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NpeaucnoBue

B nocneanue roasl USB ctan yHuBepcanbHbiM HHTepdericoM. Hapaay ¢ komnbroTepHo#
MHAYCTpHeEl Bpaa M ocTanach kakas-nubo obnactb 3nekTpoHHUKH, He 3aTpoHyTas USB,
6yhb To aBTOMOGMALHBLIF paavonpuemuuk ¢ USB-Bxomom ans noaxatouenus MP3-
naeepa, UMPPOBOI CNYTHUKOBBIH NpHeMHUK ¢ oOHOBIeHHeM Yepe3 USB unu coBpemeH-
Hblii coToBbli TenedoH ¢ MP3 u uHTerpupoBaHHoit kamepoi, kotopas umeer USB-nopr.

USB — 310 cokpauieHe Universal Serial Bus — yHuBepcanbHas nocnenoBaTesibHas
wrHa. Uurepderic USB Bepcun 1.0 6bin1 pazpaboran ewe B 1995 r. koHCOpUHYMOM He-
CKOJIbKMX OO0NbLIKMX MPEANPUATHH NO 3NEKTPOHHKE.

B cpasHenuu c nocnenosatenbHbiM COM-noptoM wnu napannenbHbiM LPT-noptom
nepcoHanbHoro kommnbtoTepa (ITK) USB obGnamaer QoCTaTOYHO BBICOKOH CKOPOCTHIO
nepenayu aaHHbix. Kpome Toro, USB nonnepxkuBaer "ropsuee” noAkItOYEHHE U OTIUTIO-
YEHHE YCTPOMNCTB.

[1pu 6onee neranbHom paccmotperun USB cnoxHocTb 3TOro uHTepdeiica cHauana Mo-
)KeT cnerka ucnyratb. OQHaKo €cliM paHblie ANS YNpaBieHHs cOOCTBEHHOM 3NEKTPOHH-
KOH MMenach BO3MOXKHOCTb HCMO/b30BaHHUA TOJIbKO MapajuleNbHOr0 UiH MOCe10BaTe b-
Horo uHrtepderico I1K, To ceituac HyxHo obs3aTenbHO pa3bupatbes B USB, nockonbky
[1K HoBeimnx nokoneHui 060pyn0BaHbl TOJILKO 3TUM HHTEpdECOM.

Cnenyer oTMETHUTb, 4TO G0JbLIOE KONHYecTBO aUTepaTypbl no USB MoxHo Haiitu B UH-
TEpHETE, Y pa3/IniHbIX U3aTeIbCKUX KOMMaHH, a Talkoke Y NPOU3BOAHTENEH MUKPOKOH-
TpoanepoB. B 6onblinHcTBE cnyyace onucbiBaeMbie USB-koHTpoanepbl MMEIOT MHKpO-
NpoLlecCOpHOe AApO, BCIENCTBUE uero kaxyuuics npoctbiM USB-uHTtepdeiic cHoBa
CTaHOBHMTCS JOCTaTOYHO CJIOXKHBIM.

B kHure Mbl He Oyaem oueHb NoApoOHO ocTaHaBAWBaTLCA Ha pyHkunoHupoaHuu USB.
Hcnonbzyemas 3necb USB-mukpocxema, npousseneHHas komnanueit FTDI, He umeer
MHTErpupoOBaHHOr0 MHUKpOKOHTpoJuiepa. OAHAKO, HECMOTPA Ha 3TO, B KHMIE MOKa3aHo,
Kak U 6€3 NpUMEHEHHs MUKPOKOHTpoJIiepa MOryT ObITb CO3aHbl JOCTaTOYHO MHTEpec-
Hble USB-cucTembl ynpasneHus, cbopa (M perucrpauuu) AaHHbIX.

U3Hauanbhbiii MoTHB u3rotoButeneit FTDi-mukpocxembl 3akniovancs B paspaboTke
npeo6pa3oBaresis uHrepdeiica USB B nocnenoBatenbHbiit M napannenbHbli HHTEpdei-
cel. C nomowsbio Takoro npeoGpasoBatens, npu HeoOxoaumocTH, coBpeMeHHble 1K
MO>XHO 10000pya0BaTh U 3THUMH yrKe yCTapeBIUMMH HHTepdericamu. Bee 3o nocnyxuno
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OCHOBaHHEM U1 aBTOpa anuHO pa3zobparbes ¢ USB- u FTDI-Mukpocxemamu, NocCKoabKy
Hosetwuue I1K Gonee He umetoT nocnenosarenbHOro HHTepgeiica, a MUKPOKOHTPOJLIEPDI
NpoOrpaMMHUPYIOTCS UMEHHO Yepe3 NocieloBaTeNbHbIH HHTEpdEHC.

OnHako ckopo OblI0 YCTAHOBNIEHO, YTO XOTS MpOCTas nocjeaoBaTenbHas nepeaaya naH-
HbIX C MOMOLLbIO npeobpa3oBarens GpyHKUHOHUPOBaNA, NEPEKIIOUEHHE OTAENbHbBIX CHI-
HaoB nocnenoBaTenbHOro MHTepderica Bce xe OblIO CAMLIKOM MELJIEHHbIM MO CpaBHe-
HUIO ¢ 0ObIYHBIM nocsieaoBaTenbHbIM HHTepdericoM (RS-232) ycrapeswero [1K. AsTopa
3auHTEpecoBasl Bonpoc: He ssnsercs au 6ynro Obl 6bicTplit USB-unTepdeiic Ha camom
Jlefie JOCTaTouHO MeieHHbIM. M3 3Tol nocTaHoBkM BOnpoca, B KOHUE KOHLIOB, U POAH-
nach 3Ta KHUra ¢ 60bLWKMM KONHYECTBOM NPaKTHYECKHX MPUMEPOB.

B noBceaHeBHOMH *H3HH BCTPEUYAETCA MHOMECTBO CUTYaLMH, B KOTOPbIX MOXKHO MCMONb-
30BaTh Pa3jiMuHbIE EKTPOHHbIE YCTPOMCTBA, yNpaBsieMble MpH NOMOLLY KOMIbIOTEPA.
KHura HauuHaercs ¢ npocTbiX 3KCMNEPHMMEHTOB CO CBETOAMOAOM M CBETO(GOpPOM, Mmoa-
ioueHHbIX k [TK ¢ nomouwbio uHTepdeiica USB. Jlanee paccMoTpeHbl MpHMeEpPbI CXeM
aBapWitHOM CHrHaNIM3aUMH, YCTPOHCTBA Ans HabnroaeHHUs 32 YpOBHEM BOAbI B aKBapHyMme,
a TalKe M Apyrue ycTponcTBa.

K koHUy KHHrH npeacTaBneHHble MpUMeEpbl CTAHOBATCSA BCe COXHee U cnoxHee. Mame-
pEeHHs APKOCTH MM TEMNEPATYpbl NPH NOMOLLHK COOCTBEHHOPYYHO MOCTPOEHHOr0 aHaIo-
ro-uxgpoBoro npeobpazosaresis CNOCOOCTBYIOT 3aK/IaAKE OCHOB 3HaAHHUH, KOTOpblE HEOO-
XOAMMBI AJIsi CO3AaHHMs Kak MpOrpaMMHOro, Tak U annapatHoro obecneueHus ans USB.
Koe-kT0, BO3MOXKHO, YAUBHUTCS, KaK JIErKO C MOMOLLbIO HECKONbKHX CTPOK B MPHUKIaIHOM
NporpaMMHOM 0OeCneyeHHH MOXCHO YNpaBAsTh MOCTPOEHHbIM COOCTBEHHbIMH pYKaMH
aHanoro-uugposbiM  npeobpasosarenem. Tectep HHPpakpacHOro AUCTaHUMOHHOIO
ynpasneHus Ha GOTOAMOAE, BOJILTMETP, 3aMOMHHAIOLLEE YCTPOHCTBO Ha 3J1EKTPHYECKH
nporpammupyemom [13Y (EEPROM-namsate) u ucnonb3oBaHue USB-unrepdeiica ans
3alUMTbl MPOrpaMM OT KOMUPOBAHHUA ABNAIOTCA JajibHEALUMMH MPAKTHYECKUMHU MpHUMe-
pamu.

[Tockonbky ucnonb3yemblit USB-anantep MOXeT cly>kKUTb B KauecTBe npeodpa3oBaTens
USB-unTepdeiica B nocnenosarenbHblii MHTepdeiic (COM-nopT) MUKPOKOHTpoJIEpa,
NPUBOAATCA JOMOJIHUTENbHbIE MPUMeEPbI NporpaMmHoro obecneueHus (I10).

JOCTaTouyHO ONbITHBIA 3NEKTPOHLUMK HAY4HTCA, KAKHUM O00pa3oM MOXCHO HCMONb30BaTb
nuHuu Beoaa/BeiBoaa (I/0) ans Gonee cnokHbIX WHTepdeiico, Takux kak 1°C (Inter-
Integrated Circuit) unu SPI (Serial Peripheral Interface). PaGora ¢ USB-1’C-unrep-
¢deiicoM CTaHOBHUTCS MO CyTH "aeTckod Mrpoi”, T. K. JIOPMYECKWi aHanu3aTop € Mno-
MOLLbIO MpOrpaMMHOro obecneyeHus (pakTHYECKH BHU3YaIM3UPYET CHrHan JaHHBIX H
TaKTOBbI CUrHa/ B BUAE reHepupyeMoi BpeMeHHOH auarpammsbl. B kHure paccmoTpena
nosTanHas paspaboTka uHTepderica. DakTHUECKH 32 NATb AOCTATOYHO MPOCTHIX LUArOB
Bbl CMOJKeETE pa3paboTaTh yHuBepcanbHblii USB-1’C-untepdeiic.

[TocnenHuii npuMep B 3TOH KHHUre MOKaXET BaM OCHOBbI TOrO, Kak MOXCHO BbIMOJIHHTb
Gonee cnoxkHble 3ajaHus, Hanpumep, (GadLI-NporpaMMHpPOBaAHHE MHUKPOKOHTpOJIIEpa
Atmel AT89LPx052 nocpenctBom uHTepderica SPI M BHYTpUCHCTEMHOrO NporpaMMu-
poBanus ISP (In-System Programming).
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Te, kTo yxe yMeeT pa3pabaTbiBaTh, COGHpPaTh U NPOrPaMMHPOBATh 3EKTPOHHKY Ha MHK-
POKOHTpoOJIepax, MOFyT HCNOJIb30BaTh ONUCHIBAEMbII B 3TOI KHHUre agantep Hemocpen-
CTBEHHO ¢ NoMoLbio npeobpasosarens USB-untepdeiica B nocnenoBarenbHblii MHTEP-
¢eiic (COM-nopt) unu ¢ noMouubto nporpamMmupyemoro agantepa SPI/RS-232.

OtaenbHble NpUMEPBl AETATLHO Pa3bACHAIOTCS W AOCTATOYHO WILTIOCTPUPYIOTCS, MO3BO-
7SS MOHATH B3aWMOCBA3H MNpPOrpaMMHOro obecnedeHHs, BbINOJHEHHOrO Ha fA3blKe
Visual Basic, ¢ annapatibiM ob6ecneuennem u USB-mukpocxemoii FT232R. Otu B3au-
MOCBS3H MOTYT ObITb HCMONB30BaHbI U 4151 COOCTBEHHbIX MAeH U pa3paboToK.

Te, kTO MOOUT 3KCNEPHMEHTHPOBATD U XKEJIAET HAa NPAKTHKE BOTUIOTHTb HEKOTOPbIE NPH-
BeJEHHbIE MPUMEPbI CXEM, JO/KHbI HUMETb COOTBETCTBYIOLLWE HABbIKH U YMETb, N0 Kpai-
Hell Mepe, NoJIb30BaTbCS NasIbHUKOM.

AKTyaJIbHYIO  JONOJHUTENbHYIO HHGOPMALHMIO Bbl CMOXETe HaiWTH Ha caiire:
www.minimikro.de.
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U3mepeHune, ynpaBneHue
W perynupoBKa Npu NoMoLuu
nHtepencosn MK

[Ipu ucnonb3oeanun [1K nns an€KTPOHHBIX 3KCNEpUMEHTOB Tpebyercs xoTs Obl OOMH
uHTepdeiic 11 BHELWHEH cpeabl Wi 1)1 COOCTBEHHOMH CO30aHHOM NIEKTPOHHKH.

[TocpencTom 3toro uutepdeiica [NK n coorseTcTBytolEro nporpaMmMHoro obecneyeHms
KoMNbloTep obLaercs ¢ noakiatouaemoi anekrponukoi (puc. 1.1). Bo MHorux ciayuvasx
IS 3TOr0 MCMOJIb30BAIUCH (M BCE €LUe MHOrAa MCMOJb3YIOTCS) MOCAEe0BaTeNbHbIE HIH
napannensHbie uHTepdeiicol [TK.

Komnbtotep — ¥ Wnrepdeiic OneKTpoHMKa

Puc. 1.1

Kak MOXHO 10ranathcs M3 Ha3BaHHs, NPH NOCAeA06ANEeAbHOM uHmepghetice NaHHblE ne-
PechINaloTCa NOCNENOBaTENbLHO, T. €. HAMMEHbILIHE eIHMHHLLI HHAOPMALIMK NepenaroTcs
Mo CHrHaNLHOMY NPOBOAY APYT 3a ApyroM. B nocnenosatensHom uutepdeiice [MK ans
OTNpaBKH M NpHEMA MepeNaBaeMbIX JAHHLIX MPUMEHSAIOT COOTBETCTBYIOLINE OTAENbHbIE
nunuu. Kpome Toro, npu nocieaosartenbHOM HHTepdeiice HeOGXOAMMBI M PYTrHe JHHHH,
npeaHa3HauYeHHbIE 18 CHCHAIOB YNpaBieHHs, C MOMOLLBIO KOTOPbIX OCYLLECTBISETCS
npouenypa Nepenadn NaHHbIX OT KOMNbIOTEPa K 31EKTPOHHKE (3EKTPOHHOMY YCTpPOICT-
BY), Ui Hao6opoT (puc. 1.2). ' '

KomnbioTep P Ompasia | npnem fanru »| AnekTpoHUKa
< WNK YCTPOIACTBO
A iivivir ittt >

CurHans ynpasnenus

Puc. 1.2

TunuuHble ycTpoiicTBa, KOTOpbie MOAKIIOHAIOTCA K MOCiIeN0BaTeNbHOMY HHTepdeicy
(COM-nopty), — 3TO MOaEeMbl, H3MEpPHTENbHbIE YCTPOHCTBA, a Takxke Mblwb. [ns co-
€MHEHHS HYXHbl 9- U 25-KOHTaKTHbIE NeKTpHUeckre pazbembl D-Sub.
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TMPUMEYAHHNE
B USB ucnonbayeTtcs nocnegosatenbHas nepegada AaHHbIX.

B cranpaptHom napannensHoM untepdeiice [1K onHOBpeMeHHO MOXeT OCyLIecTBAATLCS
nepenaya BOCbMHM COCTOSIHWMI Ha BOCbMH WHGOpPMaUHOHHbIX JHHHMAX. Kak v B cnyuae
¢ nocyiegoBaTenbHbIM HHTEepdeiicoM, B napauielsHOM HHTepdeiice Takke UMeloTes A0-
NOJTHUTENIbHbIE CHrHAJbI ynpasyieHHs (puc. 1.3).

Komnbtotep <

: OTnpaska / npueM AaHHbIX

3nexTpoHuKa
Wnu yCTPOACTBO

4

YY

CurHansi ynpaaneHus

Puc. 1.3

[NapannenbHblii HHTEpdEHC HCNONB30BAICS B OCHOBHOM 1S MOAK/IOYEHHS MPUHTEPOB.
JIns noacoeaMHEHHs NPUMEHSIIUCh 25-KOHTaKTHbIE dJ1eKTpHUYecKHe pazbembl D-Sub, ko-
Topble yctaHaeausaiuch Ha [1K, u 36-koHTakTHble pa3beMbl Centronics — Ha BHELUHHX
nepudepHiiHbIX ycTpoicTBaX. '

OO6blyHO K mocnenoBaTeNbHOMY MM mapamiensHoMy unTepdeiicy [1K noaitouaergs
TONbKO OOMH NpHOOp. Eciin oaMH NpHHTEp yxke NOAKNIOUMIIN K NapanjiesbHOMY HHTep-
¢eiicy, To nns BTOpOro NpUHTEpa Hy>KeH elle OAHH napajuienbHblii uHTepdeiic. Ecnun ner
B HATHYMH WM HEOCTAaTOYHO cBOOOAHbIX HHTEepdeiicoB, To Toraa [1K moxHo noobopy-
[IOBaThb MJaTaMH pPaclUMPEHHs, KOTOPbi€ BCTABJAIOTCA B pa3fiMiHble BHYTPEHHHE CJIOTHI.
O6ycnoBneHHble MPeXHUMH ONMpeAeNeHHIMH annapaTHOro M nporpamMmHoro obecneue-
HUH M onepauHoHHOM cucTeMbl, HaurHas oT DOS u Windows, Bnnots 1o Windows XP B
obuwem ciayvyae NoALepkHBalOTCA ABa NapaieNbHbIX H A0 32 nocienoBaTeNbHbIX HH-
TepdeiicoB. Co cneunanbHON NoAAEPXKKOH U3roTOBHTENS NPUGOPOB BO3MOXHBI 10 8 na-
pannenbHbIX U 256 nocnenoBartenbHbIX HHTEpdeHCoB.

Kak y>xe, HaBepHsKka, H3BeCTHO GOJILLUMHCTBY YWTaTenei, Al YCTPOHCTB, MOAKAOUYEHHbIX
K nocieaoBaTellbHOMY WM mapajnenbHOMYy HHTepdeiicy, Heo6X0AHMO YCTaHOBHTbL COOT-
BercTBytowwee [10 — odpaiisep. DTOT NpaiiBep, kak NpaBWIIO, NPEAOCTaBNISETCS NPOH3BO-
AMTeNeM YCTpOiCTBa A/ COOTBETCTBYIOLLEH OonmepauvoHHON cuctembl. be3 nopobHoro
ApaiBepa yCTPOHCTBO HE MOXET MCMOJb30BaTbC MM MOXET, HO JIHLIb OrpPaHHYEHHO,
T. K. onepauxoHHas cucrema [1K He HMeeT BO3MOXKHOCTH pacno3HaTh ero.

B n3mepuTtenbHoii TexHHKe, HaNpPOTHB, MEKTPOHLLMKY ANs 3TOro MHTepdeiica apaiisep
MOJKET MOoTpebOoBaThHCS JHLLL B O4YEHb PEAKHX Cy4asX, MOTOMY YTO OH HMEET 1eJl0 Heno-
CPEACTBEHHO ¢ (PyHKUMAMH annapaTHoro obecneyeHus KOMNbIOTEpa (C aapecamH BBOJa
W BbIBOJA), KOTOpOE co BpemeH BBeneHHs ux B IBM PC XT no cux nop noanepxusaercs
M B COBPEMEHHbIX CHCTEMAX.

-

[1pn pazpaborke USB-unTepdeiica yunTbiBasics ONbIT, KOTOPBIH Yxe ObUl NonyueH npu
MOAK/IIOYEHHH K KOMIMBIOTEPY AOMOJHHTENbHBIX YCTPOICTB, YTO 3HaYHTENbHO ObNeryu-
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710 MonbL30BaTeNssM npuMeHeHue atoro HHTepdeiica. USB o3Hauaet Universal Serial Bus
(yHMBepcasibHas mocienoBaTesibHas LUKMHA) W ABAseTcs MHTepdeHcoM a8 MHOrMX co-
BpeMeHHbIX ycTpoicTe. USB (ucxons ot ogHoro noawntoueHus USB-xocta) MoxxeT ono-
3HaTb 10 127 noaknioueHHbIX ycTpoiicTs, npuueM aapec 00 3apesepsuposaH. Xoct USB
ynpasnseT Bceil akTUBHOCTbIO Ha USB-nnHusAX M MOoXeT ueneHanpaBieHHO obpaluaTtbes
K JI0O0MY KOHKPETHOMY YCTPOMCTBY MO €ro ajpecy.

[To cpaBHEHHIO ¢ CYLLECTBYIOWMMH NOCea0BaTeNbHbIM M NapaiienbHbiM HHTepdeiica-
mu obnacte npumeHeHus USB-uHtepdeiica 6bina 3HauumTensHo pacwmpena. USB-
HHTepdeiic HaXOANUT NPUMEHEHHE HE TOJIbKO B MPUHTEpPaX, MOAEMAaX, MbILLIKAX, CKaHepax
M BHELLUHHWX XKECTKHUX OUCKAX, HO OH TAaK)K€ aKTHBHO UCMOJIb3YETCS M B IPYrHUX 3JIEKTPOH-
HbIx npubopax, Takux kak MP3-nneepsl, cotoBbie TenedoHbl, Buaeonaeepbl, USB-kapTbi
namati W T. . OHK 3a4acTylO NOAAEPIKMBAIOTCS HEMOCPENCTBEHHO ONEpaLMOHHON CHC-
Temoli 6e3 uHcTanauuu apakisepa. LLinna USB umeer apesoBuaHyto ctpyktypy. Ecnn
xe 1K He obnanaetr nocratouHbiM konnuecTBoM USB-uHTepdeiicoB, To MOXHO BbIno-
HUTb pa3BeTBieHHe USB Ha Hy)kHOE KOJIHYECTBO NOPTOB MPH MOMOLIM TaK Ha3blBaEMbIX
xaboe.

Hcxons or Tak HasbiBaemoro USB-xoct-koHTponnepa (B Hawem npumepe USB-
uHTepdelica KOMNbIOTEpa), APYrHe yCTPOHCTBa MOTYT ObITb BK/IIOUYEHBI 3B€31000pa3HO
C MOMOLLIO MOCJEeN0BaTeNIbHO NpHCOeAMHEHHOro 4-nopToBoro xaba. Xab umeer oavH
mnin Heckonbko USB-koHTakTOB ans noakntodenus apyrux USB-npubopos. Xoct-
koHTposuiep, yctaHoBneHHbiii B [IK, ynpaBnser obmenom ¢ noawmoueHHbiMH USB-
YCTPOHCTBaMH U ONEPALIMOHHOI CUCTEMOM.

Bmecre ¢ 3tum k 4-noptoBomy xaby MoryT ObiTb moakJitoueHbl M aApyrue xabol. Tak,
Hanpumep, USB-koHTakTbl, npenHa3HauyeHHble s [Ipubopa 4 (puc. 1.4), MoryT GbIThb
MCMoNIb30BaHbl Ads Apyroro 7-noptoBoro xaba, Onaromaps uemy konuuectBo USB-
KOHTaKTOB CTPYKTYpbl YBEJIHUMBAETCA Ha AecaTb. B aTOM cnyuae roBopsart o xackadupo-
Ganuu.

Komnbiotep Mpuop 1
| _ OpdbopJ |
Mpubop 4
Puc. 14

B onpeneneHHblii MOMEHT BpeMeHH TOJbKO oAMH noakatoueHHbld USB-npnbop MOJXeT
o6menunBatbes ¢ oaHum USB-xocT-koHTpoanepom. OTnpaska coobLUeHHs OAHOBPEMEH-
HO Ha HECKOJIbKO MOAKIIOYEHHbIX npubopoB (Broadcasting — TpaHcaupoBaHue coo0-
LUEHHA, peXKHM nepenayd cooOLIEeHHs BCEM MM HECKONbKUM aboHeHTaM CeTH OqHOBpe-
MEHHO) HEeBO3MOXKHA. JIJI1 MOBbILIEHHS LUMPHHBI MOJOCHI NMPONYCKAHWS COBPEMEHHbIE
[1IK umeroT 3auyacTyio nBa, YeTbipe MM BOCEMb XOCT-KOHTpoJuiepoB. Ecnun Heckosbko
USB-ycTpoiicTB nonmxHbl 0OMEHHBaTbCS Mexay coboil AaHHbIMHM, HanpUMep, KOMUpo-
BaThb JaHHble ¢ oqHoro USB-xecTkoro aucka Ha apyroii, 1 Ha060poOT, UMEET CMbICA NoJ-
KJIFOYMTD JKECTKHE AUCKH K pa3HbiM USB-xocT-koHTposnepam, a He k 0oqHOMY.
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USB-pa3bem HMmeeT ToNbko 4 COeAMHUTENbHbIX KOHTakTa. [IoMMMO ABYX KOHTaKTOB,
npeaHa3HaYeHHbIX 7S MOAKIIIOYEHHS K WCTCYHHMKY MOCTOSHHOrO TOKa, KOTOpoe He
CBOWCTBEHHO 11 MOCJIEA0BATEIbHOrO HH NapaiiesbHoro HHTepdeicoB, UMeeTcs BCero
JIMLL ABE JTMHHUHW AJIs Nepefay JaHHbIX, MO KOTOPbIM H OCyllecTBasieTcs 0OMeH ¢ XOcT-
koHTposiepoM. Bmecre ¢ Tem, USB-pa3beMbl He o4eHb 1Oporu U MOryT ObITb MHHHATIO-
PH3HPOBAHBI.

[MonkmouenHble k USB ycTpoiicTBa o4eHb 4acTO aBTOMAaTHYECKH pacno3HaloTcs onepa-
LIMOHHBIMHU cucTeMamHu, Hanpumep, Windows 2000, Windows XP u Vista. Ecnu xe ycT-
pOHCTBO NOAKJIIOYAETCS BMEPBbIE, TO MOYTH BCEraa NPOUCXOAMT 3aMpoc Ha HHCTAMIALMIO
npaiisepa. [ocne ycnewuHoH ycTaHOBKH M HHTErpaLMH apaiiBepa onepaLHoHHas CHCTeMa
pacno3HaeTt npH6op aBTOMaTHUYECKH.

HHorna, onHako, He ynaeTcs 3aMETHTb HMHTErpauMio apaiiBepa, T. K. OnepalHOHHas
cucrema (Hanpumep, s USB-kapTbl namath nnn USB-xkecTkHX OHMCKOB) y)ke COAEPIKHT
ApaiiBep B CNHMCKe COBMECTHMOCTH 000pYA0BaHHS U aBTOMAaTHYECKH HHTErPHPYET ero.

1.1. NMoHATHE O AaHHbIX
W eaMHUUax nHopmMauuu

YTOo B KOMNBLIOTEPHBIX TEXHOJIOTHAX MM UHPOPMATHKE Moapa3yMeBaeTcs Mo NOHSTHEM
Oannbie? Kak BbIMISAQAT JaHHbIE, KOTOPbIE HCMOJL3YIOTCS 11 00paboTKH B KOMMbIOTE-
pax B COOTBETCTBHH C MHKPOKOHTpOJUIEpaMH, a Takke MepenaroTcss no pasiMyHbIM HH-
TepdeiicaM — OT 3/IEKTPOHHBIX YCTPOICTB K KOMMbIOTEPY WM B CAMOM KOMIbIOTEpE.
B HHTepHeTe MOXHO 0OHApY>XHTb MPHUMEPHO ClieAyHOLIHi OTBET:

Hannvie — 3mo noz2uuecku cepynnupoganivle eOuUHUYbl UHpoOpMayuu, Komopbvle nepeoa-
tomca mexcoy (komnvlomepuvimu) cucmemamu. Onu cocmosam u3 08ouuHoz2o kooa. Tpe-
byemcs Hanuuue KOOUPYIOUWUX UHCMPYKYULL, C NOMOUbIO KOMOPbIX OaHHble Mocyn bbimb
npeobpazoBambi.

B ungpopmamuxe u s3nexmponnou o6pabomxe OaiHbix o0 nowamuem "OanHvie" nonuma-
emcs yumaemoe (MawuHol) u ob6pabameieaemoe, Kak Npasuno, yughposoe npedcmaasne-
Hue ungpopmayuu. Hnghopmayusn ona amozo crnauana kooupyenics 8 3HaKu (iU Yenoyku
3HAKOB), CMPYKmMypa Konopvix NOOYUHAENCA CMPO2UM NPAGUIAM.

JlaHHble — 3TO MHOXKECTBEHHOE YMCJIO TEpMHHa "nmaHHOe", T. €. HauMeHblUeil Heaesu-
MOH enuHHMUbI WHPOpPMaLKMHK, KOTopas nepeaaercs B coobuieHun. Coobuenue — 3TO
¢$hopma npeacraBneHus HHGoOpMaLHH, T. €. COBOKYNMHOCTb 3HAKOB WJIH NEPBHUYHBIX CHIHa-
JI0B, coaepxaluMx HHGopMaLHIo, KOTOpas UMeeT MPH3HAKH Hayana U KOHLA M MpeaHa-
3HaveHa JUis Mepeaayu yepe3 onpenesieHHyto cpeny cBa3u. CooblueHue uMeeT onpeae-
JIeHHOe 3HaueHWe AJI rnosyyaTens W noauuHsercs GUKCHPOBaHHbIM MpaBHiaaM. B kom-
nbtoTepe, paboTalolleM B JBOMYHOM KOIE€, HaHMMEHbLUMMH eouHuyamu uHopmayuu
asnsoTcs 3HaveHus 0 u 1. Bnaronaps pacnonoxeHuto B paa HyJieit U eAHHHUL 0Opa3yloT-
CA LLleNOYKH 3HaKOB M uKcen ans aanbHeieii o6paboTky B NporpaMMHOM W annapaTHOM
obecnevyeHHy KOMMbIOTEpa.

lPUMEYAHHE
KomnbloTep — 310 Nnpon3BoAHOE OT aHrn. "to compute” (cunuTaTe nNu BbIMUCNATH).
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HaHHble MOryT ObITb NpeacTaBiieHbl B aHANOroBoi MM UHdpoBoi dopMe H ObITb COOT-
BETCTBEHHO aHAIOrOBLIMH MW LM(POBLIMH.

Haunbonee HarnsaHbiM nNpHMepoM nepefavd anaioeoGblx OaniblX, HaBEpHOE, ABIAETCA
TenedoH: ecnyu roBoputb B MUKpodoH TenedoHHOW TpyOKH, TO 3BYKOBblE BOJIHbI peuH
npeobpa3yloTcs B 3/IEKTPUUECKHE KosieOaHHMs; 3TH 3INEKTPHYECKHE CHrHabl (AaHHbIE)
nepeaaloTcs No MpoBoAaM, a B AMHaMHKe TenedoHHOM TpyOkH nonyuvaTens OHM CHOBa
npeobpa3ytoTcs B 3ByKOBbI€ BOJHbI.

B npoTHBOMOAOXKHOCTL IBOMUHBIM YUPPOGLIM OAHHBIM C AUCKPETHBIMU 3HAUYeHUAMH 0
HiM | aHanoroBblii CHrHaJl MOXET MPUHATbL J1I00OE MPOW3BOJLHOE 3HAYEHWE BHYTPH
YCTaHOBJIEHHbIX NpeaesibHbIX 3HaueHuH, nanpumep: 0,1; 0,2; 0,2345...

1.2. 1BONYHbIN cyeT (noruyeckune 0 n 1)

CurHanbl MM CHrHaJIbHbBIE JIMHHK B UMPOBOM HHTepdeiice 3akoaHpoBaHbl B JBOMUYHOMH
CHCTEME CUMCIIEHHS U MOTYT NPHHUMATb TOJIbKO 3HaueHHs 0 wiu 1.

Bce 3T0 cTaHOBUTCSA AOBOJBLHO NPOCTO, €CNIH NPEeACTaBUThL cebe To, Kak Mbl CUMTAEM MpPH
nomouuu aecatd uncen ot 0 no 9 B Halwei OObIYHON OECATHUHON CUCTEME CHHCIIEHHS
(Taba. 1.1).

Tabnuya 1.1
OecaTnyHoe OBsonyHoe WecTHapuaTepuyHoe
ocHoBaHue 10 (0-9) ocHoBaHue 2 (0,1) ocHoBaHue 16 (0-F)
0 0 0
1 1 1
2 10 2
3 1 3
4 100 4
5 101 5
6 110 6
7 111 7
8 1000 8
9 1001 9
10 1010 A
1 1011 B
12 1100 Cc
13 1101 D
14 1110 E
15 1111 F
16 10000 10
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[1pn ‘Bcex cucTemax CUMCIEHHS COOTBETCTBYIOLUHE AMCKPETHbIE €AMHHLIbI HHpOpMaUHH
pacnonaratoTcs B paj, U OT 3TOrO 3aBMCHT COOTBETCTBYIOILEE 3HAUYEHHE NO3HLIUH BHYTPH
nHdopmaumu (anaHHbix). Hanpumep, necatuuHoe uncio 14,o B pa3sHbIX CHCTEMAX CUHCIe-
HHS MOXCHO MPEACTaBHTDb ClieAyOLHM 06pa3oM:

14,0 B mecaTuuHoii cucteme — 14 = 1x10' +4x10°=10+ 4
14,0 B ABOMuHOM chcTeMe —> 110 = 1x2 + 1x22 + 1x2' + 0x2°=8+4+2+0

149 B WecTHaauaTepuuHoii cucteme — E = 14x16° = 14

B npuBeaeHHbIX CUCTEMaX CUMUCIEHHS Pa3iMUHbl TOJbKO OCHOBAHHS MW KOJIMYECTBO
BO3MOXCHBIX JHCKPETHbIX 3Ha4eHUH eauHUl UHPopMaunu. B pecaTuuHoi cucteme UM
asnstores yucna ot 0 10 9 (a0 ocHoBaHus 10, necsaTb BO3MOXHbIX JUCKPETHbIX 3Haye-
HHi1), a B ABOHUHOI cucTeMe — aBa 3HaueHHs 0 1 1 (10 ocHoBaHuA 2).

1.3. "CyeT Ha nanbuyax”

OueHb NpoCcTO MPOU3BOAMTDL AeJIeHHEe ABOMYHOrO YMC/la Ha ABa: HYXKHO CABHHYTb BCE
OMTbI Ha OIHY NO3UUMIO HAMpaBo, a NocyeaHH 6UT oTopocuTb. Hanpumep, npu neneHnu
uncna 10,y (aBouuHoe uncno 1010,) Ha 2, nonyuaercs aBouuHoe uucio 101, (aecaTnu-
Hoe 5)9). Taioke u u3 aecaTuuHoro yucna 11 monyuurcs uucno 5. YMHOXKeEHHe Ha OBa
NPOM3BOJAUTCS CO CABUroM GUTOB HaNeBo.

Uuratenb MOXET MPOBEPHUTH CledyIOLEe YMHOXKEHHE ABYX YHUCEJNl M MONbITAThCA BHHK-
HyTb B CYTb Jejla. ABTOpY 3TOT BHI YMHOXEHHS M3BECTEH MOJ Ha3BaHMEM '"CueT Ha
nanbuax". PaccMoTpum npumep ymHoxerus 17 Ha 12 (17x12).

JleBbiii cronbeu (17) kaxnaplii pa3 aenutcs Ha 2, npasblid ctonben (12) kaxablii pa3 yMm-
HoxcaeTcs Ha 2. OcTaTku npH 3ToM He OepyTcs B pacuet (Tabn. 1.2).

Ta6bnuya 1.2
17 12
8 24
4 48
2 96
1 192

Cn0XHM TOJBKO Te YMcia B CTONOLE CrpaBa, KOTOPbIE B JIEBOM CTONGLE HUMEIOT HEYeT-
Hoe 3HaueHHe: T. e. 12 + 192 = 204. OTBeT noxoluen, HO BCeraa Jik Tak NPOUCXOaUT?

1.4. BuTbl N OanTbI

Bum (binary digit, nBOWuHbIH pa3psa) MOXET NMPUHHUMATL JIOrH4yeckue 3HaueHus 0 u 1.
Ecnu pacnonoxutb B psan 8 6MTOB, kKak B MpeablaylleM MpUMepe, To Toraa ¢ § duramu
MOXHO AOCYHMTATD A0 255 3HaUEeHHIA:



U3mepeHue, ynpasneHue u peaynuposka npu nomouju uHmepgpelicos NK 17

W0 A0 []= 127 +1x28 +1x2° +1x2* +1x23 +1x2? +1x2'+1x2° =

=128+64+32+16+8+4+2+1=255

Hrak, 8 6uToB obpa3zytor 1 6aiT. balT MoxkeT npuHuMaTh 256 3Hauenui (ot 0 no 2595).

Hrak, 6aitim — 310 enrHuua MHGopMaUMK NaHHBIX, KOTOpas cocToMT M3 8 6uroB. [lep-
BbIi OUT (camblii neBblii, 128) ob6o3HauaeTcs Taioke MSB (Most Significant Bit, Hanbonee
3Hayaliuid OWT, cTaplunii pa3psan), nocieaHui 6uT (cambli npaBbii) — kak LSB (Least
Significant Bit, HaumMeHee 3HauyawMii OUT, MaaawWKi pa3pan).

Cnogo Oannvix (Word) — 310 ennHuua uHpopMaumMH, coctosuwas u3 16 6uros, uan
2 GaiiToB, KOTOpast MOXKET NPUHUMATE 65 536 3HaueHwuit (oT 0 no 65535).

1 M6aiit (1000000 6aiiT) paBeH 10° 6aiiToB, OAHAKO B BbIYMCIIMTENLHON TEXHHKE MOA

Mezabaiimom npuuaTo nouumars 2°° Gaiit (1 048 576), uTo NPUBOAMT K MOUTH 5%-i
- 0 -~

pa3HHLIE C MEPBbIM 3HAUEHHEM, a MO KW106atiniom NPUHATO NoHUMath 2'° Gaiir.

Hnaue: 1 M6aiit = 1024 K6aiit = 2'"° Ko6aiir,
. -
1 K6aitt = 1024 Gaiit = 2'° 6air,
1 M6aiit = 1024x1024 6aiit = 2'°x2'"° Gaiit = 2% Gaiir.
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OcHoBbI USB

2.1. USB 1.0, 1.1, 2.0, On-The-Go
UsB 1.0

H3BecTHas Ha ceroaHsWHHI MoMeHT nop HazeaHueM USB 1.0 nocnenoBaTtenbHas ‘nHa
6bina paspaboraHa komnaHueii Intel. Cneundukauun USB 1.0 66111 oOHapoaoBaHbl ewue
B ssHBape 1996 r.

Hurepdeiic USB 1.0 umen makcumanbHyi0 CKOpPOCTh nepenaqd, pasHyio 1,5 Mout/c
(Hu3kas ckopoctb — Low-Speed), 1 no3ToMy He MoOr ObITb MONE3HBIM ANS 3aMOMHHAI0-
IUMX YCTpOICTB cBepXxOonbLIOH eMKOCTH (Hanmpumep, )ecTkux auckoB). Oj1Hako Takue
yCTpoiCTBa yxke noaaep>kxuBanuch. [lepBbiMH ske HCNONb3yeMbIMH YCTPOHCTBaMH ObliH,
Hanpumep, NPUHTEP, CKaHep, MbiLb U KJlJaBHaTypa.

USB 1.1

C untepdeiicom USB 1.1 ctano Bo3MOXHbBIM JOCTHTHYTb CKOPOCTH Nepefayd JaHHbIX,
paBHoii 12 M6uTt/c (nonHas ckopocts — Full-Speed).

USB 2.0

B 2000 r. 6bina o6HapoaoBaHa cneundrkaurs USB 2.0 ¢ BbicokockopocTHOH nepenauvei
naHHbiX (480 M6uT/c), a Taloke co3aaHbl NMpeanocbUlkk 1is Toro, ytobsl USB cran 6o-
Nlee npuBaeKaTeneH s nepudbepritHbIX YCTPOHCTB, TaKHX KaK NPHUHTEP, XKECTKHH AMKCK,
KapTbl MAMATH H T. 1.

USB 2.0 co ckopocTblo nepenauy naHHbIX, Oonblueii B 40 pa3, yeM nNpH BbICOKOCKOPOCT-
HOM pexHMe, ocTaics coBMecTHM ¢ Bepcusimu USB 1.X.

USB On-The-Go

Bnaropaps USB On-The-Go (OTG), panbHeiiwero paclidpeHds cneurdukaudu
USB 2.0, o6opyaoBaHHbie um USB-ycTpolicTBa MOryT HenocpeacTBEHHO cooOLIaThCs
mexxay coboii. [loaToMy OT KOMNbIOTEpa, KOTOPbIH NPHHHUMaeET Ha cebs PyHKLUHIO XOCTa,
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MOXHO oTka3aTbes. J[Ba USB-ycTpoiicTBa MoryT o6mMeHnBaTbCs coobuieHusamu 6e3 xoc-
Ta. OTO MMEET CMbICI MpH HMCNONb30BaHWM UMdpoBbiX kamep ¢ USB-pazbemom mns
ynpaenenus USB-npuHTepamu, 4toObl MMETb BO3MOXKHOCTbL pacneuyartars ¢ortorpaduu
HEMOCPEACTBEHHO Ha NMPHHTEPE, 63 NOAKIIOUEHHS K KOMIMBIOTEPY.

Wireless USB (6ecnpoBogHasa USB)

[Ipn ynomMunanun sto#i cneundukaunu USB peus naer o 6ecnpoBoaHom USB. [laHHas
cneundmkaums 6bina BoinyweHa B Mae 2005 r. OHa nenaet BO3MOXKHBIM GECNpPOBOAHYIO
cBa3b Mexxay USB-ycTpoiicTBaMu npu nonHON CKOpOCTH nepenavyd NaHHbIX MakCUMYyM
480 Mout/c.

2.2. UpentTndhukaumn ycrtponcts USB-untepcpeica.
TOK 1 HanpsXXeHue NUHUNA INEKTPONUTAHUA

®usnueckn USB-pasbeM umeet B 00LLeii cnoxHOCTH 4 nuHuM (puc. 2.1), aBe 051 nek-
TpONWTaHus (3emns W +5 B) v aBe nnnumn ana nepenauu aavHbix (D+u D-).

JluHuM NEDBAAYY AAHHBIX .
Komnblotep USB-ycTpoiicTBo

3nexTponuTaHKe

Puc. 2.1

[loTrpebnenue anekTposHepruu noakitoueHHoro USB-ycTpoiicTBa He Q0OMKHO MpeBbl-
watb 100 MA, ecnin USB-ycTpoiicTBo He Ob1o ckoHdHryprpoBano. MakcumansHoe no-
TpebneHne 3nekTpo3Heprun npu ckoHburypupoBaHHom USB-yctpoiicTBe cocTaBnsieT
500 MA. Ecan HeoOxomumo 6Gonee 100 MA, To 3TOoro aomkHo norpeboBath USB-
YCTPOHCTBO. Y CTpOHCTBa, KOTOPbIE AOKHBI MHTATLCA HEMOCPEACTBEHHO OT LWHHbI USB,
cHab>keHbl ONO3HaBaTeNbLHbIM NpH3HakoM bus powered (nuTtaemblii ot wHHbl). Camo co-
6o pasymeercs, uto USB-ycTpoiicTBa Takxke MOryT GbiTb OCHalUlEHbl CBOMM COOCTBEH-
HbIM 3nekTponuTanueM. Takue ycrpoiicTBa obnanator npusHakom self powered (c cobeT-
BEHHbIM MCTOYHHKOM MHUTaHHA).

JInnuu nepenaun naHHbix (D+ n D-) paccunTaHbl 418 ONTHUMH3aLKMK CKOPOCTH Nepeaavu
naHHbIX. OTaenbHbIE COCTOAHUA CHPHaNa 3THX JIMHHWIA 31ech paccMaTpHBaTh He Oynem,
T. K. OHH OblK Obl BaXkHbI TOIbKO NpH pa3pabotke USB-uuna.

Ecnan USB-yctpoiictBo noakitouaercs k USB-koHTponnepy Mav M3BNeKaeTcs M3 HEro,
TO JIMHWM Nepelayd JaHHbIX HMCMOoJb3YlTCs Nno TexHonorun Plug-and-Play (nocn.
aHr. — noakmoun u paboraii). Ecnu nununa nepepaun nanubix D+ nopaiutioueHHoro
USB-ycTpoiicTBa OTHOCHTENBLHO HanpsXKeHHUs NMUTaHUs UMeeT conpoTusiaeHue 1,5 kOmM,
TO YCTPOHCTBO B 3TOM CJly4ae OMNpeleseTcs B KauecTBE MOJHOCKOPOCTHOrO MM HHaye
BbICOKOCKOPOCTHOrO YCTpokcTBa. Ecnu »e To ke caMoe MOXKHO cka3aTb AAs JUHHUK D—,
TO TOrAa 3TO HU3KOCKOPOCTHOE YCTPOHCTBO.
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Bce USB 2.0-coBMecTMble ycTpoicTBa MpH MOAKIIOYEHHMH K LUMHE C MOJIHOH CKO-
poctbto (Full-Speed) onpenenstorcs kak ycrpoiictBa unrepdeiica USB 1.1. Tonbko ko-
raa XOCT-KOHTpoJulep 0OHapy»KHT, 4TO pedb MaeT o6 ycTpoiicTBe, NpUCNOCOONIEHHOM K
unrepdeiicy USB 2.0, npoucxoauT neperitoyeHre CKOPOCTH Yepe3 XOCT.

Ecnu obe nuHuu nns nepenaun naHHeix D+ v D— ocraroTcs Ha HU3KOM JIOTHYECKOM
ypoBHe aosiblue 2,5 MKC, TO TOrja 3TO COCTOSIHWE onpeaensiercs kak disconnect (pa3b-
€IMHEHHE), U YCTPOICTBO MOXKHO OTCOEAUHHTD.

Jnuna USB-kabens He nomkHa npesbiwath 5 M. Ecnu notpebyercs kabenb Gonblueit
JUTHHBI, TO TOrAa Ha Kaxable 5 M kabens Hy)xHO Hcnonb3oBaTh USB-xab.

2.3. NocnepnoBartenbHana nepeaava AaHHbIX
B MHTepcencax USB, RS-232, SPIu I*C

Kparkoe conocraBneHne Haubonee 4acto HCMONb3yeMbIX MOCAeA0BaTENbHbIX HHTEphei-
coB npuseaeHo B Tabn. 2.1.

Tabnuya 2.1
UnTepdenc

NapameTp

USB 2.0 RS-232 SPI 1’c
KonuyecTtBo ycTpoincrTs 127 2 8 40
CKopocCTb nepeaayyn AaHHbIX no 480 [o 115 Kéut/c | no 2 M6urt/c Ao 2 M6urt/c

M6ut/c
MakcumanbHoe paccToaHue 5m, [o30m Ao 3 M noSM

makc. 30 m

USB cnyxuT ans noAwIOYEeHHs caMbiX pasHbIX BHeWHHX Yyctpoiicts. HMurepdeiic
RS-232 MoxHO BCTPETUTDb, HanpUMep, B MOAEMAaX, MbILLIAX H U3MEPHUTENbHBIX NpUbopax.

Hurepdeiicel SPI (Serial Peripheral Interface) u 1°C (Inter-IC bus) cnysar npeumyinect-
BEHHO 1S BHELIHEro COeAMHEHHs MHUKPOKOHTposiepa C APYrHMH nepudepHiiHbIMH
MHKpOCXeMaMH (y31aMH) W MO3TOMY MOAJAEPIKHBAIOT paboTy NMLLb Ha HEOONbILMX pac-
CTOSIHHUSIX.

[Ipu nocnenoBarenbHO# nepenaye cooOLIEHHE pacyaeHseTCs HA MHHUMaJIbHbIE dleMeH-
Tbl. Takum 06pa3om, | GaliT MOCLUTIKK NMpH nepenaye CHOBa pa3aensercs Ha 8 oTaAeNbHbIX
ouroe. KpoMe naHHbix k cooblueHdto nobaensercs u apyras cinyxxeOHas WHbopMauus:
Kak, HanpuMep, MpU3HAaK Hayajla W MPU3HAK KOHUA OAHOM €AMHHLbI MOCbLIAeMON WH-
dopmaumm.

.CkopocTb nepenayu JaHHbIX — 3TO CKOPOCTb, BbIpaXKEHHas B KOJMuyecTBe OMUT, nepena-
BaeMbIX 32 €IMHHULLY BPEMEHH, KOTOpas, Mo CyTH, COOTBETCTBYET 4acTOTe NepelaBaeMbliX
6uroB. YacToTra, kak U3BeCTHO, BbiuucaseTcs no dopmyne: f= l/t, rae t — AnUTENbHOCTD
nepeaauu oaHoro 6ura. [lns unrepdeiica USB 1.1 B pexxume Full-Speed ckopoctb nepe-
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Jlayu AaHHbIX cocTaBnseT 12 Mout/c. Bpems nepenaun onHoro 6ura Takum obpasom Oy-
aer pasHo: 1= 1/f= 1/12:10° = 83 Hc. UTo xke KacaeTcs peanbHON CKOPOCTH Mepeaauu
MCXOZHbBIX AAHHbIX, TO ee 3Ha4YeHHe, paBHoe 12 M6uT/c, B 1eHCTBUTENbHOCTH HE 1OCTH-
raercs. DpdekTuBHble ee 3HaueHUs ans uHtepdeiica USB 1.1 Haxoasarcs mexay 6,5 u
9,5 M6uT/c, B 3aBUCMMOCTH OT TOro, Kakoii U3 TUMoB nepeaayn aaHHbix no USB ucnonb-
3yeTcs.

2.4. Kognposka NRZI

[Ipu USB-nepenaue npumensercs cnoco6 koauposkd NRZI (Non Return to Zero
Inverted, koaupoBanue 6e3 Bo3BpalLeHHs K HYIO ¢ MHBepcHel). [IpuHUMN KoaAMpOBaHUS
NRZI 3akntouaercs B cneaytoiteM. Ecnv Ha BXoA cxeMbl KOAMPOBaHWS NOCTYMNAET JOMM-
yeckas |, TO ypoBeHb BbIXOQHOrO HarnpskeHUs ocraeTcs 6e3 U3MEHEHHH, a eciiu loruye-
ckuii 0 — M3MeHseTcs Ha NPOTHUBOMONOXHbIN. [Ins ocyluecTBAeHUs XOpoLueii CHHXPOHH-
3alUMK C MMHMMalbHbIMM 3aTpaTaMK Ha MoJyy4aresie KOAOBOI Mocnea0BaTENbHOCTH NMpH-
MEHSETCSl TaK Ha3biBaeMblii hopmuposamens 6umos — Bit Stuffer (puc. 2.2), KOTOpbIii
OCYLIECTB/SET MPHUHYAWTENbHYIO BCTaBKy Jloruyeckoro 0 nocjie npuema LIECTH Clie-
AYHOLMX MOAPSA APYT 32 APYyroM €AHHUYHBIX OUTOB ABOMYHOMH MOCNEN0BATENbHOCTH.

®opmuposarens 6utos NR2I- o| AuddeperumanbHbiii
(Bit Stuffer) fexoaep ycunutens (D+ D-)
Puc. 2.2

3TOT OUT J0KEH ObITh BCTaBNEH TAK)XKE U B TOM cjlyyae, €CJii B NOTOKE AJAaHHbIX Mocyie
CAWHHUYHDbIX MOBTOPAIOLHUXCA NAHHbLIX CIEAYET 6uT co 3HaueHuem noruueckoro 0. 3ToT
war obs3aTeneH ans TOro, yTtoOblI Ha CTOpPOHE noJjiyyareyiss MOXHO 6bL10 pacno3Harb U
CHOBA yAQJIUTb 3TOT JIONOJIHUTENbHbIH OUT.

Kpome Toro, nns obecneyeHusi TOUHOH CHHXPOHHM3aLUMK B npolecce THTENbHOH nepe-
Jayu cooOLleHUs nepea KaxcibiM MakeToM JaHHbIX GopMHUpyeTcs cneunaibHas CHHXPO-
HU3UPYIOLLAs MOCNEA0BATENbHOCTb, COCTOALAs U3 8 GUTOB.

2.5. NocnepoBsaTtenbHasn wuHa USB

B HHTepHeTe Ha HekoTOpbIX HeMeLKOs3blYHbIX caiitax abOpesuarypy USB wuHorna
MpeacTaBAsIOT He KaK YHUBepcallbHyt0 nocnenosarensHyto wuHy (Universeller Serieller
Bus), a kak Heu3BecTHyto nmocnenoBarenbHyto wMHY (Unbekannter Serieller Bus). [leii-
CTBUTENbHO pa3oOparbcs B Aetansx uHTepdeiica USB, npoueccax B nporokone USB-
nepenayu, ¢ 1eCKPUNTOPaMH, KOOUPOBAaHHEM M NEKOJWPOBAHHEM NAaHHbIX, CHHXPOHH3a-
LMel, CKOPOCTAMH Mepefayd NaHHbIX, HeoOXOAUMbIMHU (a Takxke M Heobs3aTenbHbIMH)
npaiiBepaMU Ha YpPOBHe OMnepauMoOHHOH cucTeMbl, co cneundukaunsMu OHCI, UHCI,
EHCI nnn npentudmkatopom npousBoAMTENss — HE TaK-TO 3TO MPOCTO AN 3NEKTPOH-
LMKa-noouTens.
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‘B npoTHBONONOXHOCTL NPUIOKEHHUAM ANISl NOC/EA0BATENLHOTO MM NApaLIEAbLHOTO HH-
Tepdeiica, USB-npunoxxeHHs He MOryT NpoCTO MUCaTb AaHHbIE MO Pa3iHYHbIM aJpecam
BBOJA/BbIBOJA WIIM YMTaTb C 3THX aapecoB. [[nsa Toro utoGbl npuctynuTh k pabore c
USB-ycTpoiicTBOM, MpHioXKeHHs AOMKHbI o0waTbes ¢ ApaiBepoM (kacca YCTpoOiCTB
MNH YCTpPOMCTBA), KOTOpbIii, B CBOKO ouepeldb, Ha Gonee HM3KOM YpoBHe obLuaercs
¢ -USB-npaiisepamu ynpaeineHus cooOLLEHHAMH MO JIMHUAM nepenaud aaHHbix USB.
B yctpoiicTe nomkHbl ObITh peanl30BaHbl NPOTOKOJIbI, C MOMOLUBIO KOTOPbIX KOMIbO-
TEp MOXET pacno3HaTb M WAEHTHPHULMUPOBATb YCTPOHCTBO, a Takke OOMeHHBATbCH
C HUM.

K cuactbto, MHOrHe npoussoaurenu USB-koHTpoiepoB yxke CTankHBaKCh C 3TOH Npo-
6nemoii. Cnenyet oTMeTHTb, 4TO B 3TOM KHHre FTDI-anantep npeacrasneH B AByXx BapH-
aHTax: ¢ pa3BOAKOHM BbIXOAHBIX KOHTAKTOB AJS MOCAEN0BATENbHbIX CUTHAbHBIX JTHHHH,
KaK Ha puc. 2.3, Wiy s napaniefbHblX AaHHbIX, KaK Ha puc. 2.4.

uss
K1

Puc. 2.3

K1

Puc. 2.4

Ins pabotel ¢ ananTepom Hano, mpexnae Bcero, BbiOpatb USB-amantep ¢ mocnenosa-
TEJbHbIM WJH MapaijefibHbiM BbIXOAOM, 3aT€M MNOAKIIOYHTbL ero, ycraHosuTb FTDI-
ApaiBep W 3anyCTHTb NPOrpamMMbl, HaNKWcaHHble, Hanpumep, Ha Visual Basic unu INacka-
ne (ans npogeccHoHanoB NoaoHaeT  a3bik Cu).

MHTepecHo, uYTO BbBIXOAHBlE CHrHadbl nocneaoBarenbHoro HHTepdeiica FTDI-koHT-
pojsilepa MOXKHO MCMOJIb30BaTh Takxke W A 8-6MTOBOMH mapannenbHOH nepenavu naH-
HbiX. KpoMe Toro, MoryT GbITb CMOAENHPOBaHBI M ApYrye nocienoBartenbHblie HHTepdei-
cbl, Takue kak SPI unu I°C. '

Hcnone3yembiii B naHHom cinyuyae USB-koHTponnep, BbIMOJAHEHHbI Ha MHKpOCXeme
FT232R u usroroeneHublit komnanuer FTDI, paccuuran Ha unTtepdeiic USB 2.0.

[lepenaua naHHbix no USB npoucxonuT B npenenax kaapoB pasMepoM B 1 Mc, KOTOpble
MOXKHO JIErKO MPEACTaBUTb Kak NEPHOAHYECKOE BPEMEHHOE OKHO, MPHYEM TaKTUPOBaHHE
ocywectBasercs USB-xocT-koHTposiepom.
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Coo0lueHus nepenaroTcsa B BUAC NAKETOB AAHHBIX BHYTPH 3TOr0 BpEMEHHOr0 OKHa.

[lepenaua naHHbIX BHYTPH MHJUIMCEKYHAHBbIX kaapoB pasznuuHa. [ns USB umeerca Tpu
pexxuma pabotbl: Low-Speed — ckopocTb nepenaud aaHHbiX cocrasiseT 155 M6ut/c,
npu Full-Speed — no 12 M6ur/c, npu High-Speed (Toneko ans USB 2.0) — mo
480 M6ut/c. Ipu USB High-Speed nns noctrxeHus BbicOkoH CKOpPOCTH nepenayu JaH-
HbIX KaXAbli |-MUIIHMCEKyHIOHBIH kaap pa3zaensercss Ha 8§ MUKpPOKaapoB pa3MepoM Mo
125 mkc.

2.6. Tunbl USB-nepepau

USB-ycrpoiictBa MoryT no-pazHomMy obmeHuBaTbcs AaHHbiMH ¢ USB-xocT-koHTpoOsn-
nepom. [Ins nepecbliku cOOOLIEHHIT UMEETCS YEThIPE THNA Nepeaay.

Ynpaensawuwasn nepeanada (Control-Transfer)

Ynpasnsitouiue nocblUIKM OTCbLIAKOTCA 00bIYHO B 00a HanpaBieHUs, TaK YTO U OTNpPaBU-
TeNb (MCTOYHUK) M nony4varenb (NMPUEMHUK) BCerAa MOryT ObITb YBEpeHbl, UTO JaHHbIE
npubbin. Kaxaoe USB-yctpoiicTBoO A0mKHO 00s3aTebHO MOAAEPXKHUBATL yNnpassio-
we nepeaaun (Control-Transfer).

Ynpasnsiouue nepesadyy oueHb BaXKHbl Ul Hadana obMeHa. OHU cnyxat ans koHury-
pupoBaHus USB-ycTpo#icTB BO BpeMs HMX MOAKIIOUEHMS W B npouecce paboTbl ans
ynpaBneHHs UMH, a TaKKe, MOMHUMO BCErO MpOYero, A1 TOro, 4robbl NONy4UTh HHGOP-
mauuto o coBMectumoct USB-ycTpoiicTsa.

Mepenaya no npepbiBaHuto (Interrupt-Transfer)

[lepenauun c ucnonb3oaHueMm npepsiBaHuii (Interrupt-Transfer) paborator ¢ npoBepkoii
owHOOK M 3aaymaHbl AN KOPOTKMX NAaKeTOB AaHHbIX. B 3TOM cnyvae He rapaHTHpyeTcs
TOYHO YCTaHOBJIEHHas CKOPOCTb nepeaayu. [IpepbiBaHUs UMEIOT CNIOHTaHHbIH XapakTep.
[Noakntouennoe USB-ycTpoicTBO NEpHOAHUECKH AOMXKHO BbIMONHATL 3anpoc Ha obcny-
xusaHue. [lpenen BpeMeHnn oOcnyxMBaHMA A1 HU3KOCKOPOCTHOrO peXMMa Nepeaaqu
nanHbix (Low-Speed) ycranasnusaercs mexay 10 v 255 Mc, Ans NONHOCKOPOCTHOrO
pexxuma (Full-Speed) — mexay 1 u 255 mc, a ans BbicokockopocTHoro (High-Speed)
mMoxeT ObITb 125 MKC.

[1pn nepenaue ¢ ucnonb3oBaHieM npepbiBaHus U Low-Speed 3a oauH 3anpoc nepenaet-
cs ao 8 6aiitos, npu Full-Speed — no 64 6aiitos, a npu High-Speed — no 1024 6Gaiitos.
OTcroaa MakcHmalibHas CKOpOCTb nepenauu AaHHbIX npu Low-Speed Oyaer 800 Gaiit/c,
npu Full-Speed — 64 K6aiit/c u npu High-Speed — no 24 M6aiit/c. HecMoTps Ha cxo-
)KeCTb B Ha3BaHWM, Takoe npepbiBaHue npu USB-nepenaue He uMeer Huyero obuiero
¢ 00LIeNPUHSTBIM NMpepbiBaHHEM NpoLEccopa.

MoTouyHasa unu rpynnoBasn nepenaya (Bulk-Transfer)

[NorouHas unu uHaue rpynnosas nepenaya (Bulk-Transfer) 3anymana ans Gonblimx no
pa3mepy HabOpOB AaHHbIX, HY)XJaeTcs B MpoBepke OWHOOK, HO HE UMEET KECTKHX Tpe-



OcHoebl USB 25

6oBaHuii kK BpemeHu nepenauu no MHtepdeiicy USB. O1u nepenauu o6nanaroT MeHbLIUM
npuoputeToM. OHU NMPOBOIATCS KOHTPOJIJIEPOM, KOraa ApYrue U30XpOHHbIE Nnepeayu
nepenay ¢ UCMONb3OBaHHEM MpepbiBaHHi oTiutoueHbl. [Ipumensemblit FTDI-uun muk-
pocxembl FT232R noanep)kMBaeT 3TOT THN nepelayu.

N3oxpoHHasn nepenaya (Isochron Transfer)

M3oxpoHHble nepenauu ssnstoTcs BakHbIMM ans USB-yctpoiicts, koTopble 06pabatbi-
BatoT Gonblune Habopbl AaHHbIX (¢aiinbl). OHY UMEIOT rapaHTHPOBAHHYIO CKOPOCTD Me-
penaun naHHbiX. [1pu m3oxpoHHoi nepenave (Isochron Transfer) e npoucxoaut kop-
pektupoBaHue ownbok. MU3oxpoHHas nepenaya B pexxume Low-Speed He ucnonb3yercs.

2.7. USB-ppaunBep

Boobuwe, dpaiisep — 3TO0 kOMNbiOTEpHas NporpaMMma, KOTopas fBASETCS CBA3YIOLLUM
3BEHOM MEXY annapatHbiM M NporpaMMHbIM obecrnedeHueMm kommbioTepa. [ns toro
utobbl 06paTuTbes k USB-ycTpoiicTBy, npuknaaHas nporpaMMa JOJKHA CBS3aTbCH C
apaiiBepoM, KOTOpblii B CBOIO ouepeab Ha Oonee HU3KOM ypoBHe obuwaetrcs ¢ USB-
npaiiBepoM, YMpasisiOLIMM YCTPOHCTBOM C MOMOLLBLIO COOOLIEHUH, nepenaBaeMbIX MO
JUHUAM Mnepeaayd AaHHbiX. Bbuno 6bl kOHeYHO xopowio obpatutbes k OGonee HU3KOMY
YPOBHIO HEMOCPEACTBEHHO MpPH NOMOLUM COOCTBEHHOI MpOorpamMMbl, HO B 3TOM ciy4ae
npuwiock 6bl 6onee neranbHo pasbuparbcs co cBodictBamu USB-ycrpoiicTsa, cneuu-
OUYHBIMM AN TOrFO WJIK WHOFO M3roTOBUTENs. Y HOBBIX OMNEPaUMOHHBIX CHCTEM
Windows apaiiBepbl Ha CeroqHsILHHUIA 1€Hb HMEIOT JIHLLIL HEOGXOAUMBIE TpaBa 10CTyNa,
515 TOro 4To6bl MOXKHO ObIN0 06paTUTLCA K annapaTHOMY obecneueHrto KOMMNbIOTEpA.

Komnanus FTDI gns sbinyckaembix USB-konTposnepos 1 OC Windows cso6oaHo pac-
NpocTpaHseT ABa pa3nuyHbIX apaiiBepa. [lepbiii apaiiBep — 3T0 Tak Ha3biBaeMbiii VCP-
apaiisep (Virtual Com Port — BuptyaneHbiit COM-nopt). OT1OoT apaiisep 3abotuTcs
0 TOM, YTOObl OnepaLMOHHas cMCTeMa WHTerpuposana nocnenosarenbHblii COM-nopr,
korna FTDI-USB-koHTponnep cBsa3biBaeTcs ¢ komnbtoTepoM udepe3 USB. bnaropaps
3TOMY 0ObIYHO 3MYJHpYETCS NocieAoBaTeNbHbli HHTEpdeiic, npeacTaBnssch 415 onepa-
uHoHHOH cucremoit apyruM COM-noprom. Tak ynaercs kak MoxHO ObicTpee noobopy-
noBatb Gosiee HOBblE KOMMbIOTEPbl BUPTYabHbIM TIOCIEA0BATENbHBIM HHTEPGEHCOM U
NOOUTBCS BbICOKOI COBMECTUMOCTH C CYLUECTBYIOLMMH NPHKJIAAHBIMH NPOrpaMMaMH.

Bropoii ppaiiBep — D2XX. 3necy umeercsa B Buny apaiisep FTD2XX.SYS, sritouato-
wwmii npaiisep WIN32 Driver Model (WDM — tun apaiisepa Win32), koTtopblii ocyue-
cTBAsieT cBA3b ¢ ycTpokcTBom nocpeactsoM Windows USB Stack u 6ubnuorexu DLL.

Hnst nByx npaiisepos FTDI B MHtepHete Ha caiite www.ftdichip.com umeercs coorser-
CTBYHOLLAS POrpaMMHas 10KYMEHTaLHS.

CHayana npu ycraHOBKe ApaiiBepa HyXHO Obljo BbIOMpaTh OOMH M3 IBYX IpaHBEpOB.
[Ipuuem ecnu KTO-TO XOTEN UCNONBL30BaTL BTOPOM apaiiBep, TO nepsbiii apaiiep 06s3a-
TeNIbHO HY>HO 6b110 aenHcTanauposarb. C BeIXoaom Bepcuu apaiisepa 2.0 ¢ 2007 r. ne-
UHCTaINAUMs Oonblie He TpeOyeTcs: apaiisep ans Asyx BapuaHToB (D2XX u VCP) us3-
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OaBnser oT Haao0€A/IMBbIX YCTAHOBOK H yna.nenuﬁ, TaK 4TO MOXHO NMpoaoJixKaTb 3KCne-
PHMEHTHPOBATDb. >

Komnanus FTDI nonnepxuBaeT He Tonbko ApaiBepbl As BCEX pacMpOCTPAHEHHbIX Ba-
puanToB Windows, HO Taioke H U1s onepauroHHbIX cucteM Linux, Mac OS u np.

2.8. UpenTudhukaumn USB-ycTtpoucrtea

Y1066l USB-ycTpoicTBO MOrNo ObITh NpeaJioKEHO Ha PbIHOK, EMY HYXKEH TaK Ha3biBae-
Mblii uoenmugpuxamop npouzgooumens — VID (Vendor ID) u uoenmugpuxamop uzoenusn
(npooykma) — PID (Product ID). Unentudukarop npoussoautens (VID) ans FTDI-
xoHTposuiepa komnanus FTDI npenocrasnser 6ecnnarHo. Ecnu ke FTDI-koHTponnep
ucnonb3yeTcs Ans Apyrux uenei, To ot komnaiuu FTDI moxeT 6bITb nonyyeH apyroi
HoMmep HaeHTudHkaTtopa usnenus — PID (puc. 2.5).

Homepa VID u PID coxpansitorcs BHytpH FTDI-konTponnepa 8 EEPROM-namamu
(3NeKTpHYECKH CTUPAeMOM NPOrpaMMHpPYEMOM MOCTOSIHHOM 3aMOMHHAIOLLEM YCTPOICT-
Be). OHM MOryT ObITb axke H3MEHEHBI, HO B 3TOM Cilyuyae noTpebyercs npouenypa nepe-
ycTaHOBKH ApaiiBepa. [locne BHeceHHs kakMX-THO0 M3MeHEHH TpeOyeTcs HoBas ycTa-
HOBKa.

Puc. 2.5

B kHure ucnonw3oBaH uaeHTudukatop npoussoautens FTDI-VID u wpeHtudukarop
usgenus FTDI-PID, B To Bpems kak HOBbIii npaiiBep B 11000i MOMEHT MoxeT ObITb Mno-
nyyeH c caiita www.ftdichip.com.
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AnnapaTHoe obecneyeHue

[TouTn Bce M3rOTOBMTENM YMMOB MPOU3BOIAT EMEHTbI C MHTerpupoBaHHbiM USB, no-
ckonbky USB-noaxitoyeHne MOXXHO HalWTH nouTH B noboi obnactu anekTpoHuku. Co-
OTBETCTBEHHO W BbIOOp 4MNOB MHOroodOpa3seH, ecnu He ckazaTb — Heo0o3puM. B cBs3u
C 3TUM He TaK-TO JIerkO OTAaTh MpeAnoYTeHHe oaHoH MUkpocxeme. HecomHeHHO, s
3TOro HeoOXOAMMO MHTEPECOBaTbCS M 3aHUMATbC MUKPOKOHTpOJUIEpaMH (11poM MHO-
rux Mukpocxem USB), uTo paHblue, npy nociaenoBaTeibHOM MM NapaiienbHOM MHTEp-
teiice nepcoHanbHbIX KOMMbIOTEPOB, ObLI0 HE0OX0AUMO NHWb ycnoBHO. K Tomy xe cy-
LLECTBYET €LUE MHOXXECTBO NPHJIOKEHUH U1 MOCIE]0BaTENbHbIX M MapajulebHbIX HH-
tepdeiicos [1K, koropeie B Oynywem nomxHbl Oynyt 3ameHensl USB v Hyxpatotcs B
NPOCTOM COEIMHEHHH.

Ecnu kro-to xouer umers USB-coeannHenmne 6e3 (SBHO) HHTErpUPOBAHHOINO MHUKPOKOH-
TpoJulepa, TO Al COOCTBEHHBIX 3KCNEPHUMEHTOB B pacyET MOryT ObITb B3ATbI JHLIb MUK-
pocxembl USB Tex u3rotoButeneii, koropele npeanaraiotr USB-npeoOpa3oBatens ans
nocijenoBaTeabHOro M NapainenbHoro MHTepdekica:

O Profilic Technologie (TexHonorus Profilic) PL2303X — sta Mukpocxema sBnsieTcs
npeobpa3osarenem uHtepdeiica USB B nocnenosarensHbiit uHTepdeiic ans USB 1.1
B kopnyce SSOP-28. JleckpunTopbl NpOYHO BMOHTHPOBaHbl BO BHYyTpeHHeM [I3Y
(ROM — Read Only Memory). [Ins nepcoHansHoro uaeHtudukaropa usnenus PID
Unu uaeHtuukaropa npoussoautens VID, koHeuHO ke, MOHamOOMTCA BHELUHSASA
EEPROM-namsaTtsb, koTopas mMoxeT ObITb NOAKIIO4YEHA C MOMOLLbI JBYXIPOBOAHOM
nuHUK cBa3u. [IpUN0KEHNS OrpaHHYEHbI CHIHATLHBIMH TMHHAMH NOC/EN0BATENLHOMO
unrepdeiica. Bepcus mukpocxembl PL2303HX RevD umeer omHokpaTHO nporpam-
MHpYeMyI0 NocTosiHRYto namath OTP-ROM (One Time Programmable ROM) u npe-
AOCTaB/ISeT BO3MOXXHOCTb HCMOJIb30BaHHUs MOCJe10BaTelbHbIX CHIHANIOB, Hanpumep,
B Buae 8 6uT BBoaa/suisoaa (1/0);

O Silicon Labs CP2102/103 — B npotuBononoxHocTb Mukpocxeme Profilic Silicon
Labs npeanaraer mukpocxemy c¢ HuTerpuposanHoii EEPROM-namaTbio €MKOCTbIO
1024 6aiitoe B QFN-kopnyce W 23-wirbippkoBbiMH BbiBogamMu ans USB 2.0 Full-
Speed;

O MosChip MSC7820 — mukpocxema MCS7820, Boinyckaemas komnanueit MosChip,
Haxonswasca B LQFP-kopnyce ¢ 48-wITbipbkOBbIMH BbIBOOAMH, MOANEPXKHBAET [Ba
nocneaoBarTeNbHbIX HHTepdelca H B TO ke BpeMss HHPpaKpacHyto nepeaavy AaHHbIX
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SIR-IrDA, a taroxke USB 2.0. BHewnss EEPROM-namsaTb MOXeET ObITb MOAKIIOYEHA
Mo ABYM JMHMsM HHTepdeiica I°C;

3O FTDI — komnanus FTDI npennaraer MHoxkecTBOo mukpocxeM USB nns amynsauuu
nocnenoBaTeNIbHOro M napauienbHoro uHtepdeiicos. Tak HasbiBaeMbli pexxum Bit
Bang (Bit Bang Mode), koTopblii nenaer MHKpocxemy AOBOJbHO MHTEPECHOH Ans
JpYruX MpUIOKEHHUH, B CBOMX NEPBbIX BEPCHAX 331yMbIBAJICA KaK MPOCTOE AOMNONHe-
Hue nporpammupoBanus/coendHedus FPGA. Komnanus FTDI ceena BoeauHo Bo3-
MoXXHOCTH npeobpa3oBanus U3 USB B apyrue nocnenosatenbHble HHTepdeich (kak
nocnenoBarenbHbiX HHTepdeticoB ITK) B Tak HazbiBaeMoM pexxume MPSSE (Multi-
Protocol Synchronous Serial Engine). ITpu nomowm pexuma Bit Bang mukpocxema
FT232R nana npocTop Apyrum npuiaoxeHusim 6e3 10MOJIHUTENBHOIO MHKPOKOHTPOJI-
nepa;

O MAXIM — ¢upma Maxim npeanaraer nse uHTepecHble MUKpocxembl USB Max3421
1 Max3420, koTopble UMEIOT 1Ba NPSAMbIX COEAMHEHUS MUKPOKOHTpOJiepa ¢ npeos-
pasoBateneM ot USB 2.0 (Full-Speed) B SPI (Serial Peripheral Interface, nocnenosa-
TeNbHbIH HHTepdeiic nepudepHitHbIX ycTpoiicTe). Mukpocxema Max3421 nomnepxu-
BaeT M30XPOHHYIO nepeaady naHHbiXx. KonTponnep Haxoautcs B TQFP-kopnyce
¢ 32-wTbipbkoBbIMH BbiBOAaMH. [TomumMo uHTepdetica SPI oH umeeT BoceMb Apyrux
BXONIOB M BbIXx0A0B. Mukpocxema noarotosneHa B kayectse USB-xocra ans USB-
OTG. Tlockonbky nocnenoBarenbhblii HHTEpdeiic. [IK He noanepxuBaeTcs, TO MUK-
pocxembl MOTYT HCMoJb30BaThes 6e3 nononHuTenbHoro apaiisepa USB Henocpenct-
BeHHO yepe3 Windows USB Stack.

