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Ileny  pabomepi:  W3yuuTh  OPUHLMIOBL  pa3pabOTKH  MporpamMMm Ui
MukpokoHTposmiepa u  JKKHM, cBs3p MexQy KOTOPBIMH  BBINIOJHEHA IO
nocieaoBaTeabHoMy nepudepuiinomy untepdeiicy SPI.

Beeoenue

[TocnenoBatensubiii  nepudepuiinbii  uHTepdeiic SPI  (Serial Peripheral
Interface), peasn3oBaHHBI BO BCEX MHKPOKOHTpOJUIEpax cemeiicTBa Mega, umeer
JBOSIKOE€ Ha3zHaueHue. Bo-MepBbIX, C €ro MOMOUIbI0 MOYKET OCYILIECTBIIATHCS OOMEH
JAHHBIMH ~ MEXAY MHKPOKOHTPOJUIEPOM H  PA3NUYHBIMU  NepudepuiiHbIMU
yCcTpoiicTBamMH, TakuMu, Kak 1udposbie noteHmomerpsl, LIATI/ALIT, FLASH-II3Y
u gap. lIlocpenctBom »3TOro uHTep(deiica Takke MOXKET NPOU3BOAUTHCS OOMEH
JAHHBIMH MEKIY HECKOJIBKUMHU MUKPOKOHTposuiepamu AVR.

[Tpu oOmene nmanHbiMu mo uHTepdeiicy SPI mukpokontpomiep AVR moxer
paborarh Kak Beaymui (pexxum «Master») MO0 Kak BeIOMbBIH (pexuM «Slave»).
[Ipy >TOM mTOJIB30BATENIb MOXKET 3aJaBaTb CKOPOCTh Iepenadd  (Cemb
IporpaMMUpPYEMbIX 3HauYeHH) W ¢opMar nepenadd (OT MIAJALIETO pa3psaa K
cTaplleMy Wik Ha000poT).

JIONOJIHUTENBHON BO3MOXKHOCTBIO TIoAcucTeMbl SPI siBisieTcst «mpoOyxaeHre»
MHUKPOKOHTpoJIiepa u3 pexuma Idle mpu noctymnineHnn JaHHBIX.

@Dyukyuonuposanue mooyns SPI

CrpykrypHas cxema moayis SPI npuBenena Ha Puc. 1.

Moayns SPI ucnons3yeT 4derbipe BbIBOJAa MHKpOKOHTposuiepa. Kak m s
OOJBIIMHCTBA MPOYHX HEepUPEepUtHBIX YCTPONUCTB, 3TU BBHIBOJBI SIBJSIOTCS JIMHUSMU
MOPTOB BBOJIa/BBIBOJIA OOIIET0 Ha3HaUYeHUs (Tadm. 1).
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Puc. 1. CtpykrypHas cxema moxayis SPI



Tabnuna 1 — BeiBoasl, nucnonb3yembie moaysem SPI

BriBog BriBoa Ha kopryce Haznauenue
SCK PB7 Brixoma(master)/Bxoza(slave) TakroBoro
cHTHaJIa
MISO PB6 Brixoa(master)/Bxoj(slave) manHbBIX
MOSI PB5 Brixoa(master)/Bxoj(slave) qaHHBIX
SS PB4 Bri6op BeomMoro ycTpoiicTra

[Ipu BrmouenHoM woxaynae SPI pexum paboThl yKa3aHHBIX BBIBOJIOB
(HampaBJieHME Tiepelauyd JaHHBIX) I[epeomnpenensercs cormacHo Tabn. 2.133.
Hamnpasnenue nepegauyd NaHHBIX ONPEAEISIETCS COCTOSHHEM COOTBETCTBYIOILETO
paspsna peructpa DDRB.

