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BCTYII

Kypc "PosmosineHi MIKpOmpoIecOpHl CHUCTEM’ € KOMIIOHEHTOM ITUKITY
3arajibHOl MIATOTOBKM TMpodeciiHol MATroTOBKH (axiBIiB piBHA «JlOKTOp
dinocodii» B ramy3i 3HaHb 17 «EnekTpoHika Ta TeNneKOMYHIKAIlis» 3a
cnemianpHicTIO 171 «Enexrponika 3a cremianizamieio «EnekTpoHH1 cucteMmu» 3a
JeHHOI0 (OPMOIO HAaBYAHHS 1 BIJHOCHTHCS JIO0 HABYAIBHUX JUCIUTUIIH IS
3100yTTS TTIMOMHHUX 3HAHb 31 CIEiaIbHOCTI.

Kypc 6a3yerbcst Ha AUCIUIUTIHAX MIATOTOBKU MaricTpiB: « MikpompoliecopHi
cucteMu» Ta «CydacHl HaIPSIMKH KOMIT'FOTEPHOT 1 MiKPOIIPOIIECOPHOT TEXHIKUY.

Merta Kypcy — B3[aTHICTb BUKOPHUCTOBYBAaTH OCHOBHI apXiTEKTYpHO-
CTPYKTYpH1 11€i TNpPOEKTYBaHHA MYJbTUMIKPOIPOIIECOPHUX CHUCTEM Ha 0a3l
CydacHUX 1HTep(]eiciB Ta OTpUMaHHS MPAKTUUYHUX HABUYOK MOOYJOBH TaKHX

CHUCTCM.
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Po3ain 1. PO3INOAI/IEHI MYIBTUMIKPOKOHTPOJIEPHI
CUCTEMHU

JIEKLIA 1.

06J1acTi 3aCTOCYBaHHA Ta NIPUHIUNIU NOOYA0BU PO3NOAIL/IEeHUX
MIKpPOKOHTPOJIEPHUX cUCTeM. MyJIbLTUMIKpOIpoLecopHa
cucreMa 3 intepdeiicom UART
Ha croromuimmHii 1eHb po3MoaisieHi MIKPOKOHTPOJIEPHI CUCTEMH KepyBaHHS

3aiiMaroTh MPOBIIHE MOJOKEHHA B cpepi aBTOMATU3AILIT ITPOLIECIB, TOYNHAIOYH BiJ]
BEJIMKMX BUPOOHHMIITB 1 3aKIHUYIOUM aBTOMATHU3ALIIE0 OY/I1BEIb.

[HTenekTyanbHi By3JU po3MOJIUICHOI MiKpoKoHTposepHoi mepexi ( fieldbus-
CUCTEMHU a00 MPOMUCIIOBOI MEPEXKi) BUPINIYIOTH 3a7a4l 0OOpOOKH TaHUX 3 TATYMKIB
1 BHUJA4Yy KEpyIOUuWX BIUIMBIB Ha Kepyrodl mnpucTpoi. Po3mozainena cucrema
JI03BOJISIE 3aMIHUTU OJIMH BUCOKOi BapTOCTI BUCOKONPOAYKTHBHMI IpPOLIECOp Ha
KUJIbKa MEHIII MPOAYKTUBHUX 1 JIEMIEBUX TIPOLIECOPIB.

OCHOBHI mNepeBaru MpyU BUKOPUCTaHHI PO3MOAUIEHUX MIKPOKOHTPOJIEPHUX
CUCTEM Yy TOPIBHAHHI 13 HEHTPATI30BAHUMU CHUCTEMaMH TOJSTAIOTh y MEHIIIIH
BapTOCTI YCTAHOBKHM PO3MOJAUIEHOT CUCTEMH, ii CYNpOBOJKEHHI I MOJAEpHI3alli,
0111101 HAAIMHOCTI, THYYKOCTI ¥ 3MaTHOCTI A0 iHTerpamii. OgHaK, HasBHICTb
MOCJIIIOBHOT IIMHU TIepelayl JNaHuX, SK MPaBUIO, HakjIagae OOMEXKEHHS Ha
TOIIOJIOTIIO CUCTEMH 1 Ti IIBUIKOIIIO.

[IpoTsirom oOcCTaHHIX M'STH POKIB B PO3BUTKY apXITEKTypU MIKPOCXEM
MIKPOKOHTPOJIEPIB MPOBIJHUX CBITOBUX BUPOOHUKIB CIOCTEPITAETHCS CTiiKa
TEHJEHII 3pOCTaHHS KUIbKOCTI BOyJIoByBaHUX i1HTep(eiiciB. Ha BiamiHy Bin
MIKPOCXEM MIKPOKOHTPOJIEPIB MOMEPEAHIX MOKOIIHb, 3 MIHIMyMOM 1HTEP(DEUCIB 1
uudpoBoi nepudepii (sx mpaBuiio, iHTepdeiic nocaigoBHoro mnopty UART,
JeKUJIbka TalMepiB 1 TMiJICHCTeMa TepepuBaHb), CyYacHI MIKPOKOHTPOJEpHU
OCHAIYIOTbCS YMMaJIMM HA0OpOM JOJATKOBUX IU(MPOBUX 1 aHAJIOTOBUX

nigcucreMm. Jlo ckiamy nudpoBuxX miacucTeM BXoAsaTh: unmana Flash mam'ste
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nporpaMm (JIaHuXx), 10 Ma€ PO3MIp BiJl BOCBMHU JI0 JEKUIBKOX COTEHb KUIOOAWT;
orepaTHBHA TaM'siTh 3 00'€eMOM 10 MAEKUIBKOX JECATKIB KUTOOAWT; pO3BHHEHA
CUCTEMa TMepepuBaHb, OOpOOJIOBaNbHA 1O TPUALSTH JKEpeNl IepeprBaHb;
cnemiaiizoBani («cropoxesi») Taimepu WDT (Watchdog Times); pi3Hi Tumnu
TeHepaTopiB 1 BEJHMKA KIJTbKICTh 1HTEP(EHCiB.

AHaJli3 OCHAIIIEHOCTI CYYaCHUX MIKPOKOHTPOJIEPIB MPOBIIHUX CBITOBUX (PipM
Silicon Laboratories Corp., Atmel Corp., MAXIM-Dallas Corp.n1o3Boisie
CTBEP/XKYBATH, 10 cepell CydacHUX MikpokoHTposuiepiB 100% ocHamieHi ogHuM 1
npubmuzHo 25% - noma mocmigoBHumu noptamu UART. Tlpubnuszno 85%
MIKpPOKOHTPOJIEPIB MAalOTh B CBOEMY CKJaJl MOCHIIOBHUNA nepudepiiiHui
itepdeiic SPI (Serial Peripheral Interface). ITpubmuszno 40% ocHaIIyrOThCS
iHTepdeiicom cuctemHoi wmwmHA SMBus, cymicaum 3 12C. Menme 20%
MIKPOKOHTPOJIEPIB OCHAIIYIOTHCS BCIMA 1HIIMMH TUIIAMU 1HTEPPENCIB, TAKUMU SIK:
yHiBepcaibHa nociijioBHa muHa - USB (Universal Serial Bus); inTepderic mepexi
MikpokoHTposiepiB - CAN (Controller Area Network), oagHONpOBIIHUI
neoHamnpasieHuit inTepdeiic MICROLAN 1 psin iHIIHX.

[Ipu boMy ciia 3a3HAYUTH, MO SKIIO M€ KiTbKAa POKIB TOMY MPAKTHYHO
KOXEH 3 MIKPOKOHTpoJsiepiB ocHalryBascs iHTepdeiicom UART, To B manwmii yac
nei iHTepdeic yneBHEHO BTpadae CBOi Jiaupyroul (y MuHYJIoMY) mo3uiti. s
3B'SI3KYy 3 TMEPCOHAIBHMM KOMI'IOTEPOM BCE YacTillle BHKOPUCTOBYETHCS
yHIBepcaJibHa TocTiioBHa mrHA — USB, OCKIJIBKK Ma€e BHIIII IIBUIKOCTI Iepeadl i
3abe3reuye MUK psJl 1HIIUX JOJATKOBUX (PYHKIIIOHATBHUX MOXKIMBOCTEH. J[is
oprasizaiii MIKPOKOHTPOJEPHUX MEpPEK BUKOPUCTOBYIOThCS 1HTepdeiicu: CAN,
SPI, SMBus i MICROLAN. Jlns BHYTpPICHCTEMHHUX (BHYTPIIIHHOIUIATHUX )
3B'SI3KIB B CyYaCHUX KOHTpOJIJIEpax HaWdacTille BUKOPHUCTOBYIOThCS 1HTEpdeiicu
SPI i SMBus.

Po3pi3HSI0TE KibKa PiBHIB MOJIEJIEH PO3IMOIIICHHUX CUCTEM.

Ha nepuiomMy piBHI MOJiesi 3aCTOCOBYIOThCS IHTEpEHCH:

® TIOBHOAYIUIEKCHUM mociimoBHUM iHTepdeiic RS-232, RS-485;
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e nocmigoBuui iHTEpderic USB (Universal Serial Bus);

e yHiBepcadbHHUI acHHXpOHHUH npuitmad-niepenaBad UART ( Universal
Asynchronic Receiver Transmitter );

e cuHxpoHHu# nocuinoBuuii inTepgeric SPI (Serial Peripheral Interface);

e iHTepdelic Mepeki MIKPOKOHTPOJIEPIB iHTEp(dENC CUCTEMHOT KEPYHOYO1
umman SMBus, cymicanm 3 12C;

e CAN (Controller Area Network);

® OJHONIPOBITHUMN ABOCIpsAMOBaHUM 1HTepderic MicroLAN,;

e nBonpoBiaHui iHTepdeiic TWI (Two wire Interface);

e oanonposiaauii inTepdeiic OWI (One wire Interface);

e Oe3npoBigHUM 1HTEpPEiic ZigBee.

Ha ngpyromy piBHI MoOz€Nnl 3acCTOCOBYIOTH IPOTOKOJM OOMIHY, IO
BIJIPI3HSIOTBCA TpPU3HAYCHHSIM 1 TOTyXxHIcTI0. Bei mporokonu fieldbus-cucrem
MOXHA 3TPYNyBaTH 3a BUJIOM MEPEKHOTO apOiTpaxKy, a came:

® TIPUHIUI ONUTYBaHHS,
® TIPUHIIHII;
® [IPUHIUI BUIAJKOBOMY JIOCTYITY.

[TpuHIIMTT ONMUTYBaHHS BUKOPHCTOBYIOTHCS B THX BHUIAJKaX, KOJIH B MEPEXKi
INPUCYTHIM OJMH TOJIOBHUW NMPHUCTPINA 1 KIJIbKA MIJJIETNIMX, 110 HE MaroTh '"MpaBa
rosocy". Ilpukianom Takoi cuctemu € mepexa Modbus

YV wMepexax 3 mepepadeto Mapkepa (Mmepexi P-NET, Profibus) mpasom
3aHATTS IIMHU BOJIOJIE TMPUCTPiIM 3 "MapkepoM", 10 TEpeNaeTbCs BiJ OTHOTO
MPUCTPOIO JIO 1HILIOTO.

[Tpu BunagkoBomy npuHuuiy noctymy (mMepexi LonWorks, EIB, Ethernet)
IPUCTPOI MPOCTYXOBYIOTh MEPEKY M KOHTPOJIIOIOTH CBOIO NEpegavy Ha MpeiMeT
BUSIBJICHHSI CIIOTBOPEHHS 1H(OpMALIli 3 METOI KOHTPOIIO KOMi31d. Y BUNAIKY
KOJI1311, By30J1 MEPEKi BIAMOBIIHO J0 MEBHOTO aJITOPUTMY (ICHY€ KUJTbKa BapiaHTIB)

BUOWpAE BUTIAKOBUM CITOCOOOM Yac MOBTOPHOTO BIAMPABIICHHS MTOB1IOMJICHHS.
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BiamMiHHOIO pUCOIO NEPIIMX JTBOX METOIIB apOiTpaxKy € MOKJIUBICTh
rapaHTyBaHHS Yacy BIIMOBII, IO JO3BOJISAE iX BITHECTH IO CUCTEM PEATBHOTO
qacy. TpeTiii MeTo 03BOJIsi€ TapaHTYBATH Yac BiMOBIIi JIUIIIE 3 TIEBHOIO
HMOBIPHICTIO, 110 3aJICKUTh BiJ KUJIBKOCTI IPUCTPOIB B OJHOMY CETMEHTI MEPEXKI.

MyasTuMikponpouecopHa cucrema 3 intepgeiicom UART
Vuueepcanvuwiii acunxponnwiii npuemonepedamyux (UART)

VYHiBepcanbHuil acMHXpOHHMI mnpuiiMad-niepenaBad  UART ( Universal
Asynchronic  Receiver  Transmitter) mnpusHadeHwid I8 3a0e3ICUYCHHS
nociaigoBHoro  oominy  nmanumu.  IaTepdeiric  UART  sBisie  coGoro
MOBHOAYIUICKCHUN 1HTEpdeiic, ToOTO mpuiiMau 1 mepegaBady MOXYTh MPAIIOBaTH
OJIHOYACHO, HE3aJIEKHO IPYT Bl ApYTa.

o cknagy UART BXOISTh:

® TaKTOBUM reHeparop 3B's3Ky ( OoAperT-reneparop),
® Kepyloul pericTpu,

® CTaTyCHI PETICTpPH,

o Oydepu

® pETiCTpH 3CYBY MpHiiMaya i repeaaBaya.

bonpenT-reneparop 3a1a€e TaKTOBY 4aCTOTY IPUHMOMOIIEpeaaBayda isl 1aHO1
IIBUJIKOCTI 3B'SI3KY.

Kepyrodi perictpu 3a1a10Th peKUM pOOOTH MOCIIIIOBHOTO TIOPTY 1 HOTO
nepepuBaHb.

VY cratycHOMY pericTpi BCTAHOBIIOIOTHCS MPAriopy 3a PiI3HUMHU MOI1SIMHU.

VY 6ydep npuitmaya notparisie NpUUHATAN CUMBOJI, Y Oydep nepenaBaya
MOMIIIAIOTh TIepeJaHuM.

Perictp 3cyBy nepenaBaya Bujae 0iTu rnepeaaHoro cCMMBOITy (kaapy). Perictp
3CYyBY IpHiiMada HaKOMMUUYY€E MPUNUHATI 3 TOPTY O1TH. 1o pi3HUX moAisx
BCTAHOBJIIOIOTHCS MPANOPHU 1 T€HEPYIOTHCS MEpepUBAHHS (3aBEPIICHHS

pUOMY/BIANPaBIICHHS KaApYy, 3BIIbHEHHS Oydepa, pi3Hi TOMUIIKH).
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Jliniro mopty npuiimMauda nmo3HavaroTh RX, nepenaBaua - TX. [TocnimoBHO0O
YCTaHOBKOIO PiBHIB Ha IHX JIHISAX MO0 3araabHoro TpoBoay ("'3emmi") i
nepeaaeTbes iHpopMalist. 3a 3aMOBUYBAaHHAM TepejaBay BCTAHOBIIIOE Ha JIIHIT
OJMHUYHUH piBeHb. [lepenada mouynHaeThCsl HOCUIIKOIO 01Ta 3 HYJIbOBUM PiBHEM (
cTapT-0iTa), MOTIM MIyTh OITH JaHUX MOJOIIIMM OiTOM yrnepen (HU3bKUM PIBEHb -
"0", BUCOKHMI piBeHb - "1"), 3aBepIIyeThCS MOCHIIKA TIepeaadeto 0JHOTr0 abo JIBOX
OITIB 3 OIMHUYHUM PIBHEM (CTOM-OITIB).

EJIGKTpI/I‘IHI/Iﬁ CUTHAJI KaApy IIOCUJIKH BUITIAOAE TAK:

c*rap'r 6 iTH JaHHHX (8 abo 9) CLen
BiT Bit

Puc. 1.1. Kagp nocunku UART

[lepen moyaTkoM 3B'sI3Ky MIXK JBOMA MPUCTPOSIMU HEOOX1THO HACTPOITH X
npuiioMoriepeaBay Ha OJHAKOBY IMIBUAKICTB 3B'SI3KY U (popMart Kajpy.

[IBuakicTk 3B'13Ky (baudrate) BuMipsieThcsi B 00/1aX SIK YUCIO MEpeAaHuX OITIB
y CeKyHIy (BKJIFOUAIOUH CTAPT 1 CTOM-0MTI). 3a0a€ThCS 15 MBUAKICTh Y OOAPEUT-
reHepaTopi IUICHHSIM CHCTEMHOI YacTOTH Ha 3afaHui koedimieHT. Tunopuit
miana3oH mBuakocter: 2400 ... 115200 oox.

dopmMmar kazpy Bu3Havae yncio cron-0iTiB (1 a6o 2), unucino OiTiB 1anux (8 abo
9), a TakOX MpU3HAYEHHS JIEB'ATOTO OiTa JaHUX. Bee 11e 3a1eXuTh B TUITY
KOHTpoOJIEpa.

[Tpuitmay 1 mepegaBay TaKTyEThCS, SIK TPABUIIO, 3 16-KPaTHOIO YaCTOTOIO
BIIHOCHO Oojpeiita. Lle moTpiOHO 111 ceMIutipyBaHHs curdany. [lpuiimay,
BU3HABIIM HASBHICTH MMa/1al0490r0 (DPOHTY CTApT-0iTa, Bi[paXOBYE KIJTbKA TAKTIB 1
HACTyMHI Tpu TakTh 3untye (cemrutipye) mopt RX. Ile came cepenuna crapr-Oura.
k1o OUTkLIICTh 3HaYEHb ceMIUTiB - "0", cTapT-01T BBAXAETHCS TPUUHATHUM,

1HaKIIIe MpUiMay MpuiiMae HOTo 3a MIyM 1 YeKa€ HACTYITHOTO MaJar0doro (GpoHTY.



Posznooineni mikponpoyecopmi cucmemu 10

[Ticnst Banoro BU3HaY€HHs cTapT-0iTa, MpUiiMad Tak caMo CeMIUTIPY€E CepeaHU
01TiB 1aHUX 1 MO OLIBIIOCTI ceMIuTiB Bu3Havae OiT "0" a6o "1", 3anucyioun ix y
pericTp 3cyBy. CTON-01TH TE€X CEMILTIPYIOThCS, 1 SIKIIO pIBEHb CTOMN-0iTy He "1" -
UART Bu3Hauae NOMWIKY KaJpy ¥ YCTaHOBJIIOE BIMIOBIIHUN TIpariop y

KEpYIOYOMY PETiCTI.

@ =/
It

Puc. 1.2. Busnauenus 0iTiB

SHauymycemMrit 7

OckiJIbku  OOJIPEUT YCTAHOBIIOETHCSA JUIEHHAM CHUCTEMHOI YacTOTH, IpH
NEepPeHECeHH] TPOrpaMH Ha TMPUCTPIM 3 1HIIMM KBAapLOBUM PE30HATOPOM,
HEO0OX1HO 3MIHUTH BiAMOBIIHI HacTporoBaHHs UART.

B sKkocTi mpukiaga po3rIsTHEMO TMOCHIIOBHHM iHTEp(dEic MiIKpOKOHTpoJiepa
MCS-51, ctpykTypHa cxeMa SKoro HaBejeHa Ha puc. 1.3. CxeMa MICTUTh 3CYBHUH
perictp mnpuiioMy; 3CyBHUU perictp mnepenadi; OydepHuil perictp npuiomy-

nepenaydi SBUF; cxemu ynpaBiniHHs Ta 00pOOKH 30BHIIIHIX CUTHAJIB YITPaBIIHHA.

FRir JcveHni pericTp )
TES nepemayi —— Brxig TxD

BayTpinms Bydep j L BEnox +—Fir EFN

mdropyamiEa| MPHEOMY- VIID AR TS
IIETELA <:::> mepegadl yaps L »TI(SCON.1)

SEUF VAT
ﬂ 17 | L RI(SCONO)

Eir 3CYBHIOI pericTp
RES IPIGIOMY

b 4

F3

+— Bxing BxD)

Puc. 1.3 CtpykTypa nociiiioBHOTO OPTY
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3anmc Oaiity y 6ydep SBUF nporpamanm nuisixom, Hanpukiaag MOV SBUF,
A. IpU3BOJUTH 10 aBTOMATUYHOTO MEPENUCyBaHHs 0aiiTa B 3CYBHUM PEricCTp
nepeadi Ta 1HIioe MovYaTok nepeaayi 6aiita. HasBHicTs OydepHoro perictpa
IpUioMY JTO3BOJISIE€ TIOEHYBATH OTIEPAIliI0 IEPECUTIAaHHS paHille MPUIHITOrO
OaifTa y BHYTPIIIHIO MaM'sITh 3 MPUHOMOM HACTYIHOTO Oaifta. SIKIo 10 MOMEHTY
3aKiHYEHHs npuiiomMy OaiiTa monepeaHs iHpopmaris He Oyna 3uutana 3 SBUF,
BOHA BTPAva€ThCS.

[Tpu 3akiHueHHI nepenavi 0aiTy popmyeThesi curHai repepuBanus T1
OCHOBHOI ITporpamMu MiKpoKoHTposepa. [Ipu 3aroBHeHH1 pericTpa nmpuitmava
dopmyeTtbes curnan nepepuanHs RI. Li mpanopu anapaTHO HE CKUAAIOTHCS
BIJIIIOBIJTHOIO ITPOTPaMOI0 NIEPEPUBAHb, HEOOX1THO BUKOPUCTOBYBATH MPOTPaMHI
3aco0u.

VYmpasninus podotoro UART 3miiicHioeThes 3a qonomororo perictpa SCON
(Serial port CONtrol), sikuii Mae mo0iTOBY anpecarito. [[pu3HadeHHs 0iTiB
perictpa SCON HaBeaeHo y tadm. 1.1.

Tabmuus 1.1 — [pusnayenns 6itiB perictpa SCON

biTn Ilo3nauenns | Ilpu3HaueHHs

1 2 3

7 SMO BusHnauaroTh 01H 3 4-X peKUMIB pOOOTH MOCIIJOBHOIO MOPTY:
6 SM1 SMO0 SM1

0 0 —pexum “07;

0 1 —pexum“1”;

1 0 —pexum “27;

1 1 —pexum “3”.

5 SM2 J103B1JT MyJIBTHITPOIIECOPHOT pOOOTH:

y pexxumi “0” SM2 noBuHeH OyTH CKUHYTHUH B HYJIb;

y pexumi “1” mpu SM2 = 1 npanopeup RI ycranoBmoeTbes B
OJIMHUITIO TIPHU HAJXOKEHH1 CTOM-01Ta, 110 JOPIBHIOE OJTUHUIL;

y pexumax “2” 1 “3” mpu SM2 = 1 npanopens RI nopiHIO€E HyIIO,
SIKIIO JI€B ATUN OIT MPUIHATHX JAHUX JOPIBHIOE HYIIO.

5 SM2 J103B1JT MYJIBTHITPOIIECOPHOT pOOOTH:

y pexxumi “0” SM2 noBuHeH OyTH CKUHYTUH B HYJIb;

y pexumi “1” mpu SM2 = 1 npamnopeup RI ycranoBmtoeTbes B
OJIMHUITIO TIPHU HAJXO/KEHH1 CTOM-01Ta, 110 AOPIBHIOE OJTUHUIL;

y pexumax “2” 1 “3” npu SM2 = 1 npanopens RI nopiHIOE HyIIO,
SIKIIO JI€B’ATUN OIT MPUIHATHX JAHUX JOPIBHIOE HYIIO.
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4 REN J103B1J1 IPUITHATTS TOCITOBHUX JAaHUX. Y CTAHOBJIIOETHCS 1
CKUJAETHCS MMPOrPAMHO BIATIOBIAHO JUIS JO3BOJIY Ta 3a00POHU
TNPUUHATTS JTaHUX

3 TB8 JleB’siTii OIT mepeaHux JaHuX y pexumax “2” 1 “3”.
CTAQHOBJIFOETHCS 1 CKUJIAETHCS TPOTPAMHO
B
2 RB8 VY pexxumi “0” RB8 He BUKOPUCTOBYETHCH;

y pexumi “1” mpu SM2 = 0 — npuldHATHIA CTOM-0iT;

y pexumax ‘2”1 “3” — ne’satuil 6iT NpUNHATUX TaHUX

1 Tl [Ipanopeup nepepuBaHHs repegaBayva.

VY pexumi “0” — ycTaHOBIIOETHCA allapaTHO MPH BHUIAY1
BOCEMOTO 0iTa;

y IHIIMX peXUMaxX — YCTAHOBIIIOETHCS arapaTHo npu (GopMyBaHH1
cTomn-0iTa.

CKHJIa€THCS MPOTPAMHO B YCIX pEXKUMax

0 RI [Ipamopens nepepuBaHHs IpuiMaya.

[Tpu SM2 = 0: yCTaHOBIIOETHCS anapaTHO MPH MPUHHATTI BOCBMOTO
Oita B pexxumi “0” abo yepe3 MoJOBHHY IHTEPBATY CTOMN-0iTa B
pexumax “17, “27, “3”

[Tpu SM2 = 1: B pexkumi “1” RI He BCTaHOBIIOETHCS, SKIIO HE
NPUAHATHIA CTOM-0IT; JOPIBHIOE OJUHMIIL y PeKUMax “2”

ta “3”; Rl HEe BCTAaHOBIIOETHCS, SKIIO JEB’ ATUH MPUHHATHN OIT
JaHUX JOPIBHIOE OJTMHUIIL.

CKUIa€eThCS MPOrPaMHO B YCIX PEKUMAX

[Ticns BUOOpY pexxkumy poOoTa iHTepdeiica HacTynHa:

Pexum 0. [adopmartis nepenaeThes 1 mpuitMaeThes yepes Bxia RXD
npuitmaua (BuBig P3.0). Uepes Buxia nepegaBaya TXD (BuBig P3.1) Bugarotbes
IMITYJIbCH CHHXPOHI3allli, 110 CTPOOYIOTh KOXKEH NepenaBaHuil abo npuitManuii 01t
iHpopmarrii. @opmat nocuiiku — 8 6it. Yactora nmpuitoMy 1 epenadi JOpiBHIOE
TaKTOBIN YAaCTOTI MIKPOKOHTpOJIEpa.

Pexum 1. [adopmaris nepenaersest yepes Buxia nepegaBada TXD, a
npuitmMaeThes yepes Bxia npuiiMada RXD. @opmar nocunku — 10 61T: crapT-0iT
(HyJB), BICIM OIT TaHUX, IPOTPAaMOBAHUM IEB'SITHI OIT 1 CTON-01T (OAMHMIIS).
YacToTa mpuitomy 1 iepeadi 3a1a€TbCs TAUMEPOM/TTYMIIBHUKOM 1.

Pexum 2. [ndopmariis nepenaerscs yepes Buxia nepegasada TXD, a
npuitMaeThCs yepes Bxin npuitMada RXD. @opmar nmocunku — 11 6it: crapT-0iT
(Hy7B), BICIM OIT TaHUX, MPOTPAMOBAHMIA JIEB'sITHI OIT 1 2 cTOMN-01Ta (OUHUIIL).
[lepenaBanuii aeB'sTuit 61T 1aHuX HaOyBae 3HaueHHs 6iTa TBS 3 pericTpa

cnemianbaux Qyskiin SCON. bit TB8 B perictpi SCON moske OyTu nmporpaMmHo
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BcTaHOBJIeHUH B «0» abo B «1», a00 B HbOTO, HAPUKIIA/I, MOKHA TIOMICTUTH
3HaueHHs Oita P 3 perictpa PSW mis migBumieHHst 10CTOBIpHOCTI iH(pOpMAITii, 110
npuiMaeThes (KOHTPOJIb 3a TapuTeToM). [1pu npuitomi AeB'ssTHI 61T TaHUX
npuitHATOI mocuiku noctymnae B 6iT RB8 perictpa SCON. YacroTa npuiiomy i
nepeaavl B pexxumi 2 3a4a€ThCs MPOrpPaMHO 1 MOXKE JJOPIBHIOBATH TaKTOBIM 4acTOTI
MIKPOKOHTpOJIIEepa AiieHor0 Ha 32 abo Ha 64.

Pexum 3. Pexxum 3 MOBHICTIO 1IEHTUYHHIA PEXKUMY 2 32 BUHATKOM
JacTOTH PUHOMY 1 Mepeiadl, SKa B peKuMi 3 3a1a€ThCs TaUMEPOM/ITUUIIBHIKOM
1.

[IBuAKICTH TpUHMaHHS-TIEPEAaBAHHS JAaHUX Y TIOCIITOBHOMY MTOPTY 3aJICKHUTh
BiJl peXuUMy poOoTH. Y pexumi “0” yacToTa rnepeaBaHHs 3aJI€KUTh JIHIIIE Bij
PE30HAHCHOT YacTOTH KBapioBoro pe3oHaropa fo = fo/12. 3a onqun MammaAMI
IUKJI OCI1IOBHUM NopT niepeaae 1 01T iHpopmarrii.

VY pexxumax 1, 2 Ta 3 MBUIAKICTh NPUUMAaHHS-TIEPEIABAHHS 3aJICKUTh BiJI

3HayeHHs kepytodoro 6ita SMOD vy perictpi SCON. V pexwumi “2” yactora
niepeiaBaHHs BU3HavaeThes popmynoro f, = (2°MOD /64). fo . Inaxme kaxyun,

npu SMOD=0 vactora nepenaBanus nopisHioe (1/64)fq, a mpu SMOD =1
nopisHroe (1/32)fo.

VY pexumax “1” ta “3” y hopmyBaHH1 YacToTH niepeaaBanus, kpim 6ita SMOD,
NpuiiMae y4actb maumep-aivuavhux 1. Ilpyu nbomy yacToTa rnepenaBaHHs

3aNIeXuTh BiJl yacToTu nepenoBHeHHs (OVT1) 1 BU3HAYAETHCS TAKUM YHHOM:
f,, =(2MP/32). f .11 in1 Talimepa-Ji 1
13 = out - 1 IepEpUBaHHs B TaliMepa-JIiuniabHUKA 1 B IbOMY

BUIAJIKY TOBUHHO OyTH 3a010K0BaHUM. CaM TaliMep-Ti4MJIbHUK 1 MOXe
IPALIOBaTH 1 K TalMep, 1 K JIYMWIbHUK MOAIN y OyAb-SIKOMY 3 TPhOX PEXKHUMIB.
OpHak HalOIBII 3pYYHO BUKOPUCTOBYBATH PEXUM Taiimepa 3
aBTomnepeBaHTaxxeHHsM (ctapiia Terpaga TMOD = 0010B). ITpu upboMy gactoTa

nepcaaBaHHsd BU3HAYA€THCA TaK:

f 3= (2P 132)-(f, /12) /(256 — (THY)).
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Ipuxaan cucremu 3 intepPeiicamu RS232 i UART

Cucrema OCBITIEHHS CTy[Iid TenekaHany “laTep” mnpusHAdYeHHS IS
peryJioBaHHs pIBHS OCBITJICHHS B IBOX CTYISIX TEJEKaHAy — HOBHUH Ta mepead.
Cucrema (puc 1.4) MicTUTh HeKepoBaHUU TpudazHuil Bunpsamissy B , 64 kanaiis
PEryJATOPIB  €IEKTPOKUBICHHS TaJOT€HOBUX JIAMII Ta MYJIBTHIIPOIIECOPHY
cucremy keyBanHsa. Koxxauit kanan mictuts HIIIT (LLITI1-1TIT164), no npaioe 3
gactoToro 5 kI'11, 1 MikpokoHTpoJiepHy cuctemy kepyBanHa MK1-MK64.

BukopuctanHs TOCTIHOI Hampyrd [jsi SKUBJICHHS 3 HU3bKUM PIBHEM
MyJIbCAIlIA JIO3BOJISE IMIABUITUTH SAKICTh OCBITJIICHHS IIPH TEIC3HOMKaX.

3arajibHe KEpyBaHHS KaHAJIaMH 3/IIMCHIOE MYJIBTUMIKPOIPOIECOPHA CUCTEMA 3
TphOMa pIiBHSAMHU 1epapxii. Ha mnepmomy piBHI 3HaXOAUThCS TEPCOHATIBHI
€JIEKTPOHHO-O0UYMCIIIOBaIbHI MamuHu ABox Ttenectyaid - IIK1 Tta IIK2, nHa
Ipyromy -  MikponpouecopHa cucrema kepyBaHHa (MCK) wHa 0a3si
onHokpuctaibHoi MIKpoEOM ¢dipmu ATMEL AT89C2051, nHa Ttperhomy -
MIKPOKOHTpPOJIEpH OKpeMux kaHanoB Tuy AT89CI1051.

[TK1 ta TTIK2 103BOMSIIOTE 3 BOX PI3HUX MPUMIIICHb KEpyBaTu KOHGITYypaIiei
Ta pIBHEM OCBITJIICHHA OKPEMHX Jami abo0 BCTaHOBIIIOBATH PO3POOJICHI paHiIl
cueHapii  ocBitineHHs. Ilpu onHowacHii pobotm mnpioputer Mae [IKI.
MikponpoliecopHa cucTeMa KepyBaHHS Iepefac Ha MIKPOKOHTPOJIEPU OKPEMHUX
KaHAJIIB CUTHAJIM KEPYIOUOIo BIUIMBY y BUIJISI 3HAYEHHS CKBA)XHOCTI IMITYJIbCIB.
TexHi4HI XapaKTepUCTUKU CUCTEMHU HaBeIeHO B Tabi. 1.2

Tabmuus 1.2 — TexHiuHI XapaKTEPUCTHKU

TexHIuH1 XapaKTePUCTUKU HucnoBe 3HAaYCHHS
KiJIbKiCTh KaHAJIB: 64
Jliana3oH perytoBaHHsS BUX1THOI 60-220 B
HAIpyTy KaHaja
Buxiguuii ctpym (IBux mpu 1-5A
Usux=220 B)
[ToTyxkHicTh PMax kanamy 1 kBt
HecTabinbHICTh BUXIAHOT HANPYTH <3%
KaHaJla
Yac BUXO/y HAa PEKUM <3¢
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KinpKkicTh mporpaMm OCBITJICHHS | >=10
[IK1 [1K2
RS232
- * »
MCY
UART
< y >
A 4 A 4 A 4 \ 4
MK1 MK20 MK21 e MKo64
v Crynisnl ) 4 v Crypnisa 2 ) 4
11111961 120 | | | L2l L1164
4 4 4 4
Mepexa — | B | @
Puc. 1.4.
JIEKIIA 2

[locnigoBuu nepudepinHum intepderic SPI
Xapaxmepucmuxka ma cmpykmypa inmepgetica SPl (Serial Peripheral

Interface). IlocmimoBHuii mnepudepiiinuii inTepdeiic SPI  pospobneHwmid, sk
MOBHOAYIUICKCHUNM YOTUPUTNIPOBIAHMM 1HTEpdEc 3 MUHHOK KOHDIrypalieo
BY3J1iB (IPUCTPOIB), IO MIIKIIOYAIOTHCS, JUIsl CUCTEM 3 OJIHUM T'OJIOBHUM BY3JIOM.
[lepunna 6azoBa Bepcis iHTepdeiicy SPI nmo3Bosse migkioyaTd 70 OIHOTO
rojioBHoro (abo Beaydoro - Master) By3na jekiibka BeaeHux (Slave) By3iiB yepes
3aranbHy muHy. OkpeMuii curnan Bubopy Benenoro npuctporo NSS (Slave Select
signal) BUKOPUCTOBY€ETHCA JIJIs1 BUOOPY BEEHOTO MPUCTPOIO MPH 3A1MCHEHH] 3 HUM
oominy nanumu. Cxema migkmodeHHs 180X BIC MK no inTepdeticy SPI naBenena

Ha puc.l.5.
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Puc. 1.5. Cxema nigkmouenns 1sox BIC MK no inTepdeiicy SPI
IaTepdeiic SPI mae woTupu curHandbHI1 JiHIT:

e  Jliniz MOSI (Master-Out, Slave-In) - BuxijHa JTiHisI JaHUX BEIy4OTO
1HTEep(EiCy 1 BX1JIHA JiHISA JaHUX BEIEHOro 1IHTepdeicy. 3 Ha3BU BUXOIUTh, 1110
JIHIS MpU3HaYeHa JJIs epeaadi Janux Bij Beaydoro (Master) iHTepdeiicy (abo
BYy3J1a MEepeki) 110 BeseHoro (Slave) iHTepdericy (abo By3i1y Mepexi).

o  Jlinigs MISO (Master-In, Slave-Out) - BxigHa JiHis 1aHUX BEAYYIOTrO
iHTepdeicy 1 BUXiiHa JiHIg JaHUX BeAeHoro iHTepdeiicy. Jlinis npu3HadeHa ass
nepeaayi JaHuX BiJ BeJleHOoro iHTepdency 10 Beaydoro. [laHi nepenaroThes
OaiiTaMu, 1TOOITHO, TOYMHAIOYH 13 cTapioro Oita. Ciig mam'aTaTH, 10 BUBIT
MISO Benenoro inTepdeicy 3HaX0UTHCS B CTaHI BUCOKOIMIIEIAHCY, SKIIO
BeJleHUH 1HTepdelic He BUOpanuii mo aiHii NSS

o Jlinis NSS (Slave Select) — (SS ) ntinist BUGipku BeIeHOTO.

o Jlinia SCK (Serial Clock) - BuxigHa JiHis TAKTOBUX IMITYJIBCIB
BEJIy4Oro By3Jia 1 BX1JHa JIIHIs TAKTOBUX IMIYJbCIB BegeHoro By3ina. Jlinis SCK
BUKOPUCTOBYETHCS JJIs CHHXPOHI3AIIll Iepeiayul JaHUX MK BElyYUM 1 BEICHUM
iaTepdericamu o ginisix MOSI 1 MISO.

Hiarpami o6miny no iHTepdericy SPI ( puc 1.8) noscHioroTh BUOip MOJISIPHOCTI

(CPOL) ta ¢a3u (CPHA) TakTOBHX iMITYJIBCIB.
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CPHA=1

SCK CYCLE# TT 2732 5161 77 s
[FOR REFERENCE)

SCK (CPOL=0) )"\J NN N N N
SCK(CPOL=T) I\ /NI NN N

MOSI

(FROM MASTER) MSBX_6 X 5 X4 X 8 X 2 X 1 XLSB

MISO " SB X 6 X 5 X4 X 3 X 2 X 1 XL8BX + J)—
(FROM SLAVE) ‘ \
SS (TO SLAVE) | T

[ |
CPHA=0

SCK CYCLE# T 2T 3
FOR REFERENCE)

0 AR YAV R VAYAYA VR I
s RN AR
MOS| || |

(FROM MASTER}) | MSBY 6 (5 X 4 X3 (2 (1 Tisﬁy
T
|

MISO ———+2 SB X

(FROMSLAVE) ~————~ -
SS (TO SLAVE) '- ‘ ‘
[

Puc. 1.6. Jliarpami oOMiny no inTepdeiicy SPI
MSB — Most Significan Bit, LSB — Less Significan Bit

_—><_
3]
_—><_
—_— 3 —
_—><_

Pezicmpu SPI. 3a3Buyail npu amapaTHiid peamzauii iHtepdericy SPI, BiH
JOCTYITHHUM MPOTPaMICTOBI Yepe3 YOTHPH CrielianizoBanux QyHkii perictpa SFR
(Special function registers). Ha3pu nux perictpiB MOXYTh TPOXH BIAPI3HATUCS IS
MIKPOKOHTPOJUJIEPIB PI3HUX BUPOOHMKIB, MPOTE iX (YHKLUIOHATbHE MPU3HAYEHHS
Opu [bOMY 3aJulIaeTbcs  He3MIHHMM. Hamami  BHKOpHCTOBYBAaTHUMEMO
HaiimenyBanHa SFR perictpiB, BxuBaHMX B JokyMeHTauii ¢ipmu Silicon
Laboratories Corp., sika B JaHUl Yac € JiJepoM B po3BUTKY iHTepdericy SPI.

[aTepdeiicy SPI mictuth Bchoro wotupu SFR pericrpa:
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1. SPIODAT - pericTp naHuXx;

2. SPIOCKR - perictp ynpaBiiHHS HIBHAKICTIO;

3. SPIOCFG - perictp koHbirypariii;

4. SPIOCN - perictp ynpasininag muHoto SPI.

[lepuri aBa pericTpu, NMpU3HAYCHHS SIKUX BOYEBHUb 3 Ha3BH, HE IPEICTABISIIOTh
0COOJIMBOTO 1HTEPECY MPH PO3TJIISI1 apXITEKTYPHUX 0COOJIUBOCTEH 1HTEpdeEHCy.
3a3Haunmo, 110 Ko/, 3anucyBanuil B perictp SPIOCKR, - ynpaBniHHs MIBHIKICTIO,
JT03BOJISIE BABHAYUTH MIBUAKICTh poO0TH 1HTEpPeiicy SPI (yacToTy TaKTOBUX
imynbeiB F SCLK) nmo nactynHiit dopmyoti:

F SCLK =0.5* SYSCLK / (SPIOCKR +1)

3 mpuBeneHoi (GopMynM BUXOIUTh, IO MAaKCUMallbHa TakToBa dactoTa SPI
1HTEpPeiicy Moxke OyTH piBHA MOJIOBHHI CUCTEMHOI TakToBO1 yacToT SYSCLK B
pexuMi Beaydoro (Maiictepa). Y pexumi BEIEHOrO IIBHAKICTH Mepeaadl
iHTepdeiicy SPI Bu3HauaeThCsl TAKTOBOKO YacTOTOO Beaydoro iHTepdericy SPI.

Tperiit perictp - perictp koHpirypariii iHTepdeiicy — SPIOCFG, mictuts 6itn
CKPHA (SPI Clock Phase) - ympasninas ¢asoro takryBanus, i CKPOL (SPI
Clock Polarity) - ynpaBmiHHS MONSPHICTIO TaKTyROUWX iMIysbciB. Lli Oith
JI03BOJISIFOTH BUOpaTH a3y i MOISIpHICTh iIMITYJIBCIB TakTyBaHHS (uB. puc. 1.6).

VY 06azoBiii Bepcii mepexi Ha 0a3i SPI intepdeiiciB nuiie ogun iHTEpdeiic
Moske OyTu BeaydnMm. [HTepdeiic BCTaHOBIMIOETHCS B PEKUM BEy4OTO YCTAHOBKOIO
npanopa MSTEN (Master Enable Flag) - 6ita SPIOCN.l. flkmo inTepdeiic
BCTAHOBJICHUM B pEXHUM BEIydyoro, TO 3amuc OailTa JaHUX B PEriCTp AAHUX
SPIODAT mnpuBoauTh A0 moyaTKy nepenadi. Bemyuuil iHTepdeiic HeraitHo
noOITHO 3cyBae€ JaHi 1 Buaae ix Ha JiHi0o MOSI y cynpoBo/ii TaKTOBUX IMITYJIbCIB
Ha mHii SCK. Ilicns 3aBepieHHs mepefadi BCTaHOBMIOEThCs mpanop SPIF
(SPIOCN.7). Skmio n03BoJICH] TIepepUBaHHS, BUIA€THCS BIAMOBIAHE TIEPEPUBAHHS.
Kpim Toro, iHTepdeiic Moxe OyTu 3amporpamMoBaHUi Ha BHUAAYY BiJ OJHOTO IO
BOCBMHU OITIB AJis 311MCHEHHs 3B'si3Ky no SPI 3 mpunagamu, mo MaroTh pi3HY

TOBXKHUHY cioBa. JloBknHa mepenadi (KUIBKICTh TiepeaaBaHUX OiTiB) MOxe OyTu
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3amana Oitamu SPIFRS B perictpi  koudirypamii SPIOCFG.[2:0] (SPI
Configuration Register).

Peosicumu pobomu

[HTepdeiic Moke mpaltoBaTH B MOBHOAYTUIEKCHOMY PEXKHUMIi, TOOTO MOKJIUBA
oJHOUYacHa nepepaya aanux no gidissx MOSI Bix Bexydoro 1o Beaenoro, i MISO
B1JI BE€JICHOTO JI0 BeAydoro. [laHi, oTpuMaHi Bij BeJIeHOTO 1HTepdelcy, 3aMiHIOIOTh
JlaH1 B pericTpi AaHux Beaydoro inTepdeiicy. Llei perictp asiui OydepusonaH Ha
BBEJICHHS, ajie He Ha BUBeJIeHHs. To0To sikio B perictp manux SPIODAT
B110yBa€eThCs Cripoda 3amucy JaHUX 1] 9ac Imepeaadi momnepeIHporo oaiira,
BcTaHoBMOeThes parop WCOL (SPIOCN.6) 1 cipo6a 3anucy irHOpyeThCH.
Takum ynHOM, IOTOYHA MEepeava TaHUX MPOJOBXKYEThCs Oe3nepepBHO. UnTaHHs
3 perictpa qanux SPIODAT npuBoAHUTH 10 YUTAHHS PUKHMalbHOTO Oy(depa.
Skiio npuiioM He 3akiHYeHUH, BcTaHOBIMIOEThCA npanop RXOVRN (SPIOCN.4).
Hogi naHi He nepenaloThes B pETICTp YATAHHS, TOKU MONEPEIHIN MPUHHATUNA OaliT
He Oyae npounTaHuii. BoueBuapb, o Mpu 3aTpuMIIl YUTAaHHS TPUUHATHX OalTIB
MOKe ctatucs BTparta gaHux. SAkmio SPI inrepdeiic He HamaropKeHUH, sIK
BEJly4Hid, BIH MPaIIOBATUME B PEKHUMI BEJECHOTO.

He nuBnsunce Ha Te, mo 6a3zoBa Bepcis iHTepdeiicy SPI po3pobnena mis
MIKPOKOHTPOJIJIEPHUX CUCTEM 3 OJTHUM BEIIYYHM, MOKJIMBUI BCE 3K PEKUM MEPEXI
3 OaratbMma Bemayuumu. Ilpamop MODF (SPIOCN.5 - Mode Fault flag)
BCTAHOBIIOETHCA B JIOTIYHY OJIMHUINO, SIKIO 1HTEpdeiic BUSHAYCHUI SIK BeAy4dUil
(MSTEN=1) 1 BuBim NSS mnepeBeneHuii B HU3bKHI JOTIYHUHN piBeHb, TOOTO SPI
1HTEeppeiic HaMararoThbCcsl BUKOPUCTOBYBAaTHM SK BEICHMH. SIKIIO MpU LbOMY
BcranoBnenuit nparnop MODF, 6itu MSTEN 1 SPIEN B perictpi ynpasmiaas SPI
CKMJIAIOTHCSI amapaTHO, IMEepeBOAsSYM 1HTepdeldc B aBTOHOMHHUN cTaH. Takum
YMHOM, B CHCTEMI 3 Oararbma BEIYYUMHU, SIPO MOXKE BU3HAYNUTH YM BUIbHA ITHUHA
nusixom onuty mpamnopa SLVSEL (SPIOCN.2) mepen TuM, SK BCTaHOBHUTHU
MSTEN npanop (to6To BHU3HauuTH 1HTEepdeElcy peXuM Beaydoro) i

1HIIIaI3yBaTH OOMiH.
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OxkpiM mnepBuHHOrO 0azoBoro iHTepdeiicy B  0araTbOoX  Cy4YacHHX
MIKpOKOHTPOJIEpaX BUKOPUCTOBYETHCS TAKOXK 1 po3mupenuit intepdeiic SPI.

VY 6azo6omy BapianTi inTepdericy SPI perictp xondirypauii SPIOCFG
MICTUTb TAKOXK O1TH:

BC2- BCO (SPI Bit Count) — 110 BigoOpakaroTh HOMEp IOTOYHOTO
nepeaBaHoro 0ita;

SPIFRS2- SPIFRSO (SPI Frame Size), no Bu3Ha4atoTh po3Mip dpeitma
(TOBXXMHU epeaBaHOro CJIOBA).

VY pozwupenomy taTepdeici i 61TH BIJCYTHI, OCKUTBKH MPU CYy4aCHHUX
BHCOKHUX IIBUIKOCTSX Mepeayl BU3HAUYEHHS IOTOYHOTO MepejaBaHoro 0ita 1
3MmiHa popMary (petiMa BTpadae BCAKUN CeHC. 3aMICTh IIUX OITIB PO3IIUPEHUI
iHTepdeiic SPI mae HacTynHI KOHQIrypyrodi O1TH, IO JO3BOJISIIOTH ONTUMI3YBaTH
poOoTy cucteM 3 OaraTbMa Bely4UMH 1HTepPeiicamu:

MSTEN (Master Mode Enable) — 6iT 103Bos1y pexumy Bexydoro;

NSSIN (NSS Instantaneous Pin Input) — 6it, o BigoOpaskae ctan Bxoay NSS
Yy MOMEHT YHTaHHS;

RXBMT (Receive Buffer Empty) — 6ir, 1o BigoOpaskae, 1110 perictp YuTaHHsS
MOPOXKHIN;

SLVSEL (Slave Selected Flag) — 6iT ctany BeaeHoro;

SPIBSY (SPI Busy) — 6it 3aiiusitocti iHTepdeiicy SPI, mo B aesikiit mipi
samiHoe 61t SPI Bit Count 6a3oBoro inTepdeicy;

SRMT (Shift Register Empty) - 6it, 1110 BioOpaskae 3BiUIbBHEHHS pericTpa
3CYBY JIaHUX.

[TpuBeneni 61TH TO3BOJISAIOTH J1IATHOCTYBATH 1HTEp(DEIC Mpy MUHHIN
oprasizaiii CUCTeMH 3 0ararbma BEy4YUMHU.

Yersepruii perictp SPIOCN - perictp ynpasiinas intepdeiicy SPI. Bin mae

psia OITIB yIpaBIiHHSA, 3arajJbHUX SIK 111 0a30BOi, TaK 1 JUIsl pO3MIUPEHOT BEPCIiil:
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e MODF (Mode Fault Flag) - mpamop noMuiku pexxumy, 1o Bigoopakae
HEBIJMOBIIHICTh PU3HAUEHOT0 pexumy (0ita Beagyyoro MSTEN=1) i crany
Bxoay NSS=0;

e RXOVRN (Receive Overrun Flag) — 6iT, 1o BizoOpakae BUIMAI0K, SKIIIO
pO3MoYaTo MPHUITOM HACTYITHOTO OaiiTa MpU HEMPOUYUTAHOMY TOTIEPETHBOMY OaiiTi,
TOOTO OIT BimoOpakae po3CHHXPOHI3AIIIO YUTAHHS;

e WCOL (Write Collision Flag) - mpamop po3cunxpoHi3aliii 3amucy, 1o
BCTAHOBJIIOETHCS B Pasi, AKIIO 3/1HCHEHA cripoba 3anucy 0aiTa B pericTp Iija yac
HE3aBEPILEHO1 Nepeiadl NonepeIHbOro 0ainTa;

e SPIF (SPI Interrupt Flag) - npanop nepepuBanns intepdeiicy SPI, o
BCTAHOBITIOETHCA allapaTHO MICII 3aBEPIICHHS Iepeayi;

e SPIEN (SPI Enable) - 6it no3Boiy podotu inTepdeticy SPI.

e OxkpiMm 1bOrO, 6Ha3zo6utl iIHTEpPEc Mae psij OITIB, SIKI B POUTUPEHOMY
iHTepdeiici 6ynu nepeseseHi B perictp koHbirypartii SPIOCFG:

e TXBSY (Transmit Busy Flag) - 6it 3aifHITOCTI, - €KBiBAJICHTHUII HOBOMY
oity SPIBSY (SPI Busy); a Takox 01t SLVSEL 1 MSTEN.

Pozwupenuii intepdetic SP1 Mmae nacTynHi KoHBITYpYyrOYi O1TH:

NSSMD1- NSSMD 0 (Slave Mode Select) —6iTu BHOOpY peKUMy BEIECHOTO
1HTEepdeicy: 3-XIpoBOAHUN pPEXUM Beaydoro ado BeAEHOro; 4-x MNPOBOJHUMN
peXUM BeJeHOTO abo pexuM 3 Oaratbma BeayduMmu (NSS — 3aBXIU B pekuMI
BX0J1y); 4-X MPOBOAHMI PEXKUM OJIHOTO BEy4OTO.

TakuM 4rHOM, OYEBHIHA OCHOBHA BIJIMIHHICTH po3mupeHoro intepdeiicy SPI
Bil 0Oa3oBoro. Y po3mupeHOMY BapiaHTi mepembadeHa poOota mmHH SPI B
0araTOKOHTPOJEPHOMY PEXKHMi, 10 BHUPA3WIOCS B PO3MMUPEHHI 3aco0iB
J1arHOCTUKY TIOMHJIOK 1 MO>KJIMBOCTI YIIpaBIiHHS CUTHAIOM NSS.

Knacuuna apximexmypa SPI wwunu njis 6a30Boro BapiaHTy iHTepdeicy
npuBeneHa Ha puc.l.7. Ile Tak 3BaHa kiacu4yHa 4X — npoBigHA CTpyKTypa. OauH
Belyunii B HIWA ympasisie aekiabkoMa (N) Bemenumu. Bcel BenmeHi miakiIrOYeHi

napaiensbHo Ha jiHigx SCLK, MISO 1 MOSI mmau SPI. Bubipka ogHoro 3
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BEJICHUX B1JI0YBAETHCA 3a JOTIOMOTOIO OJHIET 3 JIIHIM MOPTIB BBEICHHS /BUBEACHHS,
gka 3'€MHY€ThCS 3 BX0oAoM NSS BIiAMOBIAHOTO BEAEHOTO. 3a3BHYall Taka
apXiTEeKTypa BUKOPHUCTOBYETHCS ISl TIOOYTOBH MHUKPOKOHTPOJUICPHBIX CHCTEM 3
OJTHUM MIKPOKOHTPOJUIEPOM, IO BUKOHYE POJb BEAYYOTO 1 pAIoM mepudepiianx
MIKpOCXEM, 110 BUKOHYIOTH pOJIb BelAeHUX. Sk mepudepiiiHi MIKpOCXEMHU MOXKE
OyTH BUKOPUCTAaHUN Psiji CYy4acHUX MIKPOCXEM, OCHaileHuxX iHTepdeiicom SPI:
taiimepiB peanbHOoro 4Yacy RTC, amamoro-mudposux meperBopioBadiB ADC,

uudpo-ananoropux mneperBoproBadiB DAC, pi3HHUX MIKpPOCXEM MaM'sTi 1 TOMY

nozioHe
SCLE. MISO  MCSI SCLE MISD  MOST SCLK.  MISD  MOSI
B ey Ben e Eenemm
I/0M I;00 MBS MES

Puc.1.7. Apxitektypa 4x—1poBoHoil SPI mMHM 3 0JHUM BEy4UM 1 JE€KIIbKOMa
BEJICHUMU

YacTHUM BHMAJKOM TNOMNEPEIHbOI apXITEeKTypu € TaK 3BaHa 3X-IPOBiJHA

CTpyKTypa, mpuseneHa Ha puc.1.8. Ii BiaMmiHHiCTH Honsrae B Tomy, IO BeieHa

MIKpOCXeMa TMOCTIHHO BHOpaHa, 1 OTXKE, HEOOXINHICTh B YETBEPTIA JiHIT

iHTepdeiicy SPI BiaCyTHS.
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Beaymi MOS]

MISO

SCLKE

ST

MISG

Bememd

Puc.1.8. Apxitektypa 3x-mipoBigHoi muHu SPI 3 Beny4nm 1 BeeHUM.

Posmmmpennit  iHTepdeiic

JIO3BOJISIE

OpraHizyBaTh JBOIpPOLIECOPHY 4x-

MIPOBOJIHYIO apXiTEKTypy, IpuBeaAeHy Ha puc.1.9. B oMy Bumagky KoxeH 3 JBOX

BY3JIIB MOXKE€ BHUKOHYBaTH poJib Beaydoro. Ha mpakTuii Taka apXiTekTypa

BUKOPUCTOBYETHCSI JOCHTHh PIJIKO, 3BaXKAlOUM Ha QJITOPUTMIYHY CKJIAIHICTh

JIarHOCTUKHU CTaHIB KOJI31M (KOH(IIKTIB, BUKIMKAHUX OJHOYACHOIO IMepeadyeto

Ha IIWHY JBOX MpoBiAHUX By37iB). lllupiie BUKOPUCTOBY€TbCS MpOCTilIa B

pPO3yMIHHI 1 JIarHOCTUL KOH(QIIKTIB, TaK 3BaHa apXITEKTypa 3 4X-IpPOBIIHOIO

«TepexpecHoo» BUOIpKoro, mpuBenaeHa Ha puc.1.10. B mpomy Bumagky s

BUOIPKH KOXKHOTO 3 BY3JIIB BUKOPUCTOBYETHCS JIiHISL BBEACHHS /BUBECHHS 1HILIOTO

By3Jjla, IO IIpamroc€ JHIIC Ha BI/IBiI[, a HC Ha BBCACHH:A /BI/IBG,Z[CHHSI, JK B

MonepeaHi CTPYKTYPi.