3.1. USB-apanTep u onucaHue

JroT anantep v3HauaibHO Obin paspaboraH ans mocnenosatenbHoro SPI-nporpammu-
poBaHHs ceMeiicTBa MUKpokoHTpossiepoB Atmel-AT89LP (puc. 3.1). Jlutepatypy W uH-
dopmauMio 11 3aKa3a Bbl CMOXeTe HalWTH Ha caiite www.minimikro.de'.

Apantep co CTOpoHbl BbixoAa UMeeT 10-LuTbIpbKOBBIH COEAMHUTENbHBIH pa3beM, KOTO-
pblii, B 3aBUCMMOCTH OT WCIMOJIb30BaHUs, pa3BeleH A NOocC/eNoBaTeNbHbIX WIH napa-
NeNbHBbIX CUTHAJIbHBIX JIMHUHA (CM. puc. 2.3 1 2.4).

Puc. 3.1

! http://www.atmel.ru, www.chip-dip.ru. — ITpum. nep.
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Ecnu cMoTpeTb Ha nnaty ananTtepa cBepxy M HanpaButb USB-pa3bem ot cebs, TO BbiBO-
abl 1 1 2 (GND) wrblpbkoBOro coeaHuTens 6yayT ¢ npaBoil CTOPOHBI: LUTHIPbKOBbIH
BbiBoA | Oamxe k uuny USB-koHTtponnepa IC1, a wrbipbkoBbifi BbIBOA 2 — Gninke K
HWXKHeMY Kkpato nnatbl. Cxema aaanTepa npeacrabieHa Ha puc. 3.2.
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_ vce RXD |01
3 02
USBDM RTSH
USBDP crse 1D
2 o
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RESET# ey
NC(24) RI# &
osc CBUSO
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" cBUS?
3V30UT  CBUS3
s i il cBUSA o
(8] © — e o
- T 1 S
I S53533 5 — il
GND 5 35 5 K -
of ~| 2| & &
c7
FET1
FT232RLSSOP28
GND
Puc. 3.2

Mukpocxema FT232R umeeT noctaTouHo npocTyto cxemy BkatodeHHs. Pesuctopel ot R1
1o R8, momcoeanHeHHble K CHrHaNbHBIM JIMHHAM, UMEIOT COMpPOTHBIEHHE 256 OM H
npeaHa3HayeHbl U1 YMEHbLUEHHS TOKA NPH BO3MOXXHOM KOPOTKOM 3aMbIKaHWH JIMHHH.

[Tocpeactsom MOII-tpan3uctopa FET1 u mikamnepa (nepembiuku) JP_Vcc Ha wthipb-
KOBblii BbIBOA 4 BbIXOAHOrO 10-KOHTaKTHOro pazbema MOCTyMaeT Hanps>keHue 5 B.
TpaH3ucTop HeoOXxoaWM A/ ynpaBiieHUs MUTaHHEM BHELIHUX Jlorudeckux éxeM. Kak
TOAbKO MOAKIIOUYEHHBIH KOMMBIOTEP NepeluitoyaeTcs B pexxum Standby (cnswmii pexxum),
COOTBETCTBYIOLUMM 0Opa3om pearupyer TpaH3uctop FETI1, uro Takxke npuBoauT K
yMeHbLieHHto norpebnenus Toka ot USB. Pesucrop R10 u koHnencatop C7 npenHa3Ha-
YeHb! U1 MABHOTO BKJIOUCHHS NUTaHK.

Konpencaropel C4 1 C6 umetor emkoctb no 100 Mk®, a koHaeHcatop C5 — 3,3 M.
KonpeHcaropbl C2 1 C3 (kaxablit no 22 nd) cnyxat 11 yMeHbLIEHHs BO3MOXHbIX MO-
mex oT mukpocxembl FT232.

Hpoccenb Ha ¢eppuToBoM cepaeunuke (FB — Ferrite Bead) B uenu Hanps>xeHus nuta-
Hus Vee_USB — a3to pekoMenaaumns komnanuu FTDI ans ymeHblieHns paaonomex ot
mukpocxembl FT232R.

BobiBoa 10-ITbIpbKOBOro ABYXPAAHOrO BbIXOAHOrO COEAMHHMTENBHOro 10-KOHTaKTHOro
pazbema (0603HaueHHoro ISP) monkitoueH k cpeaHed TOYKE LUTbIPbKOBBIX KOHTaKTOB
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nepewnouarens JP_DDA, kOTOpblii ¢ MOMOLUbIO MEPEMBIYKH COEAMHEH ¢ curHaioMm D4
(BoiBonoM 2) Mukpocxembl IC1. [lepeuenb snemeHtoB USB-apantepa npuBeneH B

Tabn. 3.1.
Ta6bnuya 3.1
AnemMeHT | 3HaueHue (Tun) Onucaxue kopnyca
C1 KonaeHcaTtop 100 v C0805
Cc2 KoHaeHcaTop 22 nd C0805
C3 KonpaeHcaTtop 22 np C0805
C4 Konpercatop 3,3 mkd C1206K
C5 KoxnpeHcaTop 10 HD C0805
C6 KoHnaeHcaTop 100 Hd C0805
Cc7 KonaexcaTop 100 H C0805
Cc8 KoxnpeHcaTop 22 nd C0805
D1 Avoga WotTkn BAT42MM MINIMELF
FB Apoccenb Ha dpeppuToBoM cepaedHuke FB (Ferrite Bead) R1206
FET1 MON-TpaH3ucTop IRLML6402 SOT23
IC1 Mukpocxema FT232RL SSOP28
ISP LWiTbIpbKOBbLIN COeAnHUTENBHBLIW 10-KOHTaKTHLIA pa3bem _
Ha nnate 2x05 (Pin header)
JP_DDA WiTeipbkoBble KOHTaKTbI (Pin header) nepekntoyaTtens —
JP_VCC WTeipbkoBble kOHTaKTLI (Pin header) —
LED1 CseToauopq 8 kopnyce ChipLED _0805
R1 PeaucTop 256 Om R0805
R2 Peauncrtop 256 Om R0805
R3 Pe3auctop 256 Om R0805
R4 Pesucrop 256 Om R0805
RS PeaucTop 256 Om R0805
R6 Pesunctop 256 Om R0805
R7 Pe3sucTop 256 Om R0805
R8 Pesucrop 256 Om R0805
R9 Peauctop 390 Om R0805
R10 Pe3uctop 1 kOm R0805
usB Pa3vem USB (PN87520) —
BHUMAHHE!

Mpu akcnepumeHTMpoBanum k nopty USB 2.0 6e3 ucnonb3oeaHus USB-xaba gomkeH 6biTb
noaknioyeH Toneko USB-apanTep.
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[NocTapaiitech no BO3MOXHOCTH OpaTbes Tonbko 3a kpas USB-nnatel. MHaue, npu onpe-
JleNeHHbIX YCNOBUAX, Bbl MOxeTe nospeauts USB-anantep 3a cuet TonbKO OAHHUX CTaTH-
yeckux paspspoB! Korna Bol Oynere BCTaBnsTb ajnantep, Bbl 3aMETUTE KOPOTKYHO
Benbilky ceetroaoaa LEDI.

3.2. flononHuTenbHas nnara

Ha pononnutenbHoii nnate pa3melieHo GONBLUIMHCTBO 371€MEHTOB, NMpeJHa3Ha4eHHbIX
ANs BbINOJIHEHWS OanbHeHlIMX 3kcnepumeHToB. [lnata Hanpsamyio coenmHena ¢ USB-
apantepom (puc. 3.3). B kauecTBe KOMMYTALIMOHHOI NaHenu Anst 8§ CUrHaNbHBIX NUHUIA
BBOJA/BbIBOAA CNYXKHT 20-KOHTaKTHas NaHenbka Ans MKTerpanbHbix Mukpocxem (MUC).

OO0 00 0000 0 A

M ooooons B goymE”

re B ﬂ El('—z':_

"o E g
ic1 mng
OO0 o

Puc. 3.3

Ha nnare (puc.3.4) nmaxoautcs onepauuoHHbii ycunutenb (OY) W KOHCTPYKTHBHblE
3NIEMEHTbI Ul MPOCTOro aHanoro-uugpoeoro npeodpasosarens (ALIT). Ilpu nomouuu
nepembiukk JP1 Ha nnare Bbl MOXETE OTIIIOUHTD NUTAIOLUEE HANPSHKEHHE U1 aHAN0ro-
BOi1 uacTu. BeiBoapl 1, 2, 3 1 6 20-koHTakTHOH naHenbku ans UC HenocpeacTBeEHHO co-
eMHEHbI Mexy cob0iA.

Puc. 3.4

Jlanee npuBeaeH nepeuyeHb 3NEKTPUUECKHX 3NIEMEHTOB, pa3MELLEHHBIX Ha JOMOJHHUTENb-
Hoii nnare (puc. 3.5):

O Konpencarop C1 100 ndp C-EU025-024X044
O Konpencarop C2 100 np C-EU025-024X044
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Konaencatop C3 100 mx¢ CPOL-EUE2.5-7

Konpencarop C4 0,47 mxd CPOL-EUE2.5-5

Mmukpocxema IC1 LM358N DIP08

[lepembiuka JP1 1x02 (WTbipbKOBbIE KOHTAKTHI + Jiamnep)
[Torenunomerp P1 100 kOM ¢ nuHelHON XapaKTepUCTHKOIM
Pesucrop R1 100 kOm R-EU_0204/7

Pesucrop R2 39 kOm R-EU_0204/7

Pesucrop R4 10 kOm R-EU_0204/7

Pesucrop RS 10 kOm R-EU_0204/7

[Tanenska ans UC S1 20Pin, DIP20

Tpansucrop T1 BC557A TO92

Tpansucrop T2 BS170 TO

O UitbipeKkoBblii coeauHUTENbHBIH pazbem USB 2x05

Qooaooaoaoaoaaoaaoaaoaa

l/lHd)opmaumo 0 3aKa3e 3aroTOBKH AJis JONONHHTEIbHOI NjaTbl Bbl MOXKETE HAWTH B UH-
TEPHETE MO CCbIJIKE WWW, minimikro.de.
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Puc. 3.5

Jlanee nokasaHbl Apyrue UCnoib3yeMbl€ B paboTe ¢ KHHIoi 3MeKTPHYECKUE 3JIEMEHTDI:
O nsyxuetHblii ceeToaro (Duo-LED) 3 unu 5 MM — (2-KOHTaKTHBbIi);
3 Ttpu ceetoaroaa S MM (KpacHbli, 3eNeHbli, JKeNTblit);

3 ceerouysctBuTenbHbiii poTopesuctop LDR (Light Dependent Resistor);
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3 d¢otorpansucTop (poroanon) BPW-40;

3 Tepmopesuctop ¢ orpuuarenbibiM TKC Tuna NTC 0,2-4K7 (4700);
3 pe3suctop 1 kOm;

pesuctop 100 kOwm;

pe3uctop 27 Owm;

anektponnTHueckuii konaeHcartop (Elko) 100 mkd;

mukpocxema EEPROM-namsrtu 24C16;

avon BAT42;

COEAMHHUTENbHbIH npoBoOA;

goaoaoaaa

COEAMHHUTENbHBIH NNOCKHii kabenb ¢ aByms passemamu FC-10P ans noaknroueHus
nononHurensHoi naatel K USB-apanTepy.

3.3. UM232R-moaynb ot komnavuu FTDI

Komnanus FTDI npeanaraer cobpanHsbiii Moaysb ¢ DIP-nanenbkoii (naHenbka ¢ ABYyX-
PALHBIM PacrnosIOKEHHEM LUTHIPbKOBBIX BHIBOAOB) C 24-1UTbIPbKOBBIMH BbIBOAAMH, KOTO-
pas MOMHMO NPOYEro MOXeET ObITb MCNOJIb30BaHA KAaK KOMMYTALMOHHas NaHenb. JTOT
moaynb kpome FTDI moxer ObITb NpHOOPETEH H Y IPYrHX KOMNAHHA:

O AK Modul Bus Ha http: / www.ak-modul-bus.de;

O snekTpoHHbIH Mara3uH Ha http: //www.elmikro.com/de/ft232r.html;

O Farnell Ha http: //at.farnell.com/jsp/search/productdetail.jsp?sku=1146036;
O AO Unitronik Ha http: // pS676.typo3server.info/ftdi-r.0.html'.

Monyabs UM232R (puc. 3.6) npeaHazHaueH anis noakitoueHus k DIP-naHenbke W nenaer
NOCTYNMHBIMH BCE€ MNOCJIEN0BATENbHbIE JTHHHUH NAaHHbIX W YNpaBisiOME JHHWH C MOA-
TBEpxKAeHHEM MuKkpocxembl FT232R. Hapsay ¢ nuranuem ot USB 3t Moaynn moryT
ObITb ¢ cOOCTBEHHBIM NuTaHueM (Self-Powered), a Takoke ¢ BHEIIHHUM HanNpsYKEHHEM MH-
TaHua S U 3,3 B.

Puc. 3.6

! Ins Poccun — http://www.mitracon.ru/, http://www.chip-dip.ru.



Maea 3

TXD 1 24 GND

DTR¥ CBO

RTS# cB1

VIO vce

RXD RST

RI# 3v3

GND cB3

DSR# PU1

DCD# PU2

CTS# vee

cB4 0 |
ce2 2l 13 SLD '

Uctounnk: fokymenTtayus FTDI UM232R

Puc. 3.7

"

™0 1 ap.c
20 vee N
16 USBDM e RTS#
15US8DP xiF e

Mo 1 sveco FT232R oEs |- OTRS

-1 cz i
s R NC DSRE9 | DSR#
ab RST# | soRESETH
—} 2¢nc habake 1 __Dcos
GND

—J 270801
Ri#
2805CO RI#6
CBO
17 3V3IOUT CBUS0 23
CBUS122 - g
A T CBUSZ13 gor
G G G E
N N N s 7 CB3
fo e « CBUS3 14
.25 718 26
UctouHuk: JokyMeHTauuAa FTDI UM232R
GND

Puc. 3.8
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TPUMEYAHNE
Ha nnare HeT npeobpa3oBaTtens ypoBHSA UHTepgeiica RS-232.

Hmetorcs u apyruve Mmoaynu Ha Mmukpocxeme FT232R, kak, Hanpumep, moayns MM232R
aas nocnenosarenbHoro uHrepdeiica, moaynb UC232R (ChiPi) ¢ pazsemom DB9 unu
kabenbHblit anantep TTL232R na mukpocxeme FT232R u ¢ USB-pazbemoM. Bun ceepxy
Ha moaynb UM232R npuBeaeH Ha puc. 3.7, a anektpuyeckas cxema moayns UM232R
npeacraesieHa Ha puc. 3.8 (pHCyHKH B3ATbl U3 fokyMeHTauun komnanuu FTDI).

3.4. BHYTpeHHAA CTPYKTypa
Mukpocxembl FT232R ot FTDI

OyHkuroHanbHble 610kH MUKpocxembl FT232R npeacrasnens! Ha puc. 3.9.

Kak y>xe ynomuHanoch paHee, ucnonb3yemblit B kHure FT232R-koHTponnep, usroros-
neHHsii komnanuer FTDI, asmynupyer nocnenosarenbHbii vHTepdeirc ais USB-
NOAKIIOUEHHS.

e ; Baud Rete
Genarator
3.3 Volt
vaouT -«—{ Lbo I FIFO TX Buffer veso=——3 §
Regulator 128 bytes
™D
— RXD
RTS¢
¥ — cTs#
UART C ller bl
ontrol -
USBDP -u—wm > with DSR#
uss UART Progremrable bcos
Protocol Engine FIFO Controfler Signel Inversion — Ri¥
USBDM —pmm <t - and High Drive
CBUSse
cBus1
CBuS2
Touss —#
Transceiver| - g:::i
Cel ernal
L - EEPROM p——
USB DPLL 3
le————
FIFO RX Buffer
286 bytes
osco
(optional) Internal Clock
12MHz =1 Multiplier /
ocsi | Oacillator Oivider
(optional "]
Puc. 3.9

CurHanbHble nuHuu USB

CurHanbHble HHUM D+ 1 D— HaxoasTcs Ha ieBOM CTOpOHE OJIOK-CXeMbl MHKPOCXEMbI
FT232R u umenytotcs coorserctBeHHo USBDP (USB Data Plus) 1 USBSM (USB Data
Minus).
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Mukpocxema FT232R umeer BHyTpeHHHii cTtabunuzatop HanpsbkeHus 3,3 B, koropbii
HanpsMylo CoeJMHEH ¢ IHHHWel HanpsokeHus nutadus USB Ve u o6weii nununeit GND.

CurHanbHble NMHUKM NocnenoBaTenbHOro HTepdelica

CurHanbHble IMHUW Ha NMpaBoH CTOpOHE ON0K-CXeMbl SBSIOTCS CUTHANaMHW MocieaoBa-
TenbHOro MHTepdeiica (Tabn. 3.2).

Tabnuya 3.2
e N T
TxD Bobixoa Mepenaya AaHHbIX DO Bxoa-Bbixoq
RxD Bxoa Mpyem aaHHbIX D1 Bxoa-sbixoq
RTS# Bbixoa D2 Bxoa-BbIxoA
CTS# Bxoa D3 Bxoa-BbixoAa
DTR# Buixoa, : D4 Bxoa-Bbixoq
DSR# Bxop D5 Bxoa-sbixoq
DCD# Bxoa D6 Bxoa-Bbixoa
RI Bxop D7 Bxoa-Bbixoa

3T BOCEMb CHrHaJIbHbIX JIMHUHA BbiBeJ€Hbl Ha LWTbIPbKOBbIH coeanHuTenb USB-
anantepa. CurHanbl MOryT ObITb MCMOJIb30BAaHbI TAKXKE B TaK Ha3biBaeMOM pexxuMme Bit
Bang muxpocxembl FTDI-FT232R, toraa ux cneayer npoHymepoBatb ot DO po D7
(cM. puc. 2.3 u 2.4).

YKA3AHME AN NEKTPOHLWNKOB

Bxoab! ¥ BbIXOAbI UMEIOT BHYTPEHHWE noaTarusaiowme peauctopsl (pull-up) ¢ conpotusne-
Huem 200 kKOM, NOAKNIOYEHHDbIE K HANPSHIKEHUIO NUTAHUSA, KAXAbIA U3 KOTOPbLIX NPU UCNOSb-
30BaHWUK B Ka4eCTBE BXOA4a CTAHOBUTCA aKTUBHBIM.

Hmeercsa Taioke ewe narb apyrux curHanos CBUS or CBUSO no CBUS4. CBUS |
ynpasnser pabortod cBeroauonos Ha ruate USB, CBUS 3 — BHewwHUM HanpskeHHeM
MUTaHHUA.

3.5. ®yHKUuun mukpocxemsbl FT232R

Ha 6nok-cxeme, npuBeneHHo#M Ha puc. 3.9, MOXKHO YBHUAETb MHOXKECTBO (YHKUHOHAb-
HbIX 610K0B:

O USB Transceiver (USB-npuemonepeaaTynk) — oCyLIECTBISET coeAMHEHHe ¢ And-
depeHunanbHbIMU TMHUAMH naHHbIX USB D+ u D—. 3toT dyHKuHOHanbHbIH 6510k
MMEeT COMPOTHBJIEHUS Ui TOro, YToObl HaeHTHdHUKMpoBaTh MUKpocxemy FT232R
B kauecTBe nosHockopoctHoro yctpoiictea (Full-Speed).
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W3 nnddepeHunanbHbIX NaHHBIX MOArOTaBIWBAOTCA AaHHble Ans 6nokos USB-DPLL
u SIE (Serial Interface Engine — mMexaHu3M nocnenoBarenbHoro uHrepdeiica);

3 USB DPLL (uudpoBas cucrema ¢a3oBoii aBTONOACTPOHKH YaCTOTbl) — CHHXPOHH-
3upyet notok AaHHbiX USB ¢ 6aokom SIE;

O Serial Interface Engine (SIE) (MexaHu3m nocnenoBarenbHoro uHrepderica) — Bbl-
nosHser npeobpa3oBaHue NocieAOBaTeNIbHOro notoka aaHHbIXx USB B napannenbHbie
AaHHble Ans AanbHeiwei o6pabotku. Ecnn nepenaercs cooblueHHe OT MHKPOCXEMbI
FT232R Ha wuHy USB, TOo npoucxoaut obpaTHoe KOAHpOBaHHWE, W3 NapajjiefbHbIX
JaHHbIX BO3HHUKAET MOTOK nocienoBarenbHbiX aaHHbix USB;

3 USB Protocol Engine (Mexanu3m npotokona USB) — B atom Gnoke noarorasnuvsa-
IOTCA KOMaHbl 1S NnocienoBaTeabHOro uHrepgeiica, a Takxe obpabarbiBaloTcs 3a-
npocbl komaHa USB ot USB-xocT-koHTponnepa;

O FIFO TX/RX Buffer — FIFO-6ydepb ynpasnsiorcs FIFO-koHTponnepom. B 6yde-
pe FIFO (cokpawenue ot First In — First Out, nepBbIM BOLIEN ~— NEPBbLIM BbILLEN)
3anomuHatotcsa nepenasaemsie (FIFO TX) U cooTBeTCTBEHHO NpUHUMaeMble JaHHbIE
(FIFO RX), 6naronaps 3ToMy MOXKHO YBEJIMYHTb CKOPOCTb MpHEMa W nepeaayq AaH-
HbIX;

3 UART Controller (Universal Asynchronous Receiver and Transmitter, koHTposuiep
YHHBEpCaNbHOr0 aCUHXPOHHOro npuemonepenaryuka, ¥ AIlll) — aro 6ok, npenHa-
3HaY€HHbIH 1JI1 HEMOCPEACTBEHHOrO BbIBOAA MOC/IEAOBATENbHbIX BbIXOAHbIX CHIHa-
nos. Paboras coemectHo ¢ Giokom Baud Rate Generator 1 UART FIFO Controller,
MOArOTaBIMBAET CUrHAIbI AJIA MOCJeN0BaTeNbHOrO HHTepdeiica, a Taloke npuxoas-
LLLME CUTHAabI OT NOC/EA0BaTENLHOro HHTEpdeiica;

0O Baud Rate Generator (reHepaTtop cKOpOCTH nepeiayd JaHHbIX) — reHepUpyeT Tak-
THPYIOLLHKI CUrHan Ans COOTBETCTBYIOLLEH CKOPOCTH nepeaayu B 6omax nocnenosa-
TenbHoro uMHtepdeiica or 300 6on no 3 Mooa. B pexume Bit Bang napannenbHbie
AaHHblE BbIJAIOTCH COrNIACHO TAKTOBOM 4acTOTe MpH BbIOPAHHOMH CKOPOCTH nepenayy;

O Internal 12 MHz Oscillator (BHyTpeHHHIi reHepatop) — reHepupyeT BCe HeoGXo-
JMMbl€ TaKTOBbIE HMMNYJIbChI Al BHYTPEHHHX (yHKUHOHaNbHbIX 610K0B. COBMECTHO
c ONOKOM YMHOXHWTENS/NENUTENS 4YacTOTbl MOXET MCMONb30BaTbCs B KayecTBE
3a/lalolero reHeparopa Ui BHELUHMX YCTPOWCTB, NPH 3TOM 3Hay€HHE BbIXOAHOM
4acTOTbl MOXKET ObITb 6, 12, 24 1 48 MI'y;

O Internal EEPROM — BHytpeHHsas EEPROM-namsate Ha 1024 6UT coxpaHSeT KOH-
¢dburypauroHHble naHHble s USB, CBUS-koHburypauuu u apyrue cBeaeHus, Takue
kak PID, VID unu cepuiinbiii Homep. Ot komnanuu FTDI moxHO nonyuuTb cneuu-
anbHyto nporpammy noa HazsaHueM MPROG, ¢ nomoLbo KOTOpOi MOXXHO H3MEHHTH
koHdurypauuto mukpocxembl FT232R, a takxke aaHHbie B EEPROM-namsTh.

3.6. Mpumep nocnenoBaTenbLHOro NOAKNIKOYEHUNA
MUKpoKoHTponnepa k USB

IMpu nomowu FTDI-koHTponnepa MoXHO NOBONLHO GbICTPO M Ge3 0coObIX 3aTpaT Bbi-
NONHWUTbL afanTep Mexay nociieaoBatesibHbiM HHTEpdeiicom u USB. Jlna camoii npocToii
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nepenaud coodbuieHuii MukpokoHTponnepa k USB tpebytotcs Tonbko curHansl TxD,
RxD u 3azemnsioinas lwxHa.

Jns 3roro MoxxHo Mcnonb3oBath W rotoBbii USB-anantep (em. puc. 3.2). Curnan TxD
USB-anantepa (BbiBoA 7 LUTHIPbKOBOrO COEAHUHHUTENLHOIO pa3bema) HY)KHO MoAaTh Ha
Bxol RxD MukpokoHTponnepa, a curHan RxD USB-ananrtepa (BbiBoa 6 LUTbIpbKOBOrO
COeMHHUTENbHOrO pa3beMa) Ha Bbixod TxD MukpokoHnTponnepa. I[locne atoro ocraHetcs
BbIMOJIHHTbL TOJILKO JIMLLIb COelHHeHHe oOluei NHHUKU (CoeauHEHUs ¢ "3emiei") KOH-
TpoJiepa ¢ BbIBOAOM 2-LUTbIpbKOBOr0 COEAMHHUTENLHOrO pasbeMa (Tabn. 3.3).

Ta6bnuya 3.3
NocnenosaTens- Beisoae! Mukpo-
HbIW CUrHan WTbIpbKOBOro pasbema KOHTponne|
USB-apantepa P P
TxD BeiBoa 7 (Bbixoa) Mepenaya paHHbIX - RxD Bxoa
RxD BuiBoa 6 (Bx0A) « MNpuemM aaHHbIX TxD Bobixoa
"3emns" BeiBOA 2 "semns"

[Tocne ycranosku FTDI-npaiisepa uepe3 (BupTyanbHbiii) COM-nopT MOXET OCYLLECTB-
JATbCS COEAMHEHHE C MUKPOKOHTPOJUIEPOM.

Cxema, npeacrasja€HHas Ha pMcC. 310, MOKa3bIBa€T HE TOJIbKO MPOCTOE MOCA€A0BATEIb-
HO€ COC€AHWHEHHE, HO TAKXKE€ H TO, KAK MHKPOKOHTPOJ/UIEp OAHOBPEMEHHO TAKTHPYETCA
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causo fIZ0 CLK. N
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yactoToi 12 MI'u, nonyyeHHo# Ha Beixoge CBUSO mukpocxembl FT232R, u ynpaenser-
cs curdanom PWREN# B pexume nuskoro norpednenus (Suspend mode).

3.7. CornacoBaHue ypoOBHEN HanpsXXeHUs
RS-232/485

Ecnu Bbl xoTute ncnons3osats FTDI-uun B kauecTBe npeobpa3osarens curHanios USB
B CHrHaibl nocnenoBatenbHoro WHtepdeiica RS-232 unu RS-485, 1o cnenyer obs3a-
TENIbHO BBIMOJIHUTbL COrJlacOBaHWE YpoBHeW HanpsikeHus. Mukpocxembl cepun 213
(Sipex SP213ECA, Maxim MAX213CAI unu ananorosbie yctpoiicrea ADM213E) co-
aep>kaT HeoOXoaWMble anmapaTHble YCHIHTeNu-GpopMHpoBaTend ANs YeTbipex nepena-
BaeMbIX M MATH NPUHUMaeMbIX CUrHanoB HHTepdetica RS-232. DTH 3n1eMeHTbl JOMOHH-
TENbHO NOJNEPIKHBAIOT pexxuM oTkimoueHus (Shut Down Mode), Takum obpasom ans

coxpaHeHuss USB-cornaweHuii OHH MOryT NEpeBOAMTLCS B 9KOHOMHUYHBIIA PEKUM OXKH-
nanus [1K (puc. 3.11).

Ecnu tpebyercs Tonbko 4 curHanbHbix TUHUK RXD, TXD, RTS u CTS (4 He HyxkHa

noaaep>kka pexxuma Suspend), To Bbl MOXKETE MCNONB30BaTh Npeobpa3oBaTenb ypoBHEH
Max232 unu ST232.

Vee
i O, 1XD TXDATA
PN vce
RXD RXD RXDATA
USBDM
— RTS# ars
usBDP az
CTS# crse %5 CcTS
~
wo FT232R o[ om| B2 1
— N¢ DSR# 8
DSRE ] SR
— Resem o
—{ Nc oco® DCos oco
—1 osar . '
— osco Ll R
= 1ALEU® a
cBUSt RXLED# g;g
aviout . TXDATA
A T cBusz GPIO2
RXDATA
r G G G G E DSR
N N N N s
D D D D T

cBUS3 GPIO3 DCD=
100nF o
~[ I ! [ | CeUs SLEEP#

Puc. 3.11

Cxema ¢ Max232 poBonbHO npocTtas (puc. 3.12). H3o6paxkeHHble 31€KTPOJUTHYECKHE
KOHAEHCATOpbl HMEIT eMKOCTb | MKD.

B unrepderice RS-485 curnansl TxD u RXD nepenatores kak auddepeHunanbHbie cur-
Hanbl. Curnan CBUS2 (TXDEN) aktuBupyeT ycunumens-ghopmuposamens nepedamyu-
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ka, a curHan CBUS3 (PWREN) — ycunurens-dhopmupoBatens npuemHuka (puc. 3.13).
Mukpocxema SP481 3nech npuBeneHa TONbKO 1S MpUMepa, TakUe e dJIeMEHThl HMe-
HOTCA U B ycTpoicTBax komnaHuu Maxim unu Analog Devices.
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— C1+
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fe]

- |— ci y
V-

41 ca

© I

2l .

- |—
R1S Dy v tiour M ——
TXO B ran Tecur
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MAX232
Puc. 3.12
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3.8. NeHepaToOp ckopoCcTH Nepeaaym AaHHbIX

Hdns nepenauu gaHHbIX B nocnenoBarenbHom USB-anantepe 0coO€HHO BaXkHbIM SIBNSET-
cs HacTpoiika ckopocT nepenaud B 6oaax. Komnawus FTDI noanepxkuBaer Bce cTaH-
JlapTHbIe CKOpocTH nepeaaud B 6oaax (300, 600, 1200, 2400, 4800, 9600, 14 400, 19 200,
38400, 115200, 230 400, 460 800 u T. a.). CropocTH nepeaayd B 60nax oObIYHO yCTa-
HaBJIMBAIOTCA B NpUKNaaHoi nporpaMme unu B OC. CkopocTH nepeaayn JaHHbIX MOXHO
YCTaHOBHMTb MpPH NOMOLLH BbI30Ba QYHKUMH FT_SetBaudRate.

Ecnu paHblue xoTenu ucnonb3oBaTb HECTaHAAPTHbIE CKOPOCTH B 601aX, TO Npexae BCero
HY)XHO ObINO AeTalbHO pa3o0paTbCsi B MpPOLIECCE MEHEPUPOBAHMUA CKOPOCTH Mepenavu
AaHHbIX U BO3MOXHBIX KodpduumreHTax aeneHus. KoapduuueHtsl nenenus nocne nepe-
CBUIKM CKOpPOCTH B 60Aax Taioke NO/MKHbI OblnM nepenaBaTbCs MpY MOMOLUM BbI30BA
(dyHKUHMH FT_SetDivisor.

B HoBbix Bepcusx apaiisepoB komnaHuu FTDI atoro 6onblie He TpebyeTcs: 10CTaTOHuHO
MPOCTO BBECTH CKOPOCTb nepenauu (Hanpumep, 49 000), 1 apaiiBep aBTOMAaTHUYECKH Ofl-
peaenseT Heo6X0aAMMble ONTUMAJIbHbIE HACTPOHKH.

UroObl 06o0iiTH npouenypy HacTpoiku ckopocTd B 0Oomax (AOMYCTHM, HYXHO
NnepeHacTponUTb CKOpoCcTb nepeaaud ¢ 115 Ha 512 K), notpedbyercsa daitn FTDIPort.inf.
Tam Bbl HalineTe 3anUCh [FtdiPort232.NT.HW.AddReq]. B 3anucu

HKR ConfigData ,1,01,00,3F,3F,10,27,88,13

KaXIOH CKOpOCTHM Mepeaayd COMoCTaBiAOTCA [ABa nocienosarenbHbix Oaiita. Ilapa
10, 27 COOTBETCTBYET ckopocTH nepeaayun 300, a 88,13 — ckopoctu nepenauu 600 6oa,
MT. A

Bce craHpapTHbie 3HaueHHWs CKOpOCTEH YykasaHbl B pykoBoacTBe komnanuu FTDI
(8 daiine FTDI_AN232B-05_ BaudRates.pdf Ha komnakr-aucke) B pasaene "Aliasing
Using the Original Sub-Integer Divisors".

YKA3AHME ANS1 "MUKPOINEKTPOHILMKA"

CylwecteyeT HECKONbKO Nporpamm, KOTOpble WCMNONb3ylT nocneaoBaTenbHbId NOPT ANA
NPOrpaMMnpOBaHNA MUKPOKOHTponnepos. Npu 3ToMm BbixogHble curHanbl TxD, RTS n DTR
ynpasnsalnTCA HENOCPEACTBEHHO hN3w-nporpammoin. Nockonbky nepegada kaxaoro kagpa
8 USB 06bl4HO OcywiecTBnseTca B UMKNE NPOAOIMKUTENBHOCTLIO B 1 MC, TO CUrHanbHble
nuHun USB MoryT GbiTb M3MEHEHbI "TOMNbKO" Kaxayr MUNIMCeKyHay, Toraa kak npu Hop-
ManbHOM NocneaoBaTenbHOM MHTEpdENCe 3TO BLINONHAETCA 3HAYUTENLHO GbicTpee.

B 3tom cnyuae B mpuHUMNE MOXXHO MCMNONb30BaTh npeobpasoBatens uHTepdeiica USB
B MOC/eN0BaTeNbHbIH HHTEpdelic, HO nepeaaya QaHHBIX NpH 3TOM OYAET cO CKOpOCTbIO
HECKOJIbKO OaiiTOB B CEKYHAY.
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YctaHoBKa apauBepa FTDI
Bepcum 2.X

YcnoBuem BbINOJSHEHHUS BaLLMX 3KCNEPUMEHTOB U GYHKLIMOHUPOBAHHS UMEIOLLIMXCS Tec-
TOBbIX MPOrpamMM ABJIAETCA YCNELLIHas YCTaHOBKa ApaiBepa.

[Ipexxne yem Bl noacoeannute USB-anantep komnannu FTDI, B ancneruepe ycrpoiicts
Windows cneayer npoBepuTb, He Mcnonb3yere M Bbl yxke USB-ycTpoiicTBo ¢ Mukpo-
cxemoii FTDI.

Ecnu ucnonb3yere, To B 3TOM cayuae Bbl 0083aTeNIbHO AOKHbI YAAIMTb CYLUIECTBYOLIMH
FTDI-npaiiBep, 4uToObl UMETL BO3MOXKHOCTb YCTAHOBUTb NpUNaraemblii aApaiBep.

O6biyvo FTDI-ppaiiBep B onepauuoHHbix cuctemMax Windows MOXHO yaanuTb, BOC-
nonb3oBaBlnch MeHio Ilyck | Hactpoiika | Ilanens ynpaBienns | YerasoBka v yaa-
JieHHe NporpamMm.

Huorna Bce ke AEMHCTAMNALMIO NPOBECTH HE yAaeTcs, Toraa np¥ HeEo6X0AMMOCTH MO-
xete nonpoboBath Bocnonb3oBaTbes yTunutoi FTClean, koTopyto MOXXHO HaiiTH Ha
caiite www.ftdichip.com. Hakoxen, Bbl MoxeTe Taioke elle pa3 3anyCTHTb AWCMETYEp
ycrpoiictB Windows W npoBepHTb, MOXHO JIM YAQIUTb ApaiBep ANs COOTBETCTBYIOLLErO
ycrpoiicTBa. B 3aBepLueHue nonviTaliTech CHOBa yaanuth aparsep u3 meHio Ilyck | Ha-
cTpoiika | [Ianens ynpaBieHnus | YcTaHOBKA H yAajleHHe NPOrpaMMm.

[Noxxany¥icTa, He npuMeHsiiTe ana cBoux skcnepumentoB USB-xab, a noacoeauHsiite
USB-apantep HenocpeacTBeHHo k cBo6oaHomy USB-noprty komnblotepa!

Ecan noguitounts USB-apantep k cBoboaHoMy pazbemy USB-unrepdeiica, To cBero-
MO Ha ajanTepe HeHalaonro 3acBeTUTCA. MacTep ycTaHOBKM yBEAOMHT Bac, YTO Obljo
HalineHo HoBoe obopynoBaHue ¢ umeHem FT232 USB UART, u B caeaytowiemM okHe BaM
OyneT npeanoXkeHo YCTaHOBUTb ApakBep HOBOro ycrpoiictea (puc. 4.1—4.3).

Puc. 4.1
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MacTtep obHapyxeHuss HOBOIo
obopynosaHus

3JTOT MacTep NOMOraeT YCTaHOBWTL ApakiBep
YCTPOMCTBA.

Ina npagomkeHua HaxmuTe kHoNKY 'Lanee".

Puc. 4.2

Puc. 4.3
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BeiGepute, noxanykicra, nepexmouatens IIpoBecTH moMck moaxoasiuero apaiiBepa
IJIsl ycTpolcTBa M B CleyOLMX AHAN0roBblX OKHax — Katanor ¢ apaiisepom. Karanor
Bbl MOXkeTe 160 BbIOpaTh W3 0630pa, N1M60 3anath BpyuHyto. Ecnu Baw koMnakTt-aumck,
npuaaraeMblii K KHUre, MMEeT, HanpHMep, JIOTHYECKOE MMs D:, TO ClIelyeT yKa3aTb clie-
AyHOLHii NyTb D: \FTDI Treiber (puc.4.4—4.6).

ns HoBbix apaiisepoB FTDI Bepcuii 2.x 3Ty nporpaMMy yCTaHOBKH NPUAETCS 3aMyCTHTD
JNBaXAbI.

Puc. 4.4

Puc. 4.5
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Puc. 4.6

[Nocne ycnewHoii ycranosku apaiisepa FTDI moxxHO npoBepuTh Hannuue ycTaHOBIEH-
Horo ycrtpoiictea B aucnetyepe yctpoiicts: B cTpoke Iloprbt COM u LPT BbI 10/KHBI
yBuaetb (VCP)-yctpoiicteo USB Serial Port (COMx) (puc. 4.7). Tenepb MoxHo 06pa-
TuTbca K COM-nopty uepe3 USB.

L
fi‘i -H Cevesble nnatbl
=- 'r_y NopTbl COM K LPT

i .-‘;’ MocneaosaTenbHbiM NopT (COM1)
. Y UsB Serial Port (COM8)
i< 3BYKOBbIE, BHAEO M MIpOBble YCTPOMCTBa

N

&3 IEEE-1394 Bus-Hostcontroller
: W KowmnbtoTep
Eg KnasnaTypbl
= % KoHTponnepbl yHMBEpCcanbHOM NocneaoBaTenbHoM WwiHbl USB
; Generic 6-in-1 USB Card Reader
SiS 7001 PCI-zu-USB Open Host-Controller
i ! Si5 7001 PCI-2u-USB Open Host-Controller
SiS 7001 PCI-zu-USB Open Host-Controller
Standard PCI-zu-USB erweiterter Hostcontroller
USB 2.0-Root-Hub

USB Serial Converter

USB-Root-Hub

Puc. 4.7
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B cnucke KOHTpoMIEpOB YHHBepcalbHOM nocnenoBatenbHoi WKHbB USB Bbl 1OMKHBI
HaiTH 3anuce: USB Serial Converter.

YKA3AHHE

Ecnu B ctpoke Moptel COM u LPT Bbl He yBuaute yctpoincteo USB Serial Port (COMXx),
To B okHe csowcTB Ans USB Serial Converter Ha Bknagke Advanced (JononHuTenbHO)
MOXHO ycTaHosuTb pnaxok Load VCP (3arpy3utk VCP).

4.1. NMporpamma ans otoopaxeHus USB-ycTtponucrs
(yrvnuta USB View)
U3 UHTepHeTa MOXXHO 3arpy3uTh GecnnatHyto yTunuty ¢upmbl Microsoft ans orobpa-

XEHHs YCTPOWCTB, MoakItoueHHbIX Kk wuHe USB. [lporpamMma HaxoauTcss Ha KOMMAKT-
ZMCKe, mpunaraeMom k kHure, B nanke \USBView.

C nomolLblo 3TOH NporpaMMbl Bbl MOXKETE YBHUAETb OTOOpakKeHHE HE TOJIbKO MOAKIIO-

yeHHbIX USB-ycTpoiicTB, HO Takike W OCHOBHBIE UX HaeHTHdHKaTopbl (puc. 4.8).

Fie Options Help

Device Descriptor:
= ¢5» SiS 7001 PCl-zu-USB Open Host-Controller ggdUSB 5 o 0)(3233
it eviceClass: X
e Hoolkiuh g bDeviceSubClass 0x00
*< [Poit1] NoDeviceConnected bDeviceProtocol 0x00
< [Poit2] NoDeviceConnected bMaxPacketSize0. 0x08 (8)
= % SiS 7001 PCl-2uUSB Open Host-Controlier idVendot 0x0403 (Future Technology Devices Inte
= % RootHub idProduct : 0x6001
< e s v . bedDevice: 0x0600
B Y (Pt | Devc o otme—sieed | USE Sevied Dorvesthey THonufacturer: 0x01
s [Port2] DeviceConnected : USB-Massenspeichergerat iProduct : 0x02
# =% SiS 7001 PCl-zu-USB Open Host-Controller iSerialNunber: 0x03
& 6 RootHub bNumConfigurations: 0x01
% [Port1] DeviceConnected: Logitech WheelMouse (USB) GannectiaiStatus: DevicetSnnscted
*% [Port2] NoDeviceConnected Current Config Value. 0x01
% & SiS PCl-zu-USB erweierter Hostcortroller Device Bus Speed- Full
% 5 RootHub Device Address: 0x02
2= [Port1] NoDeviceConnected b Open Pipes: 2
| - [FoitZ] NoDeviceLomected Endpoint Descriptor:
2 [Port3] MoDeviceConnected bEndpointAddress: 0x81
= [Portd] NoDeviceConnected Transfer Type. Bulk
2 [Port5] NoDeviceComnected RSNk SoS1ze: 0"8033 (64)
=2 [Port6] NoDeviceCornected ¥ 39
Endpoint Descriptor.
bEndpointAddress: 0x02
Transfer Type: Bulk
vMaxPacketSize: 0x0040 (64)
bInterval: 0x00
3 »
JDevices Connected: 3 Hubs Connected: 0 ] )
Puc. 4.8

Ecnu B nesoii uactu okHa Bbl Beibepete ycrpoiictBo USB Serial Converter, To B npaBo#
4acTH OKHa Bbl Nony4uTe noapoGHble naHHble koHburypauun FTDI-mukpocxembl. Ha-
npumep, Ans bcdusB 3HaueHHe 0x200 cooTBetcTByeT USB 2.0, FTDI-USB unentHduka-
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TOp mnpousBoauTens (idvendor)— 0x0403 ¥ FTDI-USB wupentudukarop wusnenus
(idProduct) — 0x6001, a Takxke ABa KOMMYHHWKaUMOHHbIX KaHana ¢ nepeaavyed Tuna
Bulk (wMaxPacketSize) M MaKCHMMalbHOH BeNHYMHOM naketa 64 Oaiita. 3HaueHus
bEndpointAddress pa3nuyaroTcs NpH cooblueHHH B OuTe naHHbix D7, koTOpbId yka3biBa-
et HanpaenaeHue 0 = OUT unu 1 =IN.

4.2. YpaneHue FTDI-gpanBepa

O6biuHo FTDI-ppaiiBep B onepaudoHHbix cucteMax Windows MOXHO yaanuTtb, BOc-
nonb3oBaswich MeHto Ilyck | Hacrpoiika | [Ianenas ynpasiienus | YcraHoBka M yaa-
JieHHe NporpamMm.

[MonpobHyto uHpopMauuio (Ha aHMIMHCKOM A3bIKE) Bbl CMOXETE HaWTH Takxke
B aokymeHte Windows XP_Installation_Guide.pdf B nanke \FTDI_Treiber c apaiiBepom
Ha KOMMaKT-A1CKe. '

YKA3AHHUE

Mpu HeobxoauMocTu ucnonb3yite B ceoeit pabote ytunuty FTClean (www.ftdchip.com),
€Cnu yaaneHus no4emy-nubo He NpoucxoauT.

Koraa Bbl moaroraenuBaeTe CBOM 3KCMEPUMEHTBI, Bbl 0053aTENIbHO 3apaHee JOMKHbI OT-
coeauuuts USB-anantep or USB-nopra Bauwero komnbioTepa, 4robbl M36exarTbh BO3-
MOXCHOIO KOPOTKOIO 3aMblKaHHs!

Koraa nocne noarorosku skcnepumeHTa Bbl cHoBa noakntouure USB-ananrtep, To apaii-
BEp 3aHOBO OyNeT MHTErpMpOBaH OMEpaLUMOHHON CHCTEMOM, U MOC/e 3TOro Bbl CMOXETE
HENoOCPeACTBEHHO 3aNyCTHUTb BalUW MPOrpaMMbl.
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Hayano pa6otbl

Ecnu ycraHoBka apafiBepa npouuia YCnewHO, TO Bbl MOXETE OTBaXHUTLCA Ha MEpBbIM
TECT.

Bce neMoHCTpauHOHHbIE NMPOrpaMMbl COAEpIKaTCA B BUAE MCMONHAEMbIX exe-(ainoB Ha
npunaraeMoM K KHHre KOMNakT-aucke. PekomeHayercs ckomupoBaTh — KaTaior
\Beispielprogramme ¢ 1€MOHCTpPaLMOHHBIMH NPOrpaMMaMH Ha XKECTKUI OHUCK.

[Tocne xonupoBaHus He 3a0yabTe NpU HEOOXOOUMOCTH CHAThH Yy OTAENbHbIX (ainoB 3a-
LMTY OT 3aMHCH.

B kauecTBe A3bIkOB MPOrpaMMHpPOBaHHs (CO31aHHE MPOCTBIX NPUIUIAAHBIX NPOrpamMM AJs
USB-ananTepa) MoryT GbITb MPUHATBI B pacyeT, Hanpumep, Visual Basic unu Pascal. [Ins
nporpamMupoBaHus Ha C notpebytoTcs coNrMaHble HaBbIKK NMPOrpaMMHpoOBaHMs. 3ayac-
Tyl0, B 0OCOOEHHOCTH Y HauMHalOLWMX, B pacrnopsxeHuH Het C-komnunsrtopa. Ilpenna-
raeMble AE€MOHCTpaLHOHHblEe nporpammbl Ha Visual Basic (VB) MOXHO OTHOCHTENbHO
nerko npeobpa3oBaTh Ha Apyrue 13bIkH NPOrpaMMHUPOBaHHS.

Jdns pa3paboTku COOCTBEHHbIX NPHKJIAAHBIX MpO-
Mpunoxexue
rpamM 1J18 OTHOCHTENbHO MPOCTOrO yNpaBieHHs MHUK-
pocxemMoii FT232R Bce Heo6xoauMble noanporpamMmbl
JIOJDKHBl HaXOAMTbCA B MporpaMMHoi 6ubnuorteke FTD2XX.DLL
FTD2XX.DLL. [pouecc o6mena nndopmaumein Mex- ~
ay npunoxendeM W USB-ycrtpoiicreom (FT232RL)
BbIMIAAUT MPUMEPHO TakK, KaK Moka3aHo Ha puc. 5.1. FTD2XX.SYS
F
USB Driver Stack
Windows USB-apaitsep
F
Puc. 5.1 USB-yctpotictBo (FT232R)

®daiin WDM-ppaiisepa FTD2XX.SYS u ¢aitn 6ubnunorexn FTD2XX.DLL 6binu ycra-
HosneHbl BMecTe ¢ FTDI-npaiiBepamu. WDM-npaiisep cBs3biBaeTcs, ¢ OQHOH CTOPOHBI,
co crekoM apaiiBepa Windows USB Stack, uto6bl uMeTb nocTyn k ¢u3HueckoMy YcCT-
poiictBy USB, a ¢ apyroii croponsl — ¢ FTDI-6u6nunorekoit FTD2XX.DLL.
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BAxHO!

‘Knaccuyeckne ¢yHkumn Win32 APl (Application Programming Interface, untepdeiic ans
NPOrpaMMUPOBaHUA NPUKNaAHbIX NPOrPaMM) HU B KOEM chnyyae He A0MKHbI BbITb CnyTaHbl C
API-cbyHkuuamu FTDI-ppaiisepa!

5.1. BbI30B nepBOM AE€MOHCTPALMOHHOW
nporpamMmbl Ha Visual Basic (VB)

Bel noakmounnu USB-apantep? Toraa 3anyctute nporpammy beispiel 1.exe, Haxoas-
L1LyIOCS B Marnke AeMOHCTpaLMOHHBIX nporpamm \Beispielprogramme\Bsp 1.

YKA3AHME

Ecnu npu 3anycke nporpamMMbl BO3HUKAeT olwumbka BpeMeHU BbINONHEHUS, TO CHaYana cne-
AyeT BbINONHUTL nporpammy setup.exe B kartanore \Beispielprogramme\BSp_1, u4tobbl
yCTaHOBUTbL MOAYIb NporpammHoii cpeabl VB.

Haxmure kHonky Test— Bbl NOMKHBI MONYYWTH Ppe3yibTaT, MNPEACTaBIEHHbIH Ha
puc. 5.2.

r |

= USB Test &)

! Anzahl vorhandener USB Gerate: 1

| | Geratebeschreibung: FT232R USB UART

,[ Seriennummer: A2000eKY

| | Gerat wurde geoffnet: FT232R USB UART

| {Gerat wurde geschlossen: FT232R USB UART
{ Test erfolgreich beendet

Puc. 5.2

PesynbTaThl paGoThl nepBO# NEMOHCTPaLMOHHOM nNporpamMmbl OynyT mnpeacTaBiieHbl
B HeOoabLLO#M 006nacTH okHa USB Test.

[lporpamma cHauana onpeaensier konuuectso FTDI-ycTpoiicTs, HMelonXxcs B HATHYHH,
3aTeM cliefyloT ONHCaHHUs YCTPOHCTBa U cepuitHbie Homepa. Jlanee nporpamMMa nbiTaercs
OTKpbITh kaHan cesa3u s USB-apantepa ('-IT06bl 4YUTaTh M OTCHLIATL COOOLUEHMS).
B 3akntoueHHe kaHan cBA3W CHOBa OyAeT 3aKpbIT.

Crpoka Geriitebeschreibung: FT232R USB UART (onucauue YCTpOWCTBa) MOXET
GbiTb 3mMeHeHa. Ecnin USB-yctpoiicTBo noacoeauteto He kak otaensioe (FTDI)-USB-
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YCTPOICTBO (M MO3TOMY He nosBisercs B kauectse neporo USB-ycTpoiicTBa B cnucke),
TO B NpOrpaMMme 1Jis TECTUPOBAHUS CBS3M C YCTPOHCTBOM MCMOJb3yeTcs onucaHue (Ha-
nMeHoBaHue) yctpoiictea FT232R USB UART.

Ecau >xe Bbl Mcronb3yere apaiiBep C APYrMM OMMCaHWMEM YCTPOWCTBA, HEXENH
FT232R USB UART, 1o TOraa Bbl COOTBETCTBEHHO HOJ/DKHbI W3MEHHTb 3TO YKa3aHHe
B MporpamMmax ans npumepoB B none Geriit (ycTpoiicTBO).

5.2. MNepBble o6palleHns nporpamMmb|
kK FTD2XX.DLL-6ubnuoTteke

Kak 6bis10 onucaHo B Hauase riaebl, JJ1s Mpouecca nepeaayd HHpopMauMu UCNONb3YIOT-
ca pyHkuun FTDI-6ubnuorexn FTD2XX.DLL.

Bce Bbi3oBbI dyHkUMI onucaHbl B pykoBoacTee "D2XX Programmer's Guide". Coorser-
crBytowit  PDF-nokymeHT umeercs Ha komnakT-aucke B daiine \FTDI_Manuals
\D2XXPG34.pdf.

B nepeoii nemoHcTpaunoHHo# nporpamMMme Ha Visual Basic (VB) ucnonb3ytotcs Bbi30BbI
(yHkumit 6ubnnoreky, npeacraenaeHHbie B Tabn. 5.1.

Tabnuya 5.1
Bobizos cyHkummn Kpatkoe onucaxue
FT_GetNumDevices Mo3sonseT nony4nTb KonuyecTso USB-ycTpoicTs (Bbl3biBaeT
FT_ListDevices)
FT_ListDevices MNossonseT nony4nTb konuyecTso USB-ycTpoiCTB, ONUCaHUIA YCTPOIACTB
1 CepUiiHbIX HOMEPOB NOAKNIOYEHHbIX YCTPOWCTB
FT_OpenEx OTkpbiBaeT kaHan cBA3u Ans aaHHoro USB-ycTpolictea
FT_Close 3aKkpblBaeT kaHan ceasu

5.3. Mpumep nporpammbl Ha Visual Basic

Bce VB-nporpaMmbl 3anucaHbl Ha KOMNAKT-AUCKE B UCXOAHOM koae. Ecnu Bbl ycTaHo-
BuiM VB, To npocto Bbi3oBuTe (aiin npoekta Ha Visual Basic ¢ pacuiupeHnem VBP,
M TOrAa NpOeKT OTKpoeTcs: B JAaHHOM ciayuyae 3710 ¢aiin Bsp.VBP B nanke
\Beispielprogramme\Bsp_1 (puc. 5.3). Yto6bl oTkpbiTb B VB HcXxoaHylo nporpammy
NepBOro NpuMepa, Hy*HO ABaXbl WENkHYTh Ha daiine dopmbl Beispiel 1 B okHe mpo-
BOAHHMKA NpoekTa (B NpaBOM BEPXHEM OKHE Ha pHc. 5.4 o6BeneH OBalIoOM), HCXOIHBIH koA
Oyner noka3aH B OTAENBHOM OKHE.

Wms kHonku Test — bt_test. Ecnn nonb3oBarens npMBoaMT B AeiCTBHE KHOMKY, TO Bbl-
3biBaeTCA QYHKUMS bt_test Click().

Ecnu okHO NpOBOAHMKA MPOEKTa HE OTKPbLIOCH B BEPXHEM MPABOM YTy, TO 3TO OKHO Bbl
MOXKETE BbI3BaTb NMPU NOMOLUM koMaHabl U3 MeHIo View | Project Explorer unu nocne
Ha)xaTHs koMOMHauuu KiaBuw <Ctrl>+<R>.
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53 KoMnakT-amnck P Th
K"_:} Adobe 2 pUNoXeHHe
o ; SKB Visual Basic Form File
I3 I3 Beispielprogramme ) , A
&3 8 pQI 2KB Visual Basic Project
P ey 1 KB Visual Basic Project Workspace
£3Bsp_2 ) !
G 11 K6 Visual Basic Module
| ¥3 Bsp_3 |
3'3:,3 Bsp_4 140 KB  NMpunoxexre
:3 Bsp_5 . 2K.B -tIfaMn LST
Puc. 5.3
On Error GaTo bt_test_fehler
© Anzeige hevsinigen
. LpggerLis\:.Clear
Puc. 5.4

5.4. O6bsBneHue hbyHkuun apamnsepa FTD2XX

ans Visual Basic

Yto6bi coobumts Visual Basic, 4o nomkHbl ObITh Bbi3BaHbl GYHKLMH BO BHELUHelH OHO-
JHOTeKe, UX HyXHO 00bsABHTL. OOBbsABNEHHs coaepxkarcss B Modull (B obnactu oObekTa
Module (MOAY/H) B OkHE NpoBoaHHKa npoekTa VB). 3nech nomkHbl ObITh MPOU3BEAEHbI

Ba OObABNEHMS:

Public Declare Function FT ListDevices Lib "FTD2XX.DLL" ( _

ByVal argl As Long,
ByVal arg2 As String,

ByVal dwFlags As Long) As Long
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Public Declare Function FT_GetNumDevices Lib "FTD2XX.DLL" Alias
"FT_ListDevices" ( _

ByRef argl As Long, _

ByVal arg2 As String,

ByVal dwFlags As Long) As Long

O6patuenue k GpyHKUHUH FT_GetNumDevices BbI3bIBA€T QYHKLHIO FT ListDevices B FTDI-
6ubnunorexke FTD2XX.DLL.

3aTem 3a4acTyro 00 BABNAIOTCS HCMNOJIb3yE€EMbI€ B MOYJI€ KOHCTAHTbI, HANPHMED:

' wia FT_OpenEx
Public Const FT_OPEN BY SERIAL NUMBER = 1
Public Const FT_OPEN BY DESCRIPTION = 2

HMeHa KOHCTaHT COOTBETCTBYIOT B OOJIBLUMHCTBE CBOEM OMHCAHWIO B PYKOBOACTBE
"D2XX Programmer's Guide" or komnanuu FTDI (Ha komnakT-gucke B daiine
\FTDI_Manuals\D2XXPG34.pdf).

5.5. UcxoaHbIN koA PYyHKUUN
FT_ListDevic'es n FT_OpenEx

Cnenyrowas noanporpamma Bbi3bIBaeTCsl B cllyuae, eciii Haxkata kHonka Test B dopme
VB Bo Bpems BbINOJIHEHHs NMPOrpaMMbl (JIMCTHHT 5.1).

Private Sub bt test Click()

On Error GoTo bt_test_fehler

LoggerList.Clear

If FT_GetNumDevices (lngNumDevices,vbNullString, FT_LIST BY NUMBER
_ONLY) <>FT_OK Then LoggerList.AddItem ("ounOka BHI3OBa:
FT_GetNumDevices He pa®GoTaeT")

Exit sub
Else
LoggerList.AddItem ("Anzahl vorhandener USB-Gerdte
(koymMuecTBO ycTpoicTB): " & lngNum Devices)
End If

If FT ListDevices (0, strBeschreibung, FT_LIST _BY INDEX Or FT_OPEN

BY DESCRIPTION) _
<> FT_OK Then

LoggerList.AddItem ("oumBka BH3OBAa:

FT ListDevices_ He paGoTaeT")

Exit Sub

Else
LoggerList.AddItem ("Ger&dtebeschreibung (ommcanme ycTpoicTsa) :

" & strBeschreibung)
End If
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If FT ListDevices(0,strSerienNummer, FT_LIST BY INDEX Or FT_OPEN
BY SERIAL NUMBER) <> FT _OK Then
LoggerList.AddItem ("oumBka omnpeneyieHMs CEpPUMHOTO HoMmepa:
FT_ListDevices_nHe paboraer")
Exit Sub
Else
LoggerList.AddItem ("Seriennummer (CepwifHEIT HOMEp) :
" & strSerienNummer)
End If
If Left$(strBeschreibung, 15) <> "FT232R USB UART" Then
strBeschreibung = Trim(Me.DeviceName.Text) & Chr(0)
LoggerList.AddItem "Alternative Gerdtebeschreibung verwendet
(anmpTepHaTMBHOE ONMCaHue yCTponcTea)'"

End If
If FT _OpenEx (strBeschreibung, FT_OPEN BY DESCRIPTION, lngHandle) <>
FT_OK Then '
LoggerList.AddItem "oumCka BrBoBa: FT OpenEx"
Exit Sub
Else
LoggerList.AddItem "Gerat wurde getffnet
(kaHaJ WA CBASM C YyCTPOMCTBOM OTKPHT) : " & Trim(strBeschreibung)
End If

If FT_Close(lnéHandle) <> FT_OK Then
LoggerList.AddItem "OumGka BersoBa: FT_Close"

Exit Sub
Else
LoggerList.AddItem ("Gerdt wurde geschlossen
(kaHaym IjI1d CBA3M C YCTPOMCTBOM 3akpuT): " & Trim(strBeschreibung)
End If

LoggerList.AddItem "Test erfolgreich beendet
(TecT ycnemwHo 3aBeplueH)"
bt test fehler ende:
Exit Sub
bt_test_ fehler:
MsgBox Err.Description
Resume bt_test fehler ende
End Sub

K OTAEJIbHBIM LIaraM rnporpamMmmbl BEAYT CCbUIKH!
On Error GoTo bt_test fehler

[Iporpamma 06paboTku oHOOK HaUWHAETCA CTPOKOW:

LoggerList,Clear

H OYHLLAET OKHO BbIBOJA LoggerList.

If FT _GetNumDevices (lngNumDevices, vbNullString,
FT_LIST BY NUMBER ONLY)<>FT OK Then
LoggerList.AddItem ("OumGka Bu3OBa: FT_GetNumDevices
funktionierte nicht")
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Else
LoggerList.AddItem ("Anzahl vorhandener USB-Gerdte: " & IngNumDevices)
End If

OyHKUMA FT_GetNumDevices BbI3bIBAa€T (YHKUHMIO FT ListDevices M3 6HOGIMOTEKH
FTD2XX.DLL, yto6bl coobumts uncno USB-yctpoiicte. JomkHbl 6biTh BBEAEHbBI TPH
3HaYE€HHUs NMapameTpoB:

O 1lngNumDevices — Obln ONMpeAeneH B 3arojloBKe MPOrpamMMbl W MOCIE YCMELIHOTO Bbl-
30Ba ¢pyHkuuH coaepxut udcio USB-ycrpoiicTs;

0O vbNullString — TpeOyeTcs MpWH JApPYyrHX BO3MOXHBIX  Bbi30BaX  (YHKLHH
FT ListDevices. Tak Kak TPEeTHi mapaMeTp AOKEH COOOLUMTb KOMHYECTBO YCT-
poHCTB, TO BTOpO# napaMeTp JomkeH ObiTh ycTaHoBEH B 0;

O FT_LIST BY NUMBER ONLY — TPETHil nmapaMeTp yKa3blBaeT, KakHe 3HAYE€HHUs AOJKHbI
coo0LaThCs ¥ BO3BpalLaTbCs GYHKLUMER. FT_LIST BY NUMBER ONLY OOBbABIEH B Modull
KaK- KOHCTaHTa U UMeeT 3HaueHHe &H80000000, KOTOpoe B 3TOi (opMe He ABnseTcs
0COOEHHO NMOHSATHDLIM.

(DyHKLlHSI E'T_GetNumDevices rnocJie BbI30Ba — B COOTBETCTBHH C OOBABJIEHHEM Public

Declare Funktion FT_GetNumDevices Lib "FTD2XX.DLL" Alias "FT_ListDevices"

(....) As Long MOXET BO3BpaTHTb 3HAYCHHE. B Cllyya€ ycnexa BEpHETCA 0. KoHcraHTa

FT_OK 00bsBNIEHa B Modull.

YcnoBHbli onepaTop IF ONpalliUBaeT, ycneLleH 1 BbI30B, U eclii GyHKLMS 1ocie Bbi30-
Ba Bo3Bpawaetr () (FT_OK), B OKHE BblBOJA OTOOpaXkaeTcsi KOIMUYECTBO YCTpoicTB. Ecnu
3HaueHWe He paBHO 0, TO BbI30B Obln OLIMOOYHBIM, BbiAaeTcs coobuieHue 06 ownbke U
TeCTOBas NporpamMma 3aBeplUaeTcs KOMaHIO0# Exit Sub.

5.6. [ipyrue BbI30BbI (pyHKUUN FT_ListDevices

If FT_ListDevices (0,strBeschreibung, FT_LIST BY INDEX Or FT_OPEN_
BY DESCRIPTION) <> FT OK

If FT ListDevices(0,strSerienNummer, FT_LIST BY INDEX Or FT_OPEN
BY SERIAL NUMBER) <> FT_OK

[ToMuMo onucaHHOro paHee Bbi3oBa GYHKLHH, KOTOpbli cooblaer o konuuectse USB-
YCTPOHCTB, GYHKLUHMA FT ListDevices NO3BOJISET MOJYYHTb OMUCAHHUE YCTPOHCTBA WIIH
€ro cepHiiHblii Homep:

FT ListDevices (0, strBeschreibung, FT_LIST BY INDEX Or_
FT_OPEN BY DESCRIPTION)

[lapameTp FT _OPEN BY SERIAL NUMBER Ha3blBae€T CEpHiHbIH HOMEp, KOTOPbIii Nocne Bbl-
30Ba HAXOJMTCA B CTPOKE strSerienNummer:

FT ListDevices (0, strSerienNummer, FT_LIST BY INDEX Or
FT_OPEN BY SERIAL NUMBER)
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CTpOKOBbIE NepeMeHHbIE strBeschreibung M strSerienNummer JTMHOK N0 256 CHMBOJIOB
coaepxxar cBeeHus o Bcex HaaeHHbix USB-ycTpoticTBax.

[IpuBeneHHbI# NpUMep NporpaMMHpOBaHHUSA HE BMoOJIHE koppekTeH. B kavecTse nepeoro
napametpa ¢pyHkuuu (3aech 0 B kauectBe ID-ycTpoiicTBa) oH obpaluaeTcs ToNbKO K nep-
BoMy USB-ycrporicty. Ecnu Ob1 6b110 noawitoueHo Heckonbko USB-ycTpoiicTB kom-
nauuu FTDI, To Torna HyxHo 6b10 Obl CHauana onpeaenuTb WX KOMHYECTBO M Mociie
3TOro NPHUBECTH OTAE/bHbIE ONHCAHHA:

FT_ListDevices (0, strBeschreibung0, FT_LIST BY INDEX Or_
FT OPEN BY DESCRIPTION)

FT ListDevices(l,strBeschreibungl, FT_LIST BY INDEX Or_
FT_OPEN_BY DESCRIPTION)

Kon MoxHO 6bi10 6b1 Takoke 0606WHMTL U B OTAENbHOM BbI30Be QYHKLMH: B KauecTBe
nepBoro nmapaMerpa Hy>xHo 6bu10 Obl 3amaTh yka3aTenb (Ha Buffer Array), BO BTOPOM
napameTpe — ycTtaHoBJIeHHOe uucio USB-ycTpolcTe. D10 cneayer npuHUMaTh BO BHH-
MaHHe B ciyuae, eciu Bbl pa3pabaTbiBaeTe cOOCTBEHHbIE MPOrpaMMbl AJs CIOXHOMH cpe-
nbl ¢ HeckonbkuMu USB-ycTporicTBamu.

Ecnau nepBbim He crout USB-amantep ¢ mukpocxemoit FT232R ot komnanuu FTDI,
nepen TeM Kak OTKpbITb kaHan ans cBa3u ¢ USB-ycTpoiicTBoM, npocTo HabepuTe:

If Left$(strBeschreibung, 15) <> "FT232R USB UART" Then
strBeschreibung = Trim(Me.DeviceName.Text) & Chr(0)
LoggerList.AddItem "anbTepHaTMBHOE YCTPOMACTBO"
End If

Onwucanue "FT232R USB UART" nonyuyeHo U3 (M3MEHSE€MOro nojb30BaTesleM B TEKCTE)
nons ¢opMbl DeviceName. OnucaHHe AOMKHO 3aKkaHUMBaTbc cHMBONOM 0. DtoT 0 npH-
COCAHUHACTCA C Chr (0) K CTPOKE ONMHUCAHHUA strBeschreibung.

Ecnu xe Bbl paboTaere ¢ THNOM Mukpocxembl FT232R ot komnanuu FTDI unu ecnu na-
x#e meHsere onucaHue B EEPROM-naMaTH, TO HY>XHO M3MEHHTb ONMMCaHHE YCTPOHCTBa
BO BpeMs BbIMONHEHHS (PYHKLHH, YTOObl MOXKHO ObIIO MPOBEPHTH 3Ty TECTOBYIO MpO-
rpammy.

5.7. Bbi3oBbl pyHkuun FT_OpenEx n FT_Close

Ecnu npuknagHoit nporpamme Heobxomnumo oOMeHATbcs HHdopmauueit ¢ USB-ycr-
pOHCTBOM, TO U1 Havasla HY>KHO OTKPbITb KaHas CBA3H (JIMCTHHT 5.2).

If FT OpenEx(strBeschreibung, FT_OPEN BY DESCRIPTION, lngHandle) <>
FT OK Then
LoggerList.AddItem "OumOka BumoBa: FT_OpenEx"
Exit Sub
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Else
LoggerList.AddItem "kaHan IJIS CBABM C YCTPOMCTBOM OTKPHT: " &
Trim(strBeschreibung)
End If

If FT Close(lngHandle) <> FT_OK Then
LoggerList.AddItem "OumGka Ber3oBa: FT Close"

Exit Sub
Else
LoggerList.AddItem "kaHan OJIA CBA3M C YCTPOMCTBOM 3aKperr: " &
Trim(strBeschreibung)
End If

Kanan nns cBa3M C yCTPOWCTBOM OTKpLIBAETCS MNpH MOMOILM GYHKUHMH FT_OpenEx
(strBeschreibung, FT_OPEN_BY DESCRIPTION, lngHandle) Ha OCHOBE€ OIHWCaHHA B
strBeschreibung. OT onepaLHOHHON CHCTEMBI, €ClH BbI30B (pyHKUMH Obln ycneuieH, 006-
paTHO MoJiyyaeM AECKPUNTOp. ITO HE YTO MHOE, KaK OAHO3Ha4HblH HOMEpP, KOTOpbIH Ha-
3HayaeTcs OnepaLMOHHONH CHCTEMOHW Ui CBA3M. DTOT HOMEp HaXOAMTCA B lngHandle,
rno6anbHoOi nepeMeHHOMH, koTopas 6bl1a 06bsBIEHa B Modull.

an KOKAOM nocaeayruem c006u1eHm| HCNOJIb3YETCA 3HAY€HHE ﬂepeMCHHOﬁ
1ngHandle.

OnHako Bbl MOKETE OTKPbITb KaHaJ C USB-yéTpOECTBOM M TIPH MOMOLUX CEPHUIHOTO HO-
Mepa, €c/ii BTOpPbIM MapaMeTpoM OyaeT FT_OPEN BY SERIAL NUMBER, a NMEpPBblii COAEPIKHT
cepuiiHblii HoMep. B kauecTBe anbTepHaTHBBI MOXXHO MCMOb30BaTh (PYHKLHIO FT OPEN
(ID, lngHandle).

Jlns ocBo6OXKAEHHS 3ape3epBHPOBaHHbIX (ONEPAaLIMOHHOI CHCTEMOIi) pecypcoB MpH Mo-
MOLLUM GYHKLMH FT_Close (lngHandle) CBSi3b C YCTPOWCTBOM 3aBepLUAETCH:

LoggerList.AddItem "Test erfolgreich beendet"
Tenepb, koraa Bce YacTH NepBOH NEMOHCTPALIMOHHONH NMporpaMmbl ObUTH YCNELHO pac-

CMOTpEHbI, B OKHE BbIBOAA MOSBHUTCA COOOLUEHHE: Test erfolgreich beendet (TecT
YCTMELIHO 3aBEPLUEH).
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"Urpbl” co cBeTOM

Kak ewe MOXHO HMcnonb3oBaTb CTaHAApTHYIO KOHOMrypauuio mukpocxembl FT232R,
KpOMe KaK [J1sl 0C/eA0BaTeNbHOr0 COOOLIEHUS ¢ ApYrMMH MUKPOKOHTpoaepamMu?

