs Oxffff BuHMKae mepenoBHEHHs, 1 paxyHOK TpHUBae 3i
3nadgeHHs 0x0000. ¥V tomy x takti curHamy clktn, y sikomy oOHymnsercs
perictp Tentn. Biioku TOpIBHSHHS TalMepiB y IbOMY PEXHMi MOXYTh
BUKOPHUCTOBYBATHCS SIK JIJIsl TEHEpalil epepuBanb, Tak i Uit GOPMyBaHHS
curHaiiB. Cran BuxoziB Ocnx KOXHOro i3 OJIOKIB MmopiBHSHHA 16-0iTHHX
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TalMepiB-TIYMILHUKIB BH3HAYAETHCS BMICTOM OiTiB
Comnal...0, Omnbl...0, Comncl...0 perictpiB Tccrna, sk Toka3aHoO B
Tabmuul 16-2.

Pexxnm CTC (ckuaaHHsi pH 30iry)

Y mpoMy pexuMmi pPaxyHKOBHH peTricTp TeX (yHKIIOHYE SK
3BHYAWHUN TMIACYMOBYIOUMH JIYMJIBHUK, WHKPEMEHTHPOBAHHE SKOTO
3IIHCHIOETBCS TIO KOXKHOMY iMIyNbCy TakToBoro curnany clktn. Omnak
MaKCHUMaJbHO MOXXJIMBE 3HAUEHHS pPaxyHKOBOI'O pericrpy u, OTxe
3MaTHICTh, IO MO3BOJISE, JYHIBHUKA BU3HAYAIOTECS ab0 pericTpoM
nopiBHsiHHSL Onoky A Ocrna, abo perictpom 3axBara lcrn. [licns
JNOCSATHEHHSI MaKCMMallbHOTO 3HA4YCHHS PaxyHOK TpHBa€ 31 3HAYCHHS
0x0000.

Bitu FOC1(A/B) (Force Output Compare). Lleii OiTu npusHaveHi
IUTsL IpUMYCcoBoOi 3MiHH cTtany BuBoAiB OC1(A/B). BiTi mpauorTh TiNbKH
mist pexxumie Normal i CTC. Ilpu yctaHoBKu OiTiB B OJWHUIO CTaH
BUBOAY MIiHSETbCA  BiAmoBigHO 3HadeHHsM OitiB  COMI(A/B)1,
COM1(A/B)0. FOC1(A/B) 6iTu He BUKJIMKAIOTh IEpEpUBaHHS i HE CKHUIA€E
taiimep B CTC pexnmi.

Pexxum Fastpwm («IlIBuakoairouunii IIIIM>»)

Pexxum Fast PWM  n03BoJIsie TeHEpYyBaTH BUCOKOYACTOTHUM CHUTHAI
i3 [IMPOTHO-IMITYJIBCHOIO MOJYJAII€0. PaxyHKOBHI pericTp y IbOMY
pexuMi (QYHKIIIOHYE SK TIiJICYMOBYIOUHMN JIYMIBHUK, WHKPEMEHTYBAaHHS
SKOTO 3JIIHCHIOETBCSI TI0 KOKHOMY IMITyNIbCY TakToBOro curhamy clktn.
Cran miumnbpHuka 3MiHoeTses Big 0X0000 10 MakCHMaIbHOTO 3HAYEHHS,
HiCJIi YOro PaxyHKOBHH PETiCTp CKUAAETbCA I LMK TOBTOPIOETHCH.
3ane:kHO  Big ycraHOBOK  OiTiB  Wgmn3..0 MakcuMaibHe  3HA4YEeHHS
TMYMITBHUKA (mo3Bin [Ium-Curnany) abo € ¢ikcoBaHUM
3HaYeHHsM (pexumu S5, 6, 7 3 Tabmumi 7), ab0 BHU3HAYAETHCS
BMIiCTOM II€BHUX PETICTPiB TaltMepa-midmibHrKa (pexumu 141 15).