MOST
Beayunii 1 MIESD

MES

MACST

MLED

Beayunit 2

Puc.1.9. Apxirektypa 4x—mpoBigHoi SPI muHu 3 1BOMA BeayuynMu
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Sk

MACIST

Beayunit 1

1/01

M55 1

SCLE
MCST

MISO

M55 2

/0?2

Beoyuwit 2

Puc.1.10. Apxitekrypa 4x—npoBoaHoi SPI muHu 3 1BOMa BETy4UMH 1

«TIEePEXPECHOI0Y» BUOIPKOIO

BiamiTMO, IO [ABOIMPOIIECOPHA apXITEKTypa BHKOPUCTOBYETHCS

JOCHUTD

PIIKO, HAMpHUKIAA, B pasi, SKIIO OJUH 3 MIKPOKOHTPOJUIEPIB MPU3HAYCHUH IJis

BBEJCHHA 1 OOpOOKM CHUTHANIB, a APYruid — I oOpradizaimii iHTepdeicy 3

NEPCOHAILHUM KOMI'IOTEPOM a00 JIOKAJBHOIO Mepexker. B 1mpoMmy BUNAAKy 1

OJIMH, 1 IHIIMA MIKPOKOHTPOJIJIEPH TIOBUHHI MaTH MOXIJIUBICTh 1HIIIIOBATH

nporeaypy OOMiHY JaHUMHU, a OT>KE, TOBUHHI MaTH MOXJIUBICTh (DYHKIIIOHYBaHHS

B PEKUMI BEIy4Oro. buTbIl MOMMPEHHI BUMAI0K BUKOPUCTAHHS JABOMPOIECOPHOT

CTPYKTYPH 3 PECYpPCOM, IO PO3IUISIETHCS, HANPUKIAJ MaM'sITTIO, HABEJCHUN Ha

puc.1.11.
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SCLE SCLE
MCST == “==d MOSI
Bemyemi | MISO = —=| MISO Bemyuam 2
10 1 M55 2
MNSS 1 1,02
1/03 /03

SCLKE
MOST
MISO
MNES

EBenemii

Puc.1.11. /IBomporiecopHa apXiTeKTypa 3 peCypcoM, IO PO3ALIIETHCS

Y npuBeneniii Ha puc.l.11. apxXiTekTypi € aBa BEIy4HMX 1 OJUH BEJICHUHU.
3B'I3KM MDK BEIy4YMMH MIHIMI30BaH1 1 BIJMOBIJAIOTH apXiTEKTypl 4X—MPOBIAHOI
SPI mwmHM 3 ABOMA BEAYYHMMH 1 «IEpPEXpecHO0» BUOIpKOIO. JIiHIT OCHOBHUX
curHaiiB SPI mmHM MigKIIOYEH] TaKOX JO0 3arajbHOro BEJIEHOro, a sl BUOIPKHU
3arajJbHOTO  BEJIEHOTO BHUKOPUCTOBYETHCS 1O  OJHIA  JOMATKOBIM  JiHIT
BBEJICHHSI/BUBEJICHHS BiJ] KOKHOTO 3 BEIy4nX, 00'€THaHUX 32 «MOHTXHUM ABO».
ApXITeKTypa B NPHUHIUIN Mpaie3jaTHa, mpoTe aHaii3 3adHarocti SPI muHu 1
JMIarHOCTUKU KOMI3iM B HIAW me Outbln yrpynHenwid. lle mosicHIOeThCS
HEOOXIJHICTIO TOCHIJOBHOTO OMNHUTY SIK MIHIMyM JBOX JIHIA BHOIpKH
(1HaUBIIyaIbHOI0 KOHTPOJIIEPA, 110 1HIIII0E OOMIH, 1 3arajibHOr0 pecypcy) nepen

3aHIATTSAM IIIMHHA, @ OTXKE 1 30UIBIIEHHSM BIPOTITHOCTI BUHMKHEHHS KOmi3ii. [[ms
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CIIPOIICHHS Tpoleayp OOMiIHY PEKOMEHAYETHCS BBECTH III€ JB1 JIIHII Mparopis

sanuty mwuHK [D1 1 1D2, gk nokazano Ha puc.1.12.

SCLK

MCET

MISO
I/
NGS5 1
/03
I/o4
D1

Bemymi 1

Puc.1.12. JIBomporiecopHa apXiTeKTypa 3 pO3AUICHIM PECYpCOM 1 JTHIIMHA

SCLK

MOST

rAISO
MNES 2

/o2
I/0 3
e

I/05

Bemymi 2

SCLK
MOSI
MISO

Benemn

34Ty HINHA

B mpomy Bumanky mpu HEOOXIAHOCTI 3aHATTS IIMHH KOHTPOJUIEP BUCTABIISE

CBIA TMpamop 3amuTy I[IWHHU, 1 YeKae Yy BIANOBIAb Mpamnopa BiI APYyroro

KOHTpoJuiepa. [[pyruii KoHTposiep, OTpPHMABIIM Mpamnop 3amuTy, ado Biapazy

BUCTABIISE CBIH TIpamnop, MiATBEPKYIOUH, 110 MWHA BiTbHA, 400 3aKIHUY€E MOTOYHI

ornepatii 0OOMIHY 1 TUIBKH TOJII BUCTaBJsi€ CBI mpanop. Takuii MexaHi3M 3HAYHO

CHPOIILY€E 1arHOCTUKY 3aHATOCTI IIMHH.

Takox BIJ3HAYMMO SIK MIHIMYM JIBa Bap1aHTU BKOPUCTAHHS OCTaHHIX JBOX

apXITEKTYp.
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Bapiant mnepmmii - ABONpOLECOpPHA apXITEKTypa, IIO0 MICTUTh MEPIIHi
mBuaKoAItouni  MikpokoHTpoiuiep C8051F121 1 apyrumii  MIKpOKOHTpOJUIED
C8051F320 3 intepdeiicom USB juist 3B'13Ky 3 MEPCOHAIBHUM KOMII'IOTEpOM. Sk
3arajJbHUN pecypc, L0 PO3AUIAETbCA, BUKOpUCTOBYeThbes DataFlash mam'sate
BEJIMKOro 00'eMy 17l Hakomu4yeHHs naHux, Hampukiang AT45DB642. Ilepuuit
MIKPOKOHTPOJIEp BHUMIPIOE 3a JOMOMOTOI BOYJOBAaHUX aHAJIOrO-IHU(PPOBUX
neperBoproBadiB ADC naHi 3 AaT4uKiB 00'€KTY CIIOCTEPEKEHHS a00 YIpaBIliHHS,
o0pobuisie ix 1 3anucye B DataFlash mam'sTh, a npyruii KOHTposuiep 3a MEBHUX
YMOB Ilepeia€ HAKOMUYEH]1 AaHl B IEpCOHAIIbHUN KoMIT'toTep 1o iHTepdeticy USB.
Jpyruil BapiaHT - aHAJIOTTYHUI MEpUIOMY, aJle 3aMICTh IIBHIKOIIFOYOIO MEPIIOro
MIKpPOKOHTpOJIEpa  BHUKOPUCTOBYEThCS  MikpokoHTpouiep  C8051F350  3i
BOYZOBaHUMHU 24-pO3PSAHUM aHAJIOTO-IIM(POBUM MEPETBOPIOBAYEM.

[IpuBenena  apxiTekrypa HeoOXigHa  JMIIE  TOMI, TOKHA  MEpIIHi
MIKpOKOHTpoJiep (HaamBuiakoairound adbo 3 BucokotounuMm ADC) He Oyxe

OCHaIlleHU! BiacHUM 1HTepdericom USB.

JIEKINIA 3

Po3nogisieHa MmiKponpounecopHa cucteMa Ha 6a3i uuHu 12C.
3acanvui gioomocmi

Y moOyToBili TExXHIIll, TEIECKOMYHIKAIIMHOMY yCTaTKyBaHHI 1 MPOMUCIIOBIMI
€JICKTPOHILIl YaCTO 3yCTPIUarOThCS CXOXKI1 piteHHs, Hampukiam, npakTuuHO KOXKHA
CHCTEMa BKIIIOUAE:

o Jlesxuil “po3yMHHMII” By30J YHpaBiHHSA, 3a3BUYail OJHOKpHUCTaJIbHA
MIKPOEOM.
e By3snu 3aransHoro npusHayeHHs, Taki ak 0ydepu PKI, noptu

BBeAeHHs/BuBeaeHHs, O3I1, EEPROM abo neperBoproBayi JaHuX.
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e CreuudiyHi By3JId, TaKl K CXeMH IIU(PpOBOro HaIAIMITYBaHHS 1 00pOOKH
CUTHAIY JJIs paiio- 1 BiIe0- CUCTEM, a00 T€HEepaTOPH TOHAIBHOTO
HaOoOpy 11s TenedoHii.

Jnst Toro, 11100 BUKOPUCTOBYBATH 111 3arajibH1 PIIIICHHS, a TAKOX JIJIs
301IbIIeHHS €()EKTUBHOCTI armapaTypH 1 CIPOIIEHHS pillleHb CXeMOTexXHIK. Dipma
Philips po3po6uia mpocTy JBOHANPABICHY JIBOMPOBIIHY MIUHY 1)1 €eKTUBHOTO
““mpKMikpocxemuoro” (inter-IC) ynpasmninas.. B qanuii yac acopTUMEHT MPOAYKITIT
Philips Bxmtogae 6utbme 150 KMOII 1 6inonsipaux npuctpoiB [2C-cymicHux,
(GyHKI10HATIBHO MPU3HAYCHUX JJI pOOOTH Y BCIX TPHOX BHUIIEHIEPEIUYCHUX
KaTeTopisiX eJICKTPOHHOTO YCTAaTKyBaHHS.

[lepeBaru mmnu 12C HacTynHi:

e [lotpiOHo numie ABi diHii - HiHig gaHux (SDA) 1 minig cunxponizaritii (SCL)
KosxeH npuctpiid, maKI0UYEeHUN 10 IIMHU, MOKe OyTH MPOTPaMHO aJIpECOBAaHUIT 3a
YHIKQJIBHOIO aJIpecor0. Y KOKE€H MOMEHT 4acy ICHY€E MPOCTE BIAHOLIEHHS BBEAYU1l
/BeIeHUIA: BeAy4l MOKYTh MPAIIOBATH K BEIy4ui-TiepeaBay 1 Be1yqHii-
pUurMaY.

e [lluHa nO3BOJISIE MATH JIEKUIbKA BEYyUHX, HAJIAI0UH 3aCO0U JJIsI BU3HAYCHHS
KOJI131# 1 apOiTpak Jis 3a1100iraHHs MOIIKOHKEHHIO IAHUX 3a CUTYaIlli, KOJIU JIBa
a00 110 OLTBII BEAYYMX OAHOYACHO MOYMHAIOTH Nepeaady AaHux B cranmaptHomMy
pexkuMi 3a0e3MeuyeThCs Iepeiada MoCIiJOBHUX 8-01TOBUX JIaHUX 3 IMIBUIKICTIO 10
100 x6it/c, 1 mo 400 k6iT/c B “IIBUIKOMY’’ PEKHUMI.

e BOynoBanuii B MikpocXeMHu (PUIBTP NPUTHIYYE CIIECKH, 3a0€3MeUyoun
LITICHICTD JAaHUX.

e MakcumanbHa JOMYCTUMA KUTBKICTh MIKPOCXEM, IPUETHAHUX JI0 OJTHIET
IIMHU, OOMEXY€EThCSI MaKCUMaJIbHOIO eMKicTiO HHU 400 nd.

Jlo HegoJiKa MOKHA BITHECTH HEAOCTATHIO MIBUJIKICTh Mepeiadl JaHUX.
Hiticno, muHa [2C € MOCiI0BHOIO TIMHOO 1 TOBMHHA 3aCTOCOBYBATHCS TO/II,
KOJIM CHCTEMa, 1110 3/11iCHIOE PYHKIIIT YIIpaBIiHHS, HE BUMAarae BUCOKOIIBUAKICHOT

nepeaadi JaHuX.
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Xo4a nocai0BHI IIMHU HE MAaIOTh MPOIMYCKHOT CIPOMOXKHOCTI MapaieIbHUX
IITMH, BOHW BUMAararTh MEHIIE 3'€JTHAHb 1 MCHIIIE KOHTAKTIB MIKPOCXEM.

[ToHSATTS IMHYU CKIAA€THCS HE JUIIE 13 TPU3HAYEHHS CIIOJyYarouuX JPOTIB,
BOHA TaKOX BKJIFOUYA€ BC1 (hopMaTH 1 poLEeAypH AJIs 3B'A3KY yCepearH1 CUCTEMHU.

[Tpuctpoi, 1o 3B'sI3yI0THCS MO MIMHI, TOBUHHI MAaTH ACSIKUN MPOTOKOJ, KU
Monepeky€e BCl MOKIIMBOCTI 31TKHEHb, BTPATH JaHUX 1 OJIOKyBaHHS 1HpOpMaIiii.
[IBuKI MPUCTPOI MAIOTh OyTH B 3MO31 3B'A3aTHUCA 3 MOBIJILHUMH MPUCTPOSIMHU.
Cuctema He Mae OyTH 3aJIe’KHA BiJ] IPUCTPOIB, MIIKIIOUCHUX JI0 HEl, IHAKIIIE
Mo u(diKalii 1 TOJIIMIICHHS CTaHyTh HEMOXIUBUMH. Takox Mae OyTH po3polOsieHa
IpoLEypa, 0 BCTAHOBIIIOE, IKUI MPUCTPIN yrpasiige IUHOO 1 koiu. Kpim Toro,
SKIIO PI3HI MPUCTPOI 3 PISHUMHU TAKTOBUMH YaCTOTaMH MiAKIIOYEHI J0 ITUHU, Ma€
OyTH BU3HAYEHE JKEPEJIO CUHXPOHI3allli KWHU. BCiM UM KpuTepisim
3a10BoJILHAE nHa [2C.

Ipuknao koughieypayii wunu 12C

[Muna 12C niaTpumye Oyab-Ky TEXHOJIOTIO BUTOTOBJIEHHS MIKPOCXEM
(nMOII, KMOII, 6inomasipuy). JBi minii ganux (SDA) 1 cunxposnizarii (SCL)
ciyXaTh Ui TiepeHeceHHs 1Hdopmariii. KoxxeH NpUCTpiii po3Mmi3HAETHCS 3a
YVHIKaJIBHOIO ajipecoro - Oyap To MikpokoHtposuiep, PKI Oydep, mam'ate ado
iHTepdeic KaBiaTypy - 1 MOXKE MPAIIOBATH SIK MepeaBay ado mpuiiMad, 3aJIeKHO
BIJl pu3HaYeHHs1 npuctporo. 3a3uyail PKI Oydep - numie nmpuitmay, a mam'sate
MOXKE SIK TpUIMaTH, TakK 1 nepeAaBaTu naHi. Kpim Toro, mpuctpoi MoXyTh OyTH
Kkiacu(ikoBaHi SK IO BEIydl 1 BENEHI NpH Mepefadi gaHuxX. Bemyuwit - 1e
MPUCTPIN, SIKAU 1HIIIIOE Nepeady JaHUuX 1 BUpOoOJIsie CUTHaNM cuHXpoHi3auii. [Ipu
IOMY OyIb-SKUW TPUCTPIH, IO aJPECYEThCS, BBAKAETHCS BEACHUM IO
BIIHOIIICHHIO 710 Beay4doro. Tepminu muHu [2C HaBeneno B Tabnui 1.3., npukian

KoH(Dirypaiii cuctemu 3 2 MikpokoHposepamu 1o 1mmHi [2C — na puc 1.13.
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Ta6muis 1.3 - Tepmiau mmnan 12C

Tepmin (anri.) |Tepmin (Ykp) Omnuc

Transmitter [TepenaBau [IpucTpiit, mo nocwiiae gaHi B IIUHY

Receiver [Tpuiimau [Ipuctpiit, mo npuitmae 3 IIMHA

Master Betyunii i(;:::;l;{;ee ;:g:cc:;;l:}}; ;{:;1;1}){(, BUPOOJISIE CHHXPOIMITYJIBCH,

Slave Benenwuii [IpucTpiii, 1m0 aApecyeThCS BETYIUM

Multi-master JlekinpKa BeAyIrX MOKYTh HAMaraTucs 3aXOMUTH IIHHY
- OJTHOYACHO, O€3 MOpYILIECHHS MepeaBaHoi iHpopmaiii

Avrbitration ApbiTpax IMpoueaypa, 3abe3nedyroun pesxkum Multi-master

Synchronization |Cuuxp. I[Mporeaypa cHHXpOHi3allii ABOX MPUCTPOIB

MICRO- 3 LCD 5 STATIC
CONTROLLER DRMER R OR
A EEPROM
308
5CL [ | |
I . .
MICRO-
GATE CONTROLLER
2 ARRAY ADC & B
N 1} 1}

Puc. 1.13. Tlpuknan koudirypaiii munu [2C 3 1BoOMa MIKpOKOHTPOJUIEpAMU

Cxema (puc 1.13) MicTUTb:

Microcontroller A -MikpokoHTposiep A ;
GATE ARRAY - MacusB KJIr04iB;

LCD-Driver — pigMHHO-KPUCTATUYHUAN JIpaiiBep;

ADC — AIIT;

STAT IC RAM or EEPROM - Craruuna O3II a6o ITII3IT;
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e Microcontroller B - MikpokonTpoiuiep B.

[Muna 12C nomyckae nekinbka Beaydnx. e o3Hadae, mo OLTBII HIXK OJTUH
NPUCTPiH, AKUI 3AaTHUN YIPABISATH MIMHOIO, MOXKE OyTH MITKIIOYSHHH T0 Hel.

PosrisineMo B3aeMuHU TiepeaBad-npuiMay 1 Bey4nid-BeIeHUi, 10 ICHYIOTh
B muH1 [2C Ha mpuKIIai NePeCIKN TaHUX MIX JBOMa MIKPOKOHTpoJIepaMu A Ta
B, miakmrouennmu ao muau (puc 1.13.). Heo6xi1HO BIAMITUTH, IO I CTOCYHKHU
HE TIOCTIHI, a 3aJIeKaTh JIMIIE B/l HANPSAMY NEPECUIIKH TaHUX B JaHUH MOMEHT
yacy. [lepecuika qaHux BimOyBaTUMETHCSI TAKUM YHHOM:

Xaii MikpoKoHTpoJiep A 6axkae mocyiatu iHopmaliio B MiKpokoHTposep B,
TOJ1 TIOCJIIIOBHICTD 1 HACTYIIHA:

e MIKPOKOHTpoJiep A (Beayuuil) aapecye MiKpokoHTposuiep B (Beaenuit);

® MIKPOKOHTpoOJiep A (BeayuHii-iepeaBay) MOCUIAE JaHi
MIKpOKOHTpoJiepy B (Benenuii npuiimay);

® MIKPOKOHTPOJEP A 3aKiHUY€E MMEPECHUIIKY.

Xaii MIKpOKOHTpoJiep A 0a)kae MpUHATH 1H(OpPMAIIIIO Bl MIKPOKOHTpOJIEpa

B To/1 mocaioBHICT ii HACTYITHA:
® MIKPOKOHTpoJiep A (Beayuuil) afpecye MIKpoKoHTpoJiep B (Beaenuit);
® MIKPOKOHTpoJiep A (Beayuuii-ipuiiMad) npuitmMae J1aHi Bij
MIKpOKOHTpoJiepa B (BeaeHuit nepenanauy);
® MIKPOKOHTpOJIEp A 3aKIHUY€ TIEPECHUIIKY.

VY 000x Bunagkax Beayuuil (MIKpOKOHTpOJEp A) reHepye CHUHXPOIMITYJIbCH 1
3aKIHYY€ MepeCcuiKy. [ 'eHepaltiss CHHXpOCUTHATY - 11€ 3aBXKIH 000B'SI30K BEyUOTO;
KOXXEH BEIy4YMil TeHepye€ CBI BJIIACHWM CHUTHAJ CHHXPOHI3AIli MPU TMEPECHUIII
naHux no muHi. CurHaa CHMHXpOHI3allli Moxke OyTH 3MIHEHUH JIMIE SKIIO BIH
“BUTATYETHCS TOBUIBHUM BEJICHUM TMPUCTPOEM (IIUIIXOM YTPUMaHHS JIiHII B
HU3BKOMY CTaHi), 200 1HIIUM BEJIYyYUM, SIKIIO BiIOYBAETHCS 31TKHEHHS.

MOXJIMBICTh MIJKJIIOUYEHHS OLIbII OJHOIO MIKPOKOHTpOJUIEpa A0 IIMHH

O3Hauae, U0 OUIBLI HIK OJMH BEIyYUH MOXE CIpoOyBaTH MOYaTH MEPECHIIKY B
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OJIMH 1 TOW K€ MOMEHT 4acy. [[ns yCyHeHHs Xaocy, SIKMil MO)K€ BUHUKHYTH B

JAHOMY BHIAJIKy, pO3po0iIeHa mporeaypa apOoiTpaxky.

Lioxknrouenns 12C-ycmpoiicmé 0o wiunu

Ax SDA, tak 1 SCL € nBoHampsMJICHUMH JIHISIMH, TNPUETHAHUMHU JI0
JOJJaTHBOTO JKEpesia KUBIICHHS uepe3 miATArytounit pesuctop (puc. 1.14.). Komu
myHa BUIbHA, oO0WaB1 JiHII 3HaxoAsaThes y BUCOKOMY mnonoxenHi. Buxigni

KacKaJy MPUCTPOIB, MITKIIOUCHNUX 10 ITUHU, IOBUHHI MaTH BIIKPUTHH CTIK a0bo

BIIKPUTHUH KOJIEKTOP I 3a0e3neueHHs PyHKINi MOHTaxHOTO 1.

SOACSERIAL DATALIME)

7 PULL-LIP
RESISTORS Fp

+4on

SCLOSERIAL CLOCK LINE

DEMICET

Puc. 1.14. ITliakmrouenns [2C-nmpunamiB 10 MIUHA

Ha puc 1.14 no3naueno:

SDA - niHig JaHUX;

SCL - niHis CHHXPOHI3aIIIT;

SCLKOUT - Buxix cHHXpOHI3AIIiT;

SCLKIN - Bxia cHHXpOHI3aIIii;
DATA OUT - Buxijg naHux;
DATA IN - Bxig gaHux;

Rp - miaTsarytodi pe3ucTopu;

Vdd - manpyra

JKUBJICHHS.

Ilepecunxa 6ima oanux

DEMICEZ
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VYHacninok pizaux TexHosorii mikpocxem (KMOII, nMOII, 6inonsipHa), siki
MO>KYTh OyTH HifKJIFOUeHi [0 IMHH, piBHi noriudoro myns (“HU3BKUI”) i
JIOT1YHOT OTUHHAILI (“BHCOKHﬁ”) He (DIKCOBaHI 1 3aJIe’KaTh BiJ] BIMOBIAHOTO
piBHs Hanpyru Vdd .

OnaMH CHHXPOIMITYJIBC TEHEPYETHCS Ha KOXKEH 01T, 110 MePECUIAETHCS.

Hani na minii SDA noBuHHI O0yTH ctabimpHuMU nipotsirom BUCOKOI'O
nepiony cuaxpoimmyiscy. BUCOKUN a6o HU3bKUU craH niHii JaHuX MOBHHHE

MIHSTHCS, TiTBKH KO JIiHis cHHXpoHisanii B crani HU3BKUH (puc 1.20).

SDA / >:<

AN
-

seL
| A |
1
Puc. 1.15. Tlepecuika 6ita B mmHi [2C

JliHis TaHUX 3HAXOJUTHCS B CTAOUIBHOMY CTaHI, 1aH1 BU3HAYEHI

JlonmyckaeTbes 3MiHA JaHUX

Cuenanu START u STOP

[Touarok Ta KiHEIb Iepeiaubl BU3HAYAIOTh crienianbHi cutyarlii - CTAPT 1
CTOII (puc 1.16).

Tepexin nminii SDA 3 BUCOKOT'O crany 8 HU3bKIU, Toxi sx SCL
sHaxoauthesi y BUCOKOMY crani o3nagae START.

[epexin ninii SDA 3 HU3bKOI'O crany y BUCOKE npu SCL y
BUCOKOMY crani o3nagae STOP.

Curnanu CTAPT 1 CTOII 3aBxkau BUpOOISIOTHCS BeAyYUM. BBaskaeThes, 110
mrHa 3aiuara nicns curHany CTAPT. [lluna BBaXxa€eThCsl TaKOIO, IO 3BUIILHUIIACS
yepe3 neBHui yac micis curnairy CTOIL.

Buznauenns curnanie CTAPT 1 CTOII mpuctposiMu, MiAKIIOUYEHUMH [0

IIMHU, BIIOYBAETHCSA JOCHUTH JIETKO, SKIIO B HUX BOYJAOBaHI HEOOXIJIHI JIAHITIOTH.
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[Ipote MIKpOKOHTposiepr ©0€3 TakuxX JIAHILIOTIB TIOBHMHHI  31HMCHIOBATH
IpOYUTYBaHHS 3Ha4deHHs JiHIi SDA sk MiHIMyM JABIYi 3a MepioJ CHHXPOHI3aIlil

JIJISL TOTO, 1100 BU3HAYUTH MEPEXiJl CTaHy.

r—" r—"

w0/ T

1
_ __ | _
s | | | | s
s | | e |
L L

,] START 2 STOP
COMDITION CONDITION

Puc. 1.16. Curnaiu CTAPT(1) 1 CTOII(2)

Dopmam bauma.

KimpkicTe OalT, mepemaBaHUX 3a OJWMH ceaHC 3B's3Ky 1o miHIT SDA
HeoOMexxeHa. KoxkeH 0aliT MOBHMHEH 3aKiHYyBaTHCS OITOM MiATBepkeHHS. JlaHi
MePEeIA0THCS, TTOYMHAIOYH 3 HaioOumbm 3Hagymoro 6ita MSB (puc. 1.17.). Sxmio
npuiiMad He MOXKE NMPUUHATA HACTYMHUI OalT, MOKU BiH HE BUKOHAE SIKY-HEOY.b
1HIy GyHKIII0 (HAmpUKiIaa, OOCTY>KUTb BHYTPIIIHE TMEPEPUBAHHA), BIH MOXKE
yrpumyBatu jiHito SCL B HU3bKOMY crani, nepeBonsgun nepenaBad B CTaH
yekaHHA. [lepecmiika NaHUX MPOJOBKYETHCS, KOJM TpuiiMad OyJe TOTOBHHM [0
HacTtynHoro Oaifta 1 Bianmyctuth jdiHito SCL. B peskux Bumagkax, HeE0oOXiJTHO
BUKOpUCTOBYBaTU 1HIMN ¢opmar nanux (Hampukian, CBUS). Tlocunka, sika
NepeIacThes 3 TAKOK aJIPecoro, Moxke OyTu 3akiHueHa Buaaueto curnamy CTOI,
HaBITh SIKIIO 1€ BIIOyBaeTbCs i 4Yac mepenadi Oaita. B 1poMy BUIAgKy

IIITBEPPKCHHS HE TEHEPYETHCS.
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——"
304 |

S1GNAL FROM RECEINER SIGNAL FROM RECEINER

LA AN - | P

L__J L——
START STOP

1 coNDITION 4 BYTE COMPLETE, CLOCE LINE HELD LWy 7 conDimIoN

INTERRLUPT WTHIN RECERER MHILE INTERRLUPT S ARE SERMICED

- T N

O T O L
I
I

| 2 ;1] ACKNOWL EDG B ENT 6 AL KNDWWL EDG B EMT |
I

Puc.1.17. Ilepecuika ganux no muHi [2C

Curnan CTAPT (S)

Crapumii po3psin 6aitra (MSB —most significan bit)

Curnai niarBepkenHs Bif npuiimaya (ACK)

[Tpuiiom Gaiita 3aBepuieHuid. [lepepuBanns ycepenuHi npuitmaya

CHHXpOJIIHIS YTPUMYETHCSI B HU3bKOMY CTaH1, IOKU OOCIyTOBYEThCS NIEpEPUBAHHS

Curnai miarBepkenHs Big npuiimada (ACK)

Curnan CTOII (P).

N o a s~ wDd e

Iliomeepoorcenns

[TinTBepKeHHST MpH Iepenayl JaHuxX O0OOB'A3K0BO. JlJis IIbOro Bexydui
reHepye nomatkoBuil (9-if) immynbc cuHxponizamii. IlepegaBau Biamyckae
(nepeBoquts y BHUCOKHI cran) ninito SDA npoTAroM CHHXpPOIMITyJbca
niaTBepkeHHs. [lpuitmad noBuHeH yTpumyBaTu JiHIIO SDA  mpotarom
BUCOKOI'O crany cuHxpoiMiyibca miarBepkeHHss B crabiibHo HU3bKOMY
crani (puc. 1.18.). 3a3Buyaii, mpuitmay, skuii OyB aJpecoBaHHi, 3000B'I3aHUII
reHepyBaTy MIATBEPIKEHHS MICIS KOKHOTO MPUUHATOrO OaiTa, BUKIIIOUAOYH Ti
BUIIAJIKH, KOJIM MMOCHIIKA MOYUHAEThes 3 apecu CBUS.

VY ToMmy BUIaJKy, KOJU BEJCHUHN NpuiiMad HE MOXeE MIATBEPAUTH CBOIO aJIpecy
(HampuKJIa, KOJU BiH BUKOHYE B JaHUW MOMEHT sKi-HEOYIb (PYHKIIII peasbHOTO
yacy), JiHig gaHux Mae Oytu 3anumeHa y BUCOKOMY crani. Ilicns uporo
Beayunilt Mmoxe Bugatu curian CTOII nns nepepuBaHHs NEPECUTKU JaHUX.

SAxio BeAeHW mpuiiMay miaTBEPANB CBOIO aApeCy, alie 4yepe3 ACSIKU 9ac

OlyIbIlIe HE MOXKE MPUHUMATH JaH1, BEAYUU TaKOX MOBHUHEH MEepEepPBaTH MEPECHUIIKY.
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JIns iboro BeAicHUM He MiATBEPKYE HACTYTHUN OalT, 3aJIMINIAE JIIHIIO JaHUX Y
BUCOKOMY crani i Bexyunii renepye curaan CTOII.

Sxkiio B mepecwini 6epe ydacTh BeIyqui-nipuiiMad, TO BiH IOBUHEH
MOBIJIOMUTH PO 3aKIHUYCHHS TIepeaadl BEJCHOMY MepeaaBavy MuIIIxoM He
MiTBEPKCHHS] OCTaHHBOTO OaiiTa. BeneHuit mepenaBad mOBUHEH 3BUIBHUTH
JHIIO JaHUX JJIS TOTo, 00 103BoHUTH BeaydoMmy Buaatu curdan CTOII abo

noBToputu curiai CTAPT.

|
5 DETAOUTRUT ] | o \_/7
BY RECEMER | |
3 SCLFROMMASTER | 5 | 1 z IAWELWE

L——d T

START
CONDITION
4 5 CLOCKE PULSE FOR ACKNOWLEDGMENT
Puc. 1.18. ITiaTBepmxeHHS

1. Mani, mepenaHi nepeaaBadem
2. JaHi, nepenaHi npuiimMayem
3. Cunxpoimnynscu SCL Bin Begydoro
4. Curnan CTAPT

5. CHUHXpOIMITYJIbC MIATBEPIKEHHS

CunxpoHnizayis

[Tpu nepenaui nocusiok no muHi [2C KoxeH Beayunit reHepye CBii
cunxpocurnain Ha Jinii SCL. [ani aiiici aume mig yac BUCOKOI'O crany
CUHXPOIMITYJIbCA.

CuHXpOHI3a1lisl BUKOHYETHCS 3 BUKOPUCTaHHAM miakiatodeHHs a0 dinii SCL 3a
npaBwioM MoHTaxHoro I. Ile o3navae, mo yHacnigok mnepexony JiHii SCL 3
BUCOKOI'O crany B HU3bKWM, BUKIHKAHOrO MEPEXOAOM CHHXPOCHTHATY
OJHOTO 3 TPUCTPOIB B HU3bKUN CTaH, BIAOYJIEThCS TaKOX TMepexia

CUHXPOCHUTHAJTY 1HIIIOTO MIPUCTPOIO B HU3bKUWMN cran.
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[leit cran minii SCL yTpumyeTbcs 10TH, TOKM HE OyJIe BCTaHOBJICHO
BUCOKUH cTan BHYTPIilIHBOTO CHHXPOCHTHAIY OJHOTO 3 IPHCTPoiB (puc.1.19).
Ipore, mepexin 3 HA3BKOI'O crany y BUCOKUI cHHXpOCHTHANY MOXe He
BUKJIMKATH aHAIOTiYHUN mepexin Ha JiHii SCL, SKIIO CHHXPOCHTHAI I1HIIOTO
npuctporo Bce me 3HaxoauThess B HU3bKOMY crani. Takum ynHOM, minist SCL
sHaxoautuMmeThess B HU3BKOMY crani Bopoaosxk monHaigosmoro HU3bKOI'O
nepiogy 3 aBox cuHxpocurHamiB. [Ipuctpoi 3 kopormmmm HU3BKWM nepionom
BXOJIUTUMYTh B CTAH YEKaHHS Ha SAKUICH Yac, MOKU HE KIHYUTHCS IOBTUH TIEPIO/I.

Komu y Becix 3amisHmx npuctpoiB  kimumthess HM3BKUM  mepiox
cunxpocurHany, nigis SCL nepeiine y BUCOKUU cran. Bei npuctpoi mouyHyTh
IIPOXOAUTHU BUCOKUN nepiojl CBOiX cUHXpocurHadiB. llepmuii mpuctpiid, B
SIKOTO KiHUMTHCS 11eit TIepiof1, 3HOBY BcTaHoBUTH JiHito SCL B HU3BKWH cran.

Takum umnoMm, HW3BKUU mepion cunxpommamun SCL  BH3HAYaeThCS
HaWJIOBIIUM TIEPIOJAOM CHHXPOHI3aIliil 31 BCIX 3aJiTHUX MPUCTPOIB, a BUCOKUI

NepioJl BU3HAYAETHCS HAMKOPOTIIIMM MEPI0JOM CHHXPOHI3aLlli IPUCTPOIB.

1 2 START COUNTING
HIGH PERIOD

Puc. 1.19. Cunxponizamis mijg gac apoiTpaxy

1. Cran yekaHHs
2. Tlouaroxk Bimiky BUCOKOI'O niepiogy cHHXpOiMITYIIbCca

Apbimpasic
s mpoiienypa 3acHOBaHa Ha TOMY, 1110 B¢l [2C-ycTpoiicTBa miAKII0YAIOThCS

1o muHu SDA 32 npaBujioM MOHTa)KHOTO .



Posznooineni mikponpoyecopmi cucmemu 38

Benyuuii Moke MOUYMHATH MEPECUIIKY JIAHUX, JIUIIE SKILO IIMHA BibHA. [[Ba 1
OinbIe Bexyunux MOXyThb 3reHepyBaTu curnan CTAPT, mo npusene 10 curaamy
CTAPT Ha muHi.

ApOitpaxx BinmOyBaetbcss Ha wmmHI SDA B mepiogu, konmu mmHa SCL
3HaxoauThcsi y BUCOKOMY crani. SIKmo oauH Bexyduid mepenae Ha JIHIIO
nannx HU3bKUM piBeHb, TOA1 SK IHIIMH - BHCOKHﬁ, TO OCTaHHIN
BIAKIIOUYA€ThLCS Bija JiHII, OCKiIbkM cTtan SDL (HHBBKHPI) HE BIlIIOBIIac
BUCOKOMY crany iioro BHyTpIilIHBOI JIHIT TAHUX.

ApOiTpax MOKe IIPOJIOBKYBATHUCS BIPOJAOBK ACKUIBKOX 01T. OCKIIBKU
CIIOYATKY MEPEAAETHCS a/Ipeca, a MOTIM JjaHl, TO apOiTpaX MOKe TPUBATHU 10
3aKIHYEHHS aJpecH, a SIKIIO BeAy4l apeCcyloTh OJUH 1 TOU ke MPUCTPIH, TO B
apOiTpaxki OpaTUMYTh y4acTh 1 JJaHl. YHACIIJIOK TaKO1 CXEMHU apOiTpaxy npu
31TKHEHH1 JaH1 HE BTPAYyarOThCA.

Benydyomy, nporpaiiomMy apOiTpax, 103BOJSIETHCS BUAABATH CUHXPOIMITYJIbCH
Ha muHy SCL 10 KiH1g OaiiTta, MpOTATroM SIKOro OyB BTpaueHUM JOCTYII.

kim0 B mpuUCTpiil BeIy4oro Takox BOYI0BaH1 1 QYyHKIIT BEAEHOTO 1 BiH
mporpaB apOiTpax Ha CTajli mepeaadi aapecy, TO BiH HeraiilHO TOBUHEH
NEPEMKHYTHUCS B PEXKUM BEAEHOT0, OCKUIBKHM BEAY4YlH, 10 BUTPAB apOITpax, Mir
aZpecyBaTH MOro.

Puc. 1.20 immrocTpye mpouemypy apOiTpaxy aBa Beaydnx. B MoOMeHT gacy,
KOJIM BUSIBIIIETHCSA BIJIMIHHICTH MDK PIBHEM BHYTPIIMIHBOI JiHIT gaHux 1 SDA,
Buxiy nepiioro Beaydoro HabyBae BUCOKOI'O 3HaueHHsI, HE BIUIMBAIOYU TaKUM
YMHOM Ha MEePECUIIKY TaHUX BEIy4YOTO, 1110 BUTPAB.

VYHacmiok Toro, 1o apoiTpaXk 3aJIeKUTh JIUIIIE BiJl aJJpEeCH 1 TaHUX,
nepeIaBaHuX BEIYIMMH, 1110 3MararoThCsl, HE ICHY€E IICHTPAJILHOTO BEIy4Oro, a
TaKOX MPIOPUTETHOTO JTOCTYITY A0 IITHUHHU.

Oco0nuBy yBary ciiJi 3BEpHYTH Ha CUTYAIIII0, KOJIH ITi]1 Yac apOiTpakHOi
npoleaypu Ha muHy nepegaerbest nopropHuit curnait CTAPT a6o curnan CTOIL.

SIK110 1ICHY€ MOKIIUBICT BUHUKHEHHS TaKO1 CUTYaIlll, TO BEeAy4l IOBUHHI OCIATH
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noBTopHuit curnain CTAPT a6o curnan CTOII B ofHUX 1 TUX ke TTO3UIIIAX KaJIpy.
[HmMu cnoBamu, apOiTpaxxk 3a00POHEHUHN MiXK:

e mnopTopHuM curHasioM CTAPT 1 6iTom nanux;

e curnainoMm CTOII 1 6iTom JaHuX;

e noBTopHuM curHajgom CTAPT i1 curnanom CTOII.

Transmitter 1 Loses Acbitration  *
DATAT = S0

Puc 1.20. ApGiTpak Mi>k TBOMa BETyIUMH

* mepenaBau 1 nporpae apOiTpax - HOTo JIiHIA JaHUX He 30iraerbes 3 SDA

Buxopucmannsa mexanizmy cunxpouizayii ax npoyeoypu ynpaeiinHs 36 13Kom

OxpiM BUKOPUCTaHHS B MPOUEAYpl apOiTpaKy, MEXaHI3M CHHXPOHI3allli MOXKe
OyTH BUKOPHCTaHWI mpuilMayamMu sK 3aci0 YNpaBJiHHS MEPECHIKOK JaHUX Ha
OaifToBoMy 1 61ITOBOMY piBHSIX.

Ha piBHi Oaiita, SIKII0 OpUCTpid MOXE NpUilMaTH OalTH JaHUX 3 BEJIMKOIO
IIBUJIKICTIO, ajJi¢ BUMarae TMeBHHMM Yac sl 30epeKeHHS MpuiHATOro Oaita ado
MIJTOTOBKH J0 TPUMOMY HACTYITHOTO, TO BiH MoOke yTrpumyBatu JiHito SCL B
HU3bKOMY crani nicns npuiioMy 1 MATBEpJKEHHs 0aiiTa, MepeBOASYN TaKUM
YIHOM Iepe/laBay B CTaH YeKaHHS.

Ha piBHI OITIB mOpucCTpid, Takuil SIK MIKPOKOHTpoJuiep 0e3 BOyZoBaHUX
anapaTHux JjaHuwporie 12C a6o 3 0OMEXEHUMH JaHIIOTaMH, MOXE YIMOBUIBHUTH
Y4aCTOTY CHHXPOIMITYJIbCIB nuisixoM mpogoBxkeHHs ix HU3bKOI'O nepioxy. (puc.
1.21). Takum YMHOM MIBHAKICTH Tepeaadi Oyab-SKOTro BEAY4OTO aJanTyeThbCs 0

IIBUJIKOCTI TTOBIJIBHOT'O MPUCTPOIO.
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L AODRES S RAT ALK DAL ALK DATA ALK [

START 5TOR
CONDITION 2 3 4 5 4 5 4 CONDITION

1

Puc. 1.21. Ilocuika maHux

Curnan CTAPT
Anpeca

bit Hanpsmy (R/W )
[MinrBepmkenns (ACK)

Jani
Curuan CTOII

ouhkwnE

Dopmamu 3 7-6imoeor adpecoro

[Mocunku manux BinmOyBaroThcs y (popmari, mokazaHomy Ha puc. 1.22. Ilicns
curHary CTAPT nocunaerscst anpeca Benenoro. Ilicns 7 61T agpecu cruigye 01t
HanpsAMKY AaHux (R/W), “Hynb’ oO3Hauae mepenaudy (3amuc), a ‘“oguHuus’ -
npuiiom (uutanus). [lepecusika nanux 3axau 3akiHuyeTbesi curHaniom CTOIL, mo
reHepyeTbes BeayuuM. IIpote, skimo Beayunii Oakae 3aJIMIIATHCS HA IIHHI JaJi,
BiH moBuUHEH Bujatu noBTopHuit curHai CTAPT 1 moTiM aapeca HacCTymHOTO
npuctporo. Ilpu Takomy ¢opMari TOCWIKHM MOXJIMBI Ppi3HI KOMOIHAINT
YUTaHHSI/3aMUCy:

Benyuwnii-nepenaBau nepenae gani BeaeHoMmy npuitmauy. Hanpsim nepecuiku
JAHUX He 3MiHI0EeThCs (puc 1.22);

Benyuuii untae naHi BEJEHOTO HETAMHO IMICHS TEPECUIIKM mepiioro Oaifta
(puc. 1.23). Y MOMEHT mepmioro MiATBEPKCHHS BeIyduii-TiepesiaBad CTae
BelydUM-TIpUiAMadeM 1 BEIEHUW TpUiiMad CTa€ BEICHUM IepeaBayeM.
[TinTBepmxennss mnpote reHepyerbest BeaeHuM. CurHan CTOII renepyerbes

BEIYUYHM.
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Komb6inoBanuii popmar (puc. 1.24). ITpu 3MiH1 HanIpsiMy TIEPECUITKH TaHUX
noBToproeThest curHast CTAPT 1 aapeca BegeHoro, ane 61T HanpsMy JaHUX
1HBepTYyeThes. SKio Beayunii-npuiimay nocuiae nosropuuii curnan CTAPT, Bin

3000B's1I3aHMI 3a31aJI€T1/Ib OCIATH CUTHAJ HEelliITBEPIPKCHHS.

3 4 5
|s|SWEAnDREss ‘RIW|A|DATA‘A‘DATA|M|F‘
- | I— IJ&TATR:&NSFERREDJ
" (RITE) (n BYTES + ACKNOWLEDGE) [
i [] FROMMASTER TO SLAE 7 A= ACKNOWLEDGE (3D L0

L
M= NOT ACKHOWLEDGE(SDAHIGH) 8§
5= START CONDITION

9
2 D FROM 5LA/E TO MASTER R-3TORCONDTION 10

Puc. 1.22. ®opmat mocusiku BiJ BEAydOro-mepenaBaya, mo aapecye BeIecHuil-

npuitmMada 7-61TOBOIO aJIpECOIO.

=

Harmpsim mepeciiikil He 3MiHFOEThCSI

HampsiMok repeadi Biji BEAy4OTro J0 BEICHOTO
HanpsiMmox mepenadi BiJ BEIEHOTO A0 BEIYy4OTO
Anpeca BeZIcHOTO

bit Hanpsimy (B 1aHOMY Bumiaaky R/W =0 - 3amuc)
Jani, mo nepecunarotses (n 6alT + MiATBEPIKESHHS)
A - ITinTBepKEeHHS

A/ A- HeniarBepmKkeHHs

Curnan CTAPT

10 Curnaan CTOIT

CoNoarwWD

1

|S‘SL:%'EADDRESS‘H‘.ITIF|A|IJATA|A|DATA‘K|P|

|— DATATRANSFERRED J

(REALD) {n BYTES + ACKHOWLEDGE)

Puc. 1.23. ®opmaT mOCHUIIKHA BiJ BEIy4OrO, IO YUTAE 3 BEIECHOTO OE3ITOCEPETHBO

micyst mepiIoro Oaiira

1

‘ 5 ‘ SLA/E ADDRESS ‘ R ‘ A ‘ DATA ‘ AF |5 | sLaE ADDRESS | R.I'ill'l" DATA | AR ‘
3
0 a‘mzsJ |— 0 BY BYTES
2 READORWRTE | ackys READ DRWRITE
r=
Sr= REPEATED $TART COMDITION DIRECTION OF TRAMSFER

MY CHANGE AT THIS POINT 3

* TRANSFER DIRECT IO OF DATA AND ACKNOWLEDGE BITS DEFENDS ON RAWBITS. G

Puc. 1.24. Kom6inoBanuii ¢opmat
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Anpeca BEI€HOTO

Yuranas a0do 3ammc

n 6aiTIB + MiATBEPIHKCHHS

Curnan nosropaoro CTAPTY Sr

HarmpsiM mepecuinky Moke 3MIHUTHCS B ITiH TOYIT

Hanpsm nepecunku ganux 1 6iTiB MiATBEPAKEHHS 3aJISKUTH Bl O1TiB HAPAMY

I

Komb6inoBani Qopmat MOXyTb OyTH BUKOPUCTaHi, HaNpUKIAL, OIS
yOpaBJIiHHS TOCIHIIOBHOK maMm'arTio. Ilinm vac mepmioro Oaita JaHMX MOXKHA
nepeaaBaTH ajpecy B MaM'aTi, sSKa 3alUCYEThCs y BHYTpimHIA Oydep. Ilicas
nosropeHHs curaany CTAPTy (Sr) 1 angpecu BeeHOTO JaHi BUAAIOTHCS 3 TAM'SITi.

Bci pimeHHst npo aBTO-IHKpEeMEHT a00 JEKpPEMEHT aJpecH, IO SKOi CTaBCs
NONEepeHINA JOCTYI, IPUIUMAIOThCS PO3POOHUKOM MPUCTPOIO.

Koxen ©OailiT 3aBepiryerbcst OITOM  MiATBEPKEHHS/HETIATBEPIKEHHS,
mo3HaYeHuM A a0o A BimnosigHo.

12C-cymicHi mpucTpOi TOBUHHI CKUIATH JIOTIKY IITMHY MPHU BUSBJICHHI CUTHAITY
CTAPT a6o nosropuuit CTAPT i roryBarucs 10 npuitoMy ajipecHu.

7-6imoea adpecayis

[Ipouenypa anpecanii Ha mmHI [2C monsrae B ToMy, IO HepIIMid OalT
nocuiaku Bif Bemaydoro micis curHany CTAPT Busnauae, sxuii BeneHui Oyne
BUOUpaeThcs. BukioueHHsIM € azapeca ‘“3arajibHOro BUKIMKY, TIO aApecy€e BCl
MPUCTPOI HA IIIHHI.

[Mepri cim OiTiB mepiioro 6aKTa yTBOPIOIOTH aapecy BeaeHoro (puc 1.29).
Bocbmuii, Monoammii 01T, BU3HAYa€e HanpsM nepecuiku AaHux. “Hyns” o3Hauvae,
10 Bey4Hii 3anmucyBaTuMe iH(opmarlito y Bubpanuii BeaeHuit. “Onuuauis’
O3Hayae, M0 BEAYUYH MPOYUTYBaTUME 1H(HOPMAILIIIO 3 BEJCHOTO.

hi5H L5B
I I I I I I

| | | | | |
I— SLAE ADDRESS é
3

Puc. 1.25. Ilepmmit 6aiiT micns curnany CTAPT
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1. Crapmmii po3psiz
2. Monoammuii po3psi
3. Anpeca BeIeHOTO

[Ticns Toro, sIK agpeca mocjiaHa, KOXKeH IMPUCTPid B CUCTEMI TTOPIBHIOE TEPIIi
cim 0iT, mo Hamiimy micist curaaimy CTAPT 31 cBoeto anpecoro. [Ipu 36iry ampec
npuCTpiil BBaXkae cebe BUOpaHUM sIK BEJICHUN ITpuiiMad abo sIK BeJCHUI
nepeiaBay, 3aJIeKHO Bij 0iTa HApsIMy R /W .

Anpeca BeEHOTO MOXe CKJanatucs 3 (iKCOBaHOI 1 MPOrpaMOBAaHOI YACTHH.
IIMoBipHO, 110 B cHCTeMi Oyae JeKilbka TaKUX OJHAKOBUX HPHCTPOIB, TOMY 3a
JIOTIOMOTOI0 TIPOTPAMOBAHOI YaCTUHU AAPECH CTAE MOXKIMBHUM MITKIIOYUTH IO
IIMHA ~ MaKCHUMaJIbHO MOXJIMBY KUIBKICTb TakuX MOpUCTPOiB. KUIBKICTh
nporpaMoBaHuX OIT B ajpeci 3ajJeXUTh BIJ KUIBKOCTI BUIBHHUX BHBO/IIB
Mikpocxemu. Hanpuknana, akmo npuctpiii mae 4 ¢ikcoBaHux 1 3 mporpaMoOBaHUX
aJipecHUX OITIB, BChOTO 8 OJHAKOBUX MPUCTPOIB MOXKE OyTH MiAKIIOYEH] 10 IIHHH.

Kowmirer 12C koopaunye Buaiienns 12C anpec, 1o 3BeeH1 B Tad. 1.4.
Kowmo6inaris 61t 11110XX anpecu 3ape3epBoBana ajist 10-61ToBo1 agpecartii.

Ta6mus 1.4 - Anpecanis 12C npunaniB

Anpeca |R/W |Onmc

AJpeca 3araJIbHOr0 BUKIIUKY

0000000 |O
0000000 |1 Baiitr CTAPTY
0000001 X Anpeca CBUS
X Anpeca, 3ape3epBoBaHa JJis IIMH 1HIIOTO Gopmary
0000010
0000011 X 3apesepBoBaHa Ul MOAAIBIIOTO0 BUKOPUCTAHHS

00001XX | X 3ape3epBoBaHa JUIsl TOAATBIIOTO BUKOPUCTAHHS
ITITIXX | X 3ape3epBoBaHa JUIsl IOAAIBIIOTO0 BUKOPUCTAHHS

11110XX | X 10-6iToBa agpecartis
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[Tpuctposim 3a00poHsETHCS MATBEpAKYBaTH npuitom O6aiita CTAPTY.

Anpeca CBUS 3ape3epBoBaHa 11 TOro, 100 MoxHa 0yJio BAKOPUCTOBYBATH
CBUS-cywmicHi 1 [2C-cymicHi npucTporo B oHi# cucteMi. [2C-cymicHI npucTposM
3a00pOHSAETHCS pearyBaTH Ha MPUHOM III€T aipec.

Anpeca, 3ape3epBoBaHa JJIs IIUH 1HIIOTO (popMaTy TaKoXK MPU3HAYEHS IS
3MIIIAHOTO BUKOPUCTAHHS PI3HUX MPOTOKOMIB. BiAmoBigaTi Ha mpuiioM i€l
aJipecy MOXKYTb JIMIIIE MPUCTPOT, IO MPAIIOIOTh 3 UM (hOPMATOM.

Kowmo6inaris 61t 11110XX anpecu 3ape3epBoBana ajist 10-61ToBo1 agpecartii.

Aopeca 3a2anbH020 BUKIUKY

Anpeca 3arajbHOTO BUKIIUKY BIAHOCUTHCS /10 BCIX MPUCTPOIB HA LIUHI 715
OJIHOYACHOI0 3BEpHEHHS 10 HUX. [IpoTe, K110 NPUCTPOIO HE MOTPIOHI 1aH1, K1
MOKYTb OyTH IE€peiaHi 1o 3arajlbHOMY BUKJIMKY, BIH MOXKE ITHOPYBATH 3BEPHEHHS
[UIIXOM HEBUJAYl MATBEPKEHHS. SIKIIO TPUCTPOIO MOTPiOHI JaH1 3arajJbHOTo
BUKJIMKY, BIH T€HEPYE€ MMIITBEP/UKEHHS 1 CTa€ BEACHUM NpuiiMaueM. pyruii i
NoJlajibIIni OANTH NOBUHHI MiITBEPAKYBATUCS KOKHUM BEACHUM IMpHUiiMaueM,
31aTHUM OOpOOUTH 111 JaHi. SKIo BeeHui He Moke 0OpOOUTH OJIMH 3 OANTIB, BiH
HE TeHEePYE IMiITBEPKESHHSI.

3HaueHHS MOCUJIKY 3arajIbHOTO BUKJIMKY 3aBXK]IM BUBHAYAETHCS IPYTHM
Oaiitom (puc. 1.26).

Mo>k/IMB1 HACTYITHI BaplaHTH.

[. bit nHanpsMmkyR/W popiBHIOe “0”, npyruii OallT mnpuiiMae HaACTYIHI
3HAYCHHS:

1) 00000110, mo o3nadae: «CKHUHYTH TPUCTPIA 1 3aMHUCATH MPOTPAMOBAHY
yacTUHY ajpecw». Ilpu BUsABIEHHI MLibOro OalTy BCl MPHUCTPOI CKUIAIOTHCS 1
NEPEeYUTYIOTh MPOTpamMoBaHy 4YacTHHY ix aapec. [lepex Bumauero KoMmaHIU
HEOOXI1THO TIePEKOHATHUCS, IO MPUCTPOI MICHSA MOAaYl KUBJICHHS HE YTPUMYIOTh

JHIT IIMHU B HU3BKOMY CTaHI
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2)00000100 - «3amucaTu mporpaMoBaHy 4acTUHY ajapecu». Bci mpuctpoi, 1o
MalTh MOXJIMBICTh 3MIHM TMPOTPAMOBAHOI YaCTHHU aJpecH, 3araM STOBYIOThH
MOTOYHE 3HAYCHHS aJpecd TMpu MNPUAHATTI IMi€i KoMmaHau. Ilpuctpoi He
CKUJIAIOThCSI.

3)00000000. Le# xox HEAOMYCTUMHUINA 1T BUKOPUCTAHHS B IKOCTI JPYTOTO
OanTy.

4)IH1111 KO HE BCTAHOBJICH] 1 MPUCTPOI MOBUHHI ITHOPYBATH iX.

II. BiT HanpsMKy R/W J0piBHIOE “1”, a ABOOANTOBA MOCIOBHICTD SIBJISIE
co00I0 Tak 3BaHUM “AmapaTHUM 3arajdbHUI BUKIUK . BiH BUKOPUCTOBYETHCS Y THX
BUIIAJIKaX, KOJIM anapaTHUW BeIy4YHil MPUCTPOM (TaKHii, IK CKaHEp KJIaBlaTypH),
KWW HE MOKe OyTH 3alpOorpaMOBaH HA BUJIauy KOHKPETHOI aJipecu BEACHOTO.
OckUIbKM aniapaTHUM Bey4Uil HE 3HA€E, IKOMY IIPUCTPOIO NEPEAAETHCS MOCUIIKA,
BiH MOX€ JIMIIIC 3TeHEPYBATH allapaTHUN 3arajJbHUN BUKJIHMK 1 CBOIO BJIACHY aJIpecy
- ineHTUiKyroun cede s cuctemu (puc. 1.27).

Cim ctapumx O1TIB Ipyroro O6aiTa MIiCTATh apecy anapaTHoro Beaydoro. Ls
azipeca Po3Mi3HAETHCS PO3ZYMHUM MIPUCTPOEM (MIKPOKOHTPOIEPOM), SIKUU TTOTIM
OTpUMyBaTHUMeE 1HGOPMAITIIO BiJ] allapaTHOTO BEAY4YOTro. SIKIO OCTaHHIN TaKOX
MOX€e TPaIlOBATH K BEJICHUI, MOT0 ajipeca 301racThCs 3 aipecor0 BEAyUO0ro.

III. B nesaxux cucreMax anapaTHUM BeIy4YUU-IIEPENaBad BCTAHOBIIIOETHCS B
pEeXHUM BEAEHOTr0 npuiiMaya Bijipa3y micis ckugaHHs. [lpu nomy Beayuui, 1mo
KOH(}ITypy€e CUCTEMY, MOKE TTOBIIOMUTH allapaTHOTO BEAYYOro (SIKUH
3HAXOJHUTHCS B PEKUMI BEJACHUI-TIpUIIMaY), Ha SIKY aJipecy MOBHUHHI MOCUIIATUCS
naHi (puc. 1.28.) Ilicns i€l nponeaypu anapatHUil Bey4duil 3ajIMIIA€THCS B

peXUMIi Beyunii-riepenaBad.

1 2
I— FIRST BYTE | | SECOND BYTE

(GENERAL CALL ADDRESS

puc. 1.26. ®opmart agpecu 3arajibHOT0 BUKIIUKY

1. Tlepmmii 6aiT
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2. Jlpyruii OaiT
3. Mononmmii po3psin

‘S|DDDDDDDD ‘ﬁ‘hﬂ.ﬁSTERﬁDDRESS|1 |A|DATﬁ|ﬁ|DﬁTﬁ|ﬁ‘P|

)2 e J | _3 ____|

SECOMND BYTE (n BYTES +ACK)

GEMERAL
CALLADDRESS

puc. 1.27. [lepecunka gaHux 3 amapaTHOTO BEIydOTO-TiepeaaBadya

1. Anpeca 3araJlbHOrO BUKIIUKY
2. Jpyrwuii Gaift
3. N O6aiiT + miaTBepKEHHS

| & ‘ 5LAWE ADDR. HAWhASTER | R‘.ITl'F| A ‘ OUKP ADDR. FOR HAl' M A3 TER ‘ X ‘ L ‘ P ‘

1 | 3
WRITE
2 )

| 5 ‘ DURP ADDR. FROM HAWMASTER | RAT | A ‘ DIATA ‘ A | DATA ‘ A ‘ P |

4 | 5 |

WRITE tn BYTES + ACK)

(b}

Puc. 1.28. Ilepegaua qanux amapaTHUM BeIy4uM, 3JaTHUM IEPECUIIATH JTaHi

0e31mocepeIHbO BEJICHUM TTPUCTPOSIM.

(a) Kondirypyrounit Beayunii mocuiae aapecy rmovyaTky JaHuX J0 armapaTHOTO BEIy4Oro;
(b) AnapaTHuii Beayunii mocuiiae 1aHi BAOPaHOMY BEJIEHOMY.
1. Anpeca anapaTHOro BEa1y40ro
2. 3amuc
3. Anpeca rmoyaTKy JaHHX JUTSI allapaTHOTO BEIYYOTO
4. Anpeca oyaTKy JaHMX BiJl allapaTHOTO BELy4Oro
5. n OalT + NiATBEPHKEHHS

baium CTAPTY

MikpoKOHTpOJEpH MOXKYTh OyTH miAKIt04YeH1 A0 muHu [2C nBoMa criocobamu:

MikpokoHTpoJiep 31 BOYy/IOBaHUMHU ITUHHUMU JIAHITIOTaMU pearye 3a
JIOTIOMOTOI0 TIEpepUBaHb Ha MO/I11, 0 BII0OYBAIOTHCS HA IIIHHI,

MikpokoHTpoJuiep 6€3 TaKKUX JAHITIOTIB MOCTIHHO BIJICTEXKY€E CTaH MIWHU

MIPOTPaMHUM CIIOCOOOM.
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BoueBup, 1110 M OUIbIIE Yacy MPOLIECOp BUTpaya€e Ha OOCIYyroByBaHHS
[IMHHA, TUM MEHIIIE Y HhOTO 3aJIMIIAETHCS HA OCHOBHE 3aBJIaHHs. BHACHIIOK IIbOTO
BUHUKAE PI3HUI MIXK IIBUAKAMU allapaTHUMU IPUCTPOSIMU 1 TOBUTbHUMU
MIKpPOKOHTpPOJIEpaMH, 1110 BUKOPUCTOBYIOTh MPOrpaMHE ONUTYBaHHS. B ibomy
BUTMAJKY IMOCHJIKA TJAHUX MOXKE MMOUYMHATHUCS 13 CTAPTOBOI MPOLIEAYPH, Ka Oarato
nosiie, Hix 3Bu4aiHuil curnan CTAPT, ane nae MOKIUBICTh MIKPOKOHTPOJIEPY
JPyroro TUIY MiArOTYBaTUCS A0 MOYATKy mepeaadi.