Ta6nuna 2 — [lepenaznauenue pexxruma paboThl BEIBOJOB MOy SPI

BriBon Pexxum «master» Pexnm «slave»
MOSI OnpenensieTcs NoJib30BaTEIEM Bxon
MISO Bxon Onpenensiercs nMojab30BaTEIEM
SCK Onpenensiercs NoJb30BaTEIEM Bxon
SS Onpenensiercs nojb30BaTEIEM Bxon

Kak BuaHO W3 TaOnMIBl, B OMNPEAETCHHBIX CIy4asX IOJIb30BaTENb JIOJKEH
CaMOCTOSATENIHO 33/1aTh PeXHUM paboThl BBIBOAA, UCHOIb3yeMoro moayiem SPI, B
COOTBETCTBUM C €ro Ha3HadeHueM. lIpm 3TOM BO3MOXKHOCTH YHpPaBICHUS
BHYTPEHHUMH MOJTATUBAIONIMMH PE3UCTOPAaMH BBIBOJIOB, PAOOTAIOUINX KAaK BXObI,
COXpaHsETCsI HE3aBUCUMO OT crIoco0a YIpaBIeHHs UX PEKUMOM PabOTHI.

Jlns ynpasnenust moayiem SPI mpeanazHaueH peructp ymnpasieHuss SPCR,
pacnonoxennbiii mo agpecy $0D ($2D). Kparkoe onucanue (GyHKIUE pa3psioB
perucrpa npuBeAeHo B Tabm. 3.

Tabmuna 3 — Pa3psansl peructpa SPCR

Pazpsin HazBanue Onucanue

7 SPIE Pazpemienue npepreianusg ot SPI

6 SPE Bxirouenue/BrikiroueHue SPI

5 DORD [Topsinok nmepegaun JaHHBIX

4 MSTR Br16op pexxrima paboThl («master»/«slave»)
3 CPOL [TosIpHOCTH TAKTOBOI'O CUTHANA

2 CPHA @daza TaKTOBOT'O CUTHAaJIa
1,0 SPR1:SPRO CxopocTb nepeaayu

KoHTponb cocTostHUST MOAYJs, a TakkKe JOMOJHUTEIbHOE YIpaBieHUE
CKOpPOCThIO OOMEHA OCYILECTBIAECTCS C IMOMOIIbIO peructpa coctosHus SPSR,




pacnonoxenHoro no aapecy $OE ($2E). Paspsimet ¢ 7-ro mo 1-if 3toro perucrpa
JOCTYITHBI TOJIBKO JJIst YTeHusi, a 0-i paspsii — Kak Ui YTE€HHs, TaK M JJIs 3aIlHCH.
HasHaueHue paspsi0B 3TOr0 perucrpa ornucano B Tabr. 4.

Ta6nuna 4 — Pa3psiael peructpa SPSR

Paspsn | HasBanue Onucanue
7 SPIF @uar npepeiBanus oT SPI
6 WCOL ®nar KOH(IMKTa 3aMucu
5...1 — 3ape3epBUPOBAHBI, YUTAKOTCS KaK «0»
0 SPI2X Y 1BoeHHEe CKOPOCTH OOMEHa

[lepenaBaeMble JaHHBIE 3aIMCBIBAKOTCS, a IMPUHUMAEMBIE — CUUTBHIBAIOTCS W3
peructpa manHbix SPDR, pacnosoxennoro mo aapecy $OF ($2F). 3ammcey B 3TOT
pErHCTp HMHHMLIMHUPYET Hayajlo Meperadyd, a IMpuh €ro YTEeHUU CUUTHIBACTCS
comepxkumoe Oydepa caBuroBoro perucrpa. pyrumu clioBaMu, PErMCTp JaHHBIX
CIIy’)KUT Oy(epoM MeXIy PErucTpOBBHIM (PailyloM MUKPOKOHTPOJUIEPA U CABUTOBBIM
peructpom moayist SPIL

CoenuHeHue AByX MUKPOKOHTPOJIJIEPOB (BEAYIIHNI — BEIOMBIIA) 10 HHTEpdency
SPI noka3zano Ha puc. 2. BeiBog SCK Bemymiero MHUKpPOKOHTpOJIJIEpA SIBIISAETCA
BBIXO/JIOM TAKTOBOI'O CUTHAJIA, @ BEAOMOI'0 MUKPOKOHTPOJIJIEPA — BXOJIOM.