Pesxxum Phase Correct PWM («IIIM 3 To4uHOI0 ¢ha3010»)
Pexxum Phase Correct PWM, sik 1 pexxum Fast PWM, npusnadenuit mjist
reHepatii CUTHaJiB i3 IUPOTHO-IMIYJIBCHOIO MOy sii€t0. OHaK y bOMY
PEKUMI PaxyHKOBUM pericTp QyHKIIOHY€e SIK PEBEPCUBHHMN JIYMIBHUK,
CTaH SIKOTO CcIo4YaTky 3MmiHeThes Bigx 0x0000 10 MakCHMAaJIbHOTO
3HaueHHsa, a noTiM Hazax mo 0x0000. BigmoBigHo, MaKCHMalIbHA 4acTOTa
CHUTHAJIy B ILOMY PEXUMI B 2 pa3u HWKYE MaKCUMAJIbHOI YaCTOTH CUT'HATY
B pexumi Fast PWM. 3anexxHo Bixg ycraHoBok 0Oitie Wgmn3...0
MakcUMajibHe 3HaueHHs JiiuwibHuka (mo3Bin IIIM-Curnany) abo €
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(dikcoBaHMM 3HAYCHHSM, a00 BHU3HAYAETHCS BMICTOM IIEBHUX PETICTPIB
TaliMepa/midmiibHAKa. SIK 1 B pexkumi Fast PWM, npu po0OoTi 3 SKUMH-
HeOy b (hiKCOBaHUMH 3HAYCHHSAMH MOAYJIS PaxXyHKY sl 3aBAaHH MOAYJIS
PEKOMEHTy€ThCSI BUKOPUCTOBYBATH PETICTp 3aXBaTa.

Pe:xxum Phase and Frequency Correct PWM («1LIM 3 TouHOI0
¢a3o10 ii HaCTOTOI0»)

Pexum Phase and Frequency Correct PWM nyxe cxoxuil Ha
pexum Phase Correct PWM. €nyuHa TpHHONWIIOBA PIi3HUIT MiX HAMH —
MOMEHT BIJHOBJICHHS BMICTYy pETICTpy MOpIBHAHHS. MaKkcUMaibHe
3HaveHHs miumibHUKa (no3Bin ILIM-Curaany) y nqpoMy pexuMi MOXe
BU3HAUATHCA TiIBKH perictpamu Icrna abo Ocrna TaiiMepa-niduibHAKA. Y
pexxumi Phase and Frequency Correct PWM koxHUIA mepion CUTHATY €
MOBHICTIO cUMETpUYHUM. lleii HacmigoK TOro, IO BiJHOBJIICHHS BMICTY
pericTpy MOpPIBHSIHHS BiJOYBA€TbCS B MOMEHT JIOCSTHEHHSI JIIYMIBHUKOM
MIHIMaIBHOTO 3HAYEHHS. TOMy Yac MpSAMOTO PaxyHKY 3aBXKIU JOPiBHIOE
4Yacy 3BOPOTHOTO PaxyHKY, BUXiIHI iMITyJbCH CHMETPHUYHI, 1 BiAMIOBIIHO
4aCcTOTa FEHEPYEMOT0 CUTHAJTY 3aJIUINAETHCS MOCTIHHOI.

Tabmursa5.2 — 3HadeHHs npeanenuTens TaiMepa

Csnl12 |Csn1l |Csnl0 Onwuc

0 0 0 Hemae cwyxpOHisaui'l'.Taﬁmep-J'liqmanMK
3YNUHEHWUN.

0 0 1 CIk/1 ( 6e3 npegaeneHus)

0 1 0 Clk/8 (i3 npegaeneHnem)

0 1 1 Clk/64 (i3 npegaeneHnem)

1 0 0 Clk/256 (i3 npeggeneHnem)

1 0 1 Clk/1024 (i3 npeggeneHnem)

1 1 0 B30BHILLHE TaKTOBE AXepeno 3 BbiB. Tn.
CuvHxpoHi3auig no nagar4oMy OPOHTY.

1 1 1 30BHILLHE TaKTOBE MKepeno 3 BbiB. Tn.
CuvHXpoHi3aUig no HapocTayoMmy (PpOHTY.

5.2.2 llpukaax HAJAaMITYBAaHHA TaliMepiB
// 1uiniamisauig 1 sanyck TavMmepa 1
TCNT1 = Initcounter;
/* Restore global interrupt flag */

SREG = sreg;
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TCCR1A = 0;
TCCR1C = 0;
TCCR1IB = (7 & Prescaler);

//Fast PWM, 8-bit, xanHammu A 1 B

TCCR1A|=(1<< COM1Al) | (1<< COMIB1) | (1<<WGM10) ;
TCCR1B|=(1<<WGM12) ;

// KepyBaHHS WIapyBaTicTio ([JlaBHE 3alajlioBaHHS)
for (volatile u8 1=0;1<255;1i++)

{
OCR1B=1i;
_delay ms(10);
}

5.3 3aBaanusa Ao gadoparopHoi pobdoru 5
Tabmuns 5.3 - Tabmums 3aBaans 1o maboparopHoi podotu NeS5

Ne TekeT IHAUBIAYAJBHOI0 3aBJAHHSA

1 [lnaBHO 3amajrOBaTH YECPBOHUH, JKOBTHH, 3€JICHUI CBITIOMIOABI 3
iHTEepBasIoM lcC.

2 [TnaBHO 3amaioBaTH BCi CBITJIONIOABI 32 TOJMHHUKOBOIO CTPLIKOIO,
I'acutu - npotu.

3 [T1aBHO 3amanoBaTH BCi CBITJIOMIONBI IPOTH TOJAUHHUKOBUM CTPIIIIIL.
T"acutn — mo.

4 [lnaBHO 3amanOBaTH YEePBOHMK 1 3CJIEHUN  CBITJIONIOABI B
npoTHBOdase.

5 [lnaBHO 3amamroBaTH 4YEpPBOHWM, KOBTHH, 3€IEHUH CBITIOHIOBI
BiJIpasy.

6 [lnaBHO 3amamoBaTH >KOBTHHA CBITJIOAiOA. MopraTd YepBOHHM i3
yacToToro 21,

7 ImiTyBaTH 3eJIeHMM CBITJIONIOAOM MPOIIEC 3alalllOBaHHS /TaCiHHS
JIFOMIHECIICHTHOT JIAMIIH.

8 [ToctynoBe 1uUIaBHE TacCiHHS YEPBOHOTO, YKOBTOTO, 3EJICHOTO

CBITJIOZIIOJIOB Y TPOJIOBXK 5 CEK.

5.4 KoHTPONbHIi NUTAaHHSHA
5.4.1 lllo Take 1LIIM?
5.4.2 Sxi pexxumu LIM € B Atmel?
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5.4.3 Perictpu AVR, siki ynpaBnsarotre pexxumamu LLITM.
5.4.4 Kepysanns IIM y nporpami Ha C.
5.4.5 BignoBigHicTh KaHaIiB KoMIapaTopa BuBoaam LIIIM.
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6 JABOPATOPHA POBOTA Ne6
CTBOPEHHA BIBJIIOTEKU KEPYBAHHA
ANHAMIYHOIO IHAUKANI€IO

Meta po6oru: HaBumthes ckimamaté mMoBoro C 0iOImioOTeKH IS
KepyBaHH NepUdepier0 MiIKPOKOHTPOJIEPA.

6.1 lopsanoKk BUKOHAHHS JabopaTopHOi podoTH
6.1.1 Ckuactu nporpamy Ha MoBi C.
6.1.2 3amycTuTH IpOrpaMy Ha CTEH/II.

6.2 Ctucuai TeopeTru4dHi Bizomocri

HanamtyBanHs TaiiMepa Ha TeHEpaIliio TepepruBaHb:
TCCR1B = (1 << CS12);
TCNT1 =TIMCOUNINTVALUE;
TIMSK1= (1<<TOIE1l);
sei(); // enable interrupts

o6 y mnporpami MmoBorwo C MokHa OyJ0 TEPEXOIUTIOBATH
00po0ITFOBaY mepepuBaHHs, BHKOPUCTOBYEThCS Makpoc ISR 3 mapamerpom.
Tax, nys mepeprBaHsb Bi TaiiMepa 00poOIIOBaY MOXKE BUTIIAATH SK:
ISR(TIMERO_OVF vect) //mepenosHeHHa Tavimepa O
{
}

ISR(TIMER]1 OVF vect) //mepenosHeHHs TaliMepa 1
{
}

[Ipu oMy 00poOIIOBaY MepepuBaHHS MOXe IrepeOyBatu B Oyb-
aKkoMy *.c Qaiiii MpOoeKTy, [0 MOXHa BUKOPHCTOBYBaTH Yy CBOIl
Oi0ioTreni JUHAMIYHOT 1HAUKALII].

Koncrantn makpocy ISR mepepaxoBani B OibmioreuHomy xeaepi
iosubxx2.h, sKAH MIIKIIOYAE€THCS aBTOMATUYHO MPH  HiAKIIOYCHHI
<avr/interrupt.h>

6.3 3aBnanuda go gadéopartopHoi podorTm 6
Hamumrite 6i6mioreky moBoro C, ska peanizye 3a JOIMOMOTOIO
nepepuBaHHs Bil TaiiMepa BimoOpaxeHHs macuBy Idp umcia unsigned
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char HG[4] na aunamiunomy ingukatopi. Orosocure Horo rio0ambHOL
3MIHHOI B Xeepi.

Hamumrite peanizaiito QyHKITH:

Printhex(u16 word); // BUBOIUTB CJIOBO B LIICTHAALSATKOBOMY //
BUII
Printword(ul6 word); / BUBOIUTE HeCATKOBE OE33HAKOBE
Printbyte(u8 byte); // BUBOIUTH OAWT y IIiCTHAAUATKOBOMY
// Bumi
Printint(short int i); // BUBOIUTH OAlT SIK IECITKOBE 3HAKOBE

3 BHKOPHUCTAHHSAM JaHOi Oi0JIIOTEKH BUKOHAETE 3aBJaHHs 3TiTHO 3

Tabaurero 6.1.

Tabmuug 6.1 - Tabnuus 3aBnanb 10 1abopaTopHOi poOoTH Neb

TekcT iHAMBIAYVAJIBLHOIO 3aBIAHHS

3anectu B 3MiHHy | OaiiT X, y 3MiHHy R6 - Y, cymy uncen BinoOpasutu Ha
iHIIKaTOpax.

2 |3aHecTu B 3MiHHY CJIOBO Ta BiZOOpa3uTH HOTO Ha IHIIKATOpax.

3 |3amecrtu B 3minHy B J1J] uncio, 3 gactoToro 2 'l BABOAWTH I YHCIIO Ha
iH/IIKaTopax.

4 [3amectu B 3minny A JIJI uucno XX, y 3mimny B — X0, umcio 3 R26
BinoOpasut Ha iHA. HG1, HGO, yncmo X 3 R25 BinoOpasutu Ha iHm. HG2.

5 |3anmectu B 3minHy A JIJ] umcno 0X, y 3mimny Y — X0, cymy uwmcen
BiJOOpa3WTH HA iHIIKATOpax

6 |3amectu B 3MiHHY B 0aiiT , y perictp Z — OaiiT, cyMy 4mcel BimoOpaxaty Ha
Ha iHAiKaTtopax dactororo 0,51,

7 |3amectu B 3MiHHY A JI/] yncnmo XX, monepeMiHHO BifoOpa)xaTd MOJIOAMY i
crapmy tetpany Ha i HG3, HGO 3 wacrororo 1 I'n.

8 |3amectu y 3minHy A JI/ uymcno X0, y 3mimny C - XX, uucno X 3 C
BimoOpakatn Ha iHA. HGO 3 wacroroto 1 I'm, uucmo 3 A BimoOpaxaTu Ha
ina. HG3, HG2 3 wactoToro 0,5 I'.

11 [3anectu B X /1 uncno X0, y 3miHHy R3 - 0X, cymy uucen BinoOpasuru Ha
ina. HG3, HGO.

12 [3anecru B 3minHy R22 Oaiit, y 3minHy R5 — Gaiit, no 4ep3i BimoOpaxaTu Ha
R22, RS Tta ix momaTok iHIIKaTOpax .

13 |3anectu B 3minHy R21 1ime umcno 0X, BigHIMArOYM Bif YMCIIa OJHHHUITIO

BiZoOpaxkaTH Ha iHAIKaTOpax OTpUMaHe 3HaYEeHHs J10 HyJist 3 yactororo 1 I'm.
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IMpomosxenns tabmaui 6.1

14 [3anectn B 3MiHHy R23 JIJ1 umcno XX, y 3minny R5 XX, nomepemiHHO
BinoOpaxkatu mi uncna Ha iHA. HG3, HG2, HG1, HGO.

15 |3anmectn B 3miaHy R1 /] wncmo 0X, y 3miary R2 — X0, gncno X 3 R2
BimoOpasutu Ha iHa. HG3, uucno X 3 perictpy R1 BimoOpakaru Ha iHI.
HGI 3 gactotoro 0.5T'n

6.4 KoutpoabHi nutanus
6.4.1 KepyBaHHs THHAMIYHAM 1HAMKATOPOM.
6.4.2 llepexoruteHHs IepepuBaHHs i3 iporpamu Ha C.
6.4.3 HanamryBaHHs TaiiMepa Ha T€Hepallilo IepepuBanb y MporpamMi Ha
C.

6.4.4 Monaynsae porpamyBanns Ha C (BUKOpUCTaHHSA *.c 1 *.h (aiinis).
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