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ABTOHOMHDbIE MEPUDEPUNHbIE
YCTPOWCTBA: MAJIOE NOTPEBJIEHUE
B PEAJIbHOM BPEMEHW

FPEFOP CAHOEPAUK (GREGOR SUNDERDIEK), meHepxep no passutuio 6usHeca MCU8 EMEA, Microchip Technology

He3asucumas om adpa nepudgepus (CIP) npedcmasnaem cob6oli asmoHOMHble,
c8A3aHHble Mex0y coboli UHmMensieKmyanbHoele ycmpoticmea. bnazooapsa smol
nepugepuu npu evinosiHeHUU psA0a 3aday He mpebyemcs emMewamesbcmeda
ueHmpanoHozo npoyeccopa (LjI1), ymo no3eonaem ucnosnb3osame e2o 0714 Opy-
2ux 3a0a4. B pesynbmame npunoxeHus nosiy4arom HeCKoJlbKo hpeumywecms.
B cmamee paccmampusaromca npeumywecmea CIP-nepugepuu Ha npakmuye-

CKUX npumepax.

Bo-nepsbix, CIP-nepudepuna nossonsa-
eT NCKJTIYNTb NCMONb30BaHVe LieHTpasb-
HOro npoLjeccopa B yCTaHOBNEHUN CBA3M
MeXJy BHELWHUMM yCTponcTBamu. B Takmx
C/lyyasnx, NoKa AAP0 HAXOAUTCA B pexnme
CHa, paboTa NporpammMHoro obecneyeHus
He npepbiBaeTca. OueBMAHO, ecnun AAPO
«3acbinaet, a N0 He ucnonb3yeTca, NoTpe-
6neHne ToKa CHMKaeTcA. Y LeHTpanbHo-
ro npoueccopa, ABNAOLWEroca YacTblo
MWKPOKOHTpOepa, — CaMblii BbICOKUN
notpeb6naembin Tok. CnefjoBaTeNbHO,
NCnonb3oBaHNe He3aBUCUMMbIX OT Agpa
nepudepuitHbIX YCTPONCTB No3BonAeT
YMEHbLUUTb SHEPronoTpebneHue.

Bo-BTOpbIX, HE3aBMCKHMbIE OT AfpPa
nepudepuiiHbie yCTPONCTBA He Bbi3blBa-
0T NpepbIBaHMI, YUTO HAMHOTO yCKOpA-
eT KOMMYHUKauuun. Aapy LeHTpanbHOro
npoueccopa, Kotopoe ynpasasaeT Npo-
rpammHbiM obecneveHnem, Tpebyetca
AOCTAaTOYHO MHOIO BPEMEHM Ha reHepa-
LU0 NpepbiBaHMA MO curHany nepude-
PUNHOro yCTpOMCTBa ANA BbINONHEHNA
onpepeneHHomn onepauumn. Ha 31o npe-
pbiBaHne HEOGXOp,VIMbI MATb TAKTOBbIX
LUKNOB, U3 KOTOPbIX ABa LMKNa 3aTpa-

4MBalOTCA Ha COOTBETCTBYIOLLYIO Onepa-
uuio nepexofa. Kpome T0ro, HeCKoIbko
LUKNOB MOXeT NoHafobuTbCcA Ha nepe-
K/IOUYEHVe KOHTEKCTa, YTOObI COXPaHUTb
[aHHble B perncTpax cteka, Yto 3aBucuT
OoT ocobeHHOCTEN NpunoxeHua. Hesa-
BMCUMas OT Agpa nepudepus nossonaet
HaMHOIO YCKOPUTb MPOLecc npepbiBaHuA.

B-TpeTbux, ncnonb3oBaHUe He3aBUCU-
MbIX OT AApa nepndepuinHbIX yCTPoncTs
rno3BonseT 6bicTpee BbIBECTU NMPOAYKLNIO
Ha PbIHOK 3a cYeT MeHbLuero o6bema Koaa
nporpaMmmHoro obecrneyeHuns, BO3N0XNB
onpegfeneHHble 3ajaun Ha obopynoBaHue.
B pesynbTaTte CHMXaeTcAa pUCK NoABNEHNA
NPOrpamMMHbIX OWMOOK, N MeHbLUE Bpe-
MeHun TpebyeTca Ha nposepKy MO. Takum
o6paszom, Bpems pa3paboTKn npoayKuum
CTaHOBMUTCA MeHbLLE.

Y MukpokoHTponnepos cepun AVR BcA
He3aBuMcumasa ot agpa nepudepuna nog-
KNtoYaeTca C MoMoLblo cucTeMbl obpa-
60TKM cobbiTun (Event System). B atoin
CMCTEME CUFHasbl O BHELWHUX CoObITUAX
nocTynaloT B reHepaTop cobbITuin Yepes
mynbTunnekcop. CobbiTuA 6bIBalOT CUH-
XPOHHbBIMW 1 aCUHXPOHHbIMU. ACUHXPOH-
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HbIM COOBITAM TPebyeTCA MeHbLLEe OfHOro
TaKTOBOTO LMK, @ CUHXPOHHbIM — fiBa
TaKux uMKna.

MHorve nepudepuitHble yCTPONCTBa,
NoAKJIOYEHHbIe K cncteme 06paboTku
COObITUIA, CTAHOBATCA HE3aBUCUMbIMU
oT Appa. K 3Tum ycTponcTBam oTHOCATCA
TarMepbl, CYETUYNKN peanbHOro BpeMeHu
(RTC), Taimepbl Nnepunognyecknx npe-
pbiBaHui (PIT), KoHburypupyemas nonb-
3oBaTenem noruka (CCL), aHanoroBble
komnapatopbl (AC), AU, yHusepcanb-
Hble CIHXPOHHO-aCUHXPOHHbIE NPUeMO-
nepepatuynku (USART) n nHtepdencol
BBOAA/BbIBOAA 06Lero HasHadveHus (GPIO).

NMPUMEHEHMUE CIP

Mepep ncnonb3oBaHveM He3aBUCMble
OT Aapa nepudepuiHble yCTPONCTBa KOH-
durypupytotca. LleHTpanbHbI npoueccop
BbIMOJIHAET KOMaHAY NO MHUUmannlaymnn
cnMcTembl 06paboTKM cobbITUI N TPebye-
MbIX NepudepuiiHbIX yCTPOMCTB.

YCTPAHEHUVE OPEBE3TA

MEXAHUYECKUX KNNTABULL

B pAage coBpemMeHHbIX NPUNoXeHunn
ANA BBOJA NO-NPeXHEeMy NCMNoJb3yloTcA
KHOMKW. NS KaKJow 13 HUx TpebyeTca
JIOrMYeCcKmnin 610K, NO3BONAOLWNIA YCTpa-
HATb BO3HI/IKaIOLI.|,I/IIZ npn KoMmyTauunn
apebesr, unn MO, NnpegoTepalawLlee
NoXHOe cpabaTbiBaHue. Peanvsayus ston
bYHKUMM NPOrpaMMHbIM CNOCO60M Npu
NCMOSb30BaHNM MUKPOKOHTposinepos AVR
He npepacTaBnseT ocoboro Tpyaa. OyHKUMA
OCYLLEeCTBNAETCA C MOMOLLbIO 3afiepXeK
UNY Nornyeckoro 6110Ka B NpUKnagHomn
nporpamme. 3ameTuM, YTO B TaKMX Clyya-
AX NCMONb3YI0TCA PecypCbl LLeHTPanbHOro
npoueccopa. PakT HaxkaTA KHOMKK Npo-
BepAETCA NyTem Onpoca Uy npepbiBaHUA



oT KoHTpornnepa GPIO. N B Tom, n B gpyrom
cnyyasx ncrnonb3yetca L.

3apayva no ycTpaHeHuto apebesra mexa-
HUYeCKNX KNnaBuLl pelaeTca C noMmoubio
He3aBucumon ot aapa nepudepun. Mpu
3TOM Harpyska Ha LI He Bo3pacTaeT —
HEeO6XO4MMO TONIbKO BOCMOJIb30BaTbCA
6nokom CCL. MHTepdeiic GPIO Tam, rge
nponcxoaunuT nogknovyeHne KHOMKN, KOH-
buryprpyetca Kak aCHXPOHHbIN reHe-
paTop cob6biTnin. bnok CCL dpukcnpyer
BHeLWHee cobbiTne. CurHan c Bbisoga GPIO
Ha BbiBoa CCL nepepaetcs 6e3 3afepxKu.
Tabnuua nctnHHoctn B 651oke CCL KOH-
durypurpyetcsa Takum ob6pasom, 4tTobbl
BbIXO[HOW CUTHan Gbll paBeH BXOLHOMY.
BbixogHom curHan CCL noctynaet B unstp
(cm. puc. 1). JToxHble curHanbl ycTpaHaoTcA
13 BXOLHOro curHana. Mpu 3Tom umeetcs
BO3MOXHOCTb /1A BbIXOOAHOIO CUrHanla
YCTaHOBUTb 3afePXKKY dunbTpa B frana-
30He 2-5 TaKTOBbIX LMKOB (Nepudepuii-
HOro nam BCcnomMmoraTtesibHOro TaktToBoro
reHepartopa). Hanpumep, npu ncnonb3o-
BaHWUW TaKTOBOW YacToTbl 32 Kl 3aepKKa
coctaBuT 1,5 mc. Bpemsa 3apeprKKu MOXXHO
YBENNUYNTb, UCNONb3YA APYTYI0 TaKTOBYIO
YacToTy, APYro reHepaTop Ui Tanmep.

3AEPXXKA C TAUMEPOM

Hanpumep, Tammep-cyeTumnk
(Timer/Counter B, TCB) HacTpanBaeTca ans
paboTbl B OAHOTAKTHOM pexkume. Mpw nony-
YyeHunun Taﬁmepom CUrHana o CO6bITI/II/I Hauu-
HaeTCs OTCYeT, NoKa He 6yaeT JOCTUTHYTO
3anporpaMM1pPOBaHHOE MaKCUMasbHOE 3Ha-
YeHue, MOCJIe YEro OTCUET NPEKpaLLaeTCA.
BbixogHow curHan c Tanmvepa TCB nopaetca
B 610k CCL. B 3ToMm 6510Ke co3faeTcs Tpe-
6yemasa KOMOVHALMA CUTHana 3afepKu.
Takol nogxog o6ecrneurBaeT OUYeHb rMOKyio
HaCTPOWKY 3afepxKu BpemeHn. Kaxkabin
HOBbI CUTHAN O COBLITUN, NOCTYNAOLWMNIA
B Taimep TCB, HMLUMMpyeT HOBbI OTCYET.

FTEHEPALIUA MEPTBOIO BPEMEHU

MepTBOe Bpema ncnonb3yeTca B npu-
NOXEHWAX, B KOTOPbIX KNOYN (TpaH3n-
CTOpbI, NosieBble TpaH3ucTopbl unu IGBT)
YyCTaHOBJIEHbI NOC/IeA0BATENIbHO MeXAY
NCTOYHNKOM MUTAHWNA N 3a3eM/IeHNEeM.
Ecnu o06a akTVIBHbI B OIHO U TO >Ke BpeMms,
BO3HMKaeT KOPOTKoe 3aMblKaHue. MNprme-
POM MOXET CYXNTb MOCTOBOW CUIOBOW
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Puc. 2. Tenepauua mepreoro Bpemenu CCL LUT 0
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Puc. 3. TeHepaumua mepTBoro Bpemenn CCL LUT 1

Kackag, KOTOpbIi 06bIYHO NPUMEHAETCA
ANA ynpassieHuAa npueoaom. B 3asuncu-
MOCTWN OT NPUIOXKEHUA MEPTBOE Bpems
pa3penAeT nocsepoBaTefibHble nepe-
KnoveHna nnu umnynscol LIKM. MepTsoe
BpemMsa MeXay 3TUMV UMMySibcaMm Tpeby-
eTcA, Hanpumep, NpPU CMHYCOMAaNbHOM
YyNpaBAeHUN N MeXAy NepeKkoYeHnAMN
B OAHOMOJTIOCHbIX GeCLIETOUHbIX ABUraTe-
NAX No NocToAHHOMY ToKy (BLDC). MepT-
Boe Bpema mexnay WNM-umnynbcamun
reHepupyeTca ¢ nomolybto Tanmepa TCD
(Time Code Display — popmmpoBaHme Bpe-
MEHHOro Koja).

[lnAa reHepauum MepTBOro BpeMeHu
Mexay nepeknioyeHnaMy TpebyioTca ABa
Tanmepa, nornveckuin 6nok CCL n cur-
Han nepemMeHHOro Toka. Ha pucyHkax
2-3 nokasaHa Tabnuua NCTUHHOCTY 61oKa
CCL. Tarimep TCA reHepupyet 6a30Bbiii
LUNM-crrHan ynpasneHua nprusogom. Cur-
Han OT BHELUHEro MCTOYHMKa NepemMeHHOro
TOKa, NOJAaHHbIN Ha JaTumK Xonna asura-
TenA, NoCTynaeT yepes cmctemy obpabot-
Kn cobbiTnin B Taimep TCB. OT0T Talimep
reHepupyeT CUrHan MepTBOro BpeMeH!
npv NOAyYEHUN CUTHaNa U3 NCTOYHNMKA
nepemeHHoro Toka. bnok CCL KombUHuM-
pyeT curHanbl Tanmepos TCA (LLMM), TCB
(MepTBOE BpEMA) U CUFHaN 13 NCTOYHUKA
nepemMeHHoOro Toka. BxogHbiM curHanam,
KOTOpble MOXHO BblbUpaTb Henocpes-
CTBEHHO B KoHburypaumm CCL, He Tpeby-

€TCA UCNONb30BaHMe CUCTeMbl 06paboTKm
cob6bITMIA. MeXxay 3TUMN MOAYNAMU UMe-
10TCA GUKCMPOBaHHble CoeanHEHUA. 3aTeM
6nok CCL reHepupyeT gBa WWMM-curvana
(cm. puc. 4), KOTopble YNpaBAAOT Koua-
Mun aBuratend. [isuratens pabotaet 6e3
ncnonb3oBaHuA pecypcos UMM. Moapo6-
Hee cm. [1].

ABTOMATUYECKUW WWAM-CUTHAN

OTKNIOYEHUA

MocKonbKy BO MHOTUX MPUTOXKEHNAX
oCyLecTBNAETCA KOHTPONb Haj noTpe-
6519eMbIM TOKOM, OH He NpeBbIlIaeT MaK-
CMMaJIbHOTO YPOBHA. DTy GYHKLMIO Nerko
peann3oBaTb C MOMOLLbIO aHAIOrOBOro
KoMnapaTopa CMrHanoB NMepeMeHHOro
ToKa. KomnapaTop nsmepser Hanpsaxe-
Hue (TOK Yepes pe3ncTop) C NOMOLbIO
WyHTMpytowero pesucrtopa. Mpu npe-
BbILLEHMW 3aJaHHOrO Nopora reHepauna
LWUMM-cnrHana MrHoBeHHO NpekpatlaeT-
cA. B 06onx npriBefieHHbIX HUXe nprme-
pax ucnonb3yeTca He3aBMCMMas OT AApa
nepudepus. Mogaya BbixogHoro WNM-
CUrHana npekpaujaeTca npu obHapyxe-
HUW NpeBbILEeHNA TOKa; BMeLlaTenbCcTea
LM He TpebyeTcs.

YMNPABJIEHVE CBETOAUO4HbIM

OCBELLEHUWEM

Tamep-cueTtumk AO reHepupyeT LLUVIM-
curHan gna ceetopmopa. Nockonbky ana
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Puc. 4. BpemeHHan Auarpamma reHepauum MepTBoro BpemMeHu
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MWKPOKOHTPOJITEPBI U MUKPOMNMPOLECCOPbI

OBHapy»KeHWs neperpysKu no ToKy NCronb-
3yeTCs UCTOYHMK MMIMYNIbCHOTO TOKa, a 610K
CCL KOMBVHMPYET 3TU CUrHabl, Npu 0bHa-
py>KeHu NeperpysKu no ToKy aBTomaTtuye-
CKu npekpawaetca nogayva LWMM-curnana.
CurHanbl nepemeHHoro Toka 1 TCAO noga-
0TCA Yepes cucTemy 06paboTKM COOLITUN
B 6nok CCL. BbIxofHOW CrHan nepemeHHo-
ro Toka v LUMM-curHan KoHpurypupytotcs
C MOMOLLbIO TabnuLbl UCTUHHOCTM 6r1oKa CCL
(cm. Tabn.).

Taﬁlmua UCTUHHOCTU ANA YC(TPaHeHUA 0TKa30B
ECEETETERT
0 1 1

0 0 0
1 X 0

YOPABJIEHUE NPUBOAOM

cnomMmoubio TCD

beclueTouHbIV ABUraTeNb NOCTOAHHO-
ro ToKa ynpasiseTca C MTOMOLLbIo Talimepa
TCD, koTopblIi reHepupyeT LUAM-curHansi
[IBYX KaHaNoB U1 [iBYX BCMOMOTraTenbHbIX
KaHanoB ANA ynpaBieHUA YyeTbipbMaA
MOSFET cnnoBoro MocToBoro Kackaza.
BenuuvHa Toka ABuratena onpegensetca
nyTeM N3mMepeHusa HanpsXeHua WyHTa,
KOTOPbIN YCTAHOBNEH MeXy 3TUM ABU-
ratenem n 3emnei. CurHan MMNynbCHOro
TOKa NMOCTynaeT yepes cuctemy obpabot-
K1 cobbITuin B Tamep—cuyetumk DO (TCD).
OpHa 13 pyHKLMIA 3TOro TalMepa cocTout
B YCTpaHeHUN 0TKa30B. [pu npeBbiweHnn
NMOPOroBOro 3Ha4YeHWs CMrHana nepemeH-
HOro TOKa (B cylyyae neperpysku no Toky)
nocTtynaet coobuieHue Tanimepy TCD,
n nogaya LWUAM-cmnrHanos aBTomaTnyeckmn
npekpatyaeTca.

W3MEPEHWUE BPEMEHU

NMPOXOXAEHUA CUTHANIA

N3mepeHre BpemMeHN NPOXOXKAEeHNA
CUrHana NprYMeHAeTCA ANnA onpefeneHna
paccToAHUA O KOHKPETHOro obbekKTa.
M3mepeHna HaumHaloTCA B TOT MOMEHT, Korja
CUTHaN NoKuAaeT npremonepeaaTyuk,
1 3aBePLLAIOTCA NPV MOCTYM/IEHNMN STOTO CUT-
Hasa B NpueMHUK. PacctosHme onpepenseTca
C NMOMOLLbIO BPEMEHV MPOXOMXAEHNA CUrHana
1 ero ckopocTu. B paccmatprisaemom npum-
Mepe Mbl 3MepAeM PaccToAHMeE, KOTopoe
NPOXOANT YNbTPa3ByKOBOW curHas. B atom
NPUAOKEHUN NCMONb3YIOTCA He3aBNCMble
oT afpa nepudepmiiHblie yctpoiictaa TCAO,
TCBO, TCSO, AC 1 2xCCL. Bpema npoxoxpe-
HWSt MOXKHO paccunTaTb 6e3 nomotum L.

Ha pucyHke 5 noka3saHa cnpaBoyHas
Tabnuua LUT1, c noMoLLbio KOTOPOW reHe-
pupyeTca nepepaBaembliin curHan (LUTT).
Bbixop Talimepa TCA reHepupyet LUNM-
curHan, a Bbixog B Tanimepa TCD - macky
nepepaun. IHBepTUpoBaHHaA Macka nepe-
naun n WMM-curHan asnatTca normye-
CKuM U; ¢ nomoLbio Tabnuubl UCTUHHOCTYW
LUT1 reHepupyeTca curHan nepegauu.

Tabnrua LUTO reHepurpyeT oTpakeHHbI
curHan. Boixog AC Out obecneunsaeTt akTuB-
HOCTb NpPUEMHON nHUK, a Bbixog TCD Out
A - npuemHyto mMacKy. iHBepTMpoBaHHas
npueMHas Macka v IMHYA Nprema ABsoTCA
JIOrMYecKkrM W, ¢ NoMoLLblo KOTOPOTO reHe-
pUpyeTCA OTPaXKEHHbIN CUFHaN, YTO BUAHO
13 Tabnuubl MctTuHHocTy LUTO.

3awenka SR cbpacbiBaeTcsa nepBbim
repegaHHbIM CUTHANIOM, MOCIIe YEro akTu-
BupyeTca cueTunk B TCD. OTcyeT npekpa-
WaeTcA NpU NOABNIEHUN OTPAXXEHHOTO
cuUrHana n yctaHoBKkuM 3awwenku SR. idop-
MaLs O BPEMEHU NPOXOXKAEHNA XPaHUTCA
B cueTumke Tanmepa TCD; npu 3ToM pecypc

LN He pacxopyeTca. [NomoLb LeHTpanb-
HOro npoueccopa Heobxoarma TONbKO
npu pacyeTe pacCTOAHUA, KOTAa Bpems
NMPOXOXAEHNA YMHOXaeTcA Ha CKOPOCTb
curHana. NMogpo6bHee cm. [4].

BbIBOADbI

MunKpOKOHTpONepbl HOBbIX Cepuin
ATtiny1617/1616/1614/817/816/814/417
oT KomnaHun Microchip npuBHecnn He3a-
BUCMMbIE OT afipa nepudepuiiHbie ycTpoir-
cTBa B cemerictBo MK tinyAVR. C nomoLybio
3ToN nepudepny NPUNOXKEHNE MOXKET
paboTaTb B peanbHOM BPeMeH C MEHbLL-
MW NPOrPaMMHbIMK U3AePKKaMK 1 MEHb-
LWKM NOTPEe6NAEMbIM TOKOM, YeM 6€3 3TUX
ycTpoicTs. [pnBeaeHHble NprMepbl NoKa-
3anu, YTo He3aBMCUMas OT sapa nepudepus
NIerko HacTpauBaeTCsA, a MPOU3BOAUTENb-
HOCTb CMCTEMbI CTAHOBUTCS BbILLE MPU MEHb-
LIemM 3HepronoTpebaeHUN No CPaBHEHNIO
C NPOrPaMMHO Peasi30BaHHbIMU PeLIeHN-
AMK. Takol ypoBeHb NPOV3BOANTENBHOCTMI
B peasibHOM BPEMEHU He AOCTUraeTCA flaxe
MPW UCMNONb30BaHNN HaMHOTO 6onee 3ddek-
TUBHbBIX MUKPOKOHTPOSIIEPOB, HO e/ 3TO
1 NMPOUCXOANT, TO 3a cYeT Hosbluel noTpe-
61A9eMOI MOLHOCTU. =
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