Tak kak nocnenoBaTeNibHble CHrHaIbl Ha COEAMHUTENLHOM LUTEKEpE ajantepa MOryT
ObITb OMPOLUEHBI, UK XKe BbIXOJbl MOTYT ObITb H3MEHEHbI, TO CYLIECTBYIOT ClieayloLiue
BO3MOXHOCTH (puc. 6.1):

O Curnanbt TxD, RTS u DTR — 370 BbIXOABI, NpOrpaMMupyemMbie BbI30BOM GYHKLMH
u3 6ubnunorekn FTD2XX.DLL. CocTosiHMS BXOAOB TakkKe MOXHO OMpPOCHUTb MpPH MO-

MolUK BbI30BOB (pyHkuuMii. O630p nocnenoBaTenbHbIX CUrHANOB WHTepdeiica npen-
cTaBJieH B Tabu. 6.1.

2
RXD
RI
T _DTR
Puc. 6.1
Tabnuya 6.1.
noénenoaarenbublﬁ curian
TxD ' Buixon
RxD Bxoa
RTS# Bbixog
CTS# Bxoa
DTR# Bbixopg,
DSR# Bxoa
DCD# Bxon
RI ' Bxoa
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O HMoawouuB BbIXOAHBIE CHIHAJbI K IPKHM CBETOAHOAAM, K NPUMEPY, MOXKHO NMOCTPO-
uTb cobcTBeHHbI USB-ocBeTHTENb A1 YTEHHS W YNPaBAsATb UM MPH NMOMOLUM BalLEH
nporpammbl.

6.1. BknioyeHue ceetoamona \
[MonbiTaemcs Bitounts ceeroauon LED (anrn. Light Emitting Diode) k Bbixony DTR.

BAXHO!

Mepen kaxabim 3kcnepumeHTom otcoeauHsinte USB-agantep ot nopra, 4tobbl HE Bbi3BaTb
KOpOTKOro 3amblikaHus nuraHus USB!

AHop cBeToaMona noyikeH ObITh coeauHeH ¢ HanpsbkeHueM S B USB, a katoa ceeroauo-
na — c BbixonoM DTR. CeeToauoa roput Tofbko Toraa, Koraa UCroJib3yeTcs B NpsiMoM
HanpaBJieHUH, KOTla Ha aHOA mojaetcs Gosiee MONOKHUTENbHBII MOTEHUHaA, YeM Ha Ka-
Toa. PaGouee HanpshkeHHe 3—S5-MUTUMETPOBLIX CBETOAMOMAOB JIEXKHUT B rpaHHLIaX OT 2
no 3,5 B. TakuM o6pa3oM, cBETOAMOA HEJb3sl HANPSMYIO NOACOEAUHSATb K HANpsKEHHIO
5 B!

VY cBeroanona BbiBOA aHoma OObIYHO AJMHHee, uyeM kartoa. Kpome Toro, aHoa mMoxHO
pacrno3HaTh M0 TOMY, 4TO OH OObIYHO TOHbLUE KaToaa (pHc. 6.2).

B naHHOM ciiyyae NONONHHMTENLHOrO racslero pe3ucrTopa He Tpebyercs, NOCKOAbKY OH
yxe conepxxutcs B uenu curdana DTR Ha USB-anantepe.

]

De
E D1
D2

n L 11

Puc. 6.2 Puc. 6.3

Ha puc. 6.3 noka3zaHo, kak noawiodaercs cBetoauon K 20-KOHTaKTHOH MaHenbke s
HC Ha nononHuTtensHoii nnare: aHoa ceetoaronaa — k 5 B (BbiBoa 20), a katoq — K BbI-
soay 1.

Kpome Toro, nns nonauu Ha karoa curHana DTR (BbiBoa 15) Hy»XHO BCTaBUTbL MpPOBO-
JIOYHYIO MEpPEMbIUKY MEXAY BbIBOAaMH 15 u 6.

[Moncoennuure USB-anantep BMecTe ¢ NONONHMTENBLHOM MIATOM K BallleMy KOMIbIOTE-
py. Ecnu cBeToaMoa noakioyeH nNpaBHibHO, TO NMPH HHULMANKU3aUMK (HOBOH YCTaHOBKE
ZpaiiBepa) CBETOAMOA MHOrOKpaTHO BCrbixHBaeT. [lanee ceeToanon 3aTyxaer.
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3anyctute nporpammy bespiel_2.exe, Haxonsiuyrocs B KaTajore AEMOHCTPaLMOHHbBIX
nporpamM \Beispielprogramme\Bsp_2. Otkpoercst okHo nporpaMmbl. Ecnu Bbl LienkHere
Ha nepeknouatese LED AN (csetomuMon Bkj.), TO CBETOOHOA IO/DKEH 3aroperbcs, a
ecau Ha nepexntouarene LED AUS (cBeronnon Bbika.) — noracHyTb (puc. 6.4).

HUcxonHbiii TekcT mporpamMmbl 1S BTOPOro NMpuUMepa MOXKHO HaiTH B ¢aiine Bsp.VBP
katanora Bsp_2. Cnenyrowmne nanee noanporpamMMbl Bbi3bIBaloOTCs nociie Bbibopa cooT-
sercTBytollero nepeiuntodatens LED AN unu LED AUS:

Private Sub Optionl_Click(Index As Integer) 'mpu LED AN
LED Click (False) 'emsos LED Click c napameTrpoMm False
End Sub

Private Sub Option2 Click(Index As Integer) 'mpm LED AUS
LED Click (True) 'eu3oB LED Click c napamerpom True
End Sub

CoOCTBEHHO BBINOJIHEHHE OMHCAHO B JIMCTHHrE 6.1.

Puc. 6.4

Private Function LED Click(AnAus As Boolean)
On Error GoTo LED Click fehler
LoggerList.Clear
If FT_GetNumDevices (1lngNumbDevices,vbNullString, FT_LIST
BY NUMBER ONLY)<>FT OK Then
LoggerList.AddItem ("OumOka: FT_ GetNumDevices He ¢yHkupmoHupyet")
Exit Function
Else
LoggerList.AddItem ("KomuecTBo USB-ycTpoicTB: " & lngNumDevices)
End If
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strBeschreibung = Trim(Me.DeviceName.Text) & Chr(0)

If FT OpenEx(strBeschreibung, FT_OPEN BY DESCRIPTION, lngHandle) <>
FT_OK Then

LoggerList.AddItem "Oumfka Br3oBa: FT_OpenEx"
Exit Function
Else
LoggerList.AddItem "----"
End If
If AnAus Then
If FT_ClrDtr(lngHandle) = FT_OK Then 'llomate S B Ha DTR => LED BmmuI
LoggerList.AddItem "LED Bumin"
End If
Else
If FT_SetDtr(lngHandle) = FT_OK Then 'llomate 0 B Ha DTR => LED Bk
LoggerList.AddItem "LED Bru1"
End If
End If
If FT_Close(lngHandle) <> FT_OK Then
LoggerList.AddItem " OumOka Bm3oBa: FT_Close"
Exit Function
Else
LoggerList.AddItem "-—=-="
End If
LED Click fehler ende:
Exit Function
LED_Click_fehler:
MsgBox Err.Description
Resume LED Click fehler_ ende
End Function

B 3aBMCMMOCTH OT TOro, kakas onuus Gbia BbiOpaHa, GpyHKUMS LED Click MOcC/€ Bbi30Ba
MoxeT uMeTb 3HaueHue "Hctuna" (True) unu "Jloxks" (False). IlonyyeHHoe 3HaueHHe
COXpaHseTcs B NepeMeHHO# AnAus.

BonblIMHCTBO BbI30OBOB O/MKHBI ObITH BaM Y)ke 3HAKOMbI M3 MpOLWIOro npumepa. B or-
JHYHe OT MEPBOro NpUMepa NMpH OTKPbITHH KaHana Ui CBA3H C YCTPOHCTBOM HMCMOJb3Y-
erca onucaHue yctpoiictBa FT232R USB UART HenocpenctBeHHo M3 nons ¢opmbl
DeviceName.

Ecnu nepemenHas AnAus HMeeT cocTosiHue True, TO NMPOHUCXOAHT BbI30B (YHKLIUH
FT _ClrDtr (lngHandle). [Ipu 3TOoM Ha Beixoge DTR nonyuyaercs ypoBeHb HanmpsokeHHs
USB — 5 B, Tak uto cBeroauon racHer. He naiite couth cebs ¢ Tonky Ha3BaHWeM Clr
(ot anrn. Clear): B 3ToM ciyuae HanpskeHHe He Bceraa pasHo 0 B!

Ecnu nepemeHHas Anaus uMeeT coctosHue False, To Bbi3biBaeTcs kOMaHAa FT_SetDtr
(1ngHandle). Ilpu 3TOM Kk Bbixoay DTR noaBoautcs HanpsbkeHue 0 B. Ceituac uepes
cBeToauon (M JonoNHUTENbHbIA pe3uctop B nuHUM DTR Ha USB-aganrtepe) npoxomut
TOK JOCTaTOUHbIH 11 TOro, YTOObl OH Hayas CBETHTBCH.
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6.2. NepeknoyeHue ceeTroauona

Ecnu B npeabiaylieM npuMepe aHOA CBETOAWOAA Obl NOAKIIIOUEH K HAMPSXKEHHUIO MUTa-
Hus 5 B, a katon — k curHany DTR, Tenepb Bbl MOXETE MOMEHATbL CXEMY MOAKIIOUEHHS
CBETOJMO/JIa HA MHBEPCHYIO. [1nsi 3TOro NOACOEAMHHTE aHOA CBETOAHOAA K CHIHAIbHOMY
npoeoay DTR, a katoa k "3emne".

Ceetoamnon noacoeauHsiercs K 20-koHTakTHOM naHenbke ans MUC Ha pononHUTENbHOM
nnate (puc. 6.5).

¢ |

| FSR 83288882

Puc. 6.5

AHopa cseroauona noasoautes k curdany DTR (BbiBoa 15), a karoa k BeiBoay 6. Kpome
TOro, HeoOXOAMMO HCMOJNIb30BaTh MPOBOJIOYHYIO MEPEMbIUKY MEXAy BblBOAaMH 3 H 4,
NnoJIcCOeAMHUB TeM caMbiM kaTtoj cBetoauona Ha "zemnto” (GND). Tonbko nocne 3toro
noaxmouute USB-anantep c K.

Ecnu BHOBL 3anycTuth nporpammy beispiel_2.exe, To Bbl 0O0Hapy»H1Te 00paTHYO KapTH-
Hy: NpH Bbi30BE QYHKUMH FT ClrDtr (lngHandle) curHan DTR Oyner coorsercTBOBaTh
YPOBHIO HanpsbkeHHs B 5 B 1 noaToMmy cBetoanon Gyner cBeTHUTLCS.

6.3. Ewe BapmaHT nepeknoyYeHus

Curnan RTS, Tak xe, kak 1 DTR, siBnsieTcs curHanom nocienoBatenbHoro HHrepdeiica.
Jns Toro 4tobbl BIUIIOYMTH CBETOAMOA C noMolubto curiana RTS, HyxHO nuiib BMECTO
($yYHKUMH FT_ClrDtr M FT_SetDtr Bbi3BaTb )YHKUMH FT ClrRts M FT_SetRts. [Ipu 3TOM,
pasymeercsi, He 3a0y/ibTe MOACOEAMHUTL aHOA CBeToAHOAAa k curhany RTS (ewiBop 17
NaHEeNbKH).

6.4. Bcnbiwka cBeTtoauoaa

Tperuii npuMep nporpaMmbl — 3TO JiMLLb HeOonbLIOE pa3BUTHE nepBoro npumepa. OHo
OCHOBbIBaeTcs Ha anutenbHocTd kaapa USB (1 Mmc).

Ecnu ot npuknaaHoit nporpammbl k USB-ycTpoiicTBy nocbinaercs kakas-nubo komaHaa,
TO cnenyoLlas KoMaHaa MOXeET ObITh nepeaaHa Tonbko vepes 1 Mc (puc. 6.6).
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BHYFPH KaXX0ro U3 MHUJUJIHCEKYHAHbIX BPEMEHHbIX OKOH OTﬂpaBIiﬂe’rCﬁ OJHH K3 NAaKETOB
JaHHBbIX!

O FtStatus = FT_SetDtr(lngHandle);
O Ftstatus = FT_SetDtr (lngHandle),

O rtStatus =FT_ClrDtr(lngHandle).

—l I— curHanbHas nuiua DTR
| | |
Set DTR Set DTR CIrDTR 1 mc USB_kagpbl
.Puc. 6.6

Tun norounoit USB-nepenaun (Bulk-Transfer) He rapaHTupyer, 4To cieaom 3a Kaapom
JIlaHHbIX YCTpOMCTBa nepenaeTrcs Kaap AaHHbIX TOrO K€ YCTPOWCTBA, YTO NMOPOH MOXET
NPHUBECTH K, MPOJIEHHIO UTMTENLHOCTH CBEYEHHs MoAcoearHeHHoro ceetoanoaa. Iloa-
po6GHee C 3THM PeXXHMOM, KOTOpbli MrpaeT JiHllb BTOPOCTENEHHYIO pOJib, Bbl MO3HAKO-
MHTECHb B IPYrOM NpHMepe.

Ha puc. 6.7 ceeroanon noaitoyeH k 20-KOHTaKTHOM NMaHenbke Al MUKPOCXEM K CHrHa-
ay DTR u k 5 B: aHoa cBeToaHoaa noacoeAnHeH K HanpsbkeHuto 5 B (BbiBoa 20), a ka-
ToA k BbiBoAy 1. JIns noakntoueHus katona k aMHuu DTR Bbl nomkHbI 106aBUTL POBO-
JIOYHYIO MEPEMbIUKY MEXIY BbIBOAAMH 15 1 6 naHenbKy.

¢ |

Puc. 6.7

Tonbko nocne storo noaxntounte USB-ananTep ¢ JONOAHUTENLHON NATOM, a 3aTeM M
KOMIMbIOTEPOM.

3anyctute nporpammy beispiel_3.exe, pacnonoxeHHytO Ha MpHAaraeéMoM KOMMaKT-
nucke B katanore \Beispielprogramme\Bsp_3 (puc. 6.8).

[Non3yHok, Nnoka3aHHbIH B HW)KHEH YacTH AMANOroBOro OKHa NpeABapHUTENIbHO, YCTaHOB-
neH Ha 20 mc. JInana3oH HacTtpoiikn coctasnseT oT | no 500 mc. Ecau Haxkata kHomnka
LED Blitz (Bcnblllika cBETOAHOAA), TO BbINONHAETCSA 5 LMKIOB (NporoHoB) ¢ 500-munnu-
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CEKYHAHbIMHM May3aMH, Kbl pa3 ¢ OAHOI BCMBILIKOH 3aAaHHOH MPOAOCIKHUTENBLHOCTH
cBeueHus. Uem npasee nonsyHok, TeM Oosnblie OyneT AJIMTENbHOCTb CBEYEHHMS CBETO-
avona. B kpaliHeM npaBoOM MONOXKEHHMH OTHOLUEHWE MEXAY BIJTFOYEHHBIM M BBIKIIHOYEH-
HbIM cOCTOsiHHeM cBetoauoaa 6yaer 1:1 (500 Mc cBeTHTCs — 500 MC norateH).

u USB Tesr

Puc. 6.8

Ecnu BCObILIKH B HECKONBLKO MHJUTUCEKYH NOKaXyTCsi BAM HEMHOIO nNpoaoJKHUTEJIbHEE,
4yeM JOJKHbI ObITh HA CAaMOM aene, To nNpHyiruHa 34€Cb B HHEPLUHUH HENTOBEYECKOIo riasa.

HMcxonHblit koA nporpaMMmbl A1 TpeTbero npumepa coaepxurcs B daiine Bsp.VBP, Ha-
xoaswemcs B karanore \Beispielprogramme\Bsp_3 npunaraeMoro koMnakT-amcka.

Cnenyiowuii hpparMeHT KOa NporpaMMbl OTPaXKAET NPOLIECC €€ BbIMONHEHHU:

For i =1 To 5
For il = 1 To Me.HScroll PWM.Value
FtStatus = FT_SetDtr(lngHandle) ' dauert immer 1 Frame = lms
Next il
FtStatus FT ClrDtr(lngHandle) ' LED aus
Sleep (500) ' 500ms Sekunden warten
Next i

BHyTpH uUMKNa For ¢ mepeMEHHOH i, KOTOpblii OyneT BbIMOJNHATbCA S pa3, HaxOdAMTCS
BTOpOH LMKJI C nepeMeHHOi il. YHCNo NporoHOB LMKNA il 3aBHCHT OT HAaCTPOEHHOrO
3HaueHHs nonsyHka. Kaxaplii BbI30B GyHKUMHM FT_SetDtr (lngHandle) MPOMCXOOMT B Te-
yeHue 1 Mc (1 kaap).

[locne unkna nyrem Bbi30Ba pyHKUMH FT_ClrDtr (lngHandle) BbIMOJIHAETCS BBIKJIHOUEHHE
CBETOAHOAA, a C NOMOLULIO PYHKUMH Sleep (500) AoGaBnsieTcs BpeMsi OXHAAHMS, paB-
Hoe 500 mc.
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MoxHO 6b110 6bl TaKkXke NMPUMEHHTL NPOrpaMMHbIi TaliMep, KOTOpbIi 6bl KaXayto MHJ-
JIMCEKYHAY MpPOBEPSAJ COOTBETCTBYIOLLHE COCTOSHHA U AEHCTBOBA B COOTBETCTBHUH C HHU-
MH, UMes B BHAY, 4TO 3TOT TaiiMep cpabaTbiBaeT 10CTATOUHO ObICTPO.

6.5. YnpaBneHue ApKoCTbLIO cBeTOAUOAA

YeTBepTblii NnpMMeEp OCHOBaH Ha NpeablAyLIeM, OIHAKO HEMHOTO C APYroi TOUKH 3peHH.

LIHM — 3TO WMpPOTHO-UMMyAbCcHas Monynsauus (ot avrn. PWM — Pulse Width
Modulation). LLIUM Ha3biBalOT MoaynsiuMeil cHrHana npaMoyroibHoi ¢opmbl npu no-
CTOSIHHOI1 yacToTe (puc. 6.9).

5 B (koacpduumeHT 3anonHeHus 25%)
0B
5 B (koappuumneHT 3anonHeHus 75%)
0B

t Bkn t BbIKN

20 mc |

Puc. 6.9

Ipu nocrosHHol 4actoTe (3aeck S0 'y — nepuon 20.Mc) U3MeHseTCS OTHOLLEHHE Bpe-
MEHH BIUTIOYEHHS KO BPEMEHH BbIKIIQYEHHUS M, CIEAOBATENbLHO, CpPEAHEE 3HAYEHHE MO-
CTOSHHOrO Hamnpsi)K€HHs BbIXOAHOro cvrHana. Ecnu Bpems BKJIIOUYEHHS ¢ 4, OAMHAKOBO
MO MPOAO/LKHTENBHOCTH CO BPEMEHEM BbIKIIIOUEHHS ¢ pyin, TO KOIPDuyuenm zanonnenus'
paBeH 50%, a cpeaHee MOCTOSHHOE Hamps>kK€HHE COCTABISET POBHO MOJIOBUHY MPHIIO-
*XeHHoro HanpsbkeHus. Ecnu ke koadduuHeHT 3anonHeHHs MeHblle, KaK Moka3aHo Ha
BEpXHel BpeMeHHOH auarpamme (cM. puc. 6.9), To cpeaHss MOLIHOCTb MeHblue. Ecnu
ko3¢ duumeHT 3anonHeHus Gonblue, Kak 3TO MOKa3aHO Ha HWXHEH BPEMEHHOH nuarpam-
Me, TO CpeHss MOLLHOCTb COOTBETCTBEHHO Gobluie.

TakuMm ob6pa3om, ¢ nomouibio LIIHM MOXHO ynpaBnsiTb APKOCTbIO CBETOAMOMA, PErY/H-
poBaTb 4aCTOTy BpalUEHHs ABHMraressi MOCTOAHHOrO HamnpsXKEHUA MM TaK Xe CMOJeNH-
posatb npoctoii LIATT.

LHIMM MO3KHO Nerko BbINMOJHUTL NporpaMMHo. Jlns Hayana npoBeseM OHH ONbIT.

[Tonkmouum ceeroauon k 20-koHTakTHOW maHenbke ans MUkpocxeM (puc. 6.10): aHon
ceeToauoaa noacoeaMHum k S B (BoiBony 20), a katon k BbiBoay 1. Kpome Toro, ans
noakIo4YeHus karoaa k curiany DTR Bbl 10/mKHbBI BCTaBUTb MPOBOJIOYHYIO NMEPEMbIUKY
Mexay BbiBoaaMu 6 U 15.

3anyctute nporpammy beispiel_4.exe, Haxoaswytocs B karanore \Beispielprogramme\
Bsp_4 Ha npunaraeMoM KOMMaKT-aHCKe.

' Creancnocms umnyabcos — 310 OTHOILIEHHE TIEPHONIA CEAOBAHUS UMMYILCOB T K ANMTENBHOCTH HMITY lb-
ca t,. Bennuuna, obpaTHas CKBaXHOCTH M 4acToO MCMONb3yemas B am‘nonbwuou NUTEpaType, Ha3biBaeTCs
Kk03¢hehuyuenmom 3anonnenus umnynocos. — Peo.
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Puc. 6.10

[lon3yHok, noka3aHHbIit B HHXKHEW yacTy Auanorosoro okHa (puc. 6.11), npeasaputens-
HO HacTpoeH Ha | mc. J[luana3zoH HacTpoiiku coctasnset ot 1 no 19 mc. Ecnu npu 3toM Ha-
#atb kHonky LED PWM, To cBetoauon Oyner CBETHTb, HO C MaJloil sipkocTbio. Yem
Janblie Bbl Oynere nepeasuratb Noa3yHOK BNpaBo, TeM spye OyaeT cBeueHHe CBETOHO-
na. B kpafiHem npaBoM nonoxeHWH NoN3yHka csetoaqon OyAeT CBETHTLCH NMOCTOAHHO.
Bbl MoxeTe 3amMeTUTh Nerkue konebaHus ApKOCTH: 3TO OOBACHAETCS TeM, YTO nepenaya
naHHbiX no USB Bpems oT BpemeHu paboTaer ¢ nepebosMH, cleaoBaTeibHO, NPH NOTOY-
Hoii USB-nepenaue (B pexxume nepenauu tuna Bulk) BO3HHKAIOT NpoMexXyTKH Mexay
USB-kanpamu.

Puc. 6.11

HMcxonHblii kon ans yeTBepTOil 1EMOHCTPALMOHHONW NporpaMMbl conepXkutcs B (aiine
Bsp.VBP, Haxonswumcs B katanore \Beispielprogramme\Bsp 4 Ha koMnakT-aucke.
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Cnenyrowuii pparMeHT koaa nNporpamMMbl OTOOpaXKaeT NPOLIECC €€ BbIMOJHEHHS:

For i = 1 To 200
' MakcymManbHO 20 MC IyIA OOHOTO ofuwero LMKIIa

' Inrut 1
For il = 1 To Me.HScroll PWM.Value
FtStatus = FT_SetDtr(lngHandle) ' mmMTeNsHOCTbL Kagpa = 1 MC
Next il
' Imkar 2
For il = 1 To (Me.HScroll PWM.Max — Me.HScroll PWM.Value)
FtStatus = FT_ClrDtr(lngHandle) ' mmTenbHOCTL Kampa = 1 MC
Next il

Next i

BHyTpu uMkna For ¢ nepeMeHHOH i, koTopblii Oyner BbinonaHaTbes 200 pa3, HaxoasTcs
ABa ApYrux LMKJIA C NepeMeHHOoH il. YUHcno nporoHoB NepBoro LMKIA il 3aBUCHT OT Ha-
CTPOEHHOr0 3Ha4yeHHs nondyHka peryiasropa. Ecau 3Hauenue 6bu10 HacTpoeHo Ha 1, TO
MpH NOACTaHOBKE MOYUHTCS:

For il =1 to 1

Cseronnoa BkIOYEH. B cienylolem uMiJle CBETOAMON BbIKJIIOYAeTCs. 3HauyeHHe
Me.HScroll PWM.Max coctaBiset 19. Bropo# uuin Oyner Boinonusatsecs 19 pas, ecnu noi-
3yHOK HacTpoeH Ha |. B utore obwwmii uukn anurtcs 20 mc. Ecnu ke noaBUHYTH non3y-
HOK BMpPaBO, TO YBEIMYMTCA YMCJIO NPOrOHOB NEPBOro LMKIA, NPH 3TOM Jlamnouka 6yaer
CBETUTb AoJblue. YHCIO MPOroHOB BTOPOro LMKJIA MPOMNOPLUHOHAIBHO COKPaTHTCH.
OnHako AJIMTeNbHOCTb OOLUEro LMiJ1a OcTaeTcs no-npexxHeMy 20 Mc, cnenoBaTesnbHO, U
4acTOTa OCTAETCs MOCTOSAHHOIA.

6.6. YnpaBneHue
ABYXLBETHbIM CBETOAUOAOM

CeeToauoabl pa3iMYHbIX THUIMOB, LIBETOB U MOLUHOCTEH MOTYT UMETb HHTErPHPOBAaHHbIE
(byHKUMH, HanpUMep, MUIaloLKi CBETOAHO MM CBETOAHOA C HHTErpMPOBaHHbIM A06a-
BOYHBIM pe3HCTOpoM. J[ByXLBETHbIE CBETOAHOABI HMEIOT 1Ba LiBETA. TakHe CBETOAHOIbI
MOTYT ObITb KaK C TpeMs, TaK M C ABYMs BblBOAaMH. [IByXLIBETHbIE CBETOAHObI C TPEMS
BbIBOAAMH (MMEIOLLME 1Ba KPUCTaJLIa) 3a4acTyl0 UMEIOT OAWH OOWHH BbIBOJ KaTOAOB.
IIpn 3TOM ecnu noaaTh HanpskeHHe MUTaHHUA Ha OOWH aHOA, TO CBETOAHOA, K MpPHMEpY,
Oyner CBETHTb KpacHbIM LIBETOM, a €CJIH Ha Apyro#, To 3eneHbiM. Ecnn 06a aHona noa-
CO€MHEHbl OHOBPEMEHHO, TO KPacHbIii W 3eNeHbli LBETa CMELLMBAIOTCA B OpaHXKEBbIH
OTTEHOK.

Y nBYXUBETHbIX CBETOAHOAOB, HMEIOLLUMX TOJIbKO J1Ba BbIBOAA, CBETOAHOAbI BKIIOYAOTCS
B KOpryce BCTpeuHO-napa’ienbHo. Hy)kHO noMeHsTb MecTamu BbIBOAbI CBETOAMOAA HJTH
HanpshKeHHe Ha ero BbIBOAAX, YTOObI NONYYHTb CBEYEHHE APYroro LBETa.

HOCKOJ'Ibe AN UKBMEHEHHs LIBETA CBETOAHOAA HYXXHO MOCTOAHHO MEPEKII0YaThb MUTAKO-
wee ero Hanpsi>k€Hue (Bbl XK€ HE XOTHTE AJi1A NMOJIy4Y€HHs BTOPOro uUBE€Ta noCtosHHO Me-
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HATb MECTaMH BbIBOJbl CBETOAHOAA), MOXKHO MCMO/b30BaTh AJA SKCNEPUMEHTa CHTHAbI
DTR u RTS.

[lonxntoueHwe cBeToaMoaa K MaHeslbKe Ha NOMOJHWTENbHOW nnare Moka3aHo Ha
puc. 6.12. [loncoenHuTe ABYXLBETHbIH NBYXBbIBOAHOH cBeTtoauon k curHanam RTS u
DTR. Ha 3toT pa3 He HyHO yuuTbiBaThb nonspHoctb cBeroauona. Coeaunure USB-
aflanTep ¢ KOMMbIOTEPOM.

¢

Puc. 6.12

3anyctute nporpammy beispiel_5.exe,. Haxomswiytocs B katanore \Beispielprogramme\
Bsp_5 Ha npunaraeMoM KOMMaKT-AHCKE.

CoOTBeTCTBYIOLIME CUTHATIbI Bbl MOXKETE BIJIKOMHTBL MM OTKJIFOUMTL NPH NOMOLUH (iax-
koB DTR unu RTS (puc. 6.13). Ecnu oba ¢dnaxkka MMEIOT OAHHAKOBOE COCTOSHHE, TO
CBETOJIHOJ OCTAETCS TEMHBIM.

Puc. 6.13
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Ecnu xe ycraHoBuTbL Tonbko ¢naxkok DTR, To cBeToauon cBeTHTCS OAHWUM LIBETOM, a
ecau ¢pnaxok RTS — 1o npyrum usetom.

HcxonHblii kop Ans NATOH NEMOHCTPaLMOHHON MporpamMMbl comepxkurcs B aiine
Bsp.VBP B katanore \Beispielprogramme\Bsp_S.

Cnenytowuii pparMeHT koaa nporpaMmbl (JIMCTHHT 6.2) oToOpaxkaeT npoLiecc ee BhINOo-
HEHHUA.

Private Sub CbDtr_Click()
LEDS_Click Me.CbDtr.Value, True
End Sub '

Private Sub CbRts_Click()
LEDS_Click Me.CbRts.Value, False
End Sub

Private Function LEDS Click(AnAus As Boolean, DTRoderRTS As Boolean)
' DTRoderRTS = True DTR mym RTS
' ANAUS = True curHan Ha 5B

If DTRoderRTS Then
If AnAus Then
If FT _ClrDtr(lngHandle) = FT_OK Then
LoggerList.AddItem "DTR curhan Ha 5B"
End If
Else
If FT_SetDtr(lngHandle) = FT_OK Then
LoggerList.AddItem "DTR curHanm Ha OB"
End If
End If
Else
If AnAus Then
If FT_ClrRts(lngHandle) = FT_OK Then
LoggerList.AddItem "RTS cursan Ha 5B"
End If
Else
If FT_SetRts(lngHandle) = FT_OK Then
LoggerList.AddItem "RTS curHan Ha OB"
End If
End If

End Function



"Uepbi” co ceemom 71

'(DyHKuml LEDS_Click (AnAus As Boolean, DTRoderRTS As Boolean) BbI3bIBA€TCs C pa3-
NHYHBIMM NapaMeTpaMH, B 3aBUCUMOCTH OT TOro, Kakoi ¢naxcok BbiGpan nonb3osarelib.
[Ipu ycranoBke ¢naxkka DTR aktuBupyercs ¢(yHKUMA FT ClrDtr(lngHandle) HWIH
FT_SetDtr(lngHandle), a npu ycraHoBke RTS akrtusupyercs  yHkums
FT_ClrRts(lngHandle) WM FT_SetRts (lngHandle). Ecnu Gb11 ycTaHOBAEH TOT MAM HHOMH

¢naxok, 3HaueHHe AnAus MCTHHHO, M COOTBETCTBYIOIUMI CHIHal YCTaHaBJIMBaeTCs
Ha 5 B.

B 3aBucuMocTu ot coctosiHus curHanoB DTR u RTS MeHseTcs HanpshkeHue, noaasae-
MO€ Ha CBETOAMO, KOTOPBIii OyneT CBeTUTLCS COOTBETCTBYIOLLMM LIBETOM.

6.7. Murarouiee
CBEeTOCUrHasribHoe YCTPOMUCTBO
B nsatom NpUMEpE NOAKIKOHYHUTE ﬂByqueTHbIﬁ CBETOAHO, TAK XK€ KaK B MNMpeabiAyLIEM

npumepe (puc. 6.14), a 3atem coenunute USB-anantep ¢ noakitoueHHOH NONOMHUTENb-
HOM NNaTol U KOMNbIOTEPOM.

Puc. 6.14

Hrak, nByxuBeTHblii cBeToauon noacoeadHeH k curdanam RTS wnn DTR. Ha ator pa3
TalkoKe He HyXKHO YUHTbIBaTh NOJSAPHOCTb CBETOAHOAA.

Ecnu nocne 3anycka nporpammsl, Haxoasuieics B karanore \Beispielprogramme\Bsp_5,
HaxxaTb kHONKy Wechselblinker (nepeMeHHbili 65iMHKEp), TO CBETOAMOA S pa3 MHrHeT,
nonepeMeHHoO MeHss aBa usera. McxoaHblf ko 3TOro npyMepa ou4eHb MPOCT, U NO3TOMY
301ech NpUBEEH JHLIb ero HeOoNbLLOH pparMeHT:

For i$ = 1 To 5
FT ClrDtr (lngHandle)
FT_SetRts (lngHandle)
Sleep 500
FT ClrRts (lngHandle)
FT_SetDtr (lngHandle)
Sleep 500

Next i
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Crauvana k nunun DTR 6yner nonseneHo HanpsbkeHue 5 B, a k niuHun RTS — 0 B. Cse-
TOOHOA B 3TOM cny4vae OyneT CBETHTb OAHWMM LIBETOM Ha npoTskeHun 500 mc. 3atem
k nuHun RTS noacoeaunsercs 5 B, a k DTR — 0 B, u ceeronnon 6yner ceeruts 500 Mmc,
HO yXe JpYrM LIBETOM. JTOT NpOLEcC MOBTOPUTCS MATb pas.

6.8. BkxnroueHue Bbixopa TxD

B ocHoBHo# koHdurypauun mukpocxembl FT232R Bbixofibl npeactaBieHbl HE TOJIBKO
curianamn DTR u RTS, Ho n curnanom TxD nocnepnosarenvHoro wuhrepdeiica Ha
puc. 6.15.

B nporpammHoii nokymenTtauun komnanud FTDI Bbl He Halinere BbI3oB ¢yHKUHMH Kak
FT_SetTxd, MO aHAJOrMH C BbI30BaMH (YHKLHI FT_SetDtr WIIM FT_SetRts, KOTOpblE NpH-
BElEHbl B Mpeabiayluux npumepax. Jins ynpaenenus curianom TxD BBOAATCS BbI3OBBI
(yHKUMI FT_SetBreakOn, a TaK)Ke FT_SetBreakOff.

—

usB
Ic1

Puc. 6.15

Ceeroanoa noakitouaercs K 20-KOHTaKTHOH MaHesbke, Kak NokaszaHo Ha puc. 6.16: aHon
ceetoarona — k BeiBoay 20 (5 B), a katon — k BbiBoay 19 (TxD).

Puc. 6.16

3anyctute nporpammy beispiel_6.exe, pacnonoxxeHHyrd Ha NpuaaraeMoM KOMMAKT-
aucke B karanore \Beispielprogramme\Bsp 6. Ecau ycraHoButs dnaxok TxD schalten
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(nepexmountb TxD), To cBeronMon nomkeH 3aropeTbcsi, a npu copoce dnaxka TxD
schalten oH cHOBa noJIXKEH NOTracHyTh.

HcxonHblii koo Ans eCTOi IAEMOHCTPaUMOHHOW NMpoOrpaMMbl MOXKHO HaiTH B (aiine
Bsp.VBP, kotopsblii HaxoauTcs B katanore \Beispielprogramme\Bsp_6.

Cnenyrowuii dparMeHT koaa nporpammbl 0ToOpaxcaeT BbI30Bbl Break-QyHKUMH (Npepbl-
BaHUi):

If Me.CbTxD.Value Then
If FT_SetBreakOn(lngHandle) = FT_OK Then
LoggerList.AddItem "Break ON — LED an?"
End If
Else
If FT_SetBreakOff (lngHandle) = FT _OK Then
LoggerList.AddItem "Break OFF"
End If
End If

Ot coctosHus ¢naxka (cbTxD — Check Box TxD) 3aBucHT, Bbi3biBaeTCS NM QyHKUMA
FT_SetBreakOn MJM e (QYHKUHMS FT_SetBreakOff, W, CJ€NOBATENbHO, BIJIOYAETCS MM
OTKJIIOYAETCS CBETOAHON.

6.9. NMpumep cxembl cBeToopa
C Tpems ceeToaMoaamu

[Ipennaraercs nmpy NOMOLLM TpeX BbIXOAHbIX CHTHAIOB MOCNEN0BATENbHOrO HHTEpdeEii-
ca— DTR, RTS u TxD — co3narb HeGonbLiyto cxemy cBeTodopa ¢ TpeMsi pa3sHOLBET-
HbIMH CBETOJMOJAMH, KOTOPblE HMEIOT KPACHBIW, )KENTbIH M 3eneHbid uBeT. B BocbMOM
npuMmepe Bbl Haiizerte "nporpamMmHblii cBeTodop”. HeMHOro cHopoBkH — M Tenepb BaM
Ha OCHOBaHHMH MpeablAyLIHX NPUMEpPOB yaacTcs co3aatb codcTseHHoe I10.

Katon kpacHoro cseroamona noaintoveH k curiany TxD Ha 20-kOHTakTHOH naHenbke
(ebiBOO 19), )xentoro — k curHany RTS (BeiBoa 17), a 3eneHoro — k DTR (BeiBog 15)
(puc. 6.17). Bce aHoabl cBeToaMonoB noacoeauHersl BMecte k USB-HanpsbkeHuWio nuTa-
Hus, T. €. HanpsbkeHuto +5 B. Kpome Toro, Bl 10MKHbI BCTaBUTL NMPOBOJNOYHYIO Tepe-
MbIYKy Mexay BbiBogamu 20 u 1.

[Ipucoenunure USB-anantep ¢ noaxntoueHHo# aononHutenbHoii nnartoid k [1K u 3anyc-
TUTE nporpammy. IlepBbIM HCXOOHBIM COCTOSHHMEM SBASETCS CBEYEHHE KPAaCHOTO CBETO-
auoza ceetodopa: KpacHbIii CBETOAMO JOJIKEH ObITh BKJIIOYEH, @ BCE OCTaJIbHbIE — Bbl-
noyeHbl. [locnenoBaTenbHOCTb BLIMONHEHUS TMPOrpaMMbl Jlerye BCEro MNpeACTaBHTH
B BHAe Tabnuupl (Tabn. 6.2).

Mexny oTaenbHbIMH (a3aMH HET BPEMEHH OXKMIAAHHMs, KOTOPOE MOXET ObITb MOAY4EHO
npH NOMOLUM YK€ U3BECTHOM QYHKLMH Sleep HIIH X6 Taiimepa.
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Jr1
Puc. 6.17
Tabnuya 6.2
®da3za Curnan | Npouecc Bbi3oBbi1 hyHKUyMA
1 ° KpacHblit cBeToanoa — BKOUUTL FT_ClrRts:
o) (KenTbivi U 3eneHbii CBETOANOAL! BLIKNIOYEHbI) FT ClrDtr
) -
FT_SetBreakOn
2 ° [ononHutenbHO BKNIOYNTL XENnTolid ceeToanoa | FT_SetRts
(2]
(¢
3 19 BbIKNIO4UTL KPaCHLIN 1 XenTbl cBeToanoab! FT_ClrRts
@) 1 BKNIOYUTb 3eNeHbIi ceeToanoa FT SetBreakOff
® —
FT_SetDtr
4 @) BbIKNOUNTb 3ENEHBIN Y BKIIOYUTD XENTbiv FT_ClrDtr
® ceetoavion FT SetRts
o -
1 ° enTbiih CBETOAUOA BLIKNIOYNTL, @ KpacHbln — | FT_ClrRts
8 BRNIOHWIE FT_SetBreakOn

6.10. NMNpumep cxembl
USB-ocBeTutens ona YTeHuNA

TouHo Tak e, npu noMoiuu Tpex BbixoAHbIX curHanoB DTR, RTS u TxD, moxHO BbI-
nonuute USB-ocBeTnTeNns s uteHus. Brutouaiite nam BuikiouaiiTe cBETOAMOAbI NPH
nomoLIM pa3paboTaHHbIX BaMH nporpamm. B naHHOM ciiyyae Ha KOMMaKT-OUCKe HET Je-
MoHcTpauuonHoro [10, Ho nockonbky nMpoueaypa Bbi30BOB YHKLMIA OIWHAKOBA C MPH-
BEIEHHbIMU [1 CXeMbl. CBeTo(hopa, NO3TOMY Bbl AOBOJABLHO OLICTPO CMOXKETE CaMHU MX
BOCIMPOU3BECTH.

KpOMe TOro, Bbl MOXETE NMNOAK/IOYHUTb KaTOAbl BCEX CBE€TOAHOOOB K "3emne" (l']OIICOCllH-
HHUB HX K LUTBIpbKOBOMY BbIBOLY 2 COCAHHHTEIIbHOIO pasbema), a aHOJAbl NMOACOCIHHHTDb
K COOTBETCTBYIOLUHM BbIXOAHbIM CHIrHajlaM. HOCKOJ'ley BbIXOAHbIE CHIHAJIbI USB-
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ananTepa 06afaloT CONPOTHUBIIEHHEM, TO BO3MOXKHO NPAMOE NMPUCOEAHHEHHE CBETOAHO-
10B Ha puc. 6.18.

COBET

Bo mMHOrux maraauHax pagvoanekTpOHHbIX TOBApOB M Mara3uHax, NpoAalowmx TosBapbl NO
CHWKEHHbIM LieHaM, MOXHO NprMobpecTu OTHOCUTENBLHO HeAOPOrue CBeToaUoAHbIE COOpKU C
ABYMA UNu Tpema ceetToanoaamu, KOTopbie AOCTAaTOYHO NPOCTO NOAKMIOYUTDL.

Ecnu Bbl HHTEPECYETECh CBETOAHOAAMH, TO Aaji€C Haiinere HeOONbLLOW NMpHMEP CXEMbI
ANl U3MEPEHHA APKOCTH MPH NMOMOLUH CBETOAHOAA B KAa4€CTBE JJIEMEHTA yCTpOﬁCTBa
CJICXKCHHA 3a COJTHLIEM.

MoxHo pa3paboTaTh yBnekaTe/lbHbI® CXEMbl, HANPUMEpP CXEMY CJEXKEHHUS 3a CONHLIEM
(solar tracker), UMM BBIMONHUTL JOCTATOYHO TOYHblE M3MEpeHHUs spkocTH. bnaronaps
ABYM MOCJEN0BaTeNbHO NOAKIOUYEHHBIM CBETOAHOAaM MOXHO ONpPEENUTh HanpaBieHHE
MCTOYHHKa CBETAa.

VIZC

T

Pl

roelsle]

9

S

PR

TxD RTS DTR
LED3 | LED2 LED
¢¥ ¢¥ AV

Puc. 6.18

B coenuHeHuun ¢ MHKPOKOHTPOJJIEPOM CBETOAHOA MOXKET HCMOJIb30BaTbCAd B Ka4CCTBE
HCTOYHHKA CBE€TA H ONHOBPEMEHHO B Ka4€CTBE AaT4YHKa CBETA.

Ecnu 3atBop G (anrn. Gate) nonesoro tpan3ucropa BF245 (puc. 6.19) He npucoennHeH
Kk "3emne", To Toraa ceeronuoa LED1 6yner usnyuars cBer. Uem Gonblie Oyner Hanps-
»eHue Mexay 3aTBopoM G M uctokoM S (aHri. Source), Tem Gonblie NMONEBOH TpPaH3H-
cTop OyAeT nepexoAHTh B COCTOsSHHE HachilweHus. OTpUuaTenbHOe HanpsKeHHe 3aTBOp-
uctok (GS) Oyner reHepupoBaThCs NOA BO3AEHCTBHEM CBETA CBETOJHOAAMH "CONHEUHBIX
anemenToB" LED2 n LED3. B 3aBUCMMOCTH OT NOJIOXKEHHUS CONHLIA HAaNpshKEHHE 3aTBOP-
ucrok (GS) 6yner nubo ymeHbluaTbes, NM60 yBennuusatbes. [Ipy 3TOM cBeTtomMon
LEDI 6yner nubo racHyTb Ha cBeTy, JIMOO cBeTUTb B TeMHOTE. C MOMOLILIO KOHOEHCa-
TOpa, NOAKIIOYEHHOrO MapajuieibHO CBETOAHOAAM COJIHEYHbIX 3JIEMEHTOB, MOXKHO Ha-
CTPOMTb BpEMs 3a1EPXKKH BIUTIOUEHHS W BbIIUTIOYEHHS MHIMKATOPHOrO CBETOAMO/A.

Ha camom nene, 3Ta kHura ¢ npeacrasneHHoi MUkpocxemoii FT232R nonxkHa 6bina 06-
nanatb Takod Bo3MoxcHoCTblO. OnHako mpsMoe npeobpasoBaHue (6e3 ApYrux anemMeH-
TOB) BCE € MOTEPNUT Heyaayy M3-3a CIMLIKOM HH3KOrO BXOAHOFO COMPOTHBIIEHHS CHr-
HaJIbHbIX MPOBOOB.



rMABA 7

Onpoc BxoaoB

Curnansl DCD, DSR, RI u CTS (puc. 7.1) sBasiorcs uMdpoBbIMH BXOJaMH, KOTOpbIE
OMpalLKMBaIOTCA MpOrpaMMHo Giaroaaps Bbi3oBy ¢QyHkuuit oubnuorekn FTD2XX.DLL.

usB

Puc. 7.1

3T BXoAHbIE CUrHaIBLI nocTynaloT B MmukpocxeMmy FT232R, koTopas Ha cooTBeTcTBYIO-
LUMX BXOJAX MMEET BHYTPEHHHE pe3ucTopbl ¢ conpoTusieHreM 200 kOM, noaiIoUeH-
Hble K HanpsbkeHuio nutanus USB. TTo3ToMy ecu 3TH BXOAbI MMKPOCXEMBI HHKY/a HE
NOAKJIKOYEHBI, TO Ha HUX OyleT NpUCYTCTBOBATh HanpskeHHe, paBHoe 5 B.

Hcxons u3 atoro, HanpaluyBaeTcss JOCTaTOYHO NPOCTas CXeMa CHCTEMbl aBapHIHHOM cHr-
Hanu3auuu. OGbLIYHO CHCTEMBI aBAPUIHON CHMHAIM3aLMH KOHTPOJIMPYIOT HE 3aMbiKaHHe,
a pa3MblKaHHE HEKOTOPOH 3JIEKTPUUECKOH Lenu. 3TOro e MOXKHO JOCTHYb W NpH NO-
mowun mukpocxembl FT232R, ucnons3ys npocTyio NpoBOAHYIO JIMHHIO, CBA3bIBAIOLLYIO
OJIMH U3 BXOAOB C "3emiuei", 1 TakuM 0Opa3oM MoOAIJIOYas COOTBETCTBYIOLIMIA BXO K
HanpsbkeHuto 0 B. Ecnu nuHus cBA3W pa3MblkaeTcs, TO Ha BXOAE MHKPOCXEMbl BHOBb
Oyner 5 B, u npuknaaHas nporpamma, pearupys Ha 310, BoipabaTbIBa€T CUrHaJI TPEBOIH.

[lepBbiii 3kCNEpUMEHT cBA3aH ¢ onpocoM BxoaHoro curHana CTS. [Ins atoro orcoeau-
Hute USB-ananTep ot Bawero komnbtotepa. JInnuio CTS npu noMoLy coeaMHUTENbHO-
ro NpoBoAa MOJKIIOUUTE K "3emiie". DTOT COEAUHHUTENbHBII NPOBOA NO/KEH NpPeACTaB-
NATb OO0 3aMKHYTBIH NepeKoyaTesb, T. €. JIEKTPUHECKYIO LIENOYKY, COEAHHSIOLLYIO
CHUTHAJIBHYIO JIHHUIO C "3eMnei".

Ha 20-koHTakTHO#H nmaHenbke AOMOJHUTEIbHON NaTbhl YCTAaHOBMTE MPOBOJIOYHYIO Mepe-
MbIYKY Mexay BbiBoaamu 4 u 16, noawmouvatowyio curdan CTS k "zemne" (GND)
(puc. 7.2).
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Puc. 7.2

ITocne 3roro noaxmouure USB-anantep ¢ moacoeAMHEHHOH AOMONHUTENBHON MuaToi
k IIK. 3arem 3anyctute nporpammy beispiel _7.exe, Haxoasulylocs Ha KOMMaKT-AHCKe
B kaTasiore \Beispielprogramme\Bsp_7.

Ecnu Bbl Haxkmere kHomnky Signale abfragen (onpocutb curnanst) (puc. 7.3), To noMmHKEH
YCTaHOBHTLCA ToNbkO ¢nakok Alarm Leitung 1- CTS (auuus curkana 1). Jlpyrue
¢naxky ocTaloTcs COPOLIEHHBIMH, T. K. HAa OCTAIbHbIX JIMHUAX MMEETCS HanpskeHue
5 B. Ecnu xe Bbl yaaiiuTe NpoBOJIOYHYIO NMEPEMbIUYKY U BHOBb Ha)KMeTe KHOMNKy Signale
abfragen (onpocutb curHanst), To ¢pnaxok ans curHana CTS cHoBa cOpocuTes, 4To paB-
HO3HaYHO cpabaTbiBaHHIO CHrHaJIa TPEBOTH.

Puc. 7.3

Ipu nomowun apyrux BxoaHeix curHaioB DSR, DCD u Rl Bbl MoxeTe npoBoaUTb CBOU
nanbHeilune 3kcnepuMeHTbl. OnHAKO Mpu 3TOM OyAbTE OCTOPOXKHBI: HE clenaiTe Ko-
poTkoe 3ambikaHue HanpsbkeHus nutanus USB (BbiBoa 10 naHenbku) Ha 3emiio!
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HcxoaHbiii koa ceabMoii AEMOHCTPaLMOHHOH nporpamMMbl HaxoauTtes B ¢aiine Bsp.VBP
karanora \Beispielprogramme\Bsp_7. Cnenyiowas noanporpamMma BbI3bIBAa€TCS B TOM
ciy4ae, Korjaa HakuMaeTcs kHonka Signale abfragen B VB-dopme (nuctunr 7.1):

Private Sub bt _Eingang abfragen Click()

IF FT_GetModemStatus (lngHandle, ModemStatus) <> FT_OK Then

LoggerList.AddItem "oumGka Bu3oBa: FT_GetModemStatus"
Else

Me.Cb cts.Value = (ModemStatus And &H10) / &H10
Me.cb dsr.Value = (ModemStatus And &H20) / &H20
Me.cb_ri.Value = (ModemStatus And &H40) / &H40
Me.Cb_dcd.Value = (ModemStatus And &H80) / &H80

End If

End Sub
Bbi30oB (yHKUMH FT GetModemStatus NOKa3bIBa€T COCTOSHHE COOTBETCTBYIOLUMX CHr-

HaJbHBIX MPOBOJAOB B BO3BPALUEHHOM 3HaYE€HHH ModemStatus B OTAENbHbIX OHUTaX. OHM
JOJIKHBI ObITH ONpOLLIEHBI N0 OJHOMY H faiiee oOpaboTaHsbl (puc. 7.4).

@ E = CTaTyc Moiema, nocnegxue 8 Guros
[07][D6] [D5] [D4] [ [] (] [D0] = 6umsi aanseix
[0][0] (0] (1] [o] [0 [0 [0 ]= macxa &H10 (HEX10) = 10 & wecTHaauaTepusHo# cucTeme

Puc. 7.4

B kauectBe hipumepa Mbl paccMoTpuM 00pabotky curHana CTS HemHoro noapoGHee.
CTS ynpaensercs 6utoM navHbix D4. TIpu nomoln (ModemStatus And &H10) OMT paH-
HbiX D4 B ModemStatus MmocpeAcTBOM joruueckoi onepauuu M noruuecku cBssbiBaeTcs
¢ macko# &H10. [Tpu neruueckoit onepaunu K, utobsl pesynbrar 6bin1 paBeH 1, o6a Oura
nosmkHbl UMeTb 3HaueHue 1. Ecnu ke CTS paBHsercs 0, To pe3ynbTaT Taloke OCTaeTcs
paseH 0, npu 3ToM ¢naxok Alarm Leitung 1 - CTS (cb_cts) Oyner cOpoiuen (puc. 7.5).

CTS=0:
NN I N N O o > S
Col(o] [Co] (1] [o] (o] o] [0]= macka 8H10

(o ][o] (o] (o] 0] [0] (o] [0]= pesynerar=0

Puc. 7.5

Tonbko korna curHan CTS umeer 3HaueHue 1, B kauecTBe pe3y/bTaTa TalKE MoOay4va-
toT 1. Pe3ynbTaToM M3 (ModemStatus And & H10) Obino Obl B JaHHOM cay4ae uucno 16



80 aea7

(10 B wecTtHanuarepuyHoit cucteme). [Ins Toro utobbl ¢naxkok Cb _cts Mor ObITh HC-
NOJIb30BaH TakK e, KaK U 3HauyeHWe 1, Hy>KHO BbINOJHUTb €ro BbiAEJIEHHE C NMOMOLLBIO
Macku &H10 (puc. 7.6).

CTS=1:
C I I 00 d J=crs=1

[(o][o] o] [3][o] [0][o][0]=mackasH10
Lollo] Lol[1][o][o][o] [i] = pedynbTar = 10 B WECTHAALATEPUIHON CUCTEME

(16 B pecaTuyHOM cucTeme)

Puc. 7.6

Hpyrue curvanst DCD, RI u DSR B cooTBeTcTBMM ¢ nosoxeHHeM OUTa B ModemStatus
MacCKHpYIOTCS COOTBETCTBEHHO &H80, &H40 M &H20.

7.1. Cucrtema curHanmsauum

IMo wenuky no kHonke Alarmanlage (curHan Tpesoru) BxoaHble cUrHaisl 6yayT nepvo-
anuecku onpawrBatbea. Ecnu curnanbhbie nuiun CTS, DCD, RI unu DSR coeanHeHsl
¢ "semsiedi", TO COOTBETCTBYIOLAA 3NeKTpuyeckas uenb Oyner 3aMkHyTa, a duaxok
yctaHoBneH. [1pu pa3mbikaHud Leny 0603HauYeHHe COOTBETCTBYIOLLEro ¢uakka oTobpa-
MaeTcs KpacHbIM LIBETOM, a caM ¢iaxok npu 3TtoM O6yner copowieH. CHrHaibHble TMHUH
onpawuuBatorcs yepes 500 mc Taiimepom 1 (Timerl), koTopblii 3anyckaercs nocne Haxa-
THA kHonkd Alarmanlage. ®parmeHT McxoaHOro koaa npumepa 7 NpUBedEH B JTMCTHH-
re7.2.

Private Sub Timerl Timer ()

If FT_GetModemStatus (lngHandle, ModemStatus) <> FT_OK Then

LoggerList.AddItem "OumGka Bu3oBa: FT_GetModemStatus"

Else
Me.Cb cts.Value = (ModemStatus And &H10) / &H10
‘ Me.Cb_cts.ForeColor = 0
' O TpeBOT'e KpaCHHI1

If Me.Cb cts.Value = False Then Cb_cts.ForeColor
Me.cb dsr.Value = (ModemStatus And &H20) / &H20

Me.cb _dsr.ForeColor = 0

If Me.cb dsr.Value = False Then cb dsr.ForeColor = 255
Me.cb ri.Value = (ModemStatus And &H40) / &H40

Me.cb_ri.ForeColor = 0 .

If Me.cb _ri.Value = False Then cb_ri.FereColor = 255

255
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Me.Cb_dcd.Value = (ModemStatus And &H80) / &H80
Me.Cb_dcd.ForeColor = 0
If Me.Cb dcd.Value = False Then Cb dcd.ForeColor = 255
End If
. End Sub

Llnkn onpoca JMHHI OCyLUECTBISETCA ¢ momoLubio Taiimepa 1 (Timerl) kaxabie 500 mc.
YT0o6bl MOXKHO ObLIO BOCIPOU3BECTH COCTOSHHE CHCTEMbI CHIHAJIM3aLMH B LIBETE, aHAJU-
3UPYIOTCA COOTBETCTBYIOLLIME YPOBHH CHTHAJIbHBIX JIMHHHA, U B Cllyyae TPEBOXHOH CH-
TyalHH B JIHHUH MEHSAETCA LIBET OTQOpaXkeHHs AJs Hee ¢ YepHoro (0) Ha KpacHbIH (255).

Taiimep 1 (Timerl) 3anyckaercs WM OCTaHaBIMBA€TCA MNPH HAXKATHH KHOMKH
Alarmanlage (niuctuur 7.3).

Private Sub bt_alarm Click()
L]
If TimerIstAn Then
Me.bt_alarm.Caption = "Alarmanlage"
Me.Timerl.Interval = 0
TimerIstAn = False
LoggerList.AddItem ("Alarmanlage ausgeschaltet")
Me.lb anzeige.Visible = False
Me.1lb_impulse.Visible = False
Else
Me.bt;alarm.Caption = "Alarm aus"
Me.Timerl.Interval = 500
TimerIstAn = True
LoggerList.Clear
LoggerList.AddItem ("Alarmanlage scharf geschaltet")
Me.lb anzeige.Visible = True
Me.lb impulse.Visible = True
End If

End Sub

ITpu nepBoM 3anycke NporpaMmbl Joruyeckas nepeMeHHas TimerIstAn MPHHUMAET 3Ha-
yenue True, a uHTEpBa) BpeMeHH AJis TaiiMepa paBeH 500 Mc. OTHOBPEMEHHO C 3THM
BbICBEYHBAETCA Apyras JONOJHUTENbHas HHGOpMauMs Ans nosnb3oBarens (1b_anzeige H
1b_imbulse). [locne 3anycka kHonka nepedmeHoBbIBaeTcs B Alarm aus (curHan TpeBoru
BBIKJIKOUYHTD).

HoBoe Ha)kaTHe KHOMKH OCTaHaBIHMBAET TaMep U OOHYNAET NEPEMEHHYIO TimerIstAn.
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7.2. C4YeT4YUK CUrHaNoB TpeBoru

[Tpu kaxxnoM curtane TpeBoru Ha aMHUH CTS 3HaueHHe cueTyrka TPEBOXKHBIX CHTYaLUH
yBenuuuBaercs Ha 1. [ljis 3Toro npeapiayuiee COCTOSHHE CHIHAIbHOMN JIMHUK COXPaHAeT-
CcA B JIOTMYECKOW NEPEMEHHON bcts vorher W CpPaBHMBAETCA C TEKYLUMM COCTOSHHEM
curdanbHOi nuHuM CTS (¢naxok Cb cts). 1o cpaBHeHue TpeOyercs Toraa, koraa
JOJKHO ObITb MOACYHUTAHO YKCIIO cpabaThiBaHWI CUrHaNa TPEBOrH W, KaK B JAHHOM Clly-
Yae, OOMKHO ObITb 3a00KyMEHTHpoBaHO Bpems cpabarbiBaHus. CoOOTBETCTBYIOLLHIA
¢parMeHT HCXOHOrO Koaa NpuMepa 7 NPUBENEH B IMCTHHrE 7.4.

Private Sub Timerl Timer()

. Me.Cb cts.Value = (ModemStatus And &H10) / &H10
Me.Cb_cts.ForeColor = 0

20 TpEeBOT'€ MOMEHATb Ha KpAaCHBIM

If Me.Cb cts.Value = False Then Cb_cts.ForeColor = 255
'noncyeT CUIHANOB TPEBOTM TONBKO NPY M3MEHEHMM COCTOAHMSA
If bcts_vorher = True And Me.Cb_cts.Value = False Then
Me.tb impulse.Text = Str(Val(Me.tb impulse.Text) + 1)
Me.LoggerList.AddItem "Alarm um " & Time()

End If

bcts vorher = Me.Cb_cts.Value

Me.cb dsr.Value = (ModemStatus And &H20) / &H20

Me.cb dsr.ForeColor = 0

If Me.cb_dsr.Value = False Then cb_dsr.ForeColor = 255

End Sub

Kaxxapifi pa3, koraa Bbl ynansere NpoBOJIOYHYIO MEPEMbIYKY CUrHanbHOH auHuun CTS,
3aMeyaeTcss M3MEHEHWE COCTOSIHMS M JIOKyMEHTHpyeTcs Bpems u3MeHeHus. Ecnn ke
Tenepb Bbl BEPHETE NPOBOJIOYHYIO NEPEMBIUKY Ha MPEXHEE MECTO, TO HHYErO ITO HE U3-
MEHHMT.

7.3. Npumep cxembl
CUCTEeMbl OXpaHHOW CUrHanu3auum

Ha npakTuke B IMHHAX B KaueCTBE AATYHKOB TPEBOrH UCMOJb3YIOTCA 2€PKOHY! (TEPMETH-
3MpOBaHHbIE MarHWTOYMNpaBiseMble KOHTAKTbI). B MarHWTHOM nosne KOHTaKThl repkoHa
3aMkHyTbl. Eciin Jke MarHuTHoe mosne yaamsercs, TO KOHTaKThbl FEPKOHA pa3MbIKAlOTCA.
[NocTosiHHBIA MarHUT Lienecoo6pa3HO KPENUTb K MOJABWKHOMY 3JIEMEHTY OKOH W ABEpEi
(puc. 7.7).
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repKOH JOJIXKEH ObITh YCTAHOBJIEH, KOHEYHO XK€, B HenOCpeIlCTBeHHOFI 6aun3ocTH OT no-
CTOAHHOIO MarHMTa, 4yTOOBI 3JICKTpHUYECKas Lenb Nnpu 3aKpble)M OKHe Oblna 3aMKHYTa.

ITocTosiHHbIE MarHUTbI W FepKOHbI MpeAcTaBieHbl Ha pHC. 7.8 (repkoH M MarHuThbi),
puc. 7.9 (repkoH B Henpo3pa4HOM KOpryce AJs YCTaHOBKH) U puc. 7.10 (repkoH B cTek-
JIAHHOM Kopnyce).

Maruur

[BepHOe NONOTHO

DBepHoit npoem —

Puc. 7.7

G

Puc. 7.8 Puc. 7.9 Puc. 7.10

COBET

Bo MHOrux MaraauHax, TOPryloLWmnx N0 CHWKEHHLIM LeHaM, AN OKOH W ABepeil npeanara-
I0TCA A0BONBLHO HEAOPOrMe MUHWU-CUCTEMbI OXPaHHOW CUrHaNW3auuW, KOTopble 3a4acTyio
MOXHO Nerko NPMcnocobuTb ANA AaHHON Lenw.

[TpuMepHO Tak Moriia Obl BBIFAAETb JJIEKTPHUECKas cXeMa Ballel CaMOCTOATENIbHO co0-
PaHHOI CUCTEMBbI CUTHAJIM3aLIMK AN Balled KOMNbloTepHOi koMHaThl (puc. 7.11):

04 r€pKoHa njis ABE€pH, OKHa, BbIABH)XXHOIO sllHKa CTOJA, ll.lKaCba C KOMMNaKT-AUCKaMH
HJIK 3aMKa-BbIKJIKOYATEN A, KOTOprﬁ AKTHBHPYET CUIrHAJIU3aLHIO;

O 2 pene (5 B, 20 MA), HanpuMep Ui Mepefayy CUrHazia TpeBOru no tenedoHHoMH Nu-
HUM, yNpaBJieHHUs ABEPbIO Ballero wkada ¢ KOMNaKT-AUCKaMH WIIH 3BYKOBOIO CHIHa-
Nla TpEBOrH;

a ﬂpKHﬁ CBETOAHOA, AJI1A TOro 4yTOObI B3JIOMIIMK HE OCTAJICH HE3aMEUYEHHBLIM B TEMHOTE.
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RI
| cTs i
——
‘ DCco MO
——
1 - DSR
_L e RTS DTR
GND
r T opey O
GND  GND GND
Puc. 7.11

CobpaHHas BalIMMH pyKamMH OXpaHHas CHrHalM3auMs Balleil KOMMbIOTEPHOH KOMHaTbI
MpH HUCMOb30BaHUH AOMOJIHUTENbHOM MIaThl MOria Obl BbIMIAAEThb TaK, Kak 3TO NokKasa-
HO Ha puc. 7.12.

Puc. 7.12

Ve npu MOMOLUM NEPBbIX PACCMOTPEHHbIX B 3TOi KHUre MPUMEPOB Bbl MOXETE CaMo-
CTOATENIbHO CO3JaBaTh MPOrpaMmbl Ais 0O6paboTkH, OUEHKH M BbIMOJIHEHHS COOTBETCT-
BYIOLLMX ACHCTBHH B Cllyyae TPEBOXKHOM CUTYaLIMH.

7.4. 3pecb nNu Kowka?

Yro Bbl AYMaeTe 00 3JIEKTPOHHOI MpOBepke OTKMAbIBaloLIecs Kollaybeid ABepLbl, yCTa-
HOBJIEHHOI Ha BXOJAHOH ABEpU KBapTUpbl, KOTOpas MO3BOJMT Y3HATb MPUBLIYKW Ballei
KOLUKH?

Jlns naHHOrO 3KCrepyMMeHTa BaM MOHAanoOMTCA MO OAHOMY FepKOHY Kak BHYTPH, Tak H
CHapYy>KH OTKMAHOH ABepLbl. KOHTaKTbl repKOHOB H3HAYaJIbHO AOJDKHBI ObITh Pa3OMKHY-
Tbl M 3aMbIKaTbCA JIMLIb TOPJA, KOrAa OTKMAHas Asepua Oyner Asuratbes. Jlns Bawiux
9KCMEPUMEHTOB Bbl MOXKETE HUCIMOJIb30BaTh Npumep 12 (nepoanyeckoe YTeHHe BXOAOB B
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pexxume Bit Bang). Ecnin ke Bbl XOTHTE HEMHOIO_MO3KCNEPUMEHTHPOBATb, TO MOXETe
CaMH BHECTH He0OXOUMble H3MEHEHHS B MMEIOLLMIACA npuUmep.

BHUMAHHE!

Ecnu Bbl paboTaeTe ¢ pene, y KOTOpOro HanpshkeHne Ha BbIXOAHbIX KOHTakTax 6onee 24 B,
TO B cnyyae owunbkn peyb MOXeT NoiT 06 oNacHOCTM AN XWU3HM MU ONACHOCTN BO3HWK-
HOBeHuA noxapa!

7.5. OcTOopOXHO, BOAA

[Tpn undposoii obpaborke nornuecknx 0 unu 1 curHanbl Ha BXone He BCerga MMeLOT
YPOBHH HanpskeHuid, paBHbie 0 unu S B. UMetoTcs Tak Ha3biBaeMble MOPOroBble Hanpsi-
HEHHsl, KOTOpPblE BXOAHbIM CHTHAJIOM MOTYT ObITb MpEBbILLEHbI WIIH K€ HE MPEBbILLEHDI.
70 Noporosoe HanpsxeHue ana noruueckoit 1 ana mukpocxembl FT232R npu nanps-
XeHUHU ee nutaHua 5 B nexur mexay 1,3 u 1,9 B, npu cranaapTHom 3HaueHuu 1,6 B.
Takum obpa3oM, ecnu BxOAHOe HanpsbkeHHe OyneT COOTBETCTBOBaTb 3TOM MOPOroBOM
obnacTy, TO CUrHan MOeT ObITb HHTEPNPETHPOBaH B kauecTe Jiornueckoro 0 unu xe 1.
[Ipn BxOoaHOM HanpsbkeHHH HWxke 1,3 B rapaHTHpoBaHHO OOHapy>KHBaeTcs HHU3KHi JiO-
ruyeckuii ypoeenb (LOW), a npu HanpsskeHud Bbilue 1,9 B rapaHTHpoBaHHO 0OHapykH-
BaeTcs BbICOKHH ioruyeckuii yposeHb (HIGH).

Ha uudpoBbix BbIxO#ax BbICOKHH NOruyeckuii yposeHb MHukpocxembl FT232R umeer
cranaaptHoe HanpsbkeHue 4,1 B (3,2—4,9 B, npu Toke notpebnieHus 6 MA), a HU3KHIA
ypoBeHb 00bI4HO cocTaBnseT okono 0,4 B (0,3—0,6 B).

Ecnu Ha Bxope, kak B mpumepe ¢ CHCTEMOM CHTHaJIM3alliK, NepeKitoyaresib noAKIoYeH
k "3emsie", TO BXOAHOE HanpsbhkeHHe TouHO Oyner nexarb Huxe 0,3 B. Tak kak Bxozapl
mukpocxembl FT232R uMmeloT BHyTpeHHHe pe3ucTopbl ¢ conporuBieHneM 200 kOwm,
NOAKJIIOYEHHbIE K Hanps>keHUo nutaHus (puc. 7.13), To MOXXHO OMpenenuTb COMpOTHUB-
NleHue, 4ToObl Ha BXoae OblUT 0OHapyxeH HU3KHii YPOBEHbD.

[=U/R
I =Ugrx/ Rx=Ug;/Ri
Rx = (Ug«/ Ug)-Ri=(1,3/3,7)-200 kOm = 70,27 kOm
Rx <=70,2 kOm

Takum o6pa3zoM, conpoTHBIeHHe Ha BXOAE AOJHKHO ObiTh MeHblie 70 kOM, npu npened-
pexeHuu apyrux ¢akropos, uToObl Mukpocxemoit FT232R 6ot pacno3HaH HU3KHH JiO-
ruyeckuii yposeHb. Ha npakTuke oOHapy>xuBaeTcsi, UTO COMpPOTHBJIEHHE OKOJIO 65 kOM
CO3/1aeT HU3KHI YPOBEHb.

Jlng npoBepkH CHCTEMbl CHTHANM3aUMH MOAXOAMT MpOrpaMmHoe obecrnevyeHHe MpH-
mepa 7.

[Mpucoeaunure USB-apantep ¢ noawitodeHHoW aononHutenbHod riatod k [IK
(puc. 7.14).

Ilocne 3anycka mnporpammbl beispiel_7.exe u3 karanora \Beispielprogramme\Bsp_7
wenkHure kHonky Alarmanlage. Korna Bbl HAKOPOTKO 3aMKHETe KOHLbI MPOBOAOB, TO
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Bbl YBHIIMTE, 4TO B nporpammMe Oynet ycraHosneH ¢naxok Alarm Leitung 1 — CTS, co-
OTBETCTBYIOLLMI HyleBOMY jlorvyeckoMy ypoBHio curHana CTS, T.e. akTUBHOMY ero
3HaYEHHIO.

Vce
5B
Ri
200K
Ve 1,3 Vit é
(Hanp.: k CTS)
LO_I_’ N
R )
A 3
Puc. 7.13 Puc. 7.14

Ecnu Bbl nopepxute 06a M301TMPOBAHHBIX KOHLIA MPOBOJOB Ha PACCTOSSHUM HECKOJIbKHX
MHJUIUMETPOB Mexay OonbliuM M ykasartesnbHbIM nanbuamu, To CTS-curHan Bce ewue
6yner akTuBHbIM. ConpoTHBiieHHe B 3TOM ciydae Oynet meHee 70 kOM. [pu Heob6xoau-
MOCTH, eclii cucTeMa He 6yneT GyHKLUHOHHPOBATh, YBJIAXKHUTE MaJlbLibl.

XOTH U3 MEAHUUHHCKHX HSMCPCHMﬁ HU3BECTHO, YTO 3HA4YCHHE COHpOTHBJ’leHVIﬂ ﬂOBerHO-
CTHOTrO CJ10s1 KOXKH YesioBeka cocrasnsiet oT 600 kOMm no | MOMm, B 1aHHOM ciyvae OTHO-
CHTENIbHO HU3KOe 3HayeHWe COMpPOTHBIIEHUS OydeT OOBACHATHCA TOJILKO BJAXKHOCTBIO
KOXH.

Kak u3BecTHO, BOga ToxKe NMpPOBOAMT: €CJH Bbl MOrpy3WTE ABAa M30JIMPOBAHHBIX KOHLA
npoBoja B HanojHeHHbIH cTakaH, To curHan CTS Bce paBHO OCTaHETCA aKTHBHbLIM.
Tenepb Bbl 3HaeTe, kak npy nomolud Bawero USB-koMnbioTepa MOxHO HabGmoaath 3a
COCTOsSIHUEM BOJIbI B BallleM akBapuyMme, bacceliHe WK CTHpaibHOI MaluuHe!

7.6. CBeTno nnm TeMHO?

®omopeszucmop (aurn. LDR — Light Dependent Resistor) — 3T0 NonynpoBOAHUKOBbIH
CBETOYYBCTBHUTEJNIbHbIN 3neMeHT. PoTOpe3rCTOpbl, HaNPUMEP, UCMOJIb3YIOTCA B aBTOMa-
Tax YJIMYHOrO OCBELUEHUS B KayecTBe NAaTYMKOB cBeTa. Uem Oosiblue cBeTa najaer Ha
CBETOYYBCTBHTENbHbIH (OTOPE3UCTOp, TEM MeHblie OyaNeT ero ConpoTHBIEHHE H TeM
6onblIE OyneT 3neKTpUUecKUi TOK NpH HEU3MEHHOM MPHUIIOKEHHOM K HeMy Hanpske-
HuM. B TemHoTe doTopesncTop obsanaeT 1OCTATOYHO BbICOKHM COMPOTHBIIEHHEM B He-
CKOJIbKO MEraom, a Ha CBETY €ro COMpOTHBJIEHHE COCTABJAET HECKOJIbKO KHIOOM. DTO
M3MEeHEHHEe CONPOTHBIIEHHUS Bbl MOXKETE MCMONb30BATh, KAK H B MpeablAyLIEM NPHMeEpeE.

[MoakntounTe cBETOUYBCTBHUTENbHBIN (HOTOpE3UCTOpP K 20-KOHTAaKTHOI NaHesnbke AO0NOJ-
HUTENBLHOMH nnaThl Mexay BbiBoaaMu 16 u 11 (puc. 7.15).
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0|

Puc. 7.15

[Toaxmounte USB-ananTep c noacoearHeHHo# aononHurenbHo# nnaroi k [1K.

3anyctute nporpammy beispiel_7.exe, Haxoasutytocs B kartanore \Beispielprogramme\
Bsp_7 Ha npunaraemMom kOMMakT-IMCKe, M 3aTeM HaxkMuTe kHonky Alarmanlage. Kak
YBHAWTE, NPH JOCTaTOYHOM OCBELLEHWH B MporpaMme OyzaeT ycraHosneH ¢naxok Alarm
Leitung 1 - CTS, coOTBETCTBYIOLLMIA HYJIEBOMY JIOTHUECKOMY 3HaueHHio curHana CTS,
T. €. aKTHBHOMY €ro 3Ha4€HHIO, MOCKOJIbKY CONMpPOTHBIEHHE (HOTOPE3UCTOpa B ITOM CIly-
yae 6yner meHee 70 kOm. Ecnu Bbl B 1OCTaTO4HOH cTeneHH 3aTeMHHUTE (HOTOpE3UCTOP,
¢naxok 6yner cOpoLUEH, T. K. MPH YMEHbLUEHHWH CBETa YBEJHYMBAETCS 3HAUEHHE CONpo-
THBJIEHHA CBETOUYYBCTBHTENILHOIO J1IEMEHTA.

Ecnu Bbl XOTHTE yMEHbIIUTb CBETOUYBCTBHTENILHOCTb, TO nepel (OTOpe3UCTOpOM pac-
NOJIOXKUTE KApTOHKY C OTBEPCTHUAMH, pa3MeEpbl KOTOPbLIX MNpH HCOGXOHHMOCTH MO>KHO
u3MeHaTb. [lpumeHuB ¢ortopesuctop B cxeme Bmecte ¢ USB-namnoii mis ureHus
(cm. 2naey 6), NOABNSETCS BO3MOXHOCTD YNPaBIATH CBETOAHOAAMH J1aMIbl aBBTOMATHUYECKH.

7.7. MNpumeHeHMe onTn4yeckoro poToanemMeHTa
B aBapUWUHOW CUrHanu3auum

Kaxxablii repkoH, ucnonb3yemblii B aBapHiiHOW CHrHalM3alLMH, PacCMOTPEHHOH B
pazo. 7.1, Bbl Takxke Moxere 3aMeHWTb (otopesnctopoM Hiu ¢oroanonom. [lpu 3tom

D e |

asep

JNasepHbin nyy >

MNosepryToe 3epxano

Puc. 7.16
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($hoTOo3NeMeHT MOXXHO OCBETHTb CBETOAMOLOM WIJIM HeJOpOrod na3epHoOi Yyka3koH
(puc. 7.16).

[Toka nyu csera He Gyner npepsaH, GOTOINEMEHT UMEET HE3HAYMTENLHOE COMpPOTHBIE-
Hue. Ecnu e nyu csera npepbiBaeTcs (MM nazepHas yka3ka BbIXOAHT M3 CTPOS), Bbl MO-
Jy4uTe aBapHHHYIO CHUTYaLHIO.

7.8. Bonee TouHOE onpeaeneHue
conpotuBneHua otopesncropa

Jlns aBTomara ynM4YHOro ocBelleHus Uiu GoTopesie MOXeT ObITb HCMNONbL30BaH MNpe.bl-
Ayt npuMep. OnHaKO 4YTO HY»KHO CAeNaTb, €CJIM B HACTynaiolled TEMHOTE XOueTcs
BIJIIOYMTH MEPBYIO Nlammy, a npu eule OonblieM 3aTeMHEHWH W BTopylo namny? Jins Ta-
KOro MoAK/toueHus norpedyercs nyuiias 06paboTka H3MEHEHHH CONPOTHBIEHHS CBETO-
YyBCTBUTENbHOro oTopezucropa. MoxkHO 6bl0 Obl, K NpUMeEpY, UCMONbL3OBATH aHaNO-
ro-urM¢poBoii npeobpa3oBarenb, KOTOPbIiA U3 COOTBETCTBYIOLLErO aHAJIOrOBOrO 3HaU€HHs
pKOCTH reHepupoBan Obl 3KBHBaneHTHoe LMppoBoe 3HaueHue. Ho 3auem ke cpasy
CTpensTb M3 nyilek no Bopodbim? CyluecTBytoT 1 Gonee NpocTbie pelieH s, O KOTOPbIX
pedb Nonaer aanee.

Ilpu noakntouennn koHaeHcatopa C k HanpskeHHio nuTaHus V uepe3 pesuctop R Ha-
npshkeHHe Ha KOHAeHcaTope OyneT 3KCMOHEHLMabHO MOBLILLATHCA OT HEKOTOPOro Ha-
4anbHOro A0 Hamnps>keHus nutanus (puc. 7.17).

b
L4

Lo Bpewms (1)

- —

Puc. 7.17

Bpems 3apsina 3aBUCHT JAHLIb OT BEJHYHHbI EMKOCTH KOHAeHcaTopa C U conpoTHBIEHHS
pesucropa R. Bpems 3apsna 6yner tem Gonblue, yem Gonblie eMKOCTb KOHAEHCAaTOpa H
conporusnente pesucropa. [IpousseneHre emkoct koHaeHcaropa C M CONpOTHBIEHHS
pe3uctopa R onpenensiercs kak nocmosaHHas 8pemeHuU T.

3a BpeMs MOCTOSAHHOI BpeMeHH T HanpshkeHHe Kaxxabid pa3 ysenuuusaercs B 0,63 pasa
OTHOCHTENbHO Pa3HOCTH MEXAY KOHEYHbIM W HauyalbHbIM 3Ha4YEHHEM HanpsokeHus. Tak
nocie NepBoro oTpe3ka BpeMEHH, PaBHOTO T, HAMpskeHHE Ha KOHAEHCATOpE COCTaBJISET
63,2% ot HanpskeHHUs nuTaHus, nocae 2t — 86%, nocne 5t — Ha koHAeHcaTope Gyaer
NpPaKTHUYECKH MOJIHOE HaMpsXKEHHE MUTaHHS.
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KpuBas HanpsbxeHHs V¢ Ha KOHAEHCAaTOpe COOTBETCTBYET YPaBHEHHIO:
Ve=V-(1 -9,

V — 3T0 BXOAHOE HanpsbkeHHe (HanpsbkeHHe NUTaHWA) B BOJNbTaX, t — BpeMs B CEKYH-
nax, R — conporusnenue pesucropa B.omax, C — eMkocTb koHaeHcaTopa B (hapaaax.
[lpoiue roBops: koraa MOABOAHMLUB HamnpsbKEHHE Yepe3 pe3UCTOp K KOHAeHcaTopy, TO
KOHJIEHCATOp 3apsKaeTcs Aonblie Npy G0NbLIMX 3HAYEHUSAX COMPOTHBIEHHS pe3ucTopa
M ObicTpee npv Manbix 3HauYeHWsX. Jns nydwiero noHWMaHus Bbl MOJXKETE 3amyc-
TUTb Ha BbinonHeHue nporpaMmmy RC_E_Funktion.exe, Haxonsiuytocs B karanore
\Beispielprogramme\e-funktion Ha npunaraeMom Kk KHHre KOMNakT-aucke. JTo, Mo CyTH,
"MHTEpaKTHBHas BpeMeHHas auarpamma", paspaGoraHHas npodeccopoM Pioaurepom
XapTBHrom, KOTOpytO OH JKOOE3HO NpeaoCcTaBUN B kauecTBe HeOoNbLLIOIH 3a0aBHOM Urpbl.
3nech peub MOET O HarfsAHOCTH OMUCAHHOM 10 3Toro GyHKUMHK V(t) ¢ 3aaaHHBIMH 3Ha-
yeHnssMu R u C. 3Hauenus conporuBnenus R u emkoctu C Bbl JOMKHBI NpeaBapHTENbHO
BBECTH B 00a COOTBETCTBYIOLUKE MO, NMOKa3aHHbIE B JIEBOH YaCTH AMANOroBOro OKHa
nporpammsl (puc. 7.18). INocne BBoaa 3HaveHuii wenkHute kHonky Neuzeich (nepepu-
COBKa), M B NpaBOii 4aCTH AHANOrOBOro OkHa Gyaer u3o0paxkeHa COOTBETCTBYIOLIAsA KPH-
Bas ¢yHkuuu (BpemeHHas auarpamma). [Ipu nomowM Kypcopa MbilIH Bbl MOXeETe
B JKEJITBIX MOMAX BbIOpaTh 3HaYEeHUs A1 BpeMeHH T Wnu HanpsbkeHus V.

~ RE eFunktion % )|

v
(Volt)

10 15 T
|

Puc. 7.18

3uaueHus PaCCYHUTDBIBAKOTCA NMpPOrpaMMHO H NpEACTaBIIAIOTCA B HeOONbLUKX MOoNAX paaoM
C COOTBCTCTByIOU.leﬁ OCbIO AHAarpammbl. Takum 06pa30M MO>XHO NMPAKTHYECKH MIrHOBEH-
HO OMnpeaennTb, CKOJIbKO MH/UUNTUCEKYHA npoifmeT A0 TOro MOMEHTa, KaKk — TMpH 3aaaH-
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HbIX 3HaYeHusX R u C — HanpsbkeHHe NOCTHrHET onpeieneHHol BenHuuHbl. [lyTem
9KCNEepUMEHTHPOBaHHS C Pa3IHYHbIMH 3aJaHHbIMK BennuHHaMH R nnn C MoxcHO GbicTpo
NOJIyYHTb NMpeaCcTaBlieHHe O UX BIUSAHHH Ha BPEMEHHYIO Marpammy.

B HaweMm 3kcnepumeHTe BMecTO pe3ducTtopa OyneM HCnonb3oBaTh (OTOPE3HCTOP
(puc. 7.19). B atom cnyuae npu cBete depe3 ¢oropesucrop LDR konnencatop C Oyner
3apsHkaTbCsl OTHOCHTENIBHO ObICTPO, a B TEMHOTE — MeUIEHHO. JIns BKJIIOUEHHs mpoLec-
ca 3apsna Tpedyercs BbixoaHo# curdan USB-ananTepa. s 3Toro ucnonb3yercs CHrHa
TxD. H3mepeHne BpeMeHH npoucxoauT npu nomow BxoaHoro curHana CTS. Ecau
koHaeHcarop C1 (100 mx®) Ha Bbixone TxD, koropbiii HanpsAMylO coelMHEH € BXOAOM
CTS, B MCXONHOM COCTOSIHUM He 3apsikeH, TO curHan CTS umeer Hu3kuii noruueckui
ypoBeHbs (LOW).

+5B
LDR
‘CTS
TXD |
]
Puc. 7.19 Pwuc. 7.20

Ecnu HanpsbkeHHe Ha KOHAEHcAaTope B KaKOi-HHOYAb MOMEHT BpeMeHU NPeBLICHT NOpOr
nepekntodeHus Ha Bxoae CTS, To curHan CTS nomeHsieT cBOe COCTOSSHHE C HU3KOTrO J10-
ruyeckoro ypoBHs (LOW) Ha Bbicokwuii (HIGH).

B kauecTBe BeNHYHHBI NPH ONpeAeNeHHH MIHOBEHHOI OCBELEHHOCTH B JaHHOM ciydae
¢akTH4YeCKH HEOOXOAHMO H3MEPATH BpeMs.

TIPUMEYAHHE

Hapo yuuTbiBaTbh, YTO KOHAEHCATOP 3apsHKaeTCsl He TONbKO Yepe3 CBETOHMYBCTBUTENbHbIV
¢doTopesuctop LDR, HO n Yyepe3 napannenbHO BKIOYEHHBIN C HUM 200-KUNOOMHBIN BHYT-
peHHui pesucTop Bbisoga CTS un TxD.

[Tpouecc BbIMONHEHHs MpOrpaMmbl OuYeHb MpOCT. 3apsi KOHAEHcaTopa W HM3MepeHHe
BPEMEHH 3anyCKaloTCs LIMIVIHYECKH NPH MOMOLLH TaiiMepa.

[Monwmounrte poTopesnctop k BoioaaM | v 20 naHenbkH AN MHKPOCXEM, YCTaHOBJIEH-
HOH Ha nononHuTenbHoM nnare (puc. 7.20). OTpyuaTenbHbIH BpIBOA 3JIEKTPOJIHTHYECKHIH
koHAeHcaropa eMKocTbio 100 Mk®D Hy>KHO NMOAKJIIOYHUTH K BbIBOAY 4, @ MONOXHTENbHbIH
K BbiBOAY 3 naHenbku. Kpome Toro, Heo6xoaumMo yCTaHOBHTH ABE NMPOBOJIOYHbIE Nepe-
mbiuku 1 curdanoB CTS u TXD mexay BbiBogamu 2 1 19, a Takxke 6 u 16. INocne 3to-
ro noaxmounte USB-anantep ¢ npucoenrHeHHo#H nononHutenbHoi nnaroii k [1K.
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‘3anyctute nporpammy beispiel _10.exe, Haxonsulytocs B karanore \Beispielprogramme
\Bsp_10 npunaraemoro k kHure komnakr-gucka. [locne Haxkatus kHonku Start
(puc. 7.21) HauMHaeTcs UMKIHYecKOe u3MepeHHe B WHTepBaie BpemeHH 500 mc. Haxa-
THEM KHOMKH Stop W3MepeHHe MOXKHO 3aBepluWTb. Ecnu BO Bpems M3MepeHHs Bbl He-
MHOFO 3aTeMHHTe pyKkoi (OTOpe3HCTOp, TO MON3YHOK, PacnoIOKEHHbII B HW)KHEH 4acTH
AMAJIOrOBOr0 OKHa NpOrpaMMbl, CABUHETCS BMpaBoO, a NPH YBEJIMYEHHH OCBELUEHHOCTH
¢doTopesncTopa — BIIEBO.

Puc. 7.21

HcxonHblit kon ans pecstoro npuMepa Haxoautcs B ¢aiitne Bsp.VBP B karanore
\Beispielprogramme\Bsp_10.

[Tonnporpamma (npeacraeneHa B TUCTHHIe 7.5) BbI3bIBAETCA B TOM Cllyuae, €C/ii HaXKH-
maetcs kHonka Test B popme Ha VB.

Private Sub bt _test Click()
Me.Timerl.Interval = 1000
End Sub

Kaxnyro cekyHay ocyiuectensiercs onpoc noanporpammbl Taifimepa | (Timerl) (smc-
THHT 7.6).

Private Sub Timerl Timer ()
On Error GoTo Timerl fehler
CtsMask = &H10

MeinZaehler = 0



92 Mnaea 7

FT;SetBreakOff lngHandle ' 3apamMTb 3JIEKTPOJMTMYECKMDI KOHOEHCATOP
WartenAufCts:
FtStatus = FT_GetModemStatus (lngHandle, ModemStatus)
If (ModemStatus And CtsMask) Then ' To emHuua ?
MeinZaehler = MeinZaehler + 1
GoTo WartenAufCts
End If
If MeinZaehler > Me.HScrolll.Max Then MeinZaehler = Me.HScrolll.Mak
Me.HScrolll.Value = MeinZaehler
FT_SetBreakOn lngHandle ' 3JEKTPOSMTUYECKMII KOHIOEHCATOP PaspsiUTb
Sleep 20

End Sub

[Tyrem BbI30Ba GYHKUHMH FT_SetBreakOff YpoBeHb BbIxoaHOro curiana TxD craHoBuTCS
PaBHbIM HanpsbkeHHIo 5 B, U B pe3ynbraTe HauMHAETCA NpoLece 3apsaaa 3NEeKTPOIHTHYE-
tkoro koHaeHcaropa eMkocTbio 100 MkD. 3aTeM CUETUYHMK MeinZaehler YBEJIMYHBAETCS

Ha | Tak ponro, noka BH3OB(byHKuMM FT GetModemStatus (1ngHandle, ModemStatus) He
BO3BpPALUACT BbICOKOE JIOTHYECKOE COCTOAHHE BXOAHOIro CHrHana CTS.

INoka3zaHus cueTunka nepenaroTcs AN BU3yalH3allMM B BHIE MNOJIOKEHHS MOJI3yHKa
Hscrolll. Bbi30B ¢yHKUMH FT SetBreakOn pa3pshkaeT KOHIEHCATOp AJs CleAyHOLLEro
u3mepeHus. MHoraa non3yHok pe3ko JBHraercs BNEeBO: HATHLIO 3aMeAJIeHHE NpH nepena-
ye naHHbiXx USB. USB-nepenaua npHocTaHaB/IMBAETCs, KOHAEHCATOP 3apsKaeTcs Jab-
e, a CYETYHK HE CUMTaeT 3apsAd BbICOKHM, T.K. 3aMeansieTcs BbI30B (YHKUHH
FT_GetModemStatus.

[Totounbie nepenaun paHHbix (Bulk-Transfer) mukpocxembl FT232R He 3apymanbl mnis
KPUTHYECKHX BO BpeMeHH nepenay. OnHaKko 3TOT pexuM paboTbl MOXKHO YCKOPHTb, €CITH
COKpaTHTb NepuoAHUYECKHe onpockl, Hanpumep, ¢ 1000 no 200 mc.

B nporpamMme 3T0 mpoucxoaut wWinu 6naronaps o6pa3oBaHHIO CPEAHEro 3HAYEHHS, WITH,
KaK B JaHHOM ciyyae, 6s1aroaaps NpocToMy CpaBHEHHIO (JIMCTHHT 7.7).

If ((MeinZaehler < Me.HScrolll.Value - 0.9) And _
. (bNichtgezahlt = False)) Then
bNichtgezdhlt = True
Else
Me.HScrolll.Value = MeinZaehler
bNichtgez&hlt = False
End If
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YnpaBneHue KBapueBbIMMU
yacoBbIMU MeXaHU3MaMM

EcTb M y Bac aHanorosbiii (CTpenovHbIH) KBapLEBbIH 4acOBOH MEXaHH3M HJH HEAOpO-
roii MexaHu4eckuii kBapueBbld Oy aHJIbHUK?

B 3T0i1 rnaBe paccka3aHo, kak B KBapLIEBOM 4aCOBOM MeXaHH3Me nocje HeGobLIOH ero
RopabOTKH MOXXHO YNpaBisTh KaTYLIKOH MeXaHH3Ma, KOTopas CO31aeT MarHMTHoe nose
s xona yacoB. B coOcTBEHHbIX BaLIMX IKCNEPHUMEHTaX HUCMOJIb3yEeMbld 4acoBOi Mmexa-
H13M Mor 6b1 uaATH B 15—20 pa3 6bicTpee. A Kak HacyeT 3JeKTPOHHON Mrpbl AMs BalIero
pebeHKka ¢ CeKyHAHOH CTPeJIKOH KBapLEBOro YaCOBOrO MEXaHW3Ma MJIM BOK3albHbIX Ya-
COB B KaYeCTBE HHAMBHAYAJIbHOrO cUeTUHKA (4Kcia) yacos paboTbi?

Bynbre ocTopoxhbl npu pa3zbopke 4yacoBoro MexaHu3ma. OuyeHb 4acTO NpH yAAlIEHHH
3aHel CTEHKH MeXaHW3Ma BbINajaloT Beayulre wectepHU. B aTom cnyyae 6yaer oueHb
C/IOXKHO CHOBA MpPaBHIbHO cOOpaTh YaCOBOH MEXaHH3M.

B mexaHuuyeckoM kBapueBOM OyAHIbHHKE MOMMMO Pa3iiMUYHbIX 3JEKTPOHHbIX 4acTeil
MOXXHO HaWTH MarHWUT, KOTOPbIii MOBOpauMBaeTCa NMoja ACHCTBUEM MArHUTHOrO NOJs Ka-
TYWKK U TEM CaMbiM MPHUBOAMT B AEWCTBME BeayLUHE LUECTEPHH 4acoB. Y KBapLEBbIX
MEXaHH3MOB C TaK Ha3blBa€MbIM "MJaBalOLUM XOA0M" IpYyryUM SBJISETCA TOJbKO Nepeaa-
TOYHOE OTHoLUeHHe. B'3ToM ciiyyae 3a oHY ceKkyHAy CeKyHAHas CTpejika nepeMeLlaercs
Ha 5—6 no3uUMi, BMECTO OHONM MO3ULIMM 3@ OJHY CEKYHIY Y MEXaHW3MOB C "THKalo-
wum xonom". JIocTOMHCTBO NJIaBHOCTH XOJa MEpBOro THMNa MexaH13ma JA0BOJIbHO CKOPO
CTAHOBHMTCS €r0 HEJIOCTATKOM, MOCKOJIbKY MOTPEBIEHHE TOKA Y HErO 3HAYMTENBLHO 6OJIb-
we, U 6aTap‘ea NUTaHUs pa3pskaeTcs HaMHoro ObicTpee.

8.1. MogknoyeHue KaTyLKu

B kBapueBom yacoBom mexaHu3Mme (puc. 8.1) HY>)KHO MpuNasTh ABa NPOBOAA HANPAMYIO
K IBYM KOHTaKTaM KaTyLUKH, KoTopas co3aaet coeauHeHue c USB-anantepom (puc. 8.2).

Hosble npoBoaa HanpsAMyr COC€AHHAKOTCA C KaTleKOﬁ H 4epe€3 NOMNOJHHUTEJIbHO CAECIaH-
Hoe HebGobLIOoe OTBEPCTHE B KOPMYCE BbIBOAATCA HAPYXY. Ecau npoBoaa HE noacoeau-
HEHbI K USB-ananTepy, TO KBaleeBblﬁ 4acoBOI MeXaHM3M — Mnoclie nepeaejiku oCTaeTcAa
pa6OTOCI10006HbIM — MOXET H Aan€e€ NHUTaTbCs NMpH NOMOLLH 6a‘rapeu. B stom JKCNeEpH-
MEHTE 6aTapeﬂ A KBapueBoro 4aCcoBoro M€xaHnuima He Tpe6yeTc9|!
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Puc. 8.1 Puc. 8.2

bnaronaps noaBeaeHHIO Hanps>keHUs B BO3AYLLHOM 3a30pe KaTyLUKH CO3AaeTC MarHHT-
Hoe none. [Ipy 3TOM NOABHXKHBIH MOCTOAHHBIH MarHWT B BO3AYLUHOM 3a30pe OPHEHTHPY-
eTcs B MarHHTHOM MoJie KaTylikd. Takoe mepemeuieHHe XOpOLIO TONbLKO MpH MEPBOM
TaKTe, HO Ha CNEAYIOLEM Llare MarHWT JOJKEH MPOAODKHTL BpauleHne. UTo6bl 106MTh-
€Al 3TOrO K KaTyllKe YacOBOro MexaHH3Ma MOXXHO NOABECTH PeBEPCHPOBAHHOE Hanpsxke-
HHe (cM. pa3o. 6.6).

C noMouiblo COEAMHHUTENbHBIX MPOBOAOB KaTyLUKY YacOBOrO MeXaHW3Ma MOAKIIOYMTE
k BbiBoaaM 17 (RTS) u 15 (DTR) 20-koHTakTHOI naHenbkH, pa3MELIEHHOI Ha NOMNONHM-
TenbHOMH nnare (puc. 8.3).

. Puc. 8.3
Jns npofomKUTENbHOM paboThl B OAHY M3 ABYX JIMHHIA HYXHO N06aBUTL PE3UCTOP COMPO-
TuBneHyeM ot 100 no 500 OM, Heo6XOAMMBIH U1 UCKITIOUEHHS Meperpy3kHu karywku. On-
HaKO NMpH KpaTKOBPEMEHHOM 3KCNEPUMEHTHPOBaHHH 3TO COMPOTHBIIEHHE He NoTpebyercs.
INocne aroro USB-anantep ¢ nononHurensHoi nnaroii MoxxHo noawuttounts k T1K.

8.2. NMporpammHoe ob6ecneyeHue

3anyctute nporpammy beispiel_9.exe, Haxoasulylocs Ha KOMMAaKT-AMCKE B Karta-
nore \Beispielprogramme\Bsp_9. Koa nporpaMMbl Moxoxx Ha koA npumepa s
(\Beispielprogramme\Bsp_5) ans nByXUBETHBIX CBETOAHOAOB, OHAKO UMEIOTCS HEKOTO-
pbl€ 1OMOMHEHHS NS BbINOJIHEHHS PEryJIMpOBKH BpEMEHHBIX MapaMeTpoB.
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B none Impulsdauer in ms 3aaaeTcs ANUTENBHOCTL HMNYNIbCA B MUIITUCEKYHAX, B MO
Impulsabstand in — nHTEepBan Mexay MMMynbcaMH B MMILTUCEKyHOax, a B Anzahl
Durchliiufe — konuuecTBo nporoHoB (NMpoxoaoB) LUKKIOB. JlecaTb NPOroHOB COOTBETCT-
BYIOT npumepHoO 20 ¢, koraa Npoao/KHUTENBHOCT HMNYJIbca HacTpoeHa Ha 100 Mc U HH-
TepBan Mexay umnyabcamu 400 Mc, T. k. 06a 3THX 3HaYEHHUA CKUIaAbIBAIOTCA.

Ecnu Haxara kHonka Test, TO Ball 4acoBOil MeXaHW3M J0JDKEH BbINOAHUTb 20 ceKyHA-
HbIX TakTOB (pHc. 8.4).

o

= (JSB Test
B.sp o Spgle eines Uhrwerks an DTR und RTS

Test i
l 10 Sekunden ]

Puc. 8.4

Kak MOXHO Hcnonb30BaTb AaHHYIO MpOrpammy, HarnpHMep, Ais 3NEeKTPOHHOH HWrpbi?
Ecnu Bbl cOKpaTHTE JUMTENBHOCTL HMMYILCOB H BbIGEpHTE ee B uHTepBane 10—40 mc, a
MHTEpBAJT MEXIY MMNYJIbCAMH CAENaeTe paBHbIM HYJIO, TO BallW yackl OyayT MATH He-
ctabunpHO, HHOraa naxke B o6paTHOM HampaBneHHH. Ecii noBbICHTb YHCNO MPOrOHOB,
TO MOXET CNY4HTbCA, YTO CEKYHAHas CTpenka OyneT HECKONbKO pa3 MpOHM3BOSILHO Me-
HATb CBOE HanpaslieHHE.

Ecnu ynanutb MHHYTHYIO M 4acoBYyIO CTPENKH W3 BalIEro YaCOBOrO MEXaHW3Ma, TO MpH
KaxA0M HaxxaTHW kHONkH Test cekyHaHas ctpenka Oyner ocTaHaBNUBaTbCA B Chyuaii-
HOM (TIPOH3BOJILHOM) MOJIOKEHHH.

XPUINEHWNE WIN 3BYYAHUE?

BMeCTO KaTyLiku U3 KBapLEBOrO 4YaCoBOro MexaHu3ma nogkniouute “"nuwanky” (MuHuaTiop-
HbIVi IMHAMUK, €CNKN OH Y Bac umeeTcs). Monyuntcs nu y Bac ¢ nomowbio USB creHepupo-
8aTh curHan Tpesorn ByaunbHuka?
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Pexxum Bit Bang

Jlo 3Toro Bbl MO3HAKOMHJMCH C BO3MOXKHOCTAMH MOCJIEA0BATENbHbIX CHIHAJIOB HHTEp-
deiica mukpocxembl FT232R. B pacnopshkeHMH MMENUCb TOJbKO NpeAornpeneneHHble
(craHpapTHbIe) BXOAbI W BBIXOAbI NociiefoBarenbHoro nopra. OHako B Tak Ha3biBa€MOM
pexxume Bit Bang Bce npoHcxoaHT Heckonbko MHave. DTOT pexuM Yxke BCTpeuyasics B
HEKOTOPbIX NpeablayLKX BepcHax MukpocxeM komnawuv FTDI. Pexxum Bit Bang pas-
peLaeT ABYHamNpaBieHHO MCMONb30BaTh BOCEMb JMHHI BBOaa/BbiBoaa (1/0) MHUKpPOCXEMbI
FT232R. Kaxpas nuHus BBoaa/BbiBoga (I/0O) MoxeT ObiTh HacTpoeHa OTAENbHO KakK Ha
soiBoa (Output), Tak 1 Ha BBoA (Input). JlononHUTENbHO UMEIOTCA W ApYyrHe ciyxebOHble
CBUS-nunun B pexxume Bit Bang, koTopbie Takke MOFYT GbITh HCMONb30BaHbI ABYCTO-
poHHe. Curdansl CBUS B USB-apantepe He ucnonb3ytorcs. Ilepenauya Gaiitos (Byte-
Transfer) c nomowpbto curHanos CBUS orpannueHa USB-kaapamu, W cooTBETCTBEHHO,
MeaJIeHHas.

Ckopoctb nepenaud AaHHbix B pexkume Bit Bang onpenensiercs TaktoBod uyactoToi
reHepaTtopa W paBHa 16-kpaTHoii ckopocTH nepeaauu B 6oaax.

Tak npu ckopoctH nepenaud, paBHoi 9600 6oa, TeoperHueckas nepenaya AaHHbBIX
cocraBnser 9600x16 Gaiit/c = 153 600 Gaiit/c, npuuem oauH OalT nepemaercs 3a
6,5 Mkc.

B pexxume Bit Bang Mukpocxembl FT232R mMoxet ObiTh HCMONb30BaH aCHHXPOHHBII pe-
’)KMM, W3BECTHBII W3 npeaLllecTBYlOWMX BepcHit MukpocxeM komnauuu FTDI. B npotu-
BOMOJIOXKHOCTb ACHHXPOHHOMY PEXHMMY B CHHXPOHHOM PeXHME COCTOSHHE JIMHHUI BBO-
na/sbiBoaa (1/0) cHauana cuuTbiBaeTcs M coxpaHsetcs B Oydepe uTeHHs, npexae 4Yem
oHo Oyaer 3anucaHo. [laHHbie MOITOMY 3anMMChIBAlOTCA TOJNLKO TOrAa, Koraa UMeercs B
HaIMYUH COOTBETCTBYIOLLEE MECTO AJA YTEHHs, YTO MPH HEMpPaBHIBHOM YMpaBlE€HHH
HenpeAHaMEepeHHO MOXKET MPHUBECTH K NOTEpe JaHHbIX.

USB-apantep uMeer Ha BbixoJe ABYXpAAHbIi 10-1UThIpbKOBbIH COEAUHHUTENbHbIN pa3b-
eM, KoTopbii B pexxume Bit Bang umeer pa3Boaky, npuBeaeHHyto Ha puc. 9.1.

Ha nononuutenbHol nnate curHanbHblie 1MHUM oT DO no D7 HaxoasTcs Ha npaBoit cTo-
poHe 20-KOHTaKTHOM NaHenbkH Aa MHKpPocXxeMm (puc. 9.2).
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D3

usB D6
D5 D1
DO D7
D2 D4

Puc. 9.1

Puc. 9.2

9.1. CuHXxpoHHbIN pexum Bit Bang

Cnenytowmii npumep otobpakaeT npouecc BiUIlOueHHs pexxuma Bit Bang, konurypu-
pOBaHHs, MapaaneNbHON OTNPaBKH AAHHBIX H CYHTHIBAHWA NaHHBIX M3 BHYTpeHHero Oy-
¢epa urenns Mukpocxembl FT232R. Ipu cHHXPOHHOM pexHMe npeabiayLiuee COCTOAHHE
nuHuii BBona/BeiBoaa (1/O) cHauana yuTaercs U coxpaHsiercs B Oydepe ureHus, npexae
uem 3anucbiBaeTcs nepsbiii 6aiiT. [pu 3TOM BaxkHO, 4TOOBI BCerna UMenoch cBoboaHOE
Mmecto B 6ydepe utenus. Ecnu B 6ydep 3anuceiBaeTcs Tonbko oanMH 6aiiT, TO HYXKHO 3a-
nucarb ewle BTopoii 6aiT, uTobbl, kKak B Hawem ciyyae, Mukpocxema FT232R npouuTana
nepeblii OaiiT.

Jns BoinonHenus npumepa 11 noawnounte USB-apnantep k Bawlemy kOMNblOTEpy H
3anyctute nporpammy beispiel 1 1.exe, Haxoasulylocs Ha NpUnaraéMoM KOMMaKT-AHCKE
B karanore \Beispielprogramme\Bsp_11. Ilpu Haxatuu kHonku Test synchronous
BitBang B o6nacti ans BbiBoAa COOBITHIA Bbl JOMXKHBI MONYYHTb COOOLIEHHS, aHANOrHy-
Hbl€ NPHBEAECHHBIM Ha puc. 9.3.

CHauana 3anaercsi CKOpOCTb nepeaaud B 6oaax 300 W ycraHaBnuBaeTcs pexkuM Bit Bang,
3aTeM 3anMCbIBAlOTCA AdHHbIE 1234567 ... LMNOP. Cneayroluas ctpoka Gyner conepxarb
NaHHble, mony4yeHHble U3 Oydepa ureHus: P1234567 ... LMNO. Ckopee Bcero, mocne
HOBOrO BbI30Ba B KayeCTBE MEpBOro 3Haka B Oydepe UTeHHs Bbl MOJNYYMTE 3arilaBHYIO
6ykBYy P.
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& {JSB Test

Bsp11. synchionous BitEang

Anzahl vorhandener US3 Gerate: 1

i | >> Starte BitBang schreiben

| {BaudR ate betragt 300

|*1Set Bit Bang Mode

|| sttWiiteBuffer geschiieban:

123456789 ;<=>?@ABCDEFGHIJKLMNOP
P123456783:;¢<=> ?@AECDEFGHIWKLMNO
| BitB ang zurtickgesetat

>> beendet

Puc. 9.3

CooTHOLIEHHE AaHHBIX 1S 3aMHCH U JaHHBIX YTCHHUS TaKOBO:

1234567 ... LMNOP
P1234567 ... LMNO

[lepBeiii 3Hak B 6ydepe UTEHHs COAEPKHT MocieaHee COCTOSIHWE npeabiayLuei 3an1cu!
ToNbKO CO BTOPOrO 3Haka B Gydepe UTeHHs pe3y/bTaT GyNeT WIAEHTHUEH 3aNHCaHHBIM
3HaYeHUsAM. Ytobbl nmpounTaTh 3anUcaHHbIi NOCNeaAHHH CUMBON P, HEOOXOAHMO MpOUH-
TaThb NEPBbI CYUTAHHDIH GANT.

Kak Tenepb MO>KHO onpenenuThb, ObUH JIH BXOAbI HA CaMOM Jiefie NpouHTaHbl? CUrHaNb-
Hole nuHUKH DO 1o D7 6binu onpeneneHsl B neMoHcTpaudoHHoM I10 B kauecTBe BXOOB

(puc. 9.4). Pesynbrar B Oydepe UTEHHUS MOATBEPHIAET, YTO HAa BXOJE HE MPOHCXOAMIIO
HUKaKHX U3MEHEHHI1 B NpoLiecce 3anucH.

58338RB2

Puc. 9.4



100 aea 9

VY panute USB-anantep u3 Bawero komnbiotepa U noaxntounre k USB-anantepy aonon-
HUTeNbHYI0 Maaty. C NoMoLLbIO MPOBOAA COEAHHHUTE NHHHUIO NepeaayH AanHbix DS (BbI-
Boa 14) ¢ HanpsbkeHueMm nutavus +5 B (BbiBomom 10 20-koHTakTHOW mnaHesNbku Ins
MHKpPOCXEM).

Tenepb cHoBa noawitounte USB-anantep k 10nonHUTENbHON NAaTe W 3aHOBO 3aNyCTHTE
TecT B pexkume Bit Bang. Tlocne atoro npuaercs HEMHOro noaoXaarh, Noka onepauHoH-
Has cucteMa BHOBb cBsbkeTca ¢ USB-apaiiBepoM. Pe3ynbrar Boirnsaaur ceifuac MHaue —
M3 NPOMMUCHbIX (3arNaBHbiX) OyKB MONYYHIHCH CTPOUHbIE OYKBbI:

1234567 ... LMNOP
pl234567 ... lmno

C nomolublo NpoBOJIOYHON NepeMblukH H3MEHseTCs curHan Ha Bxoae DS. lns Toro uro-
Obl MOHATH, KaK M3 MPOMUCHBIX OYKB MONYYHAHCh CTPOUHBIE, HY)KHO PaCCMOTPETh KO/bl
OykB B BHae KOMOHWHALMI ABOMUYHbBIX MOCAEA0BATENILHOCTEH.

3arnaBHoii OykBe L B koae ASCII coorBercTByer Takas ABOWYHas KoMOWHauus:
01001100, (B wectHaauatepuuHoit cucteme — 4C,4), CTPOUHO#H naTHHcKko# Oykse 1 —
01101100, (6Cs). Bxoa D5 (310 11ecTol 6UT, ecnu cMOTpeTb CrpaBa HaleBO, HaYWHas
¢ 0) 6naroaaps NpoBOJIOYHOH NEpeMbIUKE YCTaHaBIMBaeTca Ha |, cnemoBarenbHO, Mpo-
nucHas Oyksa L craHoBuTCs cTpouHol GykBo# |. OnHako nouemy xe uddpsi 1, 2 uaun 3
M T. 1. ocTatotcs 6e3 usmeHenuit? Tak, Hanpumep, uudpa 1 B koge ASCII umeer cne-
aywoulytlo aBouuHylo nocaenosarenbHocts 001100001, (B wectHaauaTtepuyHo# cucre-
me — 31,4), mpu 3TOM 6UT DS yxe ycTaHOBNEH, H MOTOMY HE MPOMCXOAMT HHUKAKHX W3-
MeHeHHH nocne n06aBNeHHs NPOBOJOYHOH NEPEMbIUKH.

HUcxoaHbiii koA AN OJIMHHAALATOrO NMPUMEPAa HAXOAMTCA HA KOMMAKT-aucke B (aiine
Bsp.VBP karanora \Beispielprogramme\Bsp_11. Cneaytowude noanporpammbl, npen-
CTaB/ieHHblEe Janee B COKpalleHHOM Buae (JMCTHHr 9.1), BbI3bIBalOTCA, KOrAa HakaTta
kHomnka Test asynchronous BitBang Bo BpeMs BbinosiHeHWs nporpaMMbl B Visual Basic.

Private Sub bt _TestBitBang_ Click()
Dim i As Long

' OUMCTHUTb IMCIUIEN
LoggerList.Clear

' coobmeHme O koymuecTBe MMeiloumxcss USB-ycTpoicTBax
' ycTaHOBKa CKOPOCTM
FtStatus = FT_SetBaudRate (lngHandle, 300)
If FtStatus <> FT_OK Then

LoggerList.AddItem "Fehler SetBaudRate"

GoTo CloseHandle

Else

LoggerList.AddItem "BaudRate betr&agt 300"

End If
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intMask
intMode

&HFF ' DO-D7 yCTaHOBMTbL B KaueCTBe BRXOIOB
4 ' cuHXpoHM3MpOBaTh Bit Bang

' ycTaHOBUTbL pexsm Bit Bang ;
FtStatus = FT_SetBitMode (lngHandle, intMask, intMode)
If FtStatus <> FT OK Then
LoggerList.AddItem "Fehler bei FT_SetBitMode"
GoTo CloseHandle

Else
LoggerLlist.AddItem "Set Bit Bang Mode"
End If
' BaNoJIHUTL CTPOKY CMMBOJIAMM
strWriteBuffer = ""

For i = 49 To 80
strWriteBuffer = strWriteBuffer & Chr$ (i)
Next i

[locne WHHUMaNK3aUMK yCTpPOICTBA NpH MOMOLIHM Bbi30Ba PyHKUMH FT_SetBaudRate CHa-
yana cieayer yCTaHOBHTb CKOpOCTb nepenauu B 6omax. [lns atoro Tpebyercs rnobans-
Has MepeMeHHas lngHandle, OAHO3HAUYHbIH HOMEpP U1 OTKPBITOro KaHana CBS3H W 3Haue-
HHE ANS CKOPOCTH Mepefayl JaHHbIX.

Bbi3oB dyHKLUMH FT SetBitMode aKTHBHPYET W JeakTHBUpYeT pexkuM Bit Bang B 3Haue-
HUH NepeMeHHOM intMode. [IpH Bbi30BEe GYHKLUMH OAHOBPEMEHHO B MEPEMEHHOH intMask
Oyner nepecbiaThCa TO, KaK AODKHBI HCMOJIb30BATHCSA BXObI.

3HauyeHus ANA intMode:

O 0 — BbIKIOUYMTL pexxum Bit Bang;
O 1 — acuHxpoHHblit Bit Bang;

O 4 — cunxpoHHblii Bit Bang.

[py NoMoLIM NepeMeHHOi intMask Kakaas OTAeNbHAs CHrHANbHAA THHHA MOXET ObITh
HacTpPOeHa Ha BXOJ WM BbIXO[, a 3HAYEHHE &HFF O3HAYAET, YTO BCE CHUTHAJIbHbIE JTHHHH
ot DO no D7 ucnonb3ytorcs B kauecTse Bbixoaa. but DO B nepeMeHHOI intMask Cy>KHT
B JaHHOM Clyyae ANs CHrHaabHOH AuHKuK DO: 1 — 3T0 MCMONb30BaHHUE CHIHAILHOH JH-
HHH B Ka4eCTBe BbIXx0Ja, a 0 — B KauecTBe BXoAa.

3aTeMm ciieayeT cTpOKa JaHHbIX strWriteBuffer, MpeqHa3HaYe€HHas AJs BbIBOJA, KOTOpas
zanonHsercs ASClI-cumBonamu ¢ konom ot 49 no 80 (B wecTHaauarepuyHoii cucTeme
31—50, T. e. OT 3HaKa 1 10 3HaKa P).

If FT_Write(lngHandle, strWriteBuffer, Len(strWriteBuffer), _
lngBytesWritten) <> FT_OK Then

LoggerLlist.AddItem "Write Failed"
GoTo CloseHandle

Else .
LoggerList.AddItem "strWriteBuffer geschrieben:"

End If

LoggerList.AddItem strWriteBuffer
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Bbi3oB pyHKUMH FT_Write MOMHMO NapaMeTpa lngHandle HyXJaeTcs elle B Tpex ApY-
rux. B kauecTBe BTOpOro 3HayeHMs NOJIKEH MepefaBaTbCs yKasaTelb Ha BbIXOAHOH Oy-
¢dep (mporpammuctbl C nomKHbI ObUIM MoaymaTh O npeduKce ykasaTens Ha afipec).
B naHHOM cnyuae BblaaeTcs coaep)kaHue strWriteBuffer. Cnenylowiuii napameTp yka-
3bIBa€T YMCIO MepenaBaemMbiX OaiiToB, T.e. mepemaercs AJAMHA LEMOYKH 3HAKOB
strWriteBuffer. B yeTBepTOM W rocneaHeM napameTpe QyHKLUHA OTPAXKAET YHUCIO 3anu-
caHHbIX 6aiiToB. [10aTOMYy NnapameTp lngBytesWritten 3apaHee ycTaHaBnuBaercs B 0.

Do
FtStatus = FT_GetStatus(lngHandle, FT RxBytes, FT_TxBytes, _
' lngevent get stat)
If FtStatus <> FT_OK Then
If FtStatus = FT_IO_ERROR Then
LoggerList.AddItem "FT GetStatus IO Error aufgetreten”
GoTo CloseHandle
End If:
End If
Loop Until FT RxBytes = lngBytesWritten

[epen ureHuHem npu nomoliHd QYHKUHH FT GetStatus HY>KHO MpPOBEPHTb, KaK MHOro
6aiitoB conepxut (Rx)-0ydep ureHusi. B 3TOM Do-Loop-Until-LMKIIE OCYLUECTBASAETCS
OXKHJaHHe 10 TexX nop, noka B 6ydepe yreHHs He OyaeT HaXOANTLCA CTONBKO FT_RxBytes
(6aiiToB), CKOJIBKO MX ObLIO 3aMHCaHO paHee NpH Bbi30Be QYHKLUMHU FT_Write.

flTimedout = False
flFatalError = False

1ngTotalBytesRead = 0
strReadBuffer = ""
Do
1ngBytesRead = 0
FtStatus = FT_Read(lngHandle, strReadBuffer, FT RxBytes, _

1ngBytesRead)
If (FtStatus = FT _OK) Or (FtStatus = FT_IO_ERROR) Then
If lngBytesRead > O Then
1ngTotalBytesRead = lngTotalBytesRead + lngBytesRead

Else
flTimedout = True
End If
Else
flFatalError = True
End If

Loop Until (lngTotalBytesRead = FT_RxBytes) Or _
(f1Timedout = True) Or _
(flFatalError = True)

Mpsamoe utenue u3 6ydepa ureHus Mukpocxembl FT232R NpoMCXOAHT NpH NOMOLLH Bbi-
30Ba (yHKUMH FT_Read. B 3TOM ciyyae umki BbINoOnHAETCS, noka Bee 6aiTbl (konuyecTt-
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BO B FT RxBytes) He OyayT npouurtaHbl. B napamerpe lngTotalBytesRead COOEPKHMTCA
oblee 4ucno npouuTaHHblx OaiitoB. [lpounTaHHble pAaHHblE 3anMCHIBAIOTCA B
strReadBuffer. BHyTpu uMKia 06pabaTbiBaloTCs Takiie BO3MOXKHbBIE CITyYau OLIHOOK, Kak
Timedout HJH FatalError:

If (flTimedout = False) And (flFatalError = False) Then
LoggerList.AddItem strReadBuffer
Elself flTimedout = True Then

LoggerList.AddItem "FT_Read timeout Fehler ftStatus = " & FtStatus
Else

LoggerList.AddItem "FT Read Fehler ftStatus = " & FtStatus
End If

3aTeM NoJb30BaTENIO B OKHE BBIBOAA MOKa3blBAETCA pe3yJbTaT B strReadBuffer, a TAKKe
BO3MOXXHO BO3HHMKILIHE OLIHOKH B LoggerList:

intMode = 0
FtStatus = FT_SetBitMode (1lngHandle, intMask, intMode)
If FtStatus <> FT_OK Then
LoggerList.AddItem "Fehler bei FT_SetBitMode"
GoTo CloseHandle
Else
LoggerList.AddItem "BitBang zurilickgesetzt"
End If
CloseHandle:
If FT _Close(lngHandle) <> FT _OK Then
LoggerList.AddItem "Fehler bei Aufruf: FT_Close"
Exit Sub
Else
LoggerList.AddItem ">> beendet"
End If
End Sub

B koHue ¢ noMoLbio QYHKLUMH FT_SetBitMode MPH intMask = O BbI3bIBAETCA MpoOrpamma
NS feakTuBauuu pexxuMa Bit Bang. ITocne 3Toro kaHan cBsi3v lngHandle CHOBA CTaHO-
BHTCA 3aKpbITbIM.

9.2. Onpoc BxoAHbIX curHanos ot DO oo D7
npu nomowm pexuma Bit Bang

LlndpoBbie BXOAHBIE CHMrHANBI MOTYT ONpaliMBaThcs B pexkume Bit Bang npu nomouum
BbI30Ba QYHKUHH FT_GetBitMode. [[11 3TOro COOTBETCTBYIOLUHE JIHHHH CHTHAIOB JOJIK-
Hbl HAXOAMTbCA Ha BxoAax. EciM k BXxoay HHYero He NOAKIIOYEHO, TO Ha Bbixoae Oyaer
HaxoauTbes HanpsbkeHue 5 B, T. k. Bxoabl B Mukpocxeme FT232R umetor pesucrop co-
npotuenaeHueM ot 200 kOM, noawItOYeHHbIE K HanpshkeHuio 5 B.
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Cnenytrowuii npuMep 12 noMoxxeT BaM B 3KCMEPUMEHTHPOBAHHHU C pexxumoM Bit Bang.
[Moakmounte USB-apanTep ¢ nonosHKUTENbHOW NNaToi K BalleMy KOMIBIOTEpY W 3amnyc-
THTe nporpamMMmy beispiel _12.exe, Haxonswytocs B katanore \Beispielprogramme\Bsp 12
npujaraeMoro KOMnakT-gucka (puc. 9.5).

Bsp 12: Asynchronous BitBang Gerat: iFT232_F{ USB UART

Anzahl vorhandener USB Gerate: 1
BitBang aktivieren

- |BaudRate beuagt 300

¢ |BilBary Mude okliviet

aktiviert =
Ausgang
¢ Ein-Ausgang - lesen-—-=ssy i 1 :
ity D7 i Anschuss-stecker
i vV Ds
s D3 |1 '2 Gnd
I~ D4 |3 a]sv
i~ D3
D515 6|D1
I~ D2
el 3l polz 8
:..rDO______\: D2 | 9 10| D4 |
schreiben j Lesen mit Timer 1
Puc. 9.5

[Tpn nopkmoueHHom USB-anantepe HaxkaTHeM kHonkd BitBang an Bbl MoXeTe akTHBH-
poBatb pexxum Bit Bang Ha Bpems Bawmx skcnepumenTtoB. B rpynne ¢naxkos Ein-
Ausgang (BXOA-BbIXOA) OnpenenuTe 1 KaxaoH CUrHaibHOW JMHWM, NOMKHA JIM OHa
MCMOb30BaThCs B KauecTBe LH(poBOro Bxona Wiv uugpoporo Beixoaa. Baw Buibop 6y-
net rpadpuyecku H3o06paxkeH crpaea, Ha pa3Boake ABYXpsAaAHOro 10-KOHTaKTHOrO coeau-
HHUTENIbHOTO WTbIpbKOBOro pazbemMa USB-anantepa.

AKTuBauUua wnu geakTuBaLUA
BbIXOHOro U BXOAHOro CUrHanoB

[locne Toro kak Bel BbIOpanH, kakHe BbIXOAbl XOTHTE MCMOJIb30BaTh, BO BTOPOM CjlieBa
none, OKpalleHHOM CHHHUM LIBETOM, Bbl MOXETE YCTAHOBHTb HMEIOLLYIOCS B pacropsike-
HUM cUrHanbHy0 AuHUO B 0 unu 1. Tlpu Haxkatuu kHonku schreiben (3anuck) curHanb-
Hble THHUK OynyT akTHBHpOBaHbl (ecnu BkIouYeH pexkM Bit Bang). Bl moxxere nerko
UCTLITaTh PYHKLUHMH MPH MOMOLUK CBETOAHO/A, KOTOPbIH NOAK/IIOUYEH Ha BHIOpaHHOM Bbl-
Xoze.
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Onpoc BxonoB

Bxoabl MOTyT nepuoaHyeckH onpalinBaTbCs B NMpeaBapHTenbHO HacTpoeHHoM 500-mun-
JIUCEKYHOHOM LMKJIe NpH nomoluu kHonku: Lesen mit Timer (uteHue ¢ Talimepom).

Kakum obpa3oM Bbl mMoxeTe Tenepb TecTHpoBaThb BXxoA? JIM6o BbI cHOBa ycTaHOBMTE
MPOBOJIOYHYIO MEPEMBbIYKY OT COOTBETCTBYIOLLUErO CHrHalbHOro Bxoja k "3emne" (Bbi-
Boa |1 Ha 20-kOHTaKTHOH NaHesibKe AOMOJHUTENLHOH MiaThbl), T1M60 MonbiTaeTech Mpo-
aenarb 3To npu nomoiuu doropesucropa (LDR), kak B 0AHOM M3 npeabiayLHX npume-
poB: B 00LueM, MOABEAWTE OAMH KOHTAKT KO BXOAYy, a Apyroi — k "3emne". [1pu 3aTteHe-
HUM oTope3ucTopa U BLIMOJHEHHH ONEPaUMH YTEHUS HAa COOTBETCTBYIOLUEM BXOIE
JOMXKHO 0TOOpaXKaThbCsi H3MEHEHHOE COCTOSIHHE.

9.3. UcxogHbIn KOg AanA pexuma Bit Bang

HcxonHbiit koa ans npumepa pexxuma Bit Bang conepxxutcs B datine Bsp.VBP Ha npu-
naraeMoM KoMMakT-aucke B kartanore \Beispielprogramme\Bsp 12. Ilpu BbImonHeHuH
BbI3bIBAIOTCS ClieyloLHe noanporpammbl (IMCTHHIH 9.2—9.4).

Private Sub bt BitBangAn Click()
' YCTaHOBUTBH CKOPOCThL Mepenauy HOaHHEX
FtStatus = FT_SetBaudRate (lngHandle, 300)
If FtStatus <> FT_OK Then
LoggerList.AddItem "Fehler SetBaudRate"
GoTo CloseHandle
Else
LoggerList.AddItem "BaudRate betragt 300"
End If
intMode = 4 ' cuHXpOHHEBI Bit Bang
' ycTaHOBMTHL pexyM Bit Bang
FtStatus = FT_SetBitMode (lngHandle, intMask, intMode)
If FtStatus <> FT_OK Then
LoggerList.AddItem "Fehler bei FT_SetBitMode"
GoTo CloseHandle
Else
LoggerList.AddItem "BitBang Mode aktiviert"
End If
CloseHandle:

End Sub

Bbi3oBbl yHKLHIT H3BeCTHBI U3 npeabiayliero npumepa. [lapamerp intMask ang coor-
BETCTBYIOLUMX CUTHAILHBIX IHHHUI OCYLLECTBASET BLIOOP MeX 1y BXOJOM HIIH BbIXOAOM.
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Private Sub bt _wr Click(Index As Integer)

' 3anoJIHUTE CTPOKY BBEIEHMEM B IOJle BhGOpa
Databyte = 0
For i = 0 To 7
If Me("cb_wr" & Trim(Str(i))).Value = 1 Then
Databyte = Databyte Or 2 "~ i
End If
Next i
strWriteBuffer = Chr$ (Databyte)
If FT Write (lngHandle, strWriteBuffer, Len(strWriteBuffer), _
1ngBytesWritten) <> FT_OK Then
LoggerList.AddItem "Write Failed"
GoTo CloseHandle
Else
LoggerList.AddItem "Datenbyte geschrieben:" & strWriteBuffer
End If

End Sub

BaiiT nns BbiBona nomkeH ObiTh cobpaH U3 oTaeNbHbIX 6MTOB (B OKpalleHHOM roayobiM
uBeTom nosie BbiOopa). OTaenbHble Moss Bbibopa GUTOB, KOTOPbIE HOJIXKHBI 3aMUCaThCA,
HUMEHYIOTCA MOCNEeA0BaTeNIbHO: cb_wr0, cb_wrl, cb wr2 10 cb_wr7. cb_wr(0 3aME€HAET CO-
60#i LSB (cambiii mnaawmii 6UT), a cb_wr7 — MSB (cambiii crapiuwmii 6ur).

B 3aBucuMocTH OT cooTBercTByioLleit no3uuMH 6uta B GaiiTe maHHBIX 3anmucbiBaeMblii
6aiiT naHHbIX cobupaercs B uukiie ot 0 go 7.

Ecnu axruBupoBan D0, To cb wr0 umeer 3Hauenue 1. [Ipu 1 nocneanss (npaBas) nosu-
uus ycraHaenusaercs B 20 (1). Ecnu aktuBupoBan D1, To cb_wrl umedr 3Hauenue |.
[Ipu 1 BTOpas c KOHUA MO3HLMA ycCTaHaBNUBaeTci B 2~1 (2). AH&JIOrHYHO NMPOAOKas
nocnenoBaTeNnbHOCTb, €CH akTHBUpoBaH D7, To cb wr7 uMeer 3Havenue 1. Ilpu 1 nep-
Bas no3uuus ycraHaBnuBaetrcd Ha 2~7 (128). [lo okoHyaHHH npu noMowH (YHKUHH
FT Write BbIBOOUTCH GaliT NaHHbIX.

Private Sub Timerl Timer ()

' cratyc BBOma/BmBOma (I/0)

FtStatus = FT_GetBitMode (1lngHandle, Databyte)

If FtStatus <> FT_OK Then
LoggerList.AddItem "Fehler bei FT GetBitMode"
GoTo CloseHandle
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Else
' M Tenepb NMOBUMTHO MNMokasaTb OGalT HDAHHEX
For i = 0 To "/ '
Me ("cb_rd" & Trim(Str(i))).Value = ((Databyte And 2 ~ i) / 2 ~ i)
Next i
End If

End Sub

YreHWe npoucxXoAMT nepHoadveckd npu nomowu Ttaiimepa 1 (Timerl) u ¢yHkunu
FT_GetBitMode. FT GetBitMode B 0ailTe OaHHBIX MOCTABJSET AKTYyaJlbHOE COCTOSHHE
BXOAHbIX curHaioB. Takoke 3aech nonoxeHue 6ura B Gaiite NaHHBIX onpeaenseT CooT-
BercTBytownii curian: Bit 0 (LSB) — ans curnana DO, Bit 7 (MSB) — ans BxoaHoro
curHana D7.

Jns n3obpaxkeHHs oTAeNbHbIX OUTOB HY)KHO Aajblie aHanu3upoBaTh OaHT naHHbix. O6-
Hapy>X€HHe OTAe/IbHbIX OUTOB B NPOYMTAHHOM OaliTe AaHHBIX MPOUCXOAHMT B LHMKIE i OT
0 1o 7 (B 3aBUCMMOCTH OT COOTBETCTBYIOLLEH NO3HLIMK OUTa B OaiiTe naHHbIX):

((Databyte And 2 ~ i) / 2 ~ i)

[lpu i = 0 Bce paBHO nonyuvaercs 0, ecny cOOTBETCTBYIOWMI BXOAHOMH curHan D0 sBns-
erca 0 (Low), B apyrux cayvasx — 1. OnHOBpeMEHHO C pe3yJbTaTOM aKTHBHpYETCH
dnaxok:

Me ("cb_rd" & Trim(Str(i)))

[lpn i = 0 coorBeTcTBYET (pnaxkok cb_rdo mns mnaawero 6ura LSB. OrnenvHbie dnax-
k1 0003HavaloTCA OT cb_rd0 A0 cb_rd7.

9.4. Pexxum Bit Bang
U 3MYNAUUA ApPyrux nopToB

Bnaronaps pexxumy Bit Bang mukpocxembl FT232R mMHorue cucrembl c6opa (perucrpa-
LMH) JaHHBIX U H3MEPEHHH MOryT MOJIHOCTBIO 00X0AHTbCA 6e3 MUKkpokoHTposnepa. Ha
pHc. 9.6 npeacraBieHbl Wb HEKOTOPbIE H3 NPUMEHEHHI pacILUUpEHH.

Jnsa cunxponHoro pexuma Bit Bang wucnonesytorcs cnepyiowue Bbi3oBbl PyHKUMI
B cooTBeTcTBYIoLEl 6ubanoreke FTD2XX.DLL:

O FT_SetBitMode — 3HaueHHe 0x04 akTHBUpYeT CHHXpPOHHbI pexum Bit Bang,
0 BbI3bIBaET COpOC B CTaHAAPTHbIH PEXHM;

O AE SetBaudRate — OMpelensieT CKOpPOCTb nepeaayd AaHHbiX. CKopocTb nepeaavu
AaHHbIX paBHsAeTcs 16-kpaTHOI HacCTpOEeHHOH ckopocTH nepeaauH B 6onax;

a FT Write — 3anMWCb JaHHbIX;
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l Cseroauonbl

O FT _Read — YTEHHE NAHHbIX, KOTOpblE OblIK MpounTaHbl Mukpocxemoit FT232R npu

CHHXPOHHO 3anucH.

B kauecTBe npuMepoB B 3TOi KHHUre NMpUBOAMTCSA YTeHHe W 3anuch namsaty EEPROM u
6onee cnoxxHas N1€MOHCTPALMOHHAsA NporpaMMa uis NporpaMMHpOBaHHs CEMEHCTB MHUK-
poxoHTponnepos AT8ILP npoussoacrsa komnanuu Atmel.

Takoke nokaszabl MpuUMepbl 3nekTpuueckux cxem ans I°C-LIATT (puc. 9.7) u monyns

pactumpenus nopta I°C (puc. 9.8).
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Npocton AU c ncnonb3oBaHuem
pexuma Bit Bang

[pu niomown ALl (ananoro-undposoro npeobpasoBarens) MOXHO OUM(POBLIBATDH
aHaJioroBbie HanpsbkeH’s. B npoTHBONONOKHOCTL UM(PPOBLIM AAHHBIM C (AUCKPETHLIMH)
3HavyeHusAMH 0 unu | aHanoroBbiii CUrHan B YCTaHOBJIEHHOM AHANa3oHe MOXET MPHHH-
matb Jitoboe 3HaueHHe.

ALl 6siBatot 8-, 10-, 12-, 16- unu 24-6uthsie. [1pu 8-6uTHOM npeobpazoBaHuM aHao-
roBoe 3HaueHWe MPEeACTaBNAETCS C MOMOLIbIO 256 NHUCKpeTHbIX 3HauyeHuid (8 6ut =
= | 6aiit — 2% = 256/,), npu 24-6uTHOM npeobpazoBaHui — 16,7 MIH AMCKPETHBIX 3Ha-
uyeHnii (24 6uta = 4 Gaiira — 2% = 16777216,0).

Ecnu ananorosblii curian ¢ HanpshkeHdem S B npu nomoww 8-6utHoro npeobpasosare-
ns npespaulaercs B UH(poBbie 3HaUYEHHs, TO npeobpa3oBaTenb BblAAET 256 NUCKPETHLIX
3HauyeHu# (cTyneHeii), kaxnoe no 19,6 MB." B cnyyae 10-6utHoro npeoGpa3sosarens
(1024 3HaveHMs) KaXkaoe AUCKPETHOE 3HaYEHHE COCTaBISET 0Koo S MB, uto npumepHo
B 4 pa3a MeHblle no cpaBHeHUIO ¢ 8-6uTHbIM ALITT.

Hurepec npencraBasioT Takke oaHoOOHMTHble nmpeobpa3oBaTesd, KOTOpble MOryT ObITb
MCMNOJIb30BaHbl B HABEPHAKA 3HAKOMbIX BaM ONTHYECKHX NMPHBOAAX A/l KOMMAKT-AHCKOB.
OuudpoBbiBalOTCA NHLWIbL H3MEHEHHs YPOBHA curHana. B Hanbonee npoctoM cnyuae
uudposas noruveckas "1" obo3HauaeT moBbllwatoLleecs HanpsbhkeHue, a "0" — noHu-
xaroweecs. Kaxapiit 6uT npeacrasnsercss npu 37oM GUKCHPOBAHHBIM IHCKPETHLIM 3Ha-
yenneM. Ecnin HanpskeHHe ocTaeTcsl MOCTOAHHBIM, TO NPOHCXOANT MOCTOAHHOE Yepeio-
BaHue "1" u "0". Takoii npouecc NOAXOAUT, B HACTHOCTH, 1151 3BYKOBbIX CHIHAJIOB.

10.1. MNoHaTHe aHanoro-uncppoBoro
npeobpa3oBartens (ALM)

CyuecTByIOT pa3iHyHble METObI aHaoro-undposoro npeodbpa3oBaHus, kak, HanpUMep,
NpAMO20 Npeobpazo6aHus WKW napauieabhozo npeobpazosanus (AL:npsamoro npeo6-
pa3oBaHHs), METOA NOCAE008AMENLHO20 NPUONUNCEHUA WIH C NOPA3PAOHbIM YPABHOGe-
wusaHuem U METO OOHOKPANHO20 W 0BOUHO20 UHMEe2PUPOBAHUA, KOTOPbIE 31ech He Oy-
RyT paccMoTpeHbl. CaMH MeTozlbl BOOGLIE pa3iMyaloTcs Mo CKOPOCTH npeobpasoBaHms,
BpeMeHH npeobpa3oBaHHs, TOYHOCTH WK AHUHeHHOCTH. Uem Gonblue paspeluatowuas cno-
COOHOCTb, YEM BbILLE YAaCTOTa AMCKPETH3ALMWH H MEHbLIE BO3MOXHBIX HCTOYHHKOB OLLH-
6ok. Kopoue rosops, uem 6onee noporocrosiuas 3nekTpoHHKa, Tem nopoxke v ALIT.
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B ALIT aHanoroeblii CUrHan cUMTbIBaeTCs C onpeaeneHHoH GpHKCHpOBaHHOI YacCTOTOM.
JosonbHo npocTbiM seasetcs AL, ocHOBaHHbIH Ha MeTOAE OAHOKPATHOrO UHTErpUpPO-
BaHus (Single-Slope), kotopbiii 3aech Obin ewe Gonee ynpoweH ans npeodpasoBaHus
NONOXKUTENbHBIX HanpshkeHUH. H3mepsemoe HanpsbkeHue mnpeobGpa3yercs BO Bpewms,
NponopuHoHaibHOE HanpskeHHo. M3MepeHne BpeMEHH OCyLUECTBASETCS MyTEM MOJ-
CYeTa TaKTOBbIX MMMYJILCOB B TEYEHHE 3TOMO BPEMEHH.

Ecnu koHneHcarop ¢ emkocTbio C 3apsixkaercs nocmosHHbiM TOKOM I, To HanpsbkeHue U
Ha HEeM JIMHEHHO BO3pacTaeT 3a Bpems t. DTO HamnpsbkeHWE MOCTOSHHO CpaBHHUBAaETCs
¢ BxoaHbIM HanpsbkeHreM U, (B uHaekce "e" oT HeM. eingang — Bxoa). CpaBHeHue npo-
MCXOJMT NpPH MOMOLUK HHTErpaJibHOW cxeMbl — Komnaparopa (Hem. komparator), Bbi-
MOJIHEHHOTO Ha ONepayuoHHOM ycuiumene, Kpatko HaszbiBaemoro OVY. Kak Ttonbko nu-
HEeWHO BO3pacTalollee HanpsHKeHHE MPEBLICUT BXOAHOE HanpsbkeHue U, kK MOMEHTY Bpe-
MeHH tx, Ha Bbixoge OY BHe3anHO MeHseTCs BbIXOAHOE HamnpsbkeHue komnaparopa Uy,
T. €. OH cpabarbiBaeT. [IpoMexxyTok BpeMeHH OT MomeHTa t0 10 MOMeHTa tX sBnseTcs,
TakuM 06pa3oM, XapaKTepHUCTHKOH, COOTBETCTBYIOLLEH BEIMUYMHE BXOJHOTO HarMpsXKEHHUs
dJ.. Yem Gonblue NpOXOAMT BpeMEHH 10 TOFO MOMEHTa, KOraa cpabarbiBaeT komnaparop,
Tem GoNbllle OKa3bIBaETCH BXOJHOE HanpsKeHHe.

K momenty Bpemenu t0 3anyckaercs JIMHEHHO BO3pacTalollee HanpsKeHHE, MOCie Yero
NEpHOIHYECKH ONpalinBaeTcs BbIxoAHOH cvrHan komnaparopa Uy. C kaxabIM TakToM
CYHETYHK YBEJIMYHUBACT CBOEC 3HAYCHHUE. IClleT'-Il/IK OCTAaHOBHUTCHA, KaK TOJIbKO H3MCHHUTCAH
BbIXO/IHOE HamnpsbkeHHe Ha komnapatope Uy. [1pu 3ToM cocTosiHue cueTunka 6yaeT coor-
BETCTBOBATb U3Mepsemomy BpemenH. Ha puc. 10.1 cyeTunk ocraHaBnusaercs nocne Mo-
MEHTa BPEMEHH tX, B JJaHHOM Clly4ae Mocje 3aBeplUeHHs ABEHaaUaTH NepHOI0B TaKTO-
BbIX HMMYJILCOB. Ecau YABOHUTb KOJIHYECTBO TAKTOBbIX UMMNYJIbLCOB — HAa PHUCYHKE OHH
MoKasaHbl MeXy OCHOBHbIMH TAKTOBBIMH MMIYJbCAMH MYHKTHPHBIMH JIHHUAMH — TO
YABOMTCS TaKOKE H pa3peluaroLias cnocobHocTb Hanpskenus Uy.

Komnaparop

¢ g B ¥ .
£ i 3 3 3
$ ) 3 t :

Loi s ed boot

Puc. 10.1
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[leproa cueTHbIX UMNYNbCOB tr BMECTE C TEM MPEACTABSET AOCTHraeMyIo pa3peLuaio-
wyto cnocobHocTb. Ecnu 3a 256 TakTOB NpU M3MEPEHHUU NOCTUraeTcs HanpskeHue S B,
TO 3TO COOTBETCTBYET pa3peluatouled cnocobHOCTH ans BXOoAHOro Hanpsbkenus U. no-
paaka 20 mB, npu yaBoeHumn konuyecTsa uMmnynbcos (10 512 takro) — okono 10 mMB.

- -~ 2

AL, obopynoBaHHblii nocnenoBatenbHbiM HHTepdeiicom [°C ans uudposoro BbiBoga
aHAJIOroOBbIX BXOJHbIX CHUrHanoB, Obin Obl, paymeercs, WAEabHbIM, HO 3TO HEMHOrO
JIOpoXe, YeM MpeAcTaBiIEHHOE 30eChb pelleHue. s MeaneHHO H3MEHSEeMbIX BXOAHbIX

HanpsHKeHUH 3a4acTylo XBaTaeT JaXKe MPOCTOH 3IKOHOMHYHOM CXEMbl ¢ HEGONIbLLOH TOuU-
HOCTbIO.

Jns paboTbl cxeMbl NOTPEOYIOTCS: 3NEMEHTbI 1)1 reHepaTopa JIMHeHHO BO3pacTaloLero
HanpsbkeHus, OY B kauecTBe KOMMapaTopa HanpsKeHHs, N0 BO3MOXHOCTH MOCTOSHHOE
ckaHupoBaHue BbixofoB OY W 3alaHWe onpeneseHHOro MOMEHTa BPEMEHHW Ui Havaia
paboTbl CXeMbl.

10.2. AnekTpuyeckan cxema ALN
C KOMNapaTopom

CxeMa noctpoeHa Ha OCHOBE 3/1EMEHTOB 3nekTpHueckod cxembl (puc. 10.2), pa3meuleH-
HbIX Ha JOMONHHUTENbHOH Mnare.

c BbiBoaa 1 mM/cx IC1A

—

Komnaparop

Puc. 10.2

JInHeiiHo Bo3pacTatollee HanpshkeHHe Ha koHaeHcatope C4 nony4yaercs M3 NOCTOSHHOrO
Hanpsbkenus 5 B (5V), noctynatowiero Ha KoHaeHcaTop npH noMolud Tpavsucropa T1.
Conporusnenue pesucrtopa R2, emkoctb koHaeHcaropa C4 u 3HaueHue ko3dpduureHTa
ycuneHus TtpaHsvcropa Tl BAMAIOT Ha AMMTENbHOCTb HAKJOHHOMO CHrHana (JIMHEHHO
BO3pACTalOLLErO HaNPsXKEHHUs HAa KOHAEHCATOPe HIIH Ha OHOM K3 BXxoa0B OY).

TemnepaTypHblii U UMTENbHBIN Apelid napaMeTpOB KOMMNOHEHTOB CXEMbI BIMSAET HA MO-
CTOSIHHYIO BDEMEHH CXEMBI H, CJIE0BATE/IbHO, HA TOYHOCTb H3MEPEHHS.

[1pu nomowu curnanbHoi nuHun TxD USB-anantepa MoXHO ynpasisTh TPaH3UCTOPOM
T1, Takum o6pa3zoM MoxkeT ObITb OnpeneneH MOMEHT BPEMEHH Hauyala 3apsja KOHIeHca-
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Topa C4. lna kaxxaoro cienytowiero u3mepeHns konaeHcatop C4 nomkeH 6biTh pasps-
xkeH. lnsa pa3psna KOHAEHCaTOpa OH 3aMblKaeTCs HaKOPOTKO Ha "3emJo" ¢ MOMOLLbIO
nonesoro TpaH3ucropa T2, KOTOpbIM MOXKHO ynpaBaaTb curHanom RxD ananrepa USB.

CocTosiHWe BbIXOAa KOMMapaTopa onpawiMBaercs no curianbHoi nuiun DSR. Yro kaca-
eTcA USB, TO paHEE Bbl YK€ HAYYHJIMCb, KaK yrnpaBjaTb BXOAHbIMH H BbIXOAHbIMH CHI-
Hanamu Ha USB-apnantepe. B nporpamme Hy>HO NMlIb BCE NPaBHJIbHO CBA3ATb.

10.3. NepBoe TecTupoBaHue MO ansa ALN

[Tporpamma npumMepa 13 nokasbiBaeT BO3MOXXHOCTH coeanReHus npoctoro AL ¢ USB-
apantepoM. B nanHoM cnyuae oundpoBbIBalOTCS 3HaYEHHUs SPKOCTH POTO3NEMEHTA.

Orcoeaunure USB-anantep oT koMnbloTepa M MOAKIIOYHTE K afanTepy AOMOJHHUTENb-
Hyto nnary. Ha nononuurensHoi nnare (puc. 10.3) noacoennnure pororpaHsuctop (Mau
cBeTovyBCTBUTENbHBIA (poTopesuctop — LDR) k Bxomy El (BbiBoa 9 20-koHTakTHOH
naHenbkv) U K HanpsbkeHuto +5 B (BbiBoa 10), a pesucrop c conporuBineHuem | kOm
k sTopomy Bxoay E1 (ebiBoa 8) u k "3emne" (BbiBog 4, GND).

P1

i

Puc. 10.3

Bcrasbre nepembiuky JP1. Konnekrop n-p-n dororpansucropa (o6biuHo, Hanbonee ko-
POTKHH ero BbIBOA) A0/KEH ObITb NOAKIIIOUEH K HanpshkeHHto +5 B (BbiBoay 10 naHensb-
k1). YcraHoBuTe noteHuMometp Pl B HeHrpanbHoe nonoxeHue. CoeaMHHUTE AOMONHHU-
TenbHyto naary ¢ USB-agantepoM v Tobko nociie 3Toro NoAKIOYHTE aaanTep K Balle-
MY KOMMNbIOTEpY. DJEeKTpHUYecKas cxemMa NnoAKIoYeHUs GoTodneMeHTa K OnepauHoOHHOMY
yceunutento LM358N noka3zaHa Ha puc. 10.4.

[Mocne »storo u3 karanora \Beispielprogramme\Bsp_13 3anycture nporpammy
beispiel_13.exe u Haxmute kHonky AD Lesen, uToObl HauaTb -MEpHOAHUYECKOE H3Me-
penue (kHorka A/D Test — nns BbINONHEHWS OAHOKPATHOrO HEMEPHOLMYECKOro M3-
MepeHHs).

Ecnu Bbl Haxkanu kHonky AD Lesen, To oHa MeHsieT cBoe HaumeHoBaHue Ha AD stoppen
(puc. 10.5). Janusie ALIT onpawuBatorcs kaxabie S00 Mc, pe3ynbTaTbl NpeacTaBiAsOT-
cs cnpaBa oKoJio KHOMKH. CrlielyeT yuuTbIBaTh, YTO BbIBOJAMMbIE AAHHbIE 3TO TOJbLKO pe-
3ynbTarbl cyeTyka AL, v He ABNAIOTCA 3HAYEHUSAMHU HanpskeHus !
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Puc. 10.5

Ecnu BeI 3aTeHuTe dotoTpansuctop uiu ¢otopesucrop (LDR), To nonyuyeHHble 3Haue-
HHS CTaHYT MEHbLUE MJM COOTBETCTBEHHO GoJbLue, NPH OCBELUEHHH (OTO3NEMEHTa Ha-
cronbHoM namnoii. [lepenonHeHue B o6nacT nokazaHuii M3oOpakaeTcs 3Hakamu ">>>".
[Tpn HeoOXOAMMOCTH yMEHbLINTE CKOPOCTh Mepenau B 6onax, 4ToObl cornacoBaTh aua-
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Na3oHbl SPKOCTH CO 3HaueHWAMH cyeTuuka. [lpu nomowm noreHumomerpa Pl (cm.
puc. 10.4) Bbl mMoxere HacTpoutb ko3dpduument ycunewus OY ICI1A u cornacoeatb
cXeMmy.

Ecnu ke Bbl 3ax0oTHTEe paboTaTh C HaCTpauBaeMbIMH 3HAYEHHSAMH CKOPOCTH nepeayd B
6onax, 3anaHHOI BenMuMHOW Oydepa U KONMUECTBOM NepenaBaeMbIX JaHHBIX, CleayeT
OCTaHOBHTb BCE €ll€ aKTHBHYIO NMPOrpamMmy M -NOCJi€ BbIMOJHEHHS COOTBeTCTByIOluHX
M3MEHEHHIi 3anyCTUThb €e CHOBA.

Bbl MOjxeTe Cpa3y 3aMeTHTb, YTO B JAHHOM MPHMEPE €CTb OO/IbIIME H3MEHEHHS MO CpaB-
HEHHIO C NporpamMMoii, npuBeneHHo# B npumepe 10.

10.4. CornacoBaHue mexay nporpaMMHbIM
M annapaTtHbIM obecneyeHnem USB

C cuHXpOHHBIM pexxumoM Bit Bang Bbl yrxe nozHakoMunuce B npumepe 11. Umerowmecs
‘B pacnopsxeHHH 8 CHrHANBHBIX JTMHUI MOTYT, B 3aBUCHMOCTH OT MCMONB30BAHMS Kaj-
JIOH M3 HHUX, ObITb CKOHGHUIrypHpOBaHbl B KauecTBe Bxoja MM Beixoaa. CurHanel TxD u
RxD koHurypupytoTcs kak BbIXOAbI, @ BCE APYrHe CUrHaJIbl OCTAlOTCA BXOJAMH.

B CHHXpOHHOM pexhMe, Npexxae YeM 3anucaTthb cieaytowmii 6aiT nHdopmaunm, cHavyana
YMTAETCA M COXpaHseTcs B Oydepe uTeHHs npeabiayluee COCTOSHHE CHIHATIbHBIX JIMHHA.
[Ipu 3TOM oueHb BaxkHO, uTOOBI B Oydepe uTeHHs Bceraa MMENoch CBOOOOHOE MECTO.
BHyTpennuii 0ydep 3anucu (FIFO TX Buffer) mukpocxembr FT232R umeer pasmep
128 Gaiitos, a 6ydep urenns (FIFO RX Buffer) — 256 Gaiiros. 128 GaiitoB cooTBercT-
BytoT 7-pa3psaaHomy ALIIT. OaHoBpeMeHHO ¢ 3TUM ocyuuecTBasercs nepeaaya no USB.
CkopocTb nepenayd npu nonHockopoctHom pexkume nepenaud no USB (Full-Speed)
cocranseT 64 Oaiita 3a 1 kaap, 4to cooTBeTcTBYET 6-paszpsaaHomy ALITI.

B pexxume Bit Bang 3anuce ¥ uteHue npoucxoauT ¢ 16-kpaTHOH 3aAaHHON CKOPOCTbIO
nepenaun B 6omax. CkopocTb nepefayu JaHHbIX B 00max Mo CyTH yka3blBaeT 4acTOTY
BbinosiHeHUs onepauuii. [Ipu ckopocTn nepeaaun 9600 6oa nnMHA UMKNA NepeJadyH of-
Horo Oaiita B pexxume Bit Bang cocraBnser okono 6,5 mxc. Ecnu yMHOXHTE ee Ha
128 GaittoB Oydepa uTeHus, TO nonayuum 833 MKC IIMTENBHOCTH CUMTHIBAHUS WJIH
417 mkc ans 64 6aiitos (puc. 10.6).

Puc. 10.6

Jns ucnons3oBanus B Oydepe 3anucH, KOTOpPbIit 3aNONHAETCS TONLKO 10 3aJaHHOrO KO-
JudecTBa 6aifToOB, HYXKHO NOAroToBUTh BbixoAbl TxD u RxD, a cocTosHue cHrHanbHO#H
nunun DSR npu 3anucu B pexxume Bit Bang Oyner cuuThiBaTECS aBTOMAaTHUECKH.

ﬂeMOHCTpauHOHHOC nporpamMMHoO€ obecneyeHHe aBTOMAaTHYECKH onpeaensaeTt NJUTENb-
HOCTb UHUKNA ansg nepeaaqduv Gaiita M MaKCHUMaJIbHYIO NMpOAOIKHUTENBbHOCTbL 3arnuCH, a
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TalkoKe MO3BOJISET 3a4aTh CKOPOCTb nepeaaud W pasmep Oydepa. Tak, npu ckopocTH
nepenaud B 9600 6oa Npoao/mMKUTENBHOCTb 3anmlcH cocTaBiseT okono 417 Mke, a npu
ckopoctH 4800 6on1 — okono 833 mkc (puc. 10.7).

Puc. 10.7

Ecnu Bbl u3menuTe pasmep 6ydepa, To MoxeTe NpoBepHTL, paboTaeT M yCTPOHCTBO MpH
3agaHuu pa3mepa 6ycdepa 6onee 64 6aiiToB, sABNSETCA JIM NPOLECC KPUTHUYHBIM MO Bpe-
MEHH, WJIK 3Ta BO3MOXKHOCTb Jisi Ballero COOCTBEHHOrO MCMob30BaHUs BoOOLIE HE MO-
AKeT ObITb NPUHATA B pacuyeT W, BEPOSATHO, BaM Heobxoaum Gonee noporoit ALIL. [ns
3KCMNEPHUMEHTOB W U3MEPEHHS SPKOCTH B IAaHHOM CJly4ae BMOJIHE 10CTaTOYHO 64 ypoBHeii
KBaHTOBAHHS.

Bosspartumcs k ALITL. TlpononxkuTenbHOCTb BPEMEHH AN U3MEHEHUS JIMHEIHO BO3pac-
Tatoulero HanpspkeHuss ot 0 1o S B cocraeasier 1 no 2 mc. [lpu ckopocty nepenauu
9600 6on M 64-6aiiToBom Oydepe NpPOAOKHUTENBHOCTb CUMTbIBAHMS COCTaBASET
417 MKc, T. €. 3HauuTeNbHO MeHblie. MHaue rosops, usmepsiembiii AUMana3oH Hanpsoke-
Huii MoxkeT ObITh He oT 0 10 5 B, a Tonbko ot 0 no’1,5 B. Ecniv ke BXxonHOE HanpsikeHHe
6yner OonbliMM, TO KOMMApaTop B 3TO BpeMs He cpaboTaer, U HE W3MEHHWTCS CHrHan

DSR! 310 cooTBeTrcTBYET nepenonHeHuto B 001acTH NokazaHuii U H300paXkaeTcs 3HaKa-
M” ">>>". ¥

Cnenytouwias BpemeHHas auarpamMma (puc. 10.8) nosicHseT HekoTopblie B3aUMOCBSA3H. JIu-
HEMHO n3Menstouleecs HanpskeHHe Ugy 10CTHraeT BXOAHOro HanpseHus U, B MOMEHT
BpeMeHH t2, B 3TO e Bpems cpabaTbiBaeT KOMNApaTop U W3MeHseTcs HanpsbkeHue Uy Ha
ero Bbixoze. Eciin ke ymMeHbLIMTL conpoTHBieHue pesuctopa R2, noawntoueHHoro k 6a-
3e TpaH3ucTopa T1, UK yMeHbLIHTL 3HaUeHHe eMKOCTH kKoHaeHcaTtopa C4, To NuHeiHo

U

Uc1 Uc2

A 4

u 174

Puc. 10.8
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M3MEHSIOLLIEECS HanpskeHWe Ha KOHAeHcaTtope Oyner Bo3pactath ObicTpee. UToObl npu
nomolLu1 ocuuiorpada UccneaoBaTh NoBeAeHHE JIMHEHHO BO3pacTaloOLEro HanpskeHHs,
MO>KHO 3aMEHHUTb MOCTOSHHbIH pe3ucTop R2 Ha NOTEHUHOMETP C U3MEHSIOLLMMCS COMpO-
tuneHueM ot 0 1o 200 kOM ¥ npu HEOOXOAUMOCTH NOAKIIOYMTL KOHAEHCATOpbI C ApY-
roii eMKOCTbIO BMECTO koHaeHcaTopa C4.

JIuneliHo Bo3pacratowuee HanpskeHHe U Noka3biBaeT KPUBYIO Hanpsk€HHUs MpH MEHb-
LeM 3Ha4eHUWH conpoTueieHus pesuctopa R2 (cm. puc. 10.8). B 3Tom cnyuae Takoe e
BxoaHoe HanpsxeHue U, nocruraercs 6bicTpee, COOTBETCTBEHHO KOoMnaparop cpabaTbl-
BA€T 3HAYMTENIBHO PaHbLLE, T. €. B MOMEHT BpEMEHH t1.

Ha cnenytoweii BpemeHHoii nnarpamme (puc. 10.9) nokasaHbr pe3ynbrathbl, KOTOpble Obi-
7K Nony4eHbl NPHU U3MEHEHNUH CKOPOCTH NepeaayM JaHHbIX B 6oaax.

c

Uc1 Uc2
/

9600 60p, 64 Gaitta, 416 MKC |
4800 60n, 64 Ganra, 832 mxc
. 9600 6on, 128 Gaitr
- »

Puc. 10.9

HM3menss ckopocTh nepenayd naHHbIX B 6oaax W pa3mep Oydepa, MOXHO COrlacoBaTh
BpeMsi BbIOOPKH JaHHbIX (BpeMs Mpeobpa30BaHMsA) C JIMHERHO BO3PACTAIOLMM HarpsKe-
HueM (U unun Ug). Heckonbko pa3nuuHbiX BO3MOXHBIX BaApUaHTOB COIJ1acCOBaHMs NOKa-
3aHbl NMOA OCbIO BpeMEHHW AJIs AHarpaMMbl MU3MeHeHHUs HanpsbkeHus Uy Ha BbIXOAe€ KOM-
napatopa (cM. puc. 10.9). TlpoaomkuTenbHOCTL BLIOOPKH JaHHBIX Ofpeaensercs CKo-
pocTbio nepenaud B 6onax u pasmepom 6ydepa. ITpu ckopoctn nepenaun 9600 6on u
pa3mepe Oydepa B 64 Oalita nuHelHO Bo3pacTatoluee HanpsokeHue U 3a Bpems 417 Mkc
00513aTeNbHO NOHKHO AOCTHUYb BXOAHOrO HanpsbkeHus U, T. K. HHauYe He NOJy4YHTb Ka-
KOH-NHOO0 pe3ynbTaT H3MEpEHHS.
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Ecnu ckopocTb nepenauv ynsausaercs ¢ 9600 no 19200 6oa, npu HEeU3MEHHOM pa3mepe
Oydepa, nponomkuTensHocTb BpemeHd Bbibopku ALl u coorBeTcTBEHHO H3MepeHHs
BXOJHOro HanpsxeHus U, cokpaliaercs B ABa pasa.

Ecnu 3a BpeMs npeoOpa3oBaHHs Bbl HE MONYYWTE pe3yibTaTa H3MEPEHHS, TO MOXHO
YMEHbLINTb CKOPOCTb Nepenaud B 6oaax. Tak nMpH yMeHblLIEHHH CKOPOCTH nepeaayd B
IBa pa3a B npuBeneHHOM npumepe Ha puc. 10.9 ¢ 9600 no 4800 60008 — npoaONKH-
TEJIbHOCTb BbIOOPKH 1aHHbIX NpUMeEpHO yaBauBaeTcs ¢ 416 no 832 mkc.

Ecau >xe npu Gonee BbICOKOH CKOpOCTH nepenaud B 60aax Xoyercss H yBENHYHUTb Mpo-
JNOJDKUTENILHOCTL BpeMeHW BbIOOpkH, To pa3Mmep Oydepa mpomkeH ObiThb Oonbuie
64 6aiitoB. OnHako 3agaHue ckopocTd nepenaud 9600 6on u pasmepa Oydepa 128 Gaitr
MOTYT NPHUBECTH, Kak Noka3aHo B auarpamme (cm. puc. 10.9), k npepbiBaHHSAM W 3amen-
NeHusM npu BbiGopke, T. k. Mukpocxema FTDI noanepxuBaer norouHble nepenauy Tuna
Bulk-Transfer makcumym npu 64-6aiiToBoit nepeaaye aaHHbiX. [Ipy oyeHb MeaneHHOM
JMHEHHO BO3pacTaloLeM HamnpsXkeHWH 3Ta 3aBUCHMOCTb MIPaeT BTOPOCTENMEHHYIO poib,
HO 3HAYMTENILHO YANHHAET NPOAOKHTENbHOCTb H3MEPEHHS.

Bo3MoXHO, Npu 3KCNEPUMEHTHPOBAHHWHM Bac YAWBHUT TO, YTO CHETYMK HHOrAAa NPOCTO HE
NpeBOCXOAMT onpeaeneHHoro 3HavyeHus. Tak, npu pa3mepe Oydepa B 1024 6aifToB OH
KaK/biH pa3 JOCTHraeT 3HaueHHs Tonbko 750 Gaiitos. [pUuMHOIL ABASETCA ONEpPaLMOH-
HbIH yCHIHTENb, C MOMOLLUBLIO KOTOPOro Henb3s MOJyYdTb HanpsbkeHue 5 B, a Makcu-
MasibHO Jvwb 4 B. B naHHOM cilyyae ans perynMpoBKH AWana3oHa U3MepeHHus HeobXxo-
OMMO YMEHbLIUTb KOIPPHUHEHT YCHAEHHS BXOAHOrO YCHJIMTENS MPH MOMOLUM NOTEH-
uuometpa P1 (cM. puc. 10.4).

B ornuuue ot Oydepa 3anucu W uteHus Mukpocxembl FT232R, c nomowsio 6ydepa
komnbtotepa no USB moxet 6biTh nepeaano 6onbuiee konuyectso H6arToB. JToT "pas-
mep USB-nepenaun" tarxoke siBnsieTcs HacTpauBaeMbiM, U OH Obll MPUHAT BO BHUMaHHe
B POrPaMMHOM 0GECTIEUEHHH IaHHOM KHUTH.

Yem rxe MOXHO 0OBACHHUTL konebaHus pesynbraToB M3mepenus? He Tonbko Takue dak-
TOpbl, kak Oydep 3anucu, notouHas unu rpynnoeas USB-nepenaua tuna Bulk-Transfer
unu 64 6aiita npu nonHoi ckopocty USB (USB Full-Speed), urpator ponb B naH-
HOM Ciy4ae, HO U apyrve (akTopbl, KOTOPbIE OCTAIMChL O€3 BHUMaHHUsA: konebaHus nu-
Tarowero HanpsxeHus nas USB wnu yactota 50 I'u HaCTONLHO#M NaMnbl — OHK Takxke
NPUBOASAT K pa3/iM4HbIM pe3yJbTaTaM NpH UCNONb30BaHUK (OTOINEMEHTOB MPH H3Me-
PEHHM.

Hns noctrxxeHus 6onee cTabMNbHBIX PE3y/IbTATOB Bbl MOXKETE MPOBOAUTb MHOTOKPATHbLIE
M3MEPEHUS U1 MEUIEHHO M3MEHSIOLIMXCA CHIHAIOB, TaKUX KaK KoneOaHWs QHEBHOro
CBETa.

10.5. UcxopHbin koa k ALUN

HcxonHblii koa ans gaHHOro npumMepa coaepxurcs B daiine Bsp.VBP, Haxonswerocs Ha
koMnakT-aucke B katanore \Beispielprogramme\Bsp_13. Ilocne 3anycka nporpamMmbi M
HaxxaTus kHonkd AD Lesen Oyner Bbi3BaHa (pyHKUMA Sub- bt ad read Click (JiMC-
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Tuur 10.1), UMKIHYECKH 3aMycKaloLas TaiiMep 2, C NMOMOLLBIO KOTOPOrO Hepe3 Kaxable
500 mc OyayT onpauIMBaTLCA AaHHbIE.

1
Private Sub bt_ad read_Click()
' Timer 2 NOOroTOBMTHL M 3aMyCTUTb MM OCTaHOBUTbL
If TimerIstAn Then
Me.bt _ad read.Caption = "AD Lesen"
Me.Timer2.Interval = 0
TimerIstAn = False
LoggerList.AddItem "A/D Daten lesen gestoppt"
Else
intMask = &HO Or 2 ~ TXD Or 2 ~ RXD
Call BitBangAn
Me.bt_ad read.Caption = "AD stoppen"
CLadebuffer = ""
For il% = 0 To Val(Me.lb bsize.Text) — 1
CLadebuffer = CLadebuffer & Chr$ (&HO)
Next il
LoggerList.AddItem "A/D Daten werden periodisch gelesen"
Me.Timer2.Interval = 500
TimerIstAn = True
End If
End Sub

Korna TaiiMep 2 OGyner 3anyiueH, nepen Bbi30BOM ()YHKLUMH Call BitBangAn, JOJIKHbI
ObITh ONpeneneHbl BXOALI U BbIXOAbI 1)1 pexkuMma Bit Bang.

B nporpamme koHcTaHTe TXD mpucBauBaeTcs 3HadeHue 0 (mans DO0), koHcTaHTe RXD —
3HayeHue | (ans D1), koHcTanTe RTS — 2 (aasa D2), ..., koHcTaHTe RI — 7 (ansa D7).
C nomouusto sorudeckoit onepauuu UK curnansbie tuinn RxD u TxD o6Gbsasnstores
BbiIxoaaMHu. JIpyrue 6uThl B intMask ocTatorcs B 0 — SBASIOTCA BXOAAMH.

YTo0bl KX IbIi pa3 He NPUXOAUNOCH 3anonHATL Oydep 3anucH, koraa pabotaet Taiimep,
obnacTe namsATH, BbiaesieHHas AJis NepeMeHHON CLadebuffer, OAHOKPATHO 3amnojHsAETCS
HYJIEBbIMH 3HAYEHHUSAMH.

IMocne otkpeiTus USB-ycTpoiicTBa nepenaercs Gaiit co 3HadeHueM | (nuctuur 10.2).
INepebiii OUT ¢ nomolusto Bbixona TXD ynpaenser Tpanzucropom T1, kOTOpbIii 3aKpbi-
BalOT (NEPEBOAAT B COCTOSHHE BbICOKOrO COMPOTHUBIEHHS), a koHaeHcaTtop C4 npu 3Tom
menneHHo paspsakaerca. Co cnenytowum OaiitoM (co 3HaueHueM 3) 6wt 1 ocraercs
B 3HaueHuH | (K TpaH3ucTtop T1 ocraercs 3akpbITbiM), a BOT koHaeHcaTtop C4 pa3psika-
eTcs yepe3 oTKpbITbIii nonesoi TpaHzuctop (FET) T2, uem co3naercs cocTosiHWe cTapTa.

Private Sub Timer2 Timer ()

strBeschreibung = Trim(Me.DeviceName.Text) & Chr(0)
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If FT_QpenEx(strBeschreibung, FT_OPEN BY DESCRIPTION, lngHandle)_
<> FT_OK Then
LoggerList.AddItem "Fehler bei Aufruf: FT_OpenEx"

Exit Sub
End If
strWriteBuffer = Chr$(&Hl) ' c nomompn BeBOma TXD
SendRead FTDI_ Bytes ' 3aKpHTh TpaH3ucTtop Tl
strWriteBuffer = Chr$(&H3) ' c nomompelo BeBOma RXD OTKpHTH T2
SendRead FTDI_Bytes ' u paspamTbk konmeHcaTop C
strWriteBuffer = strWriteBuffer & CLadebuffer
SendRead FTDI Bytes ' u nucatek (M unTaTh)

For il% = 1 To Len(strReadBuffer)
If ((Asc(Mid(strReadBuffer, il, 1))_
And 2 ~ DSR) / 2 ~ DSR) = 0 Then
Me.lb Anzahl.Caption = Str(il)
Exit For
Next il
' BeRXOH 3a npenesym obnactu ?
If il >= Len(strWriteBuffer) Then Me.lb Anzahl.Caption = ">>>"
CloseHandle:
If FT_Close(lngHandle) <> FT_OK Then
LoggerList.AddItem "Fehler bei Aufruf: FT Close"
Exit Sub
Else
End If

End Sub

Mocne Toro kak 6ydep 3anucu 3anONHUTCS 3HaYEHHWEM NEPEMEHHOI CLadebuffer, cTap-
TyeT 3anuck Oydepa stririteBuffer. HaunHas co Broporo 6aiita B Gydepe 3anucu nme-
I0TCA TOJILKO JIHLIB "HYJIN", YTO COOTBETCTBYET COCTOSIHHUIO cTapTa. [locne 3Toro TpaHsu-
crop T1 oTkpbiBaercs, a noneBoii TpaH3ucTop T2 3akpblBaeTcss Ha BCE BPEMs BbIMNOJHe-
HUS U3MEPEHHS, YTO NPUBOAMT K POPMHPOBAHHIO TMHEHHO BO3PACTAIOLLErO HAMpPsXKEHHUs
Ha koHaeHcaTtope C4 U COOTBETCTBEHHO Ha OJHOM M3 BXOIOB KOMMaparopa.

Cpa3y nocne Bbi3oBa yHKLHMH SendRead FTDI Bytes B CHHXpPOHHOM pexxuMme Bit Bang
BBIMOJIHAETCA YTEHHE CUrHanbHOi NUHUM DSR (oTpaxaroweii cocTosiHMe BbiXoaa KOM-
naparopa), 3HaueHHe KOTopoii nomewaercs B Oydep ureHus.

B HeGonbluoM uMKNe For nocnenoBatenbHo nposepsercs coctosiHue nuHu DSR (=D5)
Kaxaoro otaenbHoro 6aiiTa B strReadBuffer, T. €. NPOBEPAETCS, H3MEHUIOCH JIH COCTOS-
HWE KoMMnaparopa.

Ecnu oOHapyxuBaeTcs W3MeHeHHe, TO nmporpaMMa B pe3y/bTaTe BbIBEAET COCTOSHHUE
CYeTYuKa, U LMK Oyner npepsaH.

B Tabn. 10.1 u3o6paxkeH xoa npolecca U3MEpPEHHUs C YKa3aHWEM BPEMEHW B MHUKpoOce-
KyHAax ans ckopoctu nepenauu 9600 Gon.
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Tabnuya 10.1

CurHan Bawnr 1 2 3 4 n-3 n-2 n-1 n
D7 0 0
D6 0 0
DSR D5 0 1 1 1 1 0 0 0
D4 0 0
D3 0 0
D2 0 0
RxD D1, 1 0 0 0 0 0 0 0
TxD DO 1 0 0 0 0 0 0 0
t B MKC 6,5 13 19,5 éG

TIpu Haxatuu kHonku A/D Test Bbi3biBaeTcs QYHKUMA bt_ad_ test_Click, KOTOpas McC-
nonb3yeT Te e camble MOANPOrpaMMbl, U pe3yabTaT 3aTeM obpabarbiBaercs rpaguue-
cku. Mudopmaumio ans rpaduyeckoro aHanusa Bbl Halaete B npumepe 16 (McnibiTaHHe
JAMCTaHUMOHHOTO YNpaBieHHs).

YKA3AHUE

Ecnu Bbl nnaHupyeTte cobcTeeHHble pa3paboTku unu xotute uameHuTb 310 MO AN cBomx
HYXA, TO, kak Tonbko 6yaete nogkniovate USB-apantep, Bbl kaxabii pa3 4OMKHbI NPUHN-
MaTb BO BHUMaHWe UCXOQHOE COCTOSIHWE (COCTOSHUA Ha BbIXOAE) €ro CUrHanbHbIX NUHUNA.
Yxe npu noAknioyeHun apgantepa MOryT BO3HWKHYTb KOH(NUKTHblE cuTyauuu. B pgaHHOM
cny4ae 310 umeno 6bl mecTo, ecnu 6b1 TpaH3ucTopbl T1 M T2 BbiNK OTKPLITLI OAHOBPEMEH-
HO, YTO MOFNO NPUBECTU K KOPOTKOMY 3aMbIKAHUIO HANPSKEHUA NUTAHUA!

Kpome Toro, sbl Mornu 661 Tak yckoputb Bawe MO, yto TpaHaucTopbl T1 1 T2 unnu aaxe Ha-
npsixenue nutanua USB Bawero komnbloTepa mornu 6bl BLIATY U3 CTPOS.

10.6. lo6aBOYHbLIN ONepaLUOHHbIA YCUNUTENb

OnepauuonHbiii ycunutenb (OY) — 3To HHTErpupoBaHHas cXeMa, COCTOSLLAs M3 TpaH-
3UCTOPOB W NpeacTaBasiowas coboit audpdepeHurHanbHbIH yCHIUTENb NOCTOAHHOTO TOKa
¢ 6onblIMM KOIPPHLUHEHTOM YCHIEHHS C IBYMS BXOAAMH W €OMUHCTBEHHbIM BbIXOJOM, H
KOTOpasi UMEET pa3fHuHble PeXXHUMbI paboTbl U cXeMbl BKkItoueHHs. Co cxemMoit BKatoye-
HUSA B KauecTBe KOMMapaTopa HanpsXeHHUs Bbl yXKe MO3HaKOMHUIIUCh.

Hcnonb3zyemas mukpocxema LM358 umeer nBa MHTErpHpOBaHHbIX OMEPALMOHHBIX YCH-
nutens. Bropo# no0aBouHbI ONEpaLMOHHBIA yCHAUTENb NPUMEHSETCS LIS YCHIEHHUS
BXOJHbIX cHrHaoB Ha Bxoze E1 u Ha Bbixone coeauHen co BxoaoM komnaparopa ALITI.

Jlanee npencrasneHbl TPH CXEMbl BIJIIOYEHHS ONMEPALIMOHHOTO YCHIMTENS MO CXeMe He-
MHBEPTHPYIOLLETO YCHIAMTENS, KOTOpble OyayT pacCMOTPEHbl C TOYKH 3pPEHHUs HACTpoek
noreHudomerpa Pl.
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1.

[NoteHunomerp Pl HaxoauTcs B KpaiiHEM BEpXHEM MO CXEME MONIOKEHHH
(puc. 10.10, cnesa). B 3tom cnyuae Bbixon OY coearHeH ¢ HHBEPTHPYIOLLUM BXOAOM
(cMm. puc. 10.10, cnpasa). KoadduumenT ycunenus cxembl ¢ OY paseH 1. BoixoaHoe
Hanpsxenue U, paBHO BXOHOMY HanpskeHHio U..

E1 r[O ¢dotoanoa/dotopesnctop (LDR)

PY Ue Ua

1

pi

Puc. 10.10

. [NoreHunomerp Pl Haxonutcs B cpeaHeM no cxeme nonoxeHuu (puc. 10.11, cnesa).

Ycunenue OV onpepensercs w3 Bbipaxenus: Uy/U. =1+ (R1/R2) (cm. puc. 10.11,
cnpasa). [Tockonbky R1 u R2 B cpenHeM nonoxxeHun oauMHakoBbl, TO kK03pdULHEHT
ycuneHus cxembl ¢ OY Oyaer paseH 2. Ecnu noreHuuomerp P1 Oyner Haxonutbes B
MHTEpPBA/IE OT KpaiHEro BEPXHEro MONOXKEHUS 10 CPEeAHEro, TO Ko pHUHEHT ycune-

-HHUS COCTaBUT 3HaueHus ot |1 no 2.

E1 dotoanoa/potopesunctop (LDR)

L
R . T

Ue |

J_ RZ

Ua

Puc. 10.11

IMorenunometp Pl HaxonuTcs B kpaliHEM HHWXKHEM Mo cxeme nonoxeHuu (puc. 10.12,
cnepa). KoadduuueHT ycunenus B aTom ciyuae Oyaer UMeTb oueHb 6onbluoe 3Have-
Hue (B Waeane oHO cuuTaeTcs GeckoHeuHo OonbliKuM), onpeaenstolleecss kodhpHLM-
eHToM ycuienus camoro OV (cm. puc. 10.12, cnpasa). Ecan noteHuHoMeTp ycTaHo-
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BMTb B MPOMEXYTOYHOE 3HAYEHHE OT CPENHEro N0 KpahHEro HUXKHEro Mo cxeme no-
NOXEHHS, TO KOIPDHLHEHT yCHNIEHHs NpH 3ToM Oyaer uaMeHsTbes oT 2 10 kodddu-
uMeHTa ycunenus camoro OVY.

N

doTtoanoa/doTopesnctop (LDR)

Ue ]

Puc. 10.12

[Ipu HacTpoiike Ballero yCHAUTENs Bbl AOJKHbI YYHTbIBATh, YTO MAaKCHMalbHOE Bbl-
xoaHoe HanpsbkeHre OV, npu paboueM nuTarolLeM HanpsHkeHWH paBHbIM 5 B, Oyner
HeMHOro meHblue 4 B.

10.7. U3mepeHne HanpsXXKeHUA BONIbTMETPOM
Ha aHanoroBom Bxoge E2

[Tpn nomowun npocroro ALIIT MoryT ObITb H3MEpPEHDBI aHANOrOBbIE HAMPSXKEHHS Ha BXOJE
E2. Ha nepBoM 3Tane 6bin npeaycMoTpeH ananasoH WaMepenus ot 0 no 2 B. [Iporpamm-
Hoe obecneyeHHe Ans 3TOro npvMepa npeaHa3HauyeHo ANs Auana3oHa u3MepeHus ot 0
1o 4 B, koropoe otobpaxaercs c warom 0,1 B.

[Tpombiunenubie ALIIT uMetoT 06b14HO OYEHb TOUHBIA HCTOYHHK ONOPHOrO HarnpsHKEHUs
1 onopHble eMkocTH. CamoctosTenbHo cobpaHHblidi AL nuweH 3THx npeuMyLuecTs.
KpyTH3Ha nuHeiHO Bo3pacTatoleii kpHBOH Ha OCHOBaHHWW NOMYCKOB MHKpocxem Oyner
pa3NM4YHOM, MO3TOMY M pe3yNbTaTbl K3MEPEHHH MOTYT ObITb HETOUHBIMH.

KanubpoBka BonbTMeTpa

Jins kanMOpoBKH BONBTMETPAa MOXKHO BOCMOAb30BAaTbCA CXEMOM, NpeacTaBAeHHON Ha
puc. 10.13. B Heit BMecTe ¢ pe3ncTtopoM R1, noakntoueHHbIM MeXAy HanpsKEHHEM MH-
TaHus +5 B 1 Bxonom E1, ucnonb3yercs nononHUTeENbHbIH PE3UCTOP TOUYHO C TaAKHM KE
HoMuHanioM 100 kOM 1 moakntoyeHHbIH Mexay Bxoaom E1 W oOwum BbIBOAOM HCTOU-
Huka nutaHus — "3emneit” (GND). B atom cnyuae HanpsibkeHWe nuTaHus B Touke El
Oyner nenuTbes Ha 2.

Orcoeannure USB-anantep oT koMnbioTepa M NOAKIIOYMTE K HEMY NOMOJIHHUTENBHYIO
nnaty. YcraHoBurte pesuctop ¢ conporusneddem 100 kOM mexay BbiBoaom 9 (El) u
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BbIBOAOM 4 (GND) 20-koHTakTHO# naHenbku (puc. 10.14). C noMolublo NMpOBOJIOUHOI
nepembiuku coeanHuTe Boieog 7 (E2) ¢ BbiBogpom 10 (+5 B). BeraBbTe nepembiuky JPI.
YcranoBute noteHuromerp Pl B nonoxenue, coorserctaytoliee koabbHUHEHTY ycHne-
HUA ycunuTens, pasHoro | (cm. puc. 10.10).

ASV
R Yeunutenob
100k
= —
% . K AUN
¢ 100k LM358N
g
o

HacTpanBaemoe ycwneHue

BbiBOA, 4 Ha 20-KOHTaKTHOW
naHenbke AONONHUTENbHOW

|_-.-_

GND nnamst GND
Pwuc. 10.13
i Pi
s |
JPi
100K
Puc. 10.14

[Monkniounte nononHuTensHyto nnaty smecte ¢ USB-anantepom Kk BalleMy KOMMblOTe-
py. BxonHoe HanpsbkeHue, noctynatouiee Ha AL, nonxkHo ObITb paBHO NONOBHHE Ha-
npsbxeHus nutaHus USB (2,5 B) npu cooTBeTcTByloLlEel npeaBapUTENbHOI HacTpoiike
NOTEHUHOMETPA.

3anyctute mporpammy beispiel Multimeter.exe, pacnonoxeHHyl0 Ha KOMNaKT-OUCKe
B katanore Bsp_Multimeter. [anee, ans BbinonHeHus nepuonuqecxoro M3MEpeHHs Ha-
KMHUTE KHOMKy Multimeter starten.

BbieeneHHOe 3HaueHHe B JIEBOM HHXKHEM Yriy JIHAIOrOBOrO OKHa MpOrpaMMbl Mnoj
Haanucbio Zihler AD Wandler (cuetunk ALIIT) npeacraenser co6oii cocTosiHHe cueT-
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4HKa, COOTBETCTBYIOLLEE HamnpshkeHuto okono 2,5 B (puc. 10.15). B nanHoM cnyuae co-
CTOsIHHE cueTuuka konebnercs Mexay 594 u 604. B kauecTBe cpeqHero 3Hau€HHUs BHO-
curcst 600. ITo cpeaHee 3HaueHHe BMECTE CO 3HadeHHeM 2,5 B Bxoaut B cneayouuyto
dopmyny ans pacyera npeobpasoBaHus:

U = cocTosiHWe cueT4HKa x 2,5/cpenHee 3HaUYeHHe.

Bsp Multimeter Gerdt | {FT232R USB UART

¢ {BitBang aktiviersn

: iRaudRate betragt 76800

i {BitBang Mode ekliviert

: 1A/D Daten werden periodisch gelesen

Hetivde [eow 3] Bulewits [ii 3]

tesczpkluz ca .Bpz Autzcichnungsdaucr ca.: 833 ps Multimeter
e e
Abgleicher; i ~ Stoppen
Zshler AD Wandier Zéhlesstand bei 2 5Vol - :
594 |600 E,S Vv I
Puc. 10.15

INocne kanMGpoBKkH BONbTMETPA HAAO YAANHTb JOMONHUTENbBHbII PE3UCTOP CONPOTHBIE-
HueM 100 kOM u, pasymeeTrcs, Talkoke NPOBOJIOYHYIO MEPEMBIUKY, €CJIH Bbl XOTHTE H3Me-
puTb HanpsbkeHWe Ha Bxoae E2.

[Tpu u3mepenun BxoaHoro HanpsbkeHus U, noteHuromerp Pl nomkeH ObiTh ycTaHOBNEH
B MOJIOXKEHHE, aHAIOTHYHOE MOJNOXKEHHIO NpH KanuOpoBke BosibTMeTpa. Jng nutanus OY
nomkHa 6biTh BcTaBneHa nepeMbiuka JP1. Cxema noaxitoueHus Ans U3MEpeHHs Hamnps-
JKEHHA BBIMIAAMT TaK, Kak nokasaHo Ha puc. 10.16.

OKCNEepUMEHTBbI NMOKa3anH, HTO Jy4llHe 3HaYEHHS CKOPOCTH nepenaud B 6oaax ans cra-
OMNbHBIX pe3yNbTaTOB M3MEPEHHA nexar B HHTepBane Mmexay 38400 u 76800 6oa.
VYmeHblueHHe pa3mepa O6ydepa cokpallaeT NpoAO/HKMTENBHOCTb U3MEPEHHS M CyXaeT
IuanasoH u3mepeHus. U3meHenune ckopoctu ¢ 76 800 no 38400 6oa nenut nononam Kak
pa3pelleHHe, TaKk MU 3HAYEHHWE HanpsHKEHHs NMPH MHAMKAUMK (YTO He ObiNo MpHHATO
BO BHMMaHHE B NPOrpaMMHOM OOECTNeUYEHHH), a TaloKe pacLIMpsSeT BABOE AMANa3’oH M3-
MEpEHHS.

B noka3aHusx cueTudMka MpH NpeBbILUEHHH AHana3oHa U3MEPEHHS YKe NMPH BXOLHOM
HanpsbkeHud 2,5 B Bbl yBuauTE 3Haku ">>>". B 3TOM cnydae Bbl MOXETE YMEHbLIMTb
BXOJHOE HanpsbkeHHe U CKOPOCTb nepeaadd B 60aax, a Takoke yBeNHUYHTbL pasmep Oyde-
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JEEEE: ]

Puc. 10.16

pa. bnaronaps 3THM MepaMm uacTtoTa BHIGOpPKM corjlacyercs C JIWHEHHO BO3pacTaloLUKUM
3TJOHHBIM HaNpsXKEHHEM Ha BXOJi€ KOMMaparopa.

[MonpoOyiiTe no3kcnepMMeHTHPOBaTh C pa3fiMuHbIMH Bo3MOXkHOCTAMM! Ecni y Bac ectb
nasJIbHUK, TO Bbl MOXKETE TaK)KE M3MEHHTb EMKOCTb KOHAeHcaTtopa C4 Ha NOMOMHHUTENb-
HOM nnare ¥ BMECTE C Heil KpyTH3HY JIMHEHHO BO3pacTaloLLEro HanpskeHHs.

B kauecTBe abTepHaTHBbI MOXCHO TalOKE 3aMEHMTb COMpPOTHBIIEHHE pe3ucTopa R2, noa-
KJtodeHHoro k 6a3e Tpansuctopa T1, NOTEHLMOMETPOM C U3MEHSIOLLMMCS CONMpPOTHBIIE-
Huem ot 0 no 200 kOM, 4yTOObI MOBLICHTb HWIIM YMEHBLUMTb KPYTH3HY JIMHEHHO BO3pac-
TalOLLETO 3TAIOHHOrO HaMpsHKEHHUA.

Ycunutens
R1
100k E1 . ‘|
WITHPLAOBLAA BLIBOR 7 [ S——
’1_”—
K AUN
Lm358N
HaCTpa-|aemoe
ycvnerare uJ
GND GND
Puc. 10.17

Kak yxe roopunocek, npu 6onblinx ckopocTax nepenaud (B 6oa) o6bI4HO nosyqaroT
6onee crabunbHble pe3ysbTaThbl, YeM NMPH HE3HAYUTENIbHBIX CKOPOCTAX.

[ToaToMy nyulle U3MEHATb KPYTH3HY JIMHEHHO BO3pacTaloLIEero 3TAIOHHOrO HanpsXeHus
npY NMOMOLUM HU3MEHEHHS COMPOTHBIEHUs pe3ucTopa R2 W emkocTH koHaeHcartopa C4
AN HYXCHOrO AMana3oHa U3MepeHHs.



128 aea 10

KoneuHo, Bbl Takke MOXeTe yBENHUHTb KOIDOULMEHT YCHIEHHS YCHIIUTENS NPH NOMO-
iy noteHuromerpa P1 1o Tex nop, noka npuaoxkeHHOe BXOAHOE HanpskeHHe He Oyner
COOTBETCTBOBaTb MokasaHuio. HeoGxoanmbl niniub HeGonbluMe W3MEHEHHUs B npeablay-
wem npumepe ¢ ALI. '

10.8. TecTep GaTapeek NUTaHUA

EmkocTts 6atapeek nutaHus THna AA unu AAA ¢ HOMHUHaIbLHBIM HanpsbkeHuem 1,5 B
MOX(HO OLIEHMTb ¢ nomoulbio Toka 50 u 150 MA B Harpy3ke. Ecnu HanpsbkeHde noa Ha-
rpy3koii nagaer 1o 3HaueHus Hwxke 0,8 B, To 6arapes cuuraercs HeroaHoii. Ecnu xe Ha-
npsokenue Oyner or 0,9 no 1,2 B — 6Garapes cnabas, a Bbiwe 1,2 B — Garapes Bce elue
XopoLuas.

Hcnbitaiite 6arapeiiky THna AA npy NOMOLUK NPOrpaMMbl BOJILTMETPA K3 MPEAbIAYLIErO
npuMepa. Harpy3ouHoe conpoTHBiaeHHe pacCuuTbiBaeTcs no popmye:

1,5 B/0,05 A =30 Om.

Takum oOpa3oM, B kauecTBe Harpy3kd MOXKET NOAOHTH PE3UCTOP CO CTaHAAPTHLIM COMNPO-
THUBneHueM 27 OM (puc. 10.18).

[pu n3mepennn BxonHoro HanpsbkeHus U, yctaHoBute noteHpuomerp P1 B nonoxenwue,
‘COOTBETCTBYIOLIEE EAMHHYHOMY YCHJIEHHIO Ans ycunuTens. Jnsa nutanus OY nepembly-
ka JP1 nomxHa 6bITh 00s3aTeNnbHO BeTaBneHa. Pesuctop ¢ conpotuBnenuem 27 Om noa-
KJIIOYaeTCs Ha JOMOJIHUTENbHOMH Mnarte napaniensHo Bxoay Mexay BeiBogamu 4 (GND) u
7 (E2) 20-koHTakTHOI naHenbku (puc. 10.18).

P1

Puc. 10.18
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U3mepeHue Temnepartypbl
npyv NOMoOLU TepMope3ncTopa
c otpuuaTtenbHbiMm TKC

B stom npumepe Bbl y3HaeTe, kak Hcnonb3oBaTb ALIIT ¢ pe3HCTHBHBIM JaTHYHKOM,
umetowum orpuuarensHblii TKC (TemneparypHblit KO3 GHUHEHT CONPOTHBIEHHS), ANs
M3MEepEeHHs Temneparypsbl B AvanasoHe npumepHo ot —20 °C no 40 °C.

Pe3uctopel ¢ orpuuarensibiM TKC (NTC-resistor — Negative Temperature Coefficient
resistor) — 3TO NONYNpPOBOAHHKOBbIE TEPMOPE3IUCTOPLI C COMPOTHBIEHHEM, 3aBUCHMbIM
ot Temneparypsl. Jlatunku ¢ orpuuarenbibiM TKC yacTo npuMeHstoTcs B Temneparyp-
HbIX MEpeKIoYaTeNAX, PEryasTopax H, KOHEYHO JKE, HCMONb3YIOTCSA A1 U3MEPEHHS TEM-
neparypbl. '

Pesucropsl ¢ otpuuarensHbiM TKC yMeHbIIAIOT 3HaU€HHE CBOETO COMPOTHBIIEHHS MNpH
noBbILIEHWH TemnepaTypbl. [IpH CHWXKEHHH TEMNepaTypbl 3HaAYEHHE COMPOTHBIIEHHS MO-
sbiiaercs. MHaue roeops, peaucropsl ¢ orpuuarensHbiM TKC npu BbicOkMX Temnepary-
pax MpOBOASAT TOK Jlyullue, YeM NpH HU3KHX. Cneayer 3aMeTHTb, YTO 3aBUCHMOCTb COMNpo-
THBJIEHHS NOJIyNPOBOAHWKOBOrO JaTYMKa OT TEMNEPATYPbl HEIHHEHaS.

Hekoropble 3HaueHHst COMPOTHBIEHHS S5-KWIOOMHOrO TEPMOPE3UCTOpPA C OTpHULATESb-
HeiM TKC B 3aBucuMocTH oT Temneparypbl B rpaaycax Llenbcus npencraBneHbl B
Taba. 11.1.

Ta6bnuuya 11.1

TemnepaTtypa, °C -50 0 25 70
ConpotuBnenue, Om 100000 10000 5000 1000

HomuHanbHoe conpoTusieHue TepMmopesncropa ¢ orpuuarensHbiMm TKC, kak npasuio,
ykasbiBaeTcs ans remneparypbl 20 unu 25 °C.

HomuHanbHOe conporusneHne TepmopesncTopa Rys (06biuHo B OmMax npu Temneparype
25 °C) B npencraBneHHoM paHee npumepe (cM. Tabn. 11.1) cocrasnser 5 kOm. Ha pbike
3TOT TepMoOpe3ucTop npeanaraercs nold HaumeHoBaHuem NTC-5K. O6uyto dopmyny
3aBHCMMOCTH COMPOTHBJIEHHS OT TEMNEPATYpbl A TEPMOPE3UCTOPA C OTPHLATENbHBIM
TKC MOXHO NpeacTaBUTh CleayoLWM 00pa3om:

5 3ak. 910
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rae Rr— 310 conporuBneHue Tepmopesuctopa B Omax npu aaHHoi Ttemnepartype T;
B — ko3ddHuMeHT, KOoTopblii onpenenseTcs MaTepHAIOM TEPMOPE3UCTOPA, XapaKTepH-
3yeT X0/ KpPHBOI 3aBUCUMOCTH COMPOTHBJIEHUS OT TEMMNEPATypbl U MOCTOSHEH 11 AaH-
HOro 3K3eMIuIspa TepMope3ucTopa (YKa3biBa€TCs B MaCNOPTHBIX JAHHbIX).

Hnsa tepmopesncropa 4.7K-NTC 3HaueHHe HOMHHaNbHOro conpoTtHuBieHus R,s cocras-
nsiet 4472 Om, ko3ddbuuuent B pased 3977. B ucxonHoM koae nporpaMmesl, NpH HeoO-
XOIHMMOCTH, 3TH 3HAYEHUS Bbl MOXKETE MOMEHSATb.

Buibop TepmopesucTopa ¢ otpuuarensHbiM TKC ocyluecTBasioT B 3aBUCHMOCTH OT Tpe-
OyeMoili TemnepaTypbl WK CONMPOTHBIEHHA, TOYHOCTH U3MEPEHHS, HKETAEMOro BPEMEHH
cpabarbiBaHWs W HY>KHOTO pa3Mepa.

MHorue npousBoauTENN B CBOMX TEXHMYECKHX Macnoprax A TEPMOPE3UCTOPOB C OT-
puuarenbHbiM TKC yka3biBaloT HEMHOro apyrue ¢opmynbl U TabnHLbl, MPH MOMOLLH
KOTOPbIX MOXXHO 3HAYHUTENbHO YNYULUIUTb TOYHOCTb H3MEPEHHH, a TaKXKe Janee MaTeMa-
THYECKH JIMHEapH30BaTh UX TEMNEPATYPHYIO XapaKTEPUCTHKY.

Kpome Toro, cnenyer ynenutb HekoTopoe BHUMaHHe BbiGopy ALIIT: uem TouHee nOMKHO
ObITb M3MEpeHHe TeMnepaTypbl MPH NOMOLUM TepMope3ucTopa ¢ oTpyuarenbHbiM TKC,
TeM Jyuilie JO/MMKHbI ObiTh paspetuarowas cnocobHocts ALIT U Heo6xoanMble maTeMa-
THYeCckHe BblunciaeHus. Ha npuMepe BonbTMETpa Bbl BUAENH, YTO HeoOxoauMas paspe-
watowas cnocobHocTb B Auana3oHe usMepeHus ot 0 1o 4 B nerko mocturaercs ¢ nomo-
weto nocratoyHo npocroro AL ¢ 64 ypoBHAMH KBaHTOBaHHS.

Tepmopesuctop ¢ orpuuarensHbiM TKC 0aHHM KOHTAKTOM MOAKIIIOYAETCS HEMOCPENCT-
BEHHO K HaNpsHKEHWIO MUTaHWs, APYrOoH KOHTAKT Yepe3 PE3UCTOpP C COMPOTHBIEHHEM
1 kOm coeaunnsercsa ¢ "zemneii” (GND). Bo3zmoxnas obnactb usmepenus ot —20 °C no
40 °C TpebyeTt nByKpaTHOro ycuieHus. be3 ucnonb3oBaHus ycuiaeHus 1Mana3oH uU3Mepe-
Hus Oyaer Gonblue, HO MpH 3TOM Xyxe paspeLiatolnas crnocobHoctb. TepmopesucTop ¢
orpuuarenbHbiM TKC co3paer Ha pesucrope ¢ conporusaeHreM 1 kOM HekoTopoe nane-
HHUE HanNpsHKEHHWs, KOTOPOE MOCJE M3MEPEHHS MPOrpaMMHO MEPECUHTHIBAETCA B COMpPO-
THBJIEHHE TEPMOPE3UCTOpPA, a 3aTeM Mo oblier ¢popMyne A TEPMOPE3UCTOPOB BbIUKC-
JSieTCA ¥ Temnepartypa.

[IporpammHoe obecneyeHne AN BOALTMETPA MPH M3MEPEHHH TEMMEPaTypbl AOKHO
ObITb HEMHOIO NOAKOPPEKTHPOBAHO.

11.1. Noakno4yeHne TepmopesncTopa
u 3anyck MO ana uamepeHma TemnepaTypbl
TepmopesucTop ¢ orpuuarenbHbiM TKC pomkeH noakntovarscs k Bxoay El Ha ponon-

HuTenbHOI nnate. CHayasia oTrcoeanHUTe OT koMnbtotepa USB-anantep u oTkntounrte or
HEro JOMNOJIHUTENbHYIO MaTy.
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INpucoenunuTe oauH BbiBOA TepMopesucTopa ¢ orpuuatenshbiM TKC k Bxoay El (BbI-
804 9) Ha 20-KOHTaKTHOMH NMaHeJibke AONOJHUTENbHOH mnarthl (puc. 11.1), a apyroii k Ha-
npsbkeHdto nutanus +5 B (BeiBog 10). Peauctop ¢ conporuBnenueM 1 kOM nogitoyaroT
ko Bropomy Bxoay E1 (BbiBoa 8) u k "3emne" (BoiBoa 4, GND) nononH1tenbHoii nnarsi.

1R
5V
Do
D1
D2
1 n D3
D4
]
D6

Puc. 11.1

Bcrasbre nepembiuky JP1. YcraHoBuTe noreHudometp Pl B cpeanee nonoxenue. Co-
eauHuTe nononHurensHyto muary ¢ USB-anantepom M Tonbko-nocne 3Toro CHOBa noj-
knounte USB-ananrtep k komnbroTepy.

Jna u3MepeHus TemnepaTypul 3anycTtute nporpamMmy Temperatur.exe (puc. 11.2), koto-
py!O Bbl MOXKeTe HalTH Ha MpHiaraeMoM KOMMNakT-aucke B karanore \Beispielprogramme\
Bsp_14. INockonbky IO BonbTMETpa HCMONbL3YETCA B KAUYECTBE OCHOBbLI, TO HEOOXOAUMO

: | BitBang aktivieren

: |BaudRate betragt 76800

: | BitBang Mode akliviert

i*| Daten werden periodisch gelesen

Stoppen

RNTC Temp

2{°C

Puc. 11.2



132 Maea 11

CKOppEKTHpPOBaTh BOJbTMETP, Kak B MpeablayLlemM npumMepe Ha 2,5 B, u BBecTH cooTseT-
CTBYIOLIIEE 3HAUEHHE [U1S CUETUHKA.

[leproanueckre H3MepeHUss HAYMHAIOTCA Nociie HaxxaThs kHonku Messung starten (Ha-
yaTh U3MepeHus). Korna usmepenus OyayT 3aBeplueHbl, MOXKHO OCTAHOBHUTb BbIMOJIHE-
HUe nporpaMMsl, HaxkaB kHonky Messung Stoppen (OCTaHOBUTb U3MEpPEHHS).

B onpeneneHHbli MOMEHT BpEMEHH Ha OCHOBaHWH 3HaueHus cueTunka ALIT Bbluncnser-
cs 1 oTobpaxcaeTcs 3HaueHHe conpoTusiieHus TepMmopesuctopa (R NTC). Ucnonbsys 3to
3HaueHue 1 obutyto popmyny ans TepmopesucTopos ¢ orpuuarenbHeiM TKC, paccunTbl-
BaeTcs M oToOpa)kaeTcs M3MepeHHas Tekyluas Temneparypa. 3HaueHus koddduumenra B
M HOMHMHAIbHOIO COMPOTHBIIEHHS TepMope3ucTopa Rjs Bbl MOXKETE M3MEHHTb B UCXOA-
HOM KOJie NPOrpaMMmbl.

YKA3AHME

Camo cobov pasymeeTcs, Bbl MOXETE U3MEHUTb OTOBpaxaemoe 3HadYeHue Tekyllen Temne-
paTypbl U NpYM NOMOLLM NOTEHUMOMETPA, HO BMECTe C TEM TaKkKe NMOMEHAETCA U NUHEN-
HOCTb. '

11.2. UcxopHbIW KOAQ NporpaMmmsbl
ANA N3MepeHns TemnepaTypbl

HcxoaHblii koa nporpamMel HaxoauTes B ¢aiine Bsp.VBP Ha komnakT-aucke B kaTajiore
\Beispielprogramme\Bsp_14. [lo cpaBHeHHio ¢ nporpammoi BojbTMETpa B KOHLE NoA-
nporpammsl Taiimepa 2 6b11M NpoBeaEHb! JIWLLb HEGObLUKE NOMOIHEHHUS, KOTOpbIE aaliee
npuseaeHbl B 1UCTHHre | 1.1.

Private Sub Timer2 Timer ()

' Timer2-nporpamMa OONMCaHa CJEOYIWMM KOIOM,

' uTOOH ONpPEeneNMTh COMNPOTMBIIEHME TEPMOPE3UCTOpa M TEKYIUYl TeMriepaTypy
Dim U_mess_1000 As Single

Dim R_NTC As Single

' IOBOVHOE ycuiehue!

U mess 1000 = (il - 2.5 / Val(Me.lb 2 5 Volt.Text)) / 2

' conporuBnenne = 1000 OM, Hanpsxenue U mess 1000

' U_mess_1000/1000 = U_NTC/R_NTC

' UNTC = 5 B — U_mess_1000

' R_NTC = U NTC/U _mess_1000 - 10000 =

' R NTC = (5B-U_mess_1000) /U mess_1000 - 1000

R _NTC = 1000 - (5 — U mess_1000) / U_mess_1000

' BBEIBOI MOKA3aHUN COMNPOTUBJIEHUS TEPMOPE3UCTOpa B KUJIOOMAaX
Me.lb R NTC.Caption = Format (R_NTC / 1000, "0.0") & " K"
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' rabmuua B u R25 3HaueHuit
' BHUUCJIEHME M BHBOJL TEKylUEeNl TemrepaTypsl
Me.lb_temp.Caption = _
Format (1 / (Log(R_NTC /.4472) / 3977 + 1 / 298) — 273, «0») & «°C»
CloseHandle:
If FT_Close(lngHandle) <> FT_OK Then
LoggerList.AddItem "Fehler bei Aufruf: FT Close"
Exit Sub
Else
End If

End Sub

CosmecTHO ¢ MukpocxeMoi FT232R B kauecTBe ajibTepHaTHBbI PaCCMOTPEHHOrO 34€Ch
Tepmope3uctopa ¢ orpuuarenbHom TKC Bmecte ¢ npoctbiM AL BbI MOXKETE Henonb3o-
BATh FOTOBbIE MUKPOCXEMbI TEPMOMETPA C BBICOKOH TOYHOCTbIO W MHTepdeiicom I°C (Ha-
npumep, DS1820 unu LM75).
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FeHepupoBaHMe CUrHanoB
pa3NUuHbIX 4YacTOT U UX NPUMEHEeHue

[Tpn nomown mukpocxembl FT232R M0OXHO reHepHpoBaTb CHIHaIbl pa3iM4YHOM 4YacTo-
Tbl. TakHe cHrHanbl OYeHb XOpOLIO MOAXOAAT A1 CHHXPOHHM3ALHHM PpasiHYHbIX YCT-
poiCTB M 3a7a4 ynpasjeHHs.

12.1. TeHepaToOp YacToT
ANs nocneaoBaTeNnbHOro nHTepdgenca

C 3TMM NpHMEHEeHHeM reHepaTopa Bbl Y)Xke NO3HaKOMHIIHCH B 21age 6. B aTom ciyuae Bbl
MOYTH Bceraa Ces3aHbl ¢ MUIHcekyHaHsiM USB-kanpom, kpoMe Toro, onpeaeneHHyo
poJib urpaet U GbicTponeiicTBHE KOMMbIOTEpa. UeM MeHble YacToTa, TEM TOYHEE MOXKHO
chopMHpOBaTh HEOOXOAUMYIO XapaKTEPHUCTHKY CHTHAJIOB.

12.2. leHepaTOp 4aCTOT C UCNONMb3OBaHUEM
pexuma Bit Bang

B pexume Bit Bang mMoxxHO reHepupoBaTh Gonee BbicokHe 4dacTtoTbl. Bydep ureHus
BbIa€TCA Ha CUTHAIbHBIE IMHUH C YacTOTO#, KpaTHOH 16, onpeaenseMoii 3anaHHoOH cko-
pocTbio nepenaud B 6oaax. Ilpu HacTpoeHHoii ckopocTH 9600 6oa TakToBas yacToTa
cocraBnser 153600 'y, a cocTosHHe CHrHaNa MOXeT MeHATbca Kaxable 6,5 mkc. Tlpu-
MEHEHHE reHepaTopa M3-3a MaKCHUMalbHOW CKOpOCTH nepenau aaHHeix no USB B pe-
xume nonHol ckopoctH (Full-Speed) Ha ypoeHe 64 Gaiita/kanp Ans npUaoKeHHH peab-
HOroO BPEMEHH OrpaHHuYEHO.

Jlpyrue npumepbl HCMONIb30BaHHS NEHEPaTOpPOB TAKTOBbIX CHIFHANIOB Bbl Haiinere B 2na-
6e 13 na sMynsUMKM nocnenoBatenbHoro untepdeiica I°C u B 21ase 16, rae ropopurcs
06 uccnenoBaHUH LHQPOBBIX CXEM.

Kpome Toro, cnenyer ynomsaHyTb UM(pOBbIE CUETUHKH, NPOrpaMMHPOBAHHE 3anoOMH-
HalOLLMX YCTPOICTB, a TaKOKe YNpaBieHHE Nbe30ABHraTENAMH.

Ha puc. 12.1 nokazaHo, HackOnbKO MpOcTO GOPMHUPYIOTCA CHIHAJIbI Pa3NHYHBIX YacTOT
Ha BbIXOAHBIX NHUHUAX D0—D7 B 8-pa3psaHom NBOHYHOM CHETUHKE.
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D4
D5

D7
Puc. 121

3anycrute nporpammy Bsp_Frequengenerator.exe, koropas HaXOAMTCS Ha NPHIAraeMoM
K KHUre KomnakT-aucke B karanore \Beispielprogramme\Bsp_15\Bsp_Frequenzgenerator.

ITocne Haxxatus kHonku START (puc. 12.2) Bbl 6e3 ocunnnorpada HUuero coOGCTBEHHO He
yeuaure. Ha caMoM ke fene Ha curHanbHbiX aunHusax ¢ DO go D7 O6ynyt dopmupoBaTbes
CHTHabl, KOTOpbIE MPUBEAEHbI Ha pHc. 12.1.

Bsp. 8 Bit Frequenzgenerator Gerat: §ﬁ232F| usB UABT

. 1Anzahl vorhandener USB Gerite: 1
asynchrones BitBang aktivieren
BaudRate betragt 19200
asynchrones BitBang Mode aktiviert
Frequenzgenerator gestartet
256 Byte geschiieben
£ -beendet-14:23:29

Baudrate: !19200 ‘*3 BuffergroBe: [258 .

Bitlinge ca. Aulzeichnungsdauer ca.:

Puc. 12.2

[‘eHepaTop 4yacTOTbl MOXXHO JOBOJILHO MPOCTO peanu3oBaTb Ha MUKpocxeme FT232R,
paboTaroLLeii B acCHHXpOHHOM pexkuMe nepenaqu Bit Bang (nuctunr 12.1).

Private Sub bt freq Click () '
' BKJIOWMTH ACMHXPOHHEIT pexamM Bit Bang

' C BHOOPOM CKOPOCTM nepenaun B Oonax!

Call bt BitBangAn
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' HanosHuTb Oydep BHOpaHHeMM OaiTam oT 0-255
strWriteBuffer = ""
For i1% = 1 To Val(lb bsize.Text) / 256
For ib% = 0 To 255
striWWriteBuffer = strWriteBuffer & Chrs$(ib)
Next ib
Next il
LoggerList.AddItem "Frequenzgenerator gestartet"
' ¥ BamMcaTb B aCMHXPOHHOM pexymMe Bit Bang
If FT Write(lngHandle, strWriteBuffer, Len(strWriteBuffer), _
IngBytesWritten) <> FT_OK
Then
LoggerList.AddItem "Write Failed"
GoTo CloseHandle
Else
LoggerList.AddItem Len(strWriteBuffer) & " Byte geschrieben"
End If
CloseHandle:
If FT Close(lngHandle) <> FT OK Then
LoggerList.AddItem "Fehler bei Aufruf: FT Close"
Exit Sub
Else
LoggerList.AddItem "-beendet-" & Time()
End If
End Sub.

HcxonHblii kon 9Toi nmporpaMmbl Bbl Takoke Hadiaere B karanore \Beispielprogramme\
Bsp_15\Bsp_Frequenzgenerator. B 3ToM npuMepe HCnonb3yeTcs aCHHXPOHHbIH peXHM
Bit Bang. Bydep 3anucu 3anonHsercs, npexae Bcero, nokasaHusamu cueturka 0 no 256,
npouecc NpH HEOGXONMMOCTH TIOBTOPAETCS HECKONbKO pas, eCH 3alaHHbIi pa3mep Gy-
¢depa cocrasnser 512 wnu 1024 6aiito. Ina 3anucu 6ydepa npumensiercs (yHkums
FT Write.

12.3. UndpoaHanoroBbin npeobpasoBartesib
c LWnm

LIHUM (WWpOTHO-UMIMYJbCHAs MOAYASAUMSA) Ha3biBAIOT MONYJIALMIO CUrHana mnpsamo-
yronbHo# GopMbl Npy NocTosiHHOM vacTtoTe (puc. 12.3).

[1Ipu nocTosiHHOIA yacToTe (B naHHOM ciyyae uactora f =50 I'u, yTo cooTBeTcTBYET ne-
puoay curHana T =20 MC) U3MeHseTCS OTHOLUEHHE BPEMEHH BK/IIOYEHWS KO BPEMEHH
BbiktOYeHHs. Ecnu Bpems ¢ 6k Takoe e Mo BenHuHHe, KaK U ¢ @blKn, TO Ko3ghduyuenm
3anonaxeHus' chOpMHpOBaHHOrO curHana cocrasnser 50 %, a cpenHee NOCTOAHHOE Ha-

' Creancnocms umnynscoé — 3To OTHOLIEHUE NEPHOA CNENOBAHHMS UMY bCOB T K AMTENLHOCTH UMY b
ca t,. Bennuuna, o6paTHas CKBa)XHOCTH M 4acTO MCMO/b3yeMas B aHITION3bIMHOM MTEpaType. Ha3biBaETCH
K03(hhuyuenmom 3anonrenus usnyaocos. — Peo.
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5 B (koacpdmumeHT 3anonHeHus 25%)

0B
5 B (koacduumenT 3anonHenus 75%)
0B

t BN t BbiKN

20mc |

Puc. 12.3

npsbkeHue OyneT paBHO MONIOBHHE NMPUIMKEHHOro HanpsbkeHus. Ecnu koadduuuenT 3a-
NOJIHEHUs MeHbLLE, KaK 3TO MOKa3aHO Ha BepXHei BpeMEeHHO# fuarpamme Ha puc. 6.9, To
W cpefHee 3HaueHHe HanpsbKeHWs BbIXOAHbIX curHanoB 11IMM toxe menblue. Ecnu e
k03¢ dULHMEHT 3anonHeHus Oonbile, Kak 3TO NOKa3aHO Ha HHXXHEH BpeMEeHHOMH auarpam-
Me, TO cpelHee 3Ha4Y€HHWE HaMNpsHKEHWS BbIXOAHBIX CHrHaJOB OYyIeT COOTBETCTBEHHO
Oonblue.

B kauecTBe criaxuBatolueii HHTErpUPYIOLLEH Leny ANs BbIXoaHoro Hanpsbkenus LLHIUM
MOXET NpUMeHATbcs oOblyHass RC-uenovka, MpH yCIOBHH, YTO MNOCTOSIHHAs BPEMEHH
T=R - C 3toii uenu 6yaer 6onblue JIUTENILHOCTH HMIYJIbCA.

Ilpn nocTaToO4HO BLICOKOH TAaKTOBOW YacTOTE C MOMOLUBIO MpaBHAbHO BbiOpaHHOH RC-
LieNH MOXXHO MOJYYHTh NMOCTOSIHHOE HanpshkeHHe, KoTopoe OyneT COOTBETCTBOBATb KO-
3¢ puurenty 3anonHenus. Tak, npu koadpduumnente 3anonHerus 50 % nocrosHHOE Ha-
npsbkeHye OyaeT paBHO NMoNoBHHE nuTatowero Hanpsbkeduss USB, T. e. okono 2,5 B.

LLIMM-curHansl MoryT GbiTb JOCTATOMHO JIETKO MPOrpaMMHO CreHEepHpOBaHbl ANl MHK-
pocxembl FT232R B pexxume Bit Bang. McxonHbiii koa nporpaMmbl (TMCTHHT 12.2) Bbl
Haiinete Ha KomnakT-aucke B katanore \Beispielprogramme\Bsp_15\Bsp_DAWandler.

Private Sub bt da test Click()
' BIOWMTHL pexym Bit Bang C 3amaHHOM CKOPOCTHIO Meperaun
' YCTAHOBUTBb HYXHYIO CUMTHAJIbLHYIO JIMHMIO B KauecTBe BexXoma (TxD)
intMask = &HO Or 2 ~ PWMAusgang
Call bt BitBangAn
' zanonuuTe Oydep, 128 OGaitror mns UMM
Dim ipwm As Integer
stxWriteBuffer = ""
For il$ = 1 To Val(lb bsize.Text) / 128
' cHauvana BeHCOkuMit (High)
For ipwm = 0 To Me.HScroll PWM.Value
strWriteBuffer = strWriteBuffer & Chr$(&HO Or 2 ~ PWMAusgang)
Next ipwm
' 3aTreM Hu3m (low)
For ipwm = Me.HScroll PWM.Value To Me.HScroll PWM.Max
strWriteBuffer = strWriteBuffer & Chr$ (&HO)
Next ipwm
Next il
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strBeschreibung = Trim(Me.DeviceName.Text) & Chr (0)

If FT OpenEx (strBeschreibung, FT_OPEN_BY DESCRIPTION, lngHandle)
<>

FT_OK

Then
LoggerList.AddItem "Fehler bei Aufruf: FT_OpenEx"
Exit Sub

End If

' B IMKJIE YIUMHMUTB MHTepBall

For ipwm =-1 To 10
SendRead FTDI_Bytes
Next ipwm
CloseHandle:
If FT_Close(lngHandle) <> FT_OK Then
LoggerList.AddItem "Fehler bei Aufruf: FT Close"
Exit Sub
Else
LoggerList.AddItem "-beendet-"
End If
End Sub

HOna renepuposanus LLIMM-curHana c kosdduuueHtom 3anonHeHus 50 %, nepsble
64 6uta nOMKHBLI (OPMHPOBATL CHrHAJ OAHOrO JIOTHYECKOrO YPOBHS, a CleayloLlHe
64 6ura — npyroro yposhs. [lepuon LLIMM-curuana cocrasnser uucno 6uros, 1. €. 128,
YMHOXEHHBIX Ha MEpPHOJ MMIY;IbCOB TAKTOBOH 4aCTOTbI MJIM, HHaue roBOps, 4YacToTa
LLIMM-curHana paBHa 3apjaroweii uacrore, aeneHHod Ha 128. Mcnonb3dyemsiii B npo-
rpaMMe Moa3yHOK MMEET MakCHMaibHOe 3HaueHue 127. B 3aBHCHMOCTH OT HacTpoiku
nonsyHka Tastverhiltnis (ko3pduuHEeHT 3anonHeHns), KOTOpbIi M3HAYAIbHO YCTaHOB-

JIeH B cpelHee MOJIOKEHHE, U3MEHseTcs W KO3 GHLUHEHT 3aNONHEHHS FeHepUpyeMOro
HIUM-curnHana.

Jns BbiBoaa 6ydepa 3anucH B LHKIE BbI3biBaeTCA GyHKUMS SendRead FTDI Bytes. Uucno
NpOXOAOB Bbl [OMKHbI COrnacoBaTb C BalUMMW NOTPEOHOCTAMH W BbIOPaHHBIMH
RC-napamerpamu.

ConpoTHBIEHHE OJHUM BbIBOJOM noakitouaercs k curdany TXD, a apyrum k aHanoro-
BOMY BbIXOJY, K HEMY € MOJCOEAMHSIOT OHH BbIBOJ KOHIEHCATOpa, a APYroi ero Bbl-
BoA noawmoualot k "semne" (puc. 12.4). INocTosHHOe HanpskeHHe cneayeT W3MEpATb Ha
koHAeHcarope. KoHeuHo, B nporpaMMe MOXCHO HacTpPOWTb M Jpyrye BbIXOAbl, B KAUECTBE
ucnoab3dyemoro B AaHHOoM cayuae TXD.

TxD AHanNoroBbIN Bbixoa

Oo— >

——cC

Puc. 12.4
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[1pu BbIcOKHX YacTOTax M GONbLIMX 3HaYEHHAX NocTosHHOH BpemenH T (T = R - C) BbiBOA
cvrHana us-3a GbicTporo onycrolueHus 6ydepa 3anucu 6yaeT MHOrOKpaTHO NOBTOPSATb-
cs. Takum obpa3oM, npu nepenave aaHHblx no USB Bbl nosyunTe MHOrOYHCEHHBIE KO-
nebaHus NOCTOSIHHOTO HaNpPsHKEHHS.

[Ipu conporuBneHun pesucropa 10 kOM W emkoctH koHaeHcaropa | mk® (1000 HD)
nocrosiHHas BpemeHu 6yaer 10 mc, a npubnusurenbHo yepe3 50 mc koHaeHcaTop Oyaer
NOJIHOCTBIO 3apsieH (NPOAEMOHCTPHPOBATL 3TO HAa KOHKPETHOM NMpPUMEPE MOXKHO C No-
mouwubto nporpammbl RC-E-Funktion.exe, Haxonsiueics Ha npUnaraeMoM K KHUre KOM-
nakt-gucke B kartanore \Beispielprogramme\e-funktion). [Ipu ckopocTH nepenauu
76800 Oon BbIBOA curHana npu pa3mepe Oydepa 1024 Galita He ANUTCS U OQHOH MHIIU-
CEKYHIbl, U MOITOMY MOJHOE HanpsXKEHHE HE MOXET ObITb JOCTHUTHYTO!

[Tpy HebGonbLKMX 3HaYEHMSX conpoTHBAEHHUs pe3uctopa RC-uenu onpeaeneHHyro poib
UrpaeT TaKke BXOJHOE CONMPOTHBIEHHE CHTHAIbHOM THMHHUK, paBHOe 200 KOM.

Ecnu ans tecrupoBaHus BaM noHaaoburcs noakntouuts avuHamuk [1K (nbe3orpomkoro-
BOPHTENb WJIKW AHMHAMHK C 10NONHUTENbHBIM 100-OMHBIM COMpPOTUBAEHHUEM), TO MPUCO-
€AMHHUTE €ro Yepe3 3JEKTPOJMTHYECKHI KoHAeHcaTop eMKkocTbio 100 Mk®d u Torna npu
pa3HbIX CKOpOCTAX nepenayu B 6oaax Bbl OyaeTe ciblllaTh 3BYKH pa3HOH TOHAIbHOCTH.

[Tpu 3TOM HyXKHO yuuTbiBaTh, uTO ILIMM-CHrHanbl CHHXPOHHM3WPYIOTCA C YAaCTOTOWH,
KpaTHO# 16 W onpenenseMoii 3a1aHHOI CKOPOCTbIO Mepeaayn AaHHbIX, a TaKXKe KOTopas
B MporpamMme aenutcs Ha 128. '
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XpaHeHue AaHHbIX
B EEPROM-namaTtun

B 3710i1 rnase Bbl y3HaeTe, kak ¢ nomouubo pexkuma Bit Bang Mukpocxembl FT232R no-
cpeactsom uHTepdeiica USB moxHo obuwarbcs ¢ EEPROM-namsatbio. ObpaTtutbes k
namath EEPROM MoxHO Mcnonb3ys nocienosatenbHbiii uutepoeiic 1°C. Tlpu 3Tom
mukpocxema FT232R no cytu craHoButcs npeoOpaszoBatenem uHtepdeiicos. Ilpo-
rpaMMHoe obecneyeHre MNO3BOJSET OOBOJLHO MPOCTbIM criocobom obOpabaTbiBaTh M
ONpENeNsTh NepefaBacMble aHHBIE W BPEMELIHbIE COOTHOUIEHHA CHIHANOB B uHTepdeii-
ce I°C.

13.1. OcHoBbl EEPROM-namatu

Hanuble moryt xpaHutbcsi B EEPROM-namstu (Electrically Erasable Programmable
Read-Only Memory, anekTpuueckd cTHpaemMoe NporpaMMHpyeMoe NMOCTOSIHHO 3anoMH-
Hatowee ycrpoicteo — OCIII3Y) necarkamu ner 6e3 NOAKIOYEHHOrO HanpsxeHUs
NUTaHHS.

B oranume ot komnakt-aucka CD-R, koTopblii MOXeT GbITb 3aMMcaH AMLIbL OAMH pa3,
naHHbie B EEPROM-namsaTb MOryT 3aHOBO 3anucbiBaTbCs B €€ 3aMOMHHAIOLLME AUYEHKH
MHOrOKpaTHO, aHaJIOTHYHO MHOIrOKpaTHO Mepes3anucbiBaeMbiM Komnakt-auckam CD-
RW.

CospemenHbie EEPROM B GonbluMHCTBE CBOEM MO3BOJSAIOT BbIMOMHATL A0 MHIIHOHA
UMKJIOB uTeHHus/3anucd. Muorue npoussoauteny EEPROM noaaepkuBatoT uHTepdeiic
I’C. OnucbiBaeMoe 3aNOMHHaIOLLEE YCTPOHCTBO €3 MCMOL30BAHMS MHTAHWS COXPAHSET
CBOM JlaHHbI€ Ha NPOTAXEHHUH KaK MUHUMYM 40 nerT.

13.2. OcHOBbI MHTepdeiica I°C

Mukpocxema EEPROM-namsaTti tuna 24C16 ynpasnsiercsi npy NOMOLUM ABYX CHIHasb-
HbIX JIMHHI WwkHbl nHTepdeiica I°C u cooTsercTBytowmx curtanos — SCL u SDA. Cur-
Han SCL (Serial Clock) — 3to curHan cuHxpoHuzauud. OH O0ObIYHO reHepupyeTcs Hc-
KJIIOYHTENbHO BEAYLUMM YCTpoHcTBOM (Master) Ha LUMHE, a YUTaeTCs MOAKIIOYEHHBIMH
BENOMbIMH ycTpokcTBamu (Slave), no3Tomy HaripaBieHHe nepefayd ycTaHaBIWMBaeTCs
OJHO3HAYHO.
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Curnan SDA (Serial Data) npeaHa3sHaueH ans obMeHa naHHbIMH. o 3TOi NMHMHK Kak
Master-, Tak 1 Slave-ycTpolicTsa nepeaaroT CBOM JaHHbIE.

CyuecTByeT psii pa3IH4HbIX TOYHO OMpPEAESEHHbIX COCTOSHHIA, KOTOpblE Peryjiupyor
obwuii xon obmeHa mexxay Benywum (Master) U noauMHeHHbim (Slave) ycTpolcTBamu,
HauyWHad OT COCTOsIHUsA nokos, 3aTem ctapta (START), nepenauu naHHBIX, NOATBEpIKAE-
HHS JaHHbIX W 3aKaH4YyWBas cocTtosHHeM octaHoBa (STOP), kak 3TO HamM HariasAHO Ae-
MOHCTPHPYIOT BpEMEHHbIE IHarpaMMbl, NpUBEEHHbIE Ha puc. 13.1.

SCL : / \ \ /'

i - O S
a1\ [ X\
i i . i
ie— START- — ‘e SDA i« SDA i STOP-
ycnosue Beog WameHeHne ycnosue
scL 7 8 9
| e =
soa 1\ i /owmse X X X X X \ Ack
START-
ycnosue
-
o 1 2 3 s

{

SDA \ mss X X X""y_x_\ ACK

!

STOP-
ycnosue

Puc. 13.1

CocTosiHHe BbIA@HHOrO Ha JHHUIO SDA OMTa JaHHBIX MOXET U3MEHSAThCS TOJIbKO TOTAa,
KOraa Ha JMHUHM cHHXpoHu3auuu SCL umeercs HU3KHH Norvueckuid yposeHb. Bo Bpems
BbICOKOro Jiornyeckoro ypoBHss SCL BbliaHHbIH OMT NaHHBIX CYMTAETCS AEHCTBUTENb-
HbiM. JlaHHble nepepatoTcs GaiiTamu, HauuHas co crapiuero 6ura MSB (Most Significant
Bit — camblii cTapuiuii 6UT).

Jlro6as nepenaua HauuHaetcs ¢ ycnoeus START (crapt), koTopoe ¢popMHpyeT Beayluee
YCTPOHCTBO M MOCTOSIHHO NPOBEPSETCS MOAKIIIOYEHHbIM MOAYHHEHHBIM YCTPOHCTBOM.
Ycnosue START cooTBeTcTBYET TakOMY COCTOSIHHIO, korna cirHan SDA u3meHsieT cBoi
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Joruyeckuid yposeHb ¢ Bbicokoro (HIGH) Ha Huskuit (LOW) npu BbICOKOM YPOBHE CHH-
xpocurHana SCL. 3asepuiaercs nepenaya cocrosHuem STOP (ocraHoB), koTopoe Tatoke
¢dbopmupyeTcs BedylLUMM YCTPOHCTBOM M COOTBETCTBYET nepeBoly curHana SDA ¢ Hu3-
KOrO JIOTHYECKOrQ ypOBHS Ha BbICOKMH MPH BbICOKOM YPOBHE CHUrHajla CHHXPOHHM3aLHH
SCL. Iessatbiit 6uT noareepxaeHus ACK (acknowledge) nobasnsercs nocne nepenauu
kaxxporo 6airTa ycTpoHCTBOM-NPHEMHHUKOM H HYJEBbIM CBOMM 3HaUY€HHEM CBHIETEJNbCT-
BYET O HOPMaIbHOM NONy4YeHUH ouepeaHoro Oakita ot nepeaaruuka (puc. 13.2).

w ]

ETrTTT T T
3anucb 6aitTa DATA IN
L [ .
ol- Aapec [HaHHble
% ycTpoiicTea avediku
._
w
Puc. 13.2

Iocne dopmuposauus ycnosus START npu o6mene no unrepdeiicy 1°C nepenaercs an-

pec yctpoiictea DEV SEL (Device Select Byte, GaiiT Bbibopa yctpoiicTBa) U 6utr R/W
npy3Haka onepaudy (HU3KW# JIorHYeckuidi ypoBeHb — "3anuch", BbICOKHi1 IOrHYECKH
ypoeeHb — "Urenue"). Crapiume 4 6ura agpeca ycrpoiicrea A[7:4] HecyT MHdpopmaumio
o tune ycrpoiictea. [Ins MukpocxeM EEPROM-namsTu, u B yactHoctd ans ST24Cxx,
9t 6uTbl OynyT pasHbl 3HaueHuto 1010. Mnanwwe 3 Gura agpeca ycrpoicrea A[3:1]
MOTYT OnpeaensiTh HoMep KOHKPETHOro yCTpOHCTBa JaHHOTO THNA.

[Nocne GaiiTa anpeca ycTpoiicTBa nepenaercs ajpec sUeikd NaMATH, U3 KOTOPOH NOKHbI
YHUTATbCS WJIK B KOTOPYIO AOJKHbI 3aNHCbiBaTbCs AaHHble. [Ins mukpocxembl 16-kuno-
6utHoii EEPROM-namsatn 24C16, koropas noakitovaercs NOCPeACTBOM HHTepdeiica
I’C u umeer 11-GuTHbIi aapec aueek namsty, 3 Gura aapeca ycrpoiictea DEV SEL se-
JAOTCS AONOJHUTENbHBIMH OuTamMu aapecos sueek namsatd — Al10, A9 u AS.

[TaMATb MOXET YMTaTbCS M 3anMcbiBaTbCs NO Oaittam unu noctpaHuuHo. [lpu nocrpa-
HUYHOM. 3anucu 10 16 GaittoB agpec cnenytouleii sueiikd namsaTH Oyaetr onpenensTbes
aBTOMAaTHYECKH, KaX bl pa3 yBeTHUYHBAACH Ha 1.

13.3. MNogkntoueHne EEPROM-namaTu

Onexrpuueckoe noawnoueHne EEPROM-namsaTH ¢ nocnenoBaTenbHbIM IBYXNpOBOA-
HbIM HHTepdelcom I’C BBLICASAMT JOCTATOUHO npocto. Ha puc. 13.3 nzobpaxen npumep
ans noaktoueHus mukpocxembl EEPROM Ttuna ST24C16.

SDA — 370 BbIBOA AN nepeaauu aaHHbix, SCL — BbiBOA, NpeaHa3HaueHHbIH 1is Bpe-
MEHHOH CHHXpPOHH3aUMH, BbIBOAbI | N0 3 — BbIBOABI A5 BbIOOpa KpUcTania ans 3Tod
MHKpPOCX€Mbl HE MCMOJIb3YIOTCS M MO3TOMY noakitoveHbl k "3emne". WC — BbiBOA anis
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ynpasineHus 3anucbio (Write Control). Eciin Ha 5TOT BbIBOA Moaath HanpsokeHue +5 B,
OH MOXET NPeNOTBPaTHTb CilyyaiiHyio 3anucb Uiy ctupaiie EEPROM-namsTu.

Tenepb Bbl, BO3MOXHO, CrIpOocHTe ceds, NoYeMy 3Ta CXxeMa UMeeT TPH, a He Ba KOHTaKTa
Ins noakioueHus, tem Oonee uto ans mukpocxembl FT232R poctatouHo KOHTakTOB
RXD u RTS (unu DCD)? Kpome Toro, 3auem noakstoueH OOMOMHHTENbHbIH adon (cTa-
6unuTpoH)? OTBETbI Ha 3TH BONPOCHI Bbl MOJYYHTE B CEAYIOLLEM pa3jene.

EE5V
R7 R6
10K 10K
D1
BAT42
RTS | 24C01/02/04/08/16
5 4 =
DCD i SDA GND | z
e [ 3 =
RXD SCL €2
—o we E1 |2
. S v 1
EE5V T VCC EO
T

GND
Puc. 13.3

13.4. NpeaBapuTenbHbIe pa3MbllIeHUA

Jlns peanusaumnu nocienosarenbHoro wHrepdeiica I2C Hy»KHO HMETb BCEro 1BE CHrHaJlb-
Hble 1uHuKu: SDA u SCL.

MHorue 371eKTPOHILMKH HMCNbITHIBAIOT GonbluMe TPYyAHOCTH NpH paborte ¢ nocnenoa-
TeNIbHLIMK HHTEpdeicaMi, NOTOMY YTO OHM, KaK NPaBWJIO, MOJb3YIOTCS OAHWM JIMLLIb
ocunyuiorpaoM M He MPUMEHSAIOT JIOrHueckuid aHanu3atop. Ocuunnorpad nossosser
PEerucTpUpoBaTh NEPHOJNYECKHE CHIHAIIbI, @ JIOTHYECKHI aHAIM3aTop MCCleAyeT nocie-
J10BaTeJIbHOCTb GUTOB HenepHoauueckux, LW poBbiX curHanos. bes ananuzaTopa MoxHO
NPOBOAHTb U3MEPEHHs B TEYEHHE HECKOJbKHUX YacoB WM AHeH. OTaenbHbIH HenpaBHib-
Hblii OMT MOXeT noBecTH pa3paboTumrka 10 oTyasHUs. OnHaKo TeM Gonbluel oka3biBaeT-
Csl €ro pajocTb, KOrja y Hero Bce, B KOHLE KOHLOB, noayuuTcs. Jlpyrue HaaeloTcs Ha To,
YTO KTO-HHOYAb YXE BbIMOJIHWI COOTBETCTBYIOLLYIO pa3paboTKy, W MILYT FOTOBbIE pe-
weHuss B HUHtepHere. Kpome Toro, u xomnanus FTDI, usroroBurenp MHKpocxembl
FT232R, npennaraer ceoe peuieHue WHTepdeiica I°C. DTuM pelueHHeM ABISETCS rOTO-
BbI MporpaMMHbIi HHTepdeiic, KOTOpbIH y1OBIETBOPAET HECKONIBKHM PELIEHHM anna-
patHoro obecneuenus. Ecnu TouHo npuaepxkuBatbes npeanucaHusM komnanud FTDI,
TO 3TO 3aKOHYEHHOE pelleHHe B Nt000M cnyyae Oyner npouie, U BeposTHO, paboTalolnm
ObicTpee. OnHaKoO ecnu BO3HMKHET npobGiiema (Tpedyercs yCTpaHWTb OWMOKY WK Bbl
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TIaHUpYyeTe WCMOJb30BaTb HECKOJbKO APYrod nocjenoBaTesbHblH HHTepdeic), To He
cleayeT >KAaTb MOAAEPHXKH OT NPOW3BOAMTENS MPH MJAHUPOBAHUM MAJIOro YMCIa M3-
NeJIHH.

Tenepb, coGCTBEHHO, HAM HE XBaTaeT TOJbKO JIOrH4ECKOro aHanuzatopa. Bbl ewe, Ha-
BEpHOe, He 3a0blH, YTO NpH CUHXPOHHOM pexcuMe Bit Bang mukpocxembl FT232R npe-
*Je 3anucu kaxaoro Gaiita cHauana yuTaercs M coxpaHsercs B Oydepe ureHus npenbi-
Ayliee COCTOSIHHE CHPHaNbHbIX JUHHUH. UTeHue npeabiayLiero COCTOSHWS CHIHAIbHBIX
JIMHUIA — 3TO Y>Ke CBOEro poaa aHanuzarop!

Hdns nonydyeHuss 6au3koro cooTBeTcTBUs C(OPMHPOBaHHbIX B TNpOrpaMMe JaHHbIX
¢ (MOYTH) ACHCTBUTENbHBIM NOBEACHHEM CHTHAIOB HA JIMHWUHM NEpeAay AaHHbIX HYXHO
JUWb NPEeACTaBUTHL pe3yabTaT Oydepa uTeHHs B KaueCTBE BPEMEHHOH QHarpammbl, Kak
3TO CAENAHO B JAHHOM NpHUMeEpe.

Tenepb oTBeT Ha BONpOC O AONOJHUTENbHOM aHoae oT JUHUK RTS k nunnu DCD: Muk-
pocxema FT232R B pexxume Bit Bang MoxeT ucnonb3oBaTh CHrHaNbHYIO JIMHUIO B Kaue-
CTBE BXOJa WJIM BbIXOZA U JIHLIb YCIIOBHO B KaYeCTBE ABYyHarnpaBieHHOH (0QHOBPEMEHHO
B KauecTBe BX0Aa W Bbixoaa). Jluuua SDA untepdeiica I°C npeaHasHauena kak ans ne-
penayu, Tak U npueMa aaHHbiX. UtoObl npounTath naHHble i3 EEPROM-naMsaTH, Hy»HO
cHauana oOpaTUTbCA K HEi Mo COOTBETCTBYIOLIEMY aapecy. J[s 3TOro curHaibHas ju-
Hua RTS pomkHa HaxoauTbcsi B cocTtosiHMM Bbixoaa. [locne nonyueHus anpeca
EEPROM-namsTb ¢ nomotuubto curdana ACK noareepxxaaer nonyveHue aapeca W 3aTeM
cama nepenaet Tpebyemble aaHHble. [[ns 3toro curHanbHas auHus RTS pomkHa Haxo-
ZIUTbCS YK€ B COCTOSIHUM BXxoaa. [lepekntoueHune 3Toi CUrHanbHOW JIMHUKM U3 COCTOSIHUSA
BXOJa B COCTOsIHWE BbIXOAa, U Hao0OpOT, ocyluecTBIseTcs nporpaMmHo. Ha sTom npwu-
Mepe noka3zaH npouecc GpyHKUHOHUPOBaHHUS IBYXNPOBOAHOH JIMHUK cBA3M. [1o npuunHe
NepeKIloYEeHHs] HICTHHHAs BPEMEHHAas XapaKTepUCTHKAa He MOXeT OblTb npeacrapieHa B
undpoBoii popMe Ha OCHOBAHUH NMEPEKITIOUEHH, NOCKOJIbKY KOMIMbIOTEP BbIHYXKIEH TO-
AyyaTtb ee no nporpamMMe. B 3Tom npumepe c AByXNpOBOAHOW JIMHUEHN Bbl y3HaeTe, Kak
MOXXHO aHAJIM3UPOBAThb CHTHAbl CHauyala MpH 3anucy, a NOTOM MPH YTEHWH NAaHHbIX.
OnHoBpemeHHas 06paboTka HEBO3MOXHA.

Jns nonyveHUs MOYTH UCTHHHOH BPEMEHHOW XapaKTEPHCTHKH MPHMEHSIOT AOMNOIHH-
TeNbHbIA AMOA W ApYrylo cHrHajibHyto auHuio DCD, koTopble no3BOASIOT BbIMOJHATH
OMepaLuIo YTEHHs BO BPEMs 3aMUCH Ha JIMHWM nepeaayuu naHHbiX. [1pu atom nuHus RTS
HCroJb3yeTcs B kayecTBe Bxoaa, a DCD — B kauectse Bbixoaa. Ecnu curnan DCD ume-

€T BbICOKHH JIOrHUYEeCKHIi YPOBEHb, TO MO JIMHUK RTS M0OXHO BbINOJHATbL YTEHHE JaHHbIX
EEPROM-namsaTu.

Ecau curian DCD MeHsieT cBoe COCTOSIHHE C BbICOKOTO JIOTHYECKOro YPOBHS Ha HHU3KHIA,
TO 3TO COCTOSIHME, B CBOKO OYepellb, Takxke MoxeT ObiTb cuutaHo ¢ uHuW RTS. Takum
00pa3oM, CTAaHOBHMTCS MOYTH BO3MOXKHBIM B peaibHOM BPEMEHH BbINOJIHUTbL UCCJEe0Ba-
HHE NOBEEHUS CHIHAIOB HHTepdeiica.

Bbl MOXeTe TOYHO Y3HaTb, YTO M Kak Bbl 3aMPOrpaMMHPOBAIH, U YTO OTBEYAET MPHUCO-
eAWHEHHas MHukpocxema. Bbl MoxxeTe B pexnme OThnaakv B 11000H MOMEHT BpemMeHU
OCTaHOBHTb Ballle NPOrpaMMHOe OGecredeHHe W NPOBEPHTL COCTOSIHHE CHIHAOB C MO-
MOLLbIO NMPOCTOrO BOJBLTMETPA, HIH Aaxe oAHoro ceeroauona. Ilpu atom 6asoBble 3Ha-
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HHUA U 3TO nMporpamMmHoe obGecneueHue OyAyT BaM Takxke MONE3Hbl A MCCENOBaHUS
Ipyrux nocnenosateNbHbIX UHTepdelcoB, Takux kak WHTepdeiic SPI (Serial Peripheral
Interface).

13.5. MAaTL waros. K ycnexy

MoaranHan pa3pa6oTka NPorpaMMHOro aHanusaropa
ansa nhtepdeiica I°C
OTCOC[IHHMTC USB-a}:lal'lTep OT KOMMNbIOTEPA H 3aTEM NOMOJIHHUTEJIbHYIO NMnaTty OT ajaan-

Tepa. BcraBbre Mukpocxemy EEPROM-namsti Tvna 24C16 B 20-kOHTakTHYIO NaHeNbKy
JIONOHUTENBHOH NNaThl Tak, Kak Noka3aHo Ha puc. 13.4.

n P1
. . 5V
ucis | )00
5 EEPROM Di
D2
D3
D4
05
06

Puc. 134

3arem noaxmoumte aHopn auvona BAT42 k seieopy 5 (D2 = ‘RTS), a karoa K BbiBoay 13
(D6 = DCD) 3toii naHenbku. O6paTnTe 0co60e BHUMaHKHE Ha NPaBUJIbHOE MOAKIIIOYEHHE
IM0Aa, HHaYe B JajibHellleM Bbl MOXKETE MONY4YHTL HeBepHble pedynbTaTbl. CoennHHuTe
nononHutenbHyto nnary ¢ USB-anantepom v nocne 3Toro noawIloYMTE €ro k Ballemy
xomnsbtotepy. [lporpamMmy nns 3Toro npumepa Bbl MOXETE HalTHM Ha NpUIaraéMoM K
KHHMre KommnakT-aucke B kartanore \Beispielprogramme\Bsp 12C_EEPROM\dreidraht
mitDiode. 3anycture nporpammy 12C_3.exe.

LWar 1: reHepupoBaHWe YCNOBUA CTapTa
ans wktepdeiica I°C

B coorBercTBMM ¢ H300paXkeHHeM B TEXHMYECKOM onucaHuH mukpocxembl EEPROM-
namsaTH (puc. 13.5) ycrioBHIO cTapTa COOTBETCTBYET YC/IOBHE, koraa curHal SDA meHsier
CBOE COCTOSIHHE C BbICOKOIO JIOTHYECKOrO YpOBHs Ha HM3kHii (cOpacbiBaercs) npu
BbICOKOM sloruyeckoM ypoBHe curHana SCL, kotopblii ¢ HebGonbluoH 3a1epiKKoii Toxe
CTaHOBMTCS HH3KOrO JIOTHYECKOro YpOBHS, T. €. cOpacbiBaeTcs. 3anporpaMMHpOBaHHbIii
pesynbTar (nocne Haxarus kHonku 1.I2S Start) BbIrnAAMT Tak, Kak MOKa3aHO Ha
puc. 13.6.
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soA | \ / X

E amm \ E /w———-—!-—-—u
ke START- ie SDA —»ie SDA ke STOP-
ycnoeue Beog  WameHeHnue ycnoeue
Puc. 13.5
Puc. 13.6

Bce nocnenoBaTenbHOCTH JaHHBIX JOMKHBI ObITH NpeABapUTENbHO noarotosneHbl. CHa-
yajia AaHHble MOAroTaBIMBAIOTCA Kak oTAenbHble 6aiiThl B 6ydepe 3anucu. [locne atoro
6ydep 3anucu 3anucbiBaeTcs (M CHOBa uMTaeTcs) B pexxuMe Bit Bang, u HakoHew, pe-
3ynbTaThbl NPEACTABAAIOTCS B BU€ BpeMeHHOM AuarpaMMbl 1uis curHanoB SDA u SCL.

Private Sub bt I2CStart Click()

strWriteBuffer = ""

I2CStart

If FTWriteRead(True) = False Then MsgBox "FTWriteRead Error"
LoggerList.AddItem "Beendet " & Time
End Sub

CHauana ouuiaercs 6ydep 3anucH strWriteBuffer. Boi3biBaeTcs QyHKUMA I2CStart,
nocne 3toro 6ydep 3anucH 3anucbiBaeTCs ¢ NMOMOLIbIO QYHKUMH FTWriteRead. 3agaua
GYHKLUMH I2CStart 3aK/1IOYAETCs JHUIb B TOM, YTOObI 3aMucaTbh CHTHaibl Uil YCIIOBHS
START B 6ydep 3anucH striwriteBuffer:

Private Sub I2CStart()

Databyte = 0

Databyte = Databyte Or 2 ~ SCL Or 2 ~ SDA ' ycTaHOBMTbL cuUrHaJll SDA m SCL
striWriteBuffer = strWriteBuffer & Chr$ (Databyte)

Databyte = Databyte And Not (2 ~ SDA) ' c6pocuTb curHan SDA
striWriteBuffer = strWriteBuffer & Chr$ (Databyte)

Databyte = Databyte And Not (2 ~ SCL) ' c6pocuTh curxan SCL
striWriteBuffer = strWriteBuffer & Chr$ (Databyte)

END Sub

37O OYeHb JIerko 3anporpaMMHpoBaTh NMpH NoMouuy (pyHkuuii AND (Jlorudeckoe H) u or
(nornueckoe MJIH): Gnaropaps pyHKUMHM OR 2~SCL Ha JMHWM nepenaun aaHHbix SCL
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yCTaHaB/IMBa€eTCs BbICOKHH JlorHyeckuid ypoBeHb curHana (5 B), Ha apyrue 6uThl He oka-
3piBaeTCs BAMAHMA. [Ipn moMowwM AND NOT (2~scL) Ha nuHMH SCL yctanaBnuBaercs
HU3KHI IOrMYecKHi ypoBeHb, apyrue OuThl B GaiiTe NaHHBIX Takke OCTalOTCs He3aTpo-
HyTbiMH. CurHanel SCL u SDA npu Bbi30Be NporpaMmbl ObIJTH COOTHECEHBI CO ClenyHo-
LUKMMH curHanbHbiMK NHHUAMH: SCL = RXD, SDA = DCD u SDAREAD = RTS.

Ha puc. 13.7 npencraeneHo conepxanue 6ydepa ¢ BpeMeHHbIMH auarpammamu s 1°C-
cUrHaioB (C yka3zaHHeM BpeMeHH s cKkopocTH nepenaqu 9600 6on).

CwurHan

RXD
DCD
RTS

RTS

BpemeHHas SCL I_'l
Avarpamma

BpemenHas SDA
Avarpamma

t B MKC 65 13 195 26 nx6,5

Puc. 13.7

IIporpamma o6pabatbiBaer RXD- u DCD-6uthl B 6ydepe U ¢ noMolblo (yHKLHH
FTWriteRead OTAENbHbIMH JIHHUSAMH BblYEPYHUBAET COOTBETCTBYIOLLUHE BPEMEHHbIE OHa-
rpamMmbl.

LWar 2: reHepupoBaHM1e YCNOBUA OCcTaHOBa Ans uHTepdeiica I°C

Co 3HaHHMAMM, NONYYEHHBIMH paHee, 31eCb HaM HaBEepHsAKa ynacTcs GwicTpee Mony4YHThb
CHrHanbl AN JanbHeHLIMX npeobpasoBaHui. ns Hayana, npeacraBuM (yHKLHMIO OCTa-
HoBa B nHCTHHre 13.1.

Private Sub I2CStop()
Databyte = 0

striWriteBuffer = strWriteBuffer & Chr$(Databyte) ' cOpocuTb CHTHaJH
' SDA u SCL

Databyte = Databyte Or 2 ~ SCL ' ycTaHOBMTBL curHan SCL
striWriteBuffer = strWriteBuffer & Chr$ (Databyte)
strWriteBuffer = strWriteBuffer & Chr$ (Databyte)
Databyte = Databyte Or 2 ~ SDA ' ycTaHOBUTbL curHasn SDA
strWriteBuffer = strWriteBuffer & Chr$ (Databyte)

END Sub
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Curnansl Ha nuHun SCL n SDA nocnenoBaTesibHO yCTaHaBIMBAKOTCS HAa BbICOKHH JIOTH-
yeckuit ypoBeHb. Ha naHHOM Luare cHauyana Bbi3biBaeM (pyHKLMIO cTapTa, a 3aTeM (pyHk-
uuio ocraHoBa (coorBercTByeT kHonke 2.I2C Start+ Stopp). Tperuii war ssnsercs
Haubonee CNoXHbIM.

War 3: pasnoxeHue 6anta Ha OUTLI
ANA nocnenoBaTeNibHOM Nepepauu

Hnsa nocnenoBartenbHoM nepeaauu kaxablii 6aldT nomkeH ObITh pa3noxkeH Ha OTAE/bHBIE
OuTbl: cHauana camblii cTapwuii 6uT, T.e. MSB, a B KoHUe camblii maagwuid — LSB.
B 370 xe Bpems nomkeH hopMHpPOBaTbCS COOTBETCTBYIOLUMI CHHXPOHH3UPYIOLLHIA CHT-
Han SCL. 3to BbinonHsercs B uukie noanporpammoii I2CByte (nuctuur 13.2).

Private Sub I2CByte (ByVal data As Byte)
' paznoiuTh GailT B MOCJENOBATEJIbHOCTL OUTOB
' u cpasy zamucaTbe B strWriteBuffer
Dim n As Integer
Dim BitPosition As Byte
BitPosition = 128 ' chHauama MSB = 27°7=128, B koHUe LSB
For n =1 To 8
If data And BitPosition Then
Databyte = Databyte Or (2 ~ SDA) ' ycTaHOBUTb curshan SDA
Else
Databyte = Databyte And Not (2 ~ SDA) ' c6bpocure SDA
End If
strWriteBuffer = strWriteBuffer & Chr$(Databyte)' m omuH TakT
Databyte = Databyte Or (2 ~ SCL) ' ycraHoBuTb curhan SCL
strWriteBuffer = strWriteBuffer & Chr$(Databyte)
Databyte = Databyte And Not (2 ~ SCL) ' cGpocutb SCL
strWriteBuffer = strWriteBuffer & Chr$ (Databyte)
BitPosition = BitPosition / 2
Next n

' M CreHepupoBaTh IEBATEII OUT
End Sub

[lepenaBaembiii 6alT HaxoaUTCA B NepeMeHHON data. HaunHas ¢ no3uuuu camoro crap-
wero Gura MSB (128 =27), curnan SDA yCTaHaBJIUBaeTCs, ecliM OUT UMeeT 3HadeHue
JIOTHYECKOW E€AMHHMLbI, HHauye cHrHan cbpacebiBaeTcs. B koHue uMKna nepemeHHas
BitPosition (BECOBOE 3HaY€HHE COOTBETCTBYIOLEro OUTa) KaXKablii pa3 AenuTCs Ha JBa
(64=2% 32=2° u T. 1), nocneayowne GUTHI B ClEAyIOWMX MPOXOAAX UMKIA NGO
ycTaHaBnuBatoTcs, 160 cOpacwiBatotes. s kaxxaoro 6uta ¢ noMoLbio GYHKLHI AND
M OR 00s3aTebHO POPMHPYETCS COOTBETCTBYIOLUMI CHMHXPOHM3MpYtOwWHid curHan SCL.
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U B caMoM KoHLE 0/KeH GbITb CHOPMHUPOBAH €ellie U eBATHII 6UT. JleBaToiit 6T noa-
TBepxaeHus ACK curHanusupyer nepeaaTumky, YTo AaHHbl€ AEHCTBUTENBHO MOMYYEHbI.
Tenepb curHan SDA pomxkeH 6bITb YCTaHOBNIEH Ha BbICOKHMH noruyeckuii yposeHo. bna-
roaaps 3ToMy A1 YTeHus ocBoboxaaetes nuHus RTS.

TpeTuii war o6beanHAET BCe npeaplayliue cocTosHus uHTepdeiica 1°C: crapT, renepu-
poBaHie OMTOB Npu nepeaaye 6aliTOB U OCTaHOB:

Private Sub bt I2C Commandl Click()

strWriteBuffer = ""

I2CStart

I2CByte (&H55) ' nmcaTb NPOU3BOJIbHENT GailT

I2CStop

If FTWriteRead(True) = False Then MsgBox "FTWriteRead Error"
LoggerList.AddItem "Beendet " & Time

END Sub

BpemeHHas auarpamma B TeXHH4YecKoM omnucaHuM mukpocxeMbl EEPROM-namsatu
(puc. 13.8), B cpaBHEeHHH C reHepupyeMoii BpeMeHHoH auarpammoii (puc. 13.9), pacrs-
HYTa No ropu3oHTanu (MmeeT 6onee nonorue GpoHTHI CUFHAIOB).

SCL 7 8 9

SDA _\ / wse X X X"-"X x \ Ack
START-
ycnosue
Puc. 13.8
L=
Puc. 13.9

[MepenanHbim 6aiiToM 66110 uncno 85,0 =55H=01010101 B nBonuHoO# cucreme. MoxkHO
Nerko 3aMeTHTb, YTO (OPMHPOBAHHE COCTOSIHUS CTapTa, nepenaya 6aiita U reHepupoBa-
HHe COCTOSHMS OCTaHOBa BBIMOJIHAETCS COBeplUeHHO npaBuiabHO. Kpome Toro, BuaHO
¢dopmupoBanue u aeBsToro 6uta. OaHaKO B OTJMYKE OT BpeMEHHON Anarpammbl, npHse-
JIEeHHOH B TEXHHYECKOM OnucaHuM, curHan SDA Bo BpeMs A€BSTOro UMIyJibCa CHHXPO-
Hu3auuu SCL ocTaercsi Ha BbICOKOM JIOTHYECKOM YPOBHE.
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LWar 4: 3anucb 6auTa

Yr1o6bl 3anucaTb naHHbie B MUKpocxeMy EEPROM-namatu tuna 24C16, HyxHO 00s3a-
TeJIbHO COOMIOCTH MPaBUIIbHYIO MOCIEA0BATEIbHOCTL CUHTHANOB 11 YHKUMOHHPOBaHHS
nnrepdeiica I°C.

Private Sub bt_i2C write Click()
'DevSelNumber = 160 (ampec ycrtpoicTBa npu 3anucu) = 1010 0000 AO = O

strWriteBuffer = ""

I2CStart

I2CByte Val (Me.tb devsel.Text) ' agpec EEPROM-namAaTu C uHTepdericom I12C
I2CByte Val (Me.tb byte addr.Text) ' agpec AYEiKM NaMATH IUIA 3aNMCHM OAHHEX
I2CByte Val (Me.tb_data.Text) ' OaHHHE I 3anmcu

I2CStop

I2CByte (&HFF) ' coopmmpoBaTe 255 CUMHXpPOVMMNYJIECOB! !

If FIWriteRead(True) = False Then MsgBox "FTWriteRead Error”

End Sub

[Tocne dopmupoBaHHUs yCIOBHsS CTapTa AODKEH BbIBOAMTLCA aapec YCTPOWCTBa, B AaH-
Hom ciyuae angpec EEPROM-namsiTi, npeacraBieHHbld B TEKCTOBOM AMAIOrOBOM MoJe
DevSel (Device Select) (puc. 13.10) u cooTBeTCTBYIOWLEN NepeMEeHHOH tb devsel. 3TOT
aapec B naHHoM ciyuae Oyaer pased 160, npuuem nocneanum 6urom AQ agpeca
1010 0000 B nBouuHoOi cucteMe sBnsercs 0, KOTOpbIi onpeaenseT Npu3Hak onepauuu
3anucy. [lanee onpenensercs aapec AueiikyM NaMATH, B KOTOPYIO NOMKHA ObITb NMpous-
BeJeHa 3anucb. [IpeaBapUTeNbHO HAcTpOEHHbI ajapec fuedkd namaTd paBHbld 0,
npeacraBfieHHbli B TekcToBOM mnone Address M COOTBETCTBYIOLIEH MNEpPEMEHHOM
tb_byte_ addr, MOXET ObITb NPH >KENaHUH U3MEHEH Nosib3oBaTeneM. baiT naHHbIX, npea-
Ha3HauYeHHbIH Ans 3anucH, otobpaxaercs B TekCToBOM nose Data u npencraensercs co-
OTBETCTBYIOLLEH NMEPEMEHHOM tb_data. B 3T0 TekcToBOe Mmosne HyXHO BBOAMTbL uucna
TOJIbKO W3 Arana3oHa ot 0 0o 255, nockonbKy nporpaMMa He onpeaenseT AHana3oH BBO-
auMoro uucna. [ocne nepenaun naHHbIX GopMUpyeTCs ycnoBHe octaHoBa. Kpome atoro
B M0C/IEI0BATEILHOCTH CHTHANOB Ha LiMHe HHTepdetica I°C 1omkHbI GbITh 1Ba JONOHHU-
tenbHbiX TakTa ACK — oauH, noarsepxxaalowunii nonyyeHue aapeca svedkd, M apy-
rod — AaHHbIX.

CreHepHpoBaHHYIO BpeMeHHY0 avarpammy (cM. puc. 13.10) Bbl MoxeTe npoaHanu3upo-
BaTb U CPaBHHUTb C TEXHUYECKHM onucaHueM mMukpocxeMbl EEPROM-namsTH.

[locne crapr-ycnoBus cneaytoT nepsble 6utbl 1010 0000, B cooTBeTCTBUM C aapecom
ycrpoiictea 160, (DEVSEL) (BocbMoii OUT yka3biBaeT Ha onepauuio 3anucu, a AeBs-
Tblii — NOATBEpXKAaeT MoJlyueHHUe NPUEMHUKOM aapeca ycTpoiicTa). 3a Ouramu agpeca
yCTpOWCTBa nepenaroTcs aapec 3anoMUHaoLel suedkd paBHblit 0 U COOTBETCTBYIOLLHH
6utr noareBepxkaeHus. 3atem cnenyioT aaHHbie (0101 0101), cooTBeTcTBYIOLIME 3Haue-
Huto 85, kotopoe Obi10 BBeAeHO B none Data.
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| Baudrate: {1200 :3 BulfergiBe: ﬁia |

Takt jede: ‘2.1 s Anzeigedauer ca: 6667 ps
DevSel Addiess Dala

fiofo —fes

ISDA wr

5DA «d

Puc. 13.10

[Tocne BocbMoro 6urta paHHbix curHanbl SDA wr u SDA rd pacxoastcs. Becnomuum
(cMm. puc. 13.3), uro nunus SDA wuntepdeiica I’C ynpaensiercs uepes auon, Ans TOro
4ToObl MPH 3aMMCH OJHOBPEMEHHO MOXHO ObIJIO OCYLLECTBIATb YTEHHE MO APYroH JiK-
HuW (B naHHoM ciyyae RTS). Utak, nunus DCD cootBerctByet curdany SDA wr, a nu-
Huss RTS — CDA rd. Jvon ¢ nomouusto curiana Ha nuHud DCD 3anept. Mukpocxema
EEPROM-namsTy cpa3y e nocjiie OKOH4aHWsi BOCbMOro 6MTa JaHHBIX C MOMOLUBIO CHF-
Hana CDA Huskoro norudeckoro ypoeHs (curHan SDA rd) noareepxnaer nonyueHue
JaHHbIX. OnHaKko sABNSETCS JIM BEPHbIM pPe3yJIbTaT, NojyyeHHbld 6€3 Mcrnonb3oBaHUs Ka-
Koro-nubo usmepuTensHoro npubopa, U Obu1 v B AEHCTBUTENILHOCTH 3an1caH 6aiitT?

LWWar 5: yteHne 6anuTa

Pesynbrar, nonyueHHbld nocne wara 4, MoXxeT ObITb NPOBEPEH NMYTEM YTEHHUS U3 TOH e
camoii suelikn EEPROM-namsTy, B koTopyto 6bu1a BbinosiHeHa 3anuch. Ecnn Bbl BbiOe-
peTe naTbii war B nporpamme (kHonka 5. 12C Byte lessen), To nonyuute pe3ynbTar,
npyBeaeHHbI Ha puc. 13.11.

Baudrate: 3’1 200 :,] Buffergrole: [1 28 "1
Takt jede: 52.1 us Anzeigedauer ca.: 6667 ps

DevSel Addiess Data
i 160 i 185
5.02CBytelesen | l —J-—J

SCL

SDA wi

SDAd

Puc. 13.11
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Uuraemble JaHHble HaXOAATCS B KOHUE BpPEMEHHOM AvarpamMMbl. 3TO 3HaYeHUE B aecs-
THYHOM Buae mpeacrtasasercs B nose Data (85, pasHoe 0101 0101,), koTopoe Takum
00pa3oM COOTBETCTBYET 3aNMCAHHOMY paHee 3Ha4YEHHIO.

YKA3AHHE

Onpenensm: AaHHblE Ha BPEMEHHOW Anarpamme cnenyeT TONbko BO BpemMsA NONOXUTENbHO-
ro UMnynbca CUHXpPOHU3auuun SCL, 1. e. NpPU BbICOKOM NOrM4YeckoM ero yposHe, Ha4yuHasa oT
nonoXxutenbHOro ero (bpoma N 3aKaH4yunean oTpuuaTenbHbIM.

A Tenepb paccMOTpUM AMCTHHT 13.3. Uro6bl YMTaTh AaHHbIE U3 3aMOMHUHAIOLLEN AUYEHKH
mukpocxembl EEPROM-namsatu Tuna 24C16, Bce 12C-hyHKUMH NOMKHbI BbINONHATHCS
CTpOro B onpeAeaeHHOH Nocie10BaTeNbHOCTH APYT 3a IPYroM.

Private Sub bt I2C Read Click()

strWriteBuffer = ""

I2CStart

I2CByte Val (Me.tb devsel.Text) ' ampec EEPROM-namaTu c uHTepdeiticom I2C
I2CByte Val(Me.tb_byte;addr.Text) ' agpec SUeMKM naMsaTM C OaHHEMM
I2CStart

I2CByte (Val(Me.tb devsel.Text) + 1) ' uuraTe OailT HaHHEX, HaunHas C LSB
I2CByte (&HFF) ' coopMMpOBATE CHMHXPOMMITYJIbCHl
I2CStop

If FTWriteRead(True) = False Then MsgBox "FTWriteRead Error"

End Sub

[Tocne ¢popMupoBaHUs cocTosiHUA cTapTa nepBbiM Bblaaetcs aapec EEPROM-namstu.
Anpec paieH 160,o; nocnenHum 6utom 160 (AOH unu 1010 0000 B nBOHYHOI cucTeMe)
asnsercs 0, KOTOpbIA yKka3biBaeT Ha onepaunio 3anucd. Kakas jke sueilka mamsatu B
EEPROM-namsaTi nomkHa ObiTh mpoudTaHa? [IpeaBaputenbHO 3ajaHHbIi B TEKCTOBOM

none Address 1 ¢ MOMOLUBIO COOTBETCTBYIOLEH NEPEMEHHOM tb byte addr (cm. waz 4)
aapec suelkH NamsTH ¥ paBHbIH B JaHHOM ciyyae 0 nepenaeTcs cieaylolmM 6aiToM.

[Tocne atoro ans BbinonHeHus onepauuu ureHus EEPROM-namsatu popmupyercs HoBoe
cocrosiHue crapta (St) u cHoBa agpec EEPROM-namsatu DEVSEL, Ho Tenepb ¢ 1 B ca-
mom mnaawem 6ute (LSB), onpenensiowmnm onepauuio yteHus. B 3akmoueHue ocranoch
N06aBHTb TOJILKO JIMILb CHHXPOCHTHAJIbI U C(POPMHPOBATL COCTOSHHE OCTAHOBA.

[IpuBeneHHble BpeMeHHble aquUarpaMMbl mony4vatorcs u3 Oydepa urenus. Umes otaenn-
Hble 6aiTbl NpH BHIMOJHEHHH OMEpaLMWii 3aNMCH U YTEHHUs M NepeaaBas UX C onpeaeeH-
HbIMH 3a/1€p)KKaMH BO BPEMEHH, MOXKHO MOJIyYHTb M300pakeHHe BPEMEHHbIX IHarpaMm
B peasibHOM MaciuTtabe BpeMeHu! TakuM oOpa3om, Bcero 3a MATb LIArOB Bbl HE TOJIbKO
paspaGoTanu npeoGpasosatens uHTepdeiicoB USB-1°C; HO M ONHOBPEMEHHO C ITUM 3a-
nporpaMMHpoBau ero 1is ucnoas3zoBaHus ¢ EEPROM-namsTbio!
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NanbHeiwue ykazaHus
Ans pa3paboTku NporpaMMHoOro obecneyeHus

CkopocTb nepeaayu il BCEX PacCMOTPEHHBbIX LIAaroB YCTaHaBJIMBajiaCb B MoOJjie BBOAA
Baudrate Hen3MeHHO Ha 3HaueHHe 1200 6on.

l'[pOBepre cieaymwulee: yneanBacTcs Jin NEeHCTBUTENIBHO CKOpOCTb nepenayv npH yBe-
JIHYEHHH CKOPOCTH NEpeaavyv NaHHbIX B 2 pa3sa.

C u3meHenuem pasmepa Oydepa B packpbiBatoiiemcs cnucke BuffergréBe co 128 no
256 GaiiToB ynBauBaeTcs M ANHUTENBHOCTb 3anucH. Beerna ucnonb3yiite MakcumanbHoe
3HaueHue pa3Mepa Oydepa ans nonyueHus BpEMEHHOH AHarpamMMbl.

HamenuB agpec ycrpoiictea B none DevSel Ha 3HaueHue otnuuHoe ot 160, Bbl, ckopee
Bcero, Gonbuie He cMmoxere oOpaTuTbes Kk noakIoyeHHoH Mukpocxeme EEPROM-
namsaTH. [locne Haxkatus kHonku S. 12C Byte lesen aapec ycTpoiicTBa naMsTH aBTOMa-
THYECKH yBENHYMBAETCS Ha |, Tak YTO MEHATb €ro Bpy4Hyto He HyxxHo. Kak obpaiuatbes
K sfiYelikaM namsTH, HauuHas ¢ ajapeca 256, Bbl MOXKETE HaTH B ONMHUCAHUM HCMOJIL30Ba-
Hus EEPROM-namsaTu B mnpuMepe, pa3MelleHHOM Ha KOMMAaKT-AMCKe B Karaiore
\Beispielprogramme\Bsp_I2C_EEProm\Bsp_Kennwortspeicher.

13.6. "BblyxuBaHue" AaHHbIX

B nporpamme nocne Haxartus kHonkd 6 Bytes lesen (puc. 13.12) cuuTbiBaloTCS LIECTb
nocneaoBarenbHbix 6aiiTOB, HauMHas ¢ BBeaeHHOro aapeca. Pasmep Oydepa aBToMaTH-
4yecKH ycTaBisieTcsi Ha 3HaueHHe 512 GaiiTos.

Baudrate: i{'z‘ﬁg_h‘:] Buffergiahe: i’§1_2 ) i
P e DevSel Addiess Data
o {"m
Bsnpml .
85-85-117-117-117- 117
e
SCL
SDA w
SDA«
Puc. 13.12

2 .
Bce I°C-¢yHkunn B noanporpamme bt_readéBytes_Click NOMKHbI BbIMOMHATLCSA B HEOO-
XOJMMO# NOCNeN0BaTENbHOCTH:

Private Sub bt_read6Bytes_Click()

strWriteBuffer = ""



XpaHeHue AaHHbix 8 EEPROM-namamu 155

I2CStart
I2CByte Val (Me.tb_devsel.Text) ' ampec EEPROM-mamsaTu
I2CByte Val (Me.tb_byte_addr.Text) ' ampec sAuelkM namMATHu
BMerkmal = Len(strWriteBuffer) ' 3amaTh uuciio BanToR misa Oydepa
For i%$ = 0 To 5
I2CStart '
I2CByte (Val(Me.tb_devsel.Text) + 1) ' uMTaTh HOaHHHE
I2CByte (&HFF) ! IeHepMpOBaTh CUHXPOVMITYJIbCH
I2CStop
Next i

If FTWriteRead(True) = False Then MsgBox "FTWriteRead Error"

End Sub

IMocne dopmupoBaHHUs cOCTOsIHUA cTapTa I2CStart nepenaiores anpec EEPROM-namsru
(DevSel) v nepBblii HauanbHbIH aapec sueiky namsaTH. [Ipy KaXkaOM HOBOM YTEHHH
BHYTPEHHHMH CUETUHMK aJpeca aBTOMATHYECKH YBEIHYHMBAETCA Ha | U Takum oOpa3om on-
peaensieTcs cneayowuid aapec aYeiKky 1N YTeHUs naHHbIX. B uukne wectb pa3 dopmu-
pyeTcs COCTOsHHE CTapTa, a B Gydep 3anucH striWriteBuffer 3aMMCbIBAlOTCS CUHTAHHbIE
NaHHble, POPMHPYIOTCS CHHXPOMMIMYJILCbI H COCTOSIHHE OCTaHOBA.

[Mocne 3anucu B 6ydep 3anucu npu nomowd GyHKUMH FTWriteRead AaHHblE OyayT no-
MeLeHbl B Oydep uTreHus strReadBuffer. [locnenosarenbHbie GUTHI NOMKHBI ObITL "BbI-
JOBNEHbI" U3 3TOro MOTOKa AaHHLIX U Npeobpa3oBaHbl B 6aiiThl: pe3ynbTaT npeacTaBnsi-
eTcs B OKHe COOOLIEeHHs, HanpuMep, B CIEAYIOLLEM BHAE:

85-85-117-117-117-117.

@DyHKUHMA I2C_ConverterReadByte BbIMOJIHAET npeobpazoBaHue 6uTOB B OaiiThl. B Kkaue-
CTBe MapaMeTpa BBOAMTCA Ta no3uuus Gaiita, HauMHas ¢ koTopo# u3 Oydepa ureHus no-
cnenoBatenbHble OUTbl AODKHBI COEAUHATLCA B OaHTbI:

Private Function I2C_ConvertReadbyte (ByVal AbBytePosition As Long)
As Byte
' nocnepnoBaTeslbHEE OUTHL CHOBa COEIMHUTL B OanT
' OEeNCTBUTEJIbHHE HaHHHE MOJYYUThL NPU [OJIOKMTEJIbHOM PpoHTe curHana SCL
' CcHauajyla B3ATh Camull crapuntt 6uT (MSB), a B KOHUe - miuammit 6ut (LSB)
Dim i As Integer
Dim BitPosition As Byte
Dim Data_in As Byte
Dim rb As String
rb = strReadBuffer
data = 0
BitPosition = 128
For i = 1 To 25 Step 3 ' mo nos3uwm 2 Oaitra
' nomyunTh OanMT B nepemeHHoi Data ‘in
Data_in = Asc(Mid$(rb, i + AbBytePosition, 1))
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' curdHan SDA HMBKOT'O MJIM BHICOKOT'O JIOTMYECKOT'O YPOBHS?
If Data_in And (2 ~ SDAREAD) Then
data = data Or BitPosition
End If
BitPosition = BitPosition / 2
Next i
I2C_ConvertReadbyte = data
End Function

CHauana obpabarbiBaeTcs camblii crapinid 6ut (MSB), B koHue cambiii Mnaawuii (LSB).
Ota dyHKUMs noxoxka Ha npeobpa3zoBaHWe O6aHTOB B mocienoBaTeNbHblE OUTbI, HO OTAH-
yaeTcs BEJIMYMHOM Liara UMKIa paBHOro B JaHHOM cayudae 3 (For i = to 25 Step 3).
Heo6xonumbie TakToBble curHanel SCL oTHumatoT 3 Gaiita, nostomy o6paboTka W aHa-
JIM3 MPOUCXOAAT Kaxkabli pa3 ¢ MHTepBaloM B 3 Oaiita. [lepeMeHHas SDAREAD NpH nycke
nporpammsl 6blia onpeaeneHa s curHanbHoi JMHUM RTS (cooTBeTcTBYIOLIEH YTEHHUIO
curiana CDA (CDA rd)). o oxkoHuaHun paboTbl pyHKUMH pe3ynbTaT COXpaHseTcs
B NEpPEMEHHOM data.

[NapameTp AbBytePosition AomkeH ObiTb onpeneneH B Oydepe uTeHHs Ans Bbl30Ba
(bYHKUMK I2C_ConvertReadbyte. [lepen 3anucbio nepeMeHHON BMerkmal 3alaeTcs 3Haue-
HHE, COOTBETCTBYIOLIEE MCXOAHOM NO3WULUMK BMerkmal = Len(strWriteBuffer). OT 3TO#H
NO3HLUMH OTAENbHble OUTbI YMTaeMbiXx OAHTOB BCTpeyaloTCs C OrnpeaeNeHHbIM HHTEepBa-
aom:

Private Sub bt _read6Bytes Click()

strWriteBuffer = ""

I2CStart
I2CByte Val (Me.tb_devsel.Text) ' anpec EEPROM-namAaTn
IZCByté Val (Me.tb byte addr.Text) ' agpec AYENKM NaMATU
BMerkmal = Len(strWriteBuffer) ' ucxomHas nosuuusa
For i¥ = 0 To 5

I2CStart ' 3 Gaitra

I2CByte (Val(Me.tb devsel.Text) + 1) ' 27 GaitroB

I2CByte (&HFF) ' 27 ‘GaitroB

I2CStop ' 4 Banra
Next i

If FTWriteRead(True) = False Then MsgBox "FTWriteRead Error"
BMerkmal = BMerkmal + 3 + 27
Ausgabestring = Val (I2C_ConvertReadbyte (BMerkmal))
For i =1 To 5

BMerkmal = BMerkmal + 61

Ausgabestring = Ausgabestring & " — " &

Val (I2C_ConvertReadbyte (BMerkmal) )

Next i
MsgBox Ausgabestring

End Sub
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OOGpatuTe BHUMaHHE, YTO 11 MEPEMEHHOH I2CStart Tpebyercs 3 Gaiita, nepemeHHO#
12CByte — 27 GaiitoB. [lepBoe 3HaueHue HauuHaetcs nocie 30 Gaiitos, npyrue 3Haue-
HHUS CleayloT ApYr 3a ApyroM uepes 61:

I2CStart + 2 X 12CByte + I2CStop =3 + 54 + 4 (6aiira),
YTO B CyMMe COCTaBAsoT 61 Gaiir.

Crpoka BbiBOAA A1 OKHA COOOLLUEHHs 3anoNHAeTCs nepBbiM 6aiTOM, HauWHas C MonoXxe-
HHS BMerkmal + 30, M nocneayowmumy 6aiTaMu B LMKJIE C MO3HLMH BMerkmal + 61.

13.7. AkcnnyaTtauua NporpamMmbl
EEPROM-HakonuTens yCnoBHOro koga

Emkoctb Mukpocxembl EEPROM-namsatu Tna 24C16 cocraenser 16 Kout unu cootserct-
BeHHO 2048 6GaiitoB. B neMoHcTpauMoHHo#H nporpamme, npuBeAeHHO Ha puc. 13.13, uc-
NoNb3yIOTCS TONbKO nepeble 4% 128 = 512 OalT, T. €. 25 % umeloLueiics B pacnopsKeHHH
eMKOCTH namaTtH. [1pu 3TOM nporpaMma no3BojsSET 3anucaTh M MPOYMTATh 4 CTPOKH MO
128 cumMBONOB MHOOOr0 YCNOBHOrO Koaa, naposs Wi uaeHTudukaropa.

= USB Test

Bsp.: Kennworspeicher Baudrate: {38400 | Gerat:  JFT232R USB UART

BaudRate betragt 38400
Lesen beendet um 07:31:51

Kennwoit 3: (128 Zeichen) lesen j speichern J i

{Ebay name: Maulwur {Kennwort T atort

Kennwort 4: (128 Zeichen) [i

:peichém j -

1123080435503 A A A A N S T AT W5

Hinweis: es werden in diesem Bsp. nur 25X der Speicherkapazitat vom 24C16 EEProm genutzt!

Puc. 13.13

Ecnu Bbl B nepBblii pa3 uutaere navxbie W3 "nycroro” EEPROM, To HaBepHsika obpaTtHTe
BHMMaHWe Ha CTpaHHble CHMBOAbI (), TakMe Kak Moka3aHbl Ha pUCYHKe B 4-if cTpoke
CHMMBOJIOB. JTO 00BbsACHSETCS TeM, 4To npu ctupaHit EEPROM-namsTtu, B Hee 3anuchl-
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BaloTcs cMMBONbI ¢ KoaoM FFi¢ unun 255, U npu utreHun otobpaxcatoTcs ciykeOHbIMH
3HaKaMH.

Urenne EEPROM-naMsTH BbINONHAETCS NOCTATOUHO ObICTPO, @ BOT NMPH 3aMHCH AaHHbIX
BO3MOJKHA noTeps ckopocTd. [IpuunHy Bbl y3HaeTe B OMMCaHHW MCXOAHOrO TEKCTa Mpo-
rpammbl. [IpotecTupyiiTe nporpamMmy Ha ckopoctH nepenaud B 1200 6oa, BbiOpas ee B
Bbinaaaioliem cnucke Baudrate — B 3TOM ciiyyae aaxke NpH YTEHHH Bbl TAKKE 3aMETHTE
3amensieHue paboTsbl.

13.8. Nporpamma EEPROM-HakonuTens
YCNOBHOro koga — oparmMeHTbl MCXOOHOro TEeKCTa

[Tocne popmupoBaHus ycnoBus ctapta no HHtepdeiicy I’C 8 Mukpocxemy EEPROM-
HakonuTens nepenaercs 6aiT Bbibopa ycTpoiicTea (Device Select Byte) unu, uHaue, 6aiit
aapeca DEVSEL, dopmar kotoporo npuseneH B Taba. 13.1. butel B7 no B4 anpeca
DEVSEL nns mukpocxem ST24Cxx 3apanbl 3Hauenwem 1010. Butei ¢ B3 no Bl
B DEVSEL — 3t10 crapwue 6utbl anpeca sueiiku namsatd A10, A9 u A8. Kak o6biuHO

B uuTepdeiice I°C mnanwmit 6ut Gaiita BeIGOpa yctpoiictea (B0 = R/ W B DEVSEL)
ornpeaenseT BbINONMHIAEMYIO ONEPaLMIo 3aMnUCh HIH YTEHHE.

B Tabn. 13.2 — ocraBwuecs mnaawune 6uTel Oaiita agpeca syeiikn namatu ¢ 0 no 255,.
[Ipu obpawieHun k 3anomuHaroLei sueiike 261, (100000101 B nBOMUHOI cucTeMe) 3Ha-
ueHue aapeca, onpenenseMmoe 6utamu ot A10 no A0, fo/MKHO ObITh pa3aeneHo Ha ABa
Gaiita (aBe yacTu aapeca). [lanee npMBOAMTCA COOTBETCTBYIOWMIT (parMeHT TekcTa Npo-
rpaMMmbi:

DEVSEL

= 160 ' ampec ycrpoicrBa EEPROM-namaTu
DEVSEL = DEVSEL + (Int(Start / 256) * 2) ' 6uTa Al0-A8 ampeca siueiku
' nepemada I2C-kOMaHI
I2CStart
I2CByte Val (DEVSEL)
I2CByte Val (Start And &HFF) ' mnammi GaiT agpeca SAYENKM NaMsaTH
Ta6bnuya 13.1
BuTbl GaiTa BbIGOpa ycTpoicTBa DEVSEL
Mukpocxema
B7 B6 BS B4 B3 B2 B1 BO
24C16 1 0 1 0 A10 A9 A8 RIW
Tabnuya 13.2
Mnaawasn YacTb aapeca A4YenKu NaMATH
Mukpocxema

B7 B6 BS B4 B3 B2 B1 B0
24C16 A7 A6 A5 A4 A3 A2 A1l A0
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Cuauana ans 6aiita Bbibopa ycrpoiicrea DEVSEL 3anaetcs onopHoe 3HaueHHe, paBHOe
160, (10100000,). Start — 3TO mepeMeHHasi, COOTBETCTBYIOLLAA XKEJJAEMOMY aapecy
3anomMHHaloweH AuedkH NamaTH, B JaHHOM cliyyae 3To uucio 2610 (100000101,). Boi-
MOJIHEHHEM OMepaLMH Start/256 oTaensoTca Mnaawde 8 OUToB OoT aapeca syerkH na-
MSATH, U NOJIyyaeM CTapllylo 4acTb aapeca, B AaHHOM npumepe — 1. Dta noruyeckas
€AMHHLIA HE I0JDKHA COOTBETCTBOBaTH MaaaueMy 6uty BO peructpa Boibopa yctpoiicTsa
DEVSEL, nockonbky B HEM XpaHUTCA OWT, ompenensioiHid Onepaudio YTEHHS WIH

3anuch — R/W -6ut. [103TOMY 3TOT GUT HY>KHO CABHHYTb Ha OAHY MO3MLHIO BJEBO,
K no3uuuu 6ura Bl. Jlns aToro nonyyeHHbld pe3ynbTaT yMHOXAETCA Ha 2, a 3aTeM ckJia-
abiBaeTcs ¢ yucaoM 160,.

OcranbHble BoceMb 6UTOB Ang Gaiita Mnamwefi yactu aapeca ot 0 go 255 nonyuator npu
MOMOLUH MacKH, HaK1aaAblBAEMOH Ha NEPEMEHHYIO Start, T. €. MPH MOMOLIH JIOTHYECKOH
onepauuu AND c uuciom FF B wiecTHanuaTepuuHoi cucTeMe cHHUCIeHHs .

Jns urenus 128 6aitToB npoucxoauT B BbI30BE GYHKLHH readl28Bytes: '

Private function readl28Bytes (Start As Integer)

. Auszug:

' nepemaua I2C-xoMaHQ

I2CStart

I2CByte Val (DEVSEL)

I2CByte Val(Start And &HFF) ' mnammit GanT ampeca SYEMKM NaMATU

BMerkmal = Len(strWriteBuffer) ' ucxomHas nos3uums

For i% = 0 To 127 ' 128 Ganr
I2CStart
I2CByte (DEVSEL + 1) ' sapmatb urenme (LSB=1 B DEVSEL)
I2CByte (&HFF) ' reHepauyMsa CUHXPOMMIIYJIbCOB IJIS UTEHUS
I2CStop

Next i

I2CByte (&HFF) ' elle IreHepauMs CUMHXPOMMITYJILECOB

SendRead FTDI_Bytes

Ota QyHKUMS BaM Yyke H3BECTHa M3 npumepa pasd. 13.6 v 3aech npucnocobneHa ais
128 6aiiToB. B pyHKUMH writebytes 3anucbiBatoTcs 128 Gaiito. Kaxabifi 6aiT nepena-
€Tcs B MPOrpaMMHOM LIMIKJIE MO OTAEJIbHOCTH:

Private function writebytes(Start As Integer)

. Auszug:

For i = 0 To Len(wrtxt) — 1
strWriteBuffer = ""
I2CStart
I2CByte Val (DEVSEL)
I2CByte Val(Start + i) ' ampec Start = 160 + i
I2CByte Asc (Mid(wrtxt, i + 1, 1)) ' kaxmpt GaiT B wrtxt
I2CStop
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I2CByte (&HFF) ' IeHepaumMsa CUMHXPOMMITYJIbCOB
SendRead_FTDI Bytes
Next i

[lepen 3TMM naHHble NOArOTaBAMBAKOTCA B CTPOKE AaHHBIX, U1 TOro 4ToOBI YAATUTb
cnyxebHble 3Haku (He OykBbl W He UWdpbl) npeaBapuTenbHo ounuieHHoii EEPROM-
namaTH. B uukne kaxablii otaenbHblid 6aiiT nepenaercs no uHrepdericy USB u nomewia-
eTcs B CTPOKOBYIO NEpEMEHHYI0 wrtxt. B 1aHHOM ciyuae He ocyluecTBiaseTcs npoBepka
YCNELHOCTH Nepeaay AaHHbIX C NOMOLLbIO OHTa NOATBEPKAEHHUS.

[Tockonbky noGaiiTHbIA npouecc 3amWcH MPUBOAMT K MOTEPE CKOPOCTH, TO €€ MOXHO
Obi10 6b1 ynyuwuTbh Gnarogaps moctpaHuuHoi 3anucu (Page Write) u nposepke noa-
TBepxaatoulero 6ura ans mukpocxeMbl EEPROM-namsti tTuna 24C16.

\

JnurenbHocTb LKMKNA 3aMUCH, COTNACHO TEXHUYECKOMY MacropTy, COCTABASET MAaKCH-
manbHO 10 mc. Ins onTMMH3aLMKU BO3MOXHO TaKk)Ke€ YCTAHOBHUTb BpPeMs LIMKJIA 3aMUCH B
3aBUCHMOCTH OT CKOPOCTH nepenauyd B 604ax WU nocjie 3anucH MHOrux 6aiiToB cpaBHUTH
JlaHHbIE NOCJE BbIMOJHEHHUs NMPOBEPOUHON ONepaLlny YTEHHS.

13.9. NMpumep nporpammbl ABYXNPOBOAHOW CBA3U
no untepdeiicy 1°C

OTOT npUMep NporpaMmbl NOKa3biBaeT, kak HCMOJb30BaTh W paboTaTh C NAHHBIMH W CHH-
XPOMMITY/IbCAMH [IBYXNPOBOHOM CBA3M uHTepdeiica I°C.

Curnanbhas auuus RXD ocraercs B kauecTse TakToBoM wunbl SCL untepdeiica I°C, a
auHusg RTS npeana3Hauaetcs ans wuHbl gadHbix SDA. Kpome Toro, nunus DCD c no-
MOLLLbIO MPOrpaMMbl BKJIIOYAETCS B KAUYECTBE BXOJA W COEAMHAETCA C BHYTPEHHHUM pE3H-
cropom MHkpocxembl FT232R, umetownm conporusnenue 200 kOM, a ApyruM CBOMM
BbIBOJOM NOAKIIOYEHHOIO K NOMOKHTENbHOMY HanpsXeHUIO NMUTaHUA.

INockonbky 0OpaboTka curHanos yxe Obu1a pazobpaHa B NpeablayLIEM NMpUMEpE, B NaH-
HOM Clly4ae OCTaHOBHUMCH JIMLLb Ha HEKOTOPbIX OCOOEHHOCTAX AEMOHCTPAaLMOHHOFO Npo-
rpamMmHoro obecneueHus Ans onepauuii 3aNucH U YTEHHS.

Orcoenunure USB-anantep ot koMnbioTepa, a Takxke JOMONHMTENbHYIO NaaTy OT ajan-
Tepa (puc. 13.14).

Bcrasbre Mukpocxemy 24C16 EEPROM-namsaTi B naHenbky Ha ONOAHUTENbHOM NaaTe.
Bam He HyxHO BcTaBnaTb H30OparkeHHbIH auoa. CoeMHHTE AOMOSHHUTENbHYIO MiaTy
¢ USB-apantepom 1 Tonbko nocne atoro noakiounte USB-apanTtep k BauweMy KoMmnb-
toTepy.

CooTBeTCTBYIOULYIO NpOrpaMMy Bbl HaiiileTe Ha NpujiaraeMoM KOMNAaKT-IMCKe B Ka-
tanore  \Beispielprogramme\Bsp 12C_EEPROM\zweidraht. 3anyctute nporpammy
12C_2Drahtverbindung.exe u wenkuure kHonky 4. 12C Byte schreiben (3anuch 6Gaiita)
(puc. 13.15).

B pesynbraTte Bbl yBUAUTE npouecc 3anucH OaiTa naHHbIX, OTOOpaXXeHHbIH B HHXHEH
4acCTH IHAOroBOro OKHa NporpaMMsl B BHAE BPEMEHHBIX AHarpamm, aiia curuanos SCL
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1 SDA. INockonbky nuHus SDA B 1aHHOM ciy4ae MCMOAb3YETCs JIHLIb B KaYECTBE Bbl-

Xoza, To octaetcs Tonbko HageaTbesi, 4To EEPROM-namsats 6e3o0mbouHo nosy4una
nepenaHHbie eil AaHHbIE.

L P1
1 ]
Puc. 13.14
Bsp.. [2C Schnittstelle te sten (Zweidraht-Verbindung) Gerét  [FT232R USB UART
. |BaudRate betragt 1200 N
BltBang Mode aktiviert
iBeendel 10:33:36
i
Baudrate: ’-1 200 :] BulfeigioBe: gﬁgﬁm_' "3}
Takt jede: 521 ps ] Anzeigedauer ca.: 6667 us

DevSel Addiess Data

1. 12C Start J = I [ o {imo
Al i

2. 12C Stast +Stopp I g 5. 12C Byte lesen !
3. 12C Start + Byte+ Stopp J Nachstes 12C Byte lesen E
SCL
SDA
Puc. 13.15

PaHee 3anucaHHble JaHHbIE MOXHO, KOHEYHO, NPOBEPUTH W NPH NOMOLLM ONEpaLMH yTe-
HUSA, BbIMOJIHsAEMO# nocne HaxaTus kHonku S. 12C Byte lesen (urenue Oaiita): Bo Bpe-

MEHHBIX AHarpaMMax B JaHHOM Clly4ae MpeacTaBsIOTCA TONbKO NMPOYHTaHHbIE AaHHbIE
(puc. 13.16).

C nomMowbio hyHKUMHK FTWriteReadAnalyze (B VB-nporpamme) curHanbHas nuHus SDA
MOXKET MepeKsoyaThCsi C BbIXoAa Ha BXoA M obOpatHo. Tak npu nepenauye anpeca
EEPROM-namsaTy nuius SDA BkalouaeTcs B KauecTBe BbixoAa. 3aTeM Npu OnepauuH
yteHus NMHUA SDA cHOBa NEDEKJIIOYAETCs Ha BXOL.
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Bsp.: 12C Schnitistelle testen (Zweidraht-Verbindung)

Baudriate betiagt 1200
:{ BitBang Mode aktiviert

Konvei Glerter Wert @

&(i.) gelesener Wert::170

Taktjede: 52.1 us

1. 12C Start

3. 12C Stast + Bytes Stopp

se. (UL

Puc. 13.16

Camo coboii, MOXXHO ObL10 Obl COXPaHWTb 3TH OTAENbHbIE LArd U NMPH HEOOX0AUMOCTH
CHOBa NPHCOEAWHHTb TaKMM 00pa3oM MonyyYeHHble JaHHbIE K BpEMEHHOW JHarpamMe, HO
TOraa 3aTpyaHsioch Obl ee AanbHeiiliee HceaeaoBaHue.

C nomMowpbio GyHKUMH I2C ConvertReadByte BbIYHCIISETCA YHCJOBOE 3HAUEHHE MPOUH-
TaHHbIX JaHHbIX, KOTOPbIE B 1HAJIOFOBOM OKHE NPECTaBAIOTCSA B BUAE BPEMEHHOI nHa-
rpamMMbl H YHCJIOBOrO 3HAa4EHHs, KOTOPOE B N1aHHOM npumepe paBHo 170.
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UHdpakpacHoe
AUCTaHUMOHHOE ynpaBneHue

HHdpakpacHbie nepenayy OaHHbIX UCMONB3YIOTCS, HanpuMep, B MOOHJIbHOM TenedoHe
WIH MyAbTe JUCTAHLMOHHOIO ynpasieHus tenesusopa, CD/DVD-nneepa u T. .

O6bIYHO Ha CTOpOHE NepenaTylKa UCNoNb3YKTCa HHpaKpacHbie nepefatolide AHoabl, a
Ha CTOpOHe NMpHeMHHKa — HH(pakpacHble npueMHble auoabi. CrniekTpanibHas YyBCTBH-
TeNIbHOCTb ()OTOAHONOB 3aBUCHT OT HCMOJIb3YeEMOro MojynpoOBOAHHKOBOrO marepuana.
Ha puc. 14.1 noka3aH npumep [uig anemMeHTOB U3 repmaHus Ge (germanium) U KpeMHHUs
Si (silicium). UudpakpacHbie nepeaaun GpyHKUHOHUPYIOT B AHANa3oHe MJIHH BOJH OT
850 no 950 MKM M ABNAIOTCS HEBUAMMBIMH AJ YenoBeuyeckoro riasa. Jnga npenotspa-
leHus peardpoBaHus oToaHona Ha OObIYHLIN AHEBHOWH CBET MPHUMEHSIOT CMEKTpalib-
Hblii QUIBTP, KOTOPLIH YCTaHaBIHWBaeTCA nepel NMPUEMHHUKOM M MpOMycKaeT U3 obLuiero
CMeKTpa CBETa TOJIbKO HHpaKpacHbIi CBET.

‘CnexrpansHan
_;.3... 4yBCTBUTENLHOCTL
» rna3a Ysnoseka

100+

Puc. 14.1

B otnuuune or doroanona ceerouyBcTBUTENbHBIH doTopesucTop LDR (Light Dependent
Resistor) aBnsercs o4eHb HHEPTHLIM W HE MOAXOAMT ANS JOCTaTOYHO BbICOKOCKOPOCT-
HBIX CHFHAJIOB HH(PpaKpacHOi nepenayy NaHHbIX.

doToaMoabl 3KCMIYaTHPYIOT B 0OpaTHOM HanpasieHHH. B TemHoTe ¢ortomnon umeer
BBICOKOE BHYTPeHHee conpoTueieHHe. C NOBbILIEHHEM OCBELIEHHOCTH COMPOTHBIIEHHE
yMeHbLIaeTcs, a oOpaTHblii TOk yBenuuuBaercs. M3-3a nuHelHOH 3aBUCMMOCTH MeXay
00paTHbIM TOKOM M OCBELUEHHOCTbIO (POTOAHONOB OHH YACTO MCMONL3YIOTCA IS H3Me-
pUTENbHbIX LIene.
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®otoauoanbl Wau Gonee YyBCTBUTENbHbIE (POTOTPAH3IUCTOPLI, KPOME TOrO, MPUMEHSIOTCS
B onTonapax (OnNTpoHax) A5 rajbBaHHYECKOH pa3Bi3KH CHTHAJIOB B JJIEKTPUUYECKHX Lie-
nsx, B yCTPOHCTBaXx BBOAa AaHHBIX ¢ nepdoKapT, B ONTHYECKWX NMPHBOJAX KOMMAKT-
nuckoB U DVD, B doTosueiikax, HanpuMep, ans cuera aetaied, npd OECKOHTaKTHbIX
M3MEPEHHSX TEMMEPATYpPbl WIH B CXEMaX BEAOMbIX (DOTOBCHbILLEK.

®doToanonbl UMEIOT OYEHb MaJloe Bpems peakUHd U nepekiioueHus (Bpems cpabaTbiBa-
Hus). Bpems cpabatbiBanus ¢otorpansuctopa BPW-40 cocrasnser 3 mkc. Bpems cpa-
6arbiBaHus ¢oroauona BPW-34 paBHo 20 He, a dotoanona SFH 2400 — paxe S Hc!
Yem meHbLie BpeMs peakuu GOTOAHOMNA, TeM ObICTpee MOXET BbIMONHATLCS Nepeaaya
JaHHbIX.

JlocTaTouHO 4acTo MpPUMEHSIOTCA MUKpocxembl WH$pakpacHbix npuemHukoB SFH 506-
36 unu TSOP 1736, koTopble UMelOT GOTOAHOA CO BCTPOEHHBIM YCHIIUTENEM U B TO XK€
BpeMs OJHOBPEMEHHO NEMOIYNSTOp, MO3BOJAIOMH cpa3y ke B MHKpocxeme npeobpa-
30BaTb CBETOBOH CHrHa/l B LM(POBOE 3HAYEHHE.

14.1. UucppakpacHasa nepengaya AgaHHbIX
no npotokony RC5

HHdpakpacHas nepenaya AaHHbIX ABASETCS MOC/NENOBaTENbHOW mMepenaved NaHHbIX.
OnHako NOCKO/bKY YeNOoBEYECKHH a3 HE MOXKET BOCNPHHHUMATbL CBET B HH(paKpacHOM
Auana3oHe, TO O4YeHb TPyAHO 6e3 kakux-1ubo BcroMorartefbHbIX CPeACTB MepenpoBe-
puTh paboTOCNOCOOHOCTb AUCTAHUMOHHOTO YNpaB/ieHUs WiAW HHdpakpacHOH nepenauu
JaHHbIX.

OOHMM W3 HEMHOrMX CTaHOApTH30BaHHbIX METOAOB Nepeaayd MpH AMCTAHLHOHHOM
ynpasieHHH SABASETCS nepenaya ¢ NoMoLbio paspaboraHHoro komnanueit Philips npo-
tokona RCS5. CornacHo npotokony RCS5 npu kaxaoM Ha)aTWH KHOMKH nepenaercs na-
KET NaHHbIX, cocToAWMA U3 14 6uTos. [lpu 3TOM nepBbie nBa OWTa — 3TO CTapTOBbIE
OUTbI, KOTOPLIM COOTBETCTBYET Mepenava AByxX Jioruyeckux eaHun — "1". 3atem cne-
ayet 6ut T (toggle bit), 5 6uToB ans anpeca ycTpoicTBa U 6 OUTOB KOMaHAbI:

il A Y B I B

[Tpotokon RCS ucnonb3yer OudazHoe (MaHuecTepckoe) koaHpoBaHHE HHGOPMAaLMOH-
HbiX OuTOB. [1pH 3TOM KaXIblit OTAENbHBIH OUT COCTOMT U3 OBYX YacTei — nay3bl, paB-
Hoit 900 Mkc, U da3bl anuTenbHOCTHIO O0kono 900 Mkc, cocTosilierd U3 CHHXPOCHTHANOB
uHdpakpacHoro csera yacToToi 36 kl'u. Takoi cnocob nepenauu nNo3BosisET NPUEMHHKY
NydlUe OTJUUYMTb NepefaBaeMble JaHHbIE OT CBETA OKPYIKaloLEen cpebl.

"]"

Buty co 3HaueHueM noruueckoi COOTBETCTBYET BHauane GopMHpoBaHHE nay3bl H
MOTOM reHepHpPOBaHHE CHHXPOCHTHANIOB, a Ul 6UTa co 3HaueHHeM soruueckoro "0" Bce
O0OCTOHT MPOTHBONONOXKHBIM 00pa3oM, CHauyala OCYLUECTB/ISETCS FEHEPUPOBAHHE CHH-
XPOCHIHasOB, a 3aTeM ciieayeT naysa (puc. 14.2).
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burt 1 but 0
900 Mkc 900 Mmkc 1,8 Mc
44— P> + |
Puc. 14.2

[Mepenaua onHoro 6uTa Bcerna npomosixkaercs poBHO 1,8 Mc, T. e. da3a reHepupoBaHHs
CHHXPOCHTHAIOB U nay3a anarcsa kaxaas no 900 mc. bnarogaps 3ToMy nepenauya nakera
JaHHbIX, cocTosLero u3 14 6uTos, 3aBepLunTcs yepes 25 mc. Ecnu Ha nynbTe quctaHuu-
OHHOro ynpaBjeHHWs AepXKaTb KHOMKY B HaXXaTOM COCTOSIHWH, TO MepeJaBaeMoe CJOBO
JaHHbIX Oyner noBropATbes kKaxable 114 mc.

OnucbiBaeMas 3aecb BpEMEHHAs XapaKTEPUCTHKa COOTBETCTBYET koay nporokona RCS.
B 3aBMCHMOCTH OT M3roTOBHTENS NPOTOKON MH(pPaKpacHOW nepeaaiyd MOXeET OTAHYATb-
ca. [1pu nHpakpacHoii nepenaye AaHHbIX B MOOWIbHBIX TenedoHax UCNoNb3ylTCs Mne-
penaua no cranpapty SIR (Serial Infrared, nocnenoBarenbHas uHdpakpacHas nepenaua)
co ckopocTbio 115 Kout/c unun FIR (Fast Infrared, 6eicTpas undpakpacHas nepenaua) co
cKopocTbio OT 567 K6ut/c no 4 M6ut/c. YHuBepcanbhblii ctanaapt IrDA (Infrared Data
Association) onpenensieT ¥ onucbiBaeT cneudduKkauuy W MPOToKObl HHpakpacHo# ne-
penayu JaHHbIX.

Cnoco6 nepepaun SIR ans 3KOHOMHH 3HEPrUH XapakTepH3yeTcs OYeHb KOPOTKHMH HM-
nynabcamu, okosno 1,6 Mxc. Ecnun yBenH4HTb JNUTENbHOCTb 3THUX UMITYJ1bCOB, NEpeaaBae-
Mble JaHHble Taloke Morau 6bl obpabaTbiBaTbes Mukpocxemoit FT232R. Bpems peakunu
dotoTpaHsucropa BPW-40 coctapasier okono 3 MKC, M B JaHHOM Cjly4ae OH HE NoaXo-
AHT.

BPW-40, uHorna HasbiBaemblii ¢$OTOAHOAOM, HAa CaMOM Jiene sBiseTcs GpoToTpaH3UCTO-
pom. Ilockonbky He wucnonb3yercs KakoW-AMOO HONONHWTENbHBIA HHpakpacHbIi
¢unbTp, TO PoTO’NEMEHT OyneT pearHpoBaTh U Ha AHEBHOM CBET.

B naHHOM 3KcnepUMEHTE HY)XHO He TOJbKO ONpeAeuTb, BKIIIOUEH U WHpakpacHbIh
CHUrHaJl AWCTaHUMOHHOrO ynpasieHus. 3Ty npobiemMy MOXXHO 6b110 6bl peLIHTb, B CIy-
yae HEOOXOIMMOCTH, C MOMOLLBIO CXEMbl YCHIHTENS CO CBETOAMOAHBIM MHIMKAaTOPOM
WIH ¢ 3yMMepOM. 34ech CleayeT Takke KOHTPOJIMPOBaTb, MPOMCXOOMT JIW W3MEHEHHe
uudposoro curHana ¢ 0 Ha 1, 1 Ha060pOT, YTO HEBO3MOXKHO CAENaTb, UMEs TOJbKO Npo-
CTYIO CXEMY YCHIIUTENS.

14.2. NMpumMmep nporpamMmmbl TECTUPOBaAHUA
WH(ppaKpPaACHOro AUCTAHLUMOHHOIO ynpaBrieHUA

Ecnu ycTpoiicTBo Gonblue He pearupyert Ha nyabT AUCTAHLHOHHOIO YNPaBieHHs, TO 3a-

4acTyl0 MPUYUHOW sABAAIOTCA ninoxue Gatapen nutaHus. Ecnu nocne cMeHbl Gatapei
AMCTaHUHOHHOE yNnpaBJieHHe BCE elle He PyHKLMOHUPYET, TO BOZHWUKAET BONPOC, SBs-
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‘eTCsl JIH NPHYMHOMN CaM MyJbT AHCTAHLIHOHHOTO YNPaBIE€HHs WJIH XK€ BHHOBAT NPHEMHHK.
IMpu nomowwn USB-apnantepa u dotoauona Bel MoXkeTe npoTecTHpoBaTh paboTocnocod-
HOCTb MyJIbTa AHCTAHLWHOHHOTO YNpaB/leHH.

Boinonuure psaa cnenyrownx NeHCTBHIE A1 NOArOTOBKH K TECTHPOBAHHIO NMPH MOMOLUM
nporpaMMmbl, pacrnosioKeHHO#H Ha KoMnakT-aucke B Katanore \Beispielprogramme\Bsp_16,
USB-apantepa u dororpanzucropa BPW-40:

1. CpenaiiTe TOHKYIO KapTOHHYIO TPYOOUKY — Ul STOrO NOAOHAYT KapaHJall H JIMnKas
JIleHTa — W HafileHbTe ee cBepXy Ha ¢oToTpaH3ucTop. Tpybka nomkHa orpaHH4YHBaTh
najieHHe cBeTa Ha (OTOTPAH3HUCTOP, T. K. B HHOM CJIy4ae JAHEBHOH CBET cpasy ke ak-
THBH3UpYeT Ha HeM curHan CTS (D3).

2. Ypanute USB-anantep ot koMmnbioTepa H MOAKJIIOYHTE K HEMY AOMNOJHHTENBHYIO
rnaty (puc. 14.3).

Puc. 14.3

3. TNoacoeaunnure ¢otorpanzucrop BPW-40 k BeiBoay 4 (3emns = GND) u BbiBoay 16
(CTS) 20-koHTaKTHO# NaHeNbKH, PacroNoKEeHHON Ha NOMOHUTENbHON nnare. AHOA
¢dotoanemMeHTa OOBLIYHO ANMHHEE, H OH AOMKEH ObITb NOAKIIOYEH K BbiBoAy 16
(CTS =D3).

4. Cxosa noakmoyute USB-anantep ¢ A0NONHHTENBHOH MIaTOH M 3anyCTHTE Mporpam-
My beispiel_16.exe, pacnonoxeHHyIO Ha NpHIaraéMoM K KHHre KOMMaKT-AHCKe B Ka-
tasiore \Beispielprogramme\Bsp_16.

IMocne atoro Haxkmute kHonky BitBang an (Bktounts pexkum Bit Bang), utobbl akTH-
BHpOBaTh pexkiM Bit Bang, a 3atem kHonky Lesen mit Timer (cunTbiBaTh ¢ TaliMepom)
Ul KOHTPOJIMPOBAHHA COCTOSIHHUA JHHHIA (puc. 14.4). JIns nocnenyrowed akTHBaLMH
curnana D3 (CTS), kak 1 Apyrux cHrHanos, pOTOTPaAH3IUCTOP H3HAYAJILHO NOKEH ObITh
3aTeMHeH. Ecnu nepxkaTh BKIIOYEHHYIO HACTONbHYIO JlaMMy MO HarnpaBieHHIo K ¢oTo-
TPaH3HCTOpY, TO COCTOSSHHE CHrHana H3MeHuTcs. HanpaBnss nynst Ha ¢goToTpaHzHcTOp
M HaXHMas KHOMKY My/JbTa AMCTAHLUMOHHOTO YMpaBJIEHHS, Bbl, BO3MOXKHO, 3aMETHTE
KpaTKOBpEMEHHbIE H3MEHEHHS! COCTOSIHUSL — MyJIbT AHCTaHLMOHHOIO YNpaBJieHHs Nochl-
naet UK-curnansi.

Curnan D3 moxHo aHanu3upoBath B pexxume Bit Bang mukpocxemsl FT232R. YacToTy
onpoca MOXHO HACTPOHTb yKa3aHHEM CKOpOCTH nepenaud B 6onax (Baudrate), a nnu-
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TENbHOCTb CUHTHIBAHHS NaHHBIX — YyKa3aHHeM pa3mepa Oydepa (BuffergroBe). Ecnu Bbi
M3MEHseTe OIHO M3 3THX 3HaYeHWH, NMporpamMma aBTOMaTHYECKH ONpenensieT AAHUTENb-
HOCTb OMpOCa H JUIHTEbHOCTb PErHCTPALIMH.

& USB Jest

Bsp 16. FB Test mit Fotodiode / Fototransistor X [ﬁ:ESZH USB UART

| BilBahg an I

{ 1Anzahl vorhandener USB Gerate: 1 B
i 1BitBang aklivieren

BaudRate betragt 1200

BitBang Mode aktiviert

BitBang lesen

Warte auf Startsignal

|- |-beendet-

Lesen mit Timer

Ji2o0 E
Bitlange ca.: 52.1 ps

Puc. 144

C vacroToit kpaTHO# 16-TH 3HauY€HHSM HACTPOEHHOI CKOPOCTH nepenayd B 6oaax MOx-
HO onpawu1Bath cirHaibHyto JuHHIO CTS (D3), HaunHas ¢ curHana "crapt" no Tex nop,
noka He OyzeT 3ano/sHeHa HacTpoeHHast eMkocTb Oydepa. Pesynbrar nzobpaxaercs no-
CTPOYHO B HHXKHEH YacTH IManoroBoro okHa nporpammbl. Kajknas cTtpoka noka3sbiBaert
128 6aitT nHpOpMaLIHH.

[Npexxne uem Haxxmete kHonky FB Test, ybenurecs, 4to curHanbHas auMHus D3 akTuBH-
3upoBaHa (YCTaHOBJEH COOTBETCTBYIOLUMI (oK, Kak H A1 OpYTrHMX CHIHAJIOB).
3anuch JO/MKHA HAYMHATBCA TOJIBKO TOrAa, Koraa OyneT H3MEHATbCS COCTOSIHHE CHrHana
Ha 1uHMK D3. B npoTHBHOM ciyuae Bbl AOKHBI NPEeABapHTENbHO 3aTEMHHUTb (OTOTpaH-
sucrop. [locne 3Toro ObICTPO HaXMMTE KJIABMILY BailLero MyJbTa AWCTAHLMOHHOTO
ynpaBieHHs: (KOHEYHO, epXka Mo HanpaejieHHIO K (OTOTPaH3UCTOPY), H TOrAa Bbl MONY-
YMTE MEPBbIE PE3yNbTaThl, BO3MOXHO, CXOXKHME C PE3yNbTaTaMM, MOKA3aHHBIMH Ha
puc. 14.4. B 3TOM ciny4yae MOXKHO OUEHHTh GYHKLMOHAIbHOE COCTOSIHHE MyJibTa AUCTaH-
LIMOHHOTO YTMpaB/EeHHS.

MPUMEYAHHNE

B aaHHOM npumepe WUCNbITLIBANCA NYNbLT AUCTAHLMOHHOTO YNPaBNEHUSt SNOHCKOTO NPOoU3-
BOACTBA, KOTOPbLHA UCNONb3yeT CUrHanbl, OTNUYHLIE OT npoTokona RCS5!
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['padmueckoe oToOpaxkeHHe pe3ybTaToOB 3aHUMaeT MakcUMyM 8 ctpok no 128 GaiiToB u
onpenensercs HacTpodikamu pa3mepa Oydepa. [lepBas cTpoka comepXMT mnepBbie
128 GaiitoB, BTOpas crpoka — cnenytowMe 128 6aiitoB. [Ina otoGpaxeHus Gonee uem
OIHOH CTPOKH Bbl MOXKETE MbICJIEHHO N00aBUTb KXY MOCIELYHOLYI CTPOKY B 00-
nactb a1 otobpaxeHus. [1py kakaoM HaKaTUK OOHOM M TOM XK€ KHOMKH Ha MyJbTe JUC-
TaHUMOHHOrO YNpaBieHHUs Bbl OyaeTe BUAETb CXOXKHE Pe3ybTaThl.

Yacrora onpocoB CHrHajloB B 1aHHOM npumepe (npu ckopoctd nepeaauun 1200 6ox) 6y-
aet npuMepHo 19200 I'u (nepyon paBeH 52 MKC), a IIMTENLHOCTb 3aMMCH MpPH pa3Mmepe
Oydepa 512 6aiitoB cocraBnser 26 mc. TakToBas uyacTtoTa McCleqyemMOro mnyjabTa JWc-
TaHUMOHHOrO yrnpasieHus, paBHas 36 kI'u (c nepuonom okoso 27,7 Mkc), BO BpeMs ¢a3bl
nepeaayu MHPpaKpacHoOro cBera COOEPXKUT 32 CBETOBbIE BCMbILUKK JJIMTENbHOCTbIO CBe-
ueHus okosio 6,9 Mkc, ¢ nay3amu Mexay BenbilkaMud okono 20,8 mkc. TakuM obpasom,
B oOlei CNOXHOCTH AnUTeNnsHOCTh ha3bl cBeveHus coctasaser 32 x (6,9 +20,8) =
= 886,4 ~ 900 (Mkc). YacToTa OTCUYETOB C NepHOAOM 52 MKC B 3TOM NpUMepe s NepHo-
Ja CBETOBbIX BCMbILIEK C JTUTENLHOCTbIO OTAENbHON BCMbILIKH 7 MKC HE COBCEM MOAXO-
IHUT U NPUBOAHMT K ownOkaM (Mponyckam CBETOBbIX Bernbiluek). B naHHom ciyuyae Gonee
noaxonsulerd 4actoToi orcyeToB Obuia Obl YAaCTOTA, COOTBETCTBYIOLLAS, HAllpUMEp, CKO-
poctu nepeanauun 38400 6oa c nepuoaom paBHbIM npumepHo 1,6 Mkc. OaHaKO NOCKONbKY
¢aza nay3bl, B KOTOpO#H, cornacHo npotokony RCS, HeT nepenau Benbiluek cBeTa, IJIHTCS
900 MKc, UTO cyllecTBeHHO Oosblie nepydoaa onpoca, a No3TOMY aHaJIM3HPOBAHUE CHT-
HanoB npu ckopoctu nepenaud 1200 6ox B AaHHOM Cilydae MOXET BMOJHE YCTPOUTb.
[pu pa3mepe Gydepa 512 6alTOB MJIMTENLHOCTb 3aMUCH COCTABAET OKOJIO 26 MC, 4YTO
COOTBETCTBYET BPEMEHM, 32 KOTOpPOE OJMH nakeT AaHHbIX (14 6UTOB) nepepaetrcs no
nporokony RCS. Ecnu noBbicUTb MPOAOMKHUTENBHOCTb 3aMUCH U YMEHbLIUTb CKOPOCTb
nepenayu B 60aax, To npumepHo uepe3 120 Mc npou3oiiaeT NOBTOpHas OTMpaBKa.

Bonee neranbHblii aHanu3 MpuU ANUTENBHBIX 3aMUCAX OYeHb KPUTHYEH MO BPEMEHH, T. K.
mukpocxema TF232R umeer 6ydep ot 128 no 256 6aiitos. Kpome 3toro, B mporpamme
nocsie onpoca curHanbHoi AuHuUM D3 BbinonHsercs onepauus uteHus no USB. Tlpu
3TOM TaKXe HET TOYHO OnpelesieHHOH BpeMeHHOH 3aaepxkku. [ToaTomy npu nosTope
YTEHHWS MOTYT NPOH30MTH JOMOJHUTENbHbIE HCKAXKEHHUS pe3Y/IbTaTOB.

HocturHytb 6osiee BbICOKOH TOYHOCTH MOXHO ObL1O Obl, TPUMEHHUB 3IEMEHTbI BPEMEH-
Hoit 3anepxku (RC-uenu) ans TakroBoro curHana 36 xl'u B ¢asze nepenauu UM BbINoJ-
HUB Oonee neTanbHbIH aHanu3 B nporpaMMHoM obecneueHuu. B naHHoM cinyuae npolue
Bcero Obulo Obl cpa3y npumeHUTb HHOpakpacHble npueMHukH SFH 506-36 unu
TSOP 1736, kpaTko onucaHHbie B Hayale riaasbl.

14.3. UcxoaHbIA KOoA NporpaMMbl TECTUPOBaHUS
MHpakKpacHOro ANCTaHUUOHHOIO ynpaBfieHUs

HcxonHbli koa ans npumepa coaepxxurcs B daiine Bsp.VBP, pacnonoxeHHoM Ha mpu-
naraeMoM KoMmnakT-aucke B katanore \Beispielprogramme\Bsp_16. Cnenytowmii dpar-
MEHT W3 MUCXOAHOro KoJa MoKa3blBaeT BaKHeWLIME BbI30Bbl GYHKLHI A1 TECTUPOBAHUA
JUCTaHLUHMOHHOrO ynpaeiaeHus npu Haxatoi kHonke FB Test:
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Private Sub bt fb test Click()
' BJIOUMTbH pexamM Bit Bang C 3amaHHOM CKOPOCTBIO
Call bt BitBangAn Click

' D3 meakTMBMPOBAH? TOTZa CTapT YTEHUs
Do
FtStatus = FT_GetBitMode (lngHandle, Databyte)
If FtStatus <> FT OK Then
LoggerList.AddItem "Fehler bei FT_GetBitMode"
GoTo CloseHandle

End If
Loop Until ((Databyte And 2 ~ 3) /2 ~ 3) =0

SendRead FTDI Bytes

End Sub

Komanpa Call bt BitBangAn Click BbI3blBaeT pyHKLMIO bt BitBangAn Click M aKTHUBH-
pyer y mukpocxembl FT232R pexum Bit Bang c 3anaHHOi ckopocTbio nepeaayd naH-
HbIX. BbI30B yHKUHHM FT_GetBitMode BbIMOJHAETCS B LHUKJE 10 TeX Nop, noka 6UT naH-
Hbix D3 (CTS Ha BbiBoae 16 20-KOHTaKTHO# MaHeNbKH AOMOJHUTENbHOH MaTbl) He
npumMeT 3HaueHue norudeckoro "0". bur nanubix D3 nepefiner B "0", kak Tonbko Oyner
HaxkaTa kakas-JIM00 KHOMKa MyJibTa AUCTAaHLUHOHHOTO YNpaB/ieHHS.

HUccnenoBanre npoponkaercs Bbi30BOM (YHKUMHM SendRead FTDI_Bytes. Bbi30Bbl OT-
AenbHbIX GYHKLUMA HaM yxe 3HaKOMbI U3 2rasbl 9, a Tenepb JHLIb ObUTM COEAMHEHBI
B 0AHOMH cob6cTBeHHOM pyHKkuMH. JlaHHble B CHHXpOHHOM pexxuMe Bit Bang Bbiaatores u
NoMeLLaloTCs B NMEPEMEHHYIO striWriteBuffer, U MOTYT ObITb CYUMTaHbl NpH oOpalLueHHH
K NepeMEHHOM strReadBuffer.

JlaHHble nocne Bbi3oBa PYHKUMH bt_fb test Click MOMELLAIOTCS B CTPOKOBYIO Mepe-
MEHHYIO strWriteBuffer B COOTBETCTBWM C YCTAHOBJEHHbIM pa3MepoM Gydepa.

HdaHHble ans rpaduyeckoro otobpakeHus oOpabaTbiBaloTCs B MOAMPOrpaMMe, NpeacTaB-
JIEHHOM B nucTUHre 14.1.

stxrWriteBuffer = ""
For i1% = 1 To Len(strReadBuffer)
If ((Asc(Mid(strReadBuffer, il, 1)) And 2 ~ 3) / 2 ~ 3) = 0 Then
strWriteBuffer = strWriteBuffer & "|"
Else
strWriteBuffer = strWriteBuffer & " "
End If
Next il
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' mMakcuMyM 128 3HaAKOB B pe3yJybTaTe
Dim i As Integer
Me.lb erg0.Caption = Mid(strWriteBuffer, 1, 128)
' npenBapUTEJIbHO BCE OCTAallbHEE
For i = 1 To 7

Me("lb_erg" & Trim(Str(i))).Visible = False
Next i
If Val(lb bsize.Text) > 128 Then

iz = Val(lb_bsize.Text) / 128

For i =1 To iz — 1

Me("lb_erg" & Trim(Str(i))) .Caption

Mid(strWriteBuffer, i 128, 128)

Me ("lb_erg" & Trim(Str(i))).Visible = True
Next i
End If

JlaHHble U3 CTPOKOBOMW MEPEMEHHOI strWriteBuffer, B 3aBUCHMOCTH OT COCTOSIHUS CHT-
HanbHOW nuHuKM D3 kaxaoro npuHaToro 6akTa, 3anucbiBalOTCA B MEPEMEHHYIO
strReadBuffer 3Hauy€HHWEM, KOTOPOE COOTBETCTBYET BEPTHKaIbHOMY cuMmBOay "|" Wau
npobeny. CumBoniom "|" ob6o3HauaeTcs WHPpakpacHblii CBETOBOW CHUrHan, koraa ¢oto-
TPaH3UCTOP B 3TOT MOMEHT BPEMEHH YCTAaHABJIMBAET BXOJHOW CHIHal Ha HU3KHIA Joru-
yeckuif ypoBeHb. TakuM 0Opa3oM B HH)KHEW 4YacTH AHAIOrOBOrO OKHa OTOOpaXkaercs
cBoeoOpa3Has BpemeHHas auvarpamma. Coaep)kMMoe  CTPOKOBOW — nepeMeHHOH
strWriteBuffer mMocje 3Toro ¢ nomouublo VB-dyHkuMu Mid pasaensercs MakCMMyM Ha
8 ctpok no 128 6aiiToB kaxkaas, c METKaMH OT 1b_erg0 A0 1b erg?.

14.4. YnpaBneHue AONONHUTENBHOWN
BeAOMOW BCNbIWKOX Npu nomowum ¢poroamona

He6onbLuoii npuMep aneKTpHYECKOH cxeMbl BEAOMO# (POTOBCNLILLKH ANS paaHontoduTe-
N1 npeacTaeieH Ha caiite www.heise.de u puc. 14.5.

KONTART_X

1
58n (

© Besare
i

D)
=

o

fx

i

KOMNTAKT_O
Puc. 14.5
KoHTakTbl s BHeuHe# (GOTOBCMbILKK MpeAnaraloT TONAbKO JOporde uMdposbie kame-

pbl. [To cnyyalo MoxHO HalWTH Te UK HHble GpakoBaHHble GoToBCMbIlWKH. [TpH MoMoLM
doToarona M ¢ yueToM HeOONbILKX 3aTpaT Ha CXeMY Bbl MOXeTe 3axkeub (HOTOBCMbILLKY
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6e3 npoBonoB. OCTOPOXKHO, CYLUECTBYIOT CTapbi€- BCMbILIKH, KOTOpPblE Ha KOHTaKTax
umetoT 1o 150 B, ans Takux ycTpoHCTB 3Ta cxemMa, KOHEYHO XK€, HEMPHroaHa.

[1p1 noMoLuM KOPOTKOro CBETOBOro MMNyJibca (BCNbILLKK) OTKpbiBaeTcs TpaH3ucTop Ql
YCTpOICTBa M TeEM CambiM 3axkuraeT gotoBcnbiliKy. Konnencatop Cl1 npeaHasnaueH ans
TOro, 4ToObl BCMbILLIKA pearMpoBajia He Ha NOCTOAHHBIH CBET, a TOJIbKO Ha CBETOBOI MM-
nyasc. Ecnu Bbl xkenaete, utoObl Benbillka Balued UMpoBoit kamepbl paboTana nocro-
AHHO, TO HY>KHO 0OpaTHUTLCS K MPUMEPY NPOrpaMmbl B paso. 6.4.

14.5. O6paboTKa curHanos
C npeacraBneHueM pesynbrarta
B Buae BpeMeHHOW AnarpamMmmbl

B xauecTBe anbTepHaTHBbI )1 NpeACTaBlEeHHs ONKUCAHHOI paHee NOCTPOYHOH 0O6paboT-
ku curianos M. Kywens paspa6oran HeGonbiuyto noanporpammy Ha Visual Basic. ®aiin
HaXOMTCA Ha KOMNAaKT-AKMCKe B KaTanore ¢ npuMepamu Bsp 16.

Pe3ynbTaThl H306paXaloTcs B HHXKHEH YacTH IMANOrOBOro OKHA B BUIE BPEMEHHO# aHa-
rpammsl (puc. 14.6). Kaxnapiii pa3 nzobpaxcaercss odOuias npoaOKHUTENILHOCTD 3arKCH,
yToObl MONYYMTb MaKcHMalbHOE Fpaduueckoe pa3pelueHue. [lpumep unnocTpupyer
pa3BepTKy CHrHajOB JMCTAHUMOHHOrO ynpaBieHus ¢ uactoToi orcuetoB 38400 I'u

(c nepuonoM 26 MKC) M MpOAOIKHUTENbHOCTBIO 3anucu 13,3 mc, npu'pasMepe 6ydepa
512 6Gaiitos.

. Bsp 16: FB Test mit Fotodiode / Fototransistor Geiat: ‘};F1232R USB UART

4 ST
Anzahl vorhandener USB Gerate: 1
BitBang aktivieren
BaudRate betragt 2400
BitBang Mode aktiviert
BitBang lesen
Warte auf Startsignal, Taste auf Fernbdienung driicken
-beendet-

Puc. 14.6
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AHanusaTtop AnAa umpoBbLIX CUrHanNoB
c yacrotamu oo 60 kl'y

[Tporpamma M3 npeabiayLiero npuMepa MOXKeT NOJOHTH B KauecTBe MpocToro "oaHoka-
HanbHOro aHanu3aropa" UMdpoBbIX CUrHaNoB ¢ Yyactotamu A0 60 kI u.

[Ipu TecTHpoBaHWM MyNbTa AUCTAHLUMOHHOIO YMpaBA€HHS OJHOBPEMEHHO MOTYT 3aMu-
CbIBaTbCs BCE BOCEMb CUTHaNIBbHBIX BX0a0B (D0—D7). Pe3ynbTathi, TakuM 0Opa3oM, yxe
OyndyT HaxoAMTbCA B MNaMATH Balero KOMMbIOTEpa, a HWMEHHO B MepeMeHHOM
strReadBuffer, U OMTbl KaX10H CHUrHaIbHOW JIMHMHM Aas rpaduyeckoro orobpaxkeHHs
JOJDKHBI ObITb MPEeNBapUTENbHO NOAroTOBNAEHbI! B npeabiaywiem npuMepe TecTHpoBaHHUA
nyJibTa UCTAaHLUMOHHOTO yNpaBieHUus oOpabaTbiBajiach JHLIb OHA CUTHAJIbHASA JIMHHUA.

B nporpamMMme TecTHpPOBaHHS NHUCTAHLUMOHHOIO YNPaBJIEHHSI MOXHO OCYLUECTBHUTb OXH-
JaHue coObITHsS CTApTOBOrO CHrHana [/ Hauyana 3aMMcH, a B JaHHOM ciyyvae 1)1 Hauyana
3amycka JIOTHYECKOr0 aHanu3aTopa. 3anyck MOXHO 6b10 Gbl, KOHEYHO, OpPraHU30BaThb
NpH caMbiX pa3/IMYHbIX COCTOAHUAX BCEX CUIHANIbHBIX JTUHUH. CKopee Bcero npu 3anycke
nporpaMMHoOro ofecrnieyeHHss MOXET MPUCYTCTBOBaTb HeOonbuias 3afepikka, KoTopas
Oyner 3aBUCETb OT OLICTPOAEHCTBUA KOMIMbIOTEPA.

Ecau Y BaC €CTb reHepaTop 4acTOT HJIH TaKTOBbIH reHepaTrop, To0 NOAKJIKYUTE €ro K 10-
NOJSIHUTENbHOK MjlaTe aHaJIOTMYHO MOIKIOUYEHHIO qC)OTOTpaHSMCTOpa B Mpeabiaywem
NpUMEDPE, a 3aTEM CaMOCTOATEJIbHO BbIIMOJHHUTE TECTHPOBAHHUE.

YKA3AHME

Bbl 4OMKHbI y4UTBIBATL, YTO CKOPOCTb nepegayn no USB npu nonHockopocTHOM pexume
nepenaum (Full-Speed) cocrasnseTt Tonbko 64 6ainta/kagp. OaHako ANs AOCTATOMHO Npo-
CTbIX UCCNEAOBAHWI 3TOT aHanu3aTop 6yaeT oyeHb NoneseH.

Jlanee npencraBineHbl HEKOTOPblE MPUMEPbI pe3yJbTaTOB MCCleAoBaHUs curHanosB. Ha
puc. 15.1 nokasaH npumep ans curHana ¢ yactotoi okoso 60 kI'u. [IpompomkurensHocTb
3anucH B JaHHOM CJiyyae YCTaHOBJieHa Ha 3HaueHue 104 MkC npu 3a1aHHOM pa3Mmepe Oy-
¢depa, pasHom 128 GaiiToB. Ha puc. 15.2 npuBeneH npumep ans BXOAHOro CHrHana uac-
ToTOi oko0 10 kI, NPOAOMKUTENBHOCTL 3aMUCH ycTaHoBNeHa Ha 104 MKkc npu pa3me-
pe 6ydepa 128 Gaiit. Ha puc. 15.3 nokaszaH npumep MccleoBaHHS CHrHasa ¢ TakoH ke
vactoroit 10 k', HO npu 3anaHuu pasmepa Oydepa 256 6aiiTOB U COOTBETCTBEHHO MpPO-
JOKUTENBHOCTH 3anucu 208 mkc.
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f = 60khz

Puc. 15.1

Puc. 15.2

Puc. 156.3

IMoxanyiicra, He cea3biBaiiTe nonyvyeHHoe rpaduueckoe npencTapieHHe pe3yJibTaTa B
TpeTbeM npumepe (cM. puc. 15.3) ¢ AByKpaTHbIM YBEJIHYEHHEM YACTOTbl MCCIIELYEMOro
CHIHaNa Mo CpaBHEHHIO C MpeabiayLrm npumepom (cm. puc. 15.2). B oboux npumepax
4acTOTa BXOAHbIX CHrHANOB oAMHakoBa M coctasnser 10 kI'u. [Tpu u3meHenun pasmepa
6ydepa co 128 no 256 6aiiToB yasauBaeTcs UIMTENBLHOCTb 3anvcH. TakuM oOpa3om,
BpeMeHHas auarpamMma Ha puc. 15.2 npopomxkaercs 104 Mkc, a Ha puc. 15.3 — 208 mkc!
[MoaToMy-TOo M306paxkeHHE, NMONYYEHHOE Ha MOCIENHEM PHCYHKE npu TOH XKe 4acToTe
BXOJHOTO CHIHaNa, BbIMJIAAMT COOTBETCTBEHHO 6oJiee CokaTbiM.
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8-KaHanbHbIN
NOrn4yecKuUu aHanusartop

JaHHbli Jloriyeckuili aHanu3aTop — 3TO paclUMpeHHe Mpeabiayliero npuMepa Ha Bo-
ceMmb kaHanoB. [IpaBna, oH He coBceM coBeplleHeH, 3aTo GecrlaTHbIH M BMOJIHE BbINOJ-
HSIET CBOIO poJib. MOXHO NepeurucIuTb ClieayoLie HeAOCTaTKH:

1. 3anycx (aHanusnpOBaHue BXOJHbIX CUFHAJIOB H OXHWAAHHE CTAPTOBOro CHrHajlla ans
Hayana 3anucu) OCYLUECTBJIAECTCA C NOMOLUBLIO NporpaMMHOro obecneueHns KOMMbIO-
T€EpPAa U B 3aBUCHMOCTH OT 6blCTp0,£leﬁCTBMﬂ KOMITbIOTEPA BbI3bIBACT pa3JIMYHbLIE BpE-
MEHHbBIE 3aA€PXKKH.

2. He moxeT ObITb rapaHTUpOBaHa MOCTOSHHAsA CKOPOCTb 3aMHMCH JAHHBIX, MOCKOJbKY
ucnonb3ytorcs notounbie USB-nepenaun aanHbix tvna Bulk, ¢ MakcumanbHO BO3-
MOXHbIM pa3MepoM mnaketa 64 Gaiit npu nonHoii ckopoctd USB-nepeapauu (Full-
Speed).

OnHako, HECMOTPS Ha 3TH HEAOCTATKH, €CJIM Bbl MCIMOJIb3YETE CHIHAIbHYIO JIHHHIO B Ka-
YecTBE TAKTOBOTrO BbIXOJA, TO 3TO BMOJIHE XOPOLIWI aHalIW3aToOp AN MCCeNOBaHUS
udpoBLIX CXEM.

[lporpaMma HaXxoAWMTCA Ha npHIaraeMoM K KHMre KOMMNaKT-AMCKe B Karajnore
\Beispielprogramme\Bsp_LA 8Kanal. CkopocTb nepemaud [JaHHbIX B mporpamme
(puc. 16.1), 3anaBaemas ¢ noMoLUbIO packpbiBatollerocs cnicka Baudrate, onpenenser
4acTOTYy OTCHETOB (YacTOTY AMCKpETH3auMH) UMGPOBbIX CHrHaNOB, a pa3mep Oydepa c
MOMOLLBIO packpbiBatollerocs crnicka Buffergrofe ycraHaBiMBaeT npoao/mKUTENbHOCTb
3anucH. Ha pucyHke nokasaH mpuMep HccienoBaHWs 8-pa3psiaiHOro cueTuydka npH Mc-
NoJib30BaHUU JIOrHYecKoro aHanu3aropa ¢ 6ydepom Ha 256 GaiT.

Ha cnenytowem puc. 16.2 nokasan npuMep McciiefoBaHus TOro e 8-paspsaHoro cyer-
YuKa NpH HEU3MEHHOH CKOPOCTH nepeaayu, Ho npu pasmepe 6ydepa 512 6aiit. 1o cpas-
HEHHIO C MpeabIayLMM ciaydaeM ¢ 256-6aiiToBbiM pa3mepoM Gydepa B naHHOM ciyuae
NPONOIKHTENLHOCTD 3aNHCH YABaUBaETCH.

B nporpaMMe MOXHO /i KaXXA0ro CUrHaibHoOro KaHanaa sajatb 0 unu 1 B KayecTBe HU3-
KOro HJIH BbICOKOI'O JIOrH4Y€CKOro ypoBHs.
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Bsp. Logik Analyser mit Sofwaretiigger Gerat IFT232R USB UART

Anzahl vorhandener USB Gerate: 1
BaudRate betragt 38400

BitBang Mode aktiviert

BitBang lesen

‘Warte auf Triggersignal

-beendet-

{
i
¥

Baucrate:  [38400 ] Buffergiéie

Rilange ra - 1 Rps Lasfrmchringsdanes ra - 417 ps
Signal

i Leitung DO

Signal
1 iran)

™ Signal
Leitung D2

I (oma03
T Cenng04
o ks
I Ee%?flngDs

Signal
= Letung D7 p. ULl =)

START

Puc. 16.1

e T e -

Baudiate: {38400 v] Bulfergide:

_8|l|3ri§6 ca: 1.6 ps Aufzeichnungsdauer ca.: 833 ys

s LTI T T AU/ TORLATTILAL
7 Cenmooo TTRLUTIMA IR TIATT [T
- Signal
i Leitung D1
Signal
e Lettung D2
Gignel
Letung D3
_r~ Signal
L Leitung D4
Signal
M
Signal
" Leitung D6
Signal
" Letung D7

Puc. 16.2

IpuBenem pparMeHT U3 HCXOQHOMO TEKCTa MPOrpaMMmbl:

Private Sub bt fb test Click()

.

' IS MHBEPTUPOBAHMA OTOOpaXeHUs MUCCIEOyeMOTro CHUI'Hala

usMeHnTe 3HaueHme = 0 Ha = 1 B ¢yHkuwmm CBool

iAnzahl = CInt (Len (strReadBuffer))



8-KkaHanbHbIl fozuyeckull aHanusamop . 177

For iPos = 1 To iAnzahl
LinieXyWertZeichnen 0, CBool (((Asc(Mid$ (strReadBuffer, iPos, _1&))
And 2 ~ 0) / 2~ 0) =0)
LinieXyWertZeichnen 1, CBool (((Asc(Mid$ (strReadBuffer, iPos, _1&))
And 2 ~1) /2 7~1) =0) )

Next iPos.

End Sub

3anyck ocyluecTBiasercs aocrarouyHo npocto. CHauana cocraensercss OaiiT 3amycka
Triggerbyte, B COOTBETCTBUH C COCTOSSHHEM (NaxXKoB (chkSignalleitung (..)) Ui KaX-
JIOro KaHasa aHanu3atopa (JMcTHHT 16.1).

Private Sub bt fb test Click()

Dim Triggerbyte As Byte
Triggerbyte = 2 # chkSignalLeitung (0) .Value
2" - chkSignalLeitung(1l) .Value
~ + chkSignalLeitung(2) .Value
chkSignalLeitung(3) .Value
chkSignalLeitung(4) .Value
- chkSignalLeitung(5) .Value
+ chkSignalLeitung (6) .Value
+ chkSignalLeitung(7) .Value

A

S o s WN B O
. . L
+ + + + + + +

N NN DNDDNDDN
>

NnoJfyyaThb COCTOSIHME JIMHMA BBOOA/BHBOOA U OXMOATH,
' noka Databyte = Triggerbyte
Do
FtStatus = FT_GetBitMode (1lngHandle, Databyte)
If FtStatus <> FT_OK Then
LoggerList.AddItem "Fehler bei FT_GetBitMode"
GoTo CloseHandle
End If
Loop Until Databyte = Triggerbyte
SendRead_FTDI_ Bytes

End Sub

B nporpaMMHOM UMKJIE BBIMOJIHAETCS OXMAAHHME MOMEHTa BpPEeMEHM, KOraa 3HauyéHus
BXOZIHBIX CHTHasoB (B OaiiTe AaHHBIX WJIH NMEPEMEHHOM Databyte) He OyayT MAEHTHYHbI
uHdopmaumu B Gaiite 3anycka (nepeMeHHO# Triggerbyte).
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16.1. UccnepoBanue UMGPPOBLIX CXeM

Ecnu BbI yoxe 3amanuch BOMpOCOM, MoueMy NpUBEAEHHbIE BPEMEHHbIE AHarpaMmbl Obliu
MOYTH HIeabHbIMH, a BOT BalllM MOJYYEHHblE Pe3ynbTaTbl BbIFAAAAT NO-pa3HOMY, TO
NpUYMHA MOXKET ObITb B TOM, YTO cUrHasibHas auHus DO Oblna ycraHoBieHa B nporpam-
Me He B KauecTBe BXOJa, a B KaueCcTBE BbIX0J4a. DTOT BbIXOA COOTBETCTBYET CHHXPOCHT-
HanaM JBOMYHOro cyetunka. Ha camMoM pene, kpome TakTOBOro CHHXpPOCHrHana
¢ 8-pa3psaaHbIM CUETUHKOM CBA3aHbl TOJILKO NepBble ceMb OMTOB.

Takum 00pa3oM MOXXHO OMpENENnsTb HE TOJbKO CHHXPOCHIH&1, HO M aHaJIW3HPOBaThb
uudpoByto cxemy (CpaBHHTE C MPOLIECCOM MpH pa3paboTke NporpamMMbl i HCCNIEA0Ba-
HUs uHTepdeiica I’C, onucaunbim B 21age 13).
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YnpaBneHue
lwaroBbIMM ABUraTensamm

C noMollblO €IWHCTBEHHOI MHKpPOCXEMbl TOKOBOro ycunurtens (apatisepa) u USB-
ajanTepa MOXXHO BbINOJIHUTb YCTPOMCTBO YNpaBii€eHHs OBYMS YHHMONSPHbIMH LUAroBbl-
MU aBHurarensmMu. [IpuMeHHB elle Takyro xe MUKPOCXEMY, MOXKHO YMpaBisTh U YETbIPb-
M5l YHHUTONAPHBIMH LLArOBbIMH ABHraTEISAMH.

Lllazosvie 0suzamenu npeobpasyloT NEKTPUYECKHE CHUTHAIbI B OTAENbHbIE LIArH nepe-
meuleHus portopa asurarens. Lllaroswbifi aBurarens co 180 waramu 3a oauH obopot
C KaXablM UMNynbcOM nepemewuaercs Ha yron 2°. Lllarobiii aBurarenn, UMEKOLLHIA yr-
JIoBOE nepemelleHne 3,6° 3a oaMH Liar, coBepluaeT nonHeiidi o6opot 3a 100 waroe npu
NOJHOLLArOBOM pexHMe ynpasineHHus. [IToMHMO 3TOro CylUEeCTBYET TakKe U pPexuM no-
JIylHaroBoro ynpasJjieHHs, TP KOTOPOM JIBHIraTeNioO C YriOBbIM nepeMeuieHueM 3,6° nns
coBepuieHHs nonHoro obopora Tpebyercs 200 nonyiiaros, 4To NO CyTH COOTBETCTBYET
JBHUraTeo ¢ yrjioBblM NepeMeLLEHHEM paBHbiM 1,8° npy NonHoLIaroBoM ynpaBiaeHHH.

[llaroBbie nBUraTenu npeaHasHa4y€Hbl A1 NMpUBEAEHUS B NIBUXKEHHE TEX UJIW HHbIX MEXa-
HHU3MOB H, B 3aBUCHMOCTH OT UX NMPHUMEHEHHA, MOI'YT UCNOJIb30BATLCA B pa3HbIX PEXH-
Max, KOTOpbIi€ yAOBJAETBOPAKOT pa3/IM4YHbIM Tpe6OBaHHﬂM K TOYHOCTH H NPOHU3BOAHUTE]Ib-
HOCTH.

[lIaroBble nBUraTed NPUMEHSIOTCS HE TONbKO B poOOTax U B MPOMBILLIIEHHBIX MPUBOJAX
MEXaHM3MOB, a Be3Je, rae Tpedyercs NMHeiiHOe nepeMelLeHHe, HapuMep, B IMCKOBOAAX
ans aucket ¥ CD/DVD mns no3MUMOHHPOBAHHA rONOBOK, a TaKke B MPUHTEPax, CKaHe-
pax ¥ GOTOKOMHPOBATbLHBIX anmnaparax.

Ha puc. 17.1 B kauecTBe nprMepa NOKa3aH LLAroBblil IBUraTesb C METpUYECKOH pe3bboii
Ha Baly poTopa ABHMraTens, WCNONb3yeMblii B KayecTBE JNWHEHHOro CEepBOABHraTens.
Hdunamerp kopnyca npurarens cocrtasaser 8 mm. Ilpu nomowu raiiku BpauiarenbHoe
JBWKEHHE pOTOpa [BUrarens npeobpadyeTcs B JIMHEHMHOE NOCTYNaTesNbHOE ABHXKEHHE
0,014 mm/wiar. CobcTBeHHOE YriioBoe nepeMelleHHe ABurarens cocraenser |8%1wuar.

Ecnu Bbl XOTHTE MO3KCMEPUMEHTUPOBATH C LUAFOBLIMHU [BHUraTeNsMH, TO MOXETE B3AThb
Bce ewle ¢GyHKUMOHUpYIOWMH ABUraTenb W3 HeucnpaHoro auckooga CD-ROM, npu-
BOZIa IMCKET WJIH CKaHepa.

Yuunonspuwiii lnarosblit ABUraTelb UMEET NATb (MM LUECTb) 3NEKTPHUYECKHX KOHTAKTOB;
YeTbipe W3 HUX NpEeAHa3HAuYEHbl 1S ynpaBieHHs oOMOTKaMH U OOWH (MNK nBa) — Ans
Hanps>KeHUs NUTaHUS.
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Jns ynpaBneHuss oOMOTKaMH YHHUMOJSPHOrO LIAroBOro ABUraTensl Hy>KHbl MOLUHbIE 3a-
JaloLMne YyCTPOICTBA, KOTOpPbIE BIJIKOYAIOT HAMpsXKEHWE MUTaHUS U1 COOTBETCTBYHOLLEH
00MOTKH. TakuX MOLUHBIX YCTPOICTB A1 YNpaBieHHs LLAroBbIMU JBUraTeflsiMH Ha Ha-
e NONOMHUTENbHOM MNJlaTe HE HMEETCH.

Ecnu y warosoro nBurarens ecTb ToNbKO 4 KOHTaKTa, TO 3TO CKOpee BCEro OUNONAPHbIL
LIaroBbli ABUrarens. J{ns ynpasneHus TakuM OUMONSPHBIM LLIATOBbIM ABUIaTENIEM MOXK-
HO HMCnonb3oBaTh MHKpocxeMmy L293D yeTbipexkaHanbHOrO TOKOBOrO MNEpEKIHOHATENs
(npaiiBepa) (puc. 17.2) uan aHANOrHUYHYIO MUKPOCXEMY.

+5V WM+
| YCC QU

+5V  OUT2
ENT OUT3
EN2 OUT4

o 2|,

oy p— a

D2 10 ] g 5

D3 15 1 4 12
L2930

GND
Puc. 17.1 Puc. 17.2

17.1. Cxema noaKNtOYeHUA YHUNONAPHOro
lwaroBoro gsurarens

Ha pbiHke MMeeTcs 10CTaTOYHO MHOMO pa3HbiX MUKPOCXEM ApaiBEpOB 118 YNpPaBieHHUA
YHHUMOJSAPHBIMK LIArOBbIMA JIBUraTeNIiMH pa3inuyHOW MoluHocTH. CxeMy ynpaBneHus
MOLUHbIMH LUAroBbIMH JBHMraTessiMH Bbl MOXKeTe coOpaThb Ha TpaH3WcTOopax OonbLLOH
MOLLIHOCTH, TakuX, Hanpumep, kak BD697, unu mukpocxemax 1298, a nns ynpaBneHus
JBUraTefiMM cpefiHeii MoLUHOCTH nopoknyT 16 monesbix TpaH3ucTtopoB uau ULN-
MHMKPOCXEMbI ApaiiBepOB.

Cywectsyer uenbiit paa paznuunbix ULN-MukpocxeM. B nanHoM npumepe ucnonb3yer-
cs mukpocxema npaiisepa ULN2803, koropas umeer TTL/CMOS-coBmecTUMbIE BXOBI
L7151 npsAMoOro coeadHeHus ¢ mukpocxemoii FT232R.

Ha puc. 17.3 nokazaHa 3nekTpuuyeckas cxeMa yNpaBJieHHs L1aroBbIM JABUraTeseM C Mo-
MOLLbIO YeTbIpeX BXOAHbIX CUrHanoB. Kaxnapblii Bxo npeaHa3HauyeH 1S noaavyd Hanps-
JKEHUs MMUTaHUS Ha OAHY OTaenbHYyl o6MoTky; DO — Ha obmortky L1, D1 — Ha L2,
D2 —na L3, u D3 — Ha L4.

Ha cnenyroweit anektprueckol cxeme MnokasaHo MPUMEHEHWE aHATOTHYHON MHKpOCXe-
Mbl B CXE€ME YMpaBJIEHUs! TEM € NBUraTeseM, HO MCNOb3yoLlel TONbKO ABa BXOAHbIX
curnana: DO u DI (puc. 17.4). B nanHom cnyuae Ha Bxoabl 12 (BbiBoa 2) v 14 (BbiBOA 4)
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NoJaroTCs WHBEPTHPOBAHHbIE BbIXOJHbIE CHrHAbl COOTBETCTBYIOLUMX BXOIHBIX CHrHa-
nos 11 (BeiBoa 1) v I3 (BbIBOA 3).

Takum ob6pa3om, npuMeHHB ABe TakWe e MUkpocxembl apaiisepa ULN2803 u ucnonb-
3ys 8 BXOAHbIX ynpaBasioWMx curHanoB DO—D7, MOxHO ynpaBnsTb YETbIpbMs aHaIO-
FMUYHbIMH LLIArOBbIMH ABHraTeNsAMH.
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Puc. 17.4

17.2. NMowaroBoe ynpaBneHue

OO6MOTKH ABHraTens NOMKHbI BKJIIOYATLCA MOCEN0BATENBHO APYT 33 APYrOM.

TabnuuHoe npeacTaBneHWe ynpasneHus ABUraTeneM Ais MOAHOLIArOBOro pexXMma noka-
3aHo B Tabn. 17.1.

TabnuyHoe npeacrasneHUe ynpasieHUs A NMOJHOLIArOBOro peKMMa C ABYMs BXOHbI-
MU CHrHajlaMy npuBeaeHo B Tabn. 17.2.

TabnuuHoe npeacraeneHWe ynpaBneHUs 1/ NOJYLIarOBOr0 peXMMa [MOKa3aHO B
Tabn. 17.3.
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Tabnuya 17.1

War ObmorTka 1 O6mortka 2 O6mortka 3 O6motka 3
1 1 0o 0 0
2 0 1 0 0
3 0 0 1 0
4 0 0 0 1
Ta6bnuya 17.2

War Do D1

1 0 0

2 1 0

3 1 1

4 0 1

Tabnuya 17.3
War O6mortka 1 O6mortka 2 O6mortka 3 Obmorka 4

1 1 0 0 0
2 1 1 0 0
3 0 1 0 0
4 0 1 1 0
5 0 0 1 0
6 0 0 1 1
7 0 0 0 1
8 1 0 0 1

B npeacraBnenHoi Mukpocxeme ULN2803 uMetoTcs BHyTpeHHHE AHOABI, KOTOPbIE CIly-
XKaT ANS 3alMThbl KIIOYEBbIX TPAH3UCTOPOB OT BbIOPOCOB HanpsXKEHUs, BO3HHUKAIOLLErO
npv nepeksiloYeHHH oOMOTOK. MakcHMMaNlbHbIH TOK B Harpyske, NOAKIIOYaeMOH K Kax-
JOMY BbIXOy MHKpOCXEMbI ApaiBepa, nomkeH ObiTb He 6onee 500 MA, a pabouee Ha-
npskKeHWe KIIOUYEBbIX TPAH3UCTOPOB HE A0KHO npesbilaTh S0 B. [ing yBenuvenus Toka
B Harpy3ke 6onee 500 MA pa3pelieHo Bxoabl M Beixoabl Mukpocxembl ULN2803 noa-
KJIIOYaTh NapajuieNnbHO.
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17.3. Npumep nporpammsl
AnA ynpasrfieHuUA waroBbiMm ABuUrartenem
Hanucatb nporpammy (puc. 17.5) ans pexxuma Bit Bang mukpocxembl FT232R nocra-

TOoYHO mpocTo. McxoaHblii koA nporpaMMbl HAXOAMTCS Ha NpPUJIAaraeMoM K KHHre KOM-
nakT-aucke B karaiore \Beispielprogramme\Bsp_17 B ¢aiine Bsp.VBP (nuctunr 17.1).

T T

- USB Test

Bsp. Schrittmator Gerat: {FFZ'?,ZR USB UART

BaudRate betragt S600
- {asynchronen BitBang Mode aktiviert
- {1 Byte geschiieben
i {-beendet-17:18:56

Schiitt4 . t !

Puc. 17.5

private Sub step()
On Error GoTo step error
strBeschreibung = Trim(Me.DeviceName.Text) & Chr(0)
LoggerList.Clear
If FT OpenEx(strBeschreibung, FT_OPEN BY DESCRIPTION, lngHandle) <>_
FT_OKThen
LoggerList.AddItem "Fehler Qei Aufruf: FT_ OpenEx"
Exit Sub
End If
' YCTaHOBUTb CKOPOCTB B ©Gomax
FtStatus = FT_SetBaudRate (lngHandle, Val(lb _baudrate.Text))
If FtStatus <> FT_OK Then
LoggerList.AddItem "Fehler SetBaudRate"
GoTo CloseHandle
Else
LoggerList.AddItem "BaudRate betragt " & lb _baudrate.Text
End If
intMask = &HFF ' ycraHOBMTE pesxmM Bit Bang — mis Bcex BEXOIOB
intMode = 1 ' acCHHXPOHHBEIT pexmM Bit Bang
FtStatus = FT_SetBitMode (lngHandle, intMask, intMode)
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If FtStatus <> FT OK Then
LoggerList.AddItem "Fehler bei FT SetBitMode"
GoTo CloseHandle
Else
LoggerList.AddItem "asynchronen Bit Bang Mode aktiviert"
End If
' 3amucaTe OanT
If FT Write(lngHandle, strWriteBuffer, Len(strWriteBuffer), _
lngBytesWritten) <> FT OK Then
LoggerList.AddItem "Write Failed"”
GoTo CloseHandle
Else
LoggerList.AddItem Len(strWriteBuffer) & " Byte geschrieben”
End If
CloseHandle:
If FT_Close(lngHandle) <> FT OK Then
LoggerList.AddItem "Fehler bei Aufruf: FT Close"
Exit Sub
Else
LoggerList.AddItem "-beendet-" & Time ()
End If
End sub

B nanHoM cnyudae ucnonb3yercs pexum Bit Bang, nockonbky TpeOyercs BbIMOJHHTbL
OMEepaLHIo 3aMuCH, a HE YTEHHA.

[lepen BbI30BOM MOANMpPOrpaMMbl Step B MEPEMEHHYIO strWriteBuffer NOJKEH ObITb 3a-
nucaH COOTBETCTBYIOLUUIE GalT. ITO OCyLIeCTBASETCA 1S KaX 10 OTAENbHOIH KHOMKH OT
Schrittl o Schritt4 (wuarl—uwar4):

Private Sub bt_sl Click()
strWriteBuffer = Chr$(1) 'DO=1
Call step

End Sub

Private Sub bt _s2 Click()
strWriteBuffer = Chr$(2)

Call step

End Sub '

Private Sub bt_s3 Click()
striWWriteBuffer = Chr$ (4)

Call step

End Sub

Private Sub bt_s4_Click()
strWriteBuffer = Chr$(8) 'D3=1
Call step

End Sub

[nsa ynpaBneHus wWaroBbiM ABUratejaeM c aByMs BXoAHbIMH curHasiamy DO u D1 Bbl
MOXKeTe nonpoboBaTh MOC/ieN0BaTeNbHOCTL WwaroB 1, 2, 3 u 4 (Bmecto 1, 2, 4 u 8). Bos-
MOKHA JIH TaKke nocnegosarenabHoctb 0, 1, 3 1 2?
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1laroBeiii aBuratenb yepe3 mukpocxemy ULN2803 nomieH ObITb MOAKNIOYEH K CHr-
HajlbHbIM JIHHUAM oT DO no D3 Ha nononHutenbHoii nnare. He 3alynbTe BbINONHHWTD
HeoOX0oArMble COEAMHEHHS. C KOPIYCOM.

IlaroBsbiii aBvratenb W ynpasnsiollas 3MeKTPOHHKA ObUIM NEMOHTHPOBAHbI M3 CTaporo
auckosoja 5,25" (puc. 17.6). Ha nnare, k cuacTbio, Yy)k€ HaxoOMTCS MHKpOCXema
ULN2003/MC1413P. Bxoabl MukpocxeMbl Obiniv Hanpsmyio coeauHeHbl ¢ USB-
apantepoM. DyHKUMOHAILHOCTL MPOBEPsAIACh TECTOBOW NporpaMmMoi. BeicTpo moxer
ObITb YCTaHOBJIEHa MpaBUJIbHAs NMOCENOBaTENIbHOCTL WaroB ¢ 3-1-2-4 (Bnepen) W 4-2-1-
3 (Hazan). BMecTo TOro 4ro6bl H3MEHHUTb NMOCENOBATENLHOCTH kKabeneM, MOXKHO, KOHeuY-
HO, H3MEHUTb 0aiiThI B Mporpamme.

Puc. 17.6

Ha puc. 17.7 npeacraBneHbl HEKOTOpbIE LIArOBbIE ABUraTeNH JIMHEHHBIX NPUBOAHBIX Me-
XaHHU3MOB /1Sl CPaBHHBaHHA UX MO pa3mepy: ciesa (oaHononsapHbi) LSP25 ¢ Hanpske-
HueM nuTaHus 5 B u Tokom notpebnenus 0,5 A komnaHuu Nanotec, B cepeaute (6uno-
nspubiit) LSPO8 ¢ 1,8 B/0,12 A u nuameTtpom kopnyca 8§ MM 1 cripaBa B3sTbli U3 5,25"
JIMCKOBOAA ans AuckeT |12-BonbToBbIi ABHUratens komnaHuu Mitsubishi. Bce 3ty aBura-
Tenu paboTaloT ¢ yrioBbiM nepeMelieHdem 18%war.

Puc. 17.7
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Ucnonb3oBaHue USB ana 3awurbl
nporpamMm oT KONUPOBaHUA

[Tytem BbI30Ba HyHKUMHU FT ListDevices MOXKHO NMONY4HTb HHGOPMALHIO O NOAKIIOYEH-
HbiX B HacTosulee BpeMs FTDI-ycrpoiicTax, T. €. B JaHHOM cily4ae nojsy4uTb ONHcaHHue
ycTpoiicTBa WM cepuiHblii HoMep MUKkpocxembl FT232R. Bo3moxkHo (M pa3peluaetcs)
nepenporpaMMHpoBaTh OIMHCaHWE YCTPOWCTBA M CEpHiiHbIH HOMEp BO BHYTPEHHEN
EEPROM-namsaTu mukpocxembl. Jlns 3toro komnanus FTDI npeanaraet cneunanbHyto
nporpammy noa HazsaHuem MPROG.

[1pu npuobpereHnu 6onbluoii napTuu Mukpocxem FT232R knuent komnanmu FTDI mo-
KET Jaxke MoJlyuyuTb coObcTBeHHbI HaeHTHdUkaTop u3nenus — PID. B oboux cayuasx
cneayet usmenntb FTDI-apaiisep; cornacosanue BuinonHstoTes B inf-daiine! paiisep
nocijie U3MeHeHHiH 10JKeH ObITh 3aHOBO YCTaHOBJIEH MM 3arpyXeH.

Kaxxnas nocraensemas xomnanueii FTDI mukpocxema umeer onpeneneHHbld uoenmu-
guxamop muxpocxemor (unna uam, uHaue, kpucramia) (Chip-ID), koTopsiii sBnsercs
HEeU3MeHsIeMbIM. DTOT UAEHTH(HHUKATOP MOXKET ObITb AOMONIHUTENBHO 3aKOAHPOBaH Y-
roii uHpopmauueii, kotopas xpaHurcs B cBo6oaHoi obnacth B8 EEPROM-namsat mMuk-
pocxembl FT232R. [ToaTtomMy 3Ta MHKpOCXEMa XOpPOLLO MOAXOAMT B KaYeCTBE KJo4a Ans
3alMThl OT HEcaHKUHOHHpoBaHHOro aoctyna (Dongle), 4To6bl 3aliUTHTD NporpaMmMHoe
obecneyeHHe OT Hepa3peLLIEHHOrO KOMHPOBAaHHS.

Bbi3oB ¢yHkunm FT_EE UASize (B FTD2xxx.DLL) npumeHsercs ans nonyueHus pasmepa
Heucnonb3yemoro ceoboaHoro npoctpaHctea B EEPROM-namsaTH, Ha3biBaeMoro o6-
aacmvio nonvzosamens (User Area). @yHkuus Bo3Bpaliaetr uucino Oaiit, koTopbie B
EEPROM-naMsaTH MOryT NpUMEHSATBCA B KAYECTBE KJIOYA 3aLUTbl OT KOMUPOBaHHUSA. DTH
6aiiTbl 0OnacTH nonb3oBaTENs MOXKHO 3alMCbiBaTb W YMTaTb C MOMOLUbIO COOTBETCT-
BYIOLUMX ABYX QYHKUMI: FT_EE UAWrite W FT_EE UARead.

YtoObl  Mpo4MTaTh HMAEHTUPHUKATOP MHKPOCXEMbI, HCMOJb3yeTcs OWbnMoTeka
FTChipID.DLL, koTopas HaxoauTCs Ha MNpWJIaraéMoM KOMMAaKT-AMCKE B KaTanore
\Beispielprogramme\Bsp_Dongle.

[Tporpamma FTDI_ChiplD.exe, pacnonoxxeHHas B 3ToM ke katanore \Beispielprogramme\
Bsp_Dongle, nocne 3amycka nokasbiBaeT pa3jiM4YHE MEXAY CEPHIHBIM HOMEPOM B
EEPROM u HensmeHsembiM uaeHTHdHkaTopom Mukpocxembl FTDI (puc. 18.1).

Hcxoanblit koa nporpammbl copepxutcs B ¢aiine Bsp.VBP B karanore Bsp_Dongle.
B naHHom npuMepe BbI30B PYHKUMH FTID GetDeviceChipID ccblla€Tcs Ha ycTpoiicTso 0.



188 naea 18

B cnyuae ucnons3oBanus Heckonbkux FT232R-ycTpoiicTB Hy)KHO MpHHMMaTb BO BHH-
MaHHe HHIEKCbl YCTPOMCTB.

' onmcaHme B Modul.Bas

Public Declare Function FTID GetDeviceChipID Lib "FTChipID.DLL" _
(ByVal dwDeviceIndex As Long, ByRef 1pChipIDBuffer As Long) As Long
' BHI3OB
Private Sub GetDeviceChipID Click()
On Error GoTo FtdiChipld error
‘ftid Status = FTID GetDeviceChipID(0, ChipID)
If ftid Status <> FTID_SUCCESS Then
LoggerList.AddItem "FTID GetDeviceChipID failed status = "_
& ftid _Status
Exit Sub
Else
LoggerList.AddItem ("Chip ID = " & ChipID)
End If )
FtdiChipId error_ ende:
Exit Sub
FtdiChipId error:
MsgBox Err.Description
Resume FtdiChipId error ende
End Sub

Puc. 18.1
Ipyrve BbI30Bbl (GYHKUMI, peanu3oBaHHbIX B O6uOnuorexke FTChipID.DLL, nansl B

Tabn. 18.1.

Ecnv 3THX BO3MOXHOCTEH a1 BaC HENOCTaTOYHO MJIM BaM HE XBaTaeT MeECTa B
EEPROM-naMsiTH MHMKpOCXeMbl Ui XpaHEHHs KOJOBOH MHGOpMaLMH, TO MOXHO HC-
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~ 2
nonb3oBath aonoiHutenbHyto EEPROM-namstbh ¢ untepgeiicom 1°C. Mudopmaumio
s~ 2
0 TOM, Kak noaxmouyutb aononHutensHyio EEPROM-namsare ¢ unrepdeticom 1°C, Bbl
Haiinere B 21a6e 13.

Ta6bnuya 18.1

Bobi3oB dyHkuun Kpatkoe onucanue

FTID_GetNumDevices OnpepenseT konudectso FT232R 1 FT245R
FTID_GetDeviceSerialNumber OnpepenseT cepuitHbiii HoMep

FTID GetDeviceDescription OnpepgenseT onucaHue yCTpoicTBa

FTID GetDeviceLocationID OnpepenseT MeCToHaxoxaeHve naeHTugurkaTopa
FTID GetDllVersion OnpepgenseT sepcuto 6ubnuotekn FTChiplD.DLL

18.1. BbizoB FTDI-cbyHkuun B Visual C

B karanore Beispielprogramme\Bsp_Dongle\VCCWin32Beispiel komnakr-aucka Haxo-
autcs npoctoii npumep Ha Visual C ans BbizoBoB dyHkuuit 6ubnuoreku FTChiplD.DLL.
lpenocrasnenHas rotosas nporpamma ChiplD.exe HaxomuTcs B Karanore OTIankH
Beispielprogramme\Bsp_Dongle\VCCWin32Beispiel\Debug. Ecnu Bbl cpa3y He ckonu-
posanu 6ubnuoreky F1ChipID.DLL B cuctemHslii katanor Windows, To Oyner HyeH
¢aiin B karasore nporpammbl (CpaBHWTE C JOMOJHUTENbHBIMH NMPUMEPaMH Ha I1aBHOM
crpanue caiita www.FTDIChip.com).

3anyctute nporpamMy ChiplD.exe u HaxxmMuTe kHonky Find 232R Devices. B pe3ynbra-
Te nmporpaMMa oToOpa3uT napaMmeTpbl BceX YCTpoHcTB Ha Mukpocxemax FT232R u
FT245R, noawnouennbix k USB. Ha puc. 18.2 nokasaHbl pe3ynbrarbl, noiyuyeHHble
C nomollbIo NporpaMmbl Ha Visual Basic (cnesa) u Visual C (cnpaga).

Anzahl vorhandener USB Gerate: 1
Geratebeschreibung: FT232R USB UART
Seriennummer. A4000LP5

Gerat wurde geoffnet: FT232R USB UART
Gerat wurde geschlossen: FT232R USB UART
Test erfolgreich beendet

Chip ID = 1863694233

Puc. 18.2
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Hanuble nporpamma Ha Visual C (nuctunr 18.1) npeacrasnser B Buae Tabnuupl ¢ no-
MOILLLIO 3/IEMEHTa YNpaB/ieHHs Listview. B nporpamme Ha Visual Basic, Hanpotus, Bbi
BuauTe B uaeHTH(duUkarope Mukpocxembl (Chip ID) nocnenosatenbHoCcTb LMp
1863694293 0. 3TOT HaeHTHuUKaTOp B nporpamme Ha Visual C npeacraensercs B LwecT-
HaauaTepH4HOMN cHcTeMe cuHcnenus kak 6F15B7D5 .

Void PopulateListView (HWND hWndDlg, HWND hList)
{
FTID STATUS dStatus;
unsigned long ulNumDevices, ulLocID, ulChipID;
char cSerialNumber([50), cDescription([100]), cLocationIDS([10]
char cChipIDS[10], ErrorMessage[256];
LVITEM lvItem;
if (hList == NULL) {
' hList = GetDlgItem(hWndDlg, IDC_DEVICE_ LIST);
}
SendMessage (hList, LVM _DELETEALLITEMS, 0, 0):;
dStatus = FTID GetNumDevices (&ulNumDevices);
if ((dStatus == FTID_SUCCESS) && ulNumDevices) {
for(int i = 0; i < (int)ulNumDevices; i++) {
InsertDevNumberItem(hList, &lvItem, 1i);
dstatus = FTID GetDeviceSerialNumber (i, cSerialNumber, 50);
if (dStatus == FTID_SUCCESS) {
InsertSubItem(hList, &lvItem, 1, cSerialNumber);
}
dstatus = FTID GetDeviceDescription(i, cDescription, 100);
if (dStatus == FTID_SUCCESS) {
InsertSubItem(hList, &lvItem, 2, cDescription);
: ;
dstatus = FTID GetDeviceLocationID(i, &ulLocID);
if (dStatus == FTID SUCCESS) { '
sprintf (cLocationIDS, «0x%08X», ulLocID);
InsertSubItem(hList, &lvItem, 3, cLocationIDS) ;
}
dSstatus = FTID GetDeviceChipID(i, &ulChipID);
if (dStatus == FTID_SUCCESS) { _
. sprintf (cChipIDS, «0x%08X», ulChipID);
InsertSubItem(hList, &lvItem, 4, cChipIDS);
}

}

if (dStatus != FTID_SUCCESS) {
FTID GetErrorCodeString("EN", dStatus, ErrorMessage, 256);
MessageBox (hWndDlg, ErrorMessage, NULL, MB_OK);
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HcxopHeii  kon  nporpammbl  conepxkutcs B ¢aiine  ChiplD.cpp B karanore
Bsp_Dongle\VCCWin32Beispiel. Tabnuua pe3ynbTaToB 3anojiHseTcs NpH BbI30Be
GYHKLUMH Void PopulateListView (HWND hWndDlg, HWND hList).

