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1. patkuin 0630p USB
YHuBepcanbHasa nocnegosarenbHas Win-
Ha (USB) 6bina paspabortaHa B 1996 ro-
Oy ONst paclMpeHus apXUTeKTypbl nep-
COHarnbHbIX KOMMbloTepoB. LLinHa nosBso-
nset obecneynTb Takne OCHOBHbIE Tpe-
60BaHUs, Kak BbICOKasi CKOpOCTb nepe-
payn, OAHOBPEMEHHOE MOOKMoYeHne
60nbLWOro KONMYecTBa YCTPOWCTB, YOob-
CTBO Onepauui, HagexHas cBa3b, a Tak-
e BO3MOXHOCTb ropsi4ero nogkmoye-
HWS YCTPOMCTB N HU3Kas LeHa.

lnHa USB unmeeT TOMOMOrnd MHOro-

ApYCHOW 3Be3fbl, rAe B LEHTPe Haxo-

ouTcs rmaBHas 9BM, B cpenHuMx ysnax

xabbl, a B KOHEYHbIX TOYKaX MHAMBUOY-
anbHble ycTpoicTBa (dyHkumn). USB
no3BonseT noaknyaTtb K WWHE Ao

127 pyHKUMIA, a gepeBO MOXET ObiTb

rny6uHou go 6 ypoBHein. MasHaa 9BM

Bcerga sBnsetcs Bepywen n obmeH

OaHHbLIMW OCYyLeCTBNSAETCS MOA ee He-

NOCPeACTBEHHbLIM yNpaBneHneMm.

lMepepaya ocylecTBnseTCcS B OGHOM U3

OBYX PEXWUMOB: C MOMHbIM GbICTpOaEN-

ctBrem (12 M6uMT/C) N HU3KOW CKOPO-

ctbio (1,5 MéuTt/c). MonHoe 6bicTpopne-

CTBME MO3BONseT nepepaBaTb AaHHble

B NPUNOXeHNsX, paboTarowmx ¢ UHTEH-

CVBHbIMW 3BYKOBbIMW CUrHanamu unm

cXaTblM BMAEO, a HU3KOCKOPOCTHOW pe-

XUM NOAREPXMBAIOT NPUNOXEHNS C He-

6ONbLIONW MHTEHCUMBHOCTbLIO Nepegayn

LOaHHbIX.

[ns nepegaym gaHHbIX onpepeneHbl YeTbl-

pe Tvna obMeHa JaHHbIMK (TpaH3aKLUmw).

B /I30XpOHHbIE TpaH3akuum obecnevu-
BalOT NEPECbINKY OaHHbIX B peanbHOM
mMacwTabe BpemeHu, korga rMKCUpo-
BaHHOE KOMWYeCTBO AaHHbIX nepepa-
eTcs 3a paBHble MHTepBasbl BPEMEHN
C (PMKCUPOBAHHON CKOPOCTbIO. ITOT
TUN TpaH3akuuii obecnevmBaeT cBoe-
BPEMEHHOCTb [OCTAaBKM [OaHHbIX, HO
X TOYHOCTb HEe rapaHTUpyeTcs, Tak
KaK HeT BpeMeHu ans NoBTOPHON ne-
penayn naketoB € owubkamu, KOTo-
pble NPOCTO UrHOPUPYIOTCS.

B O6beMHble TpaH3akuuyM obecneynBa-
10T TOYHOCTb flaHHbIX, HO HE CBOEBpE-
MEHHOCTb.

B TpaH3akuuv npepbiBaHUs npegHasHa-
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YHunBepcanbHasi

nocriegoepaTesibHasA LviHa

YeHbl ANnsi CBA3M C YCTPONCTBaMM, KOTO-
pble MMEKT yMepeHHble TpeboBaHus
Mo CKOpPOCTM NMepefayvn faHHbIX. [mas-
Has 9BM nepuogmnyecku, yepes ¢uk-
CVPOBaHHbIE UHTEPBarbl BPEMEHU, OM-
palmBaeT 3T YCTPOWCTBa [N1s TOro,
4YTOObI ONpemenuTb, UMEKTCS N JaH-
Hble Ons nepepayn. B Takmnx ycTponcr-
Bax MOsIBNEHWE OaHHbIX UMEET CrOH-
TaHHLIA XapakTep, HO nepegjava WX
LOMKHa OCYLIECTBNATLCH HEMETIEHHO.

B TpaH3akumMn ynpa.fieHUs WCMOMb3y-
I0TCA [N KOH(UIrypmpoBaHusa Mnpu
NOOKMIOYEHNN U yNpaBfieHnss B MNpo-
uecce paboThbl.

Bce TtpaHsakuum no USB coctosAT un3

TpeX NakeToB, KaXmbli U3 KOTOPbLIX Ha-

YMHaeTCs No nHMUMaTuBe rnasHon SBM.

M [lakeT-Mapkep OnucbIBaeT TWM U Ha-
npaeneHve nepenavun, agpec yCcTpou-
ctBa USB 1 HoMep OKOHEeYHOI TOYKM.

M [akeT gaHHbIX, KOTOpbIN NepenaeT uc-
TOYHUK, ECNN Y HETO ECTb JAHHbIE.

M [lakeT B3aMMoOpOeENCTBUSA MNepenaeTcs
nocrie YCnewHoro npuema OaHHbIX
WM UCTOYHMKOM, ECIIN Y HETO HET faH-
HbIX Ons nepepayn. MNpu obHapyxe-
HUM OWNOOK MakeT B3aMMOQENCTBUSA
He nepepaertcs.

Ons obHapy>XeHns ownbok Kaxabli na-

KET UMeeT KOHTpornbHble nons CRC-ko-

[OB, NMO3BOMNsOWME 0O6HapyXmBaTb BCE

OfMHOYHbIE U OBOMHbIE OWNOKN.

Bce WH(oOpMaunoHHbIE COOBLEHNS Ha

LWMHEe CrpynnMpoBaHbl B Kagpbl.  aXabli

Kagp MMeeT anuTensHocTL 1 Mc 1 cocTo-

UT M3 MHOXECTBEHHbIX Mepepay. ax-

OblA Kagp Ha4YMHaEeTCs ¢ nepefaydun rnae-

Hon OBM nakeTa-mapkepa Havana kag-

pa, cogep>xallero Homep kagpa. BHyTpu

Kagpa TpaHsakuum MoryT 6bITb MOBTOpE-

Hbl HECKOJbKO pas.

YcTtpoiicTBa, nopkntoveHHble kK USB, mo-

ryT UMETb COOCTBEHHBIA NCTOYHMK MUTa-

HWS UNWN NMUTaTbCS HEMOCPEACTBEHHO OT

WKHbI. [MoaToMy, KpOME curHanbHou na-

pbl kabenb USB nmeet nuHumn Hanpsixe-

HUA nuTaHus 5 B. MNpu nutaHum Hero-

CPEOCTBEHHO OT LUMHbI YCTPONUCTBO MO-

XeT notpebnats go 100 mA. Ecnu ans

HopMarnbHOW paboThbl YCTPONCTBY Tpeby-

etca 6onbwuii Tok (0o 500 MA), TO OHO

microchip®gamma.spb.ru, www.gamma.spb.ru
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AOMKHO 3anpocuTb ero y rmasHon SBM.
Ecnun rnaBHass 9BM onpepenseT, 4to B
HacToslllee Bpems LWWHA 3arpyxeHa u
He MOXeT BbifenuTb 6onblue ToKa, TO yc-

TPOMCTBO HE MOXET NepeKnoynTLCH B

pexvum 60MnbLWOoro NoTpebneHns n Jonx-

HO oCTaTbCH B KOH(hMrypauuu Marnoro

noTpebnexHus.

CamMbIM HU3KMM YPOBHEM Kaxgoro ycT-

poinctea siBnsieTcs yHKUMA. YCTPOMCT-

Ba MOryT UMeTb B CBOEM COCTaBe OfHY

NN Heckonbko (yHKUMN. OKOoHevHas

TOYKa noppasymeBaeTcs Kak BMpTyarb-

HbIi MOPT ANA ynpasneHus QyHKUMen.
axpas OKOHe4yHas To4ka MOXET ObiTb

WCTOYHMKOM WM NPUEMHMNKOM AaHHbIX.

YcTpoicTBa ¢ nomnHbiM 6bICTPOOENCTBU-

eM MoryT umeTb Ao 15 gocTynHbIX Ans

MCMONb30BAHUS OKOHEYHbIX TOYeK, a C

HW3KOW CKOPOCTbIO — TOMbKO [0 6.

B kaxpom ycTponcTBe Ons onepauuii

KOHurypuposaHus u obwero ynpasne-

HWA JOMKHa BbITb peanM3oBaHa OKOHeY-

Has To4ka C HOMepoMm «0».

BBop v BbIBOA AaHHbIX Ha LWMHE OCylue-

CTBMSIETCS OTHOCUTENBLHO rMasHon 9BM,

a He yCTpoiicTBa.

USB nopgep>xuBaeT MNOAKMIOYEHME 1 OT-

KMioYeHne yCTporcTB B npouecce pabo-

Tbl. Hymepauns yCTpoicTB Ha LWMHE 5iB-

NseTcs NOCTOSIHHLIM MPOLECCOM, OTCrne-

XVBaoWUM OUHAMUYECKNE W3MEHEHNSA

thunsmyeckon Tononorum. Mpouenypa Hy-

Mepaumun ocyulectensieTcs 6e3 Bmella-

TenbCTBa Nonb30BaTens UNN NPUKNagHo-

ro nporpammHoro otecnevenuns. [po-

Luegypa Hymepauum oOcyliecTBnseTcs

crnegyowmmM o6pasom:

B orga YCTPOWCTBO MopKmoyaeTcst
K wuHe USB, rnaBHas 9BM onpepe-
NseT W3MEHeHNe COCTOSIHUS CBOEro
nopTa, a yCTPOMNCTBO MEepPexopnT B pe-
KUM «MOAKIOYEHO».

B [MasHas 9BM dopmmpyeT curHan copo-
ca Ha W1He, nocre Yero YCTPOWCTBO ne-
pexoanT B COCTOSIHNE «BKITIOYEHO», BCE
ero perncTpbl ycTaHaBnMBaloTCH B WC-
XOOHOEe COCTOSiHME, N OHO OT3bIBaeTCs
Ha obpalleHns Mo HynesoMy agpecy.

B [laBHas 9BM cooblaet ycTponcTBy
YHUKambHbIA agpec, U OHO nepexoanT
B COCTOSIHME «afpecOoBaHoO».
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Puic. 1. Cxema ycTporicTsa rnorssosateris ((pyHKLu) Ha 6a3e MUKpoKoHTporiiepa PIC16C765

B [naBHas 9BM cuutbiBaeT BCe KOH(U-
rypauMm ycTpouctea M, WCXOAS
N3 CYMTAHHOWN MH(OPMALIMKN, KOHUTY-
pypyeT BCe UMEILMNECS OKOHEYHble
TOYKM AaHHOro YCTPONCTBA, YCTPOWCT-
BO NEPEXOANUT B COCTOSIHWNE «CKOHMU-
rypupoBaHo» U CTAHOBUTCS FOTOBbIM
A8 UCronb3oBaHus.

Mpn KOHUrypnposaHum ycTpomncTeo

nepegaeT rnasHon 9BM cBou napamer-

pbl, nossonslowWwme naeHTUgUUMpoBaTtb

YCTPOWACTBO, OMNPERennTb OKOHEeYHble

TOYKM U OYHKUMWN ANs KaKOOoW OKOHeu-

HOM TOYKW. Ona aTOro cywecTByeT naTb

OCHOBHbIX KaTteropuii onucarenen.

B Onucatenb YCTPOWCTBA COOEPXUT
o6yt uHopmaumio: drpma-npons-
BOAWTENb, HOMEP U3OENNS, CEPUAHBLIN
HOMEp, YMCIO MOAAepPXNBaAEMbIX KOH-
hurypauuii.

B Onucartenb KOH(Urypaumum CogepxuTt
MHhOPMaLMIO O MOTPEBNSEMOIA MOLUHO-
CTV YCTPOWCTBA W KOMNUYECTBE WHTEP-
(heiicos, nogaepXXmMBaeMbIX B 9TON KOH-
urypauum. YCTpoCTBO MOXET UMETb
6onee opHON KOHMUrypauum (To ectb
YCTPOWCTBO C 60MbLUMM NOTPebNeHem
MOXET TaKxe rnofaepXmBatb KOHPUry-
paumio ¢ ManbiM NoTpebneHnem).

B Onucatenb MHTepdenca cCooepxut
YMCNO OKOHEYHbIX TOYEK, UCMosb3ye-
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MbIX B 9TOM WHTepdence, a Takxe
Knacc gpansepa Ons NOgAepXKu yCT-
poncTaa.

B Onucartenb OKOHEYHOW TOYKM feTa-
nnu3npyeT hakTU4ecKne permcTpbl ycr-
porictBa. CopepxuT wnHpopmauuio
0 nopgpepXuBaeMbIX TUNax nepepayu,
HanpasneHun obmeHa (BBOA WU Bbl-
Bof), Tpebyemon nonoce nponycka-
HMSA KaHana u uHTepBanax obcnyxu-
BaHus. B ycTpoicTBe MOXeET 6bITb 60-
fnee OfHOW OKOHEYHOW TOYKW, U OKO-
HeYHble TOYKM MOTYT ObITb pa3geneHsbi
MeXay pasnmMyHbIMK UHTepdercamu.

B CTpOKOBble onmucaTenm UCromnb3yoT-
€5 Ans Toro, 4tobbl 06ecneynTb Nonb-
3oBarens cneunguyeckon nnm cneum-
anbHOM Ans NpUNoXeHus nHgopmaum-
eii. OHM MoryT 6bITb 3aKOAUPOBaHbI B
¢opmare Unicode. [llepeuncneHHble
Bbllle YeTblpe onucartens MoryTt ObiTb
CCbINKON WM MHAEKCOM K CTPOKOBbIM
onucartenam. CTpokoBble onucartenu
Heoba3aTenbHbl.

OnepaunoHHble cuctemsl rmasHon 9BM

06bI4HO MMEIT fApanBepbl, KOTOpble

rpynnupytoT (YHKUMX Mo obwmm npw-
3HaKaM YCTPOMWCTB, Ha3biBaeMbIX Knac-
camu. Hanpumep, knacc MOXeT BKtO-

YaTb YCTPOWCTBA XpPaHeHUs, 3BYKOBbIE,

CBSI3M 1 MOMb30BaTeNbCKOro UHTepdei-

Ten.: (812) 325-5115

ca, HO He orpaHN4nBaTbCs NepeyncneH-
HbiM. Ccbinkn Ha pgpaviBepbl knacca ans
OAHHOro yCTponcTBa MOryT 6bITb B ABYX
onucarensax: yCTpoicTea n uHTepdeiica.
Ons 6onblMHCTBA YCTPOUCTB MOXET
6bITb MogobpaH cTaHAapTHLIN Apansep
Ona JaHHOro Knacca, KOTopblii nogpep-
XvBaeT H60MbMHCTBO (PYHKLMA UK Ko-
MaHg. Ecnv ycTpoicTBO He MMeeT cTaH-
papTHoro gparviBepa Ans faHHOro Knac-
ca, TO OHO JOMKHO MOCTaBMAATLCA BMEC-
Te co cneumnduyeckum annom .inf nnm
OpanBepom Ans ero Noapep>ku.

patkuin 063op USB He MOXeT mnosnHo-
CTblO PackpbiTb BCE TOHKOCTW WHTEp-
therica, NOaTOMY AOMNOMHUTENBLHO XOTe-
nocb 66l OTMETUTb, YTO NEPERayn ¢ H13-
KOW CKOpOCTblO paspaboTaHbl Ans ycT-
PONCTB, KOTOPbIE ANS CBS3N C MaBHOW
SBM B npowwnom ncnonb3osanu npepbl-
BaHus. B cuctemax ¢ USB, ecnu atu yc-
TPOCTBa MMEIOT AaHHbIE ANS Nepepayy,
TO He MpepbIBaOT NPOLECCop Henocpea-
CTBEHHO, a rmasHas 9BM nepuogmyeckn
onpawunBaeT Kaxpoe YCTPOWCTBO Ans
TOro, YTobbl ONPEefennTb Hannyne y He-
ro AaHHbIX Ans nepegayn. CKopocTsb on-
poca mMexpgy YCTPOWCTBOM W [MaBHOW
SBM 3apaeTtcs npu KOHPUryprMpoBaHum
n obecneuymBaet [ONYCTUMOE BpPeEMS
oXugaHns obcnyXnBaHus.

rAMMA
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Monpo6Hyto MHhopmauuto no wrHe USB
MO>XHO MOMy4YnTb Ha canTe www.usb.org.

2. PIC-MUKpOKOHTpONnepbl

¢ mopynem USB

®upma Microchip Technology BbinyckaeT
MUKpokoHTponnepbl  PIC16C745/765,
KOTOpble UMEIOT BCTPOEHHbLIN nepude-
pviHbIA Mogynb USB, cooTBeTCTBYyOWMIA
cneumdumkaumm USB v1.1. Mogyns USB
nopaepXXvBaeT nepepaYdn ynpasneHus un
npepbiBaHns (BBOL-BbIBOA) NIt HWU3KOWA
ckopoct 1,5 Méut/c. MNpu peanusaumu
(pyHKUMI MOryT nopgaepxusatbcst 3 Ho-
Mepa okoHe4Hon Touku (0, 1, 2) npm 06-
Lem KonmyecTBe 6 OKOHEYHbIX TOYEK.
Ha kpucTtanne MUKpOKOHTponnepa uHTe-
rpupoBaH npuemonepepatyink USB,
BKNIOYAKWMIA  NNHENHbIE OpanBepsbl
D+/D— 1 obecneumnBatoLmin pusnyeckunia
CTbIK C NMUHMEeR. Takxe umeeTcs ctabu-
nnsatop, KOTOpbIN obecneyvBaeT Ha-
nps>xkeHnem nutanua 3,3 B nuUHenHble
opavBepbl D+/D— 1 BHeWHWIA BbIBOL
VUSB. 9701 BbIBOO NpepHa3HayeH Ons
noatarmeaHns nuHum D— K BbICOKOMY
ypOBHI0 Yyepe3 peanctop 1,5 kOm 5%,
4YTO B COOTBETCTBUM CO cTaHpapTom USB
onpepensieT yCTPOWCTBO KaK HW3KOCKO-
pocTHoe. [ns cTabunbHOCTM Ha BbIBOAE
VUSB Tpebyetca koHgeHcatop 10 HO
20%. Ha pwuc. 1 npepncraeneHa cxema
byHKUMM Ha 6a3e MUKPOKOHTponnepa
PIC16C765 ¢ nutaHuem ot wiuHbl USB.
YnpaeneHne mogynem USB ocyuecTts-
nseTcs npy noMoLwm 9 perncTpos ynpas-
NEHNS N COCTOSIHUSA, KOTOpble pa3melle-
Hbl B 6aHKe 3 MamMsaTy JaHHbIX MUKPO-
KOHTponnepa.

——

B UIR — peructp ¢naxkos npepbisa-
Hui mopyns USB.

B UIE — peructp ynpaeneHus npepbi-
BaHuamMun mopyns USB.

B UEIR — pervctp naxkos owwmnbok
mopynst USB.

B UEIE — peructp paspeleHus npepbi-
BaHwiA no owunbkam mopyns USB.

B USTAT — perncTp cocTosiHAA Mmogyns
USB.

B UCTRL — pervcTp ynpasneHus.

® UADDR — peructp agpeca USB.

B USWSTAT — peructp cocTosHUS
nporpammMHoro obecneyvenms USB.

B UEPn — peructpsl ynpasneHusi oko-
HEeYHbIMW TOYKaMMm.

Ons adekTBHOro ynpasneHns cBsi-

3bl0 C OKOHEeYHoW To4dkon mopynb USB

MMeeT ABYXMNOPTOBYIO NaMsATb EMKOCTbIO

64 6ainT, KoTOopas pacnonoxeHa B 6aHke

3 namsaTM [aHHbIX MUKPOKOHTPOMnepa,

roe pasmelleHbl Tabnuua [eckpunTopos

6ydepos (BDT) n 6ydepbl AaHHbIX. Ons

KaXKOoVi OKOHEYHOW TOYKM CylecTByeT

peckpunTop 6ydepa (BD), KoTopbI co-

CTOUT U3 4 pPerncTpoB ¥ yKasbiBaeT Ha

6yep naHHbIX.

B BDndST — peructp coctosHus 6yde-
pa, [OCTYMHbIN SApYy mnpoueccopa
TOMNbKO ANs 3anucu.

B BDndST — peructp coctosiHus 6yde-
pa, [OCTYMHbIN SApYy npoueccopa
TOMNbKO AN YTEHUS.

® BDndBC — cyeTuuk 6anTtos bydepa.

B BDndAL — HavanbHbIn agpec 6ydepa.

e n — cumnnekcHoe CoegnHeHne Ho-

Mepa OKOHEYHOWN TOYKM W HanpaBneHus

B pernctpe USTAT.

Mockonbky 6ydhepbl AOCTYMHbI U AAPY

OcHogHas nporpamma

A

Y

Y

lMonyuarens

(Get)

Ornpaeutens
(Put)

YcraHosuts
(Init)

Nepudepuiioe ycrpoictao USB

—?/USB

Puic. 2. VIHTepogeric rnporpammHoro obecrieveHus USB
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npoueccopa n mogynto USB, To ans To-

ro,9 4T06bl Pa3nnYNTb, KTO MOXET MO-

anduumposats BD 1 gaHHble B 6ydepe,

MCMOMb3yeTcs MPOCTOW MexaHu3M ce-

macopa — 6ut UOWN B peructpe

BDndST.

Ecnn 6utr UOWN = 0, To goctyn k BD

n Bycepy nmeeT agpo npoueccopa. Ec-

nn 6ut UOWN = 1, 1o goctyn k BD un 6y-

thepy npuHagnexuTt mopgynio USB, npu
9TOM 5[pPO Mpoueccopa He AOMKHO W3-

MeHaTb BD unu gaHHble B COOTBETCTBY-

owem 6ydepe.

Ynpasnenne BD un 6ydepom paHHbIX

B [ABYXMOPTOBOW NaMsTh 06bI4HO OCylle-

CTBMSIETCS cremyowym obpasom:

B fgpo npoueccopa nposepsieT 6uT
UOWN B peructpe BDndST. Ecriu oH
paBeH 0, TO ycTaHaBnvBaeT agpec Ha-
yana 6ydepa B peructpe BDndAL,
B Cny4ae HeOOXOAMMOCTU 3anonHAeT
6ytep 1 yctaHaBnnBaeT HEOOXOAUMOe
3HayeHve B BDndST ¢ UOWN = 1.

E[locne 3aBeplleHnss TpaH3akuum

¢ rmasHo 9BM mopyns USB Bbinon-

HSET cregytollee:

nony4aet agpec 6ydepa;

ymTaeT unm 3anuceiBaeT bydep;

mMoanduumpyet pernctp USTAT;

mMoamduumpyeT peckpuntop 6ydepa
3Ha4yeHuem ID-naketa (PID);

MOOMULMPYET CHETHUK HANTOB;

— cobpacbiBaeT 6uT UOWN.

H[lo npepbiBaHMIO SAPO npoLueccopa
yntaeT peructp USTAT, onpepensiet
HOMEp OKOHEYHOW TOYKW, YMTaeT Co-
orBeTcTBYylowmin BD, roe nposepsieT
6utbl UOWN, PID 1 3HayeHue cyeTyu-
Ka 6anToB.

3. MporpammHoe
obecneyeHne USB

Ona nomowm paspabotumkam B pea-
nu3aumm npoektoB ¢wupma Microchip
Technology noctaBnset Habop 6M6NK-
OTeYHbIX (MYHKLUIA, nogaepXusatoLwmx
USB-nHTepeic B COOTBETCTBUMU
c rnaeson 9 cneuundukauun USB.
STn 6MbnNMoTekn MO3BONSAIOT 0CBOOO-
OUTb OCHOBHOE NporpamMmMHoe obecne-
YeHue oT HeobxogmmocTn obpabaTbl-
BaTb CNOXHbI npoTtokon USB. Beinon-
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HeHne 6onbwuHcTBa (yHkunin USB
obecneymBaeTcs NPOCTO BbI3OBOM WH-
TepdencHbIx yHKUnin Put/Get (nepe-
paTb/NpuHATL), 06paboTka KOTOpbIX
OCyWeCcTBNSETCA Ha BTOPOM MnaHe
nporpammMon 06CcnyXusaHua npepbl-

BaHma mogyna USB. Bubnunotekn Tak-

Xe obecneymBaloT NPUNOXeEHUs one-

paumMaMy npu Hymepauum n KOHGuUry-

pupoBaHun. OpHako ycTaHoBKa pe-
anbHbIX onucaTenen yHKUMN GOMXKHA

BbINOMHATLCSA NOMb30BaTENEM.

MocnepHue Bepcun 6GnbnMoOTEK Nognpo-

rpamMm MOXHO nony4uTb Ha canTte Micro-

chip Technology (www.microchip.com)

BrnbnunoTteyHble nognporpamMmbl paspa-

60TaHbl Ans MCNonb3oBaHUs C KOMMO-

HoBLWwWKOM. HeT HeobxogmmocTu co3ga-

BaTb [JOMOMHWTENbHbIE BKMOYaeMble

tharnbl. MNMognporpammbl NpegnaratoTcs

ynakoBaHHbIMMN B HECKOMNbKO OTAENbHbIX
¢havinos:

B USB_CH9.ASM — o6paboTtka Bcex
KOMaHf B COOTBETCTBUM C [NaBOM
9 cneumndmkaumn USB.

B USB_INTF.ASM — cogepXuT ¢yHK-
umn nHTepgeica PutUSB, GetUSB.

B USBMACRO.INC — copepXuT Mak-
poKOoMaHfbl.

B USB_DEFS.INC — copepxuT onpe-
penexus.

B USB_INT.ASM — TunoBsas nporpam-
Ma 06paboTkn NpepbIBaHNS.

m 16C765.LKR — cueHapwi gnst Kommno-
HoBlwKa (onsa MPLAB).

OcHoOBHbIEe hYHKLMU U MOANPOrpaMmb|
InitUSB ponHa BbI3bIBaTbCS OCHOBHOM
nporpamMMoii mnocne BKIOYeHUs nuTa-
Husa. OHa ycTaHaBnueaeT Tabnuuy gec-
KpvnTopoB 6ydepoB, NPMBOAMT MOAYyIb
B COCTOSIHWE «BK/IOYEHO» W FOTOBWUT YC-
TPOMCTBO K mpoueccy Hymepauun. MNpu
9TOM paspellaetcs npepbiBaHne USB
Tonbko no cbpocy USB, 4To npepoTspa-
WwaeT OTBETbI HA Kakue-nnbo onepauunu
Ha wWWHe, Moka Momyfnb He COpOLIEeH.
MpepbiBaHne RST_USB nepesogut Mo-
Oynb B 3aAaHHOE MO YMOMYaHUIo COCTO-
AiHWe, KOrga OH OTBeYaeT Ha KomaHgbl
no HyneeBoMy agpecy. orga nonyyeHa
komaHga SET ADDRESS, To mogynb ne-
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PEXOANT K COCTOSHUIO «aApecoBaHO» U
MOXET OTBeYaTb Ha KOMaHfbl MO HOBO-
My afpecy.

PutUSB nocbinaet gaHHble K rnaBHOM
9BM. Ykasatenb Ha 6nok faHHbIx nepe-
paetcs B FSR/IRP, pasmep 6noka n Ho-
Mep OKOHEYHOW TOYKM NepenaeTcs B pe-
ructpe W. Ecnu BbixogHon 6ydep gocTy-
NeH 719 OKOHEeYHON TOYKM, TO 6roK AaH-
HbIX KonupyeTcst B Bydep, nepesopayu-
BaeTcs 6ut DATA 0/1 n yctaHaBnusaetcs
6uT obnagaHus 6ycepom. Ecnn bydep
HeJoCTyMneH, TO eCTb OH ObIN NpeaBapw-
TernbHO 3arpyxeH, Ho rmasHas 9BM He
3anpocuna ero nepepady, To B 9TOM CIy-
Yae BO3BpaLlaeTcs Kof oTkasa, Afis Toro
4YTO6blI OCHOBHAs Mporpamma mMorna no-
BTOPWTb Nepegadvy aToro bygepa nosxe.
GetUSB Bo3Bpaulaet gaHHble, nocnaH-
Hble 13 rmasHon 9BM. Ecnu nmeeTtcs ro-
TOBbIN Gydep, (TO ecTb AaHHble Obinn
nony4eHsbl oT rnasHor 9BM), To OH Ko-
nupyeTcs no apgpecy, yKkasaHHOMYy B
FSR/IRP, Homep OKOHeYHOW TOYKM ne-
pegaetcs B pernctpe W. Ecnn gaHHble
He nony4eHbl, TO BO3BpallaeTcs Kof oT-
Ka3a. Takum obpasom, hyHKLMM onpoca
6ydepa 1 KoNMpoBaHMS FOTOBbIX AaH-
HbIX 06beNHEHbI B OOHY.
ServiceUSBInt o6pabatbiBaeT Bce npe-
pblBaHWs, CreHepupoBaHHblE MOByneM
USB. B nepByio oyepedb Konupyetcs
aKTMBHbIN Bydep B 06LWYO NamMsATb, YTO
obecneynBaeT 6bICTpbI 060poT Gydhe-
poOB B [BYXMOPTOBOW NamsTh, a Takxe
nossonseT nsbexarb HeobXoAMMOCTH
nepeknoyatb 6aHkM B npouecce obpa-
60TKM Bydhepa.
StallUSBEP/UnstallUSBEP ycrtaHas-
nuBaeT wnu oumwaet 6uT ocTaHoBa
BSTALL B pervnctpe ynpaBneHusi OKO-
HeYyHoNn Touku. bt octaHoBa ykasbiBa-
eT rmasHon 9BM, uTO TpebyeTtcs BMe-
LwaTenbCTBO NONb30BaTens 1 noka Tako-
ro BMewarenscTBa He OygdeT, MOMbITKN
CBSI3M C OKOHEYHOW TOYKON He ByayT yc-
newHseiMn. ocne BMewartenscTBa
nonb3oBarens yHkumsa UnstallUSBEP
0YNCTUT OWT, YTO MO3BOMMT BO306HO-
BUTb CBA3b. TN (PYHKLMM HEOHXOQWMBI
ons coobleHns rmaeHon 9BM, yTto Tpe-
6yeTcs BMeLWaTenbCTBO Monb3oBaTens.
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Hanpumep, cutyaums, Kkorga B npuHTe-
pe oTcyTcTBYET Bymara.
SoftDetachUSB ouuiaet 6ut DEV_ATT
npubnuanTensHo Ha 50 mc, anekTpuyec-
KV OTKMioYasi yCTPOMCTBO OT LWMHBI, a 3a-
TeM NOBTOPHO MOAKMoYaeT ero. 910 Nos-
BonsieT rmasHoW OBM obHapyxutb OT-
KMoYeHne YCTpoCTBa W BbIMOMHUTH
npoLecc Hymepauuy 3aHOBO.
CheckSleep nposepsier 6ut UIDLE pe-
rmctpa UCTRL. Ecnn 6uT yctaHoBneH,
YTO yKa3blBaeT Ha OTCYTCTBME B LWNHE Ka-
KMUX-MMOO OEeiCTBUI B TeyeHne 3 Mmc, To
nepeBOANT YCTPONCTBO B PEXMNM OCTaHO-
Ba. Pexum octaHoBa 6ygeT npogonxarb-
Cs 0O NpobyXOeHus yCTpoucTBa [ENCT-
BMSMM Ha LWKMHe. 9Ta (YHKUMS [OrXHa
BbINOMHATLCA BHE MporpaMmbl 06pabot-
K1 npepbiBaHUS, MOTOMY YTO AAs Mpo-
6yXgeHnss HeobxogMMo npepbiBaHue,
a TaKxxe noTomy, YTo OCHOBHas nporpam-
Ma MOXeT ObITb He roToBa K OCTaHOBY,
Korga npoucxoguT npepbiBaHue. OcHOB-
Has nporpamma [orkHa NeproaNYEcKn
BbI3bIBaTb 3Ty (PYyHKLMIO, KOrAa YCTPONCT-
BO MOXET MepewiT B PEX1M OCTaHOBaA.
lMepen nepexomoM B pexum OCTaHOBa
(byHKLMSA pa3peLuaeT npepbiBaHus, Tak 4To
YCTPONCTBO ByneT Npoby>XAeHO npu akTu-
BM3aumK WiHbI. [ocne 06paboTku npepbl-
BaHWsA nporpamma 6ydeT npopomkeHa
€ KoMaHpgbl nocne Bbi3oBa CheckSleep.
ConfiguredUSB (makpokomaHpa) He-
npepbIBHO onpalmnBaeT 6uTbl COCTOSAHNS
N 0XupaeT, MoKa yCTPOMCTBO He Byget
CKOHGurypuposaHo rnasHon 9BM. Mak-
pokomaHga [AomKHa MCnonb30BaTbCs
nocne Bbi3osa InitUSB.
SetConfiguration — yHkums, KoTopas
Mo3BOMSET MO KOMaHAe KOH(UIypupo-
BaHus oT rnasHovi 9BM nepepaBaTth na-
pameTpbl yCTpoWcTBa. 3Ha4eHus napa-
MeTpOB  yCTPOMCTBA XpaHATCA B
USB_CURR_CONFIG nporpammHoro
mogpyns. MNpu BbI3oBE 9TOW (PYyHKLUMM B
pernctpe W nepegaetcsi ykasatenb Ha
HOBYIO KOH(urypaumio. 3T1a yHKUMS
BbI3bIBAETCA N3 NporpamMmMbl 06paboTKu
npepbiBaHNs, Tak 4TO 3HaYeHWs napa-
METPOB YCTPOWCTBA AOMXHbI ObITb CO-
XpaHeHbl 4O TOro, Kak npepbiBaHus by-
OyT paspeLleHsb.
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OnpepeneHus

MmeeTca Takxe p[Ba onpegeneHus
(#defines), 3apaBaemble B Havane npo-
rpaMMbl 1 onpepensiowye onuun yn-
paBneHuns Npu TpaHChsLUK.

#define ERRORCOUNTERS — 3710 on-
penerneHune BKMOYAET B NporpamMmy Kof,
MO3BOMNSIOWMIA CUMTATL YMUCNO OLIMBOK,
KOTOpble MPOUCXOOSAT C Y4YeToM Tuna
owwubok. [Ans atoro TpebyeTcs AONONHM-
TenbHOE MNPOCTPAHCTBO MNaMsTU Mpo-
rpaMM U siveiiku orepaTMBHOW MamsiT
ANS opraHnsaumm cHeTUNKOB.

#define FUNCTIONIDS — sT0 onpepene-
HWe yno6Ho npu otnagke. OHo KopupyeT 6
cTapwmx 6utoB pernctpa USWSTAT, ko-
TOpble MoKasbIBatoT, Kakas yHKLMS Bbl-
ronHsieTcs.

4. Pecypchbl npoueccopa
OcHoBHast obpabotka USB npoucxogut
B nporpamMme 06paboTku npepbiBaHUS
W, Takum obpasom, HeBuauma Ans oc-
HOBHOI nporpammbl. OpHako oHa Wuc-
nonb3yeT pecypchbl npoLeccopa: NnamsTb
nporpaMm, namsitb OaHHbIX, PErUCTPbI,
YPOBHU B CTEKE Y LMKMbI NpoLeccopa.

lMamsiTe nporpamm

Mporpamma 06paboTknm npepbiBaHUSA
USB, Bkno4as nognporpammbl WHTEpP-
tbeiica, Ho 6e3 onwucartenen saHumMaeT
1 kKW. Tabnuubl onucatene MOryT 3aHu-
mMaTb gononHuTensHo 256 W. Pacnono-
XEeHue 3TUX YacTei He orpaHnyeHo, Ans
yrpaBsrneHus pasmelieHmemM Kaxmon va-
CTU CcuUeHapuin KOMIMOHOBLUMKA MOXET
6bITb OTPERaKTMPOBAH.

MamsTe gaHHbIX

3a uncknoYeHvem o6LWenocTynHoW na-
MATU JaHHbIX, 06CnyXXmBaHwe npepbiBa-
Hua USB 3aHumaet npumepHo 40 6ant
namaTh gaHHbIX B 6aHke 2. [Ans ncnonb-
30BaHMsA OCHOBHOW MNpPOrpamMMon ocTa-
eTcsl BCA yHMBepcanbHas namsaTtb JaH-
HbIx B 6aHkax O n 1 n nonosuHa 6aHka 2.

ObuwegocTtynHasi NaMsiTb faHHbIX

PIC16C745/765 nmeeTt 16 6anT obuieno-
CTYMHON NaMsT aaHHbiX. OHW 3aHMMa-
10T 16 nocregHWx apgpecoB B KaXmoMm
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6aHke, Npu obpalleHn No aTuM agpe-
caMm, He3aBUCUMO OT COCTOsIHUSI 6UTOB
Bblibopa 6aHka RPO, RP1 n IPR, ocyuie-
CTBNSeTCH obpalleHne K OgHUM U Tem
Xe 16 6anT namsTu.

9T1a NnamsTb 0COB6EeHHO noneaHa npu ob-
paboTke npepbiBaHUA Ons cTeka u peru-
CTPOB creumanbHbIX QYHKLMA, NOCKOSb-
Ky B MOMEHT NpepbiBaHNsi HEU3BECTHO,
Kakow 6aHK NamsTh fgaHHbIX afpecoBaH.
B ycTpoiicTBax, KOTopble HE UMEKT 06-
LefoCTYMHOW NaMsTH, CTEeK AN pernct-
pa W pgomxeH OblTb NMpemycMOTPEH BO
BCex 6aHKax.

ByghepHble peructpsi

PIC16C745/765 wmeeT LOBYXMNOPTOBYIO
6yhepHyto NamMsiTb eMKOCTbIO 64 6anT,
24 6aT U3 KOTopbIX UCnonb3yeTcs Ans
Tabnuubl  geckpuntopoB  6ydepos
(BDT), a octanbHble 40 — gns 6ycdepos.
OkoHe4Hon To4ke 0 npw BBOAE W BbIBO-
ge TpebyloTca crneunanusnpoBaHHbIe
6ydepsbl, Tak Kak TpaH3aKLMn yCTaHOBKM
He MoryT 6bITb npuoctaHoBneHbl. Oc-
TanbHble Tpu Bydepa pacnpepenstoTcs
MeXfay 4YeTbipbM$ BO3MOXHbLIMW OKO-
HEeYHbIMW TOYKaMM, Tak Kak B COOTBET-
cTBUM co cneumndukaumen USB-ycTpoii-
CTBa C HU3KON CKOPOCTbIO MOTYT UMETb
TONMbKO 2 aKTUBHbIE OKOHEYHbIE TOYKMU
(USB 1.1 nyHkT 5.3.1.2).

YpoBHU cTeka

AnnapaTtHbli CTEK MUKPOKOHTponnepa
nmeet rnybuHy Bcero 8 ypoBHeli. [oaTto-
My BMOXEHHOCTb MopnporpamMm u npe-
pblBaHWn He MOXeT BbITb H6onee 8. lMpo-
uecc Hymepaumm USB TpebyeT 6 ypoB-
Heln, Tak 4YTO camoe fnydllee, ecnm oc-
HOBHasi Nporpamma 6yneT ynepXxmBarb-
CS OT BbIMOMHEHUS MoAnporpamMm u 06-
paboTKu npepbiBaHWA, MOKa MpoLuecc
Hymepauun He 3aBepleH. Makpoko-
maHpa ConfiguredUSB cnyxunT gns atoi
Lienu, oHa NpoBepsieT ABa MNapLwmnx pas-
psna USWSTAT v oxumpgaeT, noka He 3a-
BEPLIMTCS NPOLECC HYMEpPaLMK.

Bbi6op cTpaHuL u BbI6op 6aHKOB
MwukponporpaMMHble GUBNNOTEKN Bbl-
MOMHEHbI C OCTOPOXHBLIM UCMOMb30BaHN-

microchip@gamma.spb.ru, www.gamma.spb.ru
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eM O6uTOB nepeknoyeHns 6aHKoB U
cTpaHuu. lMpn nepeknioyeHnn 6aHKOB
gonxeH obecneymBaTbCsi BbI3OB Mpa-
BUMbHbIX peructpos. Pernctp PCLATH
N3MeEHSeTCa MCMonb30BaHWeM KOMaHp
PAGESEL. OH HeoOxogum, kKorga Bbl-
nonHstotca onepauum CALL nan GOTO
3a npepenbl TEKYLLEro cerMeHTa namsaTu
nporpamm. ServiceUSBInt namexset W,
STATUS, FSR n PCLATH, cnepoBartens-
HO, OHW [OMXHbl ObITb COXPaHEeHbl Mpu
BXofe B nporpammy o6paboTku u BOC-
CTaHOBMEHbI NPU BbIXOAE.

;
; JleMOHCTpaLMOHHasi mporpaMma, Kotopasi MHALManu3upyet Mo-
aynb USB,

; I03BONSIET rMaBHo! 9BM BbINONHUTL MPOLIECC HyMEepaL YCTPOiA-
cTBa,

; 3aTem konmpyet 6ydep EP10UT B EP1IN.

main

call InitUSB ; VHnumanuaaums.
ConfiguredUSB  ; OXupaH1e OKOHYaHNs HyMepaLyi.
idleloop

call CheckSleep ; OcTaHOB, ecn WHA HeaKTUBHA.
CheckEP1

bef STATUS,IRP

; MpoBepuTb, TpaHsakums EP1 OUT
; Ykaaarenb Ha Mnague GaHku
moviw buffer
movwf FSR ; Yiasartb Ha 6yctep B FSR
moviw 1 ; HOMep OKOHEeYHOI To4KK 1
call GetUSB

btfss STATUS,C

; ECTin faHHbIe roToBbI, OHM BYnyT CKOMMPOBaHI.
; daHHble nonyyeHs!?
goto idleloop ; HeT, npoBepuTb CHoBa.
PutBuffer
bef STATUS,IRP  ; Ykasatens Ha Mnaguwme 6aHku
movwf bufferlen  ; CoxpaHuts anuHy 6ydepa
moviw buffer
movwf FSR ; Yiasartb Ha 6yctep B FSR
swapf bufferlen,W ; Ctapwnii Huén W — gnuHa 6ydepa

forlw 1 ; Mnagwmit Hu6n W — HoMep OKOHEYHOM TOUKN.

call PutUSB
btfss STATUS,C  ; Mepepaya ycnewHa?
goto PutBuffer ; HeT, noBTOpUTL NOMBITKY.
goto idleloop ; [la: nepexop K Havany uvkna

end
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5. UHTerpupoBaHue USB

C OCHOBHOM NMporpamMmMomn

Mpy HanucaHun nognporpamMmsl o6cny-
XUBaHUSA npepbiBaHUA Heobxogumo
NPUHATL BO BHUMaHMWe, 4To peructpbl W,
STATUS, FSR n PCLATH moryT 6biTb
paspyLeHbl Npy 06CnyXuBaHnM npepsbi-
BaHua USB, noatomy oHM gomnxHbl 6bITb
coxpaHeHbl. Bubnunoteka npepnaraet
cKeneT nopnporpaMmbl  06CnyXMBaHNS
npepbiBaHns (cM. dann USB_INT.ASM),
KoTOpas COXpaHsieT 1 BOCCTaHaBnuBaet
9T PErncTpbl, a TaKKe BbINOMHAET Npo-
BEPKY KaXporo M3 BO3MOXHbIX 6GMTOB
npepbiBaHns. 9T1a nognporpaMmma Mo-
XeT 6bITb BKIOYEHA B HA4ano 0CHOBHOM
nporpammbi.

WHTepdenc mexagy OCHOBHOW nporpam-
MOV 1 ypOBHEM NpoToKona obecneymsa-
eT TpU OCHOBHble (yHKuUmK: [nitUSB,
PutUSB n GetUSB.

Pabota USB 3aBucut OT onucarenen,
npepcTasnsiowmx cobow napameTpbl yc-

——

TPOICTBa, KOTOpble NepeparTcs rnas-
Hoii OBM un comepxat nHopmauuo 06
YCTPOWCTBE M crnocobe CBSA3M C HUM.
Mporpamma pomxHa OblTb AOMNOMHEHA
YCTaHOBKOMN 3Ha4YeHWin [ns KomaHgbl
SetConfiguration. omaHgbl rnaebl 9
cneundukaumm USB BbI3blBatOT
SetConfiguration, korga nonyyeHa coort-
BeTCcTByOWas kKomaHga. Onucarenu wu
SetConfiguration Haxopstcs B dhaine
descript.asm.

®yHkumsa [nitUSB uHmumanmampyet mo-
gynb USB, Tabnuuy geckpuntopoB 6y-
¢hepoB 1 paspeluaet npepsiaHue USB,
TaKk 4YTO MNpPOLECC Hymepauunm MOXeT
ObITb HA4ar.

®dakTnyecknin NpoLecc Hymepauuu rnpo-
ncxoguT aBTOMAaTuMyeckn mnog ynpasne-
Hvem rnasHon 9BM B nporpamme obpa-
60TKM npepbiBaHUsA. MakpokomaHga
ConfiguredUSB oxwpaert, noka ycTpou-
CTBO He ByOeT CKOH(UrypupoBaHo U ro-
TOBO K MpopomkeHuto. Bpems, Tpebye-

HoBbin 8pin LIN-TpaHcuBep
MCP201 co BCcTpoeHHbLIM

npeob6pa3soBaTenem

HanpsokeHna ot Microchip

OTnuuuTenbHble 0CO6eHHOCTHU

B CkopocTb 0bMmeHa fo 20 kboa;

B 3awuta OT nepeHarnpsikeHusi B LUNHe
o 40 B;

B [IntaHne 6.0...18 B;

B PaclmpeHHbIVi TeMrnepaTtypHbIi gua-
nasoH —40...+125 °C.

omnaHusa Microchip Technology Inc.
Hayana BbIMYCK HOBbIX 8-BbIBOAHbIX
LIN-TpaHcmBepos MCP201. lNpoTokon
LIN cneumnanbHO cosgaH ans nepegaydn
OaHHbIX Ha Hebonblme paccTosHWs C
HEBBLICOKOW CKOPOCTbIO, NpW 3TOM an-
napatypa gns ero peanusauumm umeet
MUHUManbHYl0 cToMMocTb. PaboTaet
no OHONPOBOAHOW WWHE N NpefHasHa-
YeH ans peanusauun cuctem ynpasne-
Hus. Bnarogaps HebonblWoON CTOMMOC-
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TV «XKenesa» MOyynn WMpokoe pac-
NpoCcTpaHeHne B aBTOMOOUIbHOM 3nek-
TPOHUKE, Hanpumep Ans ynpasneHus
npueBogamMu 3epkan, 9nekTponioka,
Kpecen, cTeknoo4ucTuTenein u T. O.
Takxe BecbMa WHTEPECEH ANs Opyrux
3apgad, rge He TpebyeTcs BbICOKas CKO-
pocTb nepepayn n Heobxoguma MUHM-
ManbHas LeHa.

TpaHcuep MCP201 npegHasHadeH ans
cornacoBaHms  CMOS/TTL-curHanos
MUWKPOKOHTpoOnnepa n uanyeckon Lwu-
Hol LIN, obecneumBas ckopocTb obme-
Ha po 20 kbop. lMNopgknioyaeTcs K cTaH-
paptHomy USART nto60ro MMKPOKOHT-
ponnepa. poMe Toro, TpaHcueep obec-
neyvmBaeT 3awWwmTy OT Neperpy3oK Ha -
He, OpOCKOB HampsXeHusi, ob6pbiBa
«3eMnn» N KOPOTKOro 3amblkaHus. He

Ten.: (812) 325-5115
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Moe [ns rnpouecca Hymepaumu, rnosHo-
CTbIO 3aBUCUT OT 3arpy3ku WNWHbI 1 rMas-
Hon 9BM.

[na nepepayn AaHHbIX WUCMNONb3yeTcs
yHkumns PutUSB, nocbinatowas paH-
Hble Ha rnaBHyio 9BM, u dyHKUMSA
GetUSB pns monyyeHus paHHbIX OT
rnasHon 9BM.

Hanee npepfctaBneH [eMOHCTPaLMOH-
HbI NPUMEpP MCNONb30BaHUS (MYHKLWIA
USB. lMporpamma cHavana uHuumanu-
sumpyet mopynb USB, 4to nossonser
rmasHon 9BM BbINONHUTL MPOLIECC HY-
mMepauun yctponctsa. lNMpouecc Hymepa-
LMK npomcxoguT B nporpamme o6pabort-
K1 npepbiBaHnsa. 3atem oxupaeTtcs 3a-
BepLIeHne npouecca Hymepauumu. Nocne
TOro Kak yCTPOMCTBO FOTOBO, BbINOMHS-
eTcsl onpoc OKoHe4Hon Toukm EP1 OUT
Ona Toro, YTobbl ONpefenvTb, UMelTCs
nn paHHble. Ecnn gaHHbIe nonyYeHsl, To
OHM KomupyloTcs B Bydep OKOHe4YHON
Toukn EP1 IN gns nepepaun.

TpebyeT NoaKMtoYeHNst BHELWHErO NoaTs-
rmBarollero pesucropa u guopga (Mmeet
BHYTPEHHWE).

MCP201 moxeT 6biTb KCnonbL3oBaH
KakK UCTOYHMK nutaHmnsa 5 B cxembl LIN-
ycTpoiicTBa 6narogapsi BCTPOEHHOMY
npeobpasoBartento HanpsbxkeHuss 12 B
B 5 B. lNpeo6pasosatens paboTtocmno-
cobeH npu yBENUYEHNM BXOOHOrO Ha-
nps>xeHns snnotb go 30 B. BeixogHow
ToK — 50 MA, gna ero yBenu4eHus
BO3MOXHO WCMONb30BaHMe [OMOMHK-
TenbHoro TpaH3uctopa. WwmeeTcs
BCTPOEHHAsA 3awuTta OT neperpesa wu
neperpys3Ku No BbIXOQHOMY TOKY.

MC MCP201 BbinyckaeTcs B 8-BbIBOA-
Hbix kopriycax DIP un SOIC n pabotaeT B
paclmMpeHHOM auanasoHe TemnepaTyp
—40...+125 °C.
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