[Iponieaypa crapty (puc. 1.29) ckinamaerbcs 3

e Curnany CTAPT

e baiita CTAPTY

e IMmynbCy MiATBEPIKCHHS

e [loBropHoro curnaiy CTAPT

Benyuwnii-nepenaBau micis 3BuuaiiHoro curHainy CTAPT mnepenmae Oailt
CTAPTY (00000001). Bkaenuit MIKpOKOHTPOJIEP MOXE BIJICTEXKYBaTH JiHII0 SDA
3 MEHLIOK YacTOTOI, MOKA HE BUSBUTH MOCIIJOBHICTh 3 CEMHU HYJIB, MO CYTI -
HU3bKUI pisenr Ha SDA BHpOZOBX CEMH TAaKTOBUX iMmyibciB. Ilicis
BUSIBJICHHS 11€1 MOCTIAOBHOCTI MIKPOKOHTPOJIEP MOKE MEPEMKHYTHCS Ha BUIILY
4acTOTY ONUTY IIWHH, JJIs1 TOTO0, 100 BUsiBUTH oBTOpHUM curHain CTAPT.

Amnapatauii nipuitmad [2C CKMHETBHCS TIPH TPUIOMI TOBTOPHOTO CHUTHAIY
CTAPT 1 tomy npoiraopye 6aiit CTAPTY.

[Ticns 6aiita CTAPTY reHepyeThCsi TAKTOBUN IMITYJIBC JJIS MiITBEPHKCHHS.
Bin npucyTtHiit numie asis cymicHOCTI 3 popmarom Oaiita. [Ipuctposim

3a00pOHSAEThCS MATBepKyBaTH npuitoM Oaiita CTAPTY.
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2

504 Y
CHIGH)
sCL AN E AN S AW RN R A
2

s |
L
ACK
3 L START BYTE0ODO0OD] _

1

— 11

T
[ |
| i
| |

-—
| DUhb

| S ACKNOMLEDGE
|

Puc. 1.29. Ilponienypa 6aiita CTAPTY

baiit CTAPTY

®danbmmpe nmixreepmkenns (BUCOKUMH crau ninii SDA)
Curnan CTAPT (S)

Curnan nosropuuiit CTAPT (Sr)

NS

Cymicuicms 3 CBUS

[Tpuitmaui CBUS MoxyTp OyTH nikiroueHi 1o muny [2C, ane npu npomy Mae
Oytu BBenena tpets jgiHist DLEN, a 61T miaTBepaKeHHSI HE BUKOPUCTOBYETHCSI.
3azeuuaii nocwiku [2C cknanaroTees 3 8-01ToBUX ciiB, ToA1 ik CBUS-cymicHi
MPUCTPOI MAIOTh 1HIIUN (PopmarT.

VY 3mimanii muH1 [2C-cyMicHI TpUCTPOi HE MOBHHHI BIINOBIIATH HA TTOCHIIKH
dopmaty CBUS. Jlns uporo 3apesepBoBaHa chemiaibHa azapeca CBUS
(0000001X). Ilicms mepemaui aapeca CBUS muis DLEN crtae akTuBHOMIO 1
nocunaetbes naHi popmary CBUS (puc. 1.30). Ilicns curnamy CTOII Bci
MPUCTPOI 3HOBY TOTOB1 IPUITMATH J1aHi.

Benyui-nepenaBaui MoxyTh nocunata gani B CBUS dopmarti micis mocuiiku
aapecu CBUS. Ilepenaua 3akinuyetrbcsi curnaaom CTOII, posnizHaBaHuM Bcima
MPUCTPOSIMHU.

3azHaunmo, Mo Ko KoHdirypamis muHu CBUS Bimoma 1 po3mmpeHHs
CBUS-cymicHux mnpuCTpOiB He NependavyaeTbcsi, KOHCTPYKTOPY AO03BOJISETHCS
BCTaHOBIIOBAaTH Yac yrpuMmanHs jgiHii DLEN, kepyrounch KOHKPETHUMU BUMOTaMHU

BUKOPHUCTOBYBAHUX ITPUCTPOIB.
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sDA JE\—i miﬁmm
R aY e VeVl el aWal el oW a U al oW a W a Nl a Watatl a W
OLEH ! ! F |

LHl | L Il I L

START CBus RN ACK n - data bitz cCeuUs
condition address a bit  related 5 address G
chck pulze
1 2 2

4

Puc. 1.30. ®opmat nanux npu nocuikax 3 CBUS nepegaBauem/mpuitmauem

1. Curnan CTAPT

Anpeca CBUS

bit Hanpsmy nepenaui R/W
CHHXPOIMITYJIEC TIATBEPHKCHHS

n OIT JaHUX
Cursan CTOII

ook wn

Hioxnouenns 12C npucmpois
Pozpizustors [2C-ipuctpoi 3 (hikcoBaHUMU Ta 3aJI€KHUMU BIJ HAIPYTH
BXI1JIHUMH PIBHSIMHU.
BXinHi piBHI BU3HAYAOTHCS TAKUM YHHOM:
e mymoBuil kopaoH HU3BKOI'O piBHs € 0.1 Big Hanpyru >KUBJICHHS
e 1IyMOBHI KOpJIOH Bucokoro piBHs € 0.2 BiJ HApyTH KUBJICHHS
12C-nipuctpoi 3 gikcosanumu Bximaumu piBasmu 1.5 B 1 3 B MoxyTh MaTu
CBOIO BJIACHY JKUBJIAUY Hanpyry. ITiaTaryrodi pe3ucTopu MaroTh OyTH MiIKJIIOYEHI

1o mxepena 5 B £ 10% (puc. 1.31).

Mi02-4 g sanewsocTi pia nprerpon  (Hanp. 12 B)
gy =5V 10% \Tn

\ira \Wna
351 Eg H0S BiChiO5 chi0s

5D l l l |

SCL

Puc. 1.31. TliaknroueHHs: IpUCTPOIB 3 PIKCOBAHUM BXIJTHUM piBHEM 10 muHU [2C

I12C-ycTpoiicTBa 3 BXITHUMH PIBHIMHU, 3AI€HCHUMU BI0 Hanpyeu >KUBJICHHS
NMOBMHHI MaTU OJHY 3arajbHy JIHIIO UBJEHHS, N0 SKOi TakoX Mae OyTu

HIKITIOYCHUH MATATYI0UHH pe3uctop (puc. 1.32).
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Wi = HEIIpHEIA 3 B

I [ | |
Rp R chi0s CWos oS c0s

S04 ! )i Ji Ji

SCL

Puc 1.32. Iliakro4eHHs TPUCTPOIB 3 MIUPOKHUM J1alla30HOM KUBJICHHS IO UTUHH
12C
Sxu1o mpuctpoi 3 PiKCOBAaHUM BXiTHUM PIBHEM BUKOPUCTOBYIOTHCS CYMICHO 3
MPUCTPOSIMU 3 BITHOCHUM BX1JTHUM PiBHEM, OCTaHHI MalOTh OyTH MIiIKIIOYEHI 10
OJIHI€T 3arajapHO1 JTiHIT )KuBieHHS 5 B £10% 1 moBMHHI MaTH MiATATYHOY1
pesuctopu, niakiatoueHi 10 SDA 1 SCL koHTakTaM sik mokazaHo Ha puc 1.37.

“Wopza B BICHKHOCT] BII HPHCTPOR (Hanp. 12 B)
Wiy = 8w 2 10% “Wina Wi

Re Rp chios Chids [ Lnk: BIPOLAR

504 l

»—
»—
—

SCL

Puc. 1.33. IlinxnroueHHst mpuctpois 3 BimHocHUM (Vdd1) piBHeM BXiAHOI Hanpyru

1 pikcoBanuM BxigHUM piBHeM (Vdd2-4) go mmnu 12C

J171s1 3aXHUCTY BiJl BACOKOBOJIBTHUX BUKHU/IIB HAMPYTH HA JHIAX IIMHU
PEKOMEH0BAaHO BKJIIOUATH MOCIII0BHO pe3uctopu Rs (Hanpuknaa, 300 Om), puc.

1.34

DEWICE DEMICE R:H R:[

SCL

Puc. 1.34. TlocnigoBHi pe3uctopu Rs miist 3aXucTy Bij BACOKOBOJIBTHUX BUKHIIB

Jlonosnenns 0o cneyughixayii wunu 12C
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[Muna 12C 13 mBuakictio nepenadi ganux 100 k6it/c 1 7-01TOBOIO aApecoro
icHye Bke BIpomoBk 10 pokiB B He3MiHHOMY BuTIsial. KoHmemmiss mpuifHsITa
MOBCIOJIHO SIK CTaHJAPT ISl COTEHb THUIIIB MIKPOCXEM, [0 BUITYCKAIOTHCS (PipMOIO
Philips 1 iHmmmu nocravansHukamu. OqHak po3BuTok [2C npuctpoiB mpusBiB 110
TOTO, IO:

HoBi 3acTocyBaHHsS MOTpPeOYIOTh MEPECHUIKM BEJIMKUX 00'eMiB 1HGOpMaIIii,
OTXe TmMOoTpiOHAa BelMKa TMPOMYCKHA CIPOMOXHICTH IHHHU. [lokpamryBaHa
TEXHOJIOT1I BUPOOHMIITBA MIKPOCXEM JIO3BOJMIA B YOTHPU pa3u 30UIBIINTH
IIBUJIKICTB TIepeadl JaHuX 0e3 3MiHU cO001BapTOCTI BUPOOY.

binbmricte 3 112 aapec, momyctumux mpu 7-O1TOBiM anpecailii, Bxke Oyiu
BUKOPHUCTaH1 OUIbII HIXK OAWH pa3. [ 3amobiranns npobiieMaM 3 po3MIIICHHIM
aJpec HOBHUX MPUCTPOiB, OAKaHO MaTU OUIBINY KUIBKICTh aJJpeCHUX KOMOIHAIII.
JlecsaTupa3zoBe 30UIBIIEHHA KUIBKOCTI JOCTYIHUX aApec OTPUMAaHO MpH
BUKOpHCTaHHI HOBO1 10-61TOBOI agpecartii.

B nanuii yac cnenudikaris muHu [2C 1onoBHEHA HACTYITHUMU MOJIOKEHHAMU:

o [lIBuakuii pexxuM, 10 T03BOJISIE B YOTUPHU Pa3H 301IBITUTH MIBUIKICTh
nepeaadi JaHux

e 10-6iTtoBa aapecariis, 10 103BOJIsI€ BUKOpUCTOBYBaTH 1024 momaTkoBUx
azapec

Bce noBi mpuctpoi 3 [2C inTepdeiicom mpaIioloTh B MIBUIKOMY PEXHUMI.
[lepeBaxkHO, BOHM MOBUHHI BMITH NpUUMAaTH 1 IepeaBaT AaHi Ha mBUAKOCTI 400
kOiT/c. SIk MIHIMyM BOHM MalTh OyTH 37aTHI BXOJUTH B CHUHXPOHI3AIIO B
MIBUKOMY PEXHMi, 3 TUM a0u TOHW3WUTH IIBHIKICTh Tmepefadi (IUITXoM
nonosxkeHHs HU3BKOI'O mnepiogy SCL) no momyctumoi Benuuuuu. IBHIKI
OPUCTPOi MAaIOTh OYTH CYMICHI «3HH3Y», 110 O3HAyYa€ iX 3[aTHICTH MPAIIOBATHU 13
CTaHJAAPTHUMHU MPUCTPOSMH IO TOBUIbHIN IIHHI.

BoueBup, 1110 cTaHIapTHI MPUCTPOT HE 3/1aTHI MPAIIOBATH B MIBUAKIN IIHHI,
TOMY 1110 BOHH HE MOKYTh CUHXPOHI3yBaTHUCSl Ha BUCOKIM IIBUAKOCTI 1 iX CTaH

CTaHe HernepeadauyBaHUM.
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Beneni mBuaki npucTpoi MOXKYTh BOJIOAITH SIK 7-01TOBOIO, Tak 1 10-01TOBOIO
aapecorto. [Ipote, 7-6iToBa agpeca nmepeBaXkHiIIa, OCKIIBKA HOTO anapaTHa
peaizaliis mpocTiiia 1 JOBXKUHA IMOCUIIKH MEHIIIA.

[Ipuctpoi 3 7-6iToBoto 1 10-61TOBOIO aapecaMu MOXKYTh OJTHOYACHO
BUKOPHCTOBYBATHCS HA OJIHIN IINHI, HE3aJEKHO BiJ] IIBUIKOCTI Mepeaaui.

. Illsuoxuii pescum

Y mBHUIKOMY PEXHUMI IPOTOKOJI, OpMaT, JTOTI1YHI PiBHI 1 MAKCUMaJIbHE
€MKICHE HaBaHTa)KCHHSI JIIHIM IIMHU 3aJIMIIAETHCS HE3MIHHUM. 3MiHH B
crienrdikarii Taki:

e MaxkcumanbHa IIBUJKICTB nepenadl 3pocia a0 400 k06iT/c;

e He Bumaraerscsa cymicHocTi 3 CBUS-npucTposiMu, OCKUJIBKM BOHU HE
MOKYTb MPAIIOBATH Ha BUCOKUX IIBUIKOCTSIX;

e BxigH1 JaHIIOTH MBUAKUX IPUCTPOIB MOBUHHI MaTH BOyJ0BaHE
npuayeHHs BUkuaiB 1 tpurep llImitra Ha 000X JHIAX;

e Buxinuuii 6ydep mBUIKUX MPUCTPOIB MOBUHEH MATHU KacKaJl 3
yIOpaBIIHHAM YacoM 3aHboro GpouTty miHid SDA 1 SCL;

SKI0 HKepeno HanpyTH KUBJICHHS IBUIKUX MMPUCTPOIB BUMUKAETHCS, JIHIT
MOBUHHI MEPEXOIUTH B TPETIH CTaH.

30BHINIHI TIATATYIOUl MPUCTPOi, MIAKIIOYEHI A0 JIHIA MIUHU MarTh OyTH
3MiHEHI JUIsl 3a0€3MeUeHHs JAOMYCTUMOTr0 4acy HapOCTaHHS MEPEIHBOTO (PPOHTY.
Jlnst naBantaxkeHp mHU 70 200 nd 1me MATATYIOUMA TPUCTPIA MoOXke OyTH
MPOCTUM PE3UCTOPOM, a JJjisi HaBaHTaxeHb Big 200 nd® no 400 nd ue mae OyTu
oKepeno ctpymy (3 MA mMakcuMyM) a00 cxema Ha TIEPEeMHUKaHUX PEe3UCTOpax.

10-6imosa aopecayis.

10-61ToBa aapecartis He MiHs€ GopMaT MIUHU. [ ILOrO BUKOPUCTOBYETHCS
3ape3epBoBaHa agpecHa koMOiHamisa 1111XXX nepmmx cemu OiT nepiioro Oaira.
10-6iToBa aapecarlis He BIUIMBAE Ha iICHYHOUYy 7-01TOBY aapecartito. [Ipuctpoi 3 7-

6iToBOIO 1 10-01TOBOIO aapecali€ro MOXKYTh OyTH TIIKJIFOYEHI O OJIHI€T IIIUHH.
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Xoya € BICIM MOXJIMBHX KOMOIHaImii mocaimoBHOCcTl 1111XXX, 3 HuEX
BUKOPHUCTOBYIOThCS Jjumie yotupu - 11110XX. KomOinamii tuma 11111XX
3ape3epBOBaHi JIJIsl MOJATBIINX YAOCKOHAJIEHb ITUHHU.

10-61ToBa agpeca hopMy€eThCs 3 epIIuX ABox OaiTiB. [lepiri ciM OIT mepiroro
Oaiita € xomOiHarieo Burmany 11110XX, ne nBa momonmux 6ita (XX) € aBoma
ctapmmmu (9 1 8) 6itamu 10-6iTOBOT ampecu; BOCbMHM OIT mepiioro Oaifta - OIT
HampsaMy. “Hynp” B mpoMy OiTi O3HAYae, MO BEXy4YHil 30UPAEThCS 3amMUCyBaTH
iHQopMalito 'y BeaeHOro, a “oguHUL’ - 110 BEAyYUH MPOUYUTYBATHUME
1H(OopMaIlio 3 BEJEHOTO.

Axio OIT HanpsAAMY TOPIBHIOE “HYJNIO”, TO APYTU OAUT MICTUTh MOJIOAMI § OIT
10-61ToBO1 aapecH. Akiio OIT HANIPSAMY JOPIBHIOE “OMUHMII, TO HACTYITHHI OANT
MICTHUTH JaHi, IepeaHi 3 BEACHOTO BEIyUOMY.

MoxxiuBi pi3H1 KoMOiHanii opmatiB 10-01TOBUX MOCUIIOK:

1) Ilepeoaua oanux 6i0 eedyuoco 0o eedenomy. (puc 1.35.). Hampsm
nepecusiki He MiHseThea. Komu 3a curnaniom CTAPT 3'sBasietbess mouatok 10-
01TOBOI ajpecH, KOXKeH BEJACHUI Ha IIMHI TTOPIBHIOE TEPII ¢iM OIT mepuioro 6aiira

31 CBOEIO BJIACHOIO aPECOI0 1 YIIEBHIETHCS, 10 OIT HANPSIMY JTIOPiBHIOE “HYIIIO”.

11110 xx 0 Al 3 A2 4
‘s| SLAVE ADDRESS ‘R.IW|A‘ SLA/E ADCRESS ‘A|DATA‘A{:JDATA|MB
! CUWRITE) 11110%x%x 0D
2 C‘Sr SLAE ADDRESS |FWlT‘A| SLAVE sOORESS ‘A‘DATA|A|:‘DATA‘AI'R‘P‘
5 1 zmmlm 3 4 5

Puc. 1.35. Bengyuuii-nepenaBau ajapecye BeneHoro mnpuitmada 10-6iToBoro

aapecoro

1. Anpeca Beaenoro (niepii 7 0iT)
2. 3ammc R/W =0
3. Anpeca BeneHoro (qpyruii 6aiT)
JlomycTuMo, 1110 O1IbII, HI’ OJUH IPUCTPIA BUSBUIM 301T 1 3T€HEpyBaIH

curHain niareepkenns (Al). Bei Beneni 3 agpecamu, 1o 301MHCs, MPOIOBKYIOTh
MOPIBHIOBATH MOJANbIII § OIT agpecH, 1 JTUIIe OJUH IPUCTPINA BUSBIISIE 301r 1

re"epye miarBepkeHHs (A2). Llel mpucTpiii 3anuiiaeTbcss BHOpaHUM, TIOKU
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Benyuuit He nonuie curHan CTOII abo curnan noropHoro CTAPTY 3 iHIIO0
aJpecolo.

2) Ilputiom Oanux éedyuum 6i0 6edenozo. Benyuanii-ipuiiMay npuiiMae IaHi Bij
BEJICHOTO TepeaaBaya. Hampsim mepenadi MiHSEThCS MICHS APYyroro 0iTa HampsMy
(puc. 1.36). Ilpomemypa imeHTUYHA BUIIEOMHUCAHIA O MOMEHTY JPYroro
niaTBepkeHHs (A2). lani nepenaerbes curnai nopropHoro CTAPTY. Bubpanuii
BEJICHUI MaM'ATae, 10 OyB ajgpecoBaHuid paime. Llei BeneHuil mopiBHIOE mepiii
ciM OIT aapecHw 31 CBOEK aJpecOl0, a TaKOX YIEBHIEThCA, IO OIT HAIPsAMY
nopiBHoe “omuHMIN”. Ilpu 30iry BeneHHil BBakae, IO BiH aJpeCOBaHUN SK
nepeaBad 1 reHepye miaTBepikeHHs (A3). Bemenuii mepepgaBau 3aiduIIaEThCs
aapecoBanuM 1o nipuxoay curHany CTOII a6o curnany mosropuoro CTAPTY 3
1HIow aapecoro. Ilicnsa curnany nosropHoro CTAPTY Bci iHIII NPUCTPOiI TAKOX
MOPIBHIOIOTH MEPIII CiM OIT 31 CBOEIO aJPECOI0 1 MEePEeBipsItOTh 01T Hampsimy. [Ipote,
JKOIHE 3 HUX HE aJIpeCyeThCs, OCKUIBKK OIT HampsMy JOPIBHIOE “ONMMHMIN (IJIs

10-6iToBUX TpHUCTPOIB), a00 TaKoi aapecu He icHYE (st 7-01TOBUX MPUCTPOIB).

111 10%xx% o Al A2 4
SLAE ADDRESS SLAE ADDRESS )
|s‘ WE ADDR |R.-W|A| WE A0 DR ‘A|QATA‘A‘_||:NA‘M
1 | 3
(WRITE) 11110 % X 1
SLAE ADDRESS )
2 5r /E AD DR |RIW|A‘DATA|A|_‘DATA|H|F‘
5 1 | 7

b (READ)
Puc. 1.36. Begyuuii-npuiimau agpecye BeneHoro nepenaada 10-6iToBoro

aJIpecoro

Anpeca BeneHoro (nepuii 7 61T)

3anuc R/W =0

Anpeca BezieHOTo (Apyruit 6auT)

Jani

Curnan nosropanii CTAPT

Anpeca Beaeroro (riepiri 7 0it Ta 6iT untanHs R/W =1)
Curnan CTOII

NoobkwhE
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3) Kombinosanutl popmam. Beayuuii nepenae aaHi BeISHOMY, a MOTIM YATAE
JaHi 3 boro X BeaeHoro (puc 1.37). OauH Beayunii 3aiiMae MUHY Ha BECh Yac

nepecwiiku. Hanpsim nepecuiiku MiHSETHCS TICHs APYroro 01Ta HapsIMy

i 4

7-BIT )
| -1 | SLAE AODRESS ‘ H‘.'W‘ A | CnaTA | A ‘ ) | DATA‘ AR
1 2 3 QINRITE) 11 1 10 X % 1]
1st 7 BITS OF 10-BIT 2nd BYTE OF 10-BIT B
1 LA ADDRESS | H"'W| A 1 SLAE ADDRESS ‘ A ‘ DATA ‘ A | ) ‘ DATA ‘ AR ‘ P ‘
5 G 3 | 7 4 g
RTE

Puc. 1.37. KombinoBanwuii popmar. Bemyunii anpecye Benenoro 10-6iToBoro
aZpecoro, MOTiM Nepeaae oMy JlaHi 1 mpuitMae 3 HbOTO JIaHi.

1. Crapr

Anpeca BeaeHoro (mepiiri 7 6it)
3amuc R/W =0

Hani

[Toropuuit CTAPT

7 au 10 GiT BegeHOTO

Hpyruii 6aiiT agpecu BeAEHOTO
CTOIl

NGk WD

KoM061HOBaH1 (popmMaTi MOKYTh OYTH BUKOPUCTAHI, HAIPUKJIIAL, JIJIs
yIpaBJIiHHS TOCIII0BHOIO naM'aTTro. I1ij yac mepioro 6aiTa 1aHUX MOXKHA
nepeaaBaTH aipecy mam'siTi, sika 3anucy€eThes y BHYTpIlIHIMA perictp. [Ticas

noBtopeHHs curHairy CTAPTYy 1 aapecu BeZIeHOTO BUAAIOTHCS JAaH1 3 MaM'sITi.

JIEKIIIA 4

JABonpoBigHuM nocaigoBHu iHTepPeric TWI

Ocnoesni xapaxmepucmuxu inmepgeticy TWI (Two Wire Interface)

JIBonpoBinuwmii ocuinoBuuid iHTepdeiic (TWI) cymicamii 3 mporokonom 12C
koMmmanii Philips. Leli mmHHUE iHTEepdeiic OyB po3poOiieHUi s opraHizailii
MPOCTOTO, HAMIAHOTO 1 HEAOPOTOTO 3B'A3KY MDK IHTETPaIbHUMHU CXEMaMU B

CNEKTPOHHUX mpuctposix. CuimpHuMu cropoHamu MHHE TWI € MOXIUBICTB
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aapecariii g0 128 MmikpocxeM Ha OJHIN IIMHI, apOiTpaX 1 MOXKJIHUBICTH POOOTH

JIEKITTbKOX BEyYUX MPUCTPOIB (MAMCTPIB) HA OHIN IIHHI.
Amnapatauit Moayins TWI Bxonuts 10 ckinany 6araTb0X MiKpOKOHTPOJIEPIB

AVR.
OCHOBHI XapaKTEPUCTUKH JBOMPOBITHOTO 1HTEP(EICY HACTYITHI:

e ['Hy4KuUii, IPOCTUH, ajie IPH I[bOMY e(EKTUBHHI MOCIIITOBHUI
KOMYHIKaliiHU# 1HTepdeiic, 10 BUMarae Jidiie JBi JiHil 3B'3KY;

e 7-po3psimHA ampecartis, IMO003BOJISE MAKIIOYUTH 10 MHHK 10 128 miajmernux
IIPUCTPOIB;

e [linTpumka GaraToMaiicTepHOTO apOITPUPYBAHMUS;

e MOXIJIMBICTh OOMEXEHHS IIBUIKICTI 3MIHU CUTHAJIIB HA BUXOAaX JpaiBepiB ;

o [ligBuIy€e CTIAKICTH JO BUKH/IIB HA JIHISX IIMHU 3aBJISIKHA POOOTI CXEMHU
3aBaJIONPUTYIIICHHS,

e [IporpamoBana aapeca JJis MiAJETIIOTO PEKUMY 3 MIITPUMKOIO 3arajibHOTO
BUKJIHKY

e [IpoOymxeHHs] MIKPOKOHTpOJIIEpA 3 PEXKUMY CHY NPHU BU3HAYEHH1 33JIaHOT
aZpecH Ha IINHI;

e Ci-kon apaitBepa s Beaydoro TWI;

e CymicHicTs 3 mpotokoiom [2C kommnanii Philips;

e Bukopucranns anapatHoro moayist TWI;

o [lepenaua 3 BUKOPUCTAHHSIM NIEPEPUBAHD;

e [linTpumka crangaptaoro 100 k6ox 1 mpuckopenoro 400 k60 peKUMIB.
Buznauenus wiunu TWI
JBonpoBinnuii nociigoBuuii inTepdeiic TWI Bupiiiye TUIOBI 3a7a4i 3B’ 3Ky B

MikpokoHTpoJiepi. [Ipotokon TWI no3Bossie MpoOeKTyBaTbHUKOBI CUCTEMHU 30BHI

3B's13aTH 10 128 pI3HUX MPUCTPOIB Yepe3 ABOMPOBIAHY IIMHY, 1€ OJHA JIHIA - JHIA

cunxponizamii SCL 1 oxHa - minisg maaux SDA. J{ns peamizamii A HEOOX1THUN

PE3UCTOP, IO MIATATYE A0 TUTIOCA JKUBJICHHS, HA KOXHIM JiHil muHu (puc 1.38.).
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Bci npuctpoi, ski miaKIr0YeH! A0 IIMHU, MalOTh CBOIO IHAMBIAyaIbHY ajpecy, a

MeXaHi3M BU3HAYCHHSI BMICTY IIIMHU MIATPUMY€EThCs TpoTokosom TWI.

¥
w

o

Hpuerpiit || Hpucrpiin 2|| Hpuerpii 3| - | Hpaerpii n R2

.-_.\
II'_.I
&
Y

Puc. 1.38. 3oBHIIHI miakIroYeHHs 10 muHn TWI

Buxopucmanns mooyns TWI sax eedyuoeo inmepgheticy 12C
Monayns TWI cknanaetses 3 aexinbpkox miamoaymis (puc. 1.39). Bei perictpw,

K1 BUIUICH] )KUPHOIO JIHI€I0, TOCTYMHI Yepe3 MIUHY JaHUX MIKpOKOHTpOJIEpa.
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Fphitpax

I percTp 2CFEY

EipryEAHER HR PIMETD zaEamT0- Er[ryEAHER HR T —
Py mp fpoei TP BT EOSE HECT
Bnok WwuHHOMD iHTepdercy MeHepaTop WekAKOCTI
Kepy E3HHA YMOEEMH MpHrHivEHHA 2aBam O —
CTAPT/CTON
bl

A E-nin- ParcTp weWaAoCTI

anpecalaaHHks [TIDR) TEEPEEHHA zE'Azcy (TUWBR]

;

EnoK eWAE N2HHA afapecH

Perictp agpecu (TIAR)

Komnaparop agpeck

;

:

Bnok kepyEaHHA

ParicTp crany PericTp kepy EaHHA
(TS R (TG R

Kepy E3HAA UWMpoOErM 3ETOMATOM
T3 GTaHOM

Bnok T

Puc. 1.39. ®ynkmionansHa cxema moayist TWI

Cxema MICTUTB:

e 1paiiBepu BUBOZIB SCL if SDA;

e (OJIOK reHepaTopa MIBUAKOCTI 3B SI3KY;

e (JIOK IMHHOTO 1HTEpdENCy;

e OJIOK BHSBIICHHS a/IpECH;

e (JIOK KEpPYBaHHSI.

/Jlpaiteepu eueooie SCL it SDA

Buoau SCL ta SDA 3B's3y10Th ABONIPOBIAHUMN 1HTEpPEic MIKPOKOHTpoOJIepa 3

IHITUMHU MIKPOKOHTpoOJIepaMu B cucTeMmi. J[paliBepy BUXOAIB MICTITh 0OMEKyBa4

IIBUJIKOCTI 3MiHU (POHTIB i BuUKOHaHHs Bumor no TWI. Bxigni kackamu

MICTATh OJIOK TPUIYIICHHS 3aBajl, 3aBJaHHs SIKOTO TIOJIATaE€ B ITHOPYBaHHI

IMITyJTbC1B TpuBasticTiO MeHIe 50 He. [0 KoKHOT 3 1UX JiHIA MOXKHA MAKITIOYUTH
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BHYTPIIIHIA MIATIATYIOUUN PE3UCTOp HUIIXOM ycTaHOBKU po3psaiB PORTD.O
(SCL), PORTD.1 (SDA). Bukopucranssi BOYJOBaHUX MIiATATYIOYNX PE3UCTOPIB Y
PAll BUNIQJKIB JO3BOJISIE€ BIIMOBUTHUCS BiJ BXKMBAHHS 30BHIITHIX.

bnok cenepamopa wieuoxocmi 36 ‘a3Ky.

HNanuit 65mok ympasise mnepiogoMm immynbciB SCL B pexumi Beaydoro
npuctporo. Ilepiog SCL 3amaetscs perictpoMm mBuakocti TWI (TWBR) 1
3Ha4YeHHSIM OITy YIpaBiiHHA nepeaaiabHukoM B perictpi ctany TWI (TWSR). V
MIJJIETJIOMY PEXUMI 3HAYEHHsI IIBHUIKOCTI ab0 YCTAHOBKH IepeiIbHHUKA HE
BIUTMBAIOTh HAa POOOTY, ajie 4acToTa CHHXpOHI3alil mianernoro npuctpoto (MK)
Mae Oytu MiHIMYyM B 16 pa3iB Bumie 3a yactoty SCL. Ilianerm npuctpoi MoXyTh
MOJIOBXKYBATH TPUBAIICTh HU3BKOTO PiBHA Ha JiHIT SCL, TUM caMUM 3MEHITYIOYH

cepeanto yactoty cunxponizanii mman TWI. Hacrora SCL Bu3HavaeThes SIK:

7
16 + 2 - (TWBR)- 4™~

Fser =

fQ - yacToTa KBap1oBoro reueparopa MK;

TWBR - 3nauenns perictpa mBuakocti TWI;

TWPS - 3nauenHs 6iTiB nepenaiabHuKka B perictpi crany TWIL

bnok wiunnozo inmepdeiicy.

Jlanuii 6510k MICTUTB pericTp 3cyBy aapecu 1 ganux (TWDR), konTponep ymoB
CTAPTa/CTOIIa i1 cxemy ap6itpaxy. Perictp TWDR wmictuth nepenaBanuii 6aint
aapecu abo JaHuX, a00 NpuHATHI OallT aapecu abo naHux. OKpiM 8-po3psIHOrO
perictpy TWDR, 5o cknagy 070Ky MMHHOTO 1HTEpPECYy TaKoXK BXOIUTH PETICTP,
mo 30epirac 3HAYEHHS TEpeaaBaHOr0 ad0 MPUNHATOTO OiTa MIATBEPIKCHHS/HE
migrBepmkenas (A/A). Jlo maHOro perictpa Hemae INPSAMOTO JOCTYIy 3 OOKy
nporpamMHoro 3adesneueHHs. [Ipore mia yac mpuiloMy BiH MOYKE BCTaHOBITIOBATHUCS
ab0 CKUJaTUCS NUIAXOM MaHImyJsiii 3 perictpom ynpasmiaass TWCR. YV pexumi

nepenaBada 3HAuYCHHS NPUHHATOro 6iTa A/A MOMKHA BM3HAYUTH 3a 3HAYCHHAM

perictpa TWSR.
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Kontponep CTAPTa/CTOIla Biamoifae 3a TeHeparlito 1 JeTeKTyBaHHS YMOB
CTAPT, IIOBTOPHUH CTAPT i CTOII. Konrponep CTAPTa/CTOIIa no3Bose
BusiBuTH yMOoBU CTAPT 1 CTOII, HaBiTh SIKIIO MIKPOKOHTPOJIEP 3HAXOAUTHCS B
OJIHOMY 3 PEXKHUMIB «cHY». Llum 3abe3neuyerbcs MOXIMBICTH MPOOYKEHHS
MIKpOKOHTPOJIEPA 3a 3alIUTOM IIIMHU BiJ] BEJCHOTO.

Axmo TWI inimiroBaB mnepefady sK Beayduil, TO cXxema apOITpaxy
Oe3mepepBHO  KOHTPOJIIOE Tepefady, BHU3HAYAIOYH MOXJIHMBICTH TOMATBIIOL
nepenaui. SAxmo TWI BTpadae apOutpaxk, To 010K QopMye BiJIMOBIIHUNA CUTHAI
OJIOKY YIIpaBIiHHSA, SKMI BUKOHYE aJIeKBaTHI A1 1 TeHEpPY€E BIAMOBIIHUM KOJI CTaHYy.

bnok euaenenna adpecu.

brok BusiBIIEHHS ajpecy MepeBipsie 4d piBHA MPUNHATA apeca 3HAYCHHIO /-
po3psimHoi anpecu 3 perictpa TWAR. Skmo BcTaHoBieHud OIT J103BONY
BusiBiieHHs 3aranbHoro BUKIUKy TWGCE B perictpt TWAR, To BCl BXiH1 agpecHi
OITH JTOATKOBO TMOPIBHIOBATUMYTHCS 3 aJAPECOI0 3arajbHOro BUKIWKY. [lpu
aZpecHOMy 30iry MOJA€ThCsl CUTHAN OJOKY YIpaBIIHHS, 110 J03BOJISIE BUKOHATH
oMy HeoOximH1 mii. 3amexHo Bim ycraHoBku perictpa TWCR minTBepmkeHHs
aapecu TWI moxe BinOyBaeTbcss abo0 Hi. blIOK BHUSBIEHHS aapecw 3JaTHHUI
(yHKLIOHYBaTH HaBITh, KOJM MIKPOKOHTPOJUIEP MEPEBENCHUN B PEKUM «CHY»,
TAM CaMHUM JO3BOJISIIOYM BIIHOBUTH HOpPMajbHY POOOTY MIKPOKOHTpOJIEpa IO
3amuTy BIJ MaicTpa muHU. ko npu aapecHomy 30iry TWI B ekoHOMIuHOMY
peXuMi MIKPOKOHTpoOJIepa, BUHUKAE 1HIIE mepepuBanHs (Hampukian, INTO), To
TWI npununsie poboTy 1 moBepTaeThes 10 crany xonocroro xoxy (Idle). SAxmio
BUHUKHEHHSI JaHOro e(dexkTy HeOakaHe, TO HEOOXIAHO CTEKHUTH, a0u Mmij dYac
BUSIBJICHHS ajipecarlii, KOJIM MIKPOKOHTPOJIEP 3HAXOAUTHCS B PEXKUMI BUKITIOYCHHS
(Power-down), OyJ10 103BOJICHO JIMIIIE OJHE ITEPEPUBAHHSL.

bnok kepysanns

brok xepyBanHs croctepirae 3a muHo0 TWI 1 reHepye BIATYKH BiJAIOBITHO
10 yctaHoBok perictpa yrpabiiHHss TWCR. fxmo Ha mmnai TWI Bunukae mois,

sKa BUMAarae yBaru 3 OOKy MpOTrpamMu, TO BCTAHOBIIOETHCS MPariop MepepuBaHHS
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TWINT. HactyrnHuM TakTOM OHOBJIIOEThCS BMICT perictpa crarycy TWI - TWSR,
B sSKOMy Oyne 3amuMcaHuii KOJ, MmO iAeHTH(]IKye BUHUKIY Tmofito. JlaHas
iH(popmariis 30epiraetbess B TWSR nuiie Toxai, KoiM BCTaHOBJICHUH Mparop
nepepuBanHs TWI. B perictpi TWSR Mictutbes cnemiaabHuil kon ctany. o Tux
nip, nmoku BcraHoBieHud mparnop TWINT miniss SCL 3anumiaerscsi B HU3BKOMY
ctaHi. [{lum 3a0e3nedyeThcss MOKIMBICTh 3aBEPIIUTH MpOorpami BC1 3aBAaHHS Mepe]
MIPOJOBKEHHSIM CEaHCy 3B'A3KY.
e [Ipanmop TWINT BCTaHOBIIOETHCS B HACTYITHUX CUTYaIlIsX:
e Ilicns nepenaui ymosu CTAPT/ITIOBTOPHUI CTAPT;
o [licns mepenadi aap BeIEHOTO+UUTAHHS/3AINC;
e [licnsa nepenaui agpecHoro Oaira;
e [licns BTpaTu apOITpaxky;
o [licns Toro, ssk TWI agpecoBanuii BiIacHOO MiAJIETIION0 aapecoro abo
3arajJbHUM BUKJIMKOM;
e [licnsa mpuitomy OaiiTa 1aHUX;
e TIlicns npuitomy ymosu CTOIT a6o [IOBTOPHMIL CTAPT B pesxumi
aapecarlii BeJIeHOro;
o [licns BUHMKHEHHS MOMUJIKY YHACHTIIOK HeKopeKkTHOi ymoBu CTAPT
abo CTOIL.
Onuc pezicmpie TWI

Dopmam pecicmpy wsuoxkocmi 36 ’a3ky TWBR HacTynmHU:

Pospsin 7 6 5 4 3 2 1 0
TWBR | TWBR | TWBR | TWBR | TWBR | TWBR | TWBR | TWBR
7 6 5 4 3 2 1 0

Yurt./3ammc Yur./3 | Yur./3 | Yur./3 | Yur./3 | Ywur./3 | Ywur./3 | Ywur./3 | Yur./3
II. . L. L. . . 1I. IL.

Bux. 0 0 0 0 0 0 0 0

3HAUYEHHS

TWBR 3anae koedilieHT AUICHHS YaCTOTH T'€HEepaTopa IMIBUIKOCTI 3B'S3KY.
['eHepaTop 4acCTOTH IIBHUIKOCTI 3B'SI3KY - JUIBHUK YAaCTOTH, IKUN (POpMY€E CUTHAIT

cunxpoHnizaiii SCL B pexumax "Benyuwnii".
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Dopmam pezicmpy ynpasninua wiunoro TWCR HaCTyNIHUN:

Pospsin 7 6 5 4 3 2 1 |0

TWINT | TWEA | TWSTA | TWSTO | TWWC | TWEN | - TWIE
Yur./3amuc Yr./3n. | Yr./3m. | Yr./3o. | Ur./3m. | Ur. Yr./3m. | Yr. | YUr./3m.
Bux. 35auenns | 0 0 0 0 0 0 0 0

Perictp TWCR npusnauenuii nms ynpasninag po6ororo TWI. Bin
BUKOPHUCTOBYETHCS 17151 103BOTy podotr TWI, muist iHiIiaIii ceancy 3B's13Ky;
ymoBH, 1110 Befe a0 renepainii CTAPT Ha muH1; 171 reHepartii marBepaKeHHs
npuitomy; uist renepanii ymosu CTOII 1 111 OCTaHOBKM IIMHU 1] 4ac 3alucy B
perictp TWDR. Bin Takox curnamizye npo cupo0y MOMUIKOBOTO 3aIKCy B
perictp TWDR, konu goctyn 10 HbOro OyB 3a00pOHEHUI.

Pozpsin 7 - TWINT: IIpanop nepepuanus TWI.

Jlanuii 01T BCTAaHOBJIIOETHCS arapaTHo, ko TWI 3aBepiye moTouHe
3aBaaHH 1 yekae peakiii nporpamu. fAxmo 6it I B SREG 1 611 TWIE B TWCR
BCTAHOBJIEH1, TO MIKPOKOHTPOJIJIEP MEPEXOIUTh Ha BeKTOp nepepuBanns TWI.
Jlinis SCL 3anumiaeTbes B HU3bKOMY CTaH1, MOKW BcTaHoByieHui nparnop TWINT.
[Tpanop TWINT ckupmaerbcsi pOrpaMHO IIISXOM 3aMUCy B HBOTO JIOT1YHI 1.
Jlanuit mpanop CKUJAETHCS HE aBTOMATUYHO TIPH MEPEX0/Ii Ha BEKTOP
nepepuBadHs. Takok MOTPiOHO BpaxyBaTH, 0 CKUIAHHS TaHOTO Iparnopa
MPUBOAUTH J10 BiHOBICHHS poooTu TWI. 3 1bOro BUXOIUTH, 1110 IPOTPaMHE
CKHMJIaHHS JAHOTO IIparopa HeoOX1THO BUKOHATH IICIIs 3aBEPIIICHHS OIUTY
perictpiB TWAR, TWSR i TWDR.

Pozpsin 6 - TWEA: BiT n03Boiy miaATBEpKEHHS.

bitr TWEA kepye renepaiiieto immynbcy niarBepakenss. Akimo B 6ir TWEA
3anucana Jior. 1, To immynec [TIJITH renepyerbes na mmni TWI, sikio
BUKOHYETHCS OJTHA 3 HACTYITHUX YMOB:

o [lpuitHsiTa BacHa mijJieria ajapeca;
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o [lpuitHsaTHi 3arayibHUN BUKIMK, KoJii BcTaHOBIeHU 01T TWGCE B
perictpi TWAR;

o [lpuiinaTuii 6aliT JaHUX B PEKUMI BEAY4Oro MpHiiMaua abo BEJIEHOTO
npumMaya.

3amuc jor. 0 B 61T TWEA 103BoJ1sI€e THMYaCOBO BIAKIIOUYUTHUCS Bl
JBOIIPOBITHOI MTOCITIIOBHOT IMIMHM. [[7151 BITHOBICHHS pO3IMi3HABAHHS aIpECU
HeOOX1HO 3amucaT B JaHuii 01T jor.1.

Po3psin 5 - TWSTA: bit ymosu CTAPT.

[IporpamicT NOBHHEH BCTAHOBUTH JIaHHUH OIT P HEOOX1THOCTI CTaTH
BEJly4UM Ha JBOMPOBIAHIN nocigoBHi# mmHI. TWI nepeBipsie JOCTYNHICTh ITUHU
1 renepye ymoBy CTAPT, sikiio muna ButbHa. [IpoTe sIKIo muHa 3aifHsTa, TO
TWI yekae nosisu ymoBu CTOII, a notim renepye HoBy yMmoBy CTAPT mst
nepexorieHHs crany Beaydoro muHu. TWSTA HeoOxiHe CKUAaTH IpOrpaMHO
nicas nepenayi ymosu CTAPT.

Pozpsin 4 - TWSTO: bit ymosu CTOIL.

VYceranoBka 0ita TWSTO B pexxumi BeAy4oro npu3BOAUTH J10 TeHepallli yMOBU
CTOII Ha gBOnpOBIIHINM MOCTIAOBHIHM IIMHI. SIKIIIO HA TWHI BUKOHYETHCS yMOBa
CTOII, To 6iTr TWSTO ckumaeTscs aBTOMaTUYHO. Y PEXKHUMI BEIYIOT0 YCTAaHOBKA
oiTa TWSTO Mo0ke BUKOPUCTOBYBATHCS 71l BUXO/1Y 3 YMOBHU MOMMIIKH. B 11b0My
Bumnasiky ymoBa CTOII ne renepyethcs, ane inrepdeiic TWI noBepraeTses 10
0e3aipecHOro pexumMy Benydoro 1 nepeBoauth JiHii SCL 1 SDA B
BHUCOKOIMIT€IAaHCHUM CTaH.

Pozpsin 3 - TWWC: [Ipanop nOMUIKOBOTO 3auCy.

bitr TWWC BcTaHoBI0€THCA ITpU cipoOi 3anucy B perictp aanux TWDR,
ko TWINT mae auzbkuii pieHs. [Ipamop ckugaeThest ipu 3amuci perictpa
TWDR, xomu TWINT = 1.

Po3spsin 2 - TWEN: bit no3Bosy po6otu TWI.

bitr TWEN no3Boisie podoty TWI 1 aktuBizye intepdeiic TWI. SAxmio 61T

TWEN Bcranosnenuii, To TWI O6epe Ha cebe QpyHKIIT yrpaBiiHHS JIHISIMU
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BBeAeHHA-BUBeIeHHs SCL 1 SDA. [Ipu nboMy 103BOJISIETECSE pOOOTa 0OMEKYBaUIB
MIBUAKOCTI 3MiHU (DPOHTIB 1 (DUIBTPIB 3aBaAONPHUAYIICHHS. KO 1aHui OIT
nopiBHIOE HYIO, TO TWI BigK/IF09a€eThCA 1 BC1 Iepeaadi IPUIUHSIOTHCS
HEe3aJIe)KHO BiJ CTaHY POOOTH.

Po3psin 1 - PesepBHuii OiT

JlaHuii OIT € pe3epBHUM 1 IPOUUTYETHCS K 0.

Po3psin 0 - TWIE: Jlo3Bin nepepuBanns TWI

Skmio B manmii 61T 3anucana Jjior. 1 1 Bctanosienui 0it I B perictpi SREG, To
3anut Ha nepepuBanHs TWI reHepyBaTuMeThCs 10TH, TOKH BCTAHOBJICHHM Mparop
TWINT.

@opmam pecicmpy cmany TWSR HaCTyTHUI:

Po3spsin 7 6 5 4 3 2 1 0

TWS7 | TWS6 | TWS5 | TWS4 | TWS3 | - TWPS1 | TWPSO
Yur./3amuc Yur. Yur. Yur. Yur. Yur. Yur. | Yur./3n0. | Yur./30.
Bux. 35auenns | 1 1 1 1 1 0 0 0

Pospsinu 7.3 - TWS: Ctan TWI

Hani 5 61t BitoOpaxaroTh crad jgoriku 01oky TWI 1 nBorpoBigHOL
NOCIITI0BHOT HHK. Po3psan 2 - 61T € pe3epBHUM 1 NpOUUTYeThCS SIK 0.

Pozpsinu 1..0 - TWPS: bitu nepenninsauka TWI

JlaHi O1TH BIAPI3HSIOTHCS TOBHUM J0CTynoM (UuT./3amuc) 1 103BOJISAIOTh
YIOPABJISITH MEPEAUTBHIUKOM IIBUAKOCTI 3B'A3KY, 3T1IHO Taou. 1.5.

Ta6mui 1.5. - TepenainbHuk mMBUAKOCTI 3B'3ky TWI

TWPS | TWPS |3nauenns

1 0 nepeIiICHHS
0 0 1

0 1 4

1 0 16

1 1 64

3HauYEHHsI KOJIIB CTATyCy 3aJI€KaTh BiJi KOHKPETHUX PEXKHUMIB POOOTH MOYJIs

TWI. Onnak € aBa koau ctany ($ F8 1 $ 00), He moB's3aHi 3 SKUM-HEOY b
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pexxuMoM poboTu (Tadm. 1.6).

Cran 3 kogoM § F8 € mpomixkanM. HasiBHICTB 1IbOTO KOy O3HAYA€ BiJICYTHICTh
Oynb-aKoi 1HpopMarii y 3B's3ky 3 TuM, 1110 nparnop TWINT He BcTaHOBIICHHIA.
Kox cratycy $ 00 curnamizye nmpo moMuiiky Ha muHi. Taka moMuiIKa BUHUKAE TPU
dbopmyBanni Begyuum ctaHiB CTAPT a6o CTOII B HEBIAMIOBITHOMY MicIIi,
HaIpUKIIaJI, i1 Yyac nepeaayi 6aita agpecu, 6aiita qaHux abo Oita
niATBepLKeHH. 711 BUXOTy 3 TaKMX CUTYyalllid HE0OX1IHO 3amucaru jor. 1 B
po3psian TWSTO 1 TWINT. B pesynbpTaTi MOAY/ b TIEpEiisie B PEKUM
HEaJPECOBAHHOIO Bey4oro, 3BUIbHUTS JiHIT SDA 1 SCL 1 ckune npanop TWSTO.
Cran CTOII B miif curyarii copMoBaHO He Oyjie.

Ta6mug 1.6. - Koau crany, 1m0 He 3aiexaTh B pexxumy TWI

CraH muHu Hacrymnna nis,
Kon imomynst TWI | Jlii mporpamu 10 BUKOHY€ETHCS
CTaTycy B/i3 B perictp TWCR moxayiem TWI
TWDR |STA [STO [TWINT | TWEA
$F8 Hemae Hemae Hemae miit YexaHHs
iH(pOopMaAIlii; i BCTAHOBJICHHS
TWINT = «0» npanopy TWINT
$00 IMomusika Ha Hemae |0 1 1 X Bei il
LIMHI B i BUKOHYIOThCS
pe3ymbTaTti anaparso. [lluna
HEKOPEKTHOTO 3BUIBHATHCS, a
(dbopMyBaHHS npanopTWSTO
crauis CTAPT ckugaeTbed B «0»
a6o CTOII

[H111 KO/IM CcTaHy 3a1eXaTh OyAYTh POJISIHYTI TIPH OMUCY PEKUMIB pOOOTH
MOJTYJIS.

@Dopmam pecicmpy oanux mimHU TWDR HacTynHmii:

Po3spsin 7 6 5 4 3 2 1 0

TWD7 |TWD6 |TWD5 |TwD4 |TwD3 |TwWD2 |TwD1 | TWDO

Yur./3ammuc | Yur./3n0. | Yur./3no. | Yur./3m. | Yur./3m. | Yar./3n0. | Yur./3n0. | Yur./30. | Yur./310.

Bux. 1 1 1 1 1 1 1 1
3HAYCHHS

VY pexumi nepenasaya perictp TWDR micTuTh HacTynmHMiA OalT aisg nepegadi. Y
pexumi npuitmaua perictp TWDR MicTuth octanH1i npuitHATUHN OaifT. 3anuc B

perictp MoxuuBui nuine ko TWI He BUKOHYe Tipoliec 3CyBy JaHuX. Takuil cTan
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HacTae, KOJiM BiI0YBa€EThCs arapaTHa ycTaHoBKa rparnopa nepepuBanas TWINT.
3a3HauMMO 1110 PEriCTp JAHUX HE MOXKE 1HIIIai3yBaTUCS KOPUCTYBaueM Nepe
BUHUKHEHHSIM Tiepiioro nepepuBanus. Jani B perictpi TWDR 3anumarotscs
ctabiapHUMH JTokH BetaHoBieHui 01T TWINT. I1ix yac 3cyBy gJaHUX MOCIII0BHOL
nepeaadi OTHOYACHO BiIOYBAETHCS 3CYB IS TIOCIIIOBHOTO BBEIEHHs. PericTp
TWDR 3aBxau MICTUTh OCTaHHIM OANT MpecTaBICHUN Ha [TKMHI, BUKIIOYAI0YU
CHUTYAI[IO BiTHOBJICHHSI HOPMaJIbHOI POOOTH MIKPOKOHTPOJIEpPA 32 MEPEPUBAHHIM
TWI. B ubomy Bunanky ctan TWDR € neBuznauenum. B pasi BTpatu apoiTpaxy
IIMHY JIaHl, IepeaBaHi BiJl BEy4Oro J0 BEICHOTr0, HE BTPAYalOThCs. Y IPaBIIIHHS
01TOM B110YyBa€THCSA aBTOMATUYHO M1 ynpaBiiHHAIM cxemu TWI, a MK
Oe3nocepeIHbOro TocTymy 110 OiTa miarBepkeHHs ACK He Mae.

Bwmict perictpy MK ckimanae OaliT gaHux, SKUM HEOOXIJHO MepenaTH
HACTYITHUM, 200 OCTaHHIM MPUUHATUN OAUT 1O ABOMPOBIAHIN MOCTIAOBHIN IIKHI.

Pezicmp aodpecu 6edenoeo wiunu TWAR Mae hopmar:

Po3zpsin 7 6 5 4 3 2 1 0

TWA6 | TWAS |TWA4 | TWA3 | TWA2 |TWAl | TWAO | TWGCE

Yur./3amuc | Yur./3n0. | Yur./3m. | YUur./30. | Yar./3n0. | Yur./3n0. | Yur./30. | Uar./30. | Yar./3m0.

Bux. 1 1 1 1 1 1 1 1
3HAYCHHS

Axmo TWI HanamroBaHuii Ha pexuM BEICHOT0 NiepeaaBaya abo npuiimaya, To
pearyBaTuMe JIMIIE Ha aJIpecy, 3amucany B 1ei pericTp (y 7 cTapiiux po3psiiiB
TWAR). V pexumax BeAy4oro JaHUN PEriCTp HE BUKOPUCTOBYETHCS. Y
Oararomaiictepaux cucrteMax perictp TWAR BCTaHOBIIOETHCS B TOMY BEy4OMY,
710 SIKOTO aJpeCcyrOThCs SIK 0 BEJEHOIO 1HIII BeAy4l IIUHH.

Momnoammii po3psia perictpa TWAR BUKOpHUCTOBYETHCS AJIs T03BOTY
BUSIBIICHHS ajipecH 3araabHoro BUKIHKY ($00). CriernianbHAN KOMIIApaTop
BUKOHY€ TIOPIBHSIHHS TIIETII01 agpecH (a00 aapecu 3aralbHOTO BUKIUKY) 3
npuitHsaTOr0 aapecoro. [1pu 30iry aapec reHepyeThCs 3aMUT HA TepEPUBAHHS.

Ilocnioosnicms obcnyzosysanns TWI npu munogiu nepeoaui
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TWI opieHTOBaHM Ha TIepeavy JaHUX B OaWTHOMY (hopMaTi 3 yIpaBIiHHIM
3a nepepuBaHHsM. [lepeprBaHHS BUHUKAIOTH ITICIIST BUSIBJICHHS OJTHOTO 3 MOIN Ha
IIMHI, HAIpUKIIa, npuiioM O6aiita abo nepenaya ymosu CTAPT. Yopasminas TWI
3a MepepUBaHHSM JI03BOJISIE 3BUTLHUTHU MTPOrpamMHe 3a0e31eueHHs Ha BUKOHAHHS
IHITMX 3aBJaHb IiJ] 9ac repeaadi 0aiTa Janux.3a3HavyuMo, [0 YCTaHOBKA Mparopa
TWINT nipu3BoauTh 10 reHeparlii 3aluTy Ha MepepruBaHHs JIUIIE Y TOMY BUIIAJIKY,
KOJIM BcTaHOBJIeHUH 01T n1o3Boiy nepepuBanns TWIE B perictpi TWCR, a Takox
J03BOJIEHa poOOTa epepuBaHb ycTaHOBKoo Oita B perictpi SREG. Skmio 6iT
TWIE ckunytuit, To ctan TWINT moBrUHEH BiICTEKYBaTUCS IIPOTPAMHO JIJIs
OLIIHKMU cuTyarii Ha muHi TWI.

[Ticnst ycranoBku nparnopa TWINT iaTepdeiic TWI npununsie poboty 1 uekae
peakilii mporpamu. B iboMmy Bunanaky perictp crarycy TWI (TWSR) mictuts
3HAUEHH4, sKe BigoOpaxae nmotounuii crad muHu TWI. Buxonguu 3 uporo
mporpama 3aja€ nojaiblny noBeAiHky mmau TWI, MaHinmyo04u perictpamu
TWCR i TWDR.

Ha puc. 1.40. noka3zanuii mpocTuil mpukiia miakiatodenss 10 muad TWI. Tyt
nepeadavaeThes, 1Mo Beaydiid (MaicTep) Oaxae nmepeaaTi OJuH OalT TaHux
BeJlcHOMY. JlaHuii OnucC BEeJIbMU 3arajibHUi, a IeTalbHIIIe MOSICHEHHS HABOAUThCS

JIajl B IIbOMY PO3ILIIL.
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1. Mporpama sanKcye B 3. Nepesipka TWER, wob epeBipka TWER, wol BNEEHHTHC B 7. Mepesipka M‘SR, m,l:n.ﬁ

TWWCF nna iHiLagji EMNEEHWMTHCE B BifNRSEL YIMOEKW BRI YMOEW BMEEHATWCE B BIfMPRELY AaHH

NEPELa-M YMOEK CTAPT. MNpomama 356 aHTaKYE "Bemerora A& JPECA+HTIEN" T4 Ta NPHRORIL NIT B R HERHA

CTAPT. "Bepennra_AJPECA+YTEN" B TRMMEHHI Nig TEepxeHHa (TILTE). MIATE. Moo mpana sa6aHT s ye
TWDR, & Tako# SanHcys BignosigHi pOMmana SaBEHTaNYE LaHH 5 TWOR, a Kepytodi chmank B TYSCR gna
KepyBEaNEH ClMank B TWCR, npr SKOGK FAMMCYE BIANOEIAHI Kepyodi BifAPEE KK YR CTOM, N
Uponty 080E ASK0ED HenxigHD MHanK ¥ TWCR | B T.4. 000E'8skoB0 Uponty HeoGxigHo oS0E'asK0E0
FanMcaTi nar. 1 6 TWAMT i nor. 0 & AMMCYETECA nor. 16 TWINT. anMcaTI nar. 1 s TAWINT.
TWSTA,

— 1
CTAPT Begenoro_AOPECA+HT3In | [IOTB DAHI §1|'[||TB CTON
ACKE | ACK

2 BeTaHos noeThca TWWINT.
Kog CTaHY CHMHansYe, Lo
ymoBa CTAPT nepefada.

MEMACKE YRI0E K

4. BotaHoe nioeTECA TWIRT. Kog cTaHy
CWMHaNIEYE NPO BIANPAERY
"Begeroro_AJQPECA+HTIEN", Ta

nig TEepL:xeHHa NIATE

6. BocTaHoenoe TWINT. Kog cTany
HAMUKIE NP0 BMANPSEKY LaHHMX i f
ApMAcmi MigTEepakeHHa NOTE.

]

Puc. 1.40. ITocninoBHicTs o0cayroByBanus TWI npu Tunosiit nepenayi

Ha puc 1.40 6o0ku 1,3,5,7 BinoOpaxkyroTs [iii mporpamu, myHkTH 2,4,6 — cTan

npuctporo [2C.