Jnsa onpenenenus konuvectBa noawmodeHHbix FTDI-ycTpolcTB nepBoii Bbi3biBaeTcs
&YHKUMA FTID GetNumDevices. Ecnv ObuiM HaiaeHbl OAHA MM HECKOJNIBKO MHKPOCXEM
FT232R (B cnyyae ycnexa), OyayT ycTaHOBJIEeHbI MapaMeTpbl Ui KaKAOro yCTpoicTsa
FT232R B uukne ot 0 10 (int)ulNumDevices.

Bbi3oB ¢pyHkuMH sprintf npeobpa3yer coaepraiueecs B NepeMeHHOH ulChipID YHCIO
JUIS MOC/EAYIOLLEro ero BbIBOAA B LUECTHAALATEPHUHOM hopmare.
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N3MeHeHue OaHHbIX
B EEPROM-namsaTu

Komnanus FTDI co cBoum apaiisepom D2XX npenocraBnsier B pacnopsxeHHe Nob3o-
BaTesied MHOrO AOMOJHUTENbHbIX QyHkuMii aAns uHTerpupoBaHHoii EEPROM-namsTy.
H3menenns 8 EEPROM-namsTh TpeOytoTcs Toraa, koraa Bbl XOTHTE NPHUCNOCOOMTH
CBUS nans apyrux npyiioxeHHi Wi ucnonb3oBaTh HaeHTHdUKaTop usnenus (PID). [1pu
3TOM creayeT ObITb O4EHb OCTOPOXKHbIM, YTOObI Balua Mukpocxema FT232R u apaiisep u
Janee OCTaBAIMCh B pabOTOCMOCOOHOM COCTOSHUH.

Hns urenus EEPROM-namsTH MOryT Mcnonib3oBaTbesi BbI30Bbl (PyHKUMH FT EE Read,
FT_EE ReadEx M FT_ReadtE. [Ins nporpammupoBaHus EEPROM-namMsTu npuMeHsIOT Bbl-
30Bbl QYHKUMWI FT _EE Program, FT_EE ProgramEx W FT WriteEE. [lpu 3TOM creperb naH-
Hbl€ MOXHO € NOMOLUbIO QYHKUHH FT_EraseEE.

[locne Bbi3oBa ()yHKUHH FT_EE UASize BO3BpaLUaeTCs KOJIM4eCTBO OaWTOB 061aCTH NOJb-
3oBarens, koropble cBo6oaAHbl B EEPROM-naMsT 1 MOryT MCnosib30BaThCsl B Ka4eCTBE
KJIlOYa U1 3alUMTbl OT KOMMPOBaHHUSA. DTH GaiiTbl MOTYT 3anUCbIBaTbCS W YUTATbCA MNpH
MOMOLLH BbI30BOB COOTBETCTBYIOLUMX PYyHKUMI FT_EE UAWrite U FT_EE UARead.

JIns HekoTopbIX PyHKUHI HEOOXOAWM yKa3aTelb Ha 3alaHHYIO CTPYKTYpY AaHHbIX (CM.
nporpaMmHyto nokymenTtauuto D2XX Programmer's Guide komnanuu FTDI, pacnono-
XEHHYI0 Ha komnakT-aucke B katanore \FTDI Manuals).

[1pn nomowun nporpammsl MProg B BaiieM pacnopsikeHHH Oka3blBaeTcs jyulias U bonee
HaaeKHasi BO3MOXKHOCTb M3MeHATb AaHHble B EEPROM-namaT HekoTopbiX MUKpOCXeM
komnanuu FTDI. Ecnu Bbl 4TO-TO M3MeEHsM, TO Nocne HaBepHska OOHapyXHUTe 3TO, KO-
rna BHe3anHo OyneT 3anpoileHa HoBasi yCTaHOBKa ApaiiBepa.

Camyto nocneaHtoro Bepcuio nporpammbl MProg Utility Bbl MoxceTe HaiiTv Ha caiite
www.FTDIChip.com komnanuu FTDI. Bepcuio 3.0 (MProg3.0_Setup.exe) moxere
B3ATb Ha MpUIaraéMom K KHWre KOMMNakT-AMCKe (3Ta BepcHs He MOAXOAMT AU BEpPCHH
Windows 98 u Windows Me).

Ilpouenypa ycraHOBKH Ou€Hb NpocTas U He TPeOyeT NOSACHEHHH.

[oawnounre USB-anantep v nposepbTe, 0OHapyxuBaercs v Mukpocxema FT232R no-
cne 3anycka nporpammbi MProg Bepcun 3.0.

Ecnun Bbl HaxkmeTe KHOIMKY A1 CKAHHpPOBAHHA UMEKOWHUXCA B paCnops>XE€HHH YCT-

POWCTB, TO B HHXXKHEM HEeOONIbLLOM NONE CNMCKa AMAI0roBOr0 OKHa NporpaMMbl MpH yc-
7 3ak. 910
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nelwHoM o6GHapyXeHHH MHMKPOCXeMbl N0MkHO OyneT BbiBeaeHo coobuwieHne Number Of
Programmed Devices = 1. [[anee Bbi MoxeTe B MeHio Tools (cepBuc) BbiGpaTh nyHKT
Read and Parse (uutath ¥ aHanusupoBatb) (puc. 19.1), 4TO NO3BOAMT aBTOMAaTHuYECKH
onpezensTh TeKyLIHe HACTPOHKH, eciin xoTa Obl onHo FTDI-ycTpoiicTeo 6yner noaknto-
YeHo.

Puc. 19.1

Mukpocxema FT232R pacno3Haercs aBTOMaTHueckd, OTOOpaxkaloTCs ee MporpaMMHbie
HacTpoiiku (KoHUrypauus), KOTOpble Bbl MOXKETE COXPaHHTD B (paiine obpa3ua (B nanke
Templates), kak 3To noka3aHo Ha puc. 19.2.

Jlns coxpaneHus naHHo koH¢urypauud B MeHio File (¢aiin) Beibepute nyHkT Save as
(CoXpaHHTb KaK) WJIH ke B 1aBHOM OKHE MpOrpamMMbl LUEIKHUTE KHOMKY € W300paXkeHu-

€M JIHCKeTbl (cMm. puc. 19.2, kHonka oOBeaeHa KPY»KKOM). DTy KOHPUIypaLHIO Mno3-
’Ke Bbl CHOBA.CMOXKETe 3arpy3uTb W nMpH HeobxoauMocTH BHOBb 3anucath B EEPROM-
namsaTb MuKpocxembl FT232R.

Knonka pexxuma npaskw | 14 { (Edit Mode) sBnseTcs akTHBHOI TONBKO TOrJa, KOT/A Bbl
nepel 35THM COCTaBM/IM HOBbIH oOpa3eu (L1ablioH) U COXPaHWIIM €ro WM 3arpy3uiy yxe
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cywectBytolmid. [locne Haxartus 3Toii kHomku Haxonswuecs B EEPROM-namsatu
OCHOBHbIE HACTPOHKH MOXXHO U3MEHHTD.

[Tpu HaxxaTHH KHONKH (Program All Existing Divices) EEPROM-namsTb 3anucbiBa-
€TCsl C 3aHOBO YCTaHOBJIEHHbIMH 3HAYEHHAMH.

Puc. 19.2

Ecnu Bbl BHecnn kakue-HHOYAb MPOU3BOJIbHBIE 3HAYEHUS A WAEeHTH(UKATOpa U3aeNus
(8 none Product ID) unu npu onucanuu usaenus (nons Manufacturer u Product
Description) (puc. 19.3), o USB-apaiisep komnanuu FTDI npu cneayioweM noakto-
uyenud USB-apanTtepa moxer 6onee He 3arpyxarbcs. B 3toM cnyuae, npexae uyem apaii-
Bep CHOBa OyAeT KOPPEKTHO YCTAHOBJIEH, CJEAYET MPH MOMOLUY pPelaKTOpa W3MEHHUTDb
3HaueHuss B ¢aiine ABE2XX.inf B cOOTBeTCTBUM CO 3HaYeHHSAMH, BHECEHHbIMH B
EEPROM-namsTb.

Haubonee BaxcHble H3MeHsAEMblE BAMH HAacTpoiikH (Ha puc. 19.3 oHu o6BeneHbl OBAIOM H
KpYXKOM) — 3TO onuuu nutaHus USB, a uMeHHo nepekntovareny Bus Powered wnu
Self Powered, a Taioke Ha3HaueHHble 3HayeHus ynpasnsoowux CBUS-curnanos
¢ CBUSO no CBSU4 (B okHe 3T0O COOTBETCTBYIOLLHE packpbiBatolyecs cnuckd CO, Cl1,
C2, C4).
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Puc. 19.3
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NocnepoBaTtesnibHasA 3anNUCb U YTeHUe
6e3 VCP-gpaunBepa

USB-anantep MoxeT GbiTb COEAWHEH C APYrMMH MHKPOKOHTpOJJIEpaMH C MOcnenoBa-
TenbHbIM HHTepdericoM. Curhan TxD USB-anantepa (BbiBoa 7 AByxpsaaHoro 10-koH-
TaKTHOTO LUTbIPbKOBOrO COEANHUTENBHOIO pa3bema, CM. pUc. 3.2) CoOeaHHAETCS C IMHUEN
RxD Takoro MHKPOKOHTposepa, a curdan RxD USB-apantepa (witbipbkoBblii BbIBOA 6
pa3bema) — ¢ auHuei TxD mukpokonTponnepa (tabn. 20.1). Tenepb He XBaTaeT TONbLKO
COelMHEHUs Kopnyca MUKpOKOHTposiepa ("3emns") ¢ BbIBOAOM 2 LUTbIPbKOBOrO COEIH-
HUTENILHOTO pa3beMa ajanTtepa.

Ta6bnuya 20.1
CurHanb!
MNocnenosatencHbie | BoiBoabl pazbema S
CurHanbl apantepa USB-apanTepa Kon‘rpofmepa
TxD BbiBoa 7 (BbIX0OA) 0TNPaBKa AAHHbLIX —> RxD BX0A
RxD BobiBoa 6 (BbIX0Aa) <« NpUEM AAHHbIX TxD BXOA
"zemna" BuiBog 2 "semns"

[locne ycranoBku FTDI-apatiBepoB cBA3b ¢ MUKPOKOHTPOJIIEPOM MOJXKET OCYLUECTBIATD-
cs no (BuptyanbHomy) COM-nopry. Jnsa BupryansHoro COM-nopra apaiisep FTD2XX
BO3MOXXHO MCMONb30BaTh HenocpeacTBeHHo, 6e3 ycraHoBku VCP-gpaiisepa (Virtual
Com Port).

[lpumepom ycrtpoiicTBa ansi mopobHoro coeanHeHus ¢ USB-agantepoM moxeT ObiTh
npocTol u3MepuTenbHbli Npubop. H3mepurtenbHbli npubop oTnpaBnseT pe3ynbTaTbl
u3MepeHHs 1o TpeGOoBaHHUIO, T. €. Mocse nepefaiyld CTapTOBOH KOMaHAbl U3MEPHUTENbHbIH
npubop akTHBEH. 3aTeM YCTPOMCTBO YCTaHaBNMBA€T 3HaYE€HWA W OTCbLIAET Pe3yJbTaTbl
o0paTHO Mo nocneaoBaTenbHOMY MHTepdeiicy. B naHHOM ciyuae s U3MepUTENbHOrO
npubopa TpedyeTcs B kauecTBe cHrHana "crapt" nepenasaTbh 6aiT co 3HaueHuem 10, a B
KauecTBe pe3yibTata npubop 6yaer Bo3BpawiaTh 6 6aliToB. Jlnsg BbiBOoaa cTpok coobiie-
HHS MCMOJIb3YETCS M3BECTHBIN 3NEMEHT LoggerList. '

[TonHbii ucxoaHbid koA Ha Visual Basic pa3aeneH Ha HeckonbKo GpyHKUHOHaNbHbIX 6510-
KoB (nucTuHru 20.1—20.8).
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Private Sub read ti instrument ()
' USB-yCTpPOICTBO OTKPHTL
strBeschreibung = "FT232R USB UART"& Chr (0)
If FT _OpenEx(strBeschreibung, FT _OPEN_BY DESCRIPTION, lngHandle)
<> FT_OK Then ’
LoggerList.AddItem "Fehler bei Aufruf: FT_OpenEx"
Exit Function
Else
LoggerList.AddItem "--—--"
End If

' 3amaTh 3HAUeHMs [OCJIeNOBATEJIbHOTO MHTepdeica
' ycraHOBUTBL CkopocTb 19200 Gon
FtStatus = FT_SetBaudRate (lngHandle, 19200)
If FtStatus <> FT _OK Then
LoggerList.AddItem "SetBaudRate Failed"
GoTo CloseHandle
Else
LoggerList.AddItem "SetBaudRate to 19200"
End If
' YCTAHOBUTb OUTH HAHHEX, CTON-GMUTH M NapUTeT
-' 8 6uTOB maHHEX, 1 cron-GuT, HeT napureTa _
If FT SetDataCharacteristics(lngHandle, FT BITS 8, FT_STOP BITS_
1, FT_PARITY NONE) <> FT_OK Then
LoggerList.AddItem "SetDataCharacteristics Failed"
GoTo CloseHandle
End If
' KOHTpPOJIb NMOTOKa OTCYyTCTByeT — no flow control
If FT_SetFlowControl (lngHandle, FT_FLOW NONE, O, 0) <> FT OK
Then
LoggerList.AddItem "SetFlowControl Failed" !
GoTo CloseHandle
End If
' 5-cekyHOoHEI1 TaiM—-ayT second
If FT_SetTimeouts (lngHandle, 5000, 0) <> FT_COK Then
LoggerList.AddItem "SetFlowControl Failed"
GoTo CloseHandle
End If
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' nocnaTk CTapTOBRIA curHan 10 Ha MMKPOKOHTPOJUIEpP
striWriteBuffer = Chr$ (10)
lﬁgBytesWritten = 0.
If FT Write(lngHandle, strWriteBuffer, 1, lngBytesWritten) <> FT_
OK Then
LoggerList.AddItem "Startsignal war fehlerhaft"
GoTo CloseHandle
End If

' NpouMTaTh KOJIMYECTBO OaiTOB

flTimedout = False

flFatalError = False

' Get number of bytes waiting to be read

If FT_GetQueueStatus(lngHandle, FT_RxBytes) <> FT OK Then
LoggerList.AddItem "Status war fehlerhaft"
GoTo CloseHandle

End If

' OoXMOaHMe, NOKa He IOCTUTHYTO TpebyeMoe KOJIMYEeCTBO
' (oxmmaerca 6 GanTOB)

WarteAufMehr:
FtStatus = FT_GetStatus(lngHandle, FT RxBytes, FT_TxBytes,
lngevent_get stat)
If FtStatus = FT_OK Then
Else
If FtStatus = FT_IO_ERROR Then
LoggerList.Additem "Status IO Fehler"
GoTo CloseHandle

End If
End If
i=1i+1

If i > 20000 Then
LoggerList.AddItem "Lesen abgebrochen"
GoTo CloseHandle
End If
If FT RxBytes < 6 Then GoTo WarteAufMehr
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' npoumtaTe 6 GanToB (komuuecTBO B FT RxBytes) B strReadbuffer
' oBpaTUTb BHUMMAHME Ha BO3MOXHEE OUMOKM

flTimedout = False
flFatalError = False
1ngTotalBytesRead = 0
strReadBuffer = ""
Do

1lngBytesRead = 0

FtStatus = FT_Read(lngHandle, strReadBuffer, FT_RxBytes, _

1ngBytesRead)
If (FtStatus = FT_OK) Or (FtStatus = FT_IO _ERROR) Then
If 1ngBytesRead > 0 Then
IngTotalBytesRead = lngTotalBytesRead-+ lngBytesRead

Else
flTimedout = True
End If
Else
' flFatalError = True
End If

Loop Until (lngTotalBytesRead = FT RxBytes) Or _
(f1Timedout = True) Or _
(flFatalError = True)

' naHHele Oy¢epa strReadBuffer nokaszate B Loggerlist
'. mim coofumeHnsa o6 oumbkax

If (flTimedout = False) And (flFatalError = False) Then
LoggerList.AddItem strReadBuffer
flFailed = False
ElseIf flTimedout = True Then
LoggerList.AddItem "FT_Read timeout Fehler: = " & FtStatus
Else
LoggerList.AddItem "FT_Read Fehler = " & FtStatus
End If
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' OKOHUYaHMe MNpPOoTrPaMMAEl
CloseHandle:
If FT_Close(lngHandle) <> FT_OK Then
LoggerList.AddItem "Close Failed”
End If
LoggerList.AddItem "Closed at:" & Time
End Sub



rnAsA 21

NMoaknroyeHue Habopa
AN U3y4eHnst MUKPOKOHTpoOnsepa
K KOMnbloTepy ¢ nomouwbio USB

H3narensctBo Franzis npennaraer HoBblit 06yqaroumii Habop ans U3y4eHHWs MHKPOKOH-
Tposuiepa ATtinyl3 — BBOOHBI# Kypc Ans nporpamMMHpoBaHHs ManorabapHTHOro
8-pa3psinHOro MUKpOKOHTponnepa npou3soactsa komnaHuu Atmel. Obyuatownii Habop
pabotaer Tonbko ¢ nocneposatenbHbiMKM HHTepdeiicamu [IK. TMoakntounts Habop
nocpeactsoM USB-uHTepdeiica MOXXHO MpH NMOMOLUM MMEIOLLErocss B MarasuHax KOH-
Beprepa uHTepdeiica USB B RS-232. OpHako nnaty W3 oOyuatowero HabGopa
"Mikrocontroller" MOXXHO coeaHHMTb C paccMaTpHBaembiM B JaHHOW kHure USB-
anantepoM (puc.21.1). Ilocne 3TOro Bbl MOXETE MNPOBOAMTb BalUM 3KCMEPHUMEHTbI
€ MUKpOKOHTposnepom npu nomowuu USB-anantepa.

10-xoHTaKTHLIA
WTbIPLKOBbLIA Ppa3beM
USB-anantepa

Puc. 21.1

BHUMAHHE!

Hukoraa Hanpamylo He noakntoyante USB-apantep k nocnegosatensHOMy NOpTY, NOCKONb-
Ky 12-BOoNnbTOBbIE CUrHansl uHTepgenca RS-232 moryT npusectu k Bbixogy u3 ctpos USB-
apantepa!

Jlns MOHTaxka NONEe3HO BOCMOJIL30BATLCS JJIEKTPHUECKON CXEMOH M3 NOKYMEHTauuH
k obyuatoiemy Habopy "Mikrocontroller”.
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CurnanbHas naunua CTS ponkHa ObiTh noakatoueHa ¢ RXD. JlaHHoe coeMHEHHUE Bbl-
NOJNHAETCA MPSAMO Ha pa3beMe, T. K. Ha MNJjlaTe He pa3MELLEeHO HHUKAKMX APYrMX MOHTaX-
HbIX 3JIEMEHTOB.

MoxHo 6bin0 Obl Takke NMOAKIIOYMTL HanpshkeHHe NUTaHus +5 B HemocpeacTBEHHO K
nuTalollemMy HanpskeHdto Vee Ha nnare. B HaGope "Mikrocontroller" HanpskeHue nu-
TaHHUs (HOPMHUPYETCS C MOMOLUBIO 5-BOJILTOBOrO peryisTopa, ynpaBisieMOro CHrHalioM
RTS. B 3TOM npuMepe B KauecTBe peryjJqpyloLLEro 3JeMeHTa 1j1 HaeXKHOCTH NpUMe-
HsieTcs MOLUHbIM TpaH3ucTop BD236/238. Curnan RTS uepes pe3uctop conporuBieHreM
4,7 xOM noctynaet Ha 6a3y TpaH3ucTopa. bnaromaps Takoii cxeme ¢ moMouiblo npo-
rpaMMHoro obecneyeHus, NOCTaBlseEMOro BMecte ¢ odyuatowuM Habopom, npu Heobxo-
JAMMOCTH OCYLLECTBIAETCS OTKIOUYEHHE MUTAIOLLErO HanpsiKeHHs.

Jns noBblLIEHHS MOLLHOCTH UCTOYHHUKA MHUTAHUS AOMOJHUTENbHO MCMONb3YETCs NUHUSA
DTR. OHa B naHHOM ciyuae coeauHsetcs ¢ curianbHoi nuHuedd DTR na USB-anantepe.
O apyrux curHanax: tak curHan TXD HenocpencrBeHHo coeanHeH ¢ PB2, RXD u
CTS — c PBI1, a DTR — ¢ PB0. KpomMe Toro, Heo6xoa1Mo BbINOJHUTE NOAKIIOYEHHE
obwero sbiBoaa "3emas" (GND).

Ypoeuu curHanoB uHtepderica RS-232 umeror obpaTHble 3HAYEHHUS OTHOCHMTENBHO
5-BonbToBbIX cHrHanoB TTJI-yposHs, koTopbie npucytcTBytoT B USB-anantepe.

MNPUMEYAHME PEQAKTOPA

B wHTepdeince RS-232 noruyeckon eguHuLe COOTBETCTBYET CUrHasN, ypOBEHb HanpsXeHUs
KOTOpOro nonagaeT B Avana3oH oT —12 ao -3 B, a ANA NOrMyYeckoro Hyns aToT AUanasoH
6ynet ot +3 no +12 B.

Takum o6pa3oM, HeoOX0aMM elle OUH MOLHBIHN p-n-p-TpaH3ucTop. MHBepcus curHanos
MOXeT ObiTb BblINONHEHa B OCHOBHbIX HacTpoiikax EEPROM-namsaTtH Mukpocxembl
FT232R. [Ins 3Ttoro MoxHO Bocnojb3oBaThes nporpamMoii MProg (puc. 21.2), pabora
¢ koTopoii 6bina onucaxa B 2nage 19.

Curnansl TXD, RXD, CTS u DTR pomkHbl ObiTb. HHBEPTHPOBaHbI M 3anucaHbl B
EEPROM-namsaTe Mukpocxembl FT232R. [Ins npoBepkd YCMEWHOro BbIMOJHEHHS
onepaunu 3anucy EEPROM HyxHo ¢ nomouibto komaHasl Read and Parse menio
Tools nporpammbl MProg cHoBa npo4MTaTh W NpPOaHAIM3MPOBATh 3aMHUCaHHbIE AAaHHbIE.
Ecau Bbl uHBepTHpyeTe ewe v curian RTS, To ans ynpaBneHus HanpskeHHWEM NuTa-
HUS BMECT® MOLLHOIO p-A-p-TPAH3UCTOpa HYKHO BOCMOJIb30BaTbCA TPaH3UCTOPOM
n-p-n-Tvna.

BHUMAHHUE!

He 3abyabTe nocne Bawux akcnepumeHToB ¢ obyyaouwmm Habopom "Mikrocontroller" cHoea
BEPHYTb NPeXHWe COCTOSHUS UHBEPTUPOBAHHBIX CUrHanos!

ABTOp MHUUManH3KWpoBan MUKpokoHTposiep ATtiny13 (Bootloader und Fuses) u Heko-
TOpOE BpEMs TECTHPOBAJ MHUKPOCXEMY, MCMONb3ys MOPT BBOAA/BbIBOAA B KAYECTBE Bbl-
xoza. [Ipuctynus k pabore, neicTByiTe Tak e, Kak OMMCaHO B JOKYMEHTaLUMH K 00y-
yatowemy Habopy "Mikrocontroller". CHauana Bbibepure COM-nopt USB-apnantepa
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Puc. 21.2

Puc. 21.3
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(cm. 2nagy 4). Tlpexne Bcero, NpoBepbTe NMEKTPONUTAHHE TUIAaThl: OHO BRJIKOYAETCA MpH
3HauyeHuu curHaia RTS = 1.

YcTraHOBHTE MPOBOIOYHYIO MepeMbluky Mexay BbiBoaoM RES nnatel v "3emned" u Ha-
»mute kHonky Bootloader und Fuses nns wnuunanusauuu (puc. 21.3). [pouecc npo-
nomxkaercs 30—40 cekyHa ¥ B 3aKJIl04eHHe NOATBepkAaeTca coobuenrem "ok".

[Tocne 3Toro Bbl MOXeTe HauaTb BbIMOJHATb CBOW 3KCMEPHUMEHTbI, KaK 3TO OMUCaHO
B pykoBoACTBe K o0yuatoluemy Habopy "Mikrocontroller”.
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NMpumep naw-nporpamMmupoBaHus
MUKpOKOHTponnepa Atmel-AT89LP

Ota rnaea 3aiyMaHa, npex e Bcero, A1s nNpopeccHOHaNOB, KOTOPbIE, MOXET ObITb, 3aX0-
TAT CO3AaTh COOCTBEHHYIO POrpaMMy Ui IMynsuMH HHTepderica SPI.

NPUMEYAHNE ANA NONL3OBATENEA AT89ISP

Mpu HeobxoaMMOCTU Bbl AOMKHLI YCTaHOBUTL nepembluky JP_DDA Ha USB-apantepe Ta-
kum obpa3om, 4Tobbl 3aMkHYTb BbiBOA 10 BbIXOAHOMO 'WTLIPLKOBOrO pasbema Ha "3emnio”
(cm. puc. 3.2), ecnu Bbl UCNonb3yeTe 3TOT BbIBOA B COOTBETCTBUU C AOKYMEHTaUWeW koMna-
Huu Atmel Ha BHyTpucxemHbIi nporpammatop AT89ISP. B npotuBHOM cnyyae Bam npu
pa3paboTke Bawero nporpamMMHoro obecneyeHus cneayeTt yuuTbiBaTb TO, 4TO curHan D4
(sbiBOA 2 MUkpocxeMbl FT232R) AomKeH Hax0AUTLCA HA HU3KOM NOUYECKOM YPOBHE.

MHorue MHUKpOKOHTpOJIIepbl AOMYCKAKOT Tak Ha3biBaeMoe BHYTPHCXEMHOE MPOrpaMMH-
poBaHue (In-System Programming, ISP) uepe3 nocnemoBatenbHblii uHTEepdeiic SPI
(Serial Peripheral Interface). B anpensckoM Homepe Ne 424 xypnana Elektor 3a 2006 roa
B ctatbe "Universelle SPI-Box" (YHuBepcanbHbiii SPI-610k) noapo6Ho obcyxaanuch
npobnembl, CBA3aHHbIE C MCMOJIB30BAHHEM MOC/IEAOBaTeNbHOrO HHTepderica RS-232 u
uHTepdetica USB.

Ecnu y Bac HeT COOTBETCTBYIOLLErO MPOrpaMMHPYIOLLETO YCTPOICTBA, a Bbl MOXETE Ca-
MOCTOSTENIGHO MPOrpaMMHpOBaTh, TO IS MPOrpaMMHPOBAHHA MHKPOKOHTPOJIEPOB
MOXCHO BOCTMOJIb30BaTbCA YNOMAHYTbIM paHee ycTpoiicTBoM SPI-Box, BbINONIHEHHBIM Ha
onHoM MuKpokoHTponaepe AT89C2051 npoussoacrsa komnaHuu Atmel. pyroi Bo3-
MOXCHOCTBIO YCTPOICTBA SIBJISETCH, HAaNlpUMEP, H3MEHEHHE CHIHAJIOB, KOTOPbIMH MOXKHO
yNpaBjisiTh C MOMOLLUbIO COOTBETCTBYIOLLErO NporpamMMmHoro obecneyenuns. Kpome Toro,
¢ nomouibto SPI-6510ka, BEPOATHO, MOXHO TaKxke LOCYLIECTBHTD npeo6pazoBaHHe CHUrHa-
NOB NOCNEN0BaTENbHOTO HHTepdetica B curHanbl I°C-uHTepodeiica, oHaKo Ans 3TOro on-
peneneHHo/ noTpebyeTcs COOTBETCTBYIOLIEE H3MEHEHWE MpOrpaMMHOro obecneveHus
Mquoxon4ponnepa.

Hcnonb3ys mukpocxemy FT232R npoussoactsa komnanuu FTDI, MoxHo ¢ HeGonbiuu-
MH 3aTpaTaMH M NpPH MOMOLIM AOCTATOYHO MPOCTOrO MPOrpaMMHOrO ofecneyeHus pea-
JM30BaTb MHOTHE nocsiefioBaTenbHble HHTEpdeiickl. Kpome Toro, Ha cBoeM caiite koMna-
Hus FTDI npenoctaBnseT paznuuHbie npuMepbl HCnoib3oBaHNs MUKpocxeMbl FT2232C
B pexxume MPSSE (Multi-Protocol Synchronous Serial Engine, MynbTHNpPOTOKONbHBIH
CUHXPOHHBIH nocnenoBaTenbHblii MexaHu3M). Obulee ynpaBneHue ocyluectsisercs 6e3
JOMOJHUTENBHOMO MHKPOKOHTPOJIJIEPA, HO, K COXKaJIEHHIO, pealn3yeTcs TOJbKO C Mo-
mouubto wrHbl CBUS Mukpocxembl FT232R.
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B naHHOM npuMepe noka3aHo, Kak MOXHO Mcrnonb3oBaTh Mukpocxemy FT232R komna-
Huu FTDI B kauectBe ISP-dbnaw-apnantepa ans MukpokoHTposiepoB Atmel cemercTBa
AT89LP. B npumepe, HanucaHHoMm Ha Visual Basic, pa3bsicHseTcs, kak HACTPOUTb MHK-
pocxemy FT232R ans pexxuma Bit Bang 1 kak MoxHo yepe3 untepdeiic SPI-USB 3a 1—2 ¢
npouuTatb Ga3w-naMaTb emkocThio 2 Kbakita MukpokoHTponnepa Atmel AT89LP2052.

Pazpabotunk MoxeT ucnonb3oBatb ¢yHKUMH cooTBeTcTBYlOWMX DLL-6uM6nnorek pas-
HbIX A3blkOB NporpamMmupoBanus (C++, Delphi, Visual Basic 1 ap.) u ans 3toro He Tpe-
Oyercs ocHoBaTenbHbIX 3HaHuii. [Jpaiisep WDM (Win32 Driver Model) u VCP-ppaiisep
(Virtual COM Port — BuptyanbHblit COM-nopt) ¢ 2007 roga MOryT MCMoJb30BaThCA
onHoBpeMeHHo. Knaccuueckue d¢yHkumn Win32-API He cneayer nyrtath ¢ "API-
dbyHkunsamu apaiieepa FTDI. [Ipaiisep WDM B 3Tom cnyuae npenocrasnser Win32-API-
(bYHKUMH C HEKOTOPbIMH pacLIMPEHHSIMH.

Hns smynsiuun uHTepdeiicoB oueHb MHTEpECHBIM siBnseTcs pexxuM Bit Bang mukpocxe-
mbl FT232R. Pexxum Bit Bang nosBonser nepekniouaTh BoceMb JIHHHMI BBOAA/BbIBOAA
(I/0) mukpocxembl FT232R B nByHanpaBneHHblid pexxum. Kaxknas nuHUs BBOAa/BbiBOJA
MOXET MO OTAEJbHOCTH yCTaHaBIMBaTLCA Kak Ha BbiBOA (Output), Tak 1 Ha BBoA (Input).
JIONONHUTENLHO MUMEIOTCA W Apyrve cayxebubie nunun CBUS, koTopble Toxe MoryT
ObITb MCNONb30BaHbl ABYHarpaBieHHo. [lepecblnka 6aliTOB NpH 3TOM, OIHAKO, OrpaHH-
yeHa USB-kaapamu 1, COOTBETCTBEHHO, siBIseTCs Goslee MEAEHHOM.

CkopocTb nepenaud AaHHbIX Npu pexkume Bit Bang onpenensercs TakToBoii yactoToi
6on-reHepatopa 1 paBHa |6-kpaTHo#i ckopocTH nepenaun B 6opax (cm. enasy 9 o pedxcu-
Me Bit Bang).

CuHxpoHHblii pexxum Bit Bang nns uteHus ¢ndw-namsaTH sSBNSETCS WAEAIbHbIM ANns
ISP-nporpammupoBanus. CHauyana 6aliTbl MporpaMMHO pa30uBalOTC Ha OMTbI, MOTOM,
COrJIJaCHO TaKTOBOMY CHIHanly W JIMHMKM cuHXxpoHu3auun SCK, 3anuceiBalotes B 6ydep
3anucH, 3aTeM HaKaniuBaloTCs B HEM M nepenatorcs Mukpocxemoi FT232R. Tlocne ure-
Hus B 6ydepe ureHus OyayT HAXOAMTbCA JaHHble, NoNy4YeHHble no nuHuu MISO.

Pacnonoxenue BbiBogoB mukpocxeM FT232 u ux onucanue npuseneHnl B Tabn. 22.1.

Tabnuya 22.1
FT232RL FT232RQ Onucanue ‘
1 30 DO — 6uT O wyHb! AaHHBIX B pexume Bit Bang (BB0A/BLIBOA)
5 2 D1 — 6uT 1 WwuHbI AaHHbIX B pexume Bit Bang (BBoa/BbIBOA)
3 32 D2 — 6uT 2 wuHbI AaHHbIX B pexume Bit Bang (BBoa/BbiBoA)
11 8 D3 — 6uT 3 WwuHbI AaHHbIX B pexume Bit Bang (sBoa/sBuiBoa)
2 31 D4 — 6uT 4 WwuHbl AaHHbIX B pexume Bit Bang (sBoa/sbiBoa)
9 6 D5 — 61T 5 WwuHbl AaHHbIX B pexume Bit Bang (BBoa/BbiBoA)
10 7 D6 — 6uT 6 WwuHbI AaHHbIX B pexume Bit Bang (BBoa/BbiBOA)
6 3 D7 — 6uT 7 WwuHbl AaHHbIX B pexume Bit Bang (BBoa/BbiBoa)
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JInsi CHHXPOHHOrO pexuMa HeobxoauMbl cheaytowre GyHkuuu apaiisepa D2XX komna-
Huu FTDI:

O FT_SetBitMode — 3HaueHHe 0x04 akTHBUpYeT CHHXpPOHHbIH pexxum Bit Bang, 0 —
BbI3bIBaeT COPOC B CTAHOAPTHBII PEXUM;

O FT_SetBaudRate — YCTaHOBKa CKOPOCTH Nepelayd AaHHbIX B COOTBETCTBHUH C 3a/laH-
HOH CKOpPOCTbIO Mepenauu JaHHbIX B 60nax. MakcumanbHas ckopoctb | M6oa. 3Ha-
yeHune 9600 6o onpenensieT ckOpocTb NMepeaayn aaHHbix 9600 x 16 = 153600 Gaiit/c,
nnv okono | OaiiTa 3a kaxkabie 6,5 MKC;

a FT _Write — 3alMWCb AAHHLIX B MOPT,
a FT_GetBitMode — MOJYYUTb MTHOBEHHOE 3HAYEHHUE NAHHbIX BBOIla/BbIBO,Zla;
a FT Read — UYTEHHE JAHHbIX M3 NOpTa.

22.1. ISP-nporpaMmMmupoBaHue MUKPOKOHTpoOnnepa
Atmel AT89LPx052 nocpeacTtBom nHrepcenca SPI

SPI-unrepdeiic (Serial Port Interface) cnyxut B kauecTse uHTEpdeiica nporpaMmMupoBa-
HUS 1S MOCTeNoBaTesbHOrO BHYTpUCXxeMHoro nporpammupoBanus ISP (In-System
Programming) MukpokoHTponnepa AT89LPx052.

Mexnay Tem 3TOT cnocob sBnseTcs oOWenpUHATLIM U MpeasiaraeT AN HHTerpupOBaHHOM
MHCTpYMeHTaNbHO# cpeabl paspaboTku IDE (Integrated Development Environment) He-
KOTOpbl€ NMPEUMYLLECTBA, MOCKOJbKY [PH 3TOM MOXHO OTKa3aTbCs OT AOPOroCTOSLIEro
NporpaMMHpYIOLLEro YCTPOHCTBa, a MUKPOKOHTpOJUIEp MpH NPOrpaMMHUPOBaHUH MOXET
ocraBatbcs B cxeMme. OHaKo 3TO BbiCKa3blBaHHE HE COBCeM BepHO. Tak, ecnu y MUKpo-
koHTposinepa Atmel AT89LPx052 Gyner oTkito4e€HO BHYTPUCXEMHOE MpPOrpaMMHpoOBa-
Hue ISP, To B 3TOM ciiyyae MOXET NMOMOYB TOJIbKO MapajuienbHOE NMPOrpaMMHpPOBaHHE,
KOTOpOE, B 00L1ieM, MPaKTHYECKH HE M3MEHHJIOCh OTHOCHTESNLHO MPEabIAYLUHX BEPCHIA.

Ha puc. 22.1 ans npuMepa npuseeHa cXema pacronoXeHHs BbIBOJOB MHKPOKOHTpOJLIe-
pa AT89LP2052.

Hrtak, MUKpOKOHTpONNEp AN NMPOrpaMMHPOBAHUS MOXKET HEMPEPLIBHO YAEP)KHBATHLCS
B TEKYLUEM PEXHMeE, a Taloke CHOBa MPOrpaMMHUpOBATbCS M 3aMycKaTbCs BHOBb. MHKpO-
KOHTposniep Atmel nporpaMmMmupyeTcs kak BeaoMoe ycTpoicTso (Slave).

L\
(VPP RST ] 1 20vee
(RXD)P3.0[]2 19 [0 P1.7 (SCK)
(TXD)P3.1 ]2 18 [1P1.6 (MISO)
XTAL2 (] 4 17 [1P1.5 (MOSI)
XTALY O] & 16 [ P1.4 (55)
(INTO) P3.2(] 6 150P1.3
(NTHP3.3007 140 P1.2
(TO)yP3.4[]8 13 [1P1.1 (AINT)
(T1HyPa.s]9 12 [0 P1.0 (AINO)
GND[] 10 11 [1P3.7 (SYSCLK)

Puc. 22.1
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Jns aroro nomkHa 6bITh cObMIOAEHA OnpeaeneHHas nociea0BaTe/IbHOCTb curHanos. Ha
puc. 22.1 nokasaHbl BpEMEHHbIE JHarpaMMbl MpoLELypbl NOC/IEA0BATENBHOrO MpOrpam-
MHUPOBaHHA MHUKPOKOHTpoJiepa. B cooTBeTCTBMH CO CTapTOBOH MOC/NEA0BATENLHOCTHIO
paspelueHus nporpammupoBanus (Programming Enable), kotopas cnyxuT nans akrusa-
LMK Nociea0BaTeNbHOrO BHYTPHCXEMHOIO nporpamMmmupoBaHus ISP B Tekyuiem pexume,
nepenaercs cieaytoulas nocienoBaTeabHocTh curHanos: npeambyna AAh (Preamble),
ornepauHoHHbIi koa paspelueHus nporpammupoBaius ACh (Opcode) W crapuias vacTb
anpeca 53h (Address High) (Mnanwas yacts agpeca B JaHHOM cllyyae He HMeeT 3Haue-
Hus). [Ipn nporpaMMupoBaHHUK MOryT nepeaasaTtbes OoT | 10 32 6aiWTOB AaHHbIX 33 OAMH
uukn (Page) c npeam6ynoii (Preamble) AAh, cooTBeTCTBYIOLMM ONEPaLMOHHBIM KOIOM
(Opcode), anpecom (Address) u naHHbiMu (Data). [Tpu cTpaHuuHO# nepenaue nocne ne-
penaud kaxaoro 6aiTa gaHHbIX CYETUHK aapecOB aBTOMAaTHUYECKH YBelWuuBaeTcs Ha .
[1pu 3anucu aedcTBUTENBHBIE JaHHbIE, NepeaaBaemble Mo JWHUM MOSI, nomkHbI coBna-
nath ¢ ¢GpoHTOM (BO3pacTalowMM nepenaaom) taktoBoro cuuxpocursana SCK. [lpu
uTeHUW JaHHbIX ¢ NuHUM MISO onu 6ynyT neiicTBUTENbHBIMH NpH chaje (oTpHUATENb-
HoM nepenane) cuHxpocurHana SCK.

SCK

Puc. 22.2

Kpome Tpex obs3arenbHbiX cuUrHanbHbiX JuHHA npu [SP-nporpammupoBanun (SCK,
MOSI n MISO) mukpokoHTpossiepoB Atmel B naHHOM cily4ae HCMONb3YETCS JIMHUA Bbl-
6opa BegoMoro yctpoiictea SS# (Slave Select, kotopas MoxeT coBnaaats ¢ CS# — Chip
Select— BbIGOp KpHCcTanna), MOCKOAbKY MHKPOKOHTpPOJIEpP BO BpeMsi MporpaMMHpoBa-
HUA ABNseTCA Noa4YHHeHHbIM (Slave) yctpoiicTBoM. B naHHoM cnyvae ans curhana SS#
MOXHO HCMOJIb30BaTh 00LIYHO He3aneiicTBoBaHHbIH BbiBoA 8 ISP-paznema (Tabn. 22.2).
Benomoe ycTpoHcTBO JOMKHO peardpoBaTh TOJILKO Ha HHU3KWA ypoBeHb curHana SS#,
KOTOpbIH gopmupyewﬂ BeAOMbIM. [IpH BLICOKOM YpOBHE 3TOro CHMrHana BbIXOJ MHKpO-
koHTposuiepa MISO nmomkeH 6biTh NepeBeneH B BbicokoumnenaHcHoe coctosHue (SPI-
MOPT BEIOMOrO OTKJIIO4aeTCH).

B mukpokonTponnepax AT89LPx052 ans nmporpamMupoBaHus ¢nalI-NaMsTH Mpeay-
CMOTpeHbI Ba HHTepdeiica: mocnenoBaTenbHblii M mapaenbHblit. [locnenosarensHoe u
napanenabHOe NMPOrpaMMHPOBaHHE MHKPOKOHTPOJJIEPOB MMEIOT OJHHAKOBbIE anrOpHT-
Mbl M KoMaHabl. OTiauvaercs ToibKo annapatHoe obecneuvenue. Jlns mapannenbHOro
nporpamMmmupoBaHus Tpedyercs aecatb curHanos (P1.0—P1.7, XTAL1 u CS#), nocneno-
BaresibHOe ucnonbdyeT Tonbko 4 SPl-curnana (SS#, SCK, MOSI, MISO) u nuwse npu
Heo6X0AMMOCTH JOMONMHUTENbHBbIH cHrHan ans c6poca, uToObl 3anporpaMMHpoBaTh 3a-
HOBO M 3aMyCTHTb MMKPOKOHTPOJIIEP B TEKYLUEM peXXUMe, He npuberas K yCTaHOBKE HIIH
yJaneHHIo A0MOJHHUTENbHON nepeMblukd. [Ins pa3pelueHus napanienbHOro nporpaMMH-
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poBaHus Ha BbiBoag RST (BeiBoa 1) MukpokoHnTponnepa AT89LPx052 HyxHO napatb Ha-
npsixeHue Vpp, pasHoe 12 B (puc. 22.3).

Ha pHC. 22.4 nokasaHbl BpPEMEHHbLIE AHArpamMMbl MOCJ€A0BATEC/IbHOCTH KOMaHA MNMpH na-
pauiesibHOM AporpaMMHpOBaHHH MHKPOKOHTpOJIEpa.

ATBSLPXXS2 0T27p80558B
RDY/BSY #— P31 j’
vee
P32
P1 [—/—9DaATA
8 6uT
XTAL 1 RST [4—Vpp
GND
=
Puc. 22.3

ST A

XTAL 1

nocneaoBaTenbHOCTb KOMaHA onepaunun 3anNUCK NPKU NapannenbHOM NPOrpaMMUPOBaHKK

E§1 _/

XTAL 1

nopt P —————_ Data OUT  »—

nocnenopaTeNnbHOCTL KOMAaHA ONepaynn NTeHWA NPU NapannenbHOM NPOrpaMMUpPOBaHUK

Puc. 22.4

Komnanus Atmel qna anantepa nporpammupoBaius AT89ISP npeanaraer cineayrouryto
pa3Boaky kabens ISP-pazbema, nokazaHHyto B Tabn. 22.2.

Tabnuya 22.2
WrbipbkoBbin | HauMeHoBaHue
BbiBOA curHana Hasnavehue
1 SCK Serial Clock — cuHxpocurHan, KoTopsiM Beayluee yCTpoicTeo
CcTpPOGUpyeT kaxabii GUT AaHHbIX
3 MISO Master In « Slave Out — Bx0AHblE AaHHbIE BEAYLIEro YCTPOi-
cTea (master) v BbiIxoaHble AaHHbIE BEAOMOro (slave)
4 VCC MuTaouwee HanpsxeHwe
RST Reset — curnan cbpoca
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Tabnuuya 22.2 (oKoH4YaHue)

ll.ln:zlt;?:bm Hau;::::;ﬂue Ha3nauenue
9 MOSI Master Out — Slave In — BbIxogHbIe AaHHbIE BeAyLUEro
ycTpoicTBea (master) u BxogHble AaHHbIe BeaoMoro (slave)
2,10 GND O6wwii BbIBOA NUTaHUA ("3emns")
6,7,8 NC No Connection — He ucnonb3ylotca

22.2. Npumep Ha Visual Basic —
yTteHue 2 K6ant pnaw-namaTm

B nuctunre 22.1 onucaH npouecc HHHLKMAIH3ALKMK U YTeHus ¢niw-namaty. B kauectse
NOACMOPbA MOXKET MocnyxuTh cneudukauns Atmel ans ISP-nporpamMmmupoBanus.

Private Sub bt Read2052Flash Click()
init_programmer ' OTKpuTe USB-yCTPOMCTBO M YCTaHOBMTb BHYTPEHHMII KOHTPOJIb
Bang Mode
device _power up ' NocrnemoBaTeJIbHOCTb BKJUOUEHMS MMTaHUA
strWriteBuffer = ""
command start ' ycTaHOBuUTb curHan SS m SCK Ha HU3KMII YPOBEHb
' B writeBuffer
datasend &HAA ' 3BamaThk [OCJIEOOBaTEJILHOCTb B 24 Oaitra!
datasend &HAC
datasend &HS53
command_end
strWriteBuffer = strWriteBuffer & Chr$ (Databyte) ' HeGonbwas 3amepxka
strWriteBuffer = strWriteBuffer & Chr$ (Databyte)
For p$ = 0 To 2047 Step 32 ' npouuTtaTh 2048 OGaiT 64 cTpaumuu us 2052
command start ' ycraHOoBuTb curHanm SS um SCK Ha HM3KIGI JIOT'. YPOBEHb
datasend (&HAA) f nepenaTek npeamOysy (preamble)
datasend (&H30) k'nepenaTb Kom onepalyst (opcode)
| 1J19 YTEeHus Koma CTPaHMLE!
datasend (Int(p / 256)) ' nepemaTh CT. yacTb ampeca (Adress High)
datasend (p And &HFC) ' nepemaTe MJI. YacTb azmpeca (Adress Low)
Ingwr_command end = Len(strWriteBuffer)
For i = 0 To 255 ' 32-8
Databyte = Databyte Or (2 ~ SCK) ' curHan SCK Ha BRICOKMI1 YyPOBEHb
strWriteBuffer = strWriteBuffer & Chr$ (Databyte)
Databyte = Databyte And Not (2 ~ SCK) ' curHan SCK Ha HU3KM# YPOBEHb
strWriteBuffer = strWriteBuffer & Chr$(Datqbyte)
Next i
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command _end ' yCTaHOBUTb curHajn SS Ha BHC. YpPOBeHb — Mnocyiemuuit GanT
SendRead FTDI_Bytes ' FIDI-3ammck U oOpaTHOe UTeHue
' ConvertReadData He comepimTCA

LoggerList.AddItem & ' ' ofpamaeT NpOYMTaHHEE OUTHE B GaiT
ConvertReadData_ 32Bytes (Mid$ (strReadBuffer, lngwr command end))
strWriteBuffer = ""

\ strReadBuffer = ""

Next p

'device power down ' BEIUI. MMTaHUA M 3aKpuTh FTDI-yCTPONCTBO

End Sub

Bbi30B GyHKUHMH ConvertReadData 32Bytes HE NMPHBOAMTCH B HCXOAHOM Koae. PyHKuUus
cHoBa mnpeobpa3yer otnenbHbie OuWThl B Oydepe 3anucu B uuTaembie OaiiTbi (Jinc-

TUHT 22.2).

' samuch B Oydep ¥ NOBTOpHOe uTeHue GaiToB
Public Function SendRead FTDI Bytes() As Boolean
If FT Write(lngHandle, strWriteBuffer, Len(strWriteBuffer), lng-
BytesWritten) <> FT_OK Then
LoggerList.AddItem "Write Failed"
GoTo CloseHandle
End If
Do
FtStatus = FT GetStatus(lngHandle, FT RxBytes, FT TxBytes, lngevent
get_stat)
If FtStatus = FT_OK Then
Else '
If FtStatus = FT_IO ERROR Then
LoggerList.AddItem "Get Status IO Error"
GoTo CloseHandle
End If
End If
Loop Until FT _RxBytes = lngBytesWritten
fl1Timedout = False
flFatalError = False
IngTotalBytesRead = 0
strReadBuffer = ""
Do
IngBytesRead = 0 ' kO/MUYecCTBO BO3BpalleHHEX OGaliToOB
FtStatus = FT_Read(lngHandle, strReadBuffer, FT_RxBytes, lngBytesRead)
If {(FtStatus = FT_OK) Or (FtStatus = FT_IO ERRCR) Then
If lngBytesRead > O Then
IngTotalBytesRead = lngTotalBytesRead + lngBytesRead
Else .
fl1Timedout = True
End If
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Else
flFatalError = True
End If
Loop Until (lngTotalBytesRead = FT RxBytes) Or &_
(f1Timedout = True) Or (flFatalError = True)
SendRead FTDI Bytes = True
Exit Function
CloseHandle:
SendRead_FTDI Bytes = False
intMode = 0
If FT Close(lngHandle) <> FT_OK Then
LoggerList.AddItem "FT_Close Failed"
End If
End Function
' npuMMep MHMLMaIM3alym B pexmve Bit Bang
Private Function init programmer() As Boolean
Dim i As Long
LoggerList.Clear
flFailed = True
init_programmer = false
If FT_ListDevices (0, strDescription, FT_LIST BY INDEX &_
Or FT_OPEN_BY DESCRIPTION) <> FT_OK Then
LoggerList.AddItem ("ListDevices failed")
Exit Function
Else
LoggerList.AddItem ("Device Description " & strDescription)
End If
' npuMmep MHMUMayM3auyM B pexaMe Bit Bang
If FT OpenEx(strDescription, FT_OPEN_BY DESCRIPTION, &_
lngHandle) <> FT_OK Then
LoggerList.AddItem "Open Failed"
Exit Function
End If
FtStatus = FT_SetBaudRate (lngHandle, P_Baudrate) ' ycTaHOBMTb CKOPOCTB
' nepemaun
If FtStatus <> FT_OK Then
LoggerList.AddItem "SetBaudRate Failed"
Exit Function
End If
' ycraHoBuTb MOSI, SCK, RST u SS Ha BHXOQO
intMask = &HO Or (2 ~ MOSI) Or (2 ~ SCK) Or (2 ~ RST) Or (2 ~ SS)
intMode = 4
FtStatus = FT_SetBitMode (1lngHandle, intMask, intMode)
If FtStatus <> FT_OK Then
LoggerList.AddItem "Set Bit Bang Mode failed"
Exit Function
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Else
LoggerList.AddItem "Bit Bang Mode o.k"
End If
lngBytesWritten = 0

Databyte = 0

init_programmer = True

' obpaboTka omGoK u aaTeM'init_programmer = False
End Function

' OomMH GailT MOCIeNoBaTENbHOTO NOTOKa OBMeHMBaeTcs C Clock
Private Sub datasend(byval data As Byte)
' NoOroToBMTbL GaiT 1A NOCJEeNOBaTeJIbHRX HOAaHHRX B MMKPOCXEMY
' SPI- moGaBuTb / COXpaHMTL B writebuffer
Dim n As Integer
Dim stelle As Byte
stelle = 128 ' cHauala nonyunMTb IOaHHEHE Oura MSB
For n =1 To 8 -
If data And stelle Then
Databyte = Databyte Or (2 ~ MOSI) ' ycraHoBuTb MOSI
Else '
Databyte = Databyte And Not (2 ~ MOSI) ' oumcTuTe MOSI
End If
strWriteBuffer = strWriteBuffer & Chr$ (Databyte)
Databyte = Databyte Or (2 ~ SCK) ' omH curhHan CLK, SCK Ha BHC. ypOBEHb
strWriteBuffer = strWriteBuffer & Chr$ (Databyte)
Databyte = Databyte And Not (2 ~ SCK) ' curhan SCK Ha HM3KM1 YPOBEHb
strWriteBuffer = strWriteBuffer & Chr$ (Databyte)
stelle = stelle / 2
Next n
End Sub

Private Sub device power_up()

FtStatus = FT_GetBitMode (1ngHandle, testbyte)

If FtStatus <> FT_OK Then
LoggerList.AddItem "Bit Bang Mode failed during power up"
Exit Sub

End If

Databyte = 0

strWriteBuffer = ""

strWriteBuffer Chr$ (Databyte) ' Bce ycraHaBmMBaeM B HU3KMII yPOBEHb

SendRead_FTDI_Bytes

Databyte = Databyte Or (2 ~ RST) Or (2 ~ SS)

strWriteBuffer = Chr$ (Databyte)

SendRead FTDI Bytes

' HEeMHOT'O OXMIaHMA (TOJNBKO 2 MC) COIVIaCHO TEeXHMWYEeCKOMy MaclopTy

Sleep (20) !

End Sub



216 naea 22

‘Private Sub device_power down ()

Databyte = Databyte And Not (2 ~ SCK)

strWriteBuffer = Chr$ (Databyte)

SendRead FTDI_Bytes

Databyte = Databyte And Not (2 ~ RST) ' curHan RST Ha HU3KUA YPOBEHb

strWriteBuffer = Chr$ (Databyte)

SendRead FTDI Bytes

Databyte = Databyte And Not (2 ~ SS)

strWriteBuffer = Chr$ (Databyte)

SendRead FTDI Bytes

intMask &HO

intMode 4

FtStatus = FT_SetBitMode (lngHandle, intMask, intMode)

If FtStatus <> FT_OK Then
LoggerList.AddItem "Set Bit Bang Mode to inputs failed"
GoTo CloseHandle

End If

If FT_Close(lngHandle) <> FT_OK Then
LoggerList.AddItem "Close Failed"

End If

End Sub

Private Sub command start()
' set hardware conditions for SS and SCK
' curHan SS m SCK Ha HUM3KMII YyPOBEHb
Databyte = Databyte And Not (2 ~ SS) And Not (2 ~ SCK)
strWriteBuffer = strWriteBuffer & Chr$ (Databyte)
End Sub
Private Sub command_end ()
' NEepeKounTh CUTHAJl SS Ha BEHICOKMI YPOBEHb
Databyte = Databyte Or (2 ~ SS)
strWriteBuffer = strWriteBuffer & Chr$ (Databyte)



NMPUNOXEHWUE

OnucaHune KOMnNakT-gucka

Ecnu Bel konupyere katanoru (puc. I[11) 1 daiinbl koMNakT-aAMCKa Ha XKECTKHI ANUCK, TO
crenyeT AeaKTHBMPOBATD 3aLLMTY OT 3anucy ¢ainos.

3Adobe J

L2 Beispielprogramme 29.05.2009 14:15
£3Datenblaetter 29.05.2009 14:15
{IFTDI_Manuals 29.05.2009 14:15
FTDI_MProg 29.05.2009 14:15
AFTDI_Treiber 29.05.2009 14:15
£3USBView 29.05.2009 14:15 l

Puc. N1

B karanore \Beispielprogramme (puc. [12) Bbl HalineTe oTaenbHbiE NpUMEpPbI NpOrpamm
Y HCTIONTHAEMbIE exe-(aibl.

L

MNanka ¢ paiinamm
MNarka ¢ painamm 29.05.2009 14:15
NanKka ¢ daiinamm 29.05.2009 14:15
MNanka ¢ dainamm 29.05.2009 14:15
Nanka ¢ daiinami 29.05.2009 14:15
Nanka ¢ dairnamm 29.05.2009 14:15
Nanka ¢ painamm 29.05.2009 14:15
Nanka ¢ daiinamn 29.05.2009 14:15
MNanka ¢ painamm 29.05.2009 14:15
Nanka ¢ ¢painamm 29.05.2009 14:15
MNanKka ¢ ¢aiinama 29.05.2009 14:15
MNanka ¢ daiinamn 29.05.2009 14:15
MNanka ¢ ¢gainamm 29.05.2009 14:15
MNanka ¢ ¢aiinamm 29.05.2009 14:15
Nanka ¢ gaiinamm 29.05.2009 14:15
MNanka ¢ ¢aiinamn 29.05.2009 14:15
Bsp_17 MNanka ¢ ¢painamm 29.05.2009 14:15
£ABsp_Dongle MNanka ¢ paiinamm 29.05.2009 14:15
£3Bsp_I2C_EEProm Narka ¢ dainama 29.05.2009 14:15
Bsp_LA_BKanal MNanka ¢ paiinamm 29.05.2009 14:15
£3Bsp_Multimeter MNanka ¢ ¢aiinamn 29.05.2009 14:15
de-funktion Nanka c ¢aiinamn 29.05.2009 14:15

Puc. N2
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B karanore \Beispielprogramme\Bsp_1 (puc. [13) HaxoauTcs nporpaMMa MHCTaIALWH.
Ecnu Bbl He ycTaHOBUAM Visual Basic, 1 HCONHs€Mble 1€EMOHCTPALIMOHHbIE NMPOrpaMMbl
He (pyHKLMOHHPYIOT M3-3a OTCYTCTBYIOLMX VB-6MGnHOTEK, nepBbiM A€NOM 3anycTHTE
setup.exe W3 karanora \Beispielprogramme\Bsp_1.

28Kb 25.01.2008 17:22
SKb 25,01.2008 17:22
2KE Oaiin "VBP" 25.01.2008 17:22
1KB ®aiin "vBW" 25.01.2008 17:22

11K Qaiin "BAS" 25.01.2008 17:22

140KB MpunoxeHvie 25.01.2008 17:22
2KE Oaiin "LST" 25.01.2008 17:22
Puc. N3

[Tocne ycnewHoi HHCTAUIAUMH Bbl MOXKETE MCMONHHUTbL CrE€HEPHPOBAHHbIE B 3TOM 00Yy-
yatoLeM nakete exe-¢ainol.

B katanore \Beispielprogramme\Bsp_Dongle, nomumo npumepa B Visual C++, Haxonat-
cs Heobxonumble 6ubnuoreku FTDI-dyHkumii ans nonyyeHus uaeHTHpHKaTOpa MHUKpPO-
cxembi' (Chip ID). B karanore \Beispielprogramme\e-funktion Bbl HaiizieTe mporpammy
RC_E Funktion.exe, kotopas npeacraBnset xon RC-pyHkumu (cm. 2aasy 12).

B karanorax \Datenblatter (puc. [14) u \FTDI_Manuals (puc. I15) B popmare PDF co-
nepxarcs Haubonee BaXkHble JaHHbIE U PYKOBOJCTBA H3rOTOBHTENEA.

#:bpw40_fototransistor.pdf Adobe Acrobat 7.0 Docu...

?ﬁFTZBZR_Datenblattpdf 797 KB Adobe Acrobat 7.0 Docu... 25.01.2008 17:22
#sT24C0 1_16_STM.pdf 157 KB Adobe Acrobat 7.0 Docu... 25.01.2008 17:22
%% LIN2803.pdf 94 KB Adobe Acrobat 7.0 Docu...  25.01.2008 17:22

Puc. N4

1l 1
TED2XXPG34.pdf /

25.01.2008 17:22
25.01.2008 17:22
“HFTDI_AN2328-05_BaudRates.pdf 169 Kb 25.01.2008 17:22

Puc. N5

B karanore \FTDI_MProg (puc. [16) HaxoasTcs nporpamMma ¥ QOKYMEHTaLMs IS Mpo-
rpammupoBaius EEPROM-namsaTi komnanuu FTDI.

B®MProg3.0_Setup.exe
*MpProg.pdf

Puc. N6
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B karanore \FTDI_Treiber (puc. [17), koTopblii Bbl 10MKHBI 6bUTH BbIOpaTH NOCHE NEPBO-
ro noaknoueHus USB-anantepa njis MHCTAISALMK ApakiBepa, HAXOAMTCA TakXKe M KaTa-
nor Ver2.02.04 c apaitBepom CDM (CDM 2.02.04.exe). Peub uaetT o HEMocpeaCTBEHHO
MCMoNHAeMOM exe-(aiine Ans YCTaHOBKH ApaiiBepa CO CTaHAApPTHBIMM MAEHTH(HKATO-
pamu VID u PID, kak 3to umeer mecto y USB-anantepa, npeanokeHHOro B AaHHOM
KHHreE.

L

Laver2.02.04 Nanka ¢ ¢aiinamm
MFTBUSULAI 104 K6 KOMMOHEHT mpunoxe... 25.01.2008 17:22
#fteserco.dl 20 KB KOMMOHEHT mpunoxe... 25.01.2008 17:22
w}FTDZXX.dII 172KB KoMnoHeHT npunoxe... 25.01.2008 17:22
g 20K6 ®aitn "H" 25.01.2008 17:22
18K ®aiin "LIB" 25.01.2008 17:22
@]FTDI CDM 2.00.00 Release info.doc 42KB6 [OokymeHT Microsoft ...  25.01.2008 17:22
Sfiftdibus.cat 10KE Katanor 6e3onacHocTu  25.01.2008 17:22
JFTDIBUS.INF 3KB Ceeperms ans yctaH... 25.01.2008 17:22
47 KB CucTeMHbIA daiin 25.01.2008 17:22
10 KB Kartanor 6esonacHocTn 25.01.2008 17:22
?}FFDIPORT.INF 4KB CsepeHws ang ycTaH... 25.01.2008 17:22
CHFTDIUNZK.INI 1KB MapameTpbl KOHOUry... 25.01.2008 17:22
184 KB MMpunoxeHue 25.01.2008 17:22
100 KB KomnoHeHT npunoxe... 25.01.2008 17:22
60KB CuCTeMHbIN dalin 25.01.2008 17:22
33KB KomnoHeHT mpunoxe... 25.01.2008 17:22
“¥:windows_XP_Instalation_Guide.pdf 455K6 Adobe Acrobat 7.0D... 25.01.2008 17:22

Puc. N7



CnUcoK NCTOYHUKOB MH(popmaLumn

USB-cnpaBoyHHK 17151 31eKTPOHLLUKOB

www.wikipedia.de

GSM-Bentheimer Softwarehaus GmbH www.gms2000.de, www.minimikro.de'
Cneundukaunu komnanuy Atmel Ha calite www.atmel.com

Caiit komnanuu FTDI, www.ftdichip.com

B. Kainka, Basiskurs Mikrocontroller

Reichelt Elektronik, www.reichelt.de

Nanotec GmbH, www.nanotec.de

www.usb.org

© 0 %N,k =

—_—

www.heise.de

Cnucok UCTOYHHUKOB OblN TLIaTENbHO npopaboTaH aBTopoM. HU B kOeM cnyuae He nepe-
HUMAEeTCsl OTBETCTBEHHOCTb 33 TEXHUUYECKHE W nonurpaduueckue OHOKH MU ymnylle-
HHUs B JAHHOM AokyMeHTe. KpoMe Toro, He nepeHMMaeTcsi OTBETCTBEHHOCTb 3a MOBPEX-
JIEHUsl, KOTOPbIE MOTYT BO3HUKHYTb M3-3a COAepKalleiics B JOKYMeHTe HHPOPMaLIHH.

H3mMeHeHus coaepikaHus OroBapHBatoTCs. JTO KacaeTcs Taloke M M3MEHEHHH obbema no
dopme, 0popMAEHHIO\M TEXHHKE (TEXHOIOMHH).

Bce npasa (Bkitouas nepesoa) COXpaHsOTCS. be3 NHCbMEHHOrO paspelleHts aBTopa He
pa3peluaercs BOCNpPOM3BEAEHHE 3TOro JoKyMeHTa B ntoboi ¢opme (neuarb, poTokonus,
MHKpodHIbM W Apyrue crocobbl), dparMeHTaMH, a Takxke oOpaboTka, pa3sMHOXEHHE H
pacnpocTpaHeHHE C HCMOJIb30BAHHEM 3NIEKTPOHHbBIX CHCTEM.

3aperucTpHpoBaHHblE TOBapHbIE 3HAKH, TOProBble HAUMEHOBAaHHWA M MpoYee B 3TOM [0-
KyMeHTe He 0003Ha4eHbl B kKauecTBe TakoBbiX. OHH ABNAIOTCS COGCTBEHHOCTBIO UX COOT-
BETCTBYIOLLHMX BAAE/bLEB.

"http://www.atmel.ru, www.chip-dip.ru. — /Ipum. nep.
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Atmel ATS9LP2052 208
Atmel-AT89LP 108
ATtiny13 203

Binary Digit 16
Bit Bang Mode 28
Bit Stuffer 22
Broadcasting 13
Bulk-Transfer 24
Bus powered 20

C

CBUS 36
Centronics 12
Chip-ID 187
COM-nopt 8, 11
Control-Transfer 24

D

D2XX 25
DCD 144
DEVSEL 158
Disconnect 21
Dongle 187
DSR 114
DTR 63

E

EEPROM (EEPROM-namsTs) 26, 141
0 Ttvna24C16 141
0 obaacte nonb3osarens 187

F

Fast Infrared 165
FET 120
FIFO-konTponnep 37

FT_Read 102

FT_SetBaudRate 101
FT_SetBitMode 101

FT_Write 102

FT2232C 207

FT232R

0 KOH(}HrypupoBaHHe MUKPOCXEMbI 37
0 mukpocxema 102, 103, 107, 108
FT232R USB UART 51
FTD2XX.SYS 25

FTDI 187

FTDI-npaiisep 43, 187
FTDI-mukpocxema 47
FTWriteRead 155

G

GND 63

1’C9,21

Infrared Data Association 165
Interrupt-Transfer 24
Isochron Transfer 25

ISP 9, 207, 209

L

LDR (Light Dependent Resistor) 86, 114
LED 60

LPT-nopt 8

LSB 17

MProg 193
MPSSE 28, 207
MSB 17

N

NRZI 22
NTC-resistor 129
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o A
OTG 19 ALl 31, 111
OTP-ROM 27 O napannenbHbie 111
0 nocnenosatenbHoro npubamkenus 111
P 0 c nopa3paaHbiM ypaBHoBelwnBaHueM 111
PID 26, 187 B
Plug-and-Play 20
PWM 66 Baiit 17
0 Bbibopa ycrpoiicTsa 158
R But 16
RES 206 r
ROM 27
RTS-curnan 63 I'epkon 82
RxD-curuan 114, 116, 197
s a
Januble 14
Self Powered 20 Hpaiisep 12, 25
SendRead_FTDI_Bytes 139
Shut Down Mode 39
SIE (Serial Interface Engine) 37 E

Single-Slope 112

SIR (Serial Infrared) 165
Solar tracker 75

SPI 9, 21, 28, 207
strReadBuffer 155

Sub bt_ad_read_Click 119

T

Tiny13 204
TxD-curnan 116, 139, 197

Eaunnua nudopmaunun 14

"

Hnentudukarop:

O wu3nenms 26

O mukpocxemsl 187

O npoussoautens 26
M30xpoHHas nepenaya naHHbIX 28
HK-curnanst 166

Hurepdeiic:
U 0 I’)C 141

0 napannenbHblii 12
UART 37 0 MKI11 5
USB 8 0 nocnenosarenbHbiii 11
USB1.08, 19
USB 1.1 19 K
USB 2.0 19

USB Full-Speed 119
USB On-The-Go 19

\'

VCP (Virtual COM Port) 25, 197
VID 26

w

WDM 25, 49, 208

Kackaanposatue 13
Kuno6aiir 17
Koanposanue 6e3 Bo3BpaLueHHs k Hy IO
¢ uHBepcuet Cm. NRZI
Ko3¢pduuuenr 3anonHeHns umnynscos 66, 137

n

Jlornuecknii ananu3arop:
0 BOCbMHKaHaNbHbIA 175
0 onHokaHanbHbIH 173
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Mera6aiit 17

MukpokonTponnep Atmel-AT89LP 28
Mukpocxema:

0 CP2102/103 27

FT232R 10, 23, 29, 35, 36, 97, 98
Max3420 28

Max3421 28

MSC7820 27

PL2303X 27

0 SP481 40

Moayb:

0 MM232R 35

¢ UC232R 35

H

HecrannaptHbie ckopoctH B 6oaax 41

(0

O6nacte nons3osarens 187
OnepaunoHHslii ycunurens (OY) 31, 112, 122

n

[MapannensbHblii nHTEpdeiic 12
[Mapamerp dyHkuun 56
[Nepnoanyeckue onpockl 92

n3y 27

IMon3yHok 92

IMocnenosarensHblii nHTEpdeiic 11
IMocrosHHas Bpemeru 88
[TpenonpenenexHsie Bxoabl 97
Iporpamma MProg 193

P

Passeprka curnanos 171
PesepcupoBanue HanpsxeHns 94
Pexwum Bit Bang 28, 36, 37, 85, 97

C

Cseroanon 60
0 aHon 60

OSSO OO

CepwiiHblii Homep yctpoiicTBa 55
Curnan:

0 RTS 63

0 RxD 114,116, 197

0 TxD 113, 116, 139, 197
Curnans CBUS 36

CkBaxHOCTb UMMYNbCOB 66, 137 |
CkopocTb nepenaun naHHbIx 41
0 craunapTHele 3HaueHHUs 41
CnoBo naHHbIx 17

Coo6luenue 14

T

Tepmope3sucrop ¢ orpuuarensibiv TKC
129, 130

Tun npaiisepa Win32 Cmv. WDM:

Tunsl USB-nepenay 24

TKC 129

y

YA 37
Ycunurens-popMupoBarens nepenarunka 40
Ycravoska apaiisepa FTDI 46

o

®daiin FTDIPort.inf 41
®dopmuposareib 6UToB 22
®dotopesucrop 86

X

Xa6 13
Xocr-koHTposnep 37

w

Lllaroseiii aBurarens 179
0 6unonspHbiii 180

O yHunonspHsii 179
LLIHUM 66, 137

3

OCMMN3Y Cu. EEPROM



IOpreH Xynbue6ow
USB B aneKkTpoHuke

2-e napaHue

Ilepegod c nemeykozo

I'pynna noAroToBKH H3JaHHA:

I'naBHblit penakrop Examepuna Kondyxoea
3am. rnaBHoro penakropa Hzope Llluwuaun

3aB. penakumci TI'puzopui [Jobun
IMepeBon ¢ HeMeukoro Bnaoumupa Yrazaeea
Penakrop FOpuii Poxcko
KomnsiotepHas Bepctka  Onveu Cepauenko
Koppekrop 3unauda [Imumpuesa
OdopMaeHue 0610xKH Enenvt bensesoii

3aB. NPOM3BOACTBOM Huxonaii Teepckux

JNnyenans N Ne 02429 ot 24.07.00. NoanucaHo B nevaTtb 29.04.11.
®opmar 70x100",6. Meuatb opceTHan. Yen. ney. n. 18,06.
Tupax 2000 ax3. 3axka3 Ne 910
"BXB-MNeTepbypr", 190005, CaxkT-NeTepbypr, Namannosckui np., 29.

CaH1TapHO-3NMAEMNONOrMYECKOe 3aKNIOYEHNE Ha NPOAYKUUIO
Ne 77.99.60.953.[1.005770.05.09 ot 26.05.2009 r. BbijgaHO deaepanbHoin cnywGon
no Haa30py B cdepe 3awuTbl npaB notpeburtenei n Gnarononyuna Yenosexa.

OTneyaTaHo C roToBbIX AMAN03NTUBOB
8 YN "Tunorpacus "Hayka"
199034, Cankr-MNetepbypr, 9 NMHNA, 12
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