ITepen BbIMOIHEHHEM OOMEHA HEOOXOAMMO, MPEXKIE BCETO, Pa3peluTh padoTy
moaynst SPI. Ins atoro cineayer ycTaHoBUTH B «1» paspsia SPE peructpa SPCR.
Pexxum pabothl ompenensercs coctosHreM paspsigia MSTR atoro perucrtpa: eciu
paspsll YCTaHOBJIEH B «1», MUKpOKOHTpoJuiep padoTaeT B pexume «Master», eciu
cOpomuieH B «0» — B pexxume «Slaver.
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Puc. 2. Coenunenue MHKpbKOHTponnepOB no unrepdeiicy SPI

[lepenaya maHHBIX OCYIIECTBISIETCA cleAyromuMm obpazom. Ilpu 3ammcu B
peructp aAaHHbix SPI Bemymiero MHUKpPOKOHTpoOJUIEpa 3amyCcKaeTcsi TeHepaTop
TaKTOBOTO curHajia monayis SPI, u naHHble HaUYMHAIOT MOPA3PSAIHO BBIIABATHCS Ha
BbiBOA MOSI u coorBerctBeHHO mnoctynate Ha BbiBog MOSI  Bemomoro
MUKpOKOHTpoJiepa. [lopsmok nmepemaum  paspsaoB  AAHHBIX — ONPEAEISIETCS
cocrogaueM paspsga DORD perucrpa SPCR. Ecnu paspsig ycTaHoBIE€H B «1»,
NEPBBIM TepeaaeTcss MIaAIMUi pa3psia Oaiita, ecnu xe cOpouieH B «0» — crapiiuii
paspsan. I[locie Bblgauu MociaeAHEro paspsiaa TeKyilero 0aiiTa reHepaTtop TaKTOBOTO
CUTHaJIa OCTAHABJIMBAETCS C OJIHOBPEMEHHOUN ycTaHOBKOM B «l» ¢uara «Konen
nepenaun» (SPIF). Ecniu npepeiBanust ot monayns SPI paspemenst (daar SPIE
peructpa SPCR ycranoBiieH B «1»), reHepupyeTrcs 3anpoc Ha mnpepbeiBanue. [locrne
3TOTO BEIyIIMHA MHUKPOKOHTPOJUIEp MOXKET HadaTh IMepeaady cleAyrolero Oaiita



1160, moAaB Ha BXoa SS BenoMoro MUKpOKOHTpoJuiepa Hamnpsokenne BBICOKOI'O
YPOBHS, IEPEBECTH NOCJIEIHUI B COCTOSTHUE OKUIAHUS.

OnHOBpPEMEHHO C Mepenaydeld JaHHBIX OT BEAYIIETO K BEAOMOMY MPOUCXOIMT
nepeaaya ¥ B OOpaTHOM HaIpaBJIE€HUU MPHU YCIOBUHU, YTO Ha BXOjA€ SS BeIOMOro
npucytctByeT Hanpsikenue HU3KOI'O ypoBHs. Takum o06pa3oM, B KaKIOM IHKJIE
CABUTA MPOUCXOAUT OOMEH JaHHBIMU MEXKIY YCTPOWCTBAMHU. AHAJOTMUYHO B KOHIIE
kaxaoro nukiaa ¢uar SPIF  ycranaBnuBaeTcs B «l» Kak B BeaylleM
MUKPOKOHTPOJIIEpE, TaK U B BeOMOM. [IpuHATEIE OalThl COXPAHSIIOTCS B MPUEMHBIX
Oydepax mis JaTbHEUIIEeTr0 UCTIOIb30BAHMS.

B monyne peanuzoBana onuHapHas Oydepusanus mpu nepeaade u ABoitHas npu
npuemMe. DTO O3HAYaeT, YTO TOTOBBIM NJIs mepenadr OalT MaHHBIX HE MOXKET OBITh
3anucaH B perucTp JaHHbBIX SPI 1o oxoHuanus mpeapiaymiero mukia ooOMena. [lpu
MONBITKE HM3MEHUTh COAEPKUMOE PETrHCTpa JaHHBIX BO BpeMs Iepelaydu
yctanaBiuBaetcss B «1» ¢umar WCOL peructpa SPSR. CopaceiBaercs 3TOT uar
nocie yreHus: peructpa SPSR ¢ nocnenyromum obpailieHueM K PErucTpy JaHHBIX
SPI.

CoOTBETCTBEHHO, MPU NMPUEME JAHHBIX MPUHATHIN OAUT TOJKEH ObITh MPOYUTAH
u3 peructpa naHHbIX SPI 10 TOro, Kak B CIBUTOBBIM PETUCTP MOCTYNUT MOCIEIHUN
paspsiz cienyroiero 6aiita. B mpoTuBHOM ciiydae mepBblil 0ailT OyaeT moTepsiH.

Pestcumnt nepeoauu 0annvlx

Crnenudukauus untepdeiica SPI mpenycmarpuBaer 4 pexuma mnepeaavu
JaHHBIX. OTH PEXKUMBI Pa3INyYalOTCd COOTBETCTBUEM MEXIy (a3oi (MOMEHT
CuuThIBaHMs curHana) TakroBoro curHaga SCK, ero mnoJsipHOCTBIO U
nepefaBaeMbiMH  JaHHBIMH. Bcero  cymectByer 4  Takux — KOMOWHAIuH,
onpexensieMbix coctosinueM paspsanos CPHA u CPOL peructpa SPCR (Ta6m. 5).

Tabnuna 5 — 3aganue pexuMa rnepeadn JaHHbIX

Pazpsin Onucanue
CPOL ITongapHOCTH TAKTOBOI'O CUTHAJIA
CPHA @da3a TaKTOBOTO CUTHAJIA
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Puc. 3. Ilepenaya nannubix npu CPHA = «0»




CooTBeTCTByIOIIIME ATUM pekumaMm ¢dopmaTbhl oOMeHa aaHHBIMU 4Yepe3 SPI
npuBeneHsl Ha Puc. 3 u Puc. 4 (mepemaua Benmercst OT cTapuiero paspsaa K
MJIAJIIIEMY ).

oo [ ] LI Hp

Hplplgi
soemen = UL LU LU

MomeHTul )

BBOpOK

A G D G0 . G . Gh . ah, G0 SN,

=IO G D GD, AN GN, G5 G Gbe

ssioammonn)  \ : i ’ /
DORD =0 C3P . Paapb PaaID,S Pa;p.d Paap.3 Paalp.2 Paa;:,i M3P
DORD=1: MIP Pasp.1  Pazp2  Paspd  Pasp4  Pasp5 Paspb C3p

Puc. 4. Ilepenaua nannwsix npu CPHA = «1»

Yacrota TtakroBoro curHaiga SCK u, COOTBETCTBEHHO, CKOpPOCTb NEperadyu
JaHHBIX [0 UHTEpdeiicy onpenensiercs coctosnueM paspsanoB SPR1:SPRO peructpa
SPCR u paspsama SPI2X peructpa SPSR (Ta6n. 6). Pasymeercs, peup uaer o
MHUKPOKOHTpOJUIEpE, paboTaromeM B pekume «Master», T. K. IMEHHO OH SIBIISICTCS
UCTOYHUKOM TaKTOBOro curHana. /I ycCTpoHCTBa, HAXOMSIIETOCS B PEXHUME
«Slave», COCTOSIHHE dTUX Pa3psIOB OE3paA3TUIHO.

Tabmnura 6 — 3amadaue yactoThl TakToBOro curdaia SCK

SPI2X | SPR1 SPR2 Yactota curgaina SCK

0 0 0 fe/4

Jerx/16

JeLx/64

Jax/128

Jerx/8

fex/32

— == = | OO

0 1
1 0
1 1
0 0 Jei/2
0 1
1 0

1

1 Jerx/64

[Ipumeuanue: fc ¢ — TAKTOBAs 4aCTOTa MUKPOKOHTPOJLIEPA.

Crnenyer uMeTh B BUAY, YTO (YHKIIMOHUPOBAHNE MUKPOKOHTPOJUIEPA B PEKUME
«Slave» rapanThpyeTcs TOJIbKO HAa YaCTOTaxX, MEHBIIUX WU paBHbIX fcyk/4.

Hcnonvzosanue évigooa SS

Boo061ie roBops, 3TOT BBIBOJ MpeAHA3HAYEH ISl BBIOOpA aKTUBHOI'O BEIOMOTIO
yCTpoMcTBa U B pexxkume «Slave» Bcerga siBnsiercs Bxoaom. [lpu mopade Ha Hero
Hanpspkeauss HU3KOI'O ypoBusa Moayns SPI aktuBupyercs u BbeiBog MOSI
NEPEKITIOYAETCS B PEXKUM BBIBOJIA JJAHHBIX (€CJIM 3TO 33JaHO MOJIb30BATEIEM).

OcranbHbie BbIBOABI Moayist SPI SBISIIOTCS B 3TOM peXHUME BXOAAMH. A TIpH



nonaye Ha BbiBoA SS HanpsbkeHuss BBICOKOI'O ypoBHs Bce BbIBOABI Moayist SPI
NEPEKIII0YAIOTCSl B PEXHMM BBOJA JaHHbIX. [Ipy 3TOM MOAyNb MNEPEXOAUT B
HEAaKTUBHOE COCTOSIHUE W MPUEM JAHHBIX HE Npous3BoAuTcsa. Kak mpaBuiio, B 3TOM
COCTOSIHUH MPOTrPaMMa U3MEHSET COAEPKUMOE PETUCTPA TaHHBIX.

CrenyeT NOMHHUTB, UTO Ka) bl pa3, KOrJa Ha BBIBOJA SS MOJAETCs HANPSKEHHUE
BBICOKOI'O ypoBas, mpoucxomut copoc moayns SPI. CooTBeTCTBEHHO, eciu
WU3MEHEHHUE COCTOSIHUSL 3TOTO BBIBOAA IMPOM3O0MIET BO BpEMs IEpelayd JaHHbIX, U
IpUeM, U Neperadya HEMEIJEHHO NPEKpaTITCs, a NepeaBacMblii 1 NPUHUMAEMBbIA
0aiiThl OyyT MOTEPSHBI.

Ecnu e MHKpPOKOHTpOJUIEp HaxoauTcs B pexume «Master» (paspsn MSTR
peructpa SPCR ycraHoBieH B «1»), HampaBieHUe Nepeadyu JaHHBIX Y€pe3 BBIBO/I
SS omnpenensercs nmonp3oBaTeneM. Eciu BbIBOA CKOH(UTYpUpPOBaH KaK BBIXOJ, OH
paboTaeT Kak JMHHS BbIBOJA OOIIEro Ha3HAUYEHHUS M HE BIHUSAET Ha pabOTy MOAYI
SPI. Kak mpaBuiio, B 3TOM CIIy4ae OH HCMOJIb3YETCS JUJIsl YNPABICHUS BBIXOAOM SS
MUKpPOKOHTpOJIIEpa, paboTaloIEro B pexume «Slave».

Ecnu sxe BBIBOJI CKOHPUTYPUPOBAH KaK BXO/I, TO JJIs1 0OECIIEYeHHs] HOpMaJIbHON
pabotel Monyns SPI, Ha Hero mopkHO OBITH momaHo HamnpsbkeHue BBICOKOI'O
ypoBHs. [lomaua Ha 3T1oT BXOna HampsbkeHus HU3KOI'O ypoBHS OT Kakou-ImO0
BHEIIHEH cxeMbl Oyzaer BocopuHsta MoayiaemM SPI kak BbeiOOp JaHHOrO
MHUKPOKOHTPOJIJIEPA B KAYECTBE BEIOMOI0, 1 COOTBETCTBEHHO, HAYaJI0 NEPEAAUYH EMY
naHHbIX. Bo wn30Oexanue koH(paukTa Ha muHEe MOoAyidb SPI B Takux cmyuasx
BBIIIOJIHAET CIAEAYIOIINE JEHCTBUS:

l.®rar MSTR peructpa SPCR cOpacbiBaeTcsi, U  MHUKPOKOHTPOJLIEP
nepekioyaercs B pexuM «Slave». Kak cineactsue, BeiBoabl MOSI u SCK HaunHaroT
(YHKIIMOHUPOBATH KaK BXOJIbI.

2.YcranaBmuBaetrcsi ¢umar SPIF peructpa SPSR, renepupys 3ampoc Ha
npepsiBanue ot SPI. Eciu nipepwiBanust ot SPI paspemenst u daar I peructpa SREG
YCTaHOBJIEH B «1», MPOUCXOAUT 3aMyCK MOJAMPOrpaMMbl 00paOOTKU MPEPHIBAHMUS.

Takum o00pa3oMm, eciau BeAYUIMH MHUKPOKOHTPOJUIEP MCHOJB3YET Nepenavy
JAHHBIX, YIIPABISIEMYIO MPEPBIBAHUEM, U CYLIECTBYET BEPOSITHOCTh MOJAYHM HA BXOJI
SS nanpspkenuss HU3KOI'O ypoBHs, B moanporpamme oOpabOTKU MPEphIBAHUS OT
SPI o6s13aTenbHO JOJKHA OCYIIECTBIATHCS MpoBepka coctosus guiara MSTR. Tpu
oOHapyxxeHun cOpoca 3Toro ¢Giara OH AOKEH OBbITh MPOrPAMMHO YCTaHOBJICH
o0paTHO B «1» 1151 06paTHOTO MepeBoia MUKPOKOHTpOJUIEpa B pexuM «Master».
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Puc.5 Cxema snexTpudeckast IpUHIIUIHAIBHAS MOJTYJIS IOCIEI0BATEILHOTO
nepudepuitnoro uaTepdeiica SPI
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Puc.6 Cxema anekTpuueckas IpUHIMIHAIbHAS MOy s OykBeHHO-1uppoBoro LCD
JUCIIIes

3aoanue Ha 1abopamopHyio padomy.
1. Ha ocHOBaHMM BBIIENPUBEICHHOIO TEOPETUUECKOTO MaTepuaia pa3padboTaTh
nporpamMmy cBs3u mo uHtepdeiicy SPI mukpokonTposmiepa ¢ LCD-unaukaTopoMm.



Jlnst  omucaHWs TPOTOKOJIAa OOMEHAa MHUKPOKOHTPOJUIEpA HWCIOIB30BaTh  S3BIK
accemMOrep.

2. lIpoBepuTh HanmuuuWe CBSI3M MUKpOKOHTposuiepa ¢ LCD-uHmukatopom
nocpeacTBoM unrepdeiica SPI.

3. Boinate Ha unaukatop 3HaueHust O3Y MUKpPOKOHTpOIIEpA, OUUCTUTD SUYEHKU
O3V.

Konmponwvnwvie sonpocuwi.

Jlnsa yero npeanaszHaueHn untepdeiic SPI?

Kakue pexxumbl pabotsl unrepdeiica SPI OpiBatot?
OnexTpuueckue napameTpsl uHTepdeiica SPI.
CrtpykTypa coobmienus mo uatepdeiicy SPIL.
Tpebosanus unrepdeiica SPI.
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