1) [lepmmm kpokom pobotu TWI € nepenaya ymoBu CTAPT. Lle iHimitoeTbes

OIIAXOM 3aIlnc

3anucy neBHoro 3HadeHHs B TWCR. 3a3naunmo, 1110 HEOOX1THO CTEXKUTH, 01

B 3ancyBaHomy B perictpi TWICR OyB ckunytuit 61T TWINT. 3amnuc snor. 1 B

TWINT ckunae et npanop. TWI He moune poOOTy A0 TUX TIip, TOKU Oyjie

BcranoBnenuit nmpanop TWINT B perictpi TWCR. Biapasy mnicinst ckuianss

TWINT nounnaetscsa nepenaya ymosu CTAPT.

)Ilicns nepenaui ymoBu CTAPT BcranoBmtoeTsest mpanop TWINT B perictpi

TWCR, a Bmict TWSR OHOBJIOETHCS 3HAUEHHSIM KOAY CTaHy, 110 BiA0Opa)kae mpo

yenimny nepeaady ymosu CTAPT.

3)Y nporpami HeoOXxiAHO BUKOHATH nepeBipky 3HaueHHs TWSR, abu

nepekoHaeThes B Tomy, 1110 ymoBa CTAPT 6Oyna ycnimno nepenana. Sxmo TWSR

B1JI0Opakae 1HIIY CUTYaIlil0, TO MpOTrpaMa BUKOHYE OCOOIMBI /i1, HAIPUKIIA],

BUKJIMKAE TPOIEYPY OOPOOKH MOMUIIKOBUX CUTYaIlii. SKIo Ko/ cTaHy Mae

OYiKyBaHE 3HAYEeHHsI, TO BUKOHY€EThCA 3aBaHTakeHHs1 yMmoBu BEJIEH AJIP +
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3AIINC B TWDR. Heo6xigHo nam'statu, mo TWDR BUKOpHUCTOBYETHCS N5t
30epira"Hs sSK agpecH, Tak 1 nanux. [licns 3aBantakenns B TWDR 6axxanoro
snauenHsa BEJIEH AJIP + 3AIINC B perictp TWCR mae O0yTu 3anucane
crendigyHe 3HAYCHHS, IKE CIIYKUTh KOMaH1010 Jj1s iepeaayi 3HaueHHss BEJIEH
_AJIP + 3AIINC, mo 36epiraetsest B TWDR. IIpoTe HEOOXiqHO CTEXKUTH, a0H B
3aMKrCyBaHOMY B pericTp 3HaueHH1 O0yB BctaHoBieHUM 01T TWINT. 3anuc nor. 1 B
TWINT HaBoauTh A0 ckHAaHHS Lboro npamnopa. TWI He moune poOoTy 10 THX
nip, moku BctaHoByienuit 01T TWINT B perictpi TWCR. Bingpa3y micist ckugaHHs
npanopa TWINT iHimiroeThcst mepeaayda apecHoro Mmakery.

[Ticns mepenayi agpecHoro nakery BcraHoBmoeTbes npamnop TWINT B
perictpi TWCR, a Bmict perictpa TWSR oHOBIIO€TBCS KOJIOM CTaHy, IO
B1JI00Opakae yCIHIIIHICTh MEepeadl aJpeCHOro nakery. ¥ Ko/l CTaHy TaKOX
B1IOMBAETHCA UM OYJIO MIITBEPKEHHS TPUHOMY aIpeCHOTO MaKeTy 3 OOKY
BEJICHOI'O Y HI.

4)BukoHyeThcs mporpaMHa nepeipka 3HaueHHss TWSR, abu nepekoHatucs B
YCHIIIHOCTI Mepeadi afjpecHoro nakety i mo oit miarsepmpkerss [IIJITh mae
ouikyBaHe 3HaueHHs. Skimo TWSR BinoOpaxae iHITY CUTYaIlito, TO IPU
HEO0OX1THOCTI BUKOHYIOTHCS OCOOJIMBI [I1i, HANPUKIIaJ, BAKIUKAETHCS MPOLEypa
00OpOOKHM MOMUIIKOBHX CUTYaIlii. SIKIIO0 >k KOJl CTaHy Ma€ O4iKyBaHE 3HAUYEHHS, TO
nporpama 3anucye naket ganux B TWDR. 3rogom B perictp TWCR 3anucyerscs
cneruivyHe 3HAUYCHHS, SIKE CIYXUTh KoMaH0t0 g TWI 1 BUKIIMKae anapaTHy
nepenavy nanux, 3anvcanux B TWDR. B 3anucyBanomy 3HaueHHi Ma€ OyTu
BcraHoByieHUH 01T TWINT. 3amnuc jor. 1 B TWINT HaBoauTh 10 CKHUIAHHS 1ILOT'O
npanopa. TWI "He moune poboty 10 Tux mip, moku 0yae BcranoBiaeHuit 6ir TWINT
B perictpt TWCR. Bigpasy micnsa ckupanas TWINT nounHaerbes nepegaua
MaKeTy JTaHuX.

S)ITicnsa mepemadi nmakeTy gaHUX BcTaHOBMOEThCs mparmop TWINT B perictpi

TWCR, a BmicT perictpa TWSR oHOBIIO€TBCS 3HAaUEHHSIM KOAM CTaHY, SIKa
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CUTHAII3y€ TIPO YCIIIIHOI Mepeiayl MakeTy JaHuX. Y KOJ1 CTaHy TaKOXK
BIIOMBAETHCA YU OyIJIO MPUHHATO MIATBEPKEHHS B/ MiIETIIONO YH Hi.

6)Bukonyetbcs nporpamua nepesipka 3HaueHHst B TWSR, abu nepekonatucs
B YCIIIIIHOCTI Mepe/iayl MakeTy AaHux i B Tomy, 110 01T IIIJITh mae ouikyBane
3nauyeHHs. ko TWSR BigoOpakae iHIy CUTYaIlil0, TO IporpamMa BUKOHYE
0CcOOJIUBI 1111, B T.4. BUKJIMKAE MPOLIETypPY 0OpOOKH nepepuBaHHs. SAKIIO KO/ CTaHy
Ma€ OUYiKyBaHE 3HAYCHHS, TO BUKOHYEThCS 3aIHC CTCIiaTbHOTO 3HAYCHHS B
TWCR, sike ciyxutb komangoto 11 TWI 1 iximiroe nepenaay ymosu CTOIL. ITix
yac 3anucy Mae Oytu BukoHaHa ycraHoBka 6ita TWINT. 3anuc sor. 1 B TWINT
HABOAMTH 10 CKUJIaHHA Lboro npanopa. TWI He moune poOOTy 10 THX Mip, TOKU
BcranoBieHui 61T TWINT B perictpi TWCR. Binpasy micist ckuganHs mparnopa
TWINT inimitoerbest nepeaadya ymosu CTOIIL. 3BepHiTh yBary, 1o npamnop
TWINT HE BctranoBmtoeTbes micist 3akiHueHHs nepeaadi ymosu CTOIL.

He auBmnsyrch Ha MPOCTOTY BUKJIAJIEHOTO MPUKIIANY, BIH TOKa3y€e MPUHIIUIIH,
MOKJIAJICHI B OCHOBY Oyab-sikoi nepenaui uepe3 TWI. 3 BuIieBukiaeHoro MoxHa
3pOOUTH HACTYITHI BUBOIH:

[Ticns 3akinyennst po6otu TWI BcranoBmoetses mpamop TWINT 1 mami
OUIKY€ThCA peakilis 3 00Ky nporpamu. JIiHisl 3HaX0IUThCS B HU3bKOMY CTaHi, MOKH
ckunytui npanop TWINT.

Sxmo nparmop TWINT BcTanoBneHMI, TO KOPUCTYBad MOXKE OHOBIIKOBATH
Oynb-skuii 3 perictpiB TWI 3HaUEHHSM, sIKE€ BIZHOCUTHCS JI0 HACTYITHOTO €TaITy
po6otu mmuan TWI. Hanpukinan, 8 TWDR 3aBaHTaky€eThcsi 3HAUCHHS, SKE
HEOOX1THO MepelaTh Ha HACTYITHOMY LIMKJI IITUHHU.

[Ticnst onoBnienns Bcix perictpiB TWI 1 3aBepiiieHH1 1HITMX 3aBIaHb
BuKOHYyeThCs 3anuc B TWCR. Ilix yac 3anucy TWCR HeoOxinHe, abu OyB
Bcra”oBieHui 61T TWINT. B nupomy Bunazaky 3amwc jior. 1 B TWINT npusene no
cKuJaHHs qaHoro npamopa. TWI Bukonye aii y BIATOBIAHOCTI YCTAaHOBKOIO
perictpa TWCR.

Ipuknao na Acemobnepi ma Ci
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Hii nporpamu 3rigHo puc. 1.40 HaBeneHo B npukiiaai Ha Acem6:epi ta Ci.

[TepenbauaeThes, 110 BC1 CUMBOJIBHI MO3HAYEHHS BU3HAYCHI B IPUETHAHOMY

daiii.

Ne [Iporpama Ha AcembOnepi

1

2

4

6

Idi r16

(1<<TWINT)|(1<<TWSTA)|(1<<TWEN) (1<<TWSTA)|(L<<TWEN)

out TWCR, r16

waitl:
inrl6,TWCR
sbrs r16, TWINT
rjmp waitl

inr16, TWSR
andi r16, OxF8
cpi rl6, START
brne ERROR

Idi r16, SLA W
out TWDR, r16
Idi r16 (L<<TWINT) | (1<<TWEN)
out TWCR, r16

wait2:

inrl6, TWCR
sbrs r16, TWINT
rimp wait2

inrl6, TWSR

andi r16, OxF8

cpi rl6, MT_SLA_ACK
brne ERROR

Idi r16, DATA
out TWDR, r16
Idi r16 (1<<TWINT) | (1<<TWEN)
out TWCR, r16

wait3:

inrl6, TWCR
sbrs r16, TWINT
rjmp wait3

[Iporpama Ha Ci

TWCR = (1<<TWINT)|

while ({(TWCR &
(1<<TWINT)))

if (TWSR & 0xF8) I=
START)
ERROR();

TWDR =SLA_W,
TWCR = (1<<TWINT) |
(1<<TWEN);

while ({(TWCR &
(1<<TWINT)))

if (TWSR & OxF8) !=
MT_SLA_ACK)
ERROR();

TWDR = DATA,;
TWCR = (1<<TWINT) |
(1<<TWEN);

while (I(TWCR &
(1<<TWINT)))

Komenrap

[Tepenaua ymosu CTAPT

UekaHHS yCTaHOBKU ITparnopa
TWINT. Lum BinoOpaxaeTbes
3aBEpILECHHS Tiepesiadi YMOBH
CTAPT

[lepesipka komu crany TWI.
MackyBaHHs 6iTy
nepeaaiIbHIKa. SIKIo KO
crany He piBauit CTAPT, T0O
nepexig Ha ERROR

3aBantaxenus BEJIEH AJIP
+ 3AIINUC B perictp TWDR.
Ckunagus 0ita TWINT B
TWCR ans mouaTky nepenadi
azpecu

UekaHHs yCTaHOBKH IIpanopa
TWINT. Hum
CUTHAIM3UPYETCS 3aBEPIICHHS
nepenaui BEAEH AJIP +
3AIINC i otpumanHs/He
OTPUMaHHS MIATBEPIKCHHS
(IMIATB/HE HIATB).

[NepeBipka 3Ha4eHHS pericTpa
crany.MackyBaHHs OiTy
nepeatinbHuKa. IKIIo ctan
BiJIPI3HAETHCS BiJl

MT _SLA ACK, to nepexin
Ha ERROR

3aBaHTaXXCHHS JaHUX B
TWDR ckupanHs npamnopa
TWINT 8 TWCR s
MMOYaTKY Iepenadi TaHuX

UekaHHS yCTAaHOBKY TIpariopa
TWINT Ilum BinoOpaxkaeTbes,
1110 JaHi OyJIH repenaHi i
MPUAHSITO/HE PUHHSTO
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minTeeppxenns (IIITB/HE

[HIATB).

7 inrle,TWSR if (TWSR & 0xF8) I= [lepeBipka 3HaYCHHSI pericTpa
andi r16, OxF8 MT_DATA_ACK) crany TWI. MackyBaHHs 0iTy
cpi rle, MT_DATA ACK ERROR(); mepeaIiIbHIKA. SIKIo cTal
brne ERROR BiJIPI3HAETHCS BiJl

MT DATA_ ACK, To mepexin
Ha ERROR
Idi r16 (1<<TWINT)|(1<<TWEN)| TWCR = [Mepenaua ymou CTOIT
(1<<TWSTO) (1<<TWINT)|(1<<TWEN)|
out TWCR, r16 (1<<TWSTO);
Peosicumu po6omu

Moayne TWI Moxe npaimroBati B HACTYIIHUX PEXUAMAX:
- Benyuwnit — nepenaBau(Master Transmitter);
- Beayuuii — npuitomau (Master Receiver);
- Benennii - npuiiomau(Slave Transmitter) ;
- Benenwii — nepenasau (Slave Receiver).
Bubip KOHKpETHOTO PEKUMY BU3HAYAETHCS JIOTIKOK POOOTH MPOTPaMH 1,
BIJIMOBITHO, BUKOHYBAHUMU JI1SIMHU.

VY Bcix pexxumax OyJib-IKUH eTarn B3aeMO/Ii1 TPUKJIAHOI TPOTrpamMu 3 MOIYJIEM
[2C cknmamaerses 3 TPhOX YaCTHH:
* MMiCJIg 3aBEPILICHHS MOyJIEM BUKOHAHHS SIKOi-HEeOy b onepailii, BIH BCTAHOBIIIOE
npanop TWINT perictpa TWCR 1 yekae peaxitii nporpamu. [loku npamoperrs
BCTaHOBJIEHHMH B «1», Ha ninii SCL yrpumyroerscs HU3BKWH pisens;
* micng yctaHoBku nipanopa TWINT kopuctyBad moBUHEH 3aHECTH B PETICTP
MOJ1yJI 3HAYEHHS, BIATIOBITHI HACTYITHOMY €TaIly OOMiHY;
* MiCJIs OHOBJICHHSI BMICTY PETiCTPiB MOAYJIs, KOPUCTYBay NOBUHEH CHOPMYBATH B
perictpi TWCR komaHy Ha BUKOHAHHS HACTYMHOTO eTamy oOminy. [Ipu
3aBaHTAKECHHI B PETICTP HOBOT'O 3HAUYCHHS HE0OX1IHO CKUHYTH mpariop TWINT
3anucoM B HbOTo JIoT. 1. [licns ckugaHHs npanopa MOIyJIb TOYHE BUKOHAHHS

orepaitii, ssika Bu3HadaeThcsi BMicToM perictpa TWCR.
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3HauYEHHsI KOJIIB CTATyCy 3aJI€KaTh BiJi KOHKPETHUX PEXKUMIB POOOTH MOYJIs
TWI, kpim nBox koxiB crany ($ F8 1 $ 00). (JIus. Tadmn. 1.6)
Cran 3 kojioM $ F8 € mpomi>kanM. HasiBHICTB ITbOTO KOAY 03HAYA€E BiJCYTHICTh
Oynb-aKoi 1HpopMarii y 3B's3ky 3 TuM, 1110 nparnop TWINT He BcTaHOBIICHHIA.
Kox crarycy $ 00 curnamizye mpo moMuIKy Ha IminHi. Taka MOMHUIKA BUHHKAE TIPU
dbopmysanni BegyuuM ctaHiB CTAPT a6o CTOII B HeBIAMOBITHOMY MicIli,
HANPUKIIAJ, i 4ac nepenavi OaiTa agpecu, 6aifra qanux abo 6ita
NiATBEpKEeHHs. [[7151 BUXO/ly 3 TAaKUX CUTYalliil HEOOX1IHO 3amucatu Jor. 1 B
po3psian TWSTO 1 TWINT. B pesynbsTaTi MoaysIh TIEpeiisie B peKuM
HEaJIPECOBAHHOTO BeAy4oro, 3BUIbHUTSH JiHIl SDA 1 SCL 1 ckune npanop TWSTO.
Cran CTOII B mi#t cutyaiii chopMoBaHo He Oye.

Pesrcum «Bedyuuii — nepedasauwy

VY pexumi «Benyunii nepenasau» (Master Transmitter) 3aificHIOETbCS
nepegava JaHUX BiJl BEAYYOTro MPUCTPOIO 10 BEACHOTO. [ mepeMuKkanHs
IPUCTPOIO B pEXKUM Beydoro Moayib [2C noBuHeH chopMyBaTH HA IIUHI CTaH
CTAPT. ®opmar agpecHOro makera, IepeaHoro MoTiM, BU3HAYAE B IKOMY 3
pexxumiB Oynie mpairoBatu Beayuuit. [Ipu nepegaui makera SLA + W moaynb
NepexoIuTh B pexxuM «Benyunii mepenaBay», a npu nepenadi nakery SLA + R - B
pexum «Benyunii npurMau.
®opmysBanns crany CTAPT nmounerscs micst 3anucy B perictp TWCR

HaCTYIIHOI'O 3HAYCHHS.

TWINT TWEA | TWSTA TWSTO | TWWC | TWEN TWIE
1 X 1 0 X 1 X
CxunyTH CdopmyBatu Jo3BonnT

nparnop TWINT crad CTAPT poboty 12C

B pe3ynbTaTi 3anmucy BkazaHOro 3HaueHHs Moayb [2C moyHe KOHTPOJIIOBATH
ctaH muHU 1 chopmye cran CTAPT Bigpasy xk, K TUIbKM BOHA CTaHE BUIBHOIO.
[Ticns 3akinuenHst popmyBanns ctanHy CTAPT Bcranomtoerbes npamop TWINT;

KOJI CTaTyCy MOBHUHEH MPH IbOMY MaTu 3HaueHHs, piBHe $ 08. [y nepeMukanHs




Posznooineni mikponpoyecopmi cucmemu 74

MOJyJIA B pexxuM «Bemyunii mepenaBay’ HeoOX1IHO TiepeaaTy o muHi naket SLA
+ W. Jlns poro BMICT makeTy 3aBaHTaxyeThes B perictp TWDR, a B perictp

TWCR 3aHOCUTBCS Take 3HAYCHHS:

TWINT TWEA | TWSTA | TWSTO | TWWC | TWEN - TWIE
1 X 0 0 X 1 0 X
CKHMHYTH npanop Jo3Bosutu

TWINT poboty 12C

[Ticns mepenaui aapecHOro makera i mpuiioMy 6iTa MiATBEPAKEHHS PATop

TWINT 3HOBY BcTanoBmoeThes B «1». Ko cTatycy Ha 1ipoMy eTari MOXe MaTu

oaHe 3 HacTynHuX 3HadeHb. $ 18, $ 20 a6o $ 38.

[Ticns mepenayl agpecHOro MakeTy MOBUHHI OyTH MepeaHl MaKeTH TaHuX.
3HaudeHHs OaiiTa qaHuX 3aBaHTaxyetbes B perictp TWDR. Ilepenaya makety

JAHUX MOYMHAETHCS Tichs 3anucy B perictp TWCR HacTynmHOTO 3HaYeHHS:

TWINT TWEA | TWSTA | TWSTO | TWWC | TWEN - TWIE
1 X 0 0 X 1 0 X
CxuHyTH Tpanop Jo3Bosiut

TWINT poborty 12C

Ornucana npoleaypa BUKOPUCTOBYEThCS JJIsl TIEpeaadl BCIX MAKETIB JIaHUX.

[Ticns mepenayi OCTaHHBOTO OaiiTa JaHUX, BEAy4uil MOBUHEH c(popMyBaTH Ha

mHi ctad CTOIT a6o [IOBCTAPT ®opmyBanus crany CTOII nouneTsest micis

3ammucy B perictp TWCR HacTyImHOTO 3HaUCHHS .

TWINT TWE | TWST | TWSTO TWWC TWEN TWI
A A E

1 X 0 1 X 1 X

CxunyTtn Cdopmysaru
pamnop cran CTOII
TWINT

A st popmyBanns crany [IOBCTAPT B perictp TWCR HeoOxiaHO 3aHeCTH

3HAYCHHS:
TWINT TWEA | TWSTA TWSTO | TWWC | TWEN TWIE
1 X 0 1 X 1 X
CxunyTtn Cdopmysartu cran Jlo3BonuTtu
parnop CTAPT poboty I2C
TWINT

[Ticns popmyBanus Ha muHi ctany [IOBCTAPT (kox crarycy $ 10) Bemyuwii

MO3KE aJIpecyBaTH TOTO K a0o 1HIOTO BeaeHoro He ¢popmytoun ctany CTOIL.
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Iamumu cnoBamu, Bukopuctanus ctany [IIOBCTAPT no3Bouisie 3aiicHIOBaTH

3MiHY BEJCHHUX MPUCTPOIB, & TAKOXK MEPEMHUKATUCA MIXK pexumamu «Bemyunii

nepeaaBaw» 1 «Begyuuit mpuitmau» 6€3 BTpaTH KOHTPOJIO HAJl MIMHOIO.

Konu crarycy mis pexxuma «Benyunit nepenaBay» HaBesieHo B a0, 1.7., a

MOCIIIOBHICTD il B IIbOMY PEXHUMI UTIOCTpyeThes puc. 1.41.

Ta6mug 1.7 - Konu crarycy ais pexxuma «Bemyanit nepenaBay

CtaH mKUHA 1

J1ii mporpamMMel

HacrtymnHa f1is, 1110 BUKOHY€ETBCS

> [Momyns TWI B/3 TWDR B PETiCTp moxysem TWI
> TWCR
= =
5 Z |
5 IHEE
~ inlen|b=| =
$08 |bys Bapantaxut SLA X 0 [1 X [byne nepemanoSLA + W. Byne
chopmoBaHUit +W npuitaaTo ACK a6o NACK
ctad CTAPT
$10 |bys BaBantakutt SLA X 0 [1 X |byne nepenano SLA + W. byne
copMoBaHM + W npuitaatuil ACK abo NACK
ctad [IOBCTAPT BaBanraxkutu SLA X 0 I X |byxe nepenano SLA+R. Moayns
+R NEPEKIIOUNTHCA B pexuM "Benyunii
IpuiMayy
$18 Bapantaxutu nani 0 0 || X [byne nepenano 6aiit nanux. byne
npuitaaTuil ACK abo NACK
bys nepenanuii  [Hemae miif 1 0 1 X |bynecpopmoBano cran [IOBCTAPT
MaKeT
SLA+W i Hemae niit 0 1 [ X [byae chopmoBanuii cran CTOII
MIPUIHSTO (mparop TWSTO 06yze ckuHyTO)
MiATBEPIKEHHS
(ACK)
Hemae it 1 1 1 X |bynechopmorano cran CTOII, a
notim ctad CTAPT (mpanmop TWSTO
OyJie CKHHYTO)
bys nepenanuii  BaBantaxutu gadi 0 0 (I [X [byne nepenano 6aift nanux. byne
$20 |maker SLA+W, a orpumano ACK a6o NACK
HIATBEP/UKEHHS  [Hemae it 1 0 1 X |bynecdpopmoBano cran [IOBCTAPT
He OyJo mpu-
iinsaro (NACK)  Hewmae niit 0 1 1 X [byae chopmoBano cran CTOII
(nparmop TWSTO 6yne ckunyTo)
Hemae niit 1 I 1 X |bynechopmorano cran CTOII, a
notim ctrad CTAPT (mpanmop TWSTO
OyJie CKUHYTO)
$28 |bys mepenanuii  BaBantaxutu mani 0 0 [ X [Byne nepenano Oaiit nanux. Byme
MaKeT TaHMX 1 orpumano ACK a6o NACK
MIPUIHSITO Hemae niit 1 0 1 X |bynecdpopmoBano cran [IOBCTAPT
M ATBEPHKEHHS
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$30

$38

(ACK)

Hemae niit byne chopmoBano ctan CTOII
(mpaiop TWSTO Oyne cCKUHYTO)
Hemae niit byne cpopmoBano ctan CTOII, a

notim crad CTAPT (mparmop TWSTO
OyJie CKHHYTO)

byB nepeganuii
MakeT JaHuX, a
i ITBEPHKCHHS
He OyJo npu-

riHaTo (NACK)

BTpara
MPHUOPITETY
pu Tepeaayi
MaKeTy

anpeca abo TaHUX

3aBaHTaXUTH HaH1

byne nepenano 6ait nanux. bymue
orpumano ACK a6o NACK

Hemae mii

byne chpopmoBano cran [IOBCTAPT

Hemae mii

byne chpopmoBano cran CTOII
(mpammop TWSTO Oyne ckunyTO)

Hemae niit

byne chopmoBano cran CTOIL, a
notim ctad CTAPT (pamop TWSTO
OyJie CKMHYTO)

Hemae nii

Hemae niit

[Tpuctpiii 3BIILHUTH MIUHY 1 IEpeiiie B
PEKUM HEAJIPECOBAHOTO BEJICHOTO

[Ticns 3BiIbHEHHS IUHU Oye
chopmorano ctan CTAPT
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Beflyuwmii nepeaarmivk

Aonongn [ s I SLA T W A f DATA A P |
nepenava L
BEAOMOMY-
NPUEMHUKY $18 $28
Cnep. nepepava -
HA4YMHAETCS € s I sA
GOpMUPOBaHUA
COCTOSHUA
NOBCTAPT @
Het noaTeepxaeHvs % P l
OT aApecyemoro
BEAOMOr0 I
Beayuwwmii npyemMHmk

Het noareepxaexun z P
nocne nepeaasm
Gaiita gaHHbix
MNoTeps npuopuTETa + | Mpoponxaer — | TNpoaonxaet

AorA 3 o AorA 2
BO BPEMA NEpeaaqn PYroit BegyLmit YrOi BERYLLMEA
aapeca WM faHHbIX
Tlorepa npuopmTeTa, Npoaonxaer
YCTPOIACTBO aApecoBaHo
APYrVM BEAYLIMM

B peXxuvmMe BeaoMoro

K COOTBETCTBYIOWMM COCTOSHUAM

Ot eegywiero
K BELIOMOMY
Ot BepoMoro
K BEAyLEMY

[~ ]

OBvH WK HECKONBKO OaNT AaHHBIX
€ COOTBETCTBYIOLLMMK BUTaMM NOATEEPXABHWA

@ — MOMEHT ycTaHoekv ¢nara TWINT, roe

N — KOA CTaTyca 8 parucTpe TWSR

Coctosinms Mmonynsi TWI B pexume «Beayiuuii Nepeaatumk»

Pesrcum «Bedyuuit npuiimauy

VY pexumi «rpuiiMayy 31IMCHIOE TPUIOM JaHUX BiJ BEAEHOTO MPUCTPOIO. K

Puc. 141

3BUYANHO, JJISI IEPEMUKAHHS IIPUCTPOIO B PEKUM BeAy4Oro Moayib [2C noBUHEH

chopmysaru Ha muHI ctadH CTAPT. @opmar agpecHoro nakera, nepeianoro

CJI1JIOM, BU3HAUAE, B IKOMY 3 PEXKUMIB Oyie npairoBaT Beayuuit. [Ipu nepegaui

naketra SLA + W Moaynbs nepexoauTh B PEKUM «IIepeIaBady, a Mpu nepeaadi

nakety SLA + R nepexonuts B pexuM «Beayuunii npuitmauy.

®opmysBanns crany CTAPT nounnaeTses micna 3anucy B perictp TWCR

HAaCTYIIHOT'O 3HAYCHHIA

TWINT TWEA | TWSTA TWSTO | TWWC | TWEN TWIE
1 X 1 0 X 1 X
CxunyTH CdopmyBatu Jo3BonuT

parnop cran CTAPT poboty 12C

TWINT
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B pe3ynbTati 3anucy BkazaHOTo 3HaueHHs MOAYJIb [2C moyHe KOHTPOIIOBATH

ctad mHH 1 chopmye cran CTAPT Bigpasy xk, K TUIBKH BOHA CTaHE BUIBHOIO.

[Ticns 3akinuenHst popmyBanus ctaHy CTAPT BcranoBitoetses panop TWINT;

KOJI CTaTyCy MOBUHEH MPH IbOMY MaTH 3HadeHH:, piBHE $ 08 (quB. Tadm. 1.6). s

NepeMUKaHH MOAYJS B pexuM «Benyununit nepenaBauyy HE0OX1IHO MepeaaTu Mo

mHi naket SLA + R. JIns 1poro BMICT makeTy 3aBaHTaxyeTbes B perictp TWDR,

a B perictp TWCR 3aHOCHTBCS Take 3HAYCHHS:

TWINT TWEA | TWSTA | TWSTO | TWWC | TWEN TWIE
1 X 0 0 X 1 X
CkuHYyTH TIpanop Jlo3BOIMTH

TWINT pobotry I2C

[Ticns mepenayi agpecHOro mnakeTa i npuiioMy 0iTa MiATBEPHKEHHS parop

TWINT 3HOBY BCTaHOBIIOETHCS B «1». OTprMaHui BiJ BEJEHOTO OalT JaHUX

3HaxoauThes npu uboMy B perictpt TWDR. Kop crarycy Ha oMy eTtamni Moxe

MaTH OJHE 3 HacTynHuX 3HadeHb: $ 38, $ 40 abo $ 48.

Omnucana npolueaypa BUKOPUCTOBYEThCS JJIsI TIEpeaadl BCIX MakeTiB faHux. [lics

MpPUIOMY OCTaHHBOTO OaiiTa JaHUX BEAY4YHi TOBUHEH MPOIH(POPMYBATH MPO 1€

BEJICHOTO TMepenaBaya, rmociasmu curnai HemiareepkeHas (NACK). IMTorim
Benyuuit moBuHeH chopmyBatu Ha muHi ctaH CTOIT a6o IIOBCTAPT.

®opmyBanns crany CTOII nounetscs micns 3anucy B perictp TWCR nactymHoro

3HAYECHHS:

TWINT TWEA | TWSTA | TWSTO TWWC | TWEN TWIE
1 X 0 1 X 1 X
CxkunyTtHn Cdopmysaru Jo3BonuTtn

nparnop cran CTOII poboty 12C

TWINT

s popmyBanns crany IIOBCTAPT B perictp TWCR HeoOxiaHO 3aHecTH

3HAUYCHHA:

TWINT TWEA | TWSTA TWSTO | TWWC | TWEN TWIE
1 X 1 0 X 1 X
CxkunyTtn Cdopmysartu cran Jlo3BonuTtu

parnop CTAPT poboty I2C

TWINT
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Koau cratycy nns pexuma «Beayuuit npuiimau» HaBeneHo B Ta0i. 1.8., a

MOCIIIOBHICTD il B IIbOMY PEXHUMI UTIOCTpY€EThCS puc. 1.42.

Ta6mums 1.8 -Konu craryca ns pexuma «Bexyuunii npuiiMmawy

Cran muHy 1 Jii mporpamu Hacrynna nis, 1m0 BUKOHYEThCS
> |Momymst TWI B/3 TWDR B pETicTp moznyinem TWI
2 TWCR
<
5 z|<
= SEEE
= wlwl|lkE|kF
$08 |Bys 3aBaHTaXUTHU X |0 |1 |X |byzne nepenano SLA+R.
copmMoBaHMiA SLA+R Byne orpumano ACK a6oNACK
ctan CTAPT
$10 |Bys 3aBaHTaXUTH X 10 |1 |X |byxae nepenano SLA+R.
chopmoBaHHit SLA+R Bbyne orpumano ACK a6oNACK
CTaH
ITOBCTAPT 3aBaHTaXUTH X |0 {1 |X |Byae nepenano SLA+W
SLA+W Mopynp NEepeKIOUUTECS B PEKUM
«Benyunii npuiiMau»
$38 |Brpara Her nelictBuii 0 |0 (1 |X |[IpucTpiii 3BUTLHUTH MIMHY 1 TIEpeiiie
MIPUOPITETY B PEKUM HEaIPECOBAHOT0 BEJCHOTO
IIpH Tepeaadi Hema miit 1 |0 |1 (X |[licns 3BUTEHEHHS IIMHU Oye
MaKeTy chopmoBano ctan CTAPT
aapeca abo
JAHUX
$40 |bys nepenanuii |Hema miit 0 [0 |1 |0 |Byne npuiiHaTo OalT MaHUX i
nakeT SLA+R i nepenano HeninTeepxkaeHHs (NACK)
MIPUIHSTO Hewma miit 0 [0 |1 |1 |byne npuiiHaro OaiT naHUX i
HiATBEP)KICHHS nepenano miareepxaeHHs (ACK)
(ACK)
$48 |bys nepenanmii |Hema miii X |byne cpopmonano ctan IIOBCTAPT
naxet SLATRI ey i X |Byze chpopmopano cran CTOIT
TIPUHMHATO (npanop TWSTO 6ysie ckuHyTO)
HEMIATBEPIKACHH 110y niit 1 (1 (1 (X |bynecdopmoBano cran CTOII, a
1 (NACK) notim ctrad CTAPT (nmpanop TWSTO
OyJie CKHHYTO)
$50 |byB npunstuii  |[Ipountatn gani [0 |0 |1 |0 |Byxe npuitHsrto OaiT naHuX i
0alT JaHMX 1 nepenano HeniaTeepxkaeHHs (NACK)
Iepe1aHo IIpountatn nani |0 |0 (1 |1 |Byzae npuiinsaTo 6alT naHUX i
MIATBEPKICHHS nepenano miareepxaeHHs (ACK)
(ACK)
$58 |bys npunstuii  |[IpounTatu maHi X |byne chpopmonano ctan IIOBCTAPT
GaiT nanux i [Ipountaru nani X |byne chopmoBano ctan CTOIT
TIepenaHo (mpartop TWSTO 6yze ckuHyTO)
HEIITBCPKICHH IMpountatu nani |1 |1 |1 |X |Byae chopmosano cran CTOIL a
1 (NACK) rotim cran CTAPT (mpariop TWSTO
Oy/ie CKHHYTO)
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¥e it r
npvem ot l:s(su;n

A

DATA

lom[i P ]

BE0MOr0
nepefarvka
Cnegayiowas nepeaasa
HAYMHAETCR

€ GOpMMPOBAHVR
cocrornms NOBCTAPT

Her noareepxaeHus
Npu aapecaumm

®

$5

(8>
o

A

_]

BeaoMoro

®

e
@

Motepsa npuopuTera
BO BpamA nepeaasu
aApeca WK AaHHbIX

[oTeps npuopuTeTa,
YCTPOMCTB0 afipecosaHo
BDYTYM BEQyUIMM

Pestcum «Beoenuit npuitmauw)

Beayumii nepegarivx
AR ﬂpogonxaet : i npof(omam .
TOW BEAYLWH pyroi
I DATA
K COOTBETCTBYIOWLM COCTORHMAM
B PEXUME BEOMOTD

S
Rs

=3O

A
A

~— coctostme CTAPT

— coctostme NOBCTAPT

— cocrosnue CTON

— 3anpoc Ha yTeHue («1s)

~— 3anpoC Ha 33NKUCh {«{=)

— Gut noareepxaerus («0=)
— GuT HenoaTBepXaeHMA («1x)

SLA — 3apec BBAOMOrO YCTPOCTBa

@HDD

Cocrosinust Monyns TWI B pexxume «Benywmii npyieMHIK>

Puc. 1.42

Orsepywero
K BEAOMOMY

Ot Bepomoro
K BRAILeMy

OnvH nv HeckobKe GaMT AaHHBX

€ COOTBETCTRYIOWMMY BUTaMu nogTBep IR A

— MOMEHT ycTaHoskM pnara TWINT, rze
n— koA cTaryca B peructpe TWSR

B pexumi «Benenuit mpuitmawy BeIEHUN IPUCTPIK 3A1MCHIOE TPUIOM TAHUX

B1J Beqydoro. [lepea TUM sik IEpEeMKHYTH MOJYJb B peKuM «Benenuii mpuitmauy,

CJIiJI 3aHECTH B cTapiii po3psiau perictpa TWAR aapecy mpucTporo 1 BiAMOBITHO

J10 JIOT1KH pOOOTH MPOrpaMu BCTAHOBUTU a00 CKUHYTHU MOJIOIINI pO3psi

perictpa (TWGCE). ITotim HeoOxinHo 3amucaTu B perictp TWCR Take 3HaveHHS:

TWINT | TWEA TWSTA TWSTO TWWC TWEN - TWIE
0 1 0 0 0 1 0 X
Jlo3Bonmutu Jlo3Bonutu
1 ITBEPKICHHS poboty 12C

[Ticns inimiamizamii perictpiB TWAR 1 TWCR Moy Oyne odikyBaTu

aJpeCcHOro MakeTa 3 aapecoro, 3a3HaueHoro B perictpi TWAR, a6o aapecy

3arajbHOTO BUKIIWKY (SKIIO 11 pO3Mi3HABAHHS T03BOJICHO). 3HAYCHHS HACTYITHOTO

3a aJipecoro 0iTa HaNpsIMy BU3HAUUTD PEXHUM, B SIKUW MEPEKITIOUUTHCS MOAYJIb.

Skio et 01T Oyae ckuHyTui B «0» (3anuc), Moayiib [2C nepextounThes B
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pexum «Benenuit npuiimau». B iHIIOMY BUNIAAKY MOAYJIb MEPEKIIOYUTHCS B
pexuM «Benenui nepenasauy.

[Ticns npuitomy nakety SLA + W BctanoButhces ipanop TWINT 1 cran
oOMiHYy IO IIMHI MOXKHA OyJie, SIK 3BUYaifHO, BU3HAYUTH 3a KOJI0M cTaTycy. 11106
nepepBaTu MOTIK JaHuX, ciijl ckuHyTH B «0» po3psa TWEA perictpy TWCR (ue
MO>KHA 3pO0UTH 1 i yac 0OMiHY, TOOTO npu ckuHytomy npamnopi TWINT). B
pe3yNbTaTi micis mepeaadi HacTymHoro Oaiita Ha JiHilo SDA Oyne Bumanuii
CUTHAJI HEMIATBEPXKEHHS, 1[0 CUTHAII3YE BEAYyYOMY IPO T€, [0 BEICHUI HE MOXKeE
OlnbliIe 3/11MCHIOBAaTH TTpUiioM aHux. OOpoOKa aJipeCHUX MaKeTIB MPU CKUHYTOMY
po3psiai TWEA npunusseTses, ane Moxe OyTd BiJHOBJIEHA B OyAb-IKUH MOMEHT
4acy IMOBTOPHOIO YCTAaHOBKOIO LIBOI'O PO3PSIAY.
k1o agpecanis NpUCTPOIO BiAOYBA€ETHCS MPU 3HAXOKEHHI MIKPOKOHTpOJIEpa B
«emsryomy» pexkumi 1 po3psg TWEA Oyne npu iboMy BCTaHOBJIEHUM, MOJIYJIb
[2C nepeBene MIKPOKOHTPOJIEP B pOOOUMI PEKUM.

Koau cratycy nmns pexuma «Benenuit npuiiMay» HaBeneHo B Tabn. 1.9, a

MOCJIIIOBHICTD Jif B IIbOMY PEXHUMI LTIOCTpY€eThes puc. 1.43.

Tabmums 1.9 - Koau cratycy nis pexuma «Benenuit mpuiimady

CraH mmHH 1 Jii nporpamu HacrynHa zis, 1110 BAKOHY€ETBCS
> |Momyns TWI B/3 TWDR B pericTp moysem TWI
E‘ TWCR
5 z |
5 S
= wlwl|lkE|kF
$60 |bys npwuiinsatuii |Hemae nmiit X |0 {1 |0 |byzae mpuiiHaTo OalT HaHUX 1
SLA+W 3 nepenano HeniarseppreHas (NACK)
BJIACHOIO Hewmae niii X |0 {1 |1 |byzae npuiiHaTO OalT HaHUX 1
a/ipecoro Ta nepenano miareepakeHHs (ACK)
BHCIJIaHO
T ITBEPHKEHHS
(ACK)
$68 |Brpata Hemae niit X |0 |1 |0 |Byxe npuiiHsTo GalT qaHMX i
MIPHOPITETY nepenano HeninreepmkeHHs (NACK)
B peXUMIi Hewmae miit X [0 |1 |1 |Byne npwuiiHaTo OalT JaHUX i
BEAY4Oro ITiJI 4ac nepenano miareeppxkeHHs (ACK)
nepegaqi
SLA+R/W; 6yB
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$70

$78

$80

$88

NPUUHATUN
SLA+W 3
BJIACHOIO
aJpecoro Ta
BUCJIAHO
MTBEPIKCHHS
(ACK)

byB npulinsatui
3araJibHUM
BUKIJIHK 1
MOCJIaHO
MiTBEPIKCHHS
(ACK)

Brpara
MIPUOPITETY

B PEeXKHUMI
BEy4Oro IiJI 4ac
nepenayi
SLA+R/W; OyB
NPUAHATUI
3arajbHUN
BHKJIMK 1
MOCIIaHO

M TBEPKCHHS
(ACK)
[Ipuctpiit Bxe
aJpECOBaHMI:
OyB NpUHHATH]
0alT maHuXx 1
MOCIIaHO

M1 ITBEPHKEHHS
(ACK)
[Ipuctpiit Bxke
aZpECOBAHMIA:
OyB pUUHATHI
0ailT maHux i
MOCJIaHO
HEMiATBEPKEHH
1 (NACK)

Hemae miit

Byne npuitasTo 6aiiT naHuX i
nepenano neniarsepmkennas (NACK)

Hemae miit

Byne npuitasTo 6aiiT naHuX i
nepenano niarseppkeHHs (ACK)

Hemae niit

Byne npuitasaTo 6aiiT qaHuX i
nepenano veniarsepmkeras (NACK))

Hewmae niit

Byne npuitnsaTo 6aiiT naHuX 1
nepenano nigreepmkeHas (ACK)

[Ipounrtaru nani

Byne npuitnsaTo 6aiiT qaHuX 1
nepenano HeniarseppreHas (NACK)

[Ipountaru nani

Byne npuitasaTo 6aiiT qaHuX 1
nepenano niareepaxkeHHs (ACK)

[Ipouurtaru naui

[IepeMkHyTHCS B peKUM
HEa/IPECOBAHOT0 BEACHOIO;
po3mi3HaBaHHS Oyb-SKUX BUKIIUKIB
3a00pOHEHO.

[Ipouurtaru naui

[IepeMkHyTHCS B peKUM
HEA/IPECOBAHOT0 BEACHOIO;
JT03BOJIEHO po3mizHaBaHHa SLA 3
BJIACHOIO aJPECOI0; JO3BOJIEHO
pO3IMi3HABAaHHS 3aTAIbHUX BUKJIHKIB,
ko TWGCE = «1»

[Ipounrtaru nani

[IepeMkHyTHCS B peKuM
HEaJIpecoBaHOr0 BEACHOI0;
3a00pPOHEHO PO3Mi3HaBaHHSA Oy/lb-
SIKMX BUKJIMKIB; IICIIS 3BUILHCHHS
uH Oyne cpopmonano ctadH CTAPT

[Ipountaru nani

[lepeMkHyTHCS B peKUM
HEeaJpecoBaHOr0 BEJEHOTO;
J03BOJIEHO po3mizHaBaHHsA SLA 3
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$90

$98

$A0

[Tpucrpiii Bxe
aJpeCOBaHMIA:
(3arampHUI
BHKJIMK): OYB
HNPUMHATHH OaliT
TAHUX 1 IIOCIaHO
MTBEPIKCHHS
(ACK)
[Tpucrtpiii Bxe
aJ[peCOBaHMIA:
(3aranpHHI
BUKIIHK): OYyB
NPUHHATHI GaliT
JTAHUX 1 IIOCIAaHO
HEMTBEPKCHH
s (NACK)

byB BusBnenui
ctan CTAPT a6o
IIOBCTAPT B
TOM Yac, KOJIu
pHUCTpiit OyB
aJpECOBaHN B
SIKOCTI BEJEHOT'O

BJIACHOIO aJIPECOI0; JT03BOJICHO
pO3Mi3HABAHHSA 3araIbHUX BUKIUKIB,
akio TWGCE = «1» ; micig
3BUTBHEHHS IIUHH OyJ1€ CPOPMOBAHO
craan CTAPT

[Ipountaru nani

Byne npuitasTo 6aiiT naHuX i
nepenano neniarsepmkennas (NACK)

[Ipounrtaru nani

byne npuitaaro 6aiT naHux i
nepenano miareeppkerns (ACK)

[Ipountaru nani

[IepemkHyTHCA B pe)uM
HeaJ[pecoBaHOI'0 BEJIEHOIO;
po3mi3HaBaHHS Oy/Ib-SKUX BHKJIUKIB
3a00pPOHEHO.

[Ipounrtaru nai

[lepeMKHYTHCS B PEKUM
HEaJPECOBAHOI0 BEICHOTO;
JI03BOJICHO po3Ii3HaBaHHg SLA 3
BJIACHOIO aPECOI0; I03BOJICHO
pO3Ii3HAaBaHHS 3arajlbHUX BUKJIHKIB,
saxmo TWGCE = «1»

[Ipounrtaru nani

[lepeMKHYTHCS B PEXUM
HEaJ[pecOBaHOTO BEJICHOTO;
3a00pOHEHO pO3Mi3HaBaHHS Oy/ib-
SIKHX BHKJIMKIB; ITICJIS 3BUILHEHHS
muHu Oyne copmoBano cran CTAPT

[Ipouurtaru naui

[IepeMkHyTHCS B peKUM
HEaJPECOBAHOIO BEICHOTO;
J03BOJIEHO po3MizHaBaHHa SLA 3
BJIACHOIO aPECOI0; I03BOJIEHO
pO3IMi3HABAaHHS 3aTAJIbHUX BUKJIHKIB,
ko TWGCE = «1y» ; micus
3BUTbHEHHS UHU Oy/ie c(hopMOBaHO
crtaH CTAPT

[Ipouurtaru naui

0

[IepeMkHyTHCS B peKUM
HEA/IPECOBAHOT0 BEACHOIO;
po3mi3HaBaHHS Oyb-SKUX BUKIIUKIB
3a00pOHEHO.

[Ipounrtaru nani

0

[IepeMkHyTHCS B peKuM
HEaJpecOoBaHOr0 BEJEHOTO;
JI03BOJICHO po3mizHaBaHHg SLA 3
BJIACHOIO aJPECOI0; J03BOJIEHO
pO3IMi3HABAaHHS 3aTATbHUX BUKJIHKIB,
ko TWGCE = «1»

[Ipountaru nani

[lepeMkHyTHCS B peKUM
HEaJpeCcOBaHOTO BEACHOTO;
3a00pOHEHO pOo3Ii3HaBaHHS Oy/Ib-
SIKMX BHUKJIUKIB; ITICJIS 3BITbHEHHS
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muHu 0yne chopmosano cran CTAPT
[Ipountatn nani |1 |0 |1 |1 |[lepeMkHYTHCS B peKUM
HCAAPECOBAHOI'0 BCACHOI'O,
JI03BOJICHO po3IizHaBaHHg SLA 3
BJIACHOIO aApCCOr0, JO3BOJICHO
pOSHi3HaBaHH5[ 3araJibHuXx BI/IKJ'II/IKiB,
ko TWGCE = «1» ; micisg
3BIILHEHHS UHU OyJie c(hOpMOBaHO
cran CTAPT
SpusETHterg Epliaimne| o pe ooy A |pamal A lp
aapecau 0Horo ! o g <ohadd
WM HECKONbKUX 6anT )
NaHHbX Bee nockinku $80 $A0
NOATBEPXAEHb
MNMocneasmui NPUHATLIA
6GanT He noareepxaeH
MNMoreps npuoputera
B PeXUME BEOYILETO U A
aApecalyn B KayecTse
BEOMOrO
Npuem anpeca obiero ‘ i I
i . Obuiiawsos | A |  DAA | A [DATA| A [Pwwms
HECKOABKUX GAUT naHHbIX
@ 2 @ G
INOCNeAHWI NPUHATHIA —
6aiT He NOATREPXIEH A RIS
$98
Norepa npuopureTa A
B PEXMME BEAYLLETO U ]
afpecaiun B KaYecTee
BE/I0MOTO
S  —cocrosnme CTAPT
Rs — cocroanve MOBCTAPT Ot seaywiero k seioMomy
P —cocrosnue CTON
R — 3anpocC Ha YTeHme («1») OT BEAOMOrO K BEAYLUEMY
W  — 3anpoc Ha 3anumck («0»)
A — 6ur nopaTBepxaeHun («0») —— — — =
A — 6uTHenoaTBepXReHHS («1») DATA A OarH WM HECKONBKO GaMT AAHHBIX
‘ € COOTBETCTBYIOWMMY BMUTamMy NOATBENXAEHUA

SLA — agpec Be1OMOro yCTROWCTBa

@ — MOMEHT ycTaHoBkv ¢nara TWINT, rae

n — Ko/ craryca 8 peructpe TWSR

Cocrosinust momynst TWI B pexume «Benomuiit npueMHUK»

Puc. 1.43
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Peoicum «Bedenuii nepedasauy

B pexumi «Benenuit mepenaBau» BEACHUIN MPUCTPIH 3M1ACHIOE TTepeaady
JaHUX BEIy4OMY, SIKHH B I[bOMY BUMAJKY € mpuiiMadem. [lepen Tum, sk
MEPEMKHYTH MOJTYJIb B Il pexXrM, HeOOXiJHO 3aHECTH B CTAPIII PO3PSIN
perictpa TWAR aapecy nmpucTporo i BIAOBITHO A0 JOTIKH pOOOTH IPOTpaMu
BCTAaHOBUTH a00 CKMHYTU MOJIOAIIHH po3psia perictpa [ToTiM HeoOXiHO 3anucaTi

B perictp TWCR HacTyriHe 3HaYeHHS:

TWINT | TWEA TWSTA TWSTO TWWC TWEN - TWIE

0 1 0 0 0 1 0 X
Jo3BonnTt Ho3BosnnT
1ITBEPKACHHS po6ory [2C

[Ticns inimianizanii perictpiB TWAR 1 TWCR monynb Oyzie odikyBatu
aJpecHUl makeT 3 ajapecoro, 3a3HadeHoro B perictpi TWAR, abo aapecy
3arajibHOr0 BUKJIMKY (SIKILIO HOTO pO3Ii3HABAHHS JO3BOJICHO). 3HAUCHHS
HACTYIHOTO 32 a/Ipecolo 0iTa HAPsIMy BU3HAYUTH PEKUM, B SIKUN EPEKITIOUYUTHCS
MOJTyJIb. SIKIIO 1ie# OiT Oyje BcTaHOBJICHHH B «1» (unuTanHs), Moxyiib [12C
MEPEKITIOYUTRLCS B pekuM 'Beaenuit nepenaBauy. B iHIIIOMY BUTIaKy MOIYIb
MEPEKITIOYUTRLCA B pexkuM 'Beaenuit npuiimauy. [licns npuiiomy maketry SLA + R
BctaHoBuUThCs npanop TWINT, 1 ctan o6miHa MokHa Oye, sk 3BUYAHO,
BU3HAYHTH 32 KOJIOM CTaTyCy.

Komm cratycy nmns pexuma «Benenuit nepegaBau» HaBeaeno B 1adi. 1.10., a

MOCJIIJTIOBHICTD Ji B IbOMY PEXHUMI LITIOCTpY€eThes puc. 1.44.

Ta6mus 1.10 - Koau crarycy nns pexxuma «Benenuii nepenaBauy

CraH muHY 1 Jlii nporpamu HacrymHa aist, 110 BUKOHY€ETHCS
> |Momymst TWI B/3 TWDR B pETicTp mognynem TWI
E‘ TWCR
5 z |3
5 NEEE
= nlnl|lk-Il+-
$A8 |bys npwuitasatuii  |3aBantaxkutu Aani |[X |0 |1 |0 |Byxe mepemano octaHHiN GaT TaHUX;
SLA+W 3 TMOBUHHO OyTH OTPUMAaHO
BJIACHOIO neniaTeepxkaeHHsI(NACK)




Posznooineni mikponpoyecopmi cucmemu 86

$B0

$B8

$CO

$C8

aJipecoro Ta
BHCJIAHO

i ITBEPHKCHHS
(ACK)

Brpara
MPUOPITETY

B peXHUMIi
BEAYYOro IIiJ1 4ac
nepeaaqi
SLA+R/W; 6yB
NPUAHATUI
SLA+W 3
BJIACHOIO
aJIpecoro Ta
BHUCJIaHO

M TBEPIKCHHS

(ACK)

bys nepenaunnii
OaliT maHuXx 1
OTPUMaHO

M TBEPKCHHS

(ACK)

bys nepenaunnii
OaliT maHuXx 1
OTPUMAHO
HETIITBEPIKEHH
a1 (NACK)

bys nepenanuii
0aiT maHux i
OTPUMAHO

M1 ITBEPHKCHHS

3aBaHTaXUTH IaHi

X

byne nepenano ocranHii OalT qaHUX;
IIOBUHHO OyTH OTPUMaHO
nigTepxacHHA(ACK)

3aBaHTaXUTH JaH1

X

byne nepenano ocranHiit OalT 1aHUX;
IIOBUHHO OyTH OTPUMaHO
HeniareepxacHHA(NACK)

3aBaHTaXUTH JaH1

X

byne nepenano ocranHii OalT 1aHUX;
IIOBUHHO OYTH OTpUMaHO
nigreepxkaeHHI(ACK)

3aBaHTaXUTH JIaHl

Byne nepenano ocranHiil OalT TaHUX;
TIOBUHHO OYTH OTPUMaHO
HeniareepxaeHHI(NACK)

3aBaHTaXUTH JIaHl

Byne nepenano ocranHiil OalT TaHUX;
TIOBHHHO OYTH OTPUMaHO
niareepxxaeHHs(ACK)

Hewmae niit

[lepeMKkHYyTHCS B peXKUM
HEa/IPECOBAHOTO BEACHOTO;
po3mi3HaBaHHs OYAb-SIKUX BUKJIHKIB
3a00pPOHEHO.

Hewmace miit

[lepeMkHyTHCS B pexuM
HEaJpecoBaHOr0 BEJIEHOTO;
J03BOJIEHO po3mizHaBaHHA SLA 3
BJIACHOIO aJJPECOI0; J03BOJIEHO
pO3Mi3HABaHHS 3arallbHUX BUKJIHKIB,
skio TWGCE = «1»

Hewmace miit

[lepeMKkHYyTHCS B pexXUM
HeaJIpecoOBaHOT0 BEIEHOTO;
3a00pOHEHO PO3Ii3HaBaHHS Oy/Ib-
SIKHX BHKJIMKIB; ITICJISA 3BUILHEHHS
muHu Oyne copmoBano cran CTAPT

Hewmae miit

[IepeMkHyTHCS B peKUM
HEaJIpecoBaHOr0 BEACHOT0;
JI03BOJICHO po3mizHaBaHHg SLA 3
BJIACHOIO aJIPECOI0; 103BOJIEHO
pO3IMi3HABAaHHS 3aTAJIbHUX BUKJIHKIB,
akio TWGCE = «1» ; micisg
3BITbHEHHS UHU Oy/ie c(hopMOBaHO
crtan CTAPT

Hewmace miit

[TepeMKHYTHCS B PEKUM
HeaJpPeCOBaHOI0 BEJICHOTO;
po3mi3HaBaHHS Oy/Ib-SKUX BUKIUKIB
3a00pPOHEHO.
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(ACK)

Hewmace naiit

[TepeMKHYTHCS B pEKUM
HEaJIpecoOBaHOr0 BEACHOTO;
JI03BOJICHO po3Ii3HaBaHHg SLA 3
BJIACHOIO aJIPECOI0; 103BOJIEHO
pO3Ii3HABAaHHS 3araJIbHUX BUKJIHKIB,
saxmo TWGCE = «1»

Hewmae niit

[lepeMkHYyTHCS B peKUM
HEaJPecoBaHOI0 BEJCHOTO;
3a00pOHEHO PO3Ii3HaBaHHA OyIb-
SIKMX BUKJIMKIB; IICJIS 3BUILHEHHS
mHu O6yzae cpopmoBano ctan CTAPT

Hewmae miit

IIepeMkHyTHCA B peKUM
HEaJIPECOBAHOT0 BEACHOTIO;
J03BOJICHO po3mizHaBaHHsa SLA 3
BJIACHOIO aJJpeCcOI0; J03BOJIEHO
pO3Mi3HABAHHS 3araJIbHAX BUKIUKIB,
akio TWGCE = «1» ; micisg
3BUTBHCHHS IIUHH Oy/1e COPMOBAHO
ctadH CTAPT

[Tpu nepenayi ocTaHHbOro OaliTa JAHUX HEOOXIJTHO CKUHYTH B «0» po3psia

TWEA. Tlicns 11s0ro MoayJis repeiizie B cra 3 kogom crarycy $CO0 a6o $C8 B

3ajexkHoCTi Bij Toro, sikuii curHan (ACK abo NACK) nepenacts BeneHuit y

BiJIITOBIJb. Y cTaH 3 kogoM crarycy $C8 moayns 12C nepeiine B pasi, SKIIO

BEIy4Hil 3aKaaB JOJATKOBI AaHi, nepenasiu miarsepmkents (ACK),

HE3Ba)Kal4M Ha Te 1110 BeJCHUN NepejaBay nepeaB OCTaHHIi OaiiT 1 OuiKyBaB

curnairy NACK.
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I_S StA | R A DATA A DATA A |PuwmsS

$B8 $CO

— coctoRnue CTAPT

— cocrosHve MOBCTAPT Ov senyiuero x Besiomomy

— cocrosHwe CTON

— BANPOC K& YTOHNE (« 1») Or BeAoMOro K Beay ety

— 3ANEHOC Ha 38NNCE (<0»)

— OUT noATBepKaeHAR («0+) ——— - - =

— 6T HEMOATBEPKAH (= 1+) DATA A Opian v mecxonbxo Gaint nanHx

— QPEC BEZOMOID yCTROHTTBA PO C COOTEEICTEYIOL WM GiaTamit NOATEEDXIEHWR

TA — Gaitt faHHbIx
( n) — MOMEHT yeranoekv Gnara TWINT, rae
= N — K0 cTaryca s perucipe TWSH

Puc. 2.126. Coctosirns moiynst TWI B pexume «Begomblii rnepeaaTiHis»

Puc. 1.44
[Ticns mepexony B Oyab-siKui 3 BKazaHUX cTaHiB MoayJib [2C Oyne irHopyBatu
3BEpPHEHHS JI0 HbOTO BeAy4uoro. BianmoBiaHO, SKIIO Beay4yuil Oyie mpoaoBKyBaTU
0OMIH MO 1IMHI, BiH OyJie TIOCTiitHO npuiiMaTu 3HaueueHie «1». Obpobka agpecHux
NakeTiB MpHu ckUHyToMY po3psaal TWEA Takox NpUMIUHSAETHCS, ajie MOXkKe OyTH

BIJIHOBJIEHA B OY/Ib-SIKMil MOMEHT 4acy MOBTOPHOIO YCTaHOBKOIO IIbOTO PO3PSY.

Kombinyeannsa piznux peixcumie
Ha npakrtui 111 BUKOHaHHS SIKOi-HEOy b onepauii no muHi [2C koxkHOMY
MIPUCTPOIO TOBOJUTHCS BUKOPUCTOBYBATH JIEKIIbKA PEKUMIB, IEPEMUKAIOUNCH
MK HUMH TIpY HE0OX1THOCTI. B sIKOCTI npuKiaay po3ristHEMO omeparlito YATaHHS
naHux 13 30BHIMHELO0ro EEPROM.
Bci onepaiiii Takoro poay MokHa po3OUTH Ha YOTHUPH €Tallu:
1) iHiIitOBaHHS OOMIHY;

2) mepenada agpecH, 3a sIKOk0 MOTPiIOHO MPOYUTATH JIaHi,
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3) BUKOHAHHS YATAHHS,

4) 3aBepIIcHHS Tepeaadi.

TakuM yMHOM IIpU BUKOHAHHI omepallii Big0yBa€eThcs nepeaaya iHpopMmalrii K Bijl
BEJIY4OTO0 J0 BEJACHOTO, TaK 1 HaBMaku. [1icis iHiIitoBaHHS OOMIHY I10 IITHHI
BEy4uuil MOBUHEH 3HAXOIUTHCS B pexxuMi «Benenuil mepegaBauy, o0
MOBIJIOMUTH BEJACHOMY aJIpECy, 3a KO0 BiH Oye 3A1HCHUTH YnTaHHs. JIJis
BUKOHAHHS HACTYITHOTO €TaIly orneparii (Y4MTaHHs TaHNX ) BeTy4Ynid TOBUHCH
NEePEMKHYTHUCS B pexxuM «Bemyuuit npuiimauy. [Ipu boMy BiH TOBUHEH 30epiratu
KOHTPOJIb HAJ IIMHOIO 111 YaC BUKOHAHHS BCIX eTariB onepariii. J{Js 1poro
BUKOPUCTOBYETHCA cTaH [IOBCTAPT. V po3risiHyTOMy BUIIAAKY BELy4YHI
dbopmye 11e#t cTaH MK Mepeadero aapecu 1 MPUHOMOM JIaHUX, SIK TTOKa3aHO Ha
puc. 1.45.

Beaywun Beaywun
nepeaaTymk NPUEMHUK

STARTSLA+W, A | Agpec| A [IOBCTAPT|SLA+R| A |[daHHble| A |STOP

I:‘ - nepepadva ot pegyLero K segomomy

I:‘ - nepepadvya oT pegoMOro K segywemy

Puc. 1.45

Apbimpadic
VY pa3i npUCYTHOCTI Ha IIKHI JEKUIBKOX BEyUYUX MOKJIMBA CUTYyaLlisl, IPH SIK1A
K1JIbKa BEAYyYUX OJJHOYACHO MOYHYTh Ipouec 0OMiHy. JlJig TaKMX BUMAAKIB
cnernudikaiiero [2C nependaueHuit mpoiec po3no iy NpiopuTeTiB (apOiTpaxk), B
pe3yibTaTi BUKOHAHHS SKOTO Ha IIMHI 3aJIMIIAI0THCS TUTBKW OJIMH BEIYYIHM
npucTpiii. Bukonanus ap6iTpaxy MOXe pO3BUBATHCS 32 PI3SHUMU CIIEHAPISIMU:
1./IBa abo OinpIrie BeAyYuX 3A1HCHIOIOTH OJJHOTUITHUI OOMIH 3 OJTHUM 1 TUM XK€
BEJICHUM. Y I[bOMY BHUIIAJIKy HIXTO 3 HUX HE 3MOE PO3IMi3HATH KOH(IIIKT HA IIHHI.
2. [1Ba abo OimbIrie BEAYYUX 3BEPTAIOTHCS IO OJTHOTO 1 TOTO 3K BEJIEHOTO 3 PI3HUMHU

JTAHUMU 200 PI3HUMH TUIIAMHU OOMIHY (YMTaHHS / 3aMKC). Y 1bOMY BUMIAAKY
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PO3IOILT IPIOPUTETIB BIAOYAEThCS Mij Yac nepeaadi 0iTiB JaHUX abo Oita
HanpsMmy. Beayuwuii, skuii BTpaTHB Np1OPUTET, MOXKE a00 MEPEKITIOUUTUCS B PEKUM
HEaJPECOBAHHOIO BEJIEHOT0, a00 JJOUeKaTHCs 3BUIBHEHHS IIUHU 1 cpopMyBaTH
ctad CTAPT s 1i 3axX0omieHHs.

3. JIBa a0o Oibllie BeAy4YHX 3BEPTAIOTHCA 0 PI3HUX BEIEHUX. Y IIbOMY BUIAAKY
PO3IOILT IPIOPUTETIB MMOYHETHCS IT1J1 Yac rnepeiayl 0iTiB aipeCHOro makera.
Benyuuii, sskuii BTpaTuB MPIOPUTET, IEPEMKHETHCS B PEKUM BEICHOTO NS
NepeBipKH, UM HE OYB BiH apeCOBaHUM MPOBIIHUM. SIKIIO KOJMIIHIN BeTy4nii OyB
aJpeCcCoOBaHUM, BIH MEPEKIIOUNTHCS B pexkuM «Benenuit nmepenaBau» abo «Benenuit
npuiiMauy» B 3aJIEKHOCTI BIJ 3HAUCHHS O1Ta HanpsAMy. SKIo X BiH He OyB
aJipeCOBaHUM, BIH MEPEKIIOUUTHCA B PEKUM HEAJAPECOBAHHOTO BEJIEHOTO, a00
JIOYEKAETHCS 3BUIBHEHHS IKUHU 1 chopmye HoBuld ctaH CTAPT.

[Ipomec apOiTpaka mokasaHo Ha puc. 1.46.

o

MoYens NEMOSRITETa Npw TTOTEPR NPHODMTETa NP
NEPOANNE RADECHONO NBKETA | NBPEJA4E NaYKeTa AaREbIX

OCceotomaast WHKY W NUREXOMT B PLRVRM HEANRNECCBAHROI O BRAYULEN0
Koraa unna oceadamics, Gyaer chopMrpasane costommws CTAPT

Byner opusnt DalT A2HHLX ¥ BD2ERAEHD HenorTEeRxActue [NACK)
Bynaet rpunar Dadr AaHHES # BO2SOGMILEND NCATEERXAEHWE [ATK)

Yrenue (R) Byrer nepegan nocAamei Gaikr, nomaio Gas nonyiend HenonraenxaeHue (NACK)
Byaner repesie Ovopamof Gaitt, nonwo Bt RoAyIEHG NosFeopxaeHse (ACK)

Cocrosinus momyns TWI BO Bpems1 apfurpaxa
Puc. 1.46
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Ilpuknao 1. Busenenns nanux 3 MikpokoHTpoJiepa ATmegaSX B mapayieIbHHi
nopt PCA9554 nns innukanii. Cxema crionydeHHst MikpokoHTposiepa MK 1

napaiensHoro nopty (I1I1I1) naBenena Ha puc. 1.47.

MK Y nnn
ATmega8 PCA9554
SDA

SCL

PC4
PCS

Coeroamonu

A2
Al
A0

Puc. 1.47. Cxema npuctporo st oominy nanumu 13 [T no intepdericy TWI

[TpuBenena HIbKYE MporpamMa BUKOHYE BUBIJ B IOPT IHBEPTIpyeMOro 8-
po3psiiHOro Koy naHux. [Ipu nepenaui makeTiB 3 agpecaMu 1 JaHUMU
BUKOPUCTAaHUI MEXaH13M MPOrpaMHOi IEPEBIPKM YMOB YCTaHOBKH B 1 mpamnopa
TWINT 1 craniB perictpa TWSR.

[Iporpama mae BUrISA:

; TecToBa mporpamMa i BUBOJY JaHUX B IPOrpaMOBHUN MapanenbHuil nopt no iHrepgeiicy TWI

.org 0x000
rjmp init
Jinclude "mSdef.inc" ;aiin Bu3Hauenp ATmegaS
.def SLA W =rl7 ;AIpECHUM OalT
.def DATA =rl8 ;0alT TaHKUX (KOMaHIH)
equi2crd=1 ;1-auTaHHs
equi2ewr =0 ;0-3ammc
;Konu cratyca B pexumi «Benyunit
nepeaaBayy
.equ START= 0x08 ;imicnig CTAPTy
.equ MT_SLA_ACK =0x18 ;TICIIA TIepeayi aapecu
.equ MT_DATA_ACK = 0x28 ;TICIIA Tepeiadl JaHuX
init: Idi rl6,HIGH(RAMEND) HIIiaIi3anisg MOKaXKIHKa CTeEKa
out sph,rl6
Idi r16,LOW(RAMEND)
out spl,rl6
;IlinroroBka TWI 1o pobotu
Idi rl6,12 ; s gacroru Felk =4 MI'n
out TWBR,rl6 ; TWBR=12 TWPS=0
Idi rl6, (1«TWEN) ; Fscl =100 KI'ig
out TWCR,rl6

Idi r20,0xAA ; TaH1 1T BUBOY
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loop:

Send_Start:

Send_Adr:

Send_Com_

rcall Send_Start

Idi SLA_W,$40+i2cwr
rcall Send_Adr

Idi DATA,$03

rcall Send_Com_Data
Idi DATA,0x00

rcall Send_Com_Data
rcall Stop

rcall Send_Start

Idi SLA W, $40+i2cwr
rcall Send_Adr

Idi DATA,$01

rcall Send_Com_Data
mov DATA,r20

rcall Send_Com_Data
rcall Stop

com r20

rimp loop

Idi r16, (1«TWINT) I (1«TWSTA) |

(1«<TWEN)

out TWCR,rl6
waitl:

inrl6, TWCR
sbrs rl6, TWINT

rjmp waitl
inrl6, TWSR
andi rl6,0xF8
cpi rl6,START
brne error

ret

out TWDR,SLA W

Idi r16, (1«TWINT) I (1«TWEN)
out TWCR, rl6

wait2:

inrl6, TWCR

sbrs rl6, TWINT

rjmp wait2

in rl6, TWSR

andi rl6,0xF8

cpi rl6,MT_SLA_ ACK
brne error

ret

out TWDR,DATA

;HacTpotika mikpocxemu TIITIT
;TeHeparlisi crapToBoro 6ira
;TIOCHJIKA a/Ipeca-+3ammc

;KOMaH/1a 3a1ucy B OpT KOoH}irypartii

;Hactpoiika I1I1I1 na BuBOA

;TeHepallisi CTOIOBOro 0iTa
;BuBog manmnx

;TeHepallisi CTapTOBOTO OiTa
;IIOCHUIIKA afpecy+3aIucy

;BUXIJTHOH pericTp
;BUBIJ] JaHUX
;TeHepallisi CTormoBoro Oira

;IHBEpTYBaHHS
;TIOBTOP BHBOJY

; OYHKIIT pe’kuMa BeAy4ero rnepeaaBayda

;ymoBa crany START

; O‘IiKYBaHHH BCTAaHOBJICHH! ITpariopa

TWINT

;nepeBipka BukoHanHsi CTAPTa

;3aBAHTAXXCHHSA ITaKCTa 3 aApCCOr0

;epenaya

; OUIKYBaHHSI BCTAHOBJIEHHSI Iparnopa

TWINT

;IIepeBipKa BUKOHAHHA Nepeaayi

,3aBaHTAXXCHHS OaliTa JaHUX
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Data:
Idi r16, (1«TWINT) I (1«TWEN)
out TWCR,rl6 ;Imepeava
waits:
in rl6, TWCR
sbrs rl6, TWINT ; OUIKYBaHHSI BCTAHOBJICHHSI IIpanopa
TWINT
rjmp waits
in rl6, TWSR
andi rl6,0xF8
cpi r16,MT_DATA_ACK ;TIEpeBipKa BUKOHAHHS TIepeiadi
brne error
ret

Stop: Idi rl6, (L«TWINT) | (1«<TWEN) |
(1«TWSTO)
out TWCR,rl6 ; ymoBu Juis ctany STOP
Idi r16,0xIf
wait4:
dec rl6 ;3aTpuMKa Jitst ctany STOP
brne wait4
ret
error. ret

Ilpuknao 2. OOMiH JaHUMU MK BETy4YUM 1 BEJICHUM MIKPOKOHTPOJIEPAMHU T10

inrepdeiicy TWI (puc. 1.48).

VCC

MK1 MK2
ATmega8 ATmegas
PD7
pea|4SPA_| focy 2
pes f—3Ck L pes H
£
3
Swo PDO
j—=~—{PB0
[Mpocuorp

Puc. 1.48. Cxema npuctporo ayis oominy nanumu 1o intepdeiicy TWI mix
JBOMSI MIKPOKOHTpOJIEpaMH
3amiCTh 30BHIIIHIX PE3UCTOPIB, HEOOXITHUX crerudikallieto iHTepdeicy,
BUKOPUCTOBYIOTHCS BHYTPIIIHI MIATIATYBajibH1 pe3uctopu BuBoiB PC4, PC5
BEJICHOTO MIKPOKOHTpoJjepa. Y poJi Beay4doro Buctymae Mikpokontposiep MK1, B
poJii BesieHoTo - MikpokoHTposiep MK2. Po6ounii pexxum MK2 - pesxxum

OYIKYBaHHS
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Ilpozpama nepeoaui 6e0yuo20 mMikpoxkonmpo.epa 6yayeThes oaI0HO 10

MOTIEPeTHBROTO TIpUKIaay. KoxeH nepenannii makeT MICTUTh CIIy00Bi OiTH, OaiiTu

aapecu 1 6aiT manux. Hwkde HaBeIeHO OCHOBHUM MOJTYJIb IPOTpaMu JjIst

nepeaavi TphOX CUMBOJIIB MOBiAOMIIeHHS 110 iHTepdeiicy TWI. dyukmii Send

Start, Send_Ack, SendjCom Data, Stop Ti *, 110 1 B MONepeTHLOMY HPHUKIIAII:

; OCHOBHUI MOJTyJb TIPOTPaMU JIJIsl Tiepe/iadi MOBIAOMIICHHS BeIyIuM MikpokoHTposiepom MK1 1o
iHTepdeiicy TWI
; Buxsinkarorscs Gynkiiii Send_Start, Send_Adr, Send_Com_Data,; Stop Ti x, 110 # y npukmazi 1
; 3'eqaanns: PC4mk1-PC4mk2, PCSmk1-PCS5MK2

init:

output:

.org 0x000

rjmp init

.include "mSdef.inc"
.def temp =rl6

.def SLA W =rl7
.def DATA =18
.def count =rl9
equi2ewr =0

.equ START = 0x08

.equ MT_SLA_ACK =0x18
.equ MT_DATA_ACK = 0x28
1di r16,HIGH(RAMEND)

out sph,rl6

Idi r16,LOW(RAMEND)

out spl,rl6

Idi ZL,low(text*2)

Idi ZH,high(text*2)

Idi count,3

Idir16,12

out TWBR,rl6

1di rl6, (1«TWEN)
out TWCR,rl6

rcall Send_Start

Idi SLA W, $44+i2cwr
rcall Send_Adr

Ipm

mov DATA,10

rcall Send_Com_Data
rcall Stop

adiw zl,1

dec count

;(aiin Bu3sHaueHb ATmegaS

;alIpecHUi OalT

;02T TaHuX (KOMaH/IH)

;JIYMIIBHUK JAHUX

:0-3amuc

;Komu cratyca B pexxumi «Beayuwnii nepegaBay
;micnst CTAPTy

JITCIIS TIepeIadi aapecu

;TICIIA TIepeiadi JaHuX

J1HiIIani3alisa moKaKYMuKa cTeka

; 3ABAHTAXKEHHS aJIPECH TEKCTY MOB1IOMJIICHHS
; B pericTp Z

;BCTAHOBJICHHS JIIYMJIbHUKA TIEpeiad
;IlinroroBka TWI 1o pobotu

;001 gactotd Felk =4 MI'g

: TWBR=12, TWPS=0

; Fscl=100 KI'1g

;BUBIJ JaHUX
;TeHepallist crapToBoro 6ira
;TIOCHIIKA agpecu+3aImuc

;untaHHs Oaiity 3 flash-nmam‘sri B r0
;BUBI1J TaHUX

;TeHepallisi CTOMOBOro 0iTa
;30UIbILIEHHS MOKa)KYMKa ajipecH Ha |
;3MEHILECHHS JIUYMIbHUKA Ha |
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brne output
loop: rimp loop ;Iepeiaya BUKOHEHA
text: .db ‘A’,'V°,'R’ ;TEKCT IMOBITOMJICHHS
; (ASCII — xonu $41, $56, $52)

Ilpozpama éedenozo mikpokonmpoaepa Mae HaCTyIHY CTPYKTYpY:
a) MoYaTKOBa 1HIIlai3a1lis MIKPOKOHTPOJIEpa, BKIIOYAIOUN BU3HAUCHHS
MOKaXXYMKa CTEKA, JYMIbHUKA TPUUHATUX JAaHUX, HAJIAIITYBaHHS TOPTIB,
niarotroBky moayis TWI,
0) 103BUI IEpepUBaHb 1 MEPEX1]] B PEKUM OUIKYBaHHS IE€PEPUBAHb;
B) 00poOKa 3anuTiB nepepuBanb Bix Moayis TWI, o 3abe3nedye mpuiiom
MakKeTiB 3 OailTaMu ajpecu, KOMaHIM 1 TaHUX; 30epeKeHHs 0alTIB MOBIIOMJICHHS Y
BHyTpimHii mam'sti SRAM; nigpaxyHok unciaa 6aiTiB IpUHHATOTO
MOBIJJOMJICHHS; 110 3aKIHYEHH1 IPUIOMY - OCIITIOBHUI BUB1] OaiiTiB

MOB1IOMJICHHS NTpH HaTucKaHHI kKHOKU SWO.

Huxue HaBeeHO pparMeHT NporpamMu BEJIEHOTO MIKPOKOHTPOJIEPA, 10 BKIIOYAE
npoLeaypy iHinianmizaiii, 1 00poOHuK nepepuBanb Big Mmoayist TWI, 1o

3abe3neduye mpuitoM moBigomiieHHs 1o iHTepdericy TWI 1 36epexxeHHs B mam'siTi.

; [Iporpama nmpuiiomy o intepdeiicy TWI mis BeneHoro mikpokontposiepa MK2 (ocHoBHUi
(parmMeHT porpamu)
; 3'eqrannsa: SWO-PBO, nopt PD-LED

.org 0000

rjmp init

.org 0x011

rimp TWI_INT ;Iepexia 10 00poOKH repepuBaHb

.include "mSdef.inc" ;aitr Bm3HaueH» ATmegaS

.def count =122 ;IYMIBHUK TaHUX

.def temp =rl6
;Konu cratyca B pexumi BEI€HOTO
npuiiMaya

.equ TW_SR _SLLA ACK =0x60 ;TIPUHATO OAMT 3 aJipecoro

.equ TW_SR_DATA_ACK = ;TIPUHSTO OalT TaHUX

0x80

.equ TW_SR STOP = 0xA0 ;BusiBieHn ctan STOP

;Imimianizamia Benenoro MK
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init;

loop:

TWI_INT;

TW_WAIT_DATA:

TW_WAIT_STOP:

1di r16,HIGH(RAMEND)
out sph,rl6

Idi rl6,LOW(RAMEND)
out spl,rl6

clr temp

out DDRB,temp
sbi PORTE,0
ser temp

out DDRD,temp
out PORTD,temp
Idi count,3

Idi XL,0x80

1di XH,0x01

Idi temp,0x30

out PORTC,temp

1dir16,12

out TWBR,rl6

Idi r16,0x44

out TWAR,rl6

dirl6, (1«TWINT) I (1«TWEA) |
(1«TWIE) | (1«TWEN)

out TWCR,rl6

sei

rimp loop

in rl6, TWSR
cpirl6,TW_SR_SLA ACK
brne ierror

1di 16, (1«TWINT) I (1«TWEA) |
(1«<TWEN)

out TWCR,rl6

in rl6, TWSR

cpi rl6,TW_SR_DATA_ ACK
brne TW_WAIT_DATA
inrl6, TWDR

St X+,rl6

1dir16, (1«TWINT) I (1«TWEA) |
(1«TWEN)

out TWCR,rl6

in rl6, TWSR

cpi rl6,TW_SR_STOP

brne TW_WAIT_STOP

dec count

brne ierror

JHImam3anis IMoKa)X4iuKa cTeka

;HacTpoiika BuBoja nopra PB0O na
BBOJ

;HacTpoiika BUBOJI0B nopta PD Ha
BHUBO/]I

;BCTAHOBJIEHHS JIIUMJIbHUKA OaliTiB
;B perictpe X anpeca, 3a sKiit
3aMMCYIOTHCS MPUUHATI JaHi
;IlinroroBka TWI 1o pobotun

! MAKITFOYEHHS T ATATal0YX
pesucropiB Ha miHisx SCL,SDA

;s Felk = 4 MI'n, TWBR=12
; TWPS=0 Fscl=100 KI'1t
;anapeca mpuctporo 12C

;3aIyck oominy o TWI

; HECKIHYEHHUH ITUKJT OUIKyBaHHS
;OOpOOHUK NepepuBaHHs Bij
MOJTYJIS

;Iepia mepeBipka

;Jpyra nepesipka

; 30epexxeHHs OaiTa JaHUX B
mam'siti

; ouikyBaHHA ctany STOP

; Tpetst mepeBipka

; balT naHuX NpUHHATO
;3MEHIIICHHS JIYUIbHUKA JaHUX
; AKILIO HE BCE, IPOJOBKYEMO,
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ierror:

rcall OUTLED
reti

1di r16, (1«TWINT) I (1«TWEA) |
(1«TWIE) | (1«TWEN)

out TWCR,rl6
reti

OUTLED: cr temp

WAIT_SHOW:

out PORTD,temp
Idi XL,0x80

Idi count,3

sbic PINB,SHOW

rjimp WAIT_SHOW
Id temp, X+

com temp

out PORTD,temp
rcall DELAY

dec count

brne WAIT_SHOW

ret

JIEKIIIA 5

; [HaKIIe BUBOIMMO Ha 1HIUKATOPH

;Tiepe3anyck inrepderica

.BuBon Ha iHaukaropu
;CUTHAJII3aIlisl - IpUioM
3aBEpPUICHUI

; YCTAaHOBKA ITOYATKOBOI aJpecu
;BCTAHOBJICHHS JIIYMJILHUKA OalTIB

; OUIKYBaHHS HATUCKaHHS KHOIIKH
SHOW

; 3UMTYBaHHS OaiiTa 3 mam'sari
; IHBEpTYBaHHS

: 1 BUBIJ Ha CBITJIOAIOIA
;3aTpUMKa

JIKIO [OKa3aHl He BCE JaHi,

; IPOJIOBXKCHHS 110 HATUCKAHHIO

SHOW

Po3nogisieHa mikponpouecopHa cucteMa Ha 6a3i CAN

iHTepgeiicy

Busnauenns

Mepexesuii intepdeiic CAN (Controller Area Network) OyB po3po0iieHuii B

1987r. (Bepcist 1.0) pipmamu BOSCH 1 INTEL st ctBopeHHs 60pTOBUX

MYJIBTUITPOIIECOPHUX CUCTEM pealibHOTO Yacy. OcTanHs crienudikaris

iHTepdeiicy 2.0, pozpodiiena ¢pipmoro BOSCH B 1992r., € 10IOBHEHHSAM

norepeIHbo1 Bepcii. Y MbKHApOAHIM opraHizallii mo cTaHaapTu3arii

3apeecTpoBaHo JBa ctaHgapTy : [SO 11898 (117151 BUCOKOIIBUIKICHUX

3actocyBaHb) 1 [SO 11519-2 (17151 HU3BKOMIBUAKICHUX 3aCTOCYBaHb).

CAN inTepeiic sBisie cO00I0 MOCTiAOBHY MaricTpasib Ta MPU3HAYECHUN IS

oprasizaiiii BUCOKOHaIIMTHMX HEJOPOTMX KAHAJIIB 3B'SI3KY B PO3MOILIEHUX
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cucTemMax yrnpaniiHHs. [HTepdeiic upoko 3aCTOCOBYETHCS B TPOMHUCIIOBOCTI,
eHepreTulll i Ha TpancnopTi. Jlo3Bosisie Oy ayBaTH K JEIIeBl MyJIbTHILIEKCHI
KaHaJIM, TaK 1 BUCOKOIIIBUJIKICHI MEPEXKi.

CAN inTep(eiic 3abe3neuye yB's3Ky B MEPEKY "IHTEIEKTYalbHUX" PUCTPOIB
BBECJICHHSI/BUBEICHHS, JATYHMKIB 1 BAKOHABYMX MPUCTPOIB IEIKOTO MEXaHi3My ab0
HaBITh MIANPUEMCTBA. XapaKTEPU3YETHCS IIPOTOKOJIOM, 110 3a0e3neuye
MO>KJIMBICTh 3HAXOPKEHHS Ha MaricTpali JeKiJIbKOX BEeIy4iX MPUCTPOIB,
3abe3reuye nepeaady JaHuX B pealbHOMY MacIITa0l 4acy 1 KOPEKIio MOMUJIOK,
BHCOKOIO 3aBaJJOCTIHKICTIO.

VY BignosigHOoCTi 10 Momeni ISO/OSI CAN miapo3ainssTees Ha piBHI:

e Pisens nepenaui ganux (Data Link Layer)
o ®izuunwmii pisens (Physical Layer)

Pigenwv nepeoaui danux iHakue '00'eKTHHI piBEHb a00 KaHAJIbHUMN PIBEHD,
NpU3HAYEHUH 1)1 3a0€3MeYeHHs B3aEMO/I1i Mepex Ha (pI3MUHOMY pIBHI i
KOHTPOJTIO 32 TOMUJIKAMHU, SIKI MOKYTh BUHUKHYTH. OTprMaHi 3 (p13U4HOTO PiBHA
JlaH1 BIH YIIAKOBYE B KaJIpH, EPEBIPs€ HA IIUTICHICT, SIKIIO MOTPIOHO, BUMPABIISE
NOMIIKH ((popMy€e MOBTOPHUH 3aIUT MOMIKOKEHOTO KaJIpy) 1 BIMIpaBisie Ha
MepeXHHH piBeHb. KananbHUM piBEHb MOXKE B3a€EMOJIISTH 3 OJTHUM a00
JeKUIbKoMa (PI3MYHUMHU PIBHSAMH, KOHTPOJIIOIOUYH 1 YIIPABIISAIOUU LI€I0
B3aemoiero. Crnernudikarist IEEE 802 po3ainse e piBeHb Ha JBa MiIPIBHA:

e [ligpiBens noriynoro kepyBaHHs jdiHiero (LLC logical link control)
e [limpiBeHb KepyBaHHA JOCTYIOM A0 cepenoBuia nepenadi (MAC
media access control)

MAC minpiBess siBisie co6oro siapo nporokory CAN. Bin nepenae
noBigomiieHHs, oTpuMani Bij LLC niapiBHS, 1 npuiiMae MoBiIOMJICHHS, sIKI Oy1yTh
nepenani 10 LLC miapisas. MAC mizipiBeHb BIAMOBINATBHUN 32 apOITpaK,
MiATBEPHKCHHS, BUSBIICHHS TIOMUJIOK 1 iX CHTHaTI3aIlio.

LLC migpiBeHb - Ma€ BIJHOLIECHHS 0 QiIbTpallii MOB11I0MJIEHB, IOB1IOMJIEHHIO

PO MEePEBAHTAXKEHHS Ta YIPABIIHHIO BITHOBICHHSIM.
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Dizuynuii pigenb BU3HAYAE, IK CUTHAIU (AaKTHUYHO MEPEIatOThCs 1, OTKE, Ma€
CIpaBy 3 ONMHUCOM OITOBOI CHHXPOHi3allii 1 KOAYBaHHA O1TiB. YcepeaunHi miei
crenudikallii XapakKTepUCTHKH repeaaBaya / npuiiMada Gpi3ndHOro piBHS HE
BHU3HAYEHI, 1100 JT03BOJIMTH CEPEJAOBUII MIEpeaadl Ta peai3allii piBHS CUTHATY
OyTH OMITUMI30BaHUMH JIJI1 KOHKPETHUX CUCTEM.

besnocepenubo crangapt CAN Bix Bosch Bu3Hauae nepeady y BiJIpUBI Bij
(b13uuHOTrO PiBHSA - BiH MOXE OYyTH SIKUM 3aBI'OJTHO, HAIIPUKIIAJ, paJioKaHaIoM abo
onToBOoJIOKHOM. Aste Ha npaktui mig CAN-mepexero 3a3Buyail MaeThbCs Ha yBasi
MEpEXy TOMOJIOTIT «IITMHAY 3 (I3MUYHUM PIBHEM Yy BUIJISIAL TU(epeHIialbHO1 TapH,
Bu3HavYeHNM B cTafaapti 1SO 11898. [lepemaua BemeThes kKaapamu, sKi
MPUIMAIOTHCS YCIMa BY3JIaMH MEPEXKI.

Peyecueni i oominanmmui 6imu
Jnst abcTparyBaHHs Bij cepenonuiia nepenadi cnenudikaiis CAN yHukae
ONMMCYBATH JIBIMKOBI 3HaUEHHSA K «0» 1 «1». 3aMICTh IILOTO 3aCTOCOBYIOTHCS
TEPMIHU «PELECUBHUID 1 «IOMIHAHTHHI», IPH LIbOMY MAETHCS HA yBa3l, 10 MPU
nepeaayi OTHUM BY3JIOM MEPEXi pelieCUBHOTO 01Ta, a IHIITUM JJOMIHAHTHOTO,
npuitHATUN Oye noMiHanTHUi 01T. Hanpuknan, mpu peamnizaiiii ¢pi3H4HOTO PiBHS
Ha pajJioKaHalll BIJICYTHICTh CUTHAITY O3HAYA€ PEIIECUBHUN OIT, a HASIBHICTb -
JIOMIHAHTHUH; TOJII SIK B TUMOBOI peaizallii mpoBiHOT MEpexKi periecii OyBae rmpu
HAsIBHOCTI CUTHAJy, a IOMIHAHT, BIJIMOBIJIHO, 32 BiAICYyTHOCT1. CTaHIapT Mepexi
BUMAarae BiJl «(pi3M4HOTO PIBHA», GPAKTUYHO, €JUHOTO YMOBH: 11100 IOMIHAHTHUN
OIT MIT IPUAYIIUTH PELIECUBHU, alie He HaBMaku. Hanpukian, B onTHYHOMY
BOJIOKHI JIOMIHAHTHUM 01Ty TOBUHEH BIMOBIJIATH «CBITJIO», & PEIIECUBHUM -
«TeMpsBay. B enekrpuaHOMY ApOTi MOKE OyTH Tak: PEIIECUBHE CTaH - BUCOKA
HaIpyra Ha JiiHii (BiA JKepelia 3 BeJIMKUM BHYTPIIIHIM OMTOPOM), IOMIHAHTHE -
HU3bKa Hampyra (BCi BY3JIM MEPeXi «IIATATYIOThY JIIHIIO Ha 3eMJT0). SKIIO JiHis
3HAXOJUTHCS B PEIICCHBHUM CTaH1, IEPEBECTH 11 B JOMIHAHTHE MOXKE OY/Ib-IKUI
BY30J1 MEpexKi (BKIIOUMBIIH CBITJIO B ONTOBOJIOKHI 200 3aKOPOTHUB BUCOKA

Harnpyra). HaBnaku - He MOKHA (BKJIFOUMTH TEMPSIBY HE MOKHA).
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Texniuni xapaxmepucmuxu
Xapakrepuctuku CAN iHTepdeticy 3BeneHo B Tadbmmiro 1.11

Ta6mus 1.11. - Xapakrepuctuku CAN iHTEpdEticy

Crangapt 1SO 11898
[[IBuaKicTH TIEpEIAYl 1 M6it/c (MakcuMyMm)
Biacrane nepenaui 1000 M (MakcuMyM)

. .| tudepenIianpHa Hanpyra, CKpydeHa
XapakTep cursainy, JiHis nepepadi Aupepenn pyra, Ckpyt

napa
KinbkicTe apaiiBepis 64
KinbkicTs mpuiimauin 64
Cxema 3'eqHaHHSA HaIBIYIUIEKC, 0araToTOYKOBa

[IBuaKiCTH TIEpeaadl 3a/1a€ThCs MporpamMHo 1 Moxe 6ytu 10 1 Moit/c.
KopuctyBau BubMpae mBHAKICTh, BUXOISIUU 3 BIJICTaHEH, unciia aOOHEHTIB 1

€MKOCTI JIiHi# mepexayi, Tabm. 1.12,

Tabmums 1.12 - 3anexnicts mBuakocti CAN inTepdeticy Bia BincTaHi.

Bincranb, M
25 |50 100 |250 500 |1000 |2500 |5000

IBunkicts, KoiT/C
1000 800 500 (250 (125 50 20 10

MakcuMainbHe 4nciio aOOHEHTIB, MiAKIIOYEHUX J0 TaHOTOo 1HTepderncy
(haKTHYHO BU3HAYAETHCS 3/IaTHICTIO HABAHTAXXEHHS 3aCTOCOBAHUX TIPUIMAYiB.
Hanpuknaz, npu BukopucrtanHi tTpancusepa Gipmu PHILIPS PCA82C250 Bona

nopiBHioe 110.
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[Ipotrokon CAN BUKOPHUCTOBYE OPUTIHAIbHY CUCTEMY aJipecallii MOBIJOMIICHbD.
Koxxue noBigomiieHHs 3a0€3me4dy€eThes 11eHTU()IKaTOpOM, KUl BU3HAYAE
MpU3HAYEHHS NIepelaBaHuX JIAaHUX, alie He ajipecy npuiiMada. byab-skuil npuiiMay
MOXe pearyBaTH SIK Ha OJIUH 1IeHTU(IKaTOp, TaK 1 HA JekiIbka. Ha oqun
11eHTH(IKATOP MOXKYTh pearyBaTH JeKUIbKa MpUiiMayiB.

[Iporokon CAN Mae po3BUHEHOIO CUCTEMOIO BUSIBJICHHS 1 CUTHAJI3a1li1
MOMIIOK. J[J1s1 TIUX 11i71e# BUKOPUCTOBYETHCS TIOPO3PSIAHAIN KOHTPOJIh, TIPSIME
3arlOBHEHHsI 01TOBOTO MOTOKY, MepeBipka makery nosigomiaeHHs CRC-monaiHoMoM,
KOHTPOJIb ((OPMH MaKETy MOB1IOMJIEHB, MIATBEPKEHHS TPABUILHOTO IPUIOMY
NaKeTy JaHUX. XeMMIHTOBHU 1HTepBal d=6. 3arajbHa BIpOT1IHICTb HEBUSBIEHO1
nomuiku 4.7x1071L,

Cucrema ap0iTpaxy npotokosry CAN BHKIIOHYAE BTpary iH(dopmaii 1 yacy
npH "31TKHEHHAX" Ha IIUHI.

[aTepdeiic 13 3acrocyBanHsaM npoTokosy CAN Jerko aanTyeTbes 10
b13uyHOTO cepeoBuIa repeaadl iHdopmairii.

Opeanizayis mepedici Ha ochogi CAN inmepdgeticy

[Mpuctpoi B CAN-cuctemi 3'eiHyIOThCS 10 miuHi (puc. 1.49).

Ham 6ynemo po3risgaTy BUunaaok, koiau curiaid B CAN miuHi €
CIEKTPUYHUMH. B 1[bOMY BHUIIAAKy aCUBHUN (PEIICCUBHUI) CTaH IIUHH
BIJINIOBI/Ta€ PIBHIO JIOT1YHOT 1, a aKTUBHUK (JOMiHYIOYE) CTaH BIATOBIIA€ PIBHIO
norigaoro 0. Koy 1o muH1 He mepe1aroThes MOBIIOMIICHHS, BOHA ITepe0yBae B
nacuBHOMY cTadi. [lepenaya moBimOMIICHHS 3aBXIU MOYHMHAETHCS 3 JOMIHAHTHOTO
oOiTa.

CAN mvHa MpeIcTaBIeHa BHUTOIO MapOIo0 (EKpaHOBAHOIO 200 HEEKPaHOBAHOIO)
1 3arabHUM ApoToM. [1nocka napa (TenedoHHMM TUI Ka0est0) TaKoX MPaIoe
no0pe, ajie YyTauBIIlIa O 30BHIMIHIX JHKEpel MIyMy. Y ci OpUCTpoi, 0 BXOJATh B

MIMHY.3'€IHaH1 3a "'MOHTaXHUM "
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Puc. 1.49. 3'eqnanns npuctpoiB no CAN-muH1

[ToBimOMIIEHHSI TaHUX, TIepeiaBaHi 3 Oyab-skoro By3ia 1o CAN-1uHi,
MOXYTbh MICTUTD Bij 1 10 8 OaiiT. KoxkHe MoB1IOMIIEHHS TOMIYEHE
1AeHTU(IKATOPOM, IKUH B MEpEXi € yHIKaIbHUM (Hanpukiaa: "Harpisatu go 240",
"BigmoBa HarpiBy","byHkep 3aBanTaxeHno", 1 Tak gami). [Ipu nepenayi iHII1 By3/1u
MEpEX1 OTPUMYIOTh TOBIJOMJIEHHS 1 KOKEH 3 HUX NEPEBIpsE 1IeHTU(PIKATOP.
SIK1110 TTOB1IOMJICHHSI Ma€ BITHOIIEHHS JI0 TAaHOTO BYy3Jia, TO BOHO 00pOoOJIsS€ThCH,
1Hak1e — irHopyerbesa. CAN-KOHTpOJIep KOXKHOTO 3 IPUCTPOIB MOXKE 0OPOOISTH
OJIHOYACHO JeKUIbKa 11eHTU]ikaTopiB (Hanpuknaa, koutpoiaepu SIEMENS i
INTEL moxyTh 06po06:siTu 10 15). TakuM 4HOM, B KOKHOMY 3 TIPUCTPOIB MOKHA
JIETKO OpraHi3yBaTH JEKiIbKa "BIpTyalbHUX" KaHAIIB 0OMIHY 1H(OpMALIELO 3
PI3HUMU TIPUCTPOSIMH, BKITFOUAIOYN KaHAIHM OJTHOYACHOTO 3700YyTTS MOBIAOMIICHD.

Y CAN- Mepexi € MOKITUBICTh OJJHOYACHOT TIepeiayi OB1JOMIICHD BiIpasy
JEKUTBKOM MPUCTPOsiM. L{st 0co0MMBICTh T03BOJISIE MIEPEIABATH 110 HIl
CUHXPOCUTHAJIH.

Hogi npucTpoi, npu3HayeHi a1 NpuioMy JaHUX, MOXKYTh JOJaBaTUCS J10
Mepexi 0e3 3MIHU BK€ ICHYIOUUX MPOTPAMHUX 3aC001B, SKILO iX MIJKIIOUYEHHS HE
IPU3BOJIUTH J0 NEPEBUILEHHS 3AaTHOCTI HABAaHTAKEHHS 1 MAaKCUMaJIbHOI JJOBKUHU
mHY. [Ipy 1boMy HOB1 MepexeBl MPUCTPOI 3/1aTHI OOMIHIOBATHCS 1H(OPMAIIIEO
MIK c00010, HE TOPYIIYIOUU MPale3JaTHICTh CTAPOi CUCTEMH, SIKIIO B TPOTOKOMI

0oOMiHy OyJii BUKOPHUCTaH1 HOBI 11€HTU(IKATOPH.
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Taxum unnom, npuitHsaTa B CAN-Mepexi cxema nepezadi MoBiA0MIICHb
3abe3reuye BEeIUKI MOKIMBOCTI IIPU CTBOPEHH1, PO3IIUPEHH1 1 MOJIepHI3aIlii
CHCTEM.

CAN - By37H SIBIISIFOTH COO0I0 KOHTPOJIEPH, K1 3MIMCHIOIOTH MPOTICAYPY
npuiioMy-Tiepeaadl JaHUX 1 MaloTh JIOTIKY 00CITyroByIOUy NOMUIKH. Bel By3nmu
CTHOYATKy BKJIIOUEHI Ha pUiioM iHpopMaIiii.

Tunoa ctpykrypa CAN-Mepexi 3 MIKpOKOHTpOJIEpaMU HaBeJIeHa Ha puc.

1.50.

Yien B
00Lexr
ynpaen eHus
¥npaenaww uit C1G7CR
KOHTpORNep W Q 2 O

C167CS (apyrue yanei)

CAN-koHTpOnnep

DopmupoeaTent
CAN-w HbI

\CRN_H
RH u CAN-wuHa Uon u RH

Puc 1. 50 Tunosa ctpykrypa CAN-Mepexi

By3zoin A sBisie coboro 3‘eqHeHHs kepytrouoro koHTposepa 80C166 (6e3
BOynoBanHoro CAN-iaTepdetica) 3 CAN-konTposiepom SAE81C90 ta muHHUM
dbopmyBauem TLE 6252. By3znu b ta B mictsite CAN- KOHTpOJIEp 3
dbopmyBauaMu.

[unni popMyBayi mpu3HAYEHI I TepeTBOPEHHS JoTiuHuX curHaiiB RXCAN
1 TXCAN konTposnepa B piBHi curdainiB CAN-munu. [Ilunni hopmyBadi SBASIOTH
co00r0 HaAiNHI NpUoOMO-TIepeaBayl 1 30epiraroTh Mpare3aaTHICTh B TSHKKUX

yMOBaX €JIEKTPOMArHiTHUX 3aBajl. BOHN MarOTh 3HIKEHE €HEPTOCIIOKIBAHHS,
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BOYZIOBaHUM 3aXHCT BiJI TIEPErpiBY 1 BiJl KOPOTKOTO 3aMUKAHHSI, PEKUM
"3acunanHs". Mikpocxemu moOya0BaH1 TAKUM YMHOM, IO TTPU BUXO/II iX 3 JTaay
BOHHU HE 3aliMarOTh JIIHIIO TIepeadi 1 He 3aBa)kaloTh HOpMaJIbHIH poOOTI 1HIIUX
BY3JIIB Ha JIiHii.

Po6Gounii qiana3zon temmneparyp st nux mikpocxem -40 .. 125 ° C.

Tabmuns 1.13 - TexHiuH1 XapaKTEPUCTUKH IMUHHUX (HhOpMyBadiB

Makc.IBHKICTD,

Tun K601 Ty muii Ol
TLE6250G 1000 Brra napa ISO/DIS 11898, 12/24 B
JIIHIS, 3aIMTa OT K.3.

Bura mapa, BOynoBanuii GinbTp, 3aXuct

TLE6252G |125 OJIHOIIPOBIHA BiJ K.3., 3aI100iraHHs BiJI
JIHIA 3aHATTA JIHIT

TLE6255G 40(100) Oggonpomzma l?')aXI/ICT Bij 1'<'.3., PEKUM
JIHIS 3aCUITaHHS

BOynoBanwuii crabinizatop +5
TLE6263G 125 Bura napa B, "BepxHiit" kmrou 150 MA,
SPI-inTepdetic

1.6.5. ®opmatr CAN-ioBigOMITEHHS

[lepenaua Benerbes kaapamu. KopucHa iHdopmariist B Kaapl CKIAJAEThCS 3
ineHTudikaropa norxuHow0 11 6it (cTangapTHuii hopmart) adbo 29 6iT
(posmmmpenuit popmMar, HaIMHOKECTBO TONEPEIHBOTO) 1 TIOJS JAHUX JOBKUHOIO
BiJ1 0 10 8 GaiT. [neHTu(dikaTop rOBOPUTH PO BMICT MAKETY 1 CIYKUThH JJIS
BU3HAYCHHS MPIOPUTETY MIPHU CIIPOO1 OTHOYACHOI Iepeaadi IeKIbKoMa
MEpeXHUMU By3iamu. [nentudikarop nosigomienss 11- (2K nosigomiiens) abo
29- 6itoBuii (512M mOBiJOMIIEHB) TIEPENAETHCS IO KOKHOTO BY3Jla CUCTEMU, KU
BU3HAYAE UISIXOM anapaTHOro abo MpOrpaMHOTo (PUIBTPY, UM € MOBIIOMIICHHS
MPU3HAYCHUM 11 HhOTO. [AeHTHdiKaTop TakoK BU3HAYAE MPIOPUTET AOCTYITY 0

IIINHU.
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Hogi mpucTpoi, npu3HadeHi ass npuioMy JaHUX, MOXKYTb JOJaBaTUCS 10
Mepeki 6e3 3MIHU BKe ICHYIOUHX MTPOrpaMHUX 3ac001B, SKIIO iX MiAKIIOYEHHS HE
MPU3BOJUTH JI0 IEPEBUIICHHS 3/JaTHOCTI HABAHTAXEHHS 1 MAKCUMAJIbHOI JJOBXKUHU
muHU. [Ipy 1boMy HOBI MEPEKEB1 TPUCTPOI 34aTHI 0OMiIHIOBATHUCS 1H()OPMAIIIEIO
M1k 00010, HE TTOPYIUIYIOUN MPale3IaTHICTh CTapOi CUCTEMH, SIKIIO B IPOTOKOJI1
oOMiHy OyJIM BUKOPHCTaH1 HOBI 1ICHTH(IKATOPH.

Y CAN- Mepexi € MOKIIMBICTh OJJHOYACHOI Mepeadi MOBIIOMIICHB Biipasy
JEK1TBKOM MPUCTPOsiM. L{s1 0coOMMBICTh T103BOJISIE TIEPEIaBaTH 10 Hil
CUHXPOCHUTHAJIU.

Cranpaptauit CAN-niporokodn (Bepcist 2.0A) miarpumye gpopmar
noBigomsieHHd 3 1 1-po3psanuumu inenTudikatopamu (CtaHaapTHE TOBIIOMIICHHS).

Posmmpennit CAN-nipotokoi (Bepcist 2.0B) miarpumye 11-0iToBuii 1 29-
oiToBMI1 popMmatu 11eHTU(IKaTOP1B (PO3mMpene NoBiAOMIIEHH).

binbmiicte koHTpoJepiB Bepcii 2.0A nepeaaroTs 1 IpUMaroTh JIHIIE
MOBIJIOMJICHHS CTaHAAPTHOTO (POpMaTy, X0ua YacTHHA 3 HUX MOXKYTh JIUIIIE
OTPUMYBATH MOBIJOMIICHHS pO3IIUPEHOTO popMary.

Kontponepu Bepcii 2.0B MOXKyTh MOCUIATH 1 OTPUMYBATH MOBIIOMJICHHS B
000x dopmaTax.

BiaminHocTi popMaTiB HACTYIIHI:

V¥ Bepcii 2.0B nosie 6iTiB iAeHTU(DIKATOpa CKIIAIa€ThCS 3 IBOX YaCTHH.

[lepura yactuHa (OCHOBHA YacTUHA 1ACHTH(IKATOPA) MA€E TOBKUHY
OJIMHAIIATH O1TIB JJIsl CYMICHOCTI 3 Bepciero 2.0A, npyra yacTUHA - BICIMHAIISATh
01TiB (po3MMpeHHs iAeHTru(1KaTopa), O A€ 3araibHy JOBKUHY 1IeHTU(]IKaTOpa
B IBAIATh IEB'ATH OIT.

st po3pizHeHHs (hopMaTiB BUKOPUCTOBYIOThCA Oith Identifier Extension
(IDE) 1 Substitute Remote Request (SRR) B [Toni ApGiTpaxy.

Inentudikarop BU3HAUYAE THUI 1 MPIOPUTET MOBiIOMICHHS. Himkuomy
YUCJIOBOMY 3HAYEHHIO 1IeHTU(DIKATOpa BIJINOBIIA€ BULIE 3HAYEHHS IPIOPUTETY.

[ToBimoMIIEHHSI, III0 MA€ BUIIMIA MPIOPUTET, TIEPEAAECTHCS PAHIIIE TTOBIAOMIICHHS,
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10 Ma€e HUKYMM npioputet. [Ticist HOBIIOMIICHHS 3 BUCOKUM IIPIOPUTETOM
NEPEIAETHCS TTOBITOMIICHHS 3 HIDKYUM MPIOPUTETOM, SIKIIIO I1i]T 4ac Mepeaadi He
3'SIBUTHCA MOBIIOMJICHHS 3 BULIIUM IIPIOPUTETOM, IMOTIM MEPEAAETHCS
MIOB1JIOMJICHHS 3 1€ HUKYUM IIPIOPUTETOM 1 TaK Jaji

Buou xaopie

Buau xaapiB HaCcTyIHI:
» Kaap nanux (data frame);
 Kagp BignaneHoro 3anuty (remote frame)
» Kaap nepeBantaxenus (overload frame);
* Kagp nomunku (error frame).
Kaop oanux nepenae nai Bijg nepeaaBaya npuimMayva.
Kaop eiooanenoco 3anumy oanux nepenaeTbcs By3JioM, 1100 3alIpOCUTH Tiepeaady
KaJIpy JAHUX 3 TUM K€ CaMUM 1I€HTU(PIKATOPOM.
Kaop nomunku nepenaerscs 0y/ib BY3JIOM TP BUSIBJIICHHI TOMWJIKK Ha IIHHI.
Kaop nepesanmaosicennsi BAKOPUCTOBYETHCS, 1100 3a0€3MEUUTH I0JATKOBY
3aTPUMKY MDXK MTOTIEPEIHIM 1 HACTYITHUM KaJIpOM JIaHUX a00 KaJpoM BiJAJICHOTO
3aMuTy JaHUX.

Kaapu nanux 1 3anuTy BiJIOKPEMITIOIOTHCS BiJI MOMEPEIHIX KaApiB
MDKKaJIPOBUM MTPOMIKKOM.

Kaopu oanux

Kanpu manux MoXyTh BUKOPUCTOBYBATUCSA 1 B CTAHJIAPTHOMY 1 B
posmupenomMy dopmati. DopmaTu KaapiB HaBeaeHO Ha puc. 1.51. ta B Tabm. 1.14

—1.15.
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Interframe

Interframe

- DATA FRAME
Space g

b|<_5lﬂ'a'=9

Or
Cwerload

Start of Frame

Arbitration Field

Control Fiald

Data Field

CRC Field

ASK Field

END of Frame

Frame

Puc. 1.51 ®opmat kaapiB gaHUX

Kaap nanux ckiiaiaeTbes 3 CEMH Pi3HUX TOTIB

"[TouaTtok kampy" (start of frame), "mone ap6itpaxy" (arbitration field), "mose
ynpasmiaasa” (control field), "mose nanux" (data field), "mone CRC" (CRC field),

"moste miaTBepxeHHs” (ACK field), "kinenp kanpy" (end of frame). [Toe nanux

MOJKC MaTH HYJIbOBY OOBKHUHY.

Tabmuug 1.14 - bazoBuii popMmar kajapa g1aHUX

[Tone Jlomxuna (5 Omnmc
oOitax)
MouaTok Kaxpy 1 E;;;{;msye [IOYaTOK Mepesaul
[one ‘II[GHTH(i)iKaTop Hll HYHiKanLHI/Iﬁ i1eHTHdiKaTOp ‘
apOiTpaxy ‘3aHI/IT Ha nepenauy (RTR) Hl HHOBI/IHCH OyTH JOMiHAaHTHUM ‘
bit po3mupenHs .
ixentniaropa (IDE) 1 [ToBuHEH OyTH TOMIHAHTHUM
SISI;I;BJIiHHSI ‘3ape3epBOBaHI/II71 oit (r0) Hl HPesepB ‘
Jlossxuna gannx (DLC) |4 281)03>1<1/1Ha noJjist 1anux B Gaiirax (0-
More mammx 0-8 Gaiir geLpé:e)zLam naHi (TOBXHHA B IOJIE
’KOHTpOJ'II:Ha cyma (CRC) H15‘ H KoHTposibHa cCyma BChOTO Kapy
Hone CRC Po3mexxyBad KOHTPOJIBHOI
cymu 1 [loBuHEH OyTH pelieCUBHUM
ITone [IpoMi>KOK MIATBEPIKEHHS 1 [IepenaBay e penecuBHUN,
niarBepmkenHs |[(ACK) MpuiiMay BCTaBJIsIE TOMIHAHTY
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PpsMexcyBaq 1 [ToBuHEH OYyTH pelieCUBHUM
iATBEPKCHHS
‘KiHeHB kanpy (EOF) H? HHOBI/IHCH OyTH peLleCHBHIM

[Tepmi 7 61T ineHTH(dIKaTOpa HE TOBUHHI OYTH BCE PEIICCUBHUMU.

Tabmurs 1.15 - Posmupennii hopmat kaapy AaHUX

IToae

Josxuna (B
Oitax)

Onuc

‘HO‘I&TOK Kajpy Hl HCI/IFHaJ'Ii3y€ MOYATOK Iepeaadi Kaapy ‘
‘I,Z[eHTI/I(biKaTop A Hll HHepma yacTUHA 17eHTUDIKATOPY ‘
[Tigmina 3anmuTy Ha
nepesauy (SRR) 1 [ToBuHeH OyTH perlecCUBHUM
. biT po3mupenns
[Tone apGiTpaxy ixentnixaropa (IDE) 1 [ToBuHeH OyTH perleCUBHUM
‘IILGHTI/I(biKaTOp B H18 H[[pyra JacTHHA IICHTU(IKATOPY
3anut Ha mepenavy )
(RTR) 1 [ToBuHEeH OyTH JOMiIHAHTHUM
3apesepBoBaHi OiTH
2 Peseps
ITone (rl ur0) P
TIPaBJIiHHS
i JlopkuHa aumx 4 JloBxuHa moJist anux B Oaiitax (0-8)
DLC)
ITone ganux ‘ 0-8 GaiT HHepeﬂaHi naHi (nopxuHa B mojie DLC) ‘
Konrporeha cyma 15 KoHTponbHa cyma BCbOro Kajapy
(CRC)
[Tonie CRC o
OSMEAYBAT 1 [ToBuHeH OyTH perieCUBHUM
KOHTPOJIBHOI CyMHU
[Tpomixok 1 IlepenaBay e penecuBHUN, IpuiiMad
ITone nigrBepxeHHs (ACK) BCTaBJISIE IOMIHAHTY
MIATBEPIUKCHIS) PosmeskyBat 1 [ToBuHEH OyTH peleCHBHUM
M1ITBEPIKCHHS yTH pent
‘KiHCHB kanpy (EOF) H? HHOBI/IHGH OyTH pereCUBHUM

neHTudikarop 3Haxo4ATh 00'eqHaHHAM JYacTHH A 1 B.
I o' A1B

IHosie mouaTky kagpa (Start of frame) ckiiagaeTbCs 3 OAUHOYHOTO

HyJb0BOTO OiTa. By3iy 103B0sIeHO po3noyaTu nepeaady, KoM uHa BuibHa Bei

BY3JIM IOBUHHI CHHXPOHI3YBaTHUCs MO (PPOHTY, BUKIIMKAHOMY Tepeaadeto mos

"MmoyaTok Kaapy'" By3Ja, IKUK po3MovaB nepeaady Mepiivim.

ITose apOiTpaxy (Arbitration field) Binpi3HseTbes 1151 CTAaHAAPTHOTO 1

po31IMpeHoro (popmaris.
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- B cmanoapmuomy ghopmami noni apoiTpaxy, ckianaerbes 3 11 po3psaHoro
inentudikatopa i RTR-6ita. bitr RTR 3anuty Bignanenoi nepenadi B kaapax
JaHUX OIT MOBUHEH OyTH TepelaHuil HYJIbOBUM PIBHEM, B KaJpaxX BiJJaJICHOTO
3aMUTY - OJJUHUYHUM.

- B pozwupenomy gpopmami o apoiTpaxy CKiIamzaeTbes 3 29 po3psIHOTO
inentudikaropa, SRR-6ira, IDE-6ita, 1 RTR-06ira.

3aminHuk Oita BigmaneHoro 3anuty 0iT SRR, nepemaerscs B po3mupeHnx
kajapax B no3uilii RTR 6ita. Takum unHoM, BiH 3amiHioe RTR - 6iT cranmapTHOTO
KaJIpy.

bit IDE po3mmupenss ineHTudikatopa B cTaHAapTHOMY (hOopMaTi nepeiaeTbest
HYJIbOBUM PIBHEM, B TOH Yac sik B po3irpenomy ¢opmari IDE 61T - ogquHIUHMI
pIBEHb.

IHone ynpasainusa (Control field) ckinanaerbes 3 mectu 61t. @opmat nosist
YIPaBJIIHHS BIIPI3HAETHCS JJIs1 CTaHIapTHOTO 1 PO3MIKMPEHOT0 (popMary.

Kanpu B cmanoapmuomy gpopmami BkIo4aroTh: kKoa AoBxkuHu ganux (DLC),
o1t IDE, sikuii nmepenaeThcsi HyJbOBUM PiBHEM, 1 3ape3epBoBaHuil OiT 1.

Kanpu B pozwupenomy gpopmami BKIIOHAIOTH KOJ IOBKUHU JaHUX 1 J1Ba
3ape3epBoBanux Oita rl 1 0. 3ape3epBoBaHi 01T MOBUHHI OyTH HaAiCIaH1
HYJIbOBUM PIBHEM.

Kon nosxunu nanux (Data length code) posmipom 4 6ita, nepenaerbes
BCEpENHI TIOJIs YIPABIIHHS.

Jonyctuma kinbkicTh 6aiT manux: {0,1, ...., 7,8}.

[HITI BETMYNHY BUKOPHUCTOBYBATHUCS HE MOXKYTb.

ITose nannx (Data field) ckianaeTscs 3 nanux, skl OyIyTh MepeaHi
BCEpeIUHI Kaipy nanux. Bono moxxe mictutu Bij 0 10 8 6ailT, siki mepenarThes,
noynHarouu 3 MSB.

ITose kouTpoabnoi cymu CRC (CRC field) mictuts mociigoBricTs CRC 1

CRC — pozainbhuk, puc. 1.52
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Data  __ puleg — CRCField —  pley  Ask
or Fiekd
Control
Field
CRC Delimiter
CRC Sequence

Puc. 1.52. TTocainoBuicte CRC (cTangapTHuii 1 po3urpenuit GopmaTH)
[TocninoBHicTh kKoHTpOMIO Kaapy CRC oaepKyeThes 3 HAUIUILIKOBOTO
nukiiyHOro Koay. [lpu o6uncienni CRC cnoyaTky BUSHAYAETHCS TOJIIHOM,

KOE(DILIEHTH SIKOTO 3aJ]aH1 MOCIIIOBHICTIO OIT, IO CKJIAJAETHCS 3 MOMIB: "MOYaTOK

nan

kazpy", "mose apOiTpaxy", " mose ynpapibiHHA", "TIoNIe qaHUX" (SKIIO BOHO €) .
15 naiimonoamux koediieHTiB npuitMatoTbes piBHuMH 0. Jlami nieit nojaiHom
JIJIETHCS HAa TIOJIIHOM BUJLY:

XA1IS5+ XM14+ XM10+ XA8+ XAT+ XM+ XM3+1.

3aJIUIIOK B1JI IBOTO MOJIMHOMHUAIBHOrO AJIEHHS 1 € mocaimoBHICTE CRC.

[TocminoBHicth CRC cympoBomkyethes po3nuibhukoMm CRC(CRC Delimiter),
KM CKJIAIAETHCS 3 OJJHOI0 OAUHUYHOTO OITa.

IHone minTBepaxenns (ACK field) mae nosxxuny aBa 0itu: "06gacTh
MIATBEPKEHHS" 1 PO3AUIBHUK MIATBEPKEHHA. Y TOJI MATBEPIKECHHS
nepeaaBabHUM By30J1 TOCHIIAE JBa OITH 3 ONMHUYHUM piBHEM. [Ipuiimay, sikuii
OTpPUMaB IMOBIIOMJICHHS MIPABHJIBHO, TTOBIAOMIISIE TIPO 11€ TIepeiaBayda, MOCHIAI0YH
01T 3 HyJTLOBUM PIBHEM IMPOTITOM IpHiioMy 1oJisg "00JacTh MiATBEPIKEHHS "

Obnacme niomsepodicenns (ACK slot)

Bci By3nm, ski oTpuMaiiv BianoBiaHy nociigoBHicTe CRC, noBiIoMIAIOTH PO
e mij yac npuiomy mnosist "o06aacTh MiATBEPAXKEHHS" NUISIXOM 3aMiHM 0iTa 3
OJIMHUYHUM PiBHEM Ha OIT 3 HYJIbOBUM PIBHEM.

Pozainbauk ninrBepaxkenHsi (ACK delimiter):

Po3aiibHUK MATBEPAKEHHS - APYTUi OIT OIS MIATBEPKEHHS, 1 BiH TIOBUHEH

OyTH TIpeICTaBICHUI TOOTMHOKUM PIBHEM.
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Kinenps kaapy (End of frame) Koxxen kaap maHux i Kajap BiJIaICHOTO 3alUTy
JaHNX 0OMEXEHHH MOCIiJOBHICTIO MPAIopiB, 0 CKIAAA€THCS, 3 CEMH OAMHUYHUX
O1T.

Kaopu siooanenozo 3anumy (Remote frame)
301iratoThcs 3 KaapaMu JaHUX CTAaHAAPTHOTO ab0 PO3IMIUPEHOTo popMaTy 3a JBOMA
BUHSITKAMU:

* ¥ momi RTR perecii 3amMicTh TOMiHAHTH.
* BincyTHs nosne naHux.

By3o:, 1110 i€ gk npuitMad JesKuX JaHUX, MOXKE 1HIIIIOBATH Mepeavdy
BIIMOBIHUX JTAHUX BUXIJHUMHU BYy3J1aMU, TOCUJIAIOUN KaAp BIAJAAICHOTO 3alUTY
JTAHUX.

Kanp BigaanieHoro 3anuty JaHUX ICHYeE 1 B CTaHAApPTHOMY (opMarTi 1
posmupeHomy dopmarti. B 000X BUnajkax BiH CKJIJIa€ThCs 3 MIECTU OITOBUX
TOJTIB:

"I[Touarok kaapy" (Start of frame), "none apGiTpaxy" (Arbitration field),
"kepytoue nosie" (Control field), "mone CRC" (CRC - field), "mone
niareepkeHHs" (ACK field), "kinens kanpy "(End of frame).

Kaop nomunxu (Error frame)

Kanp momuiiku ckiiamaerbest 3 1BOX moiiB. [lepiie mose € cynepno3uiis
parnopiB MOMUJIKUA, OTPUMAHUX BIJl pi3HUX By31iB. HacTynHe nonie - po3aiabHuK

nomuik# (Error Delimiter) (Puc. 1.53)

Data Interframe

Frame —=-a————— ERRORFRAME —jm=mml— Space
Or

lil— Error Flag Owerload
Frame

oll——— superpositin of ——

Error Flags Error Delimiter

Puc 1.53- ®opmat kaapa moMuiIKu
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J171st mpaBUIIBHOTO 3aBEPILICHHS KaJApy MOMUIIKH, BY30J1 B CTaH1 "MaCUBHOT
NOMMJIKA" MOX€E MOTpeOyBaTH JOCTYMY A0 IIMHU, TpUHAWMHI, Ha 3 61TOBUX
1HTEpBaIH (SKIIO Ma€e MicCle JIOKaJIbHA MOMUJIKA MpUiiMaya, 10 3HaXOUTHCS B
ctaHi "macuBHOi moMuiiku'"). OTKe, IIMHA HE MOBUHHA OyTH 3aBaHTA)KEHA Ha
100%.

Ipanop nomunxku (Error flag) moxxe OyTH IpariopoM aKTUBHOI a00 MacUBHOT
TTOMUJIKH.

1. [Ipanop akTUBHOT MOMMJIKH CKJIAJIA€THCA 3 IIECTH MOCIIIOBHUX HYJIBOBUX
O1T.

2. Ilpanop nmacuBHOT TOMUJIKH CKJIAJAETHCS 3 IIECTU MOCTIJOBHUX
OJIMHUYHUX OIT, SKIIIO BOHU HE Mepe3anrcadi HyJbOBUMHU O1TaMU 1HIITNX BY3JIIB.

By3zoin y cTani "aKTUBHOI MOMUJIKK'", BUSIBUBIIIN YMOBA TOMUJIKU, TTOB1IOMJISIE
po 1€ MepeIaueto mpanopa akTMBHOI NoMmiku. @opma nparnopa MOMUIKH
MOPYIIY€ 3aKOH 3alIOBHEHHS 01Ta (JIMB. KOJTyBaHHS) B)KUBAHUM JI0 BCIX MOJIIB BiJl
noJis "mouatok kaapy" Ao posaunbHuka CRC abo pyitnye ¢gikcoBany hopmy mois
MIITBEPKeHHS a00 1o "KiHelb Kaapy". Sk Hacmi oK, BC1 1HIII BY3JIH
BUSIBJISIIOTH YMOBA MIOMMJIKH 1 B CBOIO Yepry MOYMHAIOTH MIepeaady npamnopa
MOMUJIKH. TakuM YMHOM, MOCIIJOBHICTh TIOMIHAHTHUX OITIB, KA (DAKTUYHO MOXKE
3'SIBUTUCS HA IIMHI, CTBOPIOETHCS CYTIEPIIO3UITIEI0 PI3HUX TPATIOPiB MOMUIIKH,
nepeaHux oOKpeMuMH By3iaMu. CymapHa JOBXKHHA II1€1 TOCTiJOBHOCTI
3MIHIOETHCSA BiJ IECTH 10 ABAHAAIISATH O1T.

By3o0:7, y cTani "macuBHOT MOMUIIKH'"', BUSBUBIIN YMOBY TIOMHJIKH, IPOOYeE
MOBIJIOMUTH TIPO 1€ TIepeayeto nparnopa NacuBHOT MOMUJIKU, BIH OUIKY€E MOSIBU
MIECTH MOCIJOBHUX OJTHAKOBUX OIT, TOYATKIBIIIB MPAIOp MaCUBHOI TOMUJIKH.
[Ipanop macuBHOI MOMMJIKH 3aBEPIICHUHN, KOJIU MICIsl BUSBIICHHS 1TUX 6 OIT.

Po30inbrux nomunku cKi1anaeThesi 3 BOCBbMU perecuBHuX O1TiB. [licis
nepeaadi mpanopa MOMIIKU KOKEH BY30JI TOCUIIA€ PEIIECUBHI O1TH 1 TIEpeBipsie
IIMHY, TOKW HE BUSABJISE pelieCUBHUM O1T. Jlami BiH MOYMHAE Tiepeaady e CeMHU

pEIeCUBHUX OITIB.
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Kaop nepesanmadsicenns

Kanp nepeBanTa)kxeHHs MiCTUTB JiBa O1TOBI TOJISI: TIPArop MepeBaHTAXEHHS 1
PO3IUIBHUK MepeBaHTaXEHHS. € TpU NPUYUHU TIEPEBAHTAKCHHS:

1. BayTpimHii cTan npuiiMada, 110 BUMarae 3aTPUMKH HACTYITHOTO Kaapy
naHux a00 KaJpy BiJIAJICHOTO 3aMUTY JTaHUX.

2. BusiBneHHs JOMiIHaHTHOTO OiTa Mpu Nepeaadi nepioro i 1pyroro OiTiB
nepepBH.

3. SIK110 BY30J1 BUSBIISE JOMIHAHTHU OIT Ha BOCBMOMY O1T1 (OCTAHHBROMY
01T1) po3AIbHUKA TOMWJIKK 200 PO3AUIBHUK NIEPEBAHTAKEHHS, 11€ CIPUYUHUTH
nepeaavy Kajapy nepeBaHTaxeHHs (a He KaJApy NOMUIIKH). JITYMIBHUKY TOMUIIOK
He OyyTh 301IbIIIEHI.

[lepenauy xaapy nepeBaHTa)KEHHs, 00YMOBJIEHOTO 1-M BUIOM
NepeBaHTAXKEHHS, JO3BOJICHO TTOYMHATH B MIEPIIOMY O1ITOBOMY 1HTEpBaJIi MEPEPBH,
B TOH 4Yac K KajJp MepeBAHTAKEHHS, 00YMOBJIEHUH 2-M 1 3-M BUIAMU
NepeBaHTAXKEHHS, TOUYMHAE TIEPEeIaBaTUCs Ha OJIMH OIT Mi3HIIIE BUSBICHHS
JIOMIHAHTOTO OHUTA.

He Oinbliie 1BOX KaJpiB MEPEBAHTAKEHHSI MOKE OYTH 3r€HepOBaHoO, 100
3aTpUMaTy HACTYIHUHN KaJp JaHuX abo KaJp BiIATIEHOTO 3alUTYy TaHHX.

Ilpanop nepesanmasicenHsi CKIIaIa€ThCs 3 MIECTU OMIHAHTHUX O1TiB. [ToBHA
dbopma BiAMOBIAAE MTPanopy aKTUBHOI MOMIIKK. DopMa mpanopa nepeBaHTaKEHHS
nopyunye ¢ikcoBany hopMy 1moJis nepepBu. Bei 1HII By3/I1 TaKOK BUSBIISIOTh
YMOBY TIEPEBAHTXEHHS 1 B CBOIO UEpPTy MOYMHAIOTH Mepeiady mpamnopa
MepeBaHTAXCHHS. Y pa3i SKIIO BUSIBICHUN JOMIHAHTHHUH OIT, i yac 3-ro Oita
NepepBH, TO 1Ieil OIT IHTEPIPETYETHCSA K MOYATOK KaJIpy.

Posoinvrux nepesanmasicents CKIaJaeThCs 3 BOCBMH PEIIECUBHHX OIT.
Po3ninpHUK MepeBaHTaKEHHS Ma€ Taky K GopMy, SIK 1 pO3AUTHHUK TOMIIIKH.
[Ticnst mepemaui mpamnopa nepeBaHTaXEHHS BY30J1 KOHTPOIIIOE IIIMHY, IOKUA HE

BUSIBUTH TIEPEXiJI BiJl JOMIHAHTHOTO OWTa J0 PEIIECCUBHOTO OITy. Y 11eif MOMEHT
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yacy KOXKEH BY30J1 3aKIHUYE Mepeady rmpanopa nepeBaHTaxeHHs, 1 BC1 By3JU
MOYMHAIOTH TIepeauy e 7 perecuBHUX OITiB.

Misckaoposuti npocmip

Kanpu nanux 1 kajipu BiJaJI€HOr0 3aIUTY JAHUX BIJOKPEMITIOIOTHCS Bij
MOTIEPETHIX KaapiB Oyb-AKOTO TUITY (Kaap JaHWX, KaAp BiIIAJICHOTO 3aIUTy
JAaHUX, KaJp TOMWIKH, KaJp MEPEBAHTAXKEHHS ) O1TOBUM IOJIEM, 3BaHUM
MDXKKaJpOBUX MpocTopoM. Ha BiMiHy Bl HUX, KaJipaM MEepEeBaHTAXKECHHS 1 Kapam
MOMWIKHU HE TIepelye MIKKaIPOBUM MPOCTip (KpaTHI KaJipu NepeBaHTAKEHHS
TaKOXX HE BIJJOKPEMITIOIOTHCS IHTEpPBaJIaMH).

MixkapoBMI IPOCTIP: MICTUThH OITOBI MOJIS: IEPEPBA 1 MPOCTIH IIMHH.

Puc 1.57 a HaBeneHo uist By3Ja, IKM OyB JKEPEIOM MOMEePETHEOTO
MOB1/IOMJICHHSI.

Puc 1.57 B HaBenieHO 715 By3Jia B CTaH1 ""MacMBHOI MOMWIKK", sIkUil OyB

IOKCPCIIOM ITOIICPCAHBOIO HOBiIIOMJIeHHH

Fsarnc-:—l-|-l— FEFERFRAEME SPACE  — e |--a—Feame

‘1—

a Bus Idla
Irtermissicn

Framg —— = -#f——— INTERFRANE SFACE —— = |-=l—— Frame

| Bus= Idla

Susp=nd Transmissior:

IRtermission

Fig 10 INTERFRAME SRPACE
a1 for not ‘error passivie’ stations having been TRANSCEI/ER of praviols message
) far wrror passive' stations having beeh TRANSVMITTER of the previols messane

Puc. 1.54 - MixxkanapoBuii IpocTip

[Tone mepepBa CKIIaIa€ThCsl 3 TPHOX PELIECUBHUX OIT.

[IpoTtsirom nepepBU €1uHA Ais, 110 MOKHA 3pOOUTH - TIOB1IOMJIEHHS TIPO
YMOBH N€PEBaHTAKEHHS 1 HISIKOT BY30J1 HE MOXe I0YaTH Nepefauykaapy JaHUX

a00 KaJpy BIAJAJICHOTO 3aMUTY JaHUX.



Posznooineni mikponpoyecopmi cucmemu 115

Ilepioo npocmoro wiuHu MOXKe MaTH T0BUIbHY MOBXUHY. [1InHa BiibHA 1 Oy/Ib-
SKUH BY30JI, SKOMY TTOTPiOHO MIOCH TIEPEIaTH, MOKE 3BEPTATHUCS 10 IITUHHU.
[ToBimoMIIeHHSI, sIKE YeKae Tepeaadl Mmij yac rnepejiadl 1HIIoro MoB1IOMIICHHS,
MOYMHAE TIepeIaBaTUCs B IEPIIOMY OUTe Micis nepepsu. Businenus
JIOMIHAHTHOTO 0iTa Ha IIKHI IHTEPIPETYETHCS SIK "MOYATOK Kaapy'.

NPU3YIUHEHHS NIepeaayl

[Ticnst Toro, sIK By30:1 B CTaH1 "MacuBHOI MOMUJIKA" TIEpEIaB MOBIIOMIICHHS,
BiH MIOCHJIA€E BICIM PELIECUBHOIT IICIIA SIKUX He IepepBy, Mepe nepeadcto
HACTYIHOTO MOB1IOMJICHHS 400 PO3Mi3HaBaHHS MPOCTOIO IIMHH.

SKI0 THM YacoM TOYMHAETHCSA Tepeada, BUKIMKaHa 1HIITUM BY3JI0OM, BY30JT
CTa€ MpuiiMayeM I[bOTO MOBIJJOMJICHHS.

Dinempayis no8iooMeHb

dinpTpalis MOBIAOMICHHS 3aCHOBaHA Ha 1IeHTU(IKAIT].

[cHyIOTH crieriaiabHi PEeTiCTPH MaCOK, SIK1 JO3BOJISIIOTh YCTAHOBKY OY/Ab-SKOTO
OiTa 11eHTU(iKaTopa, MOKYTh BUKOPUCTOBYBATHUCS JUIsl BUOOPY TpyNH
1meHTr(IKaTopiB, K1 OyAyTh BiioOpakeHi B Oydepax.

SKI1110 pericTpu Macok €, TO KOKEH 01T pericTpiB Macku MOBUHEH OyTH
porpaMoBaHUM, TOOTO MOr0 MOKHA BUKOPUCTOBYBATH JIJIsl (DLIIBTpALIil
noBiJoMJICHHS. [loBXHMHA pericTpa MacKy MOKE€ CTAHOBUTH IITTUH 11€HTH(IKATOD
a00 TUIbKK MOT0 YacTHHA.

Kooyeannsa nocrnioosnocmi 6imis

Cermentu: "mouatok kajapy", "mosue apOiTpaxy", "mose ynpasmiaas", "mone
nanux" 1 "mocninoBHicTE CRC" KOAYIOTBCS METOIOM PO3PSTHOTO 3aIIOBHEHHS.

Bcesikuii pa3, koiu nepeaBay BUSBIISE B PO3PSAHOMY TOTOIII, TT'STh
ITOCI1IOBHUX OJTHAKOBHUX OIT, BIH aBTOMAaTUYHO BCTABJISIE€ JIOJJATKOBUH OIT B
(bakTUUHUN NTepeaaHuil po3psSIHUN MOTIK.

Pemty 6iTOBI moJist Kaapy AaHuX a0o0 KaJpy BiJATICHOTO 3aMUTy JaHUX

("po3ainbauk CRC", "mose miarBepxeHHA", 1 "KiHelb Kaapy'") MatoTh (IKCOBaHY
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dbopmy. Kagp nomuiku 1 kaap nepeBaHTaXEHHs MaloTh (iKCOBaHY (hOPMY TaKOXK 1
HE KOJYIOTHCS METOJIOM PO3PSITHOTO 3allOBHEHHS.

Po3psiaauit moTik moBigoMIIeHHS KOayeThes 3r11HO NRZ Metoaom (6e3
MOBEPHEHHS /10 HyIsA). Lle o3Hauae, 0 NpOTATOM YyChOro Hacy rnepesadl OiTiB
3reHepOBaHUM pO3psATHUN piBeHB € 200 "mominaHT" abo "recessive".

Busienenns nomunok
CAN MICTUTh 5-CTYIIHYaCTHII MEXaHi13M BUSBICHHS MTOMUJIOK:

® [UKIIYHUN KOHTPOJb 10 HaaMipHOCTI (CRC)

® KOHTPOJIb MIEPEAABAHOTO MOJIs OITIB

e koHTpoJib curHany "[liarBepmxenns [Mpuitomy"

® [IOTOYHUU KOHTPOJIb JIOTIYHOTO PiBHS OITIB

® KOHTPOJIb 3aTIOBHEHHSI OiTiB.

IHukmuauit kouTpoab 110 HaaMipHOCTI (CRC)

KoxHe nepenane noBiJoMICHHS MICTUTh KOHTpoabHUM Ko (CRC),
0oOYMCIIEHHI epejaBayeM Ha OCHOBI BMICTY ME€pEAaBaHOIO OB1AOMIICHHS.
[TpuitmanbpH1 By3/1M BUKOHYIOTh aHAJIOT1UHY OIEpallito, Mo3Ha4YaTh BUSBIICHI
MMOMUJIKH 1 BCTAHOBITIOIOTH BIIIOBIJIHI MPAMOPH.

[ToToyHMIT KOHTPOJIB JIOTTYHOTO PIBHA OITIB

Bynb-sxuii nepegaBay aBTOMaTUYHO KOHTPOJIOE 1 TOPIBHIOE (DaKTHUHUN
JIOTIYHUH piBEHb OITIB Ha IIMHI 3 PIBHEM, SIKHI BiH nepenae. SKIo piBHI He
301raroThCsl, MO3HAYAETHCS TOMUIIKA JIOTTYHOTO PiBHS 01TiB. BUHSATOK - mocHIika
pEleCUBHOMTA IPOTATOM 3aIIOBHEHOTO OITOBOTO MOTOKY IMOJIsS apOiTpaxky abo
TPOTSATOM TIOJISI TTATBEPKCHHSL.

[lepenaBay, sikuii TOCHIIa€ IPAOp MACUBHOT OMUJIKH 1 BUSIBUB "JTOMIHAHT"
OIT He IHTEPIIPETYE 1E K MOMUJIKY OiTa.

(ITpumiTka: el MexaHi3M TaKOK BUKOPUCTOBYETHCS MPU apOITpaXKi IIUHU JJIs
BU3HAUYEHHS MPIOPUTETY MOBIIOMIICHHS, TPOTE TOMUIIKA B I[bOMY BUIIAJKY,
NPUPOIHO, HE BUHUKAE).

KoHTpoJib epeaBasoro mos O1TiB
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V¥ cknaai CAN-TIOBIIOMJICHHS TTEpEIal0ThC 3yMOBJICH1 01TOBI KOMO1HAITIT, SIK1
KOHTPOJTIOIOTHCS TPU TIpUiioMi. SIKIIo mpuitMay BUsBIIsiE€ HETOMYCTUMUM OIT B
OJIHIM 3 X KOMOIHAI[I/, TO BCTAHOBIIFOETHCS MPaAIop NOMUIKU popMmary.

KoHTpoJ1b 3a110BHEHHS O1TIB

CAN BUKOPHCTOBY€E METOAUKY J0JaBaHHS 3aMIOBHIOIOYOTO OiTa 7S
JI0JIATKOBOTO KOHTPOJIIO Mepe/laBaHuX MoBiomiieHb. [licis nepenayl n'atu
MOCIIJOBHUX OITiB 3 OJJHAKOBUM PIBHEM IEpelaBay aBTOMAaTUYHO BBOJUTD B
PO3PSAIHUM MOTIK OIT MPOTHIICKHOTO 3HaUeHHs. [IpuitmMadl moBiIOMIIEHHS
aBTOMATUYHO BUJIAJISIOTH TakKi O1TH riepes; 00poOKOko MOBIIOMIIEHHS. SIKIIO
BUSIBJISIETBCS IIIOCTUHM OIT OJJTHAKOBOI MOJIAPHOCTI, TO TO3HAYAETHCS TOMUJIKA
3aIOBHEHHS OITiB.

Koutposns curgany "IlinrBepmkenus [puitomy"

KosxHe nepenane noBiJOMIICHHS MIITBEP/KYETHCS MPpUMMadeM, 1 SKIIO 1bOTO
HE CTaJIOCs, TOJ/I1 BCTAHOBIIIOETHCS MPAIIOpP MOMIJIKH I ATBEPKCHHS IPUHOMY.

[Ipanop noMmiIku

VY BUMaIKy SKIIO BUSBJICHA IOMUJIKA, TO BY30J1, 1110 BUSBUB TOMIJIKY,
nepepuBac rnepeaady moCHIKO mpanopa noMuiiku. [Ipu oMy nepegaBay
aBTOMATHUYHO PEUHULIMAIU3UPYET Mepeaady MOoBIIOMIICHHS, 1110 3ar00irae BCim
By3JIaM BiJl BAHUKHEHHS ITOMUJIOK 1 TapaHTy€ HECYNEPEUHICTh JAHUX B MEPEXKI.

3 BpaxyBaHHSM [I1i BCIX ME€XaH13MiB KOHTPOJIIO, peaJibHE 3HAUCHHSI
BMHMKHEHH HeBMsiBIIeHOT mommiku B CAN- mepexi — 107

By30:71, 1110 BUSIBUB TOMIJIKY MOBIJIOMJISIE TIPO II€, IEPEAAI0YH MParop
TTOMUJIKH.

Tunizayis Hecnpasnocmell

HecnipaBuuii By3071 Moke OyTH B OJHOMY 3 TPhOX CTaHIB:

* AKTMBHOI IOMUJIKH

* TACUBHOI IIOMUJIKA

* BIIKJIFOUEHHS B1JI IIIMHU



Posznooineni mikponpoyecopmi cucmemu 118

By3oun y cTaHi "akTUBHOI MOMUIIKK" HOPMAJIBHO MPUETHAHUN 10 IITUHU 1
MOCHJIAE TIPAriop aKTUBHOI TOMUJIKY TP BUSBIICHHI TTOMUJIOK.

By3ous y cTaHi "macuBHOT TOMUJIKK" HE MIOBUHEH MTOCUJIATH TIPaIiop
aKTUBHOI MOMWJIKU. BiH MiAKIIOYEHHH 10 IIMHM, ajie TPU BUSABICHHI TOMUIIOK,
MOCUJIA€ Tparnop macuBHOi noMuiku. [licnsa nmepenadi, By30 B cTaHi "MacuBHOT
noMuJku" Oyjie YeKkaTH 1Himiagizamii moaaibioi nepeaaydi Byson y crani
"BIAKTFOYCHHS BiJ] IIMHK" HE MOJKE MPAIIOBATH 3 IIIHHOIO.

Jlns Tumizaniii HecpaBHOCTEH B KOKHOMY BY3J11 € JIBa JIIYMJIbHUKA:

1) JliynIbHUK TOMIJIOK Tepeayi

2) JIiunJIbHUK TOMUJIOK IPUHAOMY

3HaYeHHS JIYUIbHUKA TOMUJIOK OUIbIIe HIXK 96 BKa3ye Ha Te, 110 IIMHA
CHJIBHO TIOIIKO/IKEHA.

Axio B CAN - Mepexi MiAKITIOYeHUH TUIBKU OJTMH BY30J1, 1 AKIIO IIeH By30J1
nepeaae aesike MoB1IOMJIEHHS, BIH HE OTPUMAE MiATBEPIKEHHS, 3HAIIE TOMUJIKY 1
NOBTOPUTH MOBIIOMIICHHS. Uepes 11e BiH MOKe MepelTH B CTaH "MacUBHOI
MMOMUJIKHK'", ajie He B CTaH "BIJKJIIOYECHUH BiJI IIHHU".

Apbimpasc CAN-wunu

[Tpu BinbHIM HMHI OyAb-SKHUI BY30J1 MOXKE MOYMHATH Mepeady B OyIb-sIKUn
MOMEHT. Y pa3i 0JJHOYACHOI Nepeiayl KaJpiB ABoMa 1 O1JIblle By3JaMu IPOXOUTh
apOITpax OCTYITy: TIEPEAAI0YH aIpeCy JKEPeEIia, By30J OJJHOUYACHO MEePeBipsie
CTaH MUHU. SIKIIO0 MPU Tepeiadl PeleCUBHOTo 0iTa MPUHMAETHCS JOMIHAHTHUH -
BBAXKAETHCS, 1O 1HIIUNA BY30J1 MepeIa€ MOBIAOMIICHHS 3 BEJIMKUM IIPIOPUTETOM 1
nepeaaya BiJIKIIaa€ThCs 0 3BITbHEHHS MMHU. TakuM YMHOM, Ha BiJIMiHY,
Hanpukiaz, Bia Ethernet B CAN He B110yBa€eThCsl HEMPOAYKTUBHOI BTPATU
MPOIYCKHOI 3[aTHOCTI KaHaly Mpu Kodi3isx. [{iHa nporo pilieHHs - KMOBIPHICTb
TOTO, 1110 TIOBIJJOMJICHHS 3 HU3bKUM TPIOPUTETOM HIKOJIA HE OYIyTh MEepe/IaHi.

OcCK1JIBKH BCIM By3JIaM JJO3BOJIEHO MMOYMHATH Mepeavy KaJIpiB Micis TOTo, sIK

IInMHa BUABHUTBCA BiJ'II)HOIO, Ic MOXKC IIPUBCCTU 1O TOI'O, 110 B OAWH 1 TOH Ke 4ac
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BiJIpa3y JIeK1JabKa By3J1iB MOYHYTh nepenady. [1lo6 3anobirtu pyiiHyBaHHIO OJHUM
BY3JIOM KaJIpy 1HIIOTO By3Ja, By30JI MiJ yac nepenadi inaukaropa i RTR 6ita
KOHTPOJIIOE IITMHY. SIKIIO MpH nepeaayl perecuBHoOro 6ita (recessive bit) BiH
BUSBJISIE TOMIHYIOUMM OIT (TOMIHAHT bit), TO 3BUIBHSE MUHY, HETANHO 3yITUHSE
nepeaavy 1 mpoaoBXKye IpUMaTu Kafp.

Yacosa miarpama npuBeneHa Ha puc.1.55 Ilouatok kaapy rno3HayeHUn
JIOMIHAHTHUM CTapTOBHUM O1TOM, 3a AKuM ciifye 11 6itoBuit ineHTudikaTop i
apOiTpaxkauit 61T RTR, siskum po3pi3HSIOTH Kaap JTaHKUX 1 Kaap 3anuTy JaHUX
(BumaneHui Kaap).

VY moJil ynpaBIliHHS BKa3y€eTbCs TUI (popMaTy MOBIIOMIEHHS (CTaHIapT /
PO3LIUPEHHMIT) 1 JOBKMHA HACTYIMHOTO 1ot fnanux (0-8 Oaiir). [Ticas manux ciigye
15 61ToBMiI1 cermeHT CRC, sIKUii JO3BOJISIE OJEPKYIOUOMY BY3Ily IEPEBIPSATH

NPUAATHICTh OTPUMAHUX JIaHUX.

erap'r Aph Mane ITome marmoc
Bir fir  EepyEarma
Af.
= Identificator
o ﬁ C'I'_ﬂtml 0-2 Byte Date | CEC cerptert
@ [w0]o|s]7]s]5[a[z]2]1]0 |ng|  Field
Eyzoa 1 I
— I
BY00 2 - :
|
Ey700 3 :
. L L '
I
control 3 I Drata 3
|
Puc. 1.55

VY Oyap-skiil cucTeMi JIesiKi 3 mapaMeTpiB 3MIHIOIOTHCS IIIBUIIIE, HIXK 1HIIII.
Hampukiaz, mBHUIKICTh pOTOpa ABUTYHA, SIK MPABUIIO, 3MIHIOETHCS 32 MEHIITUI
MIPOMIXKOK 4Yacy, YUM TeMIlepaTypa Horo Kopmycy ado MOJI0KEHHSI 3aCIIIHKH.
[TapameTpu, 110 MIBUIKO 3MIHIOIOTHCS, TOBUHHI MEPEIaBaTUCS YACTIIIE 1, OTXKE,

BUMArarTh BUIIOTO mipioputety. [1ix yac poOOTH TaKOK MOXKIIMBA MOSBA
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aBapIMHUX MOB1JOMJICHB, SIK1 IOBUHHI MepeIaBaTUCS 3 HAWBUIIUM MP1OPUTETOM
(HampuKJaa, IEePEeBUILEHHS OMYyCTUMOT TeMIIepaTypH, OOpUB COJIEHOI1a, 1110
yIpasJisie, KOPOTKE 3aMUKaHHS B JIAHITIO31 1 TaK J1aJii).

Byzm CAN- Mepexi € piBHOIIPaBHUMH IIPU OOMiHI, 1 KOXKEH 3 HUX Y Oy/ib-
SKHI MOMEHT 4acy MO>K€ MaTH TOB1IOMJICHHS, 110 BUMArae HeB1KIaaHOT
nepeaadi. BiporigHicTh 0JHOYaCHOT BUMOTH Tiepeadi BiJl pi3HUX MPUCTPOIB HE €
YUMOCH HAJA3BUYANHNIM, a TPAIUIIEThCS PErysapHo. IJig BUpIIeHHS TOA10HOTO
KOH(IIKTY TOTPIOHUHN IMIBUIKOIIFOYMN MEXaHi3M PO3IOILITY YeProBOCTI Iepeaayi
noBigomiieHb. [ist iboro B CAN- Mepexki BUKOPUCTOBYeThcs HepyitHiBHUIA
[Topo3psanuuii ApOoiTpax.

[Ipiopurer CAN-IOBITIOMIICHHSI BU3HAYAETHCS IBINKOBUM 3HAYEHHSIM HOTO
1AeHTH(1KaTOpa.

YucrioBe 3HaUE€HHS KOKHOTO 17IeHTU(IKAaTOpa NOBIAOMIICHHS IPU3HAYAETHCS B
MOYaTKOBIH (a3l MpoeKTyBaHHS cucTeMH. [aeHTrdIKaTop 3 HAWHUKIUM YUCIOBUM
3HAYEHHAM 1IeHTU(]IKaTOpa Mae HaWBUILMK npioputeT. [lepenaya J0riYHOro HyIs
o CAN-IIMHI 3[[1ACHIOETHCS] CTPYMOBOIO TTOCHIIKOIO, & CTaH JIOT1YHOT OJMHUIT
BU3HAYAETHCS MO BIICYTHOCTI CTpyMy. B mporieci mepenayi KoxHe 3 JpKepen
MOBIJJOMJIEHD, IKUI Ma€ HEOOX1IHICTh B Mepeayl, MOYMHAE TIepeaBaTH CBIA
11eHTr(IKaTOp, OJTHOYACHO TIEPEBIPAIOUN HOTO Ha JIiHii. Ko B mporieci nepeaadi
BUSIBJISIETHCS HECTIBNaAaHHs (TOOTO "3aiiBuii" HYJIb), TO IepeaBady, 10 BUSBUB 1€
HEBI1JIMOBIIHICT, IPUIUHSIE TIEpEIady CBOTO 1IeHTU(]IKATOpa 1 MEPEMUKAETHCS HA
npuitom. KoHuikTy Ha muHI TPU [IbOMY HEMAE, OCKUIHKY 3HAUYEHHS 0iTa 3 piIBHEM
JIOT1YHOT OJUHUI (DAKTUYHO HE TIEPE/Ia€ThCs, 1 B PE3yJIbTaTi MOBIIOMIICHHS 3
HaWBUIIMM MPIOPUTETOM MPOXOJIUT TIO MIMHI TaK, K HIOM BOHO €1uHE. Y
HACTYMTHOMY IIUKJII IIMHU OyJe TIepe/laHO MOBIAOMIIEHHS 3 HUKYUM MIPIOPUTETOM,
1 Tak nani TakuM YMHOM JOCSTAEThCS MaKCUMaJIbHA MPOITYCKHA CITIPOMOXKHICTh
ITMHY 1 MiHIMaJIbHA 3aTpUMKa I "rapsdux"" MOB1IOMIICHb.

Bucoka HajaiiHicTh
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s 3a6e3neuenHs 6€3B1IMOBHOT pOOOTH B TSKKUX YMOBaX 3a CTaHJIApTOM

1SO11898 CAN-konTposep 3abe3mnedye poOOTy B MEpexki B HACTYITHUX BHITaIKaX:
e Oyab-sKHUH 3 3-X IPOTIB B IIUHI O0IpBaHUM;
® OyIb-KUH APIT - 3aKOPOUCHUIN HA KUBJICHHS;
e Oyab-sAKUH APIT - 3aKOPOUCHHUI Ha 3arajJbHUM JIPIT.

[Tpu 06puBi 2-X APOTIB YacTHHA (PYHKIIII OCHOBHOI CHCTEMHU MOXKE OYTH
peaiizoBaHa B KOXKHIHM 3 MJICUCTEM, CTBOPEHUX OOPUBOM

IlepeBaru Ta Hea0JIIKHU

Ilepesacu

MOoXIUBICTh pOOOTH B PEXHUMI JKOPCTKOTO PEAILHOTO Yacy.

[IpocroTa peanizariii 1 MiHIMaJbHI BUTPAaTH HA BUKOPUCTAHHS.

Bucoka cTifKiCTh 10 IEPEIIKO/I.

ApOiTpaxk J0CTymy 10 MEpExi 0€3 BTpaT MPOITYCKHOI CITIPOMOKHOCTI.

HaniitHuii KOHTPOJIL MOMIJIOK TIEpeaadl 1 mpuiiomy.

[[upokwuit giama3oH MBUAKOCTEH POOOTH.

Benvke mommpeHHs TEXHOIOTI1, HASBHICTHh IIUPOKOTO aCOPTUMEHTY
MPOAYKTIB BiJ] pi3HUX MOCTAYaIbHUKIB.

Heoonixu

Heenuka KiIbKICTh JaHUX, SIKE MOKHA MEpelaTh B OJTHOMY HakeTi (10 8
OaifT).

Benukuii po3mip ci1y>K00BUX aHWX B TIaKeTi (1O BIAHOIIEHHIO 10 KOPUCHUX
JTAHUMMU ).

BigcyTHICTh €AMHOTO 3aTaJIbHONIPUIHATOTO CTAaHAAPTY HA MPOTOKOJ BUCOKOTO
PI1BHSI, IPOTE K, e 1 TAHICTh. CTaHAApT MEPEkK1 HAJla€ IMHUPOKI MOKIMBOCTI JIJIs
NPaKTUYHO OE3MOMMIIKOBOI MepeAayl JaHUX MK BY3JIaMH, 3JIUILIAI0YN
PO3pPOOHUKOBI MOYKJIMBICTh BKJIACTH B 1€ CTaHIIAPT BCE, M0 TYIU 3MOXKE
noMictutucs. Y 1ipomy BigHoeHHI CAN moi0HU MPOCTOMY €IEKTPUUHUIN JPIT.
Tynu MoxxHa «3anmxatu» Oyas TOTIK 1H(OpMAaITii, SKUif 3MOKEe BUTPUMATH

MPOIYCKHA 3AaTHICTh IUHUA. Bi1oMi npukiaau nepenadi 3ByKy 1 300paskeHHsI 110
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muH1 CAN (Pocis). Bimomuii BUnagok CTBOPEHHS CUCTEMHU aBapiitHOTO 3B'S3KY
B3JIOBXK aBTOJOPOTH JOBKHHOIO KIJTbKa JEcATKIB KitomeTpiB (Himeyunna). (Y
MepIIoMy BUIIAJKY MOTpiOHA OyJia BEJIMKa IIBUJIKICTh Mepeiadil 1 HeBeJIuKa
JOBKWHA JTiHii, y IpyroMy BUIIAJKY - HaBNIakK). BUroTosmoBadi, sk IpaBuIio, He

aQinyroTh, IK caMe BOHH BUKOPUCTOBYIOTh KOPHCHI OaliTH B MaKeTi.

JIEKIIIA 6

Po3nogijsieHa MiKponpouecopHa cucteMa Ha 6a3i uHTepdeuncy
1-Wire

3azcanvrua xapaxmepucmuka
OpnnomnpoBiguuit inTepdeiic 1-Wire, pozpobaenuii B kit 90-x pokiB GipmMoro
Dallas SemicoKTRWSZ 11nductor, pernaMeHTOBaHUN pO3POOHUKAMU JIJIst
BXKMBAHHS B TPbOX OCHOBHHX C(hepax-3aCTOCYBaAHHSIX:
e cucreMu ieHTU(IKaIlli 1 KOHTPOJIIO OCTyIy (TexHosoris iButton abo
Touch Memory);
e [porpamyBaHHs BOY/IOBaHOI aM'ATi IHTETPAIIbBHUX KOMIIOHEHTIB;
e cucTteMu aBToMaTu3ailii (TexHosorist Mmepexx MICROLAN).
Jlnst nmpuiiomy-niepenadi iHGopMailii BUKOPUCTOBYETHCS OJHA JIBOHAIIPABIICHA
CUTHAJIbHA JIiHIA (APYTH IPIT - 3eMIISTHUR ).

B cucmemax ioenmudgbixauyii i koumponio docmyny — (texuosnorii Touch

Memory) oOMiH 3MIHCHIOETHCS B PEKUMI HamiBayIwiekca (abo nmpuiiom, abo
nepeaava). Bzaemonis mpuiaaiB mo oJJHOMPOBIIHOMY 1HTep(deicy opraHizoBaHa 3a
npuHIUIIOM "Bene-BeneHuid" (master-slave). [1pu oMy mpounTyrouuii mpucTpi
3aBXXJIU BeJe, a OJIMH abo Jekiibka nmpuiaais Touch Memory - Beneni. Bzaemomis
JEKUIbKOX MPUJIAJIIB 3 MPOYUTYIOUMM MPUCTPOEM IO OJHIN ABOHANPABICHIN JiHII
MIATPUMYEThCA arapaTHuMu 3acobamu Touch Memory.

['pyny komanna oominy 3 I1311 cknanaroTs yotupu komanau: untanus [1311,

MIPOITYCK, TIOPIBHSHHSA 1 MOMIYK. /[Bi oOcTaHHI KOMaHI1 3a0€3MeuyI0Th B3a€MOIII0
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1o OJ1HiM JiHi1 Aekibka Touch Memory 3 mpouutyrounm npuctpoem. Komanaa
MOPIBHAHHSA 1HILIIO€ OOMIH 3 MPUJIAJIOM, CEPIHMI HOMEP SKOTO BKa3aHHI.
Komanaa momryky /103BoJIsie BU3HAUNTH CEPIHHUN HOMEpP OHOTO 3 MPUIIAIIB,
MIKJITFOYEHUX J0 JBOHAMPSIMICHOT JIiHII.

Bci koMmanau 06MiHy MatoTh ()IKCOBaHUN PO3MIp - OJMH OaiT, JaHi
MpeCTaBIICHI 8-pO3PSATHUMHU UTMMHU YUCIaMu. Benydiit mpuctpiii 3aBxau
1HIIIFOE OOMiH, TOCHJIAI0UYX KOMaHIA BEJICHOMY IPUCTPOIO.

Jlns1 3abe3meueHHs MUTICHOCTI TiepeaBanol iHGopmMallii mpoToKoa OOMiIHY Ha
(b13UYHOMY PiBHI CTPOTO PETJIAMEHTYE YaCOBI MTapaMeTPH CUTHAIIB Ha JIHII.

LIpoepamysanns 60y0osanoi nam'ami inmezpanibHux KomMnonenmis 3ade3neuye

MO>KJIMBICTB JIETKOI TIepeOy0BU (YHKIIINA HAIMIBIPOBIIHUKOBUX KOMITOHEHTIB 3
MaJIor0 KUIBKICTIO 30BHIIIHIX BUBOJ1B, BUpoOtoBaHuX (pipmoro Dallas
Semiconductor

Cucmemu aemomamuzayii na 6azimepesc MiCroLAN.

MICROLAN e iH(opMaliiitHoio Mepeketo, 10 BUKOPUCTOBYE J1JIs 3A1HCHEHHS
1M (POBOTO 3B'SI3KY OJIHY JIIHIIO JAHUX 1 OJMH 3BOPOTHUM (200 3eMIISIHHIT) JIPIT.
(puc. 1.56) Takum unHOM, JJI peatizallii cepeoBHINa OOMIHY 1€l Mepexi
MOXYTb OyTH BUKOPHCTAaHI, IK Ka0eJl, 110 MICTATh HEEKPaHOBaHYy BUTY Mapy Ti€l
a0 1HI101 KaTeropii, Tak 1 3BU4aHui Tenedonnuit Apit. [lomiObHi kabeni mpu ix
MPOKJIAIIl HE BUMAraroTh, SIK MPABUJIO, HASSBHOCTI CIELIAIbHOTO YCTaTKyBaHHS.
OOMexeHHST MaKCUMAaJIbHO1 JOBXKMHH OJHOTIPOBITHOT JIiHIi, 110 PeaTi30BYETHCS
0e3 creriagbHuX TOAATKOBUX TIOMOMKHHUX MPUCTPOIB (TOBTOPIOBAYIB),
peryiaMmeHToBane Ha piBHI 300M.

Ocnogoro apxitekTypu Mepesk MICROLAN, € Tomosoris 3arajibsHO1 IIHHH,
KOJIM KOKEH 3 IPUCTPOIB MIIKIIOUEHUN Oe3Mocepe/IHbO 0 €IMHOI MaricTpalii, 6e3
AKUX-HEOYIb KaCKaJHUX 3'€THaHb a00 po3ranyxeHb. [Ipu nibomy sik 6a3oBa
BUKOPUCTOBYETHCSI CTPYKTYpPa MEPEXKI 3 OJHUM BEIydnM a00 MaCTpOM i
OaraTbMa BeI€HUMH, X04a ICHY€E psiJl IPUIOMIB opraHizailii poooTy moaiOHux

MEpEX B PEKUMI MyJIbTUMACTEPA.
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[IpoTokos 0OMiHY IO IILOMY 1HTEpdENCY Ty>Ke MPOCTHH 1 JIETKO peai3y€eThbCs

IPOrpaMHO MPaKTUYHO Ha Oyb-sakux MK.

MikpokoHTponnep s
: Voo
L ATK MPUCTPIN 1-WIRE
| DQ
: Wuka 1-wire ) Ry
Re—0<] : . [>o—
I 5 A
: i | Tx
T | 100 Q
: MOSFET
' Ry = MPUNOM
i Ty = MEPEJAYA

Puc. 1. 56. Cxema oOMiHy o 1-wire inTepdeticy

Ha puc.1.56 mokasaHna cripolieHa cxema anapaTHoi peaizaiiii iHntepdeiicy 1-
Wire. Buseaenus DQ npuctporo € Bxogom KMOII-norudyeckoro eixemMeHTy, siKkuit
MO>Ke OyTH 3alTyHTIpOBAaHUM (3aMKHYTUI HA 3aralibHUN JAPIT) MOJIHOBUM
TpanzuctopoM. [lluna 1-Wire mae OyTu MATITHYTa OKPEMUM PE3UCTOPOM 0
HAIPYTH KUBJIEHHS pUCTpoiB. Omip 1poro pesuctopa 4.7 K, mpore, 11e 3HaYCHHS
PEKOMEHIOBAHE JIUIIE IS TOCUTh KOPOTKHX JiHiH. SIKiio mmua 1-Wire
BUKOPHCTOBYETHCS JJIS TTIIKIIFOUCHHS BITaJICHUX HA BEJIMKY BiJACTaHb MPUCTPOIB,
TO OIIp I[FOTO PE3UCTOPA CII1T 3MEHIIUTH. MiHIMaIbHHUM TOTTyCTUMUH OITip -
0am3pk0 300 OM, a MakcuMaJbHUH - 0JIM3bK0 20-30 KIJTOOM.

[Tinkmtouenns mman 1-Wire 7o MK Ha puc. 1.56 moka3zaHo yMOBHO B JBOX
BapiaHTax: 3 BUKOPUCTAHHAM 2 okpemux BuBOAIB MK (o/uH K BUXij, a IHITUHN 5K
BX1]T), TaK 1 OJTHOTO, 110 MPAIIIOE 1 HA BBEACHHS 1 HA BUBII.

Obmin inghopmayiero no wuni 1-\Wire

1) OOGMiH 3aBXIM BEIETHCS 3a 1HIIIATUBOIO OJJHOTO BEAYUYOTO MPUCTPOIO, STKHIA

B OUIBIIOCTI BUMAJIKIB € MikpokoHTposiepoM (MK). s intepdeticy 1-Wire B
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3arajlbHOMY BUMNAAKY TepeadadacThes "rapsyue’ miaKIroYeHHs 1 BIAKIIOUCHHS
npucTpoiB. byab-skuit 0OMiH iH(GOpPMAIlIEI0 TOYNHAETHCS 3 MOAAUl IMITYJIbCY
ckunanng ("Reset Pulse" abo npocto RESET) B ninito 1-Wire Begyuim
PUCTPOEM.

2) byab-axuit npuctpiii, migkaroueHuid 10 1-Wire micist HaaHHs )KUBJICHHS BUA€E
B JiHir0 DQ iMmynbc npuCcyTHOCTI, 3BaHui "Presence pulse" (mani s
BukopuctoByBaTumy Tepmid PRESENCE). Lleit sxe iMITylibc IPUCTPiit 3aBKAU
BHJIA€ B JIIHIIO, AKIIO BUABUTEL curHai RESET.

3). osiea B mmH1 1-Wire imnynbcy PRESENCE micns Bunaui RESET
OJIHO3HAYHO CBITYUTH MIPO HASIBHICTh X0U OM OJHOTO MIAKIIOYEHOTO PUCTPOIO.
4). O6miH 1HpopMarlii Be1eThCs TaK 3BaHUMHU TaM-CJIOTaMH: OJIUH TalM-CJIOT
CILY’KUTh JJI1 OOMIHY OJHUM O1TOM 1H(OpMAIli.

5). aHi nepenaroThecs MoOalTHO, OIT 32 01TOM, TOYMHAIOYUH 3 MOJIOJIIOTO OiTa.
JIoCTOBIpHICTH NEepeaHuX/IPUUHITUX JaHUX (TIepeBIpKa BiJACYTHOCTI
CIIOTBOPEHB) TAPAHTYETHCS MIJITXOM MM APaXyHKY IIUKIIYHOT KOHTPOJIBHOT CYMH.
Ha puc.1.57. mokazana giarpama curnajiiB RESET 1 PRESENCE, 3 sikux 3aBxau
MOYUHAETHCS OyIb-sIknii 00MiH nanumu. Bugada immynscy RESET B mporieci

OOMIHY CIIYXUTb JJISl TOCTPOKOBOI'O 3aBEPILICHHS MPOLEAYpPHU OOMIHY

1H(pOopMaIriero.
MK nepepnae imnynbc RESET MK 3HaxoauTbCcA B pexxuMi npuiloMa
480 ps miniym o e 480 ps MiHinyn >
MpucTpin nepegae
’ Yac pearuji | 15-60 ,,sl‘— hayme l_’;fgf::gE —1
oo - -
WwuHa
1-WIRE

GND

MK yTpHIye HUSbKHI
piBeHb
e TIPpUCTPIN yTPHMYe HUSBKMI
piBE€Hb
PiBeHb B niHii sadesneuye
pesucrop "niaraxkn"

Puc. 1.57. Hiarpama curnaniB RESET i PRESENCE
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Sk 6aunmMo, TpUBAIICTh OUIBIIIOCTI YaCOBHUX IHTEPBAIB AyKe MpUOJIM3HA 1 Ma€e
auiie oOMeXeHHs JIMIIE [0 MiHIMYMY (HE MEHIIIE BKa3aHOTO0). Y MOBHI
MO3HAYCHHS JIIHI{, TTOKa3aHi Ha prc.1.57, BAKOPUCTOBYBATUMYThCS 1 Jai.
Nmnynsc RESET dopmye Benyunii MK, nepeBosiun B HU3bKUI JIOTTYHUIA PIBEHb
mmmHy 1-Wire 1 yrpumytouu ii B ibomy cTai MiHiMmyM 480 mikpocekyHa. [Totim
MK noBuHeH "Bianyctutu" muHy. Yepes AesKuil yac, 3aJeKHUN B1JI EMKOCTI JTiHIT
1 OTOPY MIATATYIOYOTO PE3UCTOPA, B JIIHIT BCTAHOBUTHCS BUCOKUN JIOTIYHUI
piBeHb. [IpoTokon 1-Wire oOMmexye 1ieit uac "penakcarii” aiama3zoHom Bijg 15 1o
60 MIKpOCEKYH]I, 1110 1 € BU3HAYAIBHUM JIJI1 BUOOPY MIATATYIOUOTO PE3UCTOPA
(EMKICTB JIIHIT MIHSITH HEMOXJIUBO).

[Ticns mpuitomy immynbey RESET, Benenuii npuctpiit mpuBOIUThH CBOT
BHYTPIILIHI BY3JIM Y BUXIAHUH cTaH 1 popmye y BianoBiae imiyinbc PRESENCE, sk
BUILIMBAE 3 puC.1.57. - He mi3HIIe 60 MUKPOCEKYH/I MICIs 3aBEPIICHHS IMITYJIbCY
RESET. 15 boro npucTpiii nepeBouTh B HU3bKUI piBEHb JiHII0 DQ 1 yTpumye
il B iboMy cTaHi BiJ 60 1o 240 mikpocekyHa. KoHKkpeTHUI Yac yTpuMaHHs
3aJIeKUTH BiJl OaratboX mapaMeTpiB, aje 3aBXKIU 3HAXOUTHCA Y BKa3aHOMY
niamnasoHi. [licis iporo mpucTpiii Tak camo "Biamyckae" muHy.

[Ticns 3aBepuienHs iMmmynbcy PRESENCE npuctporo gaeTbes 1ie aeskuil yac 1is
3aBepIlICHHS BHYTPINIHIX MpoIeayp iHimami3aiii, Takum unnoM, MK noBruHen
NPUCTYIUTH 0 OyAb-sIKOr0 0OMiHY 3 MPUCTPOEM He paHiiie, yuM yepes 480
MIKpOCEeKyH/I Tics 3aBepiieHHs immynbey RESET.

Wrak, npornenypa iHimianizaiii intTepdeiicy, 3 SKO MOUYNHAETHCS Oy Ib-IKU
OOMIH JaHUMHU MIXK IPUCTPOSIMHU, TPUBAE MIHIMYM 960 MIKpOCEKYH]I, CKJIAJa€ThCS
3 nepenadi Bix MK curnany RESET 1 nmpuifoMy Big NpUCTPOIO CUTHATY
PRESENCE. fkmo curnaan PRESENCE ne BusiBaeHHH, 11€ O3Ha4ae 110 Ha ITHHI
1-Wire HeMae roTOBUX J10 OOMIHY IPHUCTPOIB.

PosristHemo nporexypu oOMiHy O6iTamu iHGOpMAaIIii, siKi, 3M1HCHIOIOTHCS
MeBHUMU TaM-CJIOTaMH. TalM-CJIOT - 1€ AKOPCTKO JIIMITOBaHA 3a 4aCOM

MOCJTIIOBHICTh 3MiHU PiBHIB curHaiy B jdiHii 1-Wire. Jlam Oynemo
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BUKOPUCTOBYBaTU TepMiH MK, Ik CHHOHIM "TIPOBITHOT'O MPUCTPOIO" 1 MPOCTO
"mpuctpiit", sk cuHOHIM "BeneHuil". Po3pi3HA0Th 4 TUIIK TallM-CIIOTIB: Mepeaaya
"1" Big MK, nepenaua "0" Big MK, nipuiiom "1" Big mpuctporo 1 mpuiiom "0" Bij
MPUCTPOIO.

Koxen taitm-ciioT 3axau nounHae MK nuisixom nepesegensst muHu 1-Wire B
HU3BKHH JIOTIYHUN piBeHB. TpHUBaIicTh Oyab-SKOTO TaliM-CJI0Ta MOBUHHA
3HaxoauTHCs B Mexkax Bia 60 no 120 mikpocekyHa. Mix OKpeMUMHU TaliM-CIIOTaMu
3aBX/IM MIOBUHEH IMepe0avaTrcs IHTepBal He MeHIIe 1 MIKpOCEeKyHAN (KOHKPETHE
3HAYEHHS BU3HAYAETHCA MTapaMeTpaMu BEIEHOTO MPUCTPOIO).

TaliM-cIIOTHI iepeiayl BIAPI3HAIOTHCS Bl TaM-CIIOTIB NpuiioMy moBeiHKo0 MK:
Ipy iepeadi BiH juiie GopMye CUTHAIH, IPU TIPUIOMI, KPIM TOTO, III€ 1 OMTUTYE
(ToOTO TIpHiiMae) piBeHB CUTHANY B JiHIi 1-Wire. Puc.1. 58. nemoncTpye gacosi
JlarpaMy TaiM-CIIOTIB BCIX 4-X THUIIIB: BrOpi MOKa3aH1 TalM-CJIOTH Nepeaadl Bijl
MK, BHU3Y - IpuiOMy BiJl IPUCTPOIO.

Movarok
TalM-cnoTy

Movarok
TaNM-cnoty

Taiim-cnot nepepavi “0" Taiim-cnot nepepayi “1"
18 < Teee <00
<

>
»

60pus <Ty 0" <120 ———> >1ps

Voo
Wuna
1-WIRE
GND
30Ha BBOAY 3HAYEHHA B NPHCTPIN 30Ha BBOAY 3HAYEHHA B NPUCTPIi
MiH. THRINHO MaKc. MiH. THRIMHO MaKC.
<+ 15us »|e 15ps »le— 0ps —» < 15us »|e 15ps »ple— 0ps —»
Taiu-cnot npuitomy
Mpucrpiit nepepac “0" Mpucrpiin nepepnae "1"
! E BRI | 1us <Trc <20
Voo '
Wnna
1-WIRE
GND

3oHa BBOOY
3Ha4eHHA B MK

3oHa BBOOY
e
3HaveHHA B MK

Puc.1.58. Taiim-ciiotu
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Taiim-crioT nepeaaui "0" nmossrae mpocTo B yrpuManHi muHu 1-Wire B
HU3BKOMY PIBHI POTATOM BCi€i TpUBAJIOCTI TaliM-cioTa. [lepegaya "1"
3IIHCHIOETHCS NUIAXOM "Biamycky" munu 1-Wire 3 6oky MK He panimie uuMm yepe3
1 MiKpoceKyH 1y Ticiis MoYaTKy TakM-CJIOTa, ajie He Mi3HiIe Hix yepe3 15
MIKpOCeKyH/I. Beaenuii mpuctpiit onutye piBeHs B muHi 1-Wire mpoTsirom
4acoOBOT'0 1HTEPBAITY, YMOBHO MOKA3aHOT'0 y BUTJIAII CIPOTO NPSIMOKYTHHUKA, TOOTO
MOYMHAIOYM 3 15-0i MIKpOCEKYH/IU BiJ] MOYATKY TaiiM-cioTa i 3akiHuayo4uu 60-010
MIKPOCEKYHI0I0 Bij Mo4yaTky. TUIIOBUI MOMEHT BBEJICHHS PIBHS B MPUCTPIid
(TOOTO XapakTEepHUM 1Jis1 OLIBIIOCTI TPUCTPOIB) - OUIA 30-01 MIKPOCEKYHIH BiJ
IIOYaTKy TauM-CIIOTa.
3amTpuxoBaHa 00J1acTh - 11e 007acTh "HapocTaHHs" piBHS B muHI 1-Wire, ska
3aJIEKUTH BIJl EMKOCTI JIIHIT 1 ONOPY MIATATYIOYOr0 pe3UCTOpa, BOHA IPUBEIEHA
JUIA TOBIOAKH.

Taiim-ciiotu puitomy iHdoOpMarlii Biipi3HIOTECA TUM, 1110 MK Gopmye nure
MOYaTOK TaM-cJI0Ta (a0COJIFOTHO TaK caMo, sIK Ipu nepenadi "1"), a moTim
yrnpaBiiHHS piBHeM mmHH 1-Wire 6epe Ha cebe mpucTtpiii, a MK 3aiiicHioe
BBEJICHHS IILOT'O PIBHS TaK CaMO B MEBHIM 30H1 YaCOBUX 1HTEPBaIiB. 30Ha I, K
BUJIHO 3 puc.1.61., nocuth Mana. KoHTposiep MOBUHEH BBECTH PIBEHb CUTHAITY 3
miuHii Ha 13-15-1i MIKpOCEKYH/I1 BiJl TOYATKy TaM-CIIOTAa.

Takum unaoM, MK mounHae Taiim ciot Bugavoro B muny 1-Wire "0
npotsarom 1 MikpocekyHau. [lonanbinmii piBeHb 3a7€XKUTh BIJ] THIA TalM CIIOTa:
JUTs ipuiioMy 1 mepenadi "1" piBeHb MOBUHEH CTaTU BUCOKHM, a Jijis nepenayi "0" -
3aJIMIIATHCS HU3BKUM JI0 KIHIIS TaliM-ciiota, ToOTO He MeHme 60 1 He outbie 120
MmikpocekyH. Skmo MK npuitmae gani, TO OMUAT PiBHA B IIKMHI BiH TOBUHEH
3poOuTH Ha MPOMIXKKY Bia 13-01 1o 15-1i1 mikpocekyH i TaitM-ciora. MK noBuHeH
3a0€3MeUYUTH IHTEPBAT MK OKPEMHUMH TaliM-CIIOTaMU HE MEHIIe 1 MIKpOCEKYHIH.
Cnin TouHo 3a6e3nedyBary B muHi 1-Wire He0OXi/1HI YaCOB1 IHTEPBAIH, OCKUIBKH,
HaIpUKJIad, 301JIbIIEHHS TPUBAJIOCTI TalM-c0Ta BUBeAeHHs "0" 3BepXy

PCKOMCHAOBAHOI'O 3HAYCHHA MOZKE ITPUBCCTHU O IIOMHUIIKOBOI'O CHprIHHTTSI ObOoTo
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TaiiM-ciioTa, sik curHary RESET. Bcei curnanm, siki mosuHeH dopmyBatu MK, cif
dbopMyBaTH 32 MPUHIIMIIOM HEOOXITHOTO MIHIMyMY TPUBAJIOCTI (TOOTO TPOXH
O1bIIIe, UMM BKa3aHa MiHIMaJIbHA TPUBAIICTH), @ BIJl IPUCTPOIO CIiJ] YeKATH
CUTHAJIIB 32 IPHUHITAIIOM HAUTIpIIOTo (TOOTO OpiEHTYBATHUCS HA caMi T1pIi
BapiaHTH YaCOBHX MapaMeTpPiB CUTHATY).

Koxen npuctpiii 1-Wire Mae yHikanpHuM i1eHTHIKAIIHHUN 64-01TOBUM HOMED,
10 IPOTPaMy€eThCS Ha eTari BUPOOHHUIITBA MIKPOCXEMU. Y HIKAJILHUH - 11€ 03HAYAE,
1o ¢ipMa-BUPOOHUK rapaHTye, 0 HE 3HANAETHCS JBOX MIKPOCXEM 3 OJIHAKOBUM
171eHTUIKAIIHHUM HOMEPOM (TTPUHANMHI BITPOJIOBXK JCKIJIBKOX JIECATKIB POKIB

IIPU ICHYIOUHX TEMIIaX BUPOOHULITBA).

Ilpomoxon obminy

[Ipu po3rasal npoTOKoJy OOMIHY BBa)KaeMO 1110 Ha IIKHI 1-Wire € O11bI1 HixK
oJuH npuctpiid. B upomy Bunanxy nepea MK Bcrarots 2 npobieMu: BUBHaYCHHS
KUJIBKOCT1 HasIBHUX MPUCTPOIB 1 BUOIp (aapecartisi) OQHOrO KOHKPETHOTO 3 HUX IS
oOMiHy HaHUMU. BupimenHs nepioi npooiieMu 3A1HCHIOETHCS JBOMA IUIIXaMU:
YHIBEpPCAIBHUM 1 THYYKHUM, ajie¢ BUMAralouuM JOCUTh CKJIAIHOTO alrOPUTMY, 11O 1
POCTUM, IIPH SIKOMY B1JJOM1 HOMEpH BCIX BUKOPUCTOBYBAHMUX y Ballii cxemi 1-
Wire-nipuctpois. HoMepu nestkux nmpucTpoiB HAHECEHI Ha KOPIYCi MIKpOCXeM
(HanpuKIa, AJi NpucTpoiB 1Button - BCIM BiIOMUX KITIOU1B-MITYJIOK), @ HOMEpPHU
IHIIIUX MO>XHA BU3HAYUTH 3a JOIIOMOT00 CITCIIaIbHUX MporpamM ado IPHUCTPOIB.

Xaii Bi1oMi HOMepH BCiX npucTpoiB 1-Wire Ha mivHi. AJTOPUTM HACTYITHUIA:
MK nocunae, imnyiasc RESET, 1 Bce HasaBH1 npuctpoi Buaatote PRESENCE.
[Torim MK nocunae B mmuHy KOMaHy, IKy IpUiiMaioTh Bci npuctpoi. Komans
BH3HAUYCHO JICKIJIbKA 3araJlbHUX JJIs BCiX ThIiB 1-Wire-nmpucTpois, a Tak caMo
MOXYTbh OyTH KOMaH/IM, YHIKaJIbHI JUIsl OKpeMux TuMiB. Cepen 3aralbHUX KOMaH]T

HaKOLIBII MOMIMPEHI HACTYIHI (quB. Tada. 1.16.).
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Tabmums 1.16 - Komanau intepdeiicy 1-Wire

Komanna SHauenda | Omuc
Oaiita

SEARCH | OxFO [Tomyk agpec - BUKOPUCTOBYETHCS MPH YHIBEPCAITBHOMY aJITOPUTMI

ROM BH3HAYCHHS KUIBKOCTI 1 aJipec MiAKIIOYEHUX MMPUCTPOIB

READ 0x33 YuraHHA aapecu IPUCTPOIO - BUKOPUCTOBYETHCS AJIs1 BUSHAUEHHS

ROM aJIpecH €IMHOTO MPUCTPOIO HA MIMHI

MATCH 0x55 Bubip agpecu - BUKOPUCTOBYETHCS )11 3BEPHEHHS O KOHKPETHOT

ROM aJIpecH MPUCTPOIO 3 6AraTboX MiAKIIOYCHUX

SKIP ROM| 0xCC IrHopyBaTH azpecy - BAKOPUCTOBYETHCS /JIsl 3BEPHEHHS /10 €IMHOTO
HPUCTPOIO HA IIMHI, IPU LIbOMY aJipeca MPUCTPOIO ITHOPYEThCA
(MO>KHA 3BEpTATHCS IO HEBIIOMOTO TIPUCTPOIO)

[leprra koMaH/1a BAKOPUCTOBYETHCS B CKIIATHOMY YHIBEPCATBHOMY alTOPHUTMI,
JIpyra JI03BOJISI€E BU3HAUUTH aJIpECy MPUCTPOIB, Mepe] iX YCTAaHOBKOIO B TOTOBHIA
BHpiO, a IB1 OCTaHHI HAIIEBHO € OCHOBHUMH.

[Ticns toro, sik MK Bunacts komanry READ ROM, Bij pucTpOIO MOCTYIUTH 8
OaiT Horo BracHoOi yHiKanbHOI agpecu - MK noBuHeH ix npuiiHaTu. byab-ska
npoieaypa 0OMiHy JaHUMHU 3 TPUCTPOEM Mae OyTH 3aBepIlieHa TOBHICTIO a00
nepepBaHa nocuikoro curiany RESET.

SAxmo Bianpasnena komanga MATCH ROM, 1o micnsg vei MK nmoBuHeH niepenatu
TaK camo 1 8 0alT KOHKPETHOI aApecH MPUCTPOIO, 3 AKUM 3111 CHIOBATUMETHCS
nojanbuit 0OMiH faHuMu. [{e piIBHOCHIIBHO BUCTABIISIHHIO peCH Ha
napajieJibHId IMHI B MIKPOIIPOLIECOPHUX MPUCTPOAX. [[pHitHIBIIN 1H0 KOMaHLY,
KO>KEH MPUCTPIN MOPIBHIOE TepelaBaHy aJipecy 31 CBOEIO BIIACHO. Bcei nmpuctpoi,
ajpeca KX He 30iriacs, MPUIUHSIOTH aHATI3 1 BUady cUrHaIIB B jiHil 1-Wire, a
MIPUCTPIH, 110 Mi3HAB apecy, IPoIoBKye poOoTy. Tenep Bci AaHi, nepegaBani MK
MOTPAIIATUMYTh JIMIIE J0 1bOT0 "aapecoBanHomMy" mpucTporo. To, ki came maHi
Tpeba mociaaTv B MpUCTPiid a00 OTpUMATH B1JI HBOTO MICIIs HOTO ajapecartii,

3QJIKUTH BIJl KOHKPETHOTO MpucTpoto Hanpuknan, s 3ralaHoro TepMoMeTpa 11e
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MOXYTb OyTH KOMaH/M 3allyCKy BUMIpIOBaHHS a00 MPOYUTYBaHHS pe3yJibTary,
JUTS KJTIOYA-TITYJIKYA He BU3HAYCHI JKOHI 1HIT KOMaHAH, OKPIM OCHOBHUX, & JIJIS
Mmikpocxem ALl gomaTkoBUX KOMaH MOXKe OyTH OJU3bKO JIeCATKA.

SkI1o npucTpiit OJIMH HA MIMHI TO MOKHA MPUCKOPUTH MPOLIEC B3AEMO/IIT 3 HUM 32
nornomoror komaaau SKIP ROM. OtpumaBiiy 1110 KOMaH1y, IPUCTPii Bipasy
BBaXKa€ aJipecy Takoro, 110 30iriacs, Xxo4a >K0HO1 aJIpecH 3a 11€10 KOMaHI00 HE
craye. Jleski mporeypy He BUMararoTh MPUHOMY BiJI MPUCTPOIO KOAHUX JTAHUX,
B 11boMy Bunaaky komanay SKIP ROM moxkHa BUKOPHCTOBYBATH ISl Iiepeiadl
aKkoichk 1H(pOpMaIIii Bipa3y BciM IpUCTposiM. Lle MojkHa BUKOpUCTOBYBATH,
HANPUKIIAJ, 151 OAHOYACHOTO 3aIyCKy IIMKITY BUMIPIOBAaHHS TeMIIepaTypu
JeKIIbKOMa JJaTyuKaMu-TepMmocraramu Tuna DS18S20.

[IpuiioM 1 nepenaya 6alTIB 3aBKIU MOYUHAETHCS 3 MoJioioro oita. [Topsaok
JOTpUMaHHs OalTIB MPU Nepeaadl 1 TPUHoMI aipecu IPHUCTPOIO TaK CaMO
BEJIETHCA B1JI MOJIOIIOTO /10 cTapiioro. [lopsmok nepenayi iHmoi iHpopmairii
3aJIEKUTh BIJl KOHKPETHOTO IPUCTPOIO, TOMY CJ1J 3BEPTATUCS A0 JOKYMEHTALl Ha
B)KMBaH1 BaMU MIPUCTPOI.

VYHikanbHa 64-6iToBa HOMEp-apeca npuctpoiB 1-Wire ckinagaeTbes 3 8 OaT:
onHoro Oaifta iieHTU(diIKaTopa cCiMeicTBa, mecTu 0auT (48 01T) BjIacHe yHIKaIbHOT
aJipecy 1 OIHOTO OaiTa KOHTPOJIBHOI CYMHU BCIX MOTEPEIHIX OANTIB.

KontponbHa cyma abo CRC - 1ie 6ailT, 3Ha4€HHSI SIKOTO MEPEAETHCS
HAWOCTaHHIIINM 1 OOUHCIIIOETHCS TI0 CIIEHIaATbHOMY aJITOPUTMY Ha OCHOBI
3HAYEHHSA BCiX 7 mornepeaHix 0aiTiB. AJTOPUTM MIAPAXyHKY TaKWH, IO SKIIO BCI
OaiiTu nepegaHi-npUHATI 0€3 CHOTBOPEHB, NPUUHATHI OalT KOHTPOJIBHOT CYyMH
000B'3K0BO 301KUTKCS 3 po3paxoBanuM B MK (abo nmpuctpoi) 3naueHHsM. ToOTO
IpU peaizailii IporpaMHOro ajJropuTMy 0OMiHy 1H(pOpMAaILi€r0 HEOOX1AHO MPU
nepejaadi 1 mpuitomi 0alTIB MiAPAXOBYBATH X KOHTPOJIbHY CYMY IO CTPOTO
MIEBHOMY aJICOPUTMY, a TMOTIM a0o nepeaaTy HabyToro 3Ha4eHHs, a00 OPIBHATH
po3paxyHKoBe 3HaueHHsI 3 Ha0yToro 3HaueHHs CRC. Jlumie rpu 36iry o6ox CRC

MK abo npuctpiii BBaKarOTh IPUHHSTI 1aHl JOCTOBIPHUMHU. [HaKIIIEe IPOIOBKEHHS



Posznooineni mikponpoyecopmi cucmemu 132

0OMIHY HEMOKJIMBE.
Bouesunp, mo anroputm miapaxynky CRC mae Oyt ognakoBuM sik 1yt MK, tak i
U1t OyAb-siKOro NpUcTporo. Bin "crangaptuzoBanuil” 1 onuMcaHuii B JOKyMEHTAIT1.

"Understanding and Using Cyclic Redundancy Checks with Dallas
Semiconductor iButtonTM Products"IIpuknan nporpamuoi peanizamnii CRC
aIrOpUTMY Ha MOBI acemouiepa.

s mianporpama BukopucToBye oauH 0aiT mam'sti CRC st 36epiranss
pe3ynbTaty. [lepea nepuuM BUKIMKOM 1iei OalT He0OX1THO OOHYIUTH. Y
aKyMyJIATOPI1 - YepPTOBUI NMPUNHATUN a0 nepenaBanuii 6aiT. Ilicis Toro, sk BCl
OaiiTu nepegaHi/mpuitHATI y Komipky rnam’at1i CRC Buiiie KOHTpOJIbHA CyMa.
[Tigmporpama He MCye KOIHUX PETICTPiB, OKPIM PETiCTpa CTaHy.

DO_CRC:

PUSH ACC ; 30epiraeMo akyMyJsiTop

PUSH B ; 36epiraemo perictp B

push ACC ; 30epiraemo 0aiT naHux

MOV B, #8 ; kiabKIiCTb O1TIB (JIYHUILHUK ITUKIIIB)

CRC_LOORFP:

XRL A, CRC ; Bumukatoue ABO (XOR) 3 monepenHiM 3Ha4€HHSAM KOHTPOJIBHOT
CyMHU

RRC A ;3cyB mpaBopyd 4epe3 mparop mepeHeCceHHs

MOV A, CRC ; 6epemo octanne 3HaueHHs CRC

JNC ZERO ; mepexin, sikio He 0yJI0 IEpEHECEHHS

XRL A, #18H ; onoBmoemo 3HaueHHs CRC mmmsxom XOR 3 koHCTaHTOM
ZERO:

RRC A ; 3HOBY 3cyB CRC

MOV CRC, A ;36epiraemo HoBe 3HaueHHss CRC

POP ACC ; BigHOBIIOEMO OaliT JaHUX

RR A ; HMKIIYHO 3CYB MPaBOPyY

PUSH ACC ; 3HOBY 30epiraeMo 3Ha4eHHS
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DJIJNZ B, CRC_LOOP ; nmoBroproeMo 1uki 8 pasiB (711 KOXKHOTO 0iTa)
POP ACC ; oumIaemo CTek
POP B ; BiTHOBIIIOEMO KOJIMIIIHI 3HAYEHHS PETICTPIB 13 CTEeKa
POP ACC
RET ; 3aBepiueHHs mpouenypu
BukopucranHs 1i€i (Ta 1 ToAaJIbIIIOT) MiANPOrpaMH TyXKe MPOCTE: TepeT
MOYaTKOM Mpuiiomy abo nepenadi Tpeda oonymmutu komipky CRC, a moTiM KoxeH
NPUHAHATHI a00 nepesanuii 0alT MOMICTUTH B aKyMYJISITOP 1 BUKJIUKATH 1110
nignporpamy. Ilicas Toro, sik mpuitHATI Bl § (3BepHETE yBary - came 8!) OalTiB
YHIKQJIbHO1 aJpeCcH MPUCTPOI0, HEOOXI1THO nepeBipuTH BMICT KoMipku CRC:
HEHYJIbOBE i1 3HAYEHHS CBITYUTH MPO HASIBHICTh CIIOTBOPEHHS MPUMHITHX JaHUX.
Axmo x CRC=0 - 11e o3Hayae, 110 JaH1 NPUUHATI 0€3 crnoTBopeHb. ko xx MK
BIB Mepeavyy YHIKaJIbHOI aapecu npucTporo, To BMicT CRC mae Oyt nepenanuit
8-M GaiiToM miciist MONEepPeHIX CEMH.
Takum ynHOM

- Oyb-sikuii 0OMiH 1H(pOpMAaITi€r0 ToUnHAETHCS 3 iepeaadl immyinscy RESET 1
npuiiomy umynsca PRESENCE;
- axu1o iMiyibcy PRESENCE He BUSIBIIEHO - Ha IMHI HEMAE IPUCTPOIB;
- MK 3aBxu iHimit0€ 0OMiH, TOYMHAIOYH KOKEH TaltM-CIIOT 0OMiHYy OiTOM
1H(opMarii;
- YaCOBI MapaMeTpH KOKHOTO TaltM-CJI0Ta CITi1 TOTPUMYBATH 3 MAKCUMAILHO
MO>KJIMBOIO TOYHICTIO;
- 1711 BUOOPY OJTHOTO 3 6ararbox MmpucTpoiB Ha muHiI 1-Wire MK noBunen
nepenaru B muHy komanay MATCH ROM 1 notim 8 6aiiT agpecu mpucTporo,
ocTaHHiH (8-i1) OalT 11i€1 apecy - € KOHTPOJIbHA CyMa MONEPEIHIX CEMU;
- SIKIIIO TTPUCTPil Ha muH1 oAuH - MK Moke B3HAaTH MOTro aipecy IMUISIXOM IMOCHIIKH
koMmanu READ ROM, micis 4oro nmpuitHATH BiJl IPUCTPOIo 8§ OalTIB anpecH,
OCTaHHIM 3 IKUX TaK caMo OyJie KOHTPOJIBHOK CYMOIO MEPUINX CEMH;

- 1711 poOOTH 3 €IMHUM IIPUCTPOEM Ha IIMHI MO>KHA BIJIMOBUTHUCS BiJ BKa31BKH
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roro aapecu, 11 uboro MK noBuneH nepeaatu npuctporo komanay SKIP ROM,
ITICJIS YOr0 MOJKHA IMOYMHATH 3BUYAHUI OOMIH JAHUMM;

- Oyap-siKa TIoyarta mpoleaypa oOMiHy MOYKe TPUBATH CKUIBKH 3aBI'OJIHO JIOBIO 3a
PaxyHOK Tay3 Mi>k OKPEMHUMH TaliM-CJI0TaMHU, ajie 3aBXJI1 Mae OyTH 3aBepIcHa
ITOBHICTIO;

- IepepBaTH OYaTHl OOMIH MOKHA Y OyIb-SKUH MOMEHT LIISTXOM BHIa4l
immynibey RESET B muny 1-Wire (ane 11e Moske mopyIuTH HOpMaibHy poOoTy

NESIKUX MPUCTPOIB).

JIEKLIA 7
InTepdeiic USB

[aTepdeiic USB mpusHaueHuii 1711 JIETKOTO MiAKIIOYCHHS PI3HUX THUIIIB
MPUCTPOIB, SIK TO - KJIaBlaTypH, MUIII, PKOMCTUKHU, KOJJIOHKHA, MOJIEMH, MOOLIIbHI
TenedOHH, CTPIYKOBI, JUCKOBI, ONTHUYHI 1 MATHITOONITUYHI HAaKOMIMYyBayi, ¢ier-
JMCKH, CKaHepH 1 TpuHTepH, AiriTaizepu. [llnna USB moxe BuCTymaTh Takox sK
iHTepdeic A MiIKIIOUYEeHHS MPUCTPOIB IUGPOBOI MEpEXki 3 IHTETPOBAHUMHU
nociayramu (ISDN) i mudposux mpuctpois Private Branch eXchange (PBX) mo
KOMIT FOTEPIB.

Cnemudikamis  nepudepiitnoi mman  USB  po3pobnena  migepamu
KOMITFOTEPHOI 1 TeleKoMyHikamiitHoi mpommcioBocTi -- Compag, DEC, IBM,
Intel, Microsoft, NEC i1 Northern Telecom -- mis miakiIrOYeHHS KOMII'FOTEPHOI
nepudepii mo3a KOpmycoM MaliuHu 3a crtaHmaptoMm plug'n'play, B pesynbrari
Bi/iMajia€ HEOOXITHICTh B YCTAHOBIIl JOJATKOBUX ILJIAT B CJIOTH PO3IIMPEHHS 1
nepexoHdirypaiii cuctemu. [lepconanbhi komm'torepu, mo maioTh muHy USB,
JO3BOJISIIOTH TMIAKIIIOYATH Nepu@epiitHi mpucTpoi 1 3A1MCHIOIOTh iX aBTOMATHYHY
KOH(DIrypaiito, K TUIbKA OPUCTPIX P13UUHO Oylie MpUeHAHUN O MAIIUHU, 1 IPU
IIbOMY HEMa€ HEeOOXITHICTh Mepe3aBaHTaAKyBaTH a00 BUMHUKATH KOMIT'IOTEP, a TaK

camo 3aIyCKaTH MPOrpaMH YCTaHOBKH 1 KOH(ITyparli.
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[Inaa USB 103BoJIs€ 0JHOYACHO MIAKIOYATH MOCIIIOBHO 110 127 mpuUCTpoOiB,

TaKUX, SK MOHITOpM abo KiIaBiaTypH, IO BHUKOHYIOTh pOJb JOJATKOBO
MIJKIIOYEHUX KOMIIOHEHTIB, a0o XaboB (TOOTO WpHUCTpid, depe3 sKui
MJIKTI0YAETHCSA 11e JEKITbKA).
USB Bu3Havae, BBIMKHEHMI PUCTPiil a00 BIAKIIOUEHUH, aBTOMAaTHYHO BHU3HAYAE
AKAA CHCTEMHHM pecypc, BKIIOYAIOUM TMPOTpaMHUN JpaiiBep 1 MPOIYyCKHY
CIPOMOKHICTh, MOTPIOHUI KOXHOMY MepudepiifHOMY MPHUCTPOIO 1 pOOUTH IIeit
pecypc JO0CTYIHUM 0e3 BTpyUYaHHsI KOpUCTyBaya.

Oneparriiina cuctema Windows 95 (mounnarouu 3 Bepcii OSR 2.1, Bunyienoi
29 xoBTHA 1996p.) mocraBiseTbcs BXKE 31 BOYJIOBAaHUMH JpaiBepaMu, AKI
JI03BOJIsIE TEPCOHANbHOMY Komm'toTepy posmizHaBatu USB mnepudepito. B
pe3yabTari He MNOTPIOHO KyIMyBaTH ab0 IHCTAJIIOBATH JIOJATKOBE MPOrpaMHe
3a0e3MeYeHHs 151 KO’KHOTO HOBOTO Mepu(epiitHOro mpucTporo.

Texnonocuss USB 2.0

Binomo, mo USB mmna go3Bosisie migkiaodatu 10 127 npuctpois. I B Tex
yac Ha 3aJH1i CTIHIN 3a3BUYail 3HaxouThes 2 ab6o 4 moptu. CrpaBa Bce B TOMY,

o muHa USB no3Bosisie 6araTopiBHeBe kKackaayBanHs (puc. 1.59).

Takum ynHOM, mepiIa apxiTeKTypHa ocodauBicTh mHU USB: ii noriyHa

TOIOJIOTIs - OaratopiBHeBa 3ipka, (puc. 1.60).

Camum BepXHIM PIBHEM € KOPEHEBUI KOHIIEHTpATOp (xab), sikuii 3a3BUuan
noennyeThbest 3 USB koHTposuiepoM. Moro gpyHkIig Taka x, 110 1 KOHLEHTPATOpPIB
Mepex Tepeaadl JaHuX - I0JaBaHHS HOBUX MOPTIB JUIS MIIKIIOUEHHS O1IBIIIOTO

qrciia MPUCTPOIB (po3ranypKyBay).
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Puc.1.60.
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J10 KOpeHEBOIr0 KOHIIEHTPATOPa MOXKYTh OyTH MiKIIO4YEeH1 a00 MpUCTpoi, abo
1€ KOHLEHTPATOPH, AJIs 30UIbIIECHHS YHcia TOCTYHUX MOPTiB. JlomycKkaeTbes
oprasizaritis 10 'satu piBHiB. KoHIleHTpaTop Moke OyTH BUKOHAHUN Yy BUTJISI1
OKPEMOT0 MPHUCTPOI0, a00 OyTH BOYIOBAHUM B SIKUWCH 1HIIUHN. 3 111€1 TOUKHU 30py
MPUCTPOI TigKIrouatoThest 10 USB MoskHa miapo3aiuTy Ha GyHKIIOHATBHI
MPUCTPOI, TOOTO Ti K1 BUKOHYIOTh IKYCh KOHKPETHY (DYHKIIIIO 1 HE OepyTh Ha cebe
YKOJTHHUX JOJIaTKOBHX 3aBJaHb (HApUKIIa, Muri). [[pucTpoi-koHIIEHTpaTopH sKi
BUKOHYIOTH JIMIIIE (DYHKIIIIO PO3TATYKEHHS, 1 MO€HaH1 (KOMOIHOBaHI) MPUCTPOI,
TOOTO IO MAIOTh B CBOEMY CKJIaJ[l KOHIIEHTPATOP, PO3LIMUPIOIOTH HA0Ip MOPTIB
JO3BOJISIIOTH MMIJIKJIFOYATH 1HIL TPUCTPOT (SIK MPUKJIIAIH, 1110 HalyacTiie
3yCTPI4arOThCS, MOKHA Ha3BaTH MOHITOPH, 1110 J03BOJIsItOTh o USB 31iiicHIOBaTH
HaJaIITyBaHHS MapaMeTpPiB, 3a3BUYAl MaIOTh I11€ JIEK1JIbKa 1I0JaTKOBUX MOPTIB,
JUISL THIKJTFOYEHHS 1HIIUX MPUCTPOIB a00 KiiaBiaTypH, 3 po3'eMamu Jist
IKTFOYSHHS MUIIICH ).

Ha n'atroMy piBHI KOMOIHOBaHUI NPUCTP1i BUKOPUCTOBYBATHUCS HE MOXKE.
KpiMm Toro okpemo BapTo 3rajiaTv Mpo XOcCTa, 0 € MIBUIIIIE MPOTPAMHO-
amapaTHUM KOMIUIEKCOM, HIXK ITPOCTO MPUCTPOEM. JIoTiuHa TOMOIOTIS ITUHY -

3ipka (puc. 1.61)

JlorivHun
npucTpin

JloriyHum
NpUCTpPIn

JloriyHum
NpUCTpIn

JTorivHun
npucTpin

JloriyHum
NPUCTPIn

JloriyHum

. JloriyHumn
NPUCTPIN

NpUCTpin

Puc.1.61.
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L[C MOACHIOETHCA TUM, IO KOKCH KOHIOCHTPATOP 336€3H€‘Iy€ IIpO30PEC AJIA

X0CTa 3'€I[H8,HHH 3 IIPUCTPOEM.

Ha BigmiHy BiJl 3BUUHUX cTapux 1HTep(dEnCiB, e B3a€MO/IiI0 MOkHa OyI1o (i
MOTPIOHO) 3/A1MCHIOBATH 3BEPTAIOUUCH JI0 IPUCTPOIO 10 KOHKPETHUX (P13UIHUX
ajpecax mam'siTi 1 mopTiB BBeneHHs BuBoy, USB Hamae s B3aemomii
nporpamMHuil iHTEpdeEiic 1 uie oro, M03BosM0UN KilieHTChkoMy I13 icHyBaTH y
BIJIPUBI BiJl KOHKPETHOTO ITIIKIFOYEHOTO JI0 IIMHHU IPHUCTPOIO 1 oro KoHpirypartii.
Jns ximientebkoi nporpamu USB - 11e nuiiie HaOip QyHKITIHA.

Dyuxyii xocma, Konyenmpamopa (xaba)

XocCT — oc HporpaMHo-anapaTHHﬁ KOMIIJICKC, B 00OB'SI3KH SIKOTO BXOIHNTDb.

. CrexeHHs 3a MIKIIOYEHHSIM 1 BIIKIIOUEHHSM MPUCTPOIB;

. Opranizariist Kepyrounx MoTokiB, Mbk USB-nunaioM 1 XocToMm;
. Opranizaiiist moTokiB faHux Mixk USB-mipunagom 1 XxocTtoMm;

. KoHTpoab cTaHy npuiiaaiB 1 BEICHHS CTATUCTUKY aKTUBHOCTI,
. [TocTauanHs MiAKIIOYEHUX IPUCTPOIB €IEKTPOKUBICHHSIM.

ATmapaTHO# Y4acThIO SBISETCS XOCT KOHTPOJIEP - MOCEPETHUK MiK XOCTOM H
MPUCTPOSIMU HA IITUHI.

[Iporpamui ¢pynkuii (BuOipka MpUCTPOIB 1 iX KOHPIryparllisi, yrpaBiHHS
€HEProCcHoKUBaHHAM, MPOLECaMu Niepeiadl, IPUCTPOSIMU Ha IIMHI 1 CAMOIO
IIMHOI0) MOKJIaJIeH] Ha oTepalliiny cuctemy. [lepioro nomyisipHoo
oIepauniiHoO CUCTEMOIO, B Akl miaTpumka USB pearnizoBana Oyna B HOBHOMY
00'emi ctana Windows 98 Second Edition. Jlesiki mpucTpoi MOXYTb OyTH
mpare3aTHUMHU 1 i panimummMu Bepeismu (98 6e3 SE, 1 3pinka 95), ane naneko He
BCE 1 HE 3aBXKIIH.

Konrnientpatop (xa0). /103BoJisie MHOKUHHI M AKITIOYSHHS 10 OJTHOTO TOPTY,

CTBOPIOIOYM J0J1aTKOBI OpTH. KoxkeH xab Mae 0JIUH BUCXITHUMN TTOPT,

NPU3HAYEHUH JJI4 MIIKIIOYEHHS 10 BUILHOTO MOPTY, IO € B HASIBHOCTI, 1 IEK1JIbKa
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HUBX1THUX, 10 IKMX MOXKYTh OyTH MiJKJIIOUYE€H1 a00 3HOBY KOHILIEHTPATOPH, 200

KIiHIIEBI IPUCTPOi, a00 kamOiHOBaHI mpucTpoi, puc. 1.62

f Port Port Port Y

#1 #H2 #3

Upst F"artl
B —="HUB %

Port Port Port
#7 #E #5

Puc.1.62.

Xab MOBUHEH CTEXXHUTH 32 MIAKIIOYEHHSM 1 BIIKIIFOYEHHSIM TIPUCTPOIB,
MOBIJJOMJISIFOYH XOCT MPO 3MIHM, YIPABJISITH KUBJICHHSM MOPTIB. Y KOHIEHTPATOP1
cranaapty USB 2.0 moxHa BUAIUTH 3 (QyHKIIOHATBHUX OJIOKY: KOHTpPOJIEp,
MOBTOPIOBAY, TPAHCIATOP TpaH3akiliil. Kontposep BianoBigae 3a 3'€eTHaHHSA 3
xoctoM. [ToHsTTs - moBTOproBau B USB Aekifibka BIAPI3HAETHCS Bl IPUHHATOTO B
Mepexax repesadi faHux. oro oGoB'S30K - CIIONyYaTH BXiIHHIL i IKHIiCH
NOTPiIOHMH 3 BUXIJTHUX TOPTIB. TpaHcusaTop Tpan3akiiii 3'ssBuBcs auiie B USB 2.0
1 HOTPIOHUH, SIK 3aBXK/H, 3 MIpPKYBaHb CyMICHOCTI 3 MONEPEAHIMU BEPCISIMHU.
Kopotko #ioro cyth B TOMY, 1110 6 3a0€31euyBaTi MaKCUMAaJIbHY IIBUAKICTh
3'enHa”Hs 3 xocToM. [ligkmouenuit 1o BucokomBuakicHoro (USB 2.0) mopty
ctapuii noButbHU (USB 1.1) npuctpiii 3'inaB Ou 3HaUHy YaCTHUHY 4Yacy, a OTXKeE 1
KOPHUCHIH TIPOITYCKHIM CIIPOMO>KHOCTI IIIMHY, BEAYYH OOMIH 3 XOCTOM Ha HU3BKIN
IIBUJIKOCTI. SIK MeToa O0OpOTHOM TpaHCISITOP TpaH3akilik Oydepusye kaap, 1o
MOCTYTIA€ 3 MMOBUTLHOTO TIOPTY, a MOTIM Ha MaKCUMAaJTbHIH MIBUAKOCTI MIEpeIae
1oro xocty, abo x Oydepusye OTpUMYyBaHHI HA MAKCUMAJTBHIN TIIBUIKOCTI KaJIp

BIJl XOCTa, EPEIat04M MOro MOTIM MPUCTPOIO HA MEHIIH, NPUUHATHIIIHN 7151
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HBOT'O MBUAKOCTI. OKPIM PO3ray>KE€HHsI 1 TPAHCIISIT TpaH3aKilii Xxad MOBUHEH
3I1ACHIOBATH KOH(ITYpAIlilo HOPTIB 1 CTEKEHHS 32 KOPEKTHUM (PYHKIIIOHYBaHHIM
MIIKIIOYEHUX 10 HUX NpucTpoiB. [ToTpiOHO cka3zaTu TakoX, 110 MPU BUKOPUCTAHHI
CTapuX 1 HOBUX KOHIICHTPATOPIB pa30M MOXJIMBE CTBOPEHHSI HEONITUMAIIbHUX 3
TOYKH 30py MPOAYKTUBHOCTI KOHbIrypartiid. [Ijig Toro 1mo 0 yHUKHYTH CTBOPEHHS
BY3bKHMX MICI[b B CBOEMY JIaHITF031 TpeOa MiAKII0UYaT HU3bKOIIBUIKICHI TPUCTPOL
710 HU3BKOIIBUIKICHUX XabaM, K1 y CBOIO YepTy OCTAaHHIMU PIBHSIMH TaTy>KCHHS 1
HE MIJKITI0YaTH X B CEpEIMHY BUCOKOIIBUIKICHOTO JIAHIIIOKKA.

DYHKYIOHAIbHUL NPUCMPITIL.

3 Touku 30py USB, npuctpiii - 11e Habip KIHIIEBUX KPAIOK 3 IKUMHU MOXKITUBUM
oOMiH JaHuMHU. Yucso 1 PyHKINT TOUOK 3aJIe3KaTh BiJl IPUCTPOIO 1 BAKOHYBaHUX
HUM (DYHKIIIH, 1 BA3HAYAIOThCS MPU BUPOOHULITBI. B 000B'13K0BOMY MOPSAIKY
IPUCYTHS TOYKa 3 HoMepoM 0 - 111 KOHTPOJTIO CTaHy MPUCTPOIO 1 YIIPaBIIHHS
HuM. Jlo 31ilicHeHHs KOH(ITypallii MPUCTPOIO uepe3 Touky 0 1HII KaHaTu He

noctynHi. KoxHa KiHIleBa TOYKa MPUCTPOIO OMUCYETHCS HACTYITHUMU

napameTpamu:
. YacToTor0 3BEpHEHHS J0 IIMHU 1 BUMOTaMHU JI0 3aTPUMOK
. Heo0x11HOI0 CMYyTOI0 MPOITYCKaHHS
. Homepom kiHI1eBOi TOUKH
. Bumoramu 10 00poOKH TOMHIIOK
. MakcuManbHUM PO3MIPOM KaJpy SIKMM MOXE OyTH MPUHUHATUN a0o
ITOCJIaHH .
. Tunom niaATpUMYBaHO1 NIepenayl JaHUuX
. Hampsimom 3ificHeHHS riepeaadi Mixk KIHIIEBOIO TOYKOIO 1 XOCTOM.

Jlnst au3bkomBUaKICHUX (low-speed) mpUCTpoiB MOXKIIMBE ICHYBaHHS A0 JBOX
nogatkoBux Touok; s full-speed mpucTpoiB X YKCIIO OOMEKYETHCS JTUIIIE
MO>KJIMBOCTSIMH MTPOTOKOJTY 1 MOKe JocsiraTi 15-tu juis BBeneHHs 1 15-Tu 1is

BUBOJY.
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B3arani kiHneBa Touka - 11 KiHellb JIOTIYHOTO KaHaTy JaHUX MK XOCTOM i

IPUCTPOEM. Y CBOIO Yepry KaHal - L€ JIOT1UHE 3'€ JHAHHS MK XOCTOM 1

npucTpoeM. OCKUTBKH KIHIIEBUX KPAIOK B MIPUCTPOIO MepedavaeThes JeKIbKa,

TO 1€ 03HaYae, 0 OOMIH JAHUMH MK XOCT-KOHTPOJIEPOM 1 MIPUCTPOEM Ha IIHHI

MOKC BUKOHYBATHUCH 110 I[GKiJ'IBKOX KaHaJiaXx, TaK 3BaHMI OaraToKaHaJILHHUI

pexuM. CMyra nponycKaHHs ITUHU AUTUTHACS MK BCIMa BCTAHOBJICHUMU

KaHaJlaMU.

Tunu xananie

vy PO3INOPAIKCHHA IIKMHA USB moxe HaJJaTH KaHaJIM HACTYIITHUX THIIIB:

J Kananu HOBiI[OMJ'ICHB. € ABOHAITPAaBJICHUMH KaHaJlaMHU 1 CJIyXXaTb, IJIAd

nepeqadi MoBiAOMIICHB, IO MAalOTh CTPOrO BHU3HAYCHWH B crerudikarii
dbopmat, HeoOX1HUM 1S 3a0e3nedeHHsT HaaliHOI 11eHTudikarii 1 nepenayi
KOMaH]l. BHHMKae KaHal NpU BIJCUJIAHHI XOCTOM 3alHUTy B MPUCTPIH.
VYpasisie iepeaadeto e XocT. KaHanu moBiioMiIeHb BUKOPHUCTOBYETHCS
JUIsL TIepeiad, 1110 JIMIIE YIPaBIISIOTh.

. [ToTokoBl KaHaimm. € opHOHaAmpaBieHHMMH. Ha BigMiHY Bif dYiTKO

MEBHUX TIOBIIOMJIEHh HE MAalOTh TIEBHOTO 3aKpIIUIEHOTO B CTaHIAPTI
dbopmary, 110 03HAYa€E MOXJIMBICTH NEpeaadl JaHuX OyAb-sIKOro BHIJISAY.
i mepemadi MOKYTb KOHTPOJIFOBATUCS HE JIMIIIE XOCTOM, aJI€ 1 IPUCTPOEM.
BukopucTtoByeTbcst sl Tiepenad JaHUX TUIA TEPEpUBAaHHS, TPyHoOBa
nepecwika, 130XpoHHa. Y crenudikaiii 3aJe’KHO BiJ THMA TMepeJaBaHuX
JAHUX, BUMOT, IO IPEISBISIIOTHCS, 0 IBHAKOCTI OOpPOOKH, 3aTPUMKH
JIOCTABKHU 1 TOMY MOA10HEe BU3HAYEH1 HACTYMHI TUIH Mepeaay.

. [lepenadi, 10 ympaBisitoTh. BUKOPUCTOBYIOThCS 711 KOH(piryparrii

OPUCTPOIB IMiJl Yac MIAKIOYEHHS 1 BUKOHAHHS 1HIIUX CHEHUpIYHUX
GyHKLIA HaJl TPUCTPOEM, BKITIOUAIOUH OPTaHI13aIlil0o HOBUX KaHaJiB.

. IlepepuBanus. BukopuctoByroThcs IS CIIOHTAHHMX, aje

rapanToBaHuX IICpC€Aad 3 TapaHTOBAHUMHU IMBHUAKOCTAMU 1 3aTPUMKaMH.

BukopuctoBytoThecst  3a3Buuail IS Tepedadi  BBEACHHMX JIAHWX — BIf
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KJIaBlaTypu a00 BIJJOMOCTEH MpO 3MIHY IOJOXKEHHS MOKa)XYMKa MMIII, B
MPUCTPOSX 3BOPOTHOTO 3B'SI3KY, U.T.J

. ['pynoBa nepecuika. BI/IKOpI/ICTOBy€TI)C}I JIIs1 FapaHTOBaHOI Hepezxaqi

JAaHUX BEJIMKUX 00'eMiB 0e€3 mpea’sBICHUX BHUMOI [0 IIBUIKOCTEH 1
3aTpUMOK. 3aiimae mij ceOe BCIO0 BUTbHY MPOITYCKHY CIIPOMOXHICTh IIUHU. Y
OyIb-IKW MOMEHT JIOCTyITHA CMyTa MoOKe OyTH ypi3aHa Ipu HEO0OX1THOCTI
3MIMCHEHHS TIepeaad 1HINX BUJIB 3 BUIAM MPIOPUTETOM, a00 J0JaHa, IPU
3BUIBHEHHI  IHIIMMHM  TPUCTPOSAMH.  3a3BUuYail  Takl  mepeaaul
BUKOPUCTOBYETHCSI MK PUHTEPAMU, CKaHEpaMH, HAKOMTUYyBavyaMH 1 1H.

. [30xpoHHa miepenadi. BUKOpUCTOBYIOThCS MJiS MOTOKOBUX Mepenay

JaHUX B peaJbHOMY uacl. Pe3epBylOTh MEBHY CMYTY IPOITyCKaHHS LIWHHU,
rapaHTylOTh IE€BHI BEIWYMHU 3aTPUMOK JOCTABKH, aj€ HE TrapaHTYyIOTh
noCcTaBKy (B pa3l BUABJICHHS TIOMWIKM [OBTOPHOI Iepegadl  He
Bi1OyBaeThes. [lepenaul 1bOoro BUIUIALY BUKOPUCTOBYIOTHCS JJIsl Meperaul
aynio 1 Bigeo Tpadiky.

Pesicumu wiunu.

OOMiH JaHUMU MOKE 3/IIMCHIOBATUCS B TPHOX IBUKICHUX PEKUMAaX:
. Low Speed. HusbkomBuiakicHuii pexum. [Buakicte nepenayi

ckiamae 1.5 Moir/c.

. Full Speed. IloBHomBuakicuuii pexkum. IlIBuakicte mnepemaui 12
Mobit/c.
. High Speed. BucokomBuakicHui pexum. 3'IBUBCS JHUIIE B

cnenudikari 2.0. [lIBuakicte nepenaui 480 Moit/c.
[Hdopmariis mo muHI IEpenaeTbes makeTamu. Beboro ix BU3HaueHO 4 BUIU:
. MapxkepHi nakeTu.
o In - iHpopmyroTs USB npucTpii, 110 XO0CT X04e YUTATH JIaHi 3
MPUCTPOIO
o Out - inpopmye USB npuctpiif, 110 XoCT X04e nepeaaBaTy JaHi

B IIPUCTPIi
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o Setup - BUKOPHCTOBYIOTBCS Il TO3HAUEHHS TMOYATKy THIA
nepeaadi JaHuX KEPyrdoro TUITY
o SOF - naketu nouarky kaapy (Start of Frame Packets)

. IlakeTn manux.
o IcayroTh nBa Tumu naketiB ganux - DATAQO, DATA1, koxeH 3
IKUX 30aTHUN MIcTUTH 10 1024 OaliTiB JaHuX. Y BHCOKOIIBHUIKICHUX

MPUCTPOIB Il TAKETIB JaHWX BHU3HadeHi aBa iHmmX: DATA2 i

MDATA.
. [TakeTu miaTBEpIKEHHS.
o ACK - miaTBep/KeHHS TOro, IO TakeT OyB YCIHIITHO
MIPUNHSTUNA
o NAK - iHdopmye, 1m0 OpuCTpid B JaHUH MOMEHT HE MOXE

npuiimMaTd abo BiANmpaBiATH JaHl. A B Interrupt TpaH3akmifax
MOBIJIOMJISIE XOCTY, 1110 IPUCTPIi HE Ma€ HOBUX JIAHUX JIJIs TIepeaayi.
o STALL - Bkasye, mo mpucTpiii He3miOHHMI TepenaBaTh abo
OTPUMYBATH JaH1 1 HOTPIOHE BTPYUaHHS XOCTA.

. CremiabHi.
o PRE - nepenye HU3bKOMIBUIKICHIN Mepeaayl JaHUX.

[Tpuctpoi na munai USB ninsatees Ha Beny4i 1 BegeHi. DakTUUHO, BEIYyUUX
MPUCTPOIB HA LIMHI MOK€e OyTH JIUIIE OJIHE, 1 TAKUM € XOcT. Beil nmepenayi naHux
IHIIIIOIOTHCS XOCTOM Yy BIJIIOBITHOCTI 3 TIEBHOIO YaCOBOO IIPOTPaMoOI0.
@OyHKITIOHAJIBHI PUCTPOI caMi HE MOXYTh 1HIIIIIOBATH Mepeaavy, a JIUIe
BIJINOBIJAIOTEL Ha 3anUTH XxocTa. OOMIH JaHUMHU MOKJIMBUH JIUIIE MK XOCTOM 1
MPUCTPOEM, 1 HEMOKITUBUI 0€3MOCEPETHHO MIXK TPUCTPOSMHU TTiKITFOUSHUMH 10
mmHy. Tpanzakiii Ha USB muH1 cki1aiatoThes 3 ABOX-TPHhOX aKTiB: MOCUIIKH
MaKeTy Mapkepa, 0 BU3Hayae, 110 CJIiayBaTuMe Aail (TUM TpaH3aKIli, aapecy
MPUCTPOIO 1 HOTO KIHIIEBY TOYKY ), TAKETY JaHUX (OMIIIOHAIIBHO), 1 TAKETY CTaTyCy
TpaH3aKIii (A1 MATBEPIKEHHS] HOPMAJIbHOTO BUKOHAHHSA onepariii abo

MOBIJJOMJICHHSI TIPO TIOMUJIKY ).
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@di3uyHl KaHAJIU 3B'A3KYy OPraHi3OBYIOTHCS KOHIIEHTPATOpPaMH 1 CHOJYYHUMH
apotamu. JIpiT BUKOpPUCTOBYeThcs s migkimodeHHs USB  mpuctpoiB €
€KPaHOBAHOIO BUTOIO Maporo0. [l BUCOKOIIBUIKICHUX MPUCTPOIB MPE SIBISIOTHCS
BHCOKI BUMOTH 0 ii sIKOCTi. HU3BKOMIBUIKICHI O IIBOTO €JIeMEHTY (hi3UIHOTO
iHTep(delicy BiTHOCITHCS HE KPUTUYHO, 1 6€3 MPOOIEeMHO MOXKYTh (PYHKIIIOHYBAaTH
Ha HeeKpaHoBaHOMY HeBUTOMY JpoTi. Bcroro B USB kabeni BUKOpUCTOBYEThCS 4

npotH (puc. 1.63)

VBus Pl VBus
D+ —( § D+
D. \ _ 000 XX D-
GND \ X7 GND

Puc. 1.63
JIBa /U1 mepeavi CUrHaiy 1 Ba Juisl nojgadi Hanpyry. [{is miakiodeHHs
MPUCTPOIB MPU3HAUEHI 3'€IHyBayl ABOX TUMIB: Tumna "A" i Tuma "B".

KonekTopu tuny "A" BUKOPUCTOBYIOTHCS AJIA MiIKIIOUEHHS 10 KOMIT'IOTEpa,
3a0€3MeuyI0Th JKOPCTKE 1 HaAliTHE KPIIUICHHS 1 He MPU3HAYEH1 JIJIsl 4aCTOTro
M IKJTFOYEHHS/B1 1 € THAHHS.
3'ennyBaui x Tuna "B", HaBmaku, NOTPiOHI B TUX MICIISIX, JIe ICHY€ HEOOX1AHICTh
JaCcTOTO IiIKITFOYCHHS/BIJI' € THAHHS, 1 3aCTOCOBYIOTHCS BOHU 3 OOKY mepudepii.
Kpim toro B HOBI# Bepcii USB BusHauenuit konHekTop miniUSB tuna "B".

Bin npu3HnavueHuii /Ui BXKMBaHHS HA MAJIOTa0apUTHUX MPUCTPOSIX TUTIA
MOOUTIbHHX TeNeOHIB, (oTOANAPATIB, TUICEPIB, 1€ HEMAE MOKIUBOCTI PO3MICTUTH
CTaHJapTHUN TOBHOPO3MipHUI po3'eM. Bin ApiOHOT nepudepii, TUIa KiasiaTyp,
MHUIIIOK, JI€ PO3MIIIEHHS CIIOJIyYHUX PO3'€MIB HE3pYyUHE Ta 1 B3araii 0e3riy3/o,
Kabesb MOKe B3araji He Bi'eqHyBaTucs. KOHCTpYKTUBHO po3'eMH 3a/lyMaHi TakK,
10 CIIOYATKY BiIOyBa€ThCA 3'€IHAHHS IIMHU )KUBIICHHS, TIOTIM IIIMHU JaHUX.

[arepdeiic USB BukopuctoBye nudepeHiiaibay nepeaady. 3aCTOCOBYEThCS

koyBanHs 1o metoay NRZI (Non Return to Zero Invert to ones, 6e3 moBepHEeHHS
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JI0 HYJIS 3 THBEPCIEIO ISl OIMHMITK) 1 61TCTad)PUHT 1J1s MOJIMIICHHS BIACTUBOCTEH
MOTOKY, JUIsl CAMOCHUHXPOHI3AIII].

[IpucTpoi, Mo CrOXUBAIOTh HEBEIIUKUH CTPYM, MOKYTh )KUBUTHUCS BiJl LIUHU
USB. MakcumanbHuii CTpyMm, IKUH Moke 3a0e3ne4nTH 1mrHa gopiBHIoe 500 MA.
J1y1s 301BIIEHHS JOCTYIHOI MOTY>KHOCTI KUBJICHHS Ha IIWH1, KOHIIEHTPaTOPH
MOKYTh OCHAIIYBATHCSI CBOIM BJIIACHUM OJIOKOM >KMBJICHHS, POTE TaKe PIILICHHS
HE TOIMyJIsIpHE.

Axmo go mmuan USB nigkirodeHuit HOBUM MPUCTPI, TO BUSBICHHS
IPUCTPOIO, & TAKOXK 1 HOTO MIBUAKICHUHN PEXUM, BU3HAUYAETHCS IO CTPUOKY
HaIPYTH, SIKU Mae Miclie OyTH MpY BKIIFOYEHHI HA IKHI JaHuX. Llei ctpubok
CTBOPIOETHCS MIAKIIOUEHHAM pe3uctopa 1o Hanpyru 3.3 B. s
HU3BKOIIBUAKICHUX MPUCTPOIB e PE3UCTOP MIAKIIOYAETHCS A0 MUHU D-, 1t
MOJIHO- 1 BUCOKOIIBUIKICHUX - 10 KMHU D+. 3a3Buyaii Toil pe3ucTop poOUThCs
IPOrpaMHO KEPOBAHUM JIJIsl TOTO, 1110 O Micysl BUSBICHHS MPUCTPOIO HOTO MOXKHA
OyJ10 BIAKIIOYMUTH 1 30as1aHCyBaTH JiH110. OTXe, HOBUM NMPUCTPIN NIAKIIOYEHUH 1
BUSIBIICHU .

Kondirypariist 311iCHIOETBCS Uepe3 KIHIEBY TOUKY 3 HOMepoM 0.
3aBaHTaXyIOThCS HEOOX1H1 ApaiiBepu. [IpucTpiit roToBuii 10 poOOTH.

Obmin oanumu

Bunanok nepumii: nepenaya BiJ XocTa 10 IPUCTPOIO. SIK TUIbKU Taka
HEOOX1THICTh BUHMKJIA, XOCT MOXE 1HIIIIOBaTH niepenavy. st iiboro BiH MOCUIIAE
MIPUCTPOIO MaKeT out (Ha 3HAK TOTO, 1110 JaH1 MepejaBaTUME BiH), TOTIM MOCHIIA€
cami AaHi, a noTiM npuitmae naket ACK, miaTBepIKyr0uHii, 0 1aHi MPUCTPOEM
OTpuMaHi 03 MOMUJIOK (SIKITIO 11€ HE 130XPOHHUN THUII TIepeaadl, AJIs SKOTO
M1ITBEPPKCHHS HE TIEPEAAETHCA).

Bunanok npyruii: Bii IpUCTPOIO 10 XOCTY. B npucTporo BuHuKIA
HEOOX1THICTh TIepeIaTH JaHi. AJie BOHO HE MOXKE >KOJAHUM YMHOM JaTH 3HATHU PO
e xocty. Takux 3aco6iB B USB npocto He nependayeHo. s toro, 1o 6

BHKOHATHU TAKY MEpcaavdy, XOCT IOBUHCH 3BCPHYTUCA B IIPUCTPOLO 3 IIUTAHHAM, YU
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HE Ma€ BOHO 0akaHHS 4Oro-HeOyp HOMY CKa3aTu (ITOCIaBIIHU MaKeT in). Y
BIJIMTOBI/Ib HA IO TIPUCTPIK BUIILTEC HOMY HAsIBHI AaH1 1 DKIAETHCSA 3M00YTTS
MIITBEPPKEHHS (3HOBY K, SIKIIIO BEJIEThCS HE 130XpOHHA Tiepeaayda). BianmosiaHo,
SKIIO XOCT HE TOBOJIUTUCS 3 TAKUM MUTAHHSM, TO JIaH1 HIKOJIM HE OYyTh
nepeaHi.

OOMiH Kepyro4oto iHpopmaIlliero. B mpuHInI Ma€e Ty X JOTIKY, ajie
BUKOPHCTOBYETHCA TMIepeiaya TUIIa YIPaBIiHHS 1 KaHall TOBIIOMIICHbD 1 CIIEIliabHi
MaKETH.

[Tix yac mpocTOiB B €HEPro30eperkHUX IIISX MPUCTPOIO MEPEBOATHCS B CTaH
suspend (1 BUX1j 3 IIbOr0 CTaHy, epenaya iHdopmarlii npo mpoOyIKEeHHS - €AUHUN
BUIIAJIOK, KOJIM MPUCTPIN MOXKE CTATH 1HILIATOPOM TPAH3AKIIii).

USB 3.0

V¥ BepecHi 2007 poky xomnanis Intel y xoai ocinaboro ¢gopymy IDF 2007
yhepiiie po3MoBijia TPOMAJACHKOCTI MPO PO3pOOKY HOBOI BepCii YHIBEPCATbHOTO
iHTepdeiicy USB — USB 3.0, BIAMIHHOIO pUCOIO SIKOTO € 30LIbIIeHa MPOMyCKHA
s3nmatHicTh. Tpere mokomiHHa Universal Serial Bus 103BoiauTh KOMIT'IHOTEPY
oOMiHIOBaTucs 1HpopMaIli€ro 3 epudepitHUMU IPUCTPOSIMH HA IMBUJIKOCTI 110 4,8
['0i1/c, ToAl sIK HUHIIIHE MOKOJIHHSA 1HTepdericy oOMexene nuiie 480 Moit/c.

I'onoBHoto ocobmuBicTio USB 3.0 €, 06e3 CyMmHIBY, HOro mpoIycKHA
3/IaTHICTb, SIKA HE TUIbKW BHILE, HIXK Yy MONEPEAHUKA, aje i 3HAYHO BUIIEPEIKAE
rOJIOBHOTO KOHKYypeHTa — Firewire. | HaBiTh ocTanHs Bepcis iHTepdericy Firewire -
S3200, npencrasiena B camomy KkiHii 2007 poky, JA03BOJISI€E MepeaBaTy JaHl Ha
mBuakocTi g0 3,2 I'6it/c. Axmo xk posrisgatu nepcnektuBun USB 3.0, To
MO3UTUBHO HA TOMYJSPHOCTI PINICHHS TOBUHHA TIO3HAYHMTHCS 3BOPOTHA
cymicHicTh 13 USB 2.0 — ocranHiii choroani ayxke 3arpeOyBaHUN Ha PUHKY
nepudepiiHuX MPUCTPOIB, 1 MOKIMUBICTE POOOTH HOBOTO TMOKOJIIHHS «3alli3ay 3i

cTapuM iHTep(eiicoM TUIBKU MPUCKOPHUTH MEPEeXis] Ha MOBCIOJIHE BHUKOPUCTAHHS

USB 3.0 (puc. 1.64)
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SUPERSPEED »
CERTIFIED USB

=

TM & © 2008 USB-IF. Al rights reserved.

ews .ru->novostey. con

PEC.1.64. Jlorotun USB 3.0

Superspeed weuowe High-Speed

USB Implementers Forum ¢unanizysas cnenudikarii crangapty USB 3.0
HanpukiHmi 2008 poky. Ak 1 MokHa OyJO O4iKyBaTH, HOBUM CTaHAApT 301IbIINB
MPOITYCKHY 3/IaTHICTh, X0Ua MPUPICT HE TaKU 3HAUHUMN, K 40-KpaTHE 301JIbIICHHS
mBukocTi mpu nepexosi Big USB 1.1 nva USB 2.0. V koxHoMmy pasi, 10-kpaTHe
MIJBUIICHHS MPOIMYCKHOI 3AarHocTi MoxHa Bitath. USB 3.0 miarpumye
MaKCUMaJIbHY IIBUIKICTH nepenayi 5 ['6it/c. [IpomyckHa 31aTHICTS Maiike y /Ba
pasu mnepeBuiye cydacHui crtangapt Serial ATA (3 I'6iT/i3 13 ypaxyBaHHSAM
nepenayi iHpopmariii HaaMIpHOCTI).

Binomo, mo inTepdeiic USB 2.0 € ocHOBHUM "BY3bKUM MiclleM" CydacHUX
KOMIM'IOTEPIB 1 HOYTOYKIB, OCKUIbKM MOro mikoBa "ducTa" MpOIyCKHA 3/1aTHICTh
craHoBuTh Big 30 mo 35 Mobaiit/c. Ane B cydacHuX 3,5" >KOPCTKUX JMCKIB JUIs
HacTiibHUX 1K mBuakicTs nepeaadi Bxe nepepuimia 100 MoOaiT/3 (3'1BIst0ThCS
i 2,5" moxeni s HOYTOYKIB, 110 HAOIMXKAIOThCA 10 AaHOro piBHs). LIBHaKiCHI
TBEPJOTENIbHbIE HAKOMUYYBaul yCHimHO nepeepmmiau nopir 200 Mo6aiit/c. A 5
['611/3 (abo 5120 M6it/c) Binnmosigae 640 Moaiit/c.

CyMHIBHO, 1110 B HEJJAJIEKOMY MailOyTHbOMY >KOPCTKI TUCKHU HAOJIU3SATHCS J10
piBHss 600 MOGaiiT/, ane HAcTymHI MOKOJIHHS TBEPAOTEIbHBIX HAKONMHWYYBayiB
MOKYTbh MEPEBUIIMUTH 1€ YUCIIO BXKE Yepe3 KiJbKa pOoKiB. 30UIbILIEHHS MPOIYCKHOT
3MIaTHOCTI CTa€ yce OUIbIl BaXJIMBUM, OCKUIBKH KUIBKICTH i1H(MOpMAIi

30UTBIIY€ETHCA, BIANOBIAHO, pOCTe M yac ii pe3epByBaHHsA. UuM MIBUIIIE TPaIOe
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CXOBHIIE, TeM MEHIIe OyJle Yac pe3epBYBaHHS, T€M NPOCTilIe Oyjae 3poOuTH

"BikHA" y po3Kiai pe3epByBanHs (Tabm.1.17).

Ta6mui 1.17 - TlopiBHAHHS IBUIKOCTEH Mepeaadi OCHOBHHUX

cnenudikariit USB
Song/ Pic | 256 Flash USB Flash | SD-Movie USB Flash HD-Movie
4 MB 256 MB 1 GB 6 GB 16 GB 25GB
USB1.0 [53sec |5.7min |22 min 2.2 hr 5.9 hr 9.3 hr
USB 2.0 | 0.1 sec | 8.5 sec 33 sec 3.3 min 3.9 min 13.9 min
USB 3.0 | 0,01 sec | 0.8 sec 3.3 sec 20 sec 53.3 sec 70 sec

[{udposi Bigeokamepu ChOTOIHI MOXKYTh 3alMCYBAaTH i 30epiratu riradbaiTu
Bieoganux. Yactka Hd-Bineokamep 301bLIyeThCs, @ iM NOTPIOHI OLIBII €MHI 1
MIBUIKI CXOBHUIIA JIJIsI 3aITUCY BETUKOI KITBKOCTI JHaHUX. SIKIII0 BUKOPUCTOBYBATH
USB 2.0, To Ha nepenavy JEeKUIbKOX JECATKIB riradailT BiJIeOJaHNX HA KOMIT'IOTEP
JUIsL MOHTaKy OyJie moTpiOHo 3HauHMil yac. USB Implementers Forum yBaxae, mio
MPOITYCKHA 3JaTHICTh 3aJUIIUTHCS MPUHIIMIOBO BaksnBoi, 1 USB 3.0 6yne nocutsb
JUTSL BCIX CIIOYKUBUYUX MPUCTPOIB MPOTATOM HANOIMKIMX T'ITH POKIB.

USB 3.0 ne minoxku weuokuil, ane ti 080HANPAGLeHUl

Ha Biaminy Big apyroi Bepcii, e naH1 nepeaaloThbes TUIbKU B OJIHY CTOPOHY
B X011 oHi€i onepanii, USB 3.0 miaTpuMye ogHOYaCHE 3UUTYBaHHSA U 3aMuC.

Hocsrayta Taka (QyHKI[IOHAJIBHICTh 3aBISKH JOJABAHHIO YOTHUPHOX HOBHUX
JHIA 10 pO3HIMaHHS MOIEPEIHBOro 1HTepdency: nB1 I mepeaadl JaHuX 1 IB1 —
JUTSl IpUMaHHS. 3araibHa KUJIbKICTb JIIHIA y Takui crociod 30ibiene 10 9 (8 USB
2.0 — 4) (puc. 1.65).

B USB 3.0 BukopucroByeThcsi HOBUM npoTokoi (izuyHoro pisas (PHY), 3
METOI JOCSATHEHHS MaKCUMaJbHOI MPOIYCKHOI 3/IaTHOCTI, IO Mepeadaydae
BUKOPHUCTAHHS JIBOX OKPEMHX KaHAJIIB — I Tepeaadi JaHuX 1 JUId mepenadi
ci1y»k00B0i 1HQopMalii. 3aMiCTh MEXaH13My OMUTYBaHb 1 MIMPOKOMOBHUX Mepe/ay,
BUKOpPHUCTOBYBaHUX y peanizauiasx USB 2.0, y HOBIM MOKOJIHHI 1HTepdeicy
3aCTOCOBYBATHUCS TEXHIKa MakeTHOi mapmpytu3ailii. KpiMm Toro, mias KOXHOTO

IPUCTPOIO MIATPUMYBATHUCS KUIbKA MOTOKIB OOMIHY 3 MOMJIMBICTIO PUOPUTE3ALL],
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[0 TIOBUHHE, 30KpeMa, YCYHYTH «PUBKW» MpH BIATBOpeHHI Bigeo 3 Usb-

HaKoOIIn41yBayda.

usa2 STp

Ground Power

Puc. 1.65. Ilepetun xa6emo USB 3.0.
Kooyeannsa 8/10 6im
[Ilo6 rapantyBatu HaAiiiHy mnepenauy pganux iHtepdeiic USB 3.0
BUKOpUCTOBYE KoayBaHHs 8/10 Oit, Hanpukinaz, no Serial ATA. Onun 6aiT (8 0IT)
nepenaeTbest 3a AonoMoror 10-0iTHOro KOMyBaHHS, IO TMOMIMIIYE HAAIHHICTH
nepejayi Ha IIKOMY MPOMYCKHO1 31artHocTi. Tomy mepexin 3 OUTOB Ha OailiTu
3IHCHIOETRCS 31 criBBigHOIIEeHHAM 10:1 3amicTh 8:1. (Tabd.1.18)

Tabmuusg 1.18 -. Ornsa nponyckHuM cCiocOHOCTH

Inrepdeiic HominajnbHa HominanbHa
NMPOIMYCKHA NMPOIMYCKHA
31aTHICThH 31aTHICTDH
(MoiT/c) (Moaiit/c)
USB 1.x 1,5 0,19
USB 1.x 12 1.5
USB 2.0 480 60
USB 3.0 5000 500*
Firewire 400 400 50
Firewire 800 800 80*
SATA / esata 150 1500 150*
SATA / esata 300 3000 300*

* - xomyBanHs 8/10 Oir.
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Pescumu enepeozdepesrcenns

OcuHoBuoto wmetoro iHTepdeiicy USB 3.0 € migBumeHHS MOCTYIMHOI
MNPOMYCKHOI  3/JaTHOCTI, OJIHAK HOBHMM CTaHIApPT €(PEKTUBHO ONTHUMI3YE
eHeprocnoxkuBanHs. Iurepdeiic USB 2.0 mnocTiiiHO ONUTye JOCTYMHICTb
IpUCTPOiB, Ha 10 BUTpayaeTbes eHepris. Hamportu, B USB 3.0 € wotupu cranu
makaoueHHs, HasBaHl UO0-U3. Cran migkmroueHHs UQ BiamoBigae€ aKkTHBHIN
nepemadi ganux, a U3 3aHyproe nmpuctpiii B "con".

Axmo nigkiodeHHs He i€, To B ctadl Ul OyayTh BIAKIIOUEHI MOYKJIUBOCTI
npuitmManHs ¥ nepemaui ganux. Ctan U2 ige mie Ha KpoK Jaii, BIAKIIOYAIOYH
BHYTPIIIHI TaKTOBl IMIyJbCH. BianmoBigHO, MIAKIOYEHI HOPHUCTPOI MOXKYTh
nepexoauTy B cran Ul Biapasy >k miciig 3aBepIICHHS Tepefadi JaHuX, 10, SIK
nepen0avyaeThCs, JAACTh BIAYYTHI TE€peBard IO EHEProCHOKUBAHHIO, SKILO
nopiBHioBatH 3 USB 2.0.

bBinvwuit cmpym

Kpim pi3Hux ctaniB eHeprocnokuBanHs crannapT USB 3.0 Bigpi3HsaeTbCs
Bim USB 2.0 i Oumbm BucOKuUM miaTpumMyBaHuM ctpymom. fkmo USB 2.0
nependavan mopir ctpymy 500 MA, TO y BHITaJIKy HOBOTO CTaHIAPTy OOMEKCHHS
Oyno 3pymieHo Ao miankd 900 MA. CtpyM npu iHimiaIii 3'eiHaHHS OyB 301IbIIEHO
3 pieas 100 MA B USB 2.0 mo 150 MA B USB 3.0. O60€ mapamerpa JOCHUTH
BOKJIMBI I TTOPTAaTUBHHUX >KOPCTKHUX MHCKIB, SKI 3BUYAHO BHMAararOTh JICJBE
Outbmil  cTpymMu. Panime mnpoOieMy BaaBaliocs poO3B'S3aTH 3a  JOIMOMOTOIO
nonatkoBoi Buiku USB, onepxkyroum KUBJICHHS Bl JBOX TIOPTIB, aiie
BUKOPHCTOBYIOYM TUTBKH OJHMH JIJIS TIEpeiadi JaHUX, HeXal HaBiTh 1€ TTOPYITYBaJIO

cnenudikarii USB 2.0.



Posznooineni mikponpoyecopmi cucmemu 151

Po3gin 2. KOMYHIKAIIMHI IHTEP®EHNCHU ARM ITPOILIECOPIB
JIEKLIIA 8

XapaKTepuCcTHKH Ta apxiTekTtypa ARM npouecopis

[Iportecopy ARM - HuHIMIHIA 0€3yMOBHUN JiAEp MIKPOIPOILIECOPHOTO
PUHKY MOOUTBRHUX 1 IHTETpoBaHUX pimieHb. Ha puc. 2.1 300paxeHo y3araibHEHHUN
NUSIX  PO3BUTKY MOOUIRHUX PpillleHs (amapaTiB  CTUIBHHMKOBOTO 3B S3KY,
KHUILIIEHbKOBUX OOYMCIIOBAILHUX MPUCTPOIB, TOIIO). [lopsia 13 caMuM pO3BUTKOM
TEXHIYHOI 0a3u MOOUIBHUX PIIIEHh MPOUIIOCTPOBAHO PO3BUTOK OE3MOCEPETHBO

MOKOJIIHB 3B 513Ky — 2G -> 3G ->LTE.

Mo6inbHi piweHHs
nepesepTatoui
igeonoriio

Mepuii inTerpoahi Llonaxuii pict Movatok MosBa cynepoti | Macwrabysans HI-End
pilWweHHs s NPOABUHYTUX «CMapTGHOHHOI» i noyaTok PiweHHs ans cynepdoHis

CNOXMBaLbKUX TeneoHiB i cMapTPoHiB i «NAAHWEeTHOI» i npoaBuHYTIX
Y pesonioyii POABNHYT NepcoHanbHUX

MO6iNbHUX NPUCTPOIB NOYaTKOBOrO PiBHA || ‘ peBotouii : naaHweris i
' ™ Cortex-A9 Cortex-Al5
™ ™ ™,
ARM7 ARM9 ARMI | Cortex™-A8 MPCore™ MPCore

1995 2005 2011

Puc. 2.1. EBoumrortiss MOOUTBHHX PIIICHbB.

CaMe HEOOXITHICT, B MpOLECOPl MIABUINEHOT TMOTYXHOCTI, 3JaTHOMY
npaioBaTy 3 rpad@iyHuM 1HTEpQeiicoM KOpHUCTyBaua, Mpu3Besa Ha noyaTky 80-x
POKIB MUHYJIOTO CTOpi4Ys OpUTaHChKY KomnaH1i0 AcornComputers 10 AYMKH PO
HEOOXIHICTh BIIMOBH BiJl TOTOBUX, ajJi€¢ MAJOMOTYKHUX PIIllIeHb, MPOMOHOBAHUX
naptHepamu MOS Technology 1 Motorola, 1 3amycky po3poOKr HOBOTO BJIACHOTO

npoiiecopa. Yuacauku npoekty BBC Micro ctBopunu 115t Acorn MiKpOIpoIiecop

v
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Ha apxiTektypu RISC (Restricted (reduced) instructionsetcomputer - komn'torep 3
CKOpOYEHHM HaOOpOM KOMaHJ), SIKa € albTePHATHBOIO MOMYJISIPHOI apXiTeKTypH
CISC  (Complexinstructionsetcomputer).  RISC-apxiTekTypa  mpomoHyBaia
ONTUMI3AII0 OOYHCIIOBAJIBLHOIO TMPOIECY 3a PaXyHOK peaiizallii CKIagHuX
GyHKIIH HE 3a JOMOMOrOI €IMHOI KOMIUIEKCHOI KOMaHIH, SIK Iie poOuiocs B
CISC, a 3a pgomomororo Habopy Outbln mpoctux komaHa. Ilpu takomy miaxoni
apu(PpMETUKO-JIOTIYHIA TPUCTPIH ICTOTHO CIPOIMYETHCS, IO JO3BOJISIE TOJATH B
CXeMy Ipoliiecopa OUIbIy KUIBKICTh PEricTpiB. 30LIbIICHHS KUIBKOCTI PEriCTpIB
3HIKYE HEOOX1IHICTh YacTOr0 3BEPHEHHS /10 MOBIJILHOIO OTEPATUBHOI MaM'sTi.

Y ¢ipmi ARM oOpasiu BEKTOpP PO3BUTKY MIKPOIPOLIECOPIB CHPSIMOBAHUI Y
01k TexHomorid ASIC 1 ASSP.

Texnonoriss ASSP  (Application-specific standard products) nependauae
pO3pOOKYy MPOCTUX, aj€ B TOM K€ dYac YHIBEpCAJbHHUX IO 3aCTOCYBaHHIO
KOMITOHEHTIB - HAIIPUKJIaJ, arapaTHUX JEKOJEPiB 3BYKY 1 BiJI€O.

Texnonorist ASIC (Application-specific integrated circuit) Ha npoTHBary
ASSP nepenbauae CTBOpEHHS 1HTETPATbHUX MIKPOCXEM, IO CIEIIali3yl0ThCs Ha
BHUpIIICHH] JesAKOoro oOmexeHoro koma 3apaaHb. Jlo ASIC-pimeHr MoKHa
BIJIHECTU POYTEPH, MOOLIBHI Tesle(OHHU 1 IrpOBI KOHCOMI.

3aBasku noegHanHio TexHosoriit ASIC ta ASSP moskHa 3a gyxe KOpOoTKuit
TEPMIH MOHa CTBOPUTH HOBHUM MPUCTPIN AOBUIBHOI KOH(Irypalli, aqanToBaHUI
came JJI1 BUKOPUCTAHHSI 1111 KOHKPETHO BU3HAYCHI 3aj1a4i

PospobuBmm eauny apxitektypy ARMv7 nmns Bciei miniiiku  Cortex,
koMmranisi ARM Bupimmia po3aimuTyd BapiaHTu npouecopuux saep Cortex mo
oOnacTsiXx 1X 3acTocyBaHHs. B pe3ynbTari IIbOTO MApPKETUHTOBOTO KPOKY
niporiecopu JiiHiiku Cortex Oy po3aAiIeH1 Ha TPU KJIaCH.

1. Cortex-A (Bim application) - ciMEHCTBO MpPOILIECOPIB, OPIEHTOBAHUX Ha
PUHOK CIIOKUBYOI €JIEKTPOHIKHY 1 3JaTHUX BUPINIYBATH MIUPOKUIA CIIEKTP 3aBJaHb,

SKUM CyYacHI KOPHUCTyBaul TaK JIOOJSATh HaBaHTaXXyBaTh cBoOi ramxketu. Jlo
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ckiany miHiku Cortex-A yivnum nporecopu:. Cortex-A5, Cortex-A7, Cortex-
A8, Cortex-A9 1 Cortex-AlbS.

2. Cortex-R (Big realtime) - cepis MiIKpompoliecopiB, ONTUMI30BAaHUX IS
BUKOHAHHS OOYHCIICHb B peXuUMi peanbHOro yacy. Ckpi3b, Je MOTPIOHO BIATYK
CIUCTEeMHU B CTPOTO MeBHHI wyac, mpouecopu cepii CorteX-R 3abesmeuats iforo.
Haii6inpm OakaHWMMM Tajy3sMH 3aCTOCYBaHHS II1€1 TPOIECOPHOI JIHIMKU €,
3BUYAMHO K, BOyJOBaHI pIIIEHHS, Takl SK KOHTPOJEPH IPOMHUCIOBOTO Ta
MEJIMYHOT0 00JIaIHAHHS, aBTOMOO1JIbHA €JIEKTPOHIKA Ta KOMYHIKAIlIiHI CHCTEMH.

BriM, 1 B cnoxuBuiii enektpoHini Cortex-R 3HaxomuThes rigHe
3actocyBaHHA. KoHTposiepu *KOpPCTKUX JMCKIB, MPOLECOPU OOPOOKH CHUTHAIIB Y
dboTo / BineoMoayiaemMm cMapTHoHIB 1 UDPOBUX KaMep, HAOUPAE CHITY «PO3YMHE
TernebauyeHHs - OCh TUIBKM Maja YyacThHa obyiacTel, Ae «peanbHui» Cortex Moxe
3aCTOCYBaTH CBOI 3/1I0HOCTI.

3. Cortex-M (Bix eMbedded) - miniiika Cortex-mpoiecopis, K1 IPUAIILIN Ha
3MiHY 8 - 1 16-po3psaHUX MIKPOKOHTpOJIepiB BOyAoBaHMX cucteM. Hwuzbke
€HEProCIOKUBAaHHS, MiHIMaJIbHE TETUIOBUIIICHHS 1 MaJe€HbKI rabapuT mopsja 3
HE3BUYAMHOIO TMPOAYKTUBHICTIO J03BOJIsIIOTH  Cortex-M  cratu  Ha 9ol
«PO3yMHOIO» TMOOYTOBOI TEXHIKM, a TaKOX IHTEJIEKTYyallbHUX KOHTPOJEPIB B
00JacTsIX aBTOMOO1IBHOT €IEKTPOHIKU Ta ITPOBUX KOHCOJICH.

Koxxna Hactynna oiHiMika npouecopiB ARM miaTpumye TEXHOJOT14YHI
pillICHHS] TONEPEeIHUKIB 1 BKJIIOYae B cebe HOBI TexHousorii. CTpykTypa MOLTy

npoiiecopiB ARM Ha kiacu npejcrasieHa Ha puc. 2.2.
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KnacuyHi Mpoyecopu ARM Mpouecopu ARM
npouecopu ARM Cortex 0ns e6y0oeaHux  Cortex Ons NPUKNaOHUX
plwersb piweHs

Embedded ARM | A ARM |
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- =
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[ 4
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[ 4
Ce ‘.ad-,‘.\-'
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Cortex-R4

IMpodyxmusHicme i Pywi

Cortex-M4

Cortoxt0

h

Moxnueocmi y

Puc. 2.2. TTonin npouecopiB ARM Ha knacu.

Apximexkmypa mikpoxoumponepa STM32F407VG, tiozo xapakmepucmuxu.

HoBa cepis wmikpokonTposepiB STM32F4 € posmupenusm margopmu
STM32 3acnHoBanmMm Ha octaHHiil Bepcii smpa ARM Cortex-M4. V miit cepii
3'SIBUJIMCS. HOB1 MOXJIMBOCTI y c(pepi 0OpoOKH CUrHaiiB 1 OUThII IIBHJIKI 32 4aCOM
BUKOHAHHS OIepariii.

CrpykTypa MIKpPOKOHTpOJiepa 300pakeHa Ha puc.2.3, HUXKYE MPUBEIACHHI
OCHOBHI XapaKTEPUCTUKU IIbOTO CIMEMCTBA MPUCTPOIB:

Baok siapa (ARMCortex-M4 168 MHz):

e Snpo ARM 32-bit Cortex-M4 CPU,

e  UYacrorarakryBanus 168MI, 210 DMIPS / 1.25 DMIPS / MI'ng
(Dhrystone 2.1);

e [ligTpumka DSP-iHCTpyKIIiif;

baok ART npuckoproBaua (ARTAccelerator);

Baok BucoxonpoaykruBHoi AHB-marpunmi mma (Multi-AHB  bus

matrix);
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Jlock control

Floating point unit (FPU)

TC/AWU
LA
: Nested vector inter

controller (NVIC)

JTAG/SV

AES 256
SHA-1, MD5, HMAC
| ¥4

24 channels

Temperature sensor

Puc. 2.3. CtpykTypa MikpokoHTposepiB STM32F4xx

Baok nam’sari (Memory):

e Jlo 1 Mbaiir Flash-mmam'siti;

e Jlo 196 x6aiitr SRAM-nam'sri,

e  Kourponep SDIO (xkaptu SD, SDIO, MMC, CE-ATA);

e FSMC-xontponep (Compact Flash, SRAM, PSRAM, NOR, NAND 1
LCD 8080/6800);

Cucremuuii 6710k (System):

e  Hampyra xwusnenns 1,8 ... 3,6 (POR, PDR, PVD i BOR);

e  Buyrpimni RC-renepatopu Ha 16MI'11 1 3211 (anst RTC);
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30BHINTHE JKeperio TakTyBaHus 4 ... 26MI'm 1 nisa RTC - 32,768kI11;
Amnapatae o6uucnenas CRC, 96-6itauit ynikansauit 1D;

3oBHimHiI#M ocimsarop 32kHz +16 MHz

Xtal octnsitopu 32kHz

Perynarop POR/PDR/PVD

51/82/114/140 1/0s

Clock control

Bbaok po6otu 3 ananoropumu curaagamu (Analog):

Tpu 12-6itHux ALl Ha 24 BxigHux KaHany (IIBUAKICTE 110 7,2

MeraceMIUIiB, TEMIIEPATyPHUI TaTUuK);

JBa 12-6itoBux LIAII;

Baok DMA-kouTposiepa Ha 16 mnoToKiB 3 MiATPUMKOI MAKETHOI

nepenaui (16-channelDMA);

Bbaok ynpasJiinnas (Control):

17 TatimepiB (16 1 32 po3psiiHi);
JBa cropoxxoBux Taiimepa (WDG i IWDG);

Baok komynikanii (Connectivity)

Komynikaminiintepdeiicu: 12C, USART (ISO 7816, LIN, IrDA), SPI,

12S;

e CAN (2,0 B Active);

e USB20FS/HSOTG;

e 10/100 Ethernet MAC (IEEE 1588v2, MII / RMII);

e [urepdeiic uudponoi kamepu (8/10/12/14-61TOB1 pexuMn);

e  AmnapaTHHil reHepaTop BUIAKOBUX YHCEIT;

Baoxkkpunronpouecopa (Crypto/hash processor)

e  MonynsmmdpyBanns AES 128, 192, 256, Triple DES, HASH (MDS5,
SHA-1), HMAC;

Posmupenuit temneparypauit gianazos -40 ... 105 ° C.
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BoOynoBani inTepdeiicu komyHikamii

brox xomynikarii (Puc.2.3 Connectivity) ckimagaerbes 13 HACTYITHHX
iHTEep(elciB:

Ethernet. Jlanuii 6J10k MPUCYTHIN HE B yCiX MPOIYKTaX CIMEHCTBA, a JIMIIEC B
kouTposiepax STM32F407 / STM32F417. bnok BUKOHaHWI 3a CTaHAAPTOM
IEEE802.3. MosxnuBa nepenada gaHux 31 mBuakictio 10/100 Mo6it/c. JoctymnHa
CUHXPOHI3alisa roauH s yoro npotokon IEEE1588 v2 peamizoBanuii amapartHo.
PHY -tpancusep 3'eqnyethcst 6e3nocepentbo 3 moprom MII abo RMI.

USB (Universal Serial Bus). Mikpomnpoiiecop Mae JBa pO3AUIbHUX OJIOKY
USB. Ilepmmit - USB OTG full-speed, € moBHICTIO amapaTHOIO peatizaii€ro i
cymicHuil 31 crangapramu USB 2.0, a takoxx OTG 1.0. IIpairoe Ha IIBUAKOCTI 110
12 Moit / c. Ilintpumyerbest pobota B pexumi Host / Device / OTG. Ilpucythiit
SRP (Session request protocol) i HNP (Host negotiation protocol).Apyruii - USB
OTG high-speed npamroeBpesxumi Host / Device / OTG 3BucokoromBuaKicTio480
MGit / ¢, g 4oro HeoOXiTHMM OJIOK MepeAaTduka, MO0 Mpalioe Ha BHUCOKIN
mBUIKOCTI uepe3 cnemianbauii ULPI-inTepdeiic.

SDIO (Secure Digital Input/Output). Iatepdeiic 103BOJIsIE MpaltoBaT 3
kapramu SD / SDIO / MMC-kapramu nam'sitii muckoBumu KoHTpoJiepamu CE-
ATA. ¥V BocbMHu OITHOMY peXMMI Hecyda 4acTOT aoOMiHYy JaHUMHU CKianae 48
MHz. Konrponep BimmoBigae Takumc TaHmaptam: SD Memory Card 2.0,
MultiMediaCard System 4.2 (po6orta B pexxumax 1/4/8 6it), SD | / O Card 2.0
(pexxumu 1roi 4x6it), CE-ATA 1.1,

SPI (Serial Peripheral Interface). Ipucrpiii Bkitowae Tpu Osoku SPI,
KOXKEH 3KHX Tpaiioe B pexkumi Master (Multimaster) ado B pexumi Slave,
nepealoyy J1aHl y HalliB-AyIJIEKCHOMY, NIYIUIEKCHOMY a00 CIMILIEKCHOMY PEKHMI.
[TinTpumyeThes anapaTHUR po3paxyHOK KOHTpoibHUX cyM CRC mi simigBUIlieHHS
3aBajlocTiikocTi KaHaimy 3B's3ky: Tak CRC moxke OyTu mnepemaHuii OCTaHHIM

OaiiToM cjoBa B peXuMi [X, mpuUcCyTHS aBTomepeBipka mpaBuiabHOCcTi CRC
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ocTaHHbO rodaiita. biok nmpuctpoi SPI1 mpaitoe HamBUaKOCTIX ax 10 37,5 MOIT
/ ¢. Iamn oOMexeH1 MaKCUMaIbHOKO MIBUAKICTIO B 21 MOiT / c.

USART (Universal Synchronous Asynchronous Receiver Transmitter). ¥
MikpokoHTpoJiep BOyaoBaHo yotupu 0ok USART igsa UART. bioku USART1
1 USART6 momyckaroTh BUCOKOIITBUIKICHHM OOMIH TaHUMH H amBuAKOCTI 10 10,5
MOoit / ¢. Inmn migTpUMyrOTh MBUAKICTH He Oumbine 5,25 MOit / ¢. B OynoBana
miaTpuMKa repenadi gaaux 3riqHo crangapty NRZ (Non Return to Zero).

OOMIH MaHUMU 3IMCHIOETHCA 3 BHKOPUCTaHHAM 8- abo 9-0iTHUX OJIOKIB,
onvH a0o JBa OITH SIKUX BUJJIEHI SIK CTON-OITH 1 OITH TEpeBIPKU MapHOCTI.
USART wmoxna koHdirypyBatu Ha pexum SPI, 6moxk USART mnpu mpomy
BUCTynae B poiii Beaydoro mnpuctporo SPI. BukopucrtoByroun Omox USART
MOXHa OpraHidyBaTu MiAKIOUeHHS 10 1HTepdeiicy LIN, saxa 3Haiimnma
3aCTOCYBaHHS B aBTOMOOUIbHIN MPOMHUCIOBOCTI, a00 HaJAlITyBaTU HAa €HKOJUHT /
nexkoquHr [Y-curnany IrDA. MoxiBa po6oTa 3 MoJieMaMu IO JIIHISX YIIPaBIiHHS
RTS i CTS. IlinTpumyeTbes poOoTa 31 CMapT-KapTKAMH.

12C (Inter-Integrated Circuit). Ha 6opty MK mictuth Tpu 610ku 12C, 1110
HIATPUMYIOTH poOOoTy B pexumi Master / Slave (Beayuuit abo BeeHHIT), a TAKOK Y
pexumi Multimaster (pexuM B sSKOMYy Ha IIMHI HPUCYTHI Kulbka Master-
MPUCTPOIB, SIKI MOJISIOTH CHIIBHI pecypcu Slave, abo 1o 4ep3i 3MIHIOIOTh CBIi
ctad 3 Master Ha Slave 1 Ha3ax). Y ckiaal IPUCTPOIO € MOJYJb AIarHOCTUKH Ta
BunpaniieHHs nakeTHUX nomuiok PEC. BukopuctoByethcst 7-0iTHumii 1 10-01THUMMA
pexkum anpecartii. [ligTpuMyroThCsi 3araJIbHONPUIHSATI JJI TPOTOKOJY IIBUIKOCTI
oominy manumu 10 100 kHz B mpocromy pexumi 1 400 kHz B pesxxumi mBUIKOTO
oOMiHy naHuMu. Mopynl MOXyTh OyTH CKOH(QITYpIpOBaHHU Ha PO3UIUPEHI
nporokonr SMBus 2.0 1 PMBus.

12S (Inter-Integrated Sound). VY  MiKpOKOHTpoOJepi NPUCYTHI JBa
MyJbTUIUIEKCOBaHUX 010Ky I12S 3 BOynoBanum SPI. O6unsa Moaysi MOXyTh OyTH
cKOH(pIrypoBaHUMH Ha poOOTY B pexkumi Master abo Slave. /lani nepenatotbest o

16, 24 a6o 32 6iTa gymiekcHO abo CIMILIEKCHO.
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Cepen miarpumyBanux npotokoiiB Taki: Phillips 12S, PCM, MSB 1 LSB 3
BUPIBHIOBaHHAM JaHux. [HTepdeiic 12S 6yB po3pobnenuii aius 00OMiHy 3ByKOBHUMH
JaHUMH B mudpoBoMy ¢opmati. Binrenep /s TakTyBaHUsS TPUCYTHIH OKpeMUi
PLL, sixuit poOMTH MOKJIMBUM T€HEPAIIiI0 4acTOT ayaioceMIuiB Bia 8 mo 192 kHz
3 moxuoxoro He outbmie 0,01%.

CAN (Controller Area Network). Ha 6opry 3naxomutbcs aBa CAN-
MOAYJIS, IO TpaIoTh 3a ctangapramu 2.0A 1 2.0B, mBuUIKicTh poOOTH TIPHU
boMy gocsrae 1 MoOit / ¢. Moy MOXKYTh MPAIfOBaTH 31 CTAHAAPTHUMH, & TaAKOXK
3 posmmpenumu kaapamu. Moayns CAN wMictuth Tpu Oydepa mnepenadi,
TproxkackagHuii FIFO-ctek 1 28 OaHKIB (QUIbTPIB MOBIAOMIIEHb (PO3MOALIEH] 1
MacIITabyroThCs ).

DCMI (Digital Camera Interface). I1pucythiii B koHTpoaepax STM32F407
1 STM32F417. 3a gonoMorow 1aHoro iHtepdeicy MOKHAa OpraHi3yBaTH HpsMe
HiIKII0UeHHs 10 kKamepu abo CMOS-marpuiii. MoxiiiBa BHYTPIIIHS 1 30BHIITHS
CHUHXPOHI3allis, podoTa B Oe3MepepBHOMY PEXHMI, aBTOOOpI3Ka 3alBUX YaCTHUH
300paxkenns. Cepen minrpumyBaHux ¢opmarie 8/10/12/14-6itoBe mporpecuBHE
Bigeo, YCbCr 4: 2: 2 1 RGB 565, JPEG.

FSMC (Flexible Static Memory Controller). biok BuUKOprCTOBYEThCS IS
MIIKITFOYEHHS PIIKOKPUCTATIYHUX JUCIUICIB SKOT 30BHIITHBOT ITaM'sITi
6e3nocepentbo. biok mictuthes numie B 100-, 144- abo 176-nmiHOBUX KOpITycax.

Mo>kJIMBE CHOJIYYeHHS 3MIAKIIOYEHOK CHHXPOHHOI a00 aCHHXPOHHOI
nam'artio a6o PCMCIA- npuctposimu. B ocHOBHOMY OJIOK TMpU3HAYECHUN IS
Buaadi ganux MK y BiIMOBIAHOMY MiIKIFOYEHUM TPUCTPOSIM BUTIISIAL 0€3 3aiiBUX
BUTpPAT MPOIECOPHOTO Yacy Ha MEePEKOAyBaHHS JTaHUX.

TakuM 4YMHOM KOXKHTH 30BHIIIHIM MPUCTPIM Mae BIACHUM ajpec Myiy,
BJIACHI curHanmu JUis  ynpabiiHHg. [logaBmm HeoOXxigHUI curHam BHOOpY
MIKPOCXEMHU MOKHA OTPUMATH JIOCTYTI IO TOTO YH 1HIIIOTO 30BHIIITHBOTO TPUCTPOO

(olHOYacHE BUKOPUCTAHHS HE IPUITYCTUMO). MOXKIIUBE T1KJIFOYEHHS TAKUX THUIIIB

nam'sti sk NAND Flash, Compact Flash, NOR Flash, SRAM i1 PSRAM.
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InTepdeiic nanamrToBanuit ayist pobotu 3 LCD-konTposepamu Motorola 6800 1
Intel 8080, ommak Moxe OyTH JE€TKO BHUKOPUCTaHMMA JJIsl CHOJNyYEHHS 3
KOHTPOJIEpAMU 1THITUX BUPOOHUKIB.

Po0oTa 3 aHa10roBUMM CUTHAJIAMH

brox pobGoTtu 3 anamoroBumu curHaidamm (Puc.2.3 Analog)mictuth TpH
AIIT 1 nBa omqnokananpHUX L{AIL. ALl Mae xoporry po3ainpHy 37aTHICTE 12 OIT 1
BHUCOKY HIBUJKICTh MepeTBopeHHs - 2,4 MCemiuia B 3BUYaiiHOMY pexxkumi 1 7,2
MCewmruta - B moTpiiHOMYy pexkuMi. MakCUMaJIBHO OCTYITHE YHCJIO aHAJIOTOBHX
kaHaniB - 24. Sk 1 B O6uibmocTi cydacHux MK, mpucyTHIi TeHepaTop OIMOpHOTo
Hampyru. ['Hyuka cucTemMa  HalalmITyBaHb  BOYJZOBaHOrO  aHAJIOrOBOTO
MyJIBTUILUIEKCOpA JO03BOJISIE  3a7aBaTh OyJb MOCTIAOBHOCTI IMEPETBOPEHHS
aHaAJIOTOBUX KaHaJIB (3a BUHATKOM OJJHOYACHOT'O MEPETBOPEHHS OJIHOTO KaHaly Ha
nexuibkox ALII). HamamryBanns ALl 103BoJsitoTh BUPOOISATH OIHOPA30BI 1
UKIIYHI BUMIpIOBaHHs. JJi1 TpoBeJeHHS TMEPETBOPEHHS HAa MAaKCUMAaJbHUX
IIBUJIKOCTSIX HEOOX1HO AOTPUMYBATHUCS Jlala30H HANpyry >kuBjiaeHHS 2,4 ... 3,6
B. Ilpu 3umxkenHi Hanpyru 10 1,8 (1,7) B mBUAKICTh EPETBOPEHHS 3HUKYETHCS
nmo 1,2 wmeracemrioB. [l KOHTpOJIO  BHYTPINIHBOI  TeMIlepaTypu
MIKpOKOHTpoJiepa BOyAOBaHMI TeMrepaTypHuid pgatuuk. Ha iloro Buxomi
dbopMyeThCS Hampyra B 3aJIKHOCTI BiJI HABKOJMIIHBOI Temreparypu. Buxina
JaTYMKa dYepe3 MysbTHILiekcop miakmodaetbes 10 ALl BukopuctoByroun
TEMIIepaTypHUN TAaTYMK, MOXKHA BUMIpIOBaTH TemriepaTypy Bia -40 mo 125 ° C 3
touHicTio = 1,5 ° C.

LAIT mae po3ninbHy 34aTHICTH 12 01T, IEPEeTBOPEHHS MOXJIMBO B 8/12-
O6iToBOMY (hopmaTi 3 BUPIBHIOBAHHSIM I[LOTO PE3YyJIbTATy MO JIIBOMY a00 MpaBOMY
kpasx. Tak sk I[AIl mictuth nBa KaHamu, TOOTO MOMIIMBICTH (HOpMyBaHHS
crepeocurHana. Jfoctynna QyHKIiss aBTOMaTUYHOT TeHepallii IIyMOBOTO CUTHATY 3

MIHJIMBOIO aMILTITY/1010 00 TPUKYTHOT'O CUTHAITY.
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JIEKIIIA 9

[lepudepisa mikpokoHTposiepa STM32F407V. InTepdeiicu 12C,
SPI, USART, SDIO TA SAI
12C, SPI, USART, SDIO TA SAI IHTEP®EHCH.

InTepdeiic 12C

Inter-IntegratedCircuit  (12C) wmomyms - mocmigoBHHE  iHTEepdelic,
OpU3HAYCHWH,  MATPUMKHA  3B’A3Ky 3 mepudepiiiHUMH  TpHiIagaMu
MIKPOKOHTpOJIEpA.

MK wictute Tpu 6sioku 12C, mo niarpumyroTs podoty B pexumi Master /
Slave (Bemyunii abo BeeHUIT), a TaKOX y pexumi Multimaster (pexum B sKoMy Ha
IIMHI TPUCYTHI Kijgbka Master-npuctpois, ki MOAUISIOThH CIijbHI pecypcu Slave,
a00 10 Yep3i 3MIHIOOTH CBiii ctad 3 Master na Slave i1 Hazan). Y ckiaai mpucTporo
€ MOIyJlb JIIarHOCTUKM Ta  BUIpaBieHHs makeTHuX nomuwiok PEC.
BuxopucroByerbcst 7-01THUM 1 10-0iTHMI pexxkum anpecarii. [linrpumyroTscs
3arajJbHONPUUAHATI JJIi MPOTOKOIY MIBUAKOCTI oOMiHy nanumu 1o 100 kHz B
npocromy pexkumi 1 400 kHz B pexxumi mBuakoro oOMiHY JaHUMH. Moyl
MOXXYTbh OyTH CKOH(ITYpIpOBaHHH Ha po3uupeHi npotokoan SMBus 2.0 1 PMBus

JJist moyaTKy CIijJl BKIIOYUTH TakTyBaHHs Moxayss 12C 1 HanamryBaTy miHH
B pexuMm anbTepHatuBHOT QyHKmii. (Jus. [15], B po3min Device Overview)
(puc.2.4). 3 Hporo BuAHO, 1m0 12C 3HaxoaaTecs Ha muHi APBL.

Hactymuuii kxpok - BxiaroueHHs Ta HanamrtyBaHHsS GPlO, oGupaeMo pexnm
anprepHatuBHOi GyHKIIT (12C BimHOCHTBCS 10 AF4), Tum OpenDrain, a miaTsxka
noBuHHA OyTu 30BHIMHSA. «IlIBuakicTh» miHOB Mt 100k MoxkHa BuOpaTu Low
(2 MHz), a nns 400 x['u ST pexomenayrots Bubupat Medium a6o Fast (ix 10
MHZz). I, naperuri , MmoskHa Hanamrysatu 12C.

o BxmrouenHs 6e3mocepenanro moayis 12C cuig B perictp CR2 3anucatu
MOTOYHE 3HAYEHHsI YacTOTU Ti€l IIUHM, 0 SKOi miakaoueHuit moayis 12C, B
naHomy Bumnaaky e dacrota mumHM APBl. B pamkax nmaramiita 1ie 3Ha4YeHHS

"asuBaeThest PCLK.
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Perictp CR2 xkepye mnepepuBaHHsIMU Bia JaHoro wonaynsa. Ilig 1um
po3yMieThes TO, o 9u Oyne moaynb [12C moBimomisatu B NVIC mpo Te, 1o moch
cTajocsi, ab0 ) MPOCTO IMOCTaBUTh MOTPIOHI Ipamopu B CTaTyCHOMY periCTpi.
Bapto 3ayBaxuTH, 110 B CTaTYCHOMY PETICTPi 3aBXJIU OyAyTh CTAaBUTHCS IOMIEBI
mpamnopu, Mmoo JoriuHo. B mepmry uwepry mikaBi nepepuBanHs ITEVTEN 1
ITERREN, nepepuBaHHs Mo1ii 1 TOMUJIOK BiAMOBIIHO. MoHA OOIATHCS IITKOM 1
TUIBKH MOJISIMH, K HaHOUIBII 3araJbHUM BUIIAKOM.

12C1->CR2 |=48; I/ Peripheral frequency 24MHz

12C1->CR2 |= 12C_CR2_ITEVTEN; // Enable events

Perictp CCR BinmoBigae 3a TakTyBaHHS 30BHIIIHBOI IIMHH, TOMY B HBHOTO
HEOOXITHO BHECTH 3HAYCHHS, SKE po3paxoByeThcs 3a (opmynoro PCLK /
12C_SPEED. Hampuxnan, mis wacrotu mmuad 400 I, BHyTpimHsa muHa APB1
taktyeTbes 48 MI'n, BignoBigHo B CCR 3anumiemo 3HadeHHs, piBHe 48 * 106/4 *
105 = 120. Tak camo B JaHOMY pPETiCTpi HEOOXiTHO BKa3aTH pe:kuM podoTu Slow /
Fast, iie ocrannii, 16# 01T

12C1->CCR &= ~I12C_CCR_CCR;

12C1->CCR |= 120;

12C1->CCR |= 12C_CCR_FS; /I FastMode, 400 kHz

Perictp TRISE Bianosimae 3a ¢pontu curnam Ha SDA 1 SCL, croau
HEOOX1THO BHECTH 3HAYEHHS 3 HEBEIMKHWM 3alacoM, SK€ pPO3PaxOBYEThCS Tak:
TRISE = RISE / tPCLK. tPCLK =1/ PCLK.

Koncranta RISE - me makcumanbHHII Yac HapOCTaHHS CUTHAIY, IO
cnerudikarii : 1000 e s Slow Mode 1 300 ve mis Fast mode.

tPCLK - e nepiof, mo odumcioerbes mo hopmyii 1/ F.

Ockinbku o0pano Fast Mode, o 3nauenns B TRISE 6yne nactymae: 3.000
*10-7 /2.083 * 10-8 = 14.4, 3 HEeBeJIMKUM 3aIlacoM B OLIBIITY CTOPOHY, OOMPAEMO
15.

12C1->TRISE = 24;
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ITicnst Toro, sk maHi nii OyayTh BUKOHAHI, MOXHa BKJIIOYATH MOIYIb 1
nepepuBanHs B Moy NVIC (skiro moTpi6Hi).

12C1->CR1 |= 12C_CR1_PE; // Enable 12C block

NVIC_EnablelRQ(12C1_EV_IRQn);

NVIC_SetPriority(12C1_EV_IRQn, 1);

[Ticas HAcTpOWKH MOIyJs, 3 HUM MOJXKHA TpaioBaTd ab0 B PEKUMI
YeKaHHS NosBH Tpanopa B mukiti While (i korTposep Oyne 3aifHATHH TiIIBKH 1AM,
10 B OUIBIIOCTI BUMNAJKIB MOTAaHO), a00 - 3a nepepuBaHHAM. B apyromy Bunaaky
HEOOXITHO JToAaTH B KOJ OOpOoOHHMK mepepuBaHb ol Bix Moxyins 12C. Jlns
monyisa 12C1 ¢ynkmis HasuBaethes 12C1 _EV_IRQHandler. Tomy B HeoOXiaHwmiA
.C (paitn mogaeMo Taky QyHKIIIO:

void 12C1_EV_IRQHandler(void) {

by

Ha npomy iHimianizaiist 3aKiHIyEThCSI.

Jlani po3risiHEMO niepenady naHux slave-npuctporo (puc. 2.5)

Figure 243. Transfer sequence diagram for master transmitter

7-bit master transmitter

E Addressl A Datal | A Data2 I A DataN A T]

EV5 EV6I EV8 1| Evs EV8] EV8 EV8_2

10-bit master transmitter

F Header I A Addressl A Datat A | DataN | A T]

EV5 EV9 EV6| EV8_1 EV8 EV8 | EV8_2

Legend: S= Start, S, = Repeated Start, P= Stop, A= Acknowledge,
EVx= Event (with interrupt if ITEVFEN = 1)

EV5: SB=1, cleared by reading SR1 register followed by writing DR register with Address.

EV6: ADDR=1, cleared by reading SR1 register followed by reading SR2.

EV8_1: TxE=1, shift register empty, data register empty, write Data1 in DR.

EV8: TxE=1, shift register not empty,.data register empty, cleared by writing DR register

EV8_2: TxE=1, BTF = 1, Program Stop request. TXE and BTF are cleared by hardware by the Stop condition
EV9: ADD10=1, cleared by reading SR1 register followed by writing DR register.

ai18210

Puc.2.5. [lepenaua ganux slave-npuctporo
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Hanpuxknan, xaii HeoOXiIHO BIANpPaBUTH 1 OalT JaHUX MPUCTPOIO 1 MPUIMUHUTH
nepeaavy.

Jns mporo Oynemo BukopucToByBatu ctanu EVS, EV6 ta EVS. Jleck B komi
nmporpaMM BH3HadeHa TIyoOajnbHa 3MiHHA. [lodaTok nepeaavi  1HIIIIOE
nocminoBHicTh START:

12C1->CR1 |= 12C_CR1_START;

Jlanuii psiioK MOXHA TIOCTaBUTH TI0 XOJy MPOTPAMH TaM, KOJIU TOTPIOHO
MOYMHATH Tepenavy. Hampukian, micis Toro, sk iHimiam3yBaiy 3MiHHY data. Jlami
BXke Oyme Koa BcepenuHl (QyHKIIi-oOpoOHHMKa TMepepuBaHb. [l moyaTky
HEOOX1JTHO B OKpeMI 3MIHHI 30€perTH 3HaYEHHS CTaTyCIB

volatile uint32_t sr1 = 12C1->SR1, sr2 = 12C1->SR2;

[Ticnst BigmpaBKU CTApTOBOI MOCHIJAOBHOCTI BIAOYAEThCS TMEPEPUBAHHS 3a
noxiero EVS. B cratycHoMy pericTpi moBUHEH BUCTaBUTHUCA OIT SB. Skmo ganuit
01T BUCTaBJIEHUH, TO HEOOXITHO BIJIIPABUTH aJpecy 3 OITOM PEKUMY YUTaHHA a00
3armcy. i cripomieHHs MoxHa 3pooutu Tak #define 12C_MODE_READ 1

#define I2C_MODE_WRITE 0

#define 12C_ADDRESS(addr, mode) ((addr<<1) | mode)

Tenep MoxHa Hanucaty oOpoOHUK ctany EVS:

if(srl & 12C_SR1_SB){
12C1->DR = I2C_ADDRESS(0x14,12C_MODE_READ):

¥

Konu aapecy BianpaBuThes 1 slave-mipucTpiii BIAMOBICTH MOCTiAOBHICTIO
ACK, 1o cranetscsa noxist EV6 1 onnouacno EV8: BcranoButhes npamop ADDR 1
TXE. IIpannop ADDR o3Hauae, o agpeca BiamnpasicHa i npuitasra slave-
npuctpoeM, a TXE o3Hauae, mo Oydep BITbHUN 1151 BHECEHHS JaHUX IS
nogansinoi nepenadvi. [Ipanmop ADDR ckuneTbest cam, ik TUIBKU Oy7e TPOUYUTAHO
SR1 1 SR2, a mpanop TXE omnpariroeMmo okpeMuM 0JI0KOM KOy. Y 0OpOOHUKY
TXE Bce, 1m0 noTpiOHO - 11e TiepeaaBaTH JAaHi. Tak sk nmepeaaBaTi OyJaeMo TUIbKU

1 Gaiit, TO Bijpasy * BiAnpaBuMo 1 mocaigoBHicTb STOP

if(sr1 & 12C_SR1_TXE) {
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12C1->DR = data;
I2C1->CR1 |= 12C_CR1_STOP;
}

Takum 4MHOM, OTPUMAJIA HACTYMHY (PYHKII1F0-0OpOOHUK:

#define 12C_MODE_READ 1

#define 12C_MODE_WRITE 0

#define 12C_ADDRESS(addr, mode) ((addr<<1) | mode) uint8_t iter;
uint8 tdata[10]1={1, 2,3,4,5,6,7,8,9,10 };

void 12C1_EV_IRQHandler(void) {

volatile uint32_t sr1 = module ->SR1, sr2 = module ->SR2;
if(srl & 12C SR1 SB){

module ->DR = 12C_ADDRESS(0x14,12C_MODE_READ);
}
if(srl & 12C_SR1 TXE) {

if(iter<10){

12C1->DR = data[iter++];

}else {
12C1->CR1 |= 12C_CR1_STOP;
}
}
}
InTepdeiic SPI
[MocnimoBuuit  mepudepiiauii  iHtepdeiic  (SPI) —  mociimoBHMiA

CUHXPOHHUU CTaHAAPT Nepenayl JaHUX B PEXKUMI MOBHOTO AYILJIEKCY.

B tabmumi 2.1 mokazani pexxumu podotu SPl Ta iX BIAMIHHOCTI OJWH Bij
onHOTO. Y BCIX 4-X pexkumax Master mocusnae ofaus 1 Toit xe 6aiT (0x93). XKosta

aiHig e SCK, a cunsg - MOSI.
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Tabmuns 2.1- Pexxumu podotu SPI
Peoxxcumu | CPOL | CPHA | Ocumnorpama Ornuc
pobomu
Sp| pexXUMy
Pexum
0 0 0 Bubipka no
nepe oMY
HapOCTAYOMY
T -
* [ .
b i st !
G <16Hz
CH1= 2.68U CH2 ay CH1L 71,76V
W 258ps W Posi63.88ps
1 0 1 Bubipka no
3aTHHOMY
CHa/Ial0uoMy
L i “' dporty
____J U I H EANE
IENRIIE
2 l—nJ 1-&-—-
G <16H=z
CH1= 268U CH2= 2,68V CH1 7176V
W 25.8ps W Pos:63.68
2 1 0 Bubipka no
nepeTHEOMY
CTa/Ial0YOMy
$ponTy

1 \
A

G <16Hz

CH1== 2,680 CH2= 2.68U CH1 71,76V
W 25.8ps W Pos:63.88ps
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Bubipka o
3aTHBOMY
HapOCTAIOYOMY

bpoHTy

CH1== 268U CH2= 2,68V CH1 71.76U
W 25.8ps W Pos:63.680ps

Sx BugHO 3 TaOm. 2.1, HOMEp peXUMy CKIamgaeThcs 3 nBox OiT - CPOL i
CPHA. bitr CPOL Busnauae, B sskomy ctaHi Oyzae nepedyBatu BuBig SCL B Toii
gac KoaM Hidoro He mnepenaerbes. Axkmo CPOL = 0, To B pexumi MpocTor Ha
HDKII HU3bKUW JIOT1YHWM piBeHb. lle o3Hauae, mo mnepenHit ¢poHTOoM Oyae
BBakatucsa nepexig 3 0 B 1. ko CPOL = 1, To B pexkuMi IIPOCTOIO HA HIXKIII
BUCOKHM JIOT14HMM piBeHb. Lle o3Hauae, mo nepenHid ppoHTOM OyIe BBaKaTHCS
nepexin 3 1 B 0 (a 3agHiM dpoHTOM, BiamosimHo, HaBmaku 3 0 B 1). bir CPHA
BU3HAYA€ MO siIKOMYy (poHTy moTpiOHO pobutu BUOIpky 0 - 1O mnepegHbLOMY
¢bponry, 1 - o 3an1HLOMY (POHTY.

Hactynnuii BaxnuBuil mapameTp - MOPSIOK MPOXOJKEHHs O1T. 3a3Buyaii,
NEePIIUM TIEPEIa€ThCsl CTapiIuil 01T, ane iHoMI OyBa€ HaBMaKH, SKIIO IOTO HE
BpaxyBaTH, TO MOJIMBI MOMWIKU HpHU poOoTi iHTepdeiicy. KulbKicTh OIT MOXe
3MiHIOBaTHCs, 3a3Bu4aii me 8 Oir. Jlam posrmsHemo SPl  nHa mati
STM32F4DISCOVERY.

Ha pucynky 2.6 moka3zani minii SPl mikpokonTpomepaSTM32F407VXXX:
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STM32F407V(E-G)Tx
100 Pins

Puc. 2.6. IToptu STM32F407Vxxx

Jlnis cripotiieHHst poOOTH 31 BCi€lo mepudepiero MiKpOKOHTpoiepa, (Taitmepu,

UART, SPI i T.n1.) xommanis ST pospobuna 6i0miorexy stdperiph_lib. 3 ii

BUKOPHUCTAHHAM KOJ CTa€ OUIBII 3pO3yMUIMM 1 MPOCTIIIUM ISl YUTAHHS, TaKOX

MOJITIIITYETHCS IEPEHEeCeHHs Koy 3 onqHoro STM32 konTponepa Ha inmwmid. [Ipote

JUTst Kpatoro po3yMminas SP| po3risHeMo pericTpu:

Perictp SPI_CR1- perictp kepyBanns (puc.2.7)

BIDI
MODE

BIDI
QE

CRC
EMN

CRC
NEXT

DFF

RX
ONLY

S5M

581

LB
FIRST

SPE

BR[2:0]

MSTR

CPOL

CPHA

L}

v

L}

iy

L

Y

A

.

na

n

Puc.

2.7

BIDIMODE — sixmio 1ieti 0iT BCTaHOBJICHUM, TO MMPUHOM Ta Iepeiada JaHuX

3MIHUCHIOIOTHCS 10 ogHOMY TpoBoay (He BpaxoByroun SCK). Ilpu npomy, MOSI

BuB1x Master nigkimrogactbest 1o MISO Slave.

BIDIOE — et 6iT BUKOPUCTOBYETHCS B OJHOMPOBOJTHOMY pexuMi. Ko

BiH BcTaHOBJICHHM - SPI Moaynb Tulbku mepenae maHi. SIKIO CKUHYTHH - TO

IIpUKMAE.
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CRCEN - Bkitouae anapaTHUM MOJYJIb PO3pPaxyHKy KOHTPOJIbHOI cymu. 0 -
BUKJ, | - BKJI. 3MIHIOBaTH CTaH IbOTO OiTa MOXHa TUTbkH kKoym SPI Momyib

BuMkHeHu# (61T SPE = 0).

CRCNEXT — sxmo me#t 01T BCTaHOBJICHHH, TO IMICJISI HACTYITHOI Iepeaadi

OaiiTy maHux, Oyje BiJmpaBiieHa KOHTPOJIbHA CyMa.

DFF — axmo 6iT ckunytuii, To SPI Moayns nepenae / mpuiiMae gani mo 8
01T, 1HaKIIEe MepenaeTbes / mpuiiMaeTbes o 16 61T. 3MiHIOBATH CTaH IIbOro OiTa

MOXHa TiTbKkH Koau SPI Moy BumkHenuit (0iT SPE = 0).

RXONLY — sKmio BHKOPHUCTOBYETHCS 2-X TMPOBIAHMNA pexuM (AuB OIT
BIDIMODE) to ycranoBka 11p0ro 6iTa 3abopoHse nepeaady, SP1 moaymns mpartoe

TIJIbKHU HA IPUHAOM.

Bigznaunmo HactynHy ocoOnuBicTe BuBOAYy NSS. fAxkmo SPI momynsb
HaJallITOBaHUW B pexumi Slave, TO BIH MOXe OTPUMYBATH CUTHaI 3 BUBOAA NSS
a60 x mporpamuo. fAkmio 6iT SSM ckuHyTHiA, TO curHain SS OyJie 3UuTyBaTUCA 3
BUBOJa NSS, a KO BiH BCTaHOBJEHUU, TO cTaH BuBOJa NSS irHopyerbcs. Y
TaKOMY BUIIAQJKy HJisi KepyBaHHsA curHaioM SS mepexoauTh Ha OiT SSI. bit
BCTaHOBJICHUH - € curHan SS, iHakmie Hemae. SIkmo » SPI momyne mpaitoe B
pexumi Maiictpa, TO BUBII NSS noTpiOHO MIATATHYTH [0 JKUBJIEHHSA a0o
BKJIFOUHUTH TIporpamHe ynpasiiHHs (SSM = 1) 1 BcranoButu 61T SSI. B iHmomy

Bunaaky - SPI Moayis BUPIMINTG, IO 3'IBUBCS HOBUM Master 1 cam crane Slave.
y y

LSBFIRST — 3amae mopsmok mepemadi Oit: 0 - crmoyaTKy MepemaaeThbes

cTapmuii O01T. 1 - cmoyaTky nepenaeTbest MOJIO U O1T.
SPE — Bmukae / Bumukae SPI moayib

BR2,BR1,BR0 — 3anatoTs mBuakicte npuiiomy / nepeaadi (yactoty SCK).
Yacrora TtaktupoBanus Moxayias SPl giauThess Ha 4Mclo, SIKE€ 3a1a€ThCA

KOMOIHAITI€0 ITUX TPHOX OiT.
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Tabnuis 2.3 - 3agaHHs WBUAKOCTI MpUloMy / iepeaayi

BR2 BR1 BRO JlimpHHK
0 0 0 2

0 0 1 4

0 1 0 8

0 1 1 16

1 0 0 32

1 0 1 64

1 1 0 128

1 1 1 256

3MIHIOBATH CTaH WX OIT MOKHA TUTbKU Koii SPI Moxysis BuMkHeHH (01T

SPE = 0).

MSTR — axmo 6iT BctanoBieHui - SPI Moayns € Master, inakme Slave.

CPOL — nonspuicts curaany SCK.

CPHA — ¢a3za curnany SCK.

Perictp SPI_CR2- perictp kepyBanns 2 (puc.2.8)

15 14 13 12 1 10 8 7 5] 5 4 3 2 1 0
TXEIE |RXNEIE| ERRIE | FRF S50E |TXDMAEN | RXDMAEN
Resarved Res
w ] w ] w

i W

Puc.2.8

TXEIE —no3Bosisie nmepepuBanHs, Koju Oydep nepeaadi mopoxKHiH.

RXNEIE — no3Bossie nepepuBanHs, kojiv Oydep 3aroOBHEHUM TaHUMHU.

ERRIE — no3Bonse nepepuBaHHs y pa3i BUHUKHEHHS HOMHJIKH. 1X TpH, 11106

po3i0patucs sika BUHUKIIA, TOTPIOHO AUBUTHUCS CTaH OIT B PETICTPi CTATYCYy.
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SSOE — fkmo ueit 6iT BuctaBienuid, To SPI Moaynb cam kepye BUBOJOM
NSS. To6To nepen moyaTkom mnepeaadi BUCTABISE HYJb Ha IIbOMY BUBOJII, a MICIIs

3aