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JlabopaTopnas pabora Nel

IIporpammuposanue Ha AVR-accemOnepe

1. OcnoBsl padotsl ¢ AVR Studio 4

Cpema AVR Studio 4 npeanasHaueHa IS CO3JaHUS W OTJIAAKH IPOrpamMM s 8—
paspsaabix RISC—mukpokontpomtepoB AVR dupmer Atmel, kotopble mnpemHasHadyeHbl IS
BCTPAaWBAEMbIX MPUIIOKEHUH (OHH MPEACTABIAIOT cO00M MUHUATIOPHBIE YCTPOUCTBA C OOJIBIINM
HabopoM nepudepuitHbIX CPEICTB).

VYrpaBieHHEe MHKPOKOHTPOJUIEPOM  OCYIIECTBIISICTCS C  TOMOIIBIO  MPOTPaMMBEI,
3alMCAaHHOM B MaMATh NPOTPaMM C IOMOIIBIO CIEHUAIBHOTO IMPOrPAaMMHO-AMNIIAPATHOTO
KOMILIEKca — nporpammaropa. Kak mpaBuio, mporpamma, nepeaaBaeMasi IporpaMMaToOpoM B
AVR-MUKPOKOHTpOJUIEp, A0kHA uMeTh (Gopmar Intel hex. [lns mosydeHus mporpaMmsl B
TpeOyeMoM (opmare UCIOIB3YIOTCS COOTBETCTBYIOIINE KOMITMIISITOPBI acceMOJiepa MU SI3bIKOB
BbIcOKOro ypoBHs (Cu, Ilackains, belicuk u ap.).

Cuctrema AVR Studio 4 mo3BojseT HamucaTh MpPOrpaMMy Ha s3bIKe accemoepa,
OTpEaKTUpOBaTh €€, mpeoOpa3oBath B TpeOyeMmblid (opMar, OTIATUTh M 3alHMcaTh B
MHUKPOKOHTPOJLIEP.

Jns 3amycka AVR Studio 4 meooxomumo B Mento Ilyck HaiiTu rpymmy mporpamm Atmel
AVR Tools u BeiOpats B Heit spiasik AVR Studio 4. Ha puc. 1 nokasana mporpaMmHas cpea
AVR Studio 4 nocre ee 3amycka.

[Mpouecc momy4eHUs TPOrpaMMbI JUIS MUKPOKOHTPOJUIEpa HAUYMHAETCS C CO3JaHHMS
HOBOro mpoekta. Jlist atoro B MeHio Project BeiOupaercs komanma New Project (puc. 2) u
yCTaHABJIMBAIOTCS TapaMeTphl PoeKTa B quajgoroBom okHe Create new Project (puc. 3).

B nuanorosom oxue Create new Project ykassiBatotcst Tun mipoekta (Project Type), ums
npoekta (Project Name), ums nepBuuHoro ¢aiina ¢ TeKCTOM MporpaMMbl Ha sI3bIKe acceMoiepa
(Initial File), pasmemenne npoekra (Location). Ilpu 3ToM ycTaHaBiuMBalOTCs (Biaark co3maaHusl
nepuyHoro (aiina (Create initial File) u co3manus OTAeAbHON ManKu IS Pa3MENICHHS
npoekra (Create Folder). ITocne ycraHOBKM HEOOXOAMMOTrO MHHHMYyMa IapaMETPOB IPOEKTa
cTaHoBHUTCA aocTynHOM kHomka Next. Ilocie HaxaTus Ha 3Ty KHONKY HEOOXOJMMO YCTaHOBHUTD

napameTphl OTJIaquuKa B quajioroBom okHe Select debug platform and device (puc. 4).
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Project Type: Project Name:
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Initial File

IV Create initial File |V Create Folder
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Puc. 3. JluamoroBoe OKHO CO3IaHUS

JIuanorosoe okuo Select debug platform and device comepkut nBe nmanenu. B manesnu

a (puc. 5).

Debug Platform moxHo BeIOpaTh 0MH MHTEP(DEHCOB BHYTPHUCXEMHOW OTIA KU WIIA CUMYJISITOP
(AVR Simulator). ITanens Device mo3BosseT yka3aTh THII MHKPOKOHTPOJUIEPA, JJIsi KOTOPOTO
oTaxuBaeTcss mporpamma. Ilocie BbIOOpa THITA MHUKPOKOHTpOJUIEpa U MHTepdeiica OTIaaKu

CTaHOBUTCS JOCTYIHOH KHomka Finish, Haxatue KOTOpPOW NPUBOAMT K co3MaHHIO0 (hailiioB

Ha puc. 5 mokasan Bua AVR Studio 4 mocie co3mganus npoekra progl. B okae Workspace

1€ ITyCTOTO).

Output ykaszaHo, 4To 3arpyxeH ¢aiin

yKa3aHbl (ailsipl mpoekTa (B JaHHOM Cllydae MPOEKT COJEPXKHUT oAuH (aiin progl.asm), B okHe

ATmega32.xml, kotopslii OyaeT

Select debug platform and device

Debug Platform:

Device:

ICE40

ICES0

JTAG ICE
AVR Simulator
ICE200

Help I <<§ack|

ATBERF401 A
AT9052313 1
AT9052323
ATI052343
ATI054414
ATI054433
ATI054434
AT9058515
AT9058535
ATmegal03
ATmegal28 v

| | [(Eanear

UCIOJIb30BaH IPU OTJIAJKE, a B OKHE PEIAKTHPOBAaHUS YKa3aHO cojaep:kumoe (aiia progl.asm

Puc. 4. I[I/IaJ'IOFOBOG OKHO YCTAaHOBKHU MMApaMCTPOB OTJIaJYHKa
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Puc. 5. Bug AVR Studio 4 mocie co3manus mpoekra

Tenepp He0OXOAMMO BBECTH C KIIAaBHATYpHI IporpamMmy Ha accembiepe. Ilocie BBOna
pOrpaMMbl  BBIMOJIHSCTCS ee accemOnupoBanue. [lins sTtoro B MeH0 Project BeiOupaetcs
komanaa Build. Pesyaprar accemOampoBanus oroOpaxkaercss B okHe Output (puc. 6).
HNudopmanus B okHe Output otpaskaet amuHy nporpammuaoro kozia (Code), cymmapHbiii 00beM
koHctant (Constants), meucmonb3yemast yactb koxa (Unused), oOmias aauHA MTPOrpamMMbl

(Total), unco ommboK WM ykaszaHue Ha TO, 4To X HeT (Assembly complete with no errors) u

Ap.

* Code © 20 words
Constants (dw/db): 0 words

E Unused © Owaords

T Total © 20 words

# Asserbly complete with no errors.
Deleting 'progl.eep’

| ' Build /4 Messages >\Find inFiles [ L] | ]

ATmegalas @ lnicall UM

Puc. 6. Pe3ynbTar KOMOWISIIIUU B OKHE

B ciyuae ecnm B okHe Output ykaspiBaroTCsS OIMMOKH HEOOXOJIMMO WX HCIPABHTH U
MOBTOPUTH acceMbIupoBaHue emie pa3. [locie Toro, Kak BCE CHHTAKCHUYECKHE OMIMOKH OYAyT
UCIPaBIICHBI, MPOTPAMMYy HYKHO OTIaAuUTh. IJIs 3TOTO MCHONB3YETCS] BCTPOSHHBIM OTJIATIUK
(Debugger). 3amyck oTmagunka OCYIIECTBIISIETCS € MOMOINBIO Komauasl Start debugging wus
meHio Debug. B mporecce oTmaaku  oToOpaskaeTcs COCTOSHHE — Pas3IHYHBIX — 4acTei
MUKPOKOHTPOJIJIEpA: PErUCTPOB OOIIEro Ha3HAUYCHUS, TaMSITH JaHHBIX, TOPTOB BBOJIa/BBIBO/IA U
np. CocTosiHuE HEKOTOPBIX YCTPONCTB MOKHO YCTaHABIMBATh, HATIPUMED, IIETKHYB MBIIIHIO HA
OJTHOM U3 Pa3psI0B MOPTa BBOJA/BBIBOJIA, MOKHO OO COPOCUTH €ro B HOJIb, THOO YCTAHOBUTH

B CIMHUILY.



[Tocne Toro kak mporpamma OyAeT OTJIaKeHa, €€ MOXKHO 3alucaTh B MUKPOKOHTPOJLIECP
160 HemocpeacTBeHHO u3 cucteMbl AVR Studio 4, mn6o ¢ moMoIbpo mporpaMMHO—armapaTHbIX

CPEZICTB BHEIIHETO IIporpaMmmaTopa.

2. Ilopsaok BLINOJTHEHHS JIA00PATOPHOIi padoThI
1. OsnakomuTthcs ¢ onucanuem AVR Studio 4.
2. Coznats mpoekt progl.
3. BeiOpaTh 1715 oTHaaKu cCUMYISTOp U yerpoiictBo ATmega32.
4. BBecCTH CIEIYIONIYIO IIPOTPAMMY:

.include ""'m32def.inc""

.cseg

org O
cbi DDRA, DDAO
cbi DDRA, DDA1
sbi DDRA, DDAZ2
cbi DDRA, DDA3
shi PORTA, PAO
sbi PORTA, PAl
cbi PORTA, PA2
cbi PORTA, PA3

loop: shis PINA, PINAO
rymp end
shis PINA, PINA1
rjmp setPA2

setPA3: cbi PORTA, PA2
sbi PORTA, PA3
rjmp loop

setPA2: shi PORTA, PA2
cbi PORTA, PA3
rjmp loop

end: cbi PORTA, PA2
cbi PORTA, PA3

5. AcceMOIMpOBaTh IPOrpaMMy.



6. 3amyCTHTh OTIAIUUK.

7. Haxxumas F11, mocienoBaTeinbHO BBIMOJIHUTH BCE HMHCTPYKUMU Tporpammbl. [Ipu stowm,
yCTaHaBIMBas W/WIK cOpacbiBas paspsabl PErHCTPOB W IOPTOB  BBOJA/BBIBOJA
MUKPOKOHTPOJUIEpa, HEOOXOAUMO OIPENIEINTh, YTO AENAeT JaHHAs IporpaMMa.

8. OTBEeTUTH HA BOIPOCHI.

3. Bonpochl
MuKpOKOHTpOJILIED.
Apxutektypa AVR—MHKPOKOHTPOIIEPOB.
Hasznauenne AVR—MHKPOKOHTPOIIEPOB.
[Tporpammarop.
dopmaTt mporpamMmBbl JJIsi MUKPOKOHTPOJLIEpA.
Hasunagyenue AVR Studio 4.
Cosnanue npoekra B AVR Studio 4.
Cumynsatop AVR Simulator.
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AccembnmpoBanue nporpammbl B AVR Studio 4.
10. Ortnanka nporpammsel B AVR Studio 4.
1. IporpammupoBanue Ha AVR-accemo.iepe

[Iporpamma nHa accemOnepe st AVR-MUKPOKOHTPOJIJIIEPOB TMPENCTaBIsAECT COOO0M
MOCJIeIOBATEBHOCTh CTPOK BHUJIA!
- [label:] .directive [operands] [comment]
- [label:] instruction [operands] [comment]
- comment
- mycras ctpoka (empty line),

rae label — wmerka, directive — aupektuBa (mepen AMPEKTHBOW CTaBUTCS TOYKa),
instruction — wWHCTPYKIMsS MHKPOKOHTpoJuIepa, oOperands — omepanasl, comment -
komMMmeHTapuid. Kaxkast crpoka mporpaMMel He JTOJKHA IpeBbiath 120 cCHMBOJIOB.

Metka — 3T0 MAEHTU(UKATOp, coiepx aiuid OyKBbI JaTUHCKOro andaButa, HUGPHl U
3HAaK MOYEPKUBAHMUA.

JIMpeKTHBa — 3TO KOMaH/Ibl yIIpaBleHHs MpolieccoM acceMOnupoBanus. Habop nupexkTus
npuBe/eH B Tabnuie 1. B kauecTBe onepaH 0B TUPEKTHB UCIIOIB3YIOTCSI CTPOKH CHMBOJIOB.
Tab6muna 1

JlupexTuBsl acceMbiiepa

JupekTuBa Onucanue TUPEKTUBbI

BYTE Brinenenne Oaiita 1moj MepeMeHHYIO B CETMEHTE JTAHHBIX




CSEG

OrnpesienieHre CeTMEHTa KOMaH/T

CSEGSIZE OnpeneneHue JJIMHBI CETMEHTa KOMaH/

DB Beinenenue Gaiita B mamstu nporpaMmm 1 EEPROM-—mamsiti naHHBIX

DEF Ornpenenenre CUMBOJIIMYECKOIO UMEHHU PErUCTpa

DEVICE Ornpenenenue TUIa MUKPOKOHTpOJLIEpa

DSEG OrnpezenieHne cerMeHTa JaHHBIX (TaMsATh JaHHBIX )

DW Brinenenue nByx0aiiToBoro ciaosa B namstu nporpamm 1 EEPROM—
MaMSITH TaHHBIX

ENDM, Konen makpoornpenenenus

ENDMACRO

EQU Omnpenenenre CUMBOJIMYECKOTO UMEHHU ISl BBIPAyKEHUS

ESEG Omnpenenenne cermenta ganabix B EEPROM-mamstu

EXIT Beixon u3 daiina (Touka nmpexpamieHus acceMOonmpoBanus (aiina)

INCLUDE UreHue U3 yKa3aHHOTO B IUpEKTUBE (aiina

LIST ["enepartus list—aiina, cogepikaiiero HCXOAHYIO MPOrpamMmy, aapeca
Y KOJIbI OTIepalnuit

LISTMAC Bxirouenue makpoonpeneneuuii B list—gaiin

NOLIST Bamnpemienne renepaiuu list—daiina

ORG CMeleHne OTHOCUTENBHO Havasla TEKYILIEro CerMeHTa

SET OrnpesiesieHre CUMBOJIMYECKOTO UMEHH JIJIsI BBIPKCHHS

WHucTpyKiuss — 3TO KOMaHAa MUKpOKOHTposuiepa. CIHMCOK MHCTPYKLIMH NpPUBEIEH B

npuioxeHnu (tabmuusl 4 — 7). Ilpu BBIMOJTHEHUH MHCTPYKLUI yCTAHABIMBAIOTCS B €AMHUILY

HNJIn C6paCBIBaI-0TCSI B HOJIb pa3psaabl

(bmarm) peructpa coctosHus (Status register)

mukpokoHTpoiuiepa SREG. Ha3nadeHnue paspsioB 3TOro permcrpa IokaszaHo B TaOymie 2.

OnepangaMu MHCTPYKIUH SIBISIOTCS UMEHA PETMCTPOB U KOHCTaHTHI (JaHHbIE U ajapeca). [lpu

sToM AVR-accemOiep sBIsSe€TCS HEYYBCTBUTEIBHBIM K PETHUCTPY CHUMBOJIOB (T. €. MMEHa

pPErucTpoB RO u r0 I/I,Z[CHTI/I‘-IHBI), a HCKOTOPBIC KOMAHJbI JOIMYCKAaIOT HUCIOJB30BAHUC TOJIBKO

OTIpe/IeNIEHHBIX PErHCTPOB.

Tabnuua 2.2
Pa3zpsinpl peructpa cocTostHuA
Paspsn C Y4 N Vv S H T I
Hasnauenue | Ilepenoc | Honp | Otpunanue | Ilepenonuenne | 3nak | [lomynepenoc | but | IIpepriBanue

KomMmenTapuii — 310 cTpoka, HaunHaromasics ¢ cuMmBoia ;. KommeHnrapuil npu

acceMOJIMPOBaHUH MTPOITYCKACTCS.




[Tycras cTpoka — 3TO MOCIEA0BATEILHOCTh MYCTHIX CUMBOJIOB (TIPOOENOB U Tadysuil),
3aKaHYMBAOIIASACS CHMBOJIOM IIEPEBOJIa CTPOKH (BBOAUTCS mociie Haxatus kiaapumd ENTER).

BripakeHusi, MCHONB3YIOMIMECS B AMPEKTHUBAX W HMHCTPYKLUAX, HE JIOJDKHBI HUMETb
3HAUEHUs, pa3MepP KOTOPbIX MpeBblIaeT 32 Ourta. BolpakeHuss MOTYT COCTOSITH U3 ONEPAH[IOB,
orepatopoB U GyHKIUH. B kauecTBe ornepaH 0B HCIOIB3YIOTCS:

- METKH B CETMEHTAaX JIaHHBIX U KOJIa;

- TIEpeMEHHBIE, OTPeCIICHHBIC C TOMOIIbIO JUPEKTUBEI SET,

- KOHCTAHTBHI, OIIPEJICIICHHBIC ¢ TOMOIIBIO AupeKTuBbl EQU;

- IIEJIOYMCIICHHBIE KOHCTaHTHI B  (opmarax ngecarmuHoM (Hampumep, 10, 255),
mrectHaanarepuuom (aanpumep, 0x0a, $0a, Oxff, $ff), nBomunom (mampumep, 0b00001010,
Ob11111111), BocbMepuunom (012, 0377);

- PC — rekymee 3HaueHe cYeTYMKA KOMaH/I.

B kauectBe omeparopoB wucnoib3dyroTcs ! (ormueckoe oTpuinianue), ~ (OuTOBOE
oTpullaHue), - (YHapHbI MUHYC), * (yMHOXeHue), / (neneHue), + (cIoKeHue), - (BbIYMTAHKE),
<< (cOBUr BJIEBO), >> (CIBUI BIpaBo), < (MeHbILE), <= (MEHbILIE WIH PaBHO), > (OojbIIE), >=
(Oospimie M paBHO), == (paBHO), != (He paBHO), & (6uToBOe U),  (MCKIIOUarONIee OUTOBOEC
NJIN), | (buroBoe UJIN), && (moruueckoe W), || (moruueckoe NUIIN).

B BeIpa)keHUSAX MOTYT OBbITh HCIOJIb30BAHBI CIIEAYIONINE (DYHKIHH:

- LOW(expression) — monyueHue Miaaiiero 0aita BhIpaKeHUs;

- HIGH(expression) — momy4eHue crapiiero 6aiita BbIpaKeHUs,

- BYTE2(expression) — noiydeHue crapiiero 6aidTa BbIpaKeHUsL;

- BYTE3(expression) — noiy4deHue TpeThero OaifTa BhIpaKeHHUS;

- BYTE4(expression) — nosiy4eHre 4eTBEPTOro Oaita BEIPaKCHUS;

- LWRD(expression) — nmoiyueHre MJIaIIero cioBa BhIpaKeHus,

- HWRD(expression) — noiy4eHue cTapIiero clioBa BhIPAKCHHUS;

- PAGE(expression) — monyuyenue 16..21 OUTOB BhIpasKeHHUS,

- EXP2(expression) — mony4enue 2 B CTENCHU, PABHOW 3HAUCHHIO BHIPAKCHHS,

- LOG2(expression) — mosry4eHue HeN0i YacTH ABOMYHOTO JIorapr(Ma BeIpaKEHHS,

rJIe XPression — BeIpaKeHHe.

IIpumep 1. Ilporpamma co3maHus B MaMsiITH JaHHBIX MaccuBa IepBbiXx 10 dumcen
®dubonayuu (ot 0 10 34).

INCLUDE “m32def.inc”

DEVICE  ATmega32 ; Onpenenenune MukpokonTposuiepa ATMEGA32

.DSEG ; OmnpenejieHne cerMeHTa B HaMATH

JAHHBIX



table_fib: BYTE 10 ; Broigesenue naMAaTH noj 10

0HO0AHNTOBLIX 3HAYCHM I

.DEF fib1=R0O ; (i —2) — e uncao ®udoHaAYIH
.DEF fib2=R1 ; (1—1) — e unciio ®udoHaAYIN
.DEF fib=R2 ;1 —e yncao DudoHaYIn
.DEF ind=R16 ; HHAEKC B Ta0anne yucesa Pudéonayyu
.CSEG ; OmnpenejieHue cerMeHTa B HaMATH
nporpamMmm
.ORG 0 ; BLINOJHHUTE cMellleHNe B cerMeHTe KoJaa
main: clr  fibl ; fib1=0
clr  fib2 ; fib2=0
inc  fib2 : fib2=fib2+1

; 3anuch B peructpoByio napy X (R27:R26) agpeca tabaunbl yucea @PudoHavIH
Idi R26, low(table_fib)
Idi R27, high(table_fib)

; 3anuch nepBbIX ABYX YucesJ PudoHauy4n B TA0MIY

st X+, fibl
st X+, fib2
Idi ind, 8 ; AHuIua u3anusi perucTpa HajaeKca

;5 Mk 3anoJiHeHUsT TA0THIIBI

loop: mov fib, fibl ; fib=fibl
add fib, fib2 ; fib=fib+fib2
st X+, fib ; 3anuch ovepeaHoro ynciaa ®uGoHayun B
Tadauny

mov  fibl, fib2 ; fibl=fib2

mov fib2, fib ; fib2=fib

dec ind ; ind=ind-1

brne loop ; Ilepexox Ha HavaJI0 MUKJIA, eciin iNd He paBen O
end: rimp end ; Ilycroii muka

2. ITopsaaok BHINOJTHEHHS JIA00PATOPHOIi padoThI
1. O3HakoMUTBCA € MPOrpaMMHUPOBAHUEM Ha si3bIKe acceMOiepa 1t AVR-MUKpOKOHTpoiepa;
2. BBectn, acceMOIUPOBATh U BBIITOJHUTH C TIOMOIIBIO OTJIAAYMKA TIPOTpaMMy 13 ipumepa 1 (B

cucreme AVR Studio 4).

3. [MomyuuTs 3amanue U3 TabIUIHI 3.



4. HanucaTh U OTJIAAUTh IPOTPAMMY PELICHUS 3aJa4H.

5. OTBETUTH Ha BOIPOCHI.

Tabnuna 3. 3aganus Ha 1a00paTOPHYIO padOTy

3aganue

I[CJ'ICHI/IC I[ByX6aI>iTOBI:IX OEJIbIX YUCEII CO 3HAKOM

I[CJ'IGHI/IC ﬂBYX6aﬁTOBBIX BCIIECCTBCHHBIX YqHuCelJI, MNpeaACTaBJICHHBIX B BUIC:

<uenas 4acTe> <ApoOHas yacTh>

HOJ'IyLICHI/Ie ocCTaTKa OT ACJICHUA ,Z[ByX6aI\/'ITOBBIX OEJIBIX YHUCECI

HaiiTn HauMeHbIINA OOIIHIA IeTUTENh IBYX IBYXO0ANHTOBBIX IEIBIX YHCEIT

Haiitn MuanManbHbIi 21eMeHT cpeau 10 1Byx0aiTOBBIX IENBIX YUCEN B ITaMSATH

Haiitu HanOonpmii a3nement cpenu 10 qByx 0alTOBBIX LENIBIX YUCEN B IaMITH

Haiitu camyro KOpoTKyto ceputo Hyseil B MmaccuBe U3 10 01HOOANTOBBIX 3HAYCHUN

Haiitu camyro 1iMHHYIO cepuio HyJeil B MaccuBe U3 10 0JHOOaWTOBBIX 3HAUEHU I

Ol 0O N| o O b W

Onpenenuth yacToTy 3HaueHUM B MaccuBe U3 100 o1HOOAHTOBBIX UKCeN

OnpenenuTh MO3UIKIO0 HAaHOOJBIIETO 3HAYeHUs B MaccuBe U3 10 0fHOOANTOBBIX YMCET

© © N o gk~ w D
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3. Bonpocbl
CrpykTypa nporpaMmMsl Ha si3bike accemOuiepa st AVR—MukpokxoHTposuiepa.
WNHcTpyKIus.
Hupexrtunsa.
Merka.
Onepasppl.
KommeHnTapwuii.
®dnaru COCTOSHMUS.
ITycras cTpoka.
Beipaxenus.

['pynnel ”HCTPYKIUH.

I[Ipunoxxkenne. Uncrpykunu AVR-accembiepa

Tabnuua 4. Apupmernyeckre u JIOTHYECKUE HHCTPYKLIUU

Muemonu | Onepasn Onncanne Oneparnus @arn

Ka bI

ADD Rd,Rr Crnoxenue 6e3 nepeHoca Rd=Rd+Rr Z,C,N,V,H,S




Muemonu | Onepann Onucanue Onepanus @uaru
Ka BI

ADC Rd,Rr CroxeHHe ¢ IepeHocoM Rd=Rd+Rr+C Z,CN,\VH,S

ADIW Rd, K Crnoxenue peructpooii | Rd+1:Rd,K Z,CN,V,S
Hapbl CO CJIOBOM

SUB Rd,Rr Boruuranue 6e3 mepexoca Rd =Rd-Rr Z,CN,\V H,S

SUBI Rd,K8 Beruuranue Oaiita Rd = Rd - K8 Z,CN,\V,H,S

SBC Rd,Rr Berauranue ¢ mepeHocom Rd=Rd-Rr-C Z,C,N\V,H,S

SBCI Rd,K8 Brrunranue Oaiita ¢ | Rd=Rd-K8-C Z,CN,V,H,S
HEPEHOCOM

AND Rd,Rr Jlornueckoe U Rd =Rd & Rr ZN\V,S

ANDI Rd,K8 Jlornueckoe U ¢ 6aiitom Rd = Rd & K8 ZN,\V,S

OR Rd,Rr Jlornueckoe MJIN Rd=Rd v Rr Z,N\V,S

ORI Rd,K8 Jlornueckoe MJIU ¢ 6aiitom | Rd = Rd v K8 ZN,V,S

EOR Rd,Rr Jlornyeckoe uckimovaromee | Rd=Rd @ Rr ZN,V,S
N

COM Rd NuBepcust Rd = $FF - Rd ZCN)\V,S

NEG Rd Jononuenue Rd =$00 - Rd Z,CN,\V HS

SBR Rd,K8 YcranoBka OUTOB B | Rd=Rd v K8 Z,CN,\V,S
perucrpe

CBR Rd,K8 Ouncrka 6utoB B peructpe | Rd = Rd & ($FF — K8) ZCN)V,S

INC Rd VBennuenue Ha | Rd=Rd+1 ZN,V,S

DEC Rd VMmenbiienue Ha 1 Rd=Rd-1 ZN\V,S

TST Rd [TpoBepka Ha HyneBoe wiin | Rd=Rd - Rd Z,C,N\V,S
OTpHIIATENIPHOE 3HAUYCHHUE

CLR Rd O4YHCTHTH PETUCTP Rd=0 Z,C,N\V,S

SER Rd Y CTaHOBUTH PETUCTP Rd = $FF

ADIW Rdl, K6 Cnoxenue peructposoii | Rdh:Rdl = Rdh:Rdl + K6 | Z,C,N,V,S
Hapbl ¢ KOHCTAHTO

SBIW Rdl, K6 BrlunTaHnue KOHCTAHTEI U3 Rdh:Rdl = Rdh:Rdl - K6 | Z,C,N,V,S
PETUCTPOBOM MAPHI

MUL Rd,Rr be33nakoBoe yMHOKEHUE R1:RO=Rd *Rr ZC

MULS Rd,Rr YMHOXEHHE CO 3HAKOM R1:R0=Rd * Rr Z,.C

MULSU | Rd,Rr VMmHoxenue 3Hauenus co | R1:R0O=Rd* Rr Z.C




Muemonu | Onepann Onucanue Onepanus @uaru
Ka bI
3HAaKOM Ha 3HaueHue 0e3
3HaKa
FMUL Rd,Rr YMHOXEHUE 0e3 3HAKa CO R1:RO=(Rd*Rr)<<1 ZC
C/IBUTOM
FMULS Rd,Rr VYMHOXEHHUE CO 3HAKOM CO R1:RO=(Rd *Rr) << 1 Z.C
C/IBUTOM
FMULSU | Rd,Rr Vmuoxenue 3Hadenus co | RI:IRO=(Rd*Rr)<<1 ZC
3HaKOM Ha 3HaueHHe Oe3
3HaKa CO CIBUTOM
Tabmuma 5. UHCTpyKIIMK Tepexoia
Muemonu | Omnepanj Onucanue Oneparus ®naru
Ka BI
RIMP k OTHOCHUTETBHBIN TIEPEX0]] PC=PC+k+1
IJIMP Ilepexon no peructpy Z PC=Z
EIUMP Pacmmpennsriii nepexog o | STACK = PC+1,
peructpy Z PC(15:0) = Z,
PC(21:16) = EIND
JMP k [Tepexon mo aapecy PC =k
RCALL k OtHocurenpHbId Iepexoq k| STACK = PC+1,
MOIIPOTpaMMe PC=PC+k+1
ICALL [lepexon k moamporpamMme STACK =PC+1,PC=Z
1o perucrpy Z
EICALL [Tepexon k moamporpamme | STACK = PC+1,
1o peructpy Z PC(15:0) = Z,
PC(21:16) =EIND
CALL k [Tepexon k moamporpaMme STACK =PC+2, PC =k
RET Boixon 3 noamporpamMmsl PC =STACK
RETI Boixon 3 noamporpamMmsl PC =STACK
00paboTKH pepbIBaHUS
CPSE Rd,Rr [Tepexon Mo paBeHCTBY if (Rd ==Rr) PC = PC+2

or3




Muemonu | Onepann Onucanue Onepanus @uaru
Ka Bl
CP Rd,Rr CpaBHeHUe Rd — Rr Z,CN,V H,S
CPC Rd,Rr CpaBHEHHE C TEPEHOCOM Rd—Rr-C Z,CN,V H,S
CPI Rd,K8 CpaBHeHue ¢ 6aiiTom Rd - K Z,CN,V H,S
SBRC Rr,b [Mponyck, ecau outr B | If(Rr(b)==0)
pETUCTpE OUHUIIICH PC=PC+2o0r3
SBRS Rr,b IMponyck, ecamu  our B | if(Rr(b)==1)
PETHCTPE YCTAHOBIICH PC=PC+20r3
SBIC P,b [Mponyck, ecamu  outr B | If(I/O(P,b)==0)
perucrpe BBOJa/BeiBOSA | PC = PC+2 or 3
OYHMIIICH
SBIS P,b IMportyck, ecamu  Our B | if(I/O(P,b)==1)
perucrpe BBOJa/BeIBOSA | PC =PC + 2 0r 3
YCTaHOBJICH
BRBC s,k ITepexonx mpu ouumenHoM | If(SREG(s)==0)
¢dmare B peructpe | PC=PC+k+1
COCTOSIHUSI
BRBS s,k [Tepexon npu | iIf(SREG(s)==1)
ycraHoBlieHHOM ¢mare B |PC=PC+k+1
pErHCTpe COCTOSTHUS
BREQ k [Tepexop 1Mo paBeHCTBY if(Z==1) PC=PC + k+ 1
BRNE k [Tepexon o HEpPaBEHCTBY if(Z==0) PC=PC + k+ 1
BRCS k [Tepexop 1o mepeHocy if(C==1) PC=PC +k+1
BRCC k Ilepexon mo orcyrcreuio | If(C==0) PC=PC + k+ 1
nepeHoca
BRSH k [Tepexop, eciu paBHO WK if(C==0) PC = PC + k+1
BBIIIIE
BRLO k [Tepexon, ecnu HUXKE if(C==1) PC=PC + k+1
BRMI k [Tepexon, ecnu MUHYC if(N==1) PC=PC + k+ 1
BRPL k [Tepexom, eciu MmIrOC if(N==0) PC=PC + k+ 1
BRGE k IMepexon, ecimu 6onpmie wim | if(S==0) PC = PC + k+ 1
paBHO
BRLT k [lepexon, eciii MEHBIIIE if(S==1) PC=PC + k+ 1




Muemonu | Onepann Onucanue Onepanus @uaru
Ka BI
BRHS k [Tepexon mo monymepenocy | if(H==1) PC =PC + k+ 1
BRHC k [lepexox mo orcyrcreuto | if(H==0) PC = PC + k+ 1
HOJIyTIepeHoca
BRTS k [epexon npu | if(T==1) PC=PC + k+ 1
ycTaHoBJIeHHOM (urare T
BRTC k [Tepexom mpu OYUILEHHOM if(T==0) PC=PC + k+ 1
¢bnare T
BRVS k [Tepexon mo nepenonuennto | if(V==1) PC =PC + k+ 1
BRVC k Ilepexonq mo orcyreruio | if(V==0) PC =PC + k+ 1
HEePETIOTHEHHUS
BRIE k Ilepexonq mo paspemenuto | if(I==1) PC=PC+k +1
IpepPHIBAHUSI
BRID k [Tepexo Mo 3anperieHUIo if(I==0) PC=PC +k+1
IpepPHIBAHUSI
Tabnuia 6. UHCTpyKIMK niepead TaHHBIX
Muemon | Onepana Onucanue Onepanus
uKa BI
MOV Rd,Rr KommpoBanue perucrpa Rd =Rr
MOVW | Rd,Rr KonmpoBanue pernctpoBoii mapsl Rd+1:Rd = Rr+1:Rr
LDI Rd,K8 3anmch B peructp Oaiita Rd =K
LDS Rd,k 3amuchk B peructp 3Ha4deHus mno aapecy | Rd = (k)
LD Rd,X 3anuch B peructp 3Hadenus mno aapecy | Rd = (X)
B peructpe X
LD Rd, X+ CM. BBIIIIE C TOCTUHKPEMEHTOM Rd = (X), X=X+1
LD Rd,-X CM. BBIIIIE C IPENICKPEMEHTOM X=X -1, Rd = (X)
LD Rd,Y 3anmck B peructp 3HaueHus mo ajapecy | Rd = (Y)
B peructpe Y
LD Rd,Y+ CM. BBIIIIE C TOCTHHKPEMEHTOM Rd = (Y), Y=Y+1
LD Rd,-Y CM. BBIIIIE C IPEAJIEKPEMEHTOM Y=Y -1,Rd =(Y)
LDD Rd,Y+q | 3amuce B peructp 3HaueHus mo aapecy | Rd = (Y+q)




Muemon | Onepana Onucanue Onepanus
uKa BI
B peructpe Y €O CMEIICHUEM
LD Rd,Z 3anuck B peructp 3nauenust o aapecy | Rd = (Z)
B peructpe Z
LD Rd,Z+ CM. BBIIIIE C TOCTHHKPEMEHTOM Rd = (2), Z=Z+1
LD Rd,-Z CM. BBIIIIE C MPEIAICKPEMEHTOM Z=Z-1,Rd=(2)
LDD Rd,Z+q | 3amuce B peructp 3HadeHus 1o aapecy | Rd = (Z+q)
B peructpe Z co CMEIICHuEM
STS k,Rr 3anwck 10 aapecy 3Hadenue perucrtpa | (K) = Rr
ST X,Rr 3amnuck 1o aapecy B peructpe X (X)=Rr
3HAYCHUE PETUCTPA
ST X+,Rr CM. BbIIIIE C TOCTUHKPEMEHTOM (X) =Rr, X=X+1
ST -X,Rr CM. BBIIIIE C MPEIICKPEMEHTOM X=X -1, (X)=Rr
ST Y,Rr 3amnuck 1o aapecy B peructpe Y (Y)=Rr
3HAYCHUE PETUCTPA
ST Y+,Rr CM. BBIIIIE C TOCTHHKPEMEHTOM (Y) =Rr, Y=Y+1
ST -Y,Rr CM. BBIIIIE C IPENICKPEMEHTOM Y=Y-1,(Y)=Rr
ST Y+q,Rr | 3anuck no aapecy B perucrpe Y (Y+q) =Rr
3HAUCHUS PETHCTPA CO CMEILICHHEM
ST ZRr 3amnuck 1o ajpecy B perucrpe Z (Z2) =Rr
3HAYCHUE PETUCTPA
ST Z+,Rr CM. BBIIIIE C TOCTHHKPEMEHTOM (Z2) =Rr, Z=2+1
ST -Z,Rr CM. BBIIIIE C IPEAJIEKPEMEHTOM Z=72-1,(2)=Rr
ST Z+q,Rr | 3ammce mo agpecy B peructpe Z (Z+q) =Rr
3HAUYCHUS PETHCTPA CO CMEIIEHUEM
LPM 3amicy B peructp RO 3mauenust u3 | RO = (2)
naMsATH TPOrpaMM IO aapecy B
peructpe Z
LPM Rd,Z Bamuce B peructp 3Hauenuss w3 | Rd = (Z)
naMsATH TPOrpaMM IO ajapecy B
peructpe Z
LPM Rd,Z+ CM. BBIIIIE C TOCTHHKPEMEHTOM Rd = (2), Z=Z+1




Muemon | Onepana Onucanue Onepanus
uKa BI
ELPM Pacmmpennas 3amuce B peructp RO | RO = (RAMPZ:Z)
3HAQYEHHSI M3 MaMSITH MPOTPaMM II0
anpecy B peructpe Z
ELPM Rd,Z Pacimpennass  3amuce B peructp | Rd = (RAMPZ:Z)
3HAQUEHHUsT W3 TMaMITH MPOrpaMM IO
azapecy B peructpe Z
ELPM Rd,Z+ CM. BBIIIIE C TOCTUHKPEMEHTOM Rd = (RAMPZ:2), Z = Z+1
SPM 3anuck 1o aapecy namsta nporpamum | (Z) = R1:R0
B peructpe Z 3HA4YCHUsS] PErHCTPOBOM
napel R1:R0O
ESPM Pacimpennas  3ammck 1o aapecy | (RAMPZ:Z) = R1:RO
naMsaTd [porpaMMm B peructpe Z
3Ha4YeHHus1 perucTpoBoii mapel R1:RO
IN Rd,P Urenue u3 mopra Rd=P
ouT P,Rr 3anuch B OPT P=Rr
PUSH Rr CoxpaHeHue 3HaueHusl peTucTpa B STACK =Rr
CTEKe
POP Rd V3Bne4yeHne 3HaYEHUS PETHCTpa U3 Rd = STACK
cTeKa
Tabnuna 7. ButoBble HHCTPYKIIMU
Mmuemonu | Onepanp Onwucanue Onepanus @uaru
Ka BI
LSL Rd Jlornyeckuii CABUT BIIEBO Rd(n+1)=Rd(n), Z,CN,V,HS
Rd(0)=0, C=Rd(7)
LSR Rd Jlorudeckuii cIBUT BIPaBO Rd(n)=Rd(n+1), Z,CN\V,S
Rd(7)=0, C=Rd(0)
ROL Rd [ukmuaeckuii casur BiieBo | RA(0)=C, Z,CN,V,HS
Rd(n+1)=Rd(n), C=Rd(7)
ROR Rd [ukmuaeckuii casur Bapaso | RA(7)=C, Z,CN\V,S
Rd(n)=Rd(n+1), C=Rd(0)




Muemonu | Onepann Onucanue Onepanus @uaru
Ka bl

ASR Rd Apudmernueckuit capur | Rd(n)=Rd(n+1), n=0,....6 | Z,C,N,V,S
BJIEBO

SWAP Rd OOMeH momy6aiiToB Rd(3.0) = Rd(7..4), | None

Rd(7..4) = Rd(3..0)

BSET S Y CTaHOBUTH ¢uar B | SREG(s) =1 SREG(S)
PETHCTPE COCTOSHUS

BCLR S Ouucrtuts daar B peructpe | SREG(S) =0 SREG(s)
COCTOSIHUS

SBI P.b VYcTaHOBHTH ¢uar B | I/O(P,b)=1
perucrpe nopra
BBOJa/BBIBO/A

CBI P.b Ouwncruts diar B peructpe | /O(P,b) =0
BBOJa/BBIBO/A

BST Rr,b Coxpanuts Out B pazpsiae T | T = Rr(b) T
perucTpa CoOCTOSTHHS

BLD Rd,b Bammcate O6ut T u3 peructpa | Rd(b) =T
COCTOSIHUS

SEC Ycranosuts (iar C c=1 C

CLC Ounctute daar C C=0 C

SEN YcranoButs ¢iar N N=1 N

CLN Ouuctuts paar N N=0 N

SEZ YcranoButh aar Z Z=1 y4

CLZ Ouuctuts aar Z Z=0 V4

SEl YcranoButh aar [ =1 I

CLI Ouunctuts ¢aar [ 1=0 I

SES YcranoButs aar S S=1 S

CLN Ouuctuts aar S S=0 S

SEV YcranoButh aar V V=1 \%

CLVv Ouuctuts aar V V=0 \%

SET YcranoButsb aar T T=1 T

CLT Ounctuts paar T T=0 T

SEH YcranoButh aar H H=1 H




Muemonu | Onepann Onucanue Onepanus @uaru
Ka BI
CLH Ouuctuts paar H H=0
NOP XoJiocTas KoMaHIa
SLEEP [Tepexon B csmuii pexxum
WDR PazpemuTs copoc  mo
CTOPOXKEBOMY TallMepy
BREAK [TpepsiBanue paboOTHI

B tabnunax 2.4 — 2.7 ucnoib30BaHbl CIEAYIONIIE MHEMOHUYECKHE 0003HAYCHHUS JIJIs

OIICPAaHIOB:

Rd — peructp nasnauenus (RO — R31);

Rr — peructp—ucrounuk (RO — R31);

b — koHcTanTa ot 0 10 7 (HOMEp pa3psia B perucTpe 0OIIero Ha3HAYCHUS UITH PETHCTPE

IOpTa BBOJIa/BBIBOJIA);

S — koHctanTa ot 0 10 7 (HOMep pa3psa B perucTpe COCTOSIHHUS);

P — xoncranTa ot 0 n0 31/63 (axpec mopTa BBOJa/BEIBOIA);

K6 — koHcTanTa ot 0 10 63 (HEMOCPEICTBEHHO B MHCTPYKIIHH);

k8 — koncranTa ot 0 10 255;

K8 — xoncranTa ot 0 10 255;

K- KOHCTaHTa, 3HAYCHUC KOTOpOI\/JI MCHSCTCA B 3aBUCUMOCTHU OT MHCTPYKIIUHU

( — KOHCTaHTa CMeIlleHUs (HETIOCPEICTBEHHO B HHCTPYKLIMH);

Rdl — peructper R24, R26, R28, R30 (s unctpykuuit ADIW u SBIW);

X, Y, Z — peructpoBslie nmapsl R27: R26, R29: R28 u R31: R30.




JlabopaTopHas pabora No2

IIporpaMMupoOBaHHE BCTPOCHHBIX HCDPI(bGDHﬁHHX YCTPOMCTB AVR—MI/IKDOKOHTDOJIJ'IeDa

AVR—MHKpPOKOHTpOJIIEp HMeEET OO0JIbIIOe KOJIMYECTBO BCTPOCHHBIX MNepuepUHHBIX
YCTPOMCTB: TallMepbI—CYETUYMKH, YCTPOMCTBO IOcCienoBarenbHoN mnepeaaun nanubix UART,
BBICOKOCKOPOCTHOM TocieioBaTebHbIM nHTepdetic SPl, MHOrokaHaabHBIN aHAIOTO—IIU(POBOI
npeoOpazoBarenb, IBYXIIPOBOIHOW HHTEpdEiic u ap.

VYrupasienue pabdOTOH 3TUX YCTPOWMCTB OCYIIECTBIISICTCS MOCPEACTBOM 3allUCH B HX
YIPaBJIAIONIME  PETHUCTPHl  COOTBETCTBYIOIIMX  3HayeHHH. CoObITHSA,  CBSI3aHHBIE  C
nepudepuitHpIMU yCTPOMCTBAMU, MOT'YT OIPEAEISATHCS MO0 MO MPEephIBaHUIO, OO0 MO OMpocy
perucTpoB coctosiHus. PaccMmoTpum mporpamMmmupoBanue nepudepuidHbix ycTpoicTB AVR-
MHKPOKOHTpOJJIepa Ha  ImpuMepe 8-pa3psaHoro  Ttaiimepa-cuerumka  Timer/Counter2
MUKpOKOHTposutepa ATmega32.

Jlns ynpaBnenus Taiimepom-caerarkom Timer/Counter2 npexycmorpen peructp TCCR2.

OH uMeeT cleyIoILyI0 CTPYKTYPY:

7 6 5 4 3 2 1 0
WGM20 | COM21 | COM20 | WGM21 CS22 CS21 CS20
butet WGM20, WGM21 onpenensiroT pesxuM paboThl TaliMepa—CcueTInKa:
Pexum | WGM21 | WGM20 Onwucanune
0 0 0 Hopwmanehsiii cuer (Normal)
1 0 1 MuporHo—umnynscHas monysauus (ILIMM) ¢ koppekuueit
¢aszer (PWM, Phase Correct)
2 1 0 Copoc Taitmepa o cosmaaeruio (CTC)
3 1 1 Beictpas IIIUM (Fast PWM)

buter COM20, COM21 ompenensitoT cOCTOSHHE BBIBOJIa MHUKPOKOHTpOJIIEpA, KOTOPBIHA
umeetr MmHeMoHUKy OC2, nanpumep, npu COM20 = 0 u COM21 = 0 BeiBog OC2 ot cocTosiHUs
taiimepa—cueryrka He 3aBUcUT (OC2 OTKIIFOUEH).

buter CS20, CS22 m CS22 ympaBnstor vactoroi cuyera (F — dwacrora TakTOBOTO

reHeparopa):

CS22 CS21 CS20 Yacrora CS22 CS21 CS20 YacroTa

cyerTa cuera




0 0 0 HET cyera 1 0 0 F /64

0 0 1 F 1 0 1 F /128
0 1 0 F/8 1 1 0 F /256
0 1 1 F/32 1 1 1 F /1024

Kpome perucrpa TCCR2 TaiiMep—cuerunk Timer/Counter2 umeer TakKe PETHUCTP
cuetunka TCNT2 u peructp cpaBHernus OCR2. Peructp TCNT2 comepkut Tekylee 3HaueHHE,
KOTOpOE MpPH KaXKJAOM TaKTe€ CueTa yBEeNWYMBaeTcs Ha 1 10 BenmuuuHBl 255, mocne 4ero
copaceiBaetcs B 0. Peructp OCR2 comepxuT 3HaueHue, MPH COBHAJACHUU KOTOPOTO CO
3naueHneM B TCNT2 renepupyeTcsi COOTBETCTBYIOIIEE COOBITHE.

B muxpokontposiepe ATmega32 nmperycMOTpeHbI ClEIyIOLe COOBITUS, CBS3aHHBIE C
taiimepoM—cueTuukom Timer/Counter2:

- coBmnazaeHue 3HayeHui B peructpax TCNT2 u OCR2,
- mepenonHenue peructpa TCNT2.

VYkazannsle coObiTus ¢ukcupyorcs B paspsgax OCF2 (cempmoii pazpsn) u TOV2
(mecroit paspsin) peructpa (uaroB mpepbiBaHHMi Talimepa—cuerunka |IFR coorBercTBeHHO.
COpachIBatoTCSl ATH pa3psiabl JIMOO anmapaTHO MOCJE BBIOIHEHUS MOANPOrpaMMBI 00pabOTKH
COOTBETCTBYIOIIETO MPEPHIBAHUS, TUOO MPOTPAMMHO 3aIUChio 1.

OTcnenuTh HAcTyIJIEHHE COOBITHI TaliMepa—CcueTYMKa MOXKHO C IOMOILBIO Ompoca
pa3psanos B peructpe TIFR. Taxxe MOXHO onpenenuTs NoAIporpaMMbl 00pabOTKH MpepbIBaHUI
[0 COBMAJCHMUIO W/WIM MepenojHeHuto. JlJIi 3TOro HEOOXOIUMO pa3peliuTh TEHEepaIHio
HY>XHOTO MTPEPBIBAHUS C MMOMOIIBIO 3aKMCH | B OJMH W3 pa3psioB PETUCTPa MACKH MpEphIBAaHHUNA
taiimepa TIMSK — OCIE2 (paspsn 7) u TOIE2 (pa3psn 6), BBINOJHUTH WHUIHATH3AIHIO
COOTBETCTBYIOILLIETO BEKTOpa IMpEpbIBaHUS M pa3pelIuTh riolanbHOe mpepbiBaHue (6ut ) B
peructpe SREG.

Bekropa mnpepslBaHMiII pacrionararoTcsi B Hadalle IaMATH IporpamM. Tak BekTopa
NpephIBaHUil 1O COBMAJCHHIO W TEPENOJHEHHIO OT TakiMepa—cyerdynka Timer/Counter2
MUKpokoHTpoJuiepa ATmega32 pacnonaratorcs no aapecaMm 8 u 10 coorBercTBeHHO. Jlist
MHHUIMAIM3alMd BEKTOPOB IPEephIBAHUN HEOOXOJUMO pPAa3MECTUTh 10 YKa3aHHBIM ajpecam
KoMaH[bl nepexona (Hanpumep, RIMP) Ha moamporpammsl 00pabOTKH NMpephIBaHUN, KOTOpPbIE
OJDKHA 3aKaH4YMBaThcsa Komannoii RETI.

Peructpsl nepudepuifHbIX yCTPOMCTB — 3TO MOPTHI BBOIa/BBOIA, OOpaIieHne K KOTOPhIM
OCYIIECTBIISIETCS 10 COOTBETCTBYIOMIMM ajapecam ¢ nomoribio komana IN u OUT. Hampuwmep,
peructpet TCCR2, TCNT2, OCR2, TIFR, TIMSK wumeror anpeca 37, 36, 35, 57, 56

COOTBCTCTBCHHO.




PaboTta MUKpOKOHTpOJUIEpa CBsA3aHA C aBTOMATU3alLMeH mporeccoB cOopa nH(GopMaum u
ynpasieHus. Ilostomy B AVR-MUKpPOKOHTpoJuIepax MperycMOTpPEeHbl LU(QPOBbIE MOPTHI
BBO/Ia/BbIBOJIa, K KOTOPHIM MOJKJIIOYAIOTCS BHEIIHHE YCTPOHCTBA (IO OTHOIICHUIO K CAMOMY
MUKpOKOoHTposuiepy). B ATmega32 umerotcst moptel A, B, C u D. Kaxnplii mopt umeer Tpu
perucrpa:

- perucrp—3allelsika BbIBOAA,
- pErucTp HalpaBJICHUS,
- PETUCTP COCTOSHHS BXOJIOB.

Hampumep, mas mopta A — ato PORTA, DDRA, PINA. Kaxnaeiii peructp siBisercs 8—
pa3psaaHbIM. Kax el pa3ps onpenenser COCTOSHUE OJHOTO U3 BBIBOJOB MUKPOKOHTPOJUIEPA.
Hanpasnenue nepenaun MHGOpPMALUU ONpeAesseTcs peructpom HampasieHus: 0 B paspsiae
O3HayaeT BBOJ, a 1 — BbIBOA OuHapHOro 3HaueHus (0 wiu 1). BeiBoJ 3Hau€HUs BBIIOJIHSAETCS C
nomotipto 3anucu B peructp PORTX, a BBom — urenus u3 peructpa PINX. Hampumep,
YCTAaHOBUTh 3HaueHWe | Ha BBIBOJE, COOTBETCTBYIOUIEM S5—y paspsay nopra A MOXHO C

MMOMOIIBIO CHEAYIOUIUX UHCTPYKLIMIA:

in R16, DDRA
ori R16, 32

out DDRA, R16

in R16, PORTA
ori R16, 32

out PORTA, R16

2. Ilopsinok BbINOJHEHHS J1a00pPaTOPHOI padOTHI
6. O3HaKOMHUTHCS C IPOTPAMMHUPOBAHHEM NIepupepUiHBIX ycTpoicTB AVR—MUKpOKOHTpOILIEpa;
7. Hanmcarb mporpaMMmy Ha s3bIKe acceMOiiepa reHepauuu Meanzapa c yactoroit 1000, 2000,
3000, 4000 I'm wa BhIBomax moptoB A, B, C, D c wucmons3oBaHueM TaiimMepa—cyeTdnKa
Timer/Counter2 Ha s3pIke accemOiepa s MUKpOKOHTpoiutepa ATmega32 ¢ wactoToit
TaKTOBOTO reHeparopa F = 8 MI'm;
8. IIporpamMmy BBECTH, aCCEMOIMPOBATH U OTIIAAUTH ¢ oMol AVR Studio 4.

9. OTBeTUTH HAa BOIPOCHI.

3. Bonnpocsl
11. Bcerpoennsie nepugepuiinsie yctpoiictBa AVR-MHKpOKOHTpoOILIEpa.
12. Vupasnenue paboTol BCTPOSCHHBIX TTepuhepuitHbIX yeTpoicTB AVR-MUKPOKOHTpOJIIEpA.

13. Vmnpasnenue paboToii TaiiMepa—cUyeTUHKA.



14.
15.
16.
17.
18.
19.
20.

CoObITua TaliMepa—CcUeTUnKa.
O06paboTka cOOBITHI TaliMEpa-CUETIHKA.
Bekropa npepbiBaHUiA.

O6paboTka mpepbIBaHUIA.

Peructpsl nepudepuiiHbIX YCTPOMCTB.
[{udpoBbie TOPTHI BBO1a-BHIBOIA.

VYnpasienue 1 poBbIMHI TOPTAMH BBOJ1a-BBIBOJIA.



JlabopaTopHas pabora Ne3

YipasieHue noclie0BaTeIbHON NaMIThIO

[Ipy TpPOEKTHPOBAHUM pPA3IWYHBIX CHCTeM Ha 0aze MHKpokoHTposuiepa AVR wuacto
HE00X0MMO OPraHU30BaTh CUUTHIBAHWE W 3aIUCh 3HAUEHHWH B MOJYJb BHEUIHeW mamsatu. Tak
KaK paccMaTpUBaeMble MHMKPOKOHTPOJIJIEPHl SIBJSIFOTCS YCTPOHCTBAMU C OrpaHMUYCHHBIMU
pecypcamu, TO NP BbIOOpE BHEIIHEN MaMATH KPOME CTOMMOCTU M 00bEeMa UIParoT poJib TAKXKe
ee ObIcTpojeiicTBUE, YUCI0 MHTEP(EHCHBIX JIMHUHM, MPOTOKON MEepeadyd U Jp. TEXHUYECKHE
XapakTepUCTHKH. B Hacrosdmiee BpeMs IIMPOKOE  PaclpoOCTpaHEHHE HOJTy4dnIa
nocnenosarenpHas flash-namsate. B kadecTBe mpumepa paccMOTPHM MHKPOCXEMBI CEMEHCTBA
AT45 pupmsr Atmel.

WX OTIMYUTENBbHBIMU OCOOCHHOCTSIMU SIBIISIFOTCS:

e mocienoBarenbHbI naTEpdeiic SPI;
e JIMara3oHbl HANIPSDKEHUHN TUTAHUS
o 45B..55B,
o 2.7B..3.6B;
e OJIHO HANPSDKCHUE MUTAHUS [T BCEX OTEpaIluii;
e 00beM mamsaru 2, 4, 8 u 16 Mowur;
e CTpaHW4HAs OpraHu3alys, 00beM CTpaHuIb - 264/528 Gaiita;
e JIBa CTpaHU4YHBIX Oydepa;
e HUCHOJHEHUs JJs OBITOBOM M MPOMBILUIEHHOH aniaparypsl;
e BBICOKasi CKOPOCTh MPOTPAMMHUPOBAHHS — 7 MC Ha CTPAHHUILY.

VYnpaBieHne — OCYIIECTBIAETCS  KOMaHJIaMH,  OOEClEeYMBAIOLUIMMH  BBIIOJHEHHE
CHEAYIOUIUX ONEepPALUH.

1. I'pynna A — onepanyiy HCIOJIb3YIOIUE MATPUILy OCHOBHOM aMSITH:

® YTEHHE CTPAHUIBl OCHOBHOM MaMATH;
® [epechUIKa CTPaHUIIbl OCHOBHOI MaMaTu B Oydep;
® CpaBHEHHE JAHHBIX CTPAHMIIBI OCHOBHON MaMATH U COJIEPKUMOTro Oydepa;
® CTHpaHHE U MPOTPaMMHUPOBAHNE CTPAHHIIBI OCHOBHOW MAMSTH COACPKUMBIM Oydepa;
® TIPOTrpaMMHPOBAHME CTPAHUIIBI OCHOBHOM MaMSTH COEPKUMBIM Oydepa;
® [POrpaMMHpPOBaHHE CTPAHUIBI OCHOBHOM MaMATH;
e aBTOMAaTHYECKas IePe3aruch CTPAHUIIBL.
2. I'pynna B — oneparuu ¢ 6ydepaMu 1 perucTpoM COCTOSTHUS:
® YTEHHE COoAepPKUMOro Oydepa;
® 3amuCh JaHHBIX B Oydep;

® YTEHME PETUCTPA COCTOSTHUS.



[Ipu BHIMONMHEHUHU KaKOW-TMOO omeparyu rpymnmbsl A npyras omepaunus U3 3TOW TPYIIIbI
HE MOXeT ObITh 3amymieHa. lIpu 3ToM MokeT ObITh 3amylleHa omepanus rpynmnsl B, uro
MO3BOJISICT PEATM30BaTh BHUPTYAIbHBIH PEXHM HEMPEPHIBHOIO IOTOKAa JaHHBIX — TIpU
IPOrpaMMUPOBAHUM CTPAHMIIBI OCHOBHOW MaMATH AaHHBIMU U3 Oydepa 1, apyrue naHHbIE
MOXHO 3arpyxath B Oydep 2 (nam Haobopor). B Tabmmme 1 nmpuBeaeHo Ha3HAYeHUE BBHIBOJOB
MHUKPOCXEMBI [TaMSITH.

Tabmuua 1. HasHaueHne BEIBOIOB

BriBon Hasnauenue BriBoIa [Tpumeuanus
#CS Br160p MuKpocxeMbl
TakTOBBIN CUTHAJ MOCIEIOBATEILHOTO | BBOI/BBIBO/I OTHOTO OHMTA HA KaXIBIi
SCK BBO/1a/BBIBO/JIA TaKT
S ITocnemoBaTeILHEINA BBOJ Brox crapmmm 6utom (MSB) Biepen
SO ITocnemoBaTeILHEIN BBIBOJ, BriBoj crapuium 6utom (MSB) Briepen
#WP=0 - 3ampemiaer 3amuch Ha
#WP AnnapaTHas 3alI1Ta OT 3aUCH
nepBbIx 256 cTpanunax
#RESET COpoc - HayanbHas yCTaHOBKA #RESET=0 - npekpamaer onepauro
RDY/#BUSY | Beixox curnana ['otoB / 3ansT BbIBOZI C OTKPBITHIM CTOKOM

OObparieHre Kk MUKpOCXeMe MPOU3BOAUTCS MPU HU3KOM YPOBHE CHTHaia Ha BeiBoje #CS.
Bce BHyTpeHHHE oOllepaliiii BBIMOJTHSIIOTCS BCTPOCHHBIM aBTOMAaTOM TIPH BHYTPCHHEM
takTupoBaHuu. Komauapl momatorcs mo cmaay curhana #CS. CtpoOupoBanue uHbOpMaIuu
(BeiBOgBI Sl, SO) Begercst ummynbcamu, nogaBaeMbiMu Ha BeiBoA SCK. Ilepecbuika HaunHaIOTCA
co crapiero outa (MSB).

YreHue CTPAHULIBI OCHOBHOM NaMsTH WK 0y(epoB.

[To oxoHUaHUU 3arpy3KH KOMaH[IbI JaHHBIE MOCIIE0BATEILHO OCTYMaT Ha BhIBOA SO.

[Ipu moctmwkeHUU B MpoIlecce YTEHHsI KOHIIA CTPaHUIlbI OCHOBHOW mamsTH (Oydepa), yreHue

MIPOJI0JKAETCs C Havaja ToH ke camoii ctpanuiibl (Oydepa).

ITepechbliika cTpaHunbl 0CHOBHOI namsaTu B Oygep 1 niau 2. CpaBHeHHe JaHHBIX
CTPaHMIbI OCHOBHOM NaMATH U cofepkumoro oydepa 1 niu 2.
Ilepechinka CTpaHUIBI JAaHHBIX W3 OCHOBHOM MaMATH B Oydep miM cpaBHEHHE JaHHBIX
HaunHaeTca 1o ¢(poHTy curHama #CS. MOMEHT 3aBepmIeHHS NpoIecca ONpeneNseTcs II0
PErucTpy COCTOSHHUSL.

3anuch 1aHHbIX B Oydep 1 niam 2.




BBoaumbie maHHbBIE cienyroT 3a Outamu aapeca. [lo moctmwkeHun koHia Oydepa 3anuch
MPOJIOJDKHUTCS ¢ Havana Oydepa 1o ¢pponra curnana #CS.

IIporpamMupoBanme coaepKUMbIM Oy(depa cTpaHUIBLI OCHOBHOI mamMsaTH 6e3
CTHPAHUS U €O CTHPAHHEM.

[IporpamMmmupoBanue 0Oe3 CTHpaHUS HCIOJIB3YeTCS B TOM Ciy4yae, KOrja Bce OUTHI
CTpaHUIbl HAaXOJATCS B COCTOSIHMH Jormdeckod 1. Ilpm mporpamMMupoBaHUM CO CTHpPAHUEM
OUYHCTKA CTPAHUIIBI BBIIIOJHACTCS aBTOMATHYECKH Iepel HadaioM mporpammupoBanus. [locme
BBO/Ia KOMaHjbl, Mo (poHTy curHama #CS HauHETCS LMK NPOTPAMMHUPOBAHMUS WU ITUKII
CTHPaHUs/TIPOrpaMMUPOBaHUs. 3aBepLICHUE ONEPALUU ONIPEAEIISETCS Yepe3 PErUCTpP COCTOSTHUS.

IIporpammupoBaHue CTPAHULIBI OCHOBHOM nmaMsATH yepe3 Oydep 1 nim 2.

[lo manHOW KOMaHJIE AaHHBIE 3aHOCATCS B Oydep W MPOrpaMMHUPYIOTCS B 3aJaHHYIO
CTpaHUIly OCHOBHOM mamsTH. 3anuch B Oydep HaunHaAETCs cpa3y Mocje Miaamero Outa aapeca
nepBoro Oaiita B Oydepe. [lo nmoctmwxkenun koHma Oydepa 3amuch MPOJOIIKHUTCS C Hayala
Oydepa. Ilo dponty curnana #CS HayHeTCs BHYTPEHHUH LUKII CTUPAHUS/IPOrpaMMUPOBAHUS
CTpPaHUIIbI OCHOBHOM TTAMSITH.

ABTOMAaTHYeCKas Nepe3anuch CTPaHulbl Yepe3 Oydep 1 uaum 2.
3amaBaemMasi 5STUMU KOMaHJaMU ONEpalus MPUMEHSETCS B TOM cllydae, KOra HECKOJIBKO
0aliTOB CTPaHUIBI WM HECKOJIbKO CTPAHWI] JaHHBIX OBUIM MEpernporpaMMHpPOBAHBI B
npousBoiibHOM mopsike. [lo ¢ponTy curHama #CS mepechUTarOTCsl JaHHBIE W3 CTPAHUIIBI
OCHOBHOM mamMsATH B Oydep U 3aTeM MepenuchiBaeT JaHHbIE U3 Oydepa oOpaTHO B Ty K€ CaMylo

CTpaHUIly OCHOBHOM MaMSTH.

Peructp cocrosinus.

Nudopmanus perucrpa UCHONB3YeTCS Ui ONPEAENeHUS TOTOBHOCTH MHKPOCXEMBI,
MOJIy4eHUsl pe3ysibTaTa CPaBHEHHUSI CTPAHUIIBI OCHOBHOU MaMsATH U Oydepa, onpeaeeHus Tuna
MuKpocxeMsl. [Tocite mepenaun B MEKpPOCXEMY TOCTISTHEr0 OUTa K0Jia KOMaH/IbI CIICAYIOINMU
Bocemblo TakTamu SCK depe3 BeiBoJ SO MpUHUMAKOTCS BOCeMb OMTOB peructpa craryca. [Toka
BbIBOJ #CS Haxomutcs B HU3KOM cocTossHuM U Ha SCK mocTymaroT TakTOBbIE MMIYJIBCHI Ha
BbIBOJI SO IUKINYECKH BBIBOJIUTCS TEKYIIEe COCTOSHUE perucrpa craryca. dopmar perucrpa
COCTOSIHUS TIOKa3aH B Ta0uIe 2.

Ta6muma 2. @opMat peructpa COCTOSHHS

7 6 5 4 3 2 1 0
RDY/#BUS
y COMP N N N X X X




0
0 - s3apar
COBIIAJIAET
1 - roroB K
1 - HE
ornepanuu
COBIIAZAET

KOA 0 1 0 - 00beM npudopa 2 Mour
KOZ 0 1 1 - 00BeM npudopa 4 Mobur
KOZ 1 0 0 - 00BeM npudopa 8 Moéut

X - COCTOSIHME 3HAUYEHHS HE UMEET - 3ape€3CPBUPOBAHHLBIC OUTEI.

PaccmoTpum 3arosioBouHbIil (aitn at45.h, KoTopslii MOKHO UCIIOIB30BAThH B IPOTrpaMMe

Ha si3pike C ImageCraft Compilier mis nporpaMMupoBaHus MOCIEI0BATSIBHON TAMSITH.

#pragma language=extended

I/ general

#ifdef AT45DB161B

#define AT45 NAME "AT45DB161B"
#define AT45_PAGES _COUNT 4096

#define AT45_PAGE_SIZE 528

#define AT45 BLOCKS COUNT 512

#else

#ifdef AT45D081A

#define AT45_NAME "AT45D081A"
#define AT45_PAGES_COUNT 4096

#define AT45_PAGE_SIZE 264

#define AT45_BLOCKS_COUNT 512

#else

#ifdef AT45DB321

#define AT45_ NAME "AT45DB321"
#define AT45_PAGES_COUNT 8192

#define AT45_PAGE_SIZE 528

#define AT45_BLOCKS_COUNT 1024

#else

#ifdef AT45DB642

#define AT45 _ NAME "AT45DB642"
#define AT45_PAGES_COUNT 8192

#define AT45_PAGE_SIZE 1056

#define AT45_BLOCKS_COUNT 1024

#else

#error ""Unknown memory type; set in #define directive befofe including this file.™

#endif
#endif




#endif

#endif

/l commands

#define CMD_BUFFER_1

#define CMD_BUFFER_2

#define CMD_BUFFER_1_WRITE

#define CMD_BUFFER_2 WRITE

#define CMD_BUFFER_1_READ

#define CMD_BUFFER_2_READ

#define CMD_B1_TO_MM_PAGE_PROG_WITH_ERASE
#define CMD_B2_TO_MM_PAGE_PROG_WITH_ERASE

0x00
0x01

0x54
0x56

#define CMD_B1_TO_MM_PAGE_PROG_WITHOUT ERASE
#define CMD_B2_TO_MM_PAGE_PROG_WITHOUT_ERASE

#define CMD_MM_PAGE_PROG_THROUGH_B1
#define CMD_MM_PAGE_PROG_THROUGH_B2
#define CMD_AUTO_PAGE_REWRITE_THROUGH_B1
#define CMD_AUTO_PAGE_REWRITE_THROUGH_B2
#define CMD_MM_PAGE_TO_B1_COMP

#define CMD_MM_PAGE_TO_B2_COMP

#define CMD_MM_PAGE_TO _B1 XFER

#define CMD_MM_PAGE_TO_B2_XFER

#define CMD_MAIN_MEMORY_PAGE_READ

#define CMD_PAGE_ERASE

#define CMD_BLOCK_ERASE

#define CMD_FULL_READ

I pins

/Ihw spi: sck=pb7, mosi=pb5, miso=pb6
//at45: cs=pb4, ready=pc4, spi=spi
#define AT45 CS 4 //pb

#define AT45_ READY  4//pc
#define AT45 SCK 7/l pb

#define AT45_MOSI 5//pb
#define AT45_MISO 6 // pb

0x84
0x87

0x83
0x86

0x82
0x85

0x60
0x61
0x53
0x55

0x81
0x50
OxE8

0x88
0x89

0x58
0x59

0x52



/[ low_level functions
static void delay_45() {; }
static void init_45(void)
{
DDRB |= (1<<AT45_SCK);
DDRB |= (1<<AT45_MOSI);
DDRB &= ~(1<<AT45_MISO);
PORTB |= (1<<AT45_MISO);
DDRB |= (1<<AT45_CS);
PORTB |= (1<<AT45_CS); // no cs at start!
DDRC &= ~(1<<AT45_READY);
PORTC |= (1<<AT45_READY); // pullup

static void init_SP1_45(void)

{
DDRB |= (1<<AT45_SCK);
DDRB |= (1<<AT45_MOSI);
DDRB &= ~(1<<AT45_MISO);
PORTB |= (1<<AT45_MISO);
PORTB |= (1<<AT45_SCK);

SPCR = 0x5f;

SPSR =0;

}

static void close_SPI_45(void)

{

SPCR =0;

SPSR = 0;
DDRB |= (1<<AT45_SCK);
PORTB |= (1<<AT45_SCK);
DDRB &= ~(1<<AT45_MOSI);
DDRB &= ~(1<<AT45_MISO);
PORTB |= (1<<AT45_MISO);
PORTB |= (1<<AT45_MOSI);



static unsigned char spi(unsigned char x)

{
SPDR =x;
while(!(SPSR & 0x80 /*(1<<SPIF)*/)) ;
return SPDR;

static unsigned char read_SPI1_45(void)
{

return spi(0);

static void write_SPI_45(unsigned char data)

{
spi(data);

static void set_CS_45(void)

{
PORTB |= (1<<AT45_CS);

static void clear_CS_45(void)

{
PORTB &= ~(1<<AT45_CS);

static void wait_ready_45(void)

{
while(I(PINC & (1<<AT45_READY)));

I high-level functions



/[ assume, AT45 init is called first
/l address {0..AT45 PAGE_SIZE-1}
Il page {0..AT45 PAGES_COUNT-1}

void AT45_init(void);

void AT45 erase_all(void);

unsigned char AT45_get_status(void);

void AT45 read_buffer_begin(unsigned int address);
unsigned char AT45_read(void) { return read_SPI1_45(); }
void AT45 read_buffer_end(void);

void AT45 write_buffer_begin(unsigned int address);
void AT45 write(unsigned char data) { write_SPI_45(data); }
void AT45 write_buffer_end(void);

void AT45 _mem_to_buf(unsigned int addr);

void AT45 buf _to_mem(unsigned int addr);

void AT45_init(void)

{
init_45();
init_SPI1_45();
clear_CS_45();
write_SPI_45(0x27);
write_SPI_45(0x4f);
write_SPI_45(0x37);
write_SPI_45(0xa0);
write_SPI_45(0x17);
write_SPI_45(0x20);
wait_ready 45();
set_ CS 45();
close_SPI_45();

void AT45 erase_all(void)
{

unsigned int i;



wait_ready 45();

init_SP1_45();

for(i=0; i <AT45 BLOCKS_COUNT; i++)

{
wait_ready 45();
clear_CS _45();
write_SPI_45(CMD_BLOCK_ERASE); // ok
write_SPI_45((char)(i>>4));
write_SPI_45((char)(i<<4));
write_SPI_45(0x00);
set_ CS _45();

}

close_SPI_45();

wait_ready_45();

unsigned char AT45 get_status(void)

{

unsigned char data;
init_SP1_45();
clear_CS_45();
write_SPI_45(0x57);
data = read_SPI_45();
set_ CS _45();
close_SPI_45();

return data;

void AT45 read_buffer_begin(unsigned int address)

{

wait_ready_45();

init_SP1_45();

clear_CS _45();
write_SPI_45(CMD_BUFFER_1_READ);
write_SPI_45(0x00);



write_SPI1_45(0x00);
write_SPI_45(0x00);
write_SPI_45(0x00);

void AT45 read_buffer_end(void)
{
set_CS_45();
close_SPI_45();

void AT45 read_mem_begin(unsigned int addr)
{
wait_ready_45();
init_SP1_45();
clear_CS_45();
write_SPI_45(CMD_FULL_READ); // ok
write_SPI_45((char)(addr>>5));
write_SPI_45((char)(addr<<3));
write_SPI_45(0x00);
write_SPI_45(0x00);
write_SPI_45(0x00);
write_SPI_45(0x00);
write_SPI_45(0x00);

void AT45 read_mem_end(void)

{
set_ CS_45();
close_SPI_45();

void AT45 write_buffer_begin(unsigned int addr)

{
wait_ready_45();



ok

init_SP1_45();

clear_CS 45();
write_SPI_45(CMD_BUFFER_1_WRITE); // ok
write_SPI_45(0x00);
write_SPI_45((char)(addr>>8));
write_SPI_45((char)addr);

void AT45_write_buffer_end(void)
{
set_CS_45();
close_SPI_45();

void AT45 buf_to_mem(unsigned int addr)
{
wait_ready_45();
init_SP1_45();
clear_CS_45();
write_SPI_45(CMD_B1_TO_MM_PAGE_PROG_WITHOUT_ERASE);

write_SPI_45((char)(addr>>5));
write_SPI_45((char)(addr<<3));
write_SPI_45(0x00);
close_SPI_45();

set_ CS_45();

wait_ready_45();

void AT45_mem_to_buf(unsigned int addr)
{
wait_ready_45();
init_SPI_45();
clear_CS_45();
write_SPI_45(CMD_MM_PAGE_TO_B1 XFER); // ok

I



write_SPI1_45((char)(addr>>6));
write_SPI_45((char)(addr<<2));
write_SPI_45(0x00);
close_SPI1_45();

set_CS_45();

wait_ready_45();

void AT45_mem_0x82(unsigned int addr_page)

{
wait_ready_45();
init_SPI_45();
clear_CS_45();
write_SPI_45(CMD_MM_PAGE_PROG_THROUGH_B1); // ok
write_SPI_45((char)(addr_page >> 5));
write_SPI_45((char)(addr_page << 3));
write_SPI_45(0x00);

void AT45_mem_0x52(unsigned int addr_page, unsigned int addr_byte)

{ unsigned long addr_data;

addr_data = (unsigned long)addr_page;
addr_data <<=11;
addr_data += (unsigned long)addr_byte;

wait_ready_45();

init_SPI_45();

clear_CS _45();
write_SPI_45(CMD_MAIN_MEMORY_PAGE_READ); // ok
write_SPI_45((char)(addr_data >> 16));
write_SPI_45((char)(addr_data >> 8));
write_SPI_45((char)addr_data);

write_SPI_45(0x00);



10,

21.
22.
23.
24.
25.

26.
27.

28.
29.
30.

write_SPI1_45(0x00);
write_SPI_45(0x00);
write_SPI_45(0x00);

2. [TopsiioK BHINOJIHEHHS JIA00PATOPHO padoThI
Hanucars mporpammy yrpaBieHHs TOcieaoBareibHol mamsaTeio AT45 dupmber Atmel na
s3eike C ImageCraft Compilier. 3amuce v uTeHHEe ONMPEACIIAIOTCS KOMaHIOU, MOCTYIAMOIIEH
no nocnenosareabHoMy nopty UART. B pexxuMe 3amucu mocsiae KOMaHpl IOCTYNAOT aJpec
HAYaJIbHOW CTPAHUIBI M YUCIIO CTPAHUIl JAHHBIX, MOCIE KOTOPBIX CIICAYeT 3amuchiBacMast
MIOCJICIOBATEIbHOCTD JTAHHBIX. B peskuMe uTeHus mociie KOMaHJIbl TaK)Ke MOCTYIAT aJipec
HAYaJIbHOM CTPaHUIBl M 4YKHCIO CTpPaHWIl JaHHBIX. [locime 3Toro Tpedyercs  cUMTaTh
TpeOyeMble JaHHbIE U NepeiaTh UX M0 nocienoBarensHomy nopty UART.
[Tporpammy OTIaaUTh C MOMOIIBIO OTiIaaurka cucteMbl AVR Studio 4.

OTBETUTH HAa BOIPOCHI.

3. Bonpocsi
Oco0EHHOCTH II0CIEN0BATEILHON TaMATH.
['pymnmbl KOMaH] yIIpaBieHMs IOCIEI0BATENbHON NaMATBIO.
HazHaueHue BBIBOOB MUKPOCXEMBI ITAMSTH.
UteHue cTpaHuIlbl OCHOBHOM MaMsITH WA OyPepoB.
[Tepecbuika cTpaHHIbI OCHOBHOM MaMsATH B Oydep 1 min 2/cpaBHeHNE JaHHBIX CTPAaHULIBI
OCHOBHOM MaMATH U coaepkumMoro 0ydepa 1 nmu 2.
3amuck naHHBIX B Oydep 1 wm 2.
[TporpamMmmupoBaHue coJiepKUMbIM Oydepa cTpaHHIIbl OCHOBHOW MaMsATH 0€3 CTUpaHUs U CO
CTHUPAHUEM.
ABTOMaTHUecKas Mepe3anich CTpaHullbl uepes oydep 1 umm 2.
Peructp cocrosiHusl.

Omnmncanue KOMaH/J YIIPAaBJIICHHUSA IMaMATbIO HA SA3BIKE C.



JlabopaTopHas pabora Ne4

Yupasagrolee yeTpolcTBo Ha 0a3ze MUkpokoHTposuiepa AVR

OgHMM M3 OCHOBHBIX IPWIOKEHMM MHKpOKOHTposuiepoB AVR  sBiasercs ux
HCIIOJIb30BAaHUE B CHUCTEMax YIpaBleHMs. PaccMOTpMM yOpPOIIEHHBI BapHaHT TaKoOIro
YCTpOICTBA.

YcTpoiicTBO ympaBiieHHE TMpeacTaBisieT co0oil 0ok Ha 0a3ze MHKPOKOHTpOJUIEpa
ATMega32, k KOTOpOMY MOJKITIOYECHO YETHIPE YIPABISAEMBIX O0BEKTa U JATYUK COCTOSHHSL.

Jlatuuk cocTosiHMST HEOOXOIMMO ONpaliMBaTh C ONpPENENeHHOM dYacTtoToi. B
3aBUCHUMOCTH OT 3HAYEHHS C JaTYUKA OMPEIEIIIeTCs PEKUM pabOThl CUCTEMBbI YIIPABIICHUSI.

VYnpasisiemble OOBEKTHI MOJYYAIOT YIPABIAIONIAE BO3JICHCTBHA OT KOHTPOJUIEPA.
Curnaisl ynpasieHus GOpMHUPYIOTCS B BUJAE MOCIE0BATEIbHOCTH MPSIMOYTOJIbHBIX UMITYJIBCOB.
[Ipn 3TOM enuMHMYHOE 3HAYEHHE HA BXOJE YIPABIIEMOIO YCTPOCTBa OOECHeYHMBaeT €ero
BKJIIOUEHHUE, @ HYJIEBOE — BBIKJIIOUYEHHE. YIIPaBICHHUE OCYLIECTBISIETCS C IMOMOIIBIO HIMPOTHO-
UMITYJIbCHOM MOAYJISILIMM, KOT/a MEPHOJ MPSIMOYrOJbHBIX HMMITYJbCOB HEM3MEHEH, a PEXUM
paboThI yrpaBiIsieMoro 00bEeKTa ONPEaeNIeTCs JIUTEIbHOCTHIO EAMHUYHOTO 3HAUCHUSI.

PabGora cucTremMbl BBINONHSETCA IO >KECTKOM BpeMmeHHON mporpamme. I[Iporpamma
COCTOUT U3 TPEX COCTABHBIX YACTEH:

1. 3amyck,

2. paboumii pexum,

3. OCTaHOB.

3ammycK OCYIIECTBISIETCS 10 KOMaHJIe C MyJbTa YIpPaBJIEHUS, KOTOPbIH UMHUTHPYETCS C
IIOMOLIBI0 KHOIKH, MOJKIOYEHHONM K OJHOMY H3 BBIBOJOB MHUKpPOKOHTpoJuiepa. Bo Bpems
3alycka HEeoOXOJUMO O0eCHeuuTh 3aJaHHBIE COCTOSIHMS YIPaBISIEMbIX YCTPOMCTB, IOjaBas
COUYETaHMs YIPABISAIOIIMX CUTHAJIIOB Ha UX BXOAbI, T. €. 00E€CNEeUUTh MX IUIaBHBIN Mepexoi B
paboumii pexum.

[Tocne 3amycka cuctemMa HEpeXOAMT B PabOUYMH PEXHUM, KOTJa COCTOSHHE OOBEKTOB
yIpaBJIEHUS ONpPEAEAeTCs 3HAUYCeHUEM C IaTYMKA COCTOSTHUSI.

OcTaHOB TPOMCXOAUT MO KOMaHJAE BBIKJIIOYEHHs C IyJabTa ynpasieHus. [Ipm srtom
HeoOXoIuMO 00ecreynTh IUIaBHBIA TEepexo]] YHpPaBiseMbIX OOBEKTOB B BBIKIIOUEHHOE
COCTOSIHHE.

Jatuuk cocTosHUS (QOpMHUpYET HeNpepbiBHbIE 3HadeHusa. Jlus1 ux o0paboTKu
HEOOXOAMMO BBIMOJIHUTH WX aHaloro-udpoBoe mnpeodpazoBaHue. AHaioro-uudponoe
npeoOpa3oBaHuE BBINMOJHSAETCS C TIOMOIIBIO BCTPOSHHOIO mpeoOpa3oBarens. AHaIOro-
nudposoit mpeodpazoBarens (ALIl) comepxuT 06a30BBIN TpeoOpa3oBaTeib, BBITTOIHSIIONTHI

npeoOpa3oBaHWe aHAJIOTOBOTO CHUTHaja B JACCATUPA3PSAAHBIA JABOWYHBIA KO METOJIOM



MOCJIeIOBATENbHBIX MPUOIMKEHNH, aHAIOTOBBIA MYJIBTUIUIEKCOP I OJKITIOUEHHUS] OAHOTO U3
BXOJI0B MHKPOKOHTpOJIIEpa K BXOAy 0a30Boro npeodpaszopateis, peructp ynpasiaerauss ADMUX,
peructp ympasneHus-cocrosiaust ADCSR u  miectHamumaTupaspsiiHbIi PErHCTp pe3yibTara,
cocrosmuii U3 ABYX BochMmupaspsaHbix dacteii ADCH u ADCL. [Ins mojmauum HampsbKeHUs
MUTAaHUS U ONOPHOTO HAMNPSIKEHHS] HCIOJIB3YIOTCS OTIENbHBIE BBIBOJABI MHUKPOKOHTPOILIEPA
AVCC, AGND u AREF.

AHaJIOTOBBIE CUTHAJIBI IPUHUMAIOTCS HA BBIBOJIBI MUKPOKOHTpOJIIEpa ADCO —
ADCY7. BennuuHa HarpspKEHHsI aHAIOTOBOTO CUTHAJIA MOYKET HaXOJUThCS B IIpeZiesiaX OT YPOBHS
Ha muHe AGND 1o ypoBus Ha mmae AVCC. AHanO0roBelid MyJIbTHIIIEKCOD MOAKIIOYAET OJUH U3
BXOJIOB MHUKPOKOHTpoJUIepa K Bxonay 0a3oBoro mnpeoOpasoBarens. J[BOWYHBIH KOJ HOMeEpa
MOAKJIIOYAEMOTO BXOJIa 3aJaeTcsi KoMOMHaImend cocrosHuid paspsgop MUX2, MUX1, MUXO0
peructpa ADMUX. IIpeoOpa3oBaHue aHaIOroBOro CUrHaua B HU(PPOBOIl KOJ BBITOJIHSAETCS MO
ynpaBieHueM TakToBoro curHana B mpenenax ot 50 k[ mo 200 xI'u. TaxToBwiid curHan
npeoOpaszoBarens (GOpMUPYETCS B MEPECUYETHON CXeMe IMyTeM JAeNeHUs 4YacTOThl TaKTOBOTO
CUTHaja MHUKpoKoHTpoJuiepa. llepecuernas cxema paboTaeT NHpU EIUHUYHOM COCTOSIHUU
pazpsga ADEN peructpa ADCSR. Kosddumument nmeneHuss YacTOTHI ONPEACTIAETCS
KoMOuHanmen coctosiauii paspsaos ADPS2, ADPS1, ADPSO peructpa ADCSR B cooTBeTCTBUH

¢ Tabiunein 1.

Tabnuna 1. Koo dunuent nenenus takroBoii yactotsl AL

ADPS2 ADPS1 ADPSO Koadhdunment nenenust

0 0 0 2

0 0 1 2

0 1 0 4

0 1 1 8

1 0 0 16

1 0 1 32

1 1 0 64

1 1 1 128

[TpeoOpa3oBanue HauMHAETCA MPU YCTAHOBKE B €IUHHYHOE cocTosiHue paspsana ADSC
peructpa ADCSR. Pazpsg ADSC coxpaHsSeT eJIMHHYHOE COCTOSIHHE JIO 3aBEpPIICHHS
npeoOpa3oBaHusl M 3aTeM amlmapaTHO MEepeBOIUTCS B HyJleBoe cocrosiane. ChopMUpOBaHHBIHN
JeCATUPA3PAIHBIN KO/ MEPENuChIBACTCSl B PETUCTp pe3ynbTara. [Ipu 3Tom ycTaHaBiIuBaeTcs B

enuauuHoe cocrostaue paszpsaa ADIF peructpa ADCSR u npu eAMHUYHOM COCTOSIHUM — pa3psia




ADIE peructpa ADCSR B 6iiok mpepbiBaHMil mocTynaer 3ampoc npepsiBanus. Paspsn ADIF
cOpaceiBaeTCs B HYJIEBOE COCTOSIHHE amnlapaTHO MpH MEepexojie MUKPOKOHTpoiiepa K
BBITTOJIHEHUIO TOANPOrpaMMbI  00paOOTKM MpPEephIBaHUS WM TPU  BBHIIOJHEHUH KOMAH/IBI
YCTAHOBKH 3TOTO OWTa B €IMHUYHOE COCTOsSHME. UTeHue pes3ynbraTta U3 COOTBETCTBYIOIIETO
perucTpa J0JDKHO HAUMHATHCS ¢ uTeHus muammero 6aiita ADCH.

[IpeoOpazoBarenp MokeT paboTaTh B OJMHOYHOM M LUKIMYECKOM pexkumMax. Buioop
pexxuma omnpezaensiercs cocrosHueM paspsna ADFR peructpa ADCSR. Ilpu ero HymneBom
3HaYeHUU npeoldpa3oBaTesib padOTAET B OJIMHOYHOM PEKHUME.

B oauHoyHOM pexxuMme mnpeoOpa3oBaHHE HAUYMHAETCS IPHU YCTAHOBKE B €IMHUYHOE
cocrosinue pazpsga ADCS u Boimonusiercss 3a 14 TaktoB. J[s BBIMOJIHEHUS CIETYIOIIETO
npeoOpa3oBaHusi HEOOXOAWMO BHOBb YCTAHOBHTH B €IUHHYHOE COCTOSIHHE 3TOT paspsn. B
[UKIIMYECKOM PEeXUME TpeoOpa3oBaHue (ITOCIE YCTAHOBKM B €IMHUYHOE COCTOSHHE paspsiia
ADCYS) Brinonnsiercs 3a 13 TakToB, MOCIE YEro cpa3y HauYMHAeTCs cleayrolee Ipeodpa3oBaHue.
PaGora B iukinueckoM pexuMe mpekpariaercs nocie copoca B Hyneroe cocrosiuue ADFR.

Jnst  yMeHbIIEHUSI TIOMEX, BBI3BIBAEMBIX pabOTOW mpoIreccopa, MPeayCMOTpeHa
BO3MOKHOCTh BBITIOJTHEHHS MPE0Opa3oBaHUsl C TMEPEBOJOM KOHTPOJUIEPA B PEKUM XOJIOCTOTO
X0Ja.

B HEKOTOpBIX MHKpPOKOHTpOJIJIEpaXx HMMeEETCs BO3MOXKHOCTb IOJKIIOYEHHS K BXOAY
0a3oBoro mpeoOpa3oBaTeNsi WMCTOYHHMKA OTAJOHHOTO HampspKkeHHs. BwiOop  omopHOTro
HaNpsDKEHUs omnpenensiercs komOuHanumed cocrosauit paspsmoB REFST u REFSO perucrpa
ADMUX. Kpome 3Toro, B HEKOTOPBIX MHKPOKOHTPOJUIEPAX C IIOMOIIBIO YCTAaHOBKH B
ennHu4Hoe coctossiHue paspsga ADLAR peructpa ADMUX MoxHO oOecneuuTh 3amuch
pe3yabpTata B CTaplide AECATh Pa3psAOB pErucTpa pesyiabTara. Torma mpu YTEHHH TOJBKO
ADCH mony4aroT BOCEMUpPa3psTHBIN KOJT pe3yJIbTaTa.

Kpome ananoro-uudpoBoro mnpeobpazoBaHue 3HAu€HHE C JaTYUKA COCTOSHHS
HE00X0AMMO OT(UIBTPOBATh, a TakXke MaciuTadbupoBaTh. QDHUIBTpAlMs 3aKIIOYAECTCS B
BBIJICJIEHUH TIOJIE3HOTO 3HaUeHUs Ha (poHe momeX, KOTopble (opMUPYIOTCS U3-3a pabOTHI CaMOTO
MHUKPOKOHTpOJUIEpa, pabOThl MOIKIIOYEHHBIX YCTPOWCTB W Jap. NpuiyuH. OJHUM H3 CaMbIX
pacrpoCTpaHEHHBIX METOJIOB (WJIBTPAlMd B MHUKPOIPOIECCOPHBIX CHUCTEMaX SBIISETCS
yCpelHeHHe 3HAYeHWH 3a ONpeAeTeHHbIM NPOMEXYTOK BpeMeHH. MacmtabupoBaHue — 3TO
npeoOpa3oBaHue 3HaYCHUS K BHUIY, TpeOyemomy aisi oOpaOoTKH, HampuMmep, npeoOpa3oBaHue
YCIIOBHBIX €IMHUI] B (PH3HUECKHE.

g obecnieuenust ILIMM-ynpaBnenusi 00beKTaMy, MOAKIIOYEHHBIMH K YIPABISIOMIEMY

YCTPOMCTBY MOKHO BOCITOJIb30BaThCsl BCTPOCHHBIMU TaliMepamMu-cueTurkamu. [Ipu aTom  Bech



nepuon Curaajia paSGI/IBaeTCH Ha JUCKPCTHBIC MHTCPBAJIbI BDEMCHH, B TCUHCHHUC KOTOPBIX
BBICTaBJIACTCS TO UJIM MHOC 3HAYCHUC.

Eme oxnoit npoGiiemMoii siBisieTcst oOecrieueHne HaJe:KHOW padOoThl MyIbTa YIPaBICHHS,
UMUTHPYEMBbIM KHONKOW. B 71aHHOM ciiyduae HEOOXOAMMO TMOJABHTh TaK Ha3bIBaEMbIH Jpedesr
KOHTAKTOB, KOTI/Ia IIPU OJHOKPATHOM Ha)KaTHUHM Ha KHONKY BO3HUKAET MPOLECC MHOTOKPAaTHOI'O
M3MEHEHMsI 3HAYEHUs CUTHaja, MOCTYHAloIero OT KHONKW. Jljis ero mojaBiieHHs OOBIYHO

HCIOJIB3YIOT BPCMCHHBIC 3aICPIKKHU.

2. [Topsiiok BHINOJIHEHHS JIA00PATOPHOI padoThI

13. Hamtucatp mporpammy yrpasieHust Ha s3bike C CodeVisionAVR. Pexum 3ammycka CHCTEMbI
3amaercs B Tabnuie 2. PexuM ocTaHOBa OIPENENIeTCs CISNYIOIUM 00pa3oM: BBIKIIOYCHUE
00BEKTOB yIpaBJICHUS BBHIMOIHAETCS B cly4yae ux pabotel He Oonee yem Ha 10%, a mmaBHBIM
Mepexo/l K ’TOMY 3HAYEHHIO JOJKEH OCYLIECTBIATHCS C MpUpalleHueM He 0osee ueM Ha -2%
3a 0.1 c. Pabounii pexxum 3amaercst B Tabaume 3. Ilepexon U3 OJHOTO COCTOSIHHUS B JIPYToe
JIOJDKEH OCYIIECTBIISITHCS C MpHUpaIlleHussMu He Oosee yem +5%. JlaTuMk moakitoueH K 3-y
kaHany ALl VYnpaensembie 00bekThl MojkI0YeHBl K BhiBoAaM 0 — 3 moprta B. Knormka,
UMHUTHpPYIOIIAas MNyIbT YIOpaBICHUs, MOAKIIOYEHa K BbBogy 4 mopra B. VYmpasnenue
obbekTamu MoJKHO Tipou3BoAuThes LIIMM-curnanamu ¢ wacroramu 1000, 2000, 3000, 4000
['a. JJnutenpHOCTD ATanoB 3amycka peana 10 ¢, 10¢,20¢, 15¢,5¢, 20c,
10 ¢, 10 ¢ cooTrBercTBeHHO. Mcnonp3oBaTh MukpokoHTposuiep ATMega3?2 ¢ TakToBoi
yactoroi 1| MI'm.

14. [Mporpammy OTIaIUTh C MOMOIIBIO OTiIaa4urKa cucteMbl AVR Studio 4.

15. OTBEeTUTH HAa BOIPOCHI.

3. Bonpocsi
31. MuKpOKOHTpOJUIEp B CUCTEME YIIPABICHUSI.
32. Amnanoro-nudpoBoe nmpeodpazoBaHue.
33. Peructpsl aHAIOTO-IIHPPOBOTO IPEOOPA30BATEIS.
34. BwIOop BXOJa JIJIs aHAJIOTO-IIH(PPOBOTO TPEOOPa30BaAHUS.
35. YcraHnoBka kodduUIIMeHTa EIeHHUS YaCTOThI aHATOTO-IIU(POBOTO MPEOOPA30BAHMUS.
36. 3amyck aHanoro-uu@poBoro npeodpa3zoBaHusl.
37. PexxuMbl paboThI aHATIOTO-ITM(DPOBOTO IpeoOpa3oBaTels.
38. MacmrabupoBaHue 3Ha4CHHS OT JaTYHKa.

39. dunbTpanus 3HAYCHUS OT JaTYHKA.



40. TlonmaBnenwue qpebesra KOHTAKTOB.

Tab6nuia 2. 3armyck CuCTeMbl

Ne [MNM-3Ha4yenns (B MPOIEHTaX OT MEpHo/a) CUTHAIOB YIPABICHUS 00bEKTaMHU
(00bexT1/06beKT2/00beKT3/00HeKT4) Ha dTamax 3amycka
1 2 3 4 5 6 7 8
1 | 10/10/10/1 | 10/15/15/1 | 20/15/15/1 | 30/30/40/2 | 50/40/45/4 60/60/60 70/70/80/9 | 90/90/90/9
0 0 0 0 0 0 0
2 | 5/10/15/10 | 10/15/15/1 | 20/30/30/1 | 30/30/40/2 | 50/40/45/5 60/60/60 70/80/80/9 | 90/90/90/9
0 0 0 0 0 0
3 | 10/15/10/1 | 20/15/15/1 | 20/35/25/2 | 30/40/40/2 | 50/40/50/4 60/60/60 70/80/85/9 | 90/90/90/9
0 0 0 0 0 0 0
4 | 10/10/10/1 | 10/15/15/1 | 20/15/30/1 | 30/30/40/2 | 50/40/50/4 60/60/60 70/70/80/9 | 90/90/90/9
0 0 0 0 0 5 5
5 | 10/20/15/1 | 10/15/25/2 | 20/15/25/2 | 30/30/40/4 | 50/40/40/4 60/60/60 70/75/85/9 | 90/90/90/9
5 0 0 0 0 0 0
6 | 5/10/15/20 | 10/15/15/3 | 20/30/30/4 | 30/30/40/5 | 50/40/50/6 60/60/60 60/80/80/9 | 90/90/90/9
0 0 0 0 0 0
7 | 15/15/10/1 | 15/15/15/1 | 20/15/50/3 | 30/30/40/4 | 50/40/45/6 60/60/60 70/70/90/9 | 90/90/90/9
0 5 0 0 0 0 0
8 5/5/5/5 10/10/10/1 | 20/15/15/2 | 30/40/40/3 | 50/40/45/4 60/60/60 70/70/80/9 | 90/90/90/9
0 0 0 0 0 0
9 | 5/15/10/10 | 15/15/15/1 | 20/15/50/3 | 30/30/40/5 | 40/40/45/6 60/60/60 70/80/90/9 | 90/90/90/9
5 5 0 0 0 0
1 | 15/15/15/1 | 15/15/20/2 | 20/15/20/2 | 30/20/40/3 | 40/40/45/4 60/60/60 70/75/80/9 | 90/90/90/9
0 5 0 5 0 0 0 0
Tabnuua 3. PaGounii pexxum
3HaueHu IlepBbIit Bropoii Tperuii Yersept
€ C JaT4uKa 00BEKT 00BEKT 00BEKT BIi OOBEKT
0..255 100 10 100 100
256...51 70 70 75 60
1 50 50 60 50
512...767 20 60 10 10
768...10
23
0..200 100 30 100 20




201...50 75 70 90 40
0 60 50 50 50
501...900 10 80 20 80
901...10
23
0..255 100 100 20 20
256...51 90 70 50 70
1 50 70 90 50
525...800 20 20 100 30
801...10
23
0..255 20 100 100 80
256...51 50 50 75 70
1 90 60 40 50
512...100 100 90 15 20
0
1001...1
023
0..100 100 100 20 90
101...50 75 70 70 70
0 40 55 100 50
501...800 15 25 50 40
801...10
23
0..199 20 100 100 100
200...80 70 60 70 70
0 100 50 50 50
801...100 50 10 30 20
0
1001...1
023
0..50 100 20 100 100
51...767 70 40 90 90
768...800 50 50 80 80
801...10 30 80 70 70




23

0..60 100 20 70 70
61...511 90 70 80 80
512...767 80 50 90 90
768...10 70 30 100 100
23
0..127 70 80 20 20
128...66 80 70 40 40
4 90 50 50 50
665...767 100 20 80 80
768...10
23
0..10 100 90 80 100
11...100 60 70 70 90
101...100 40 50 50 80
0 10 40 20 70
1001...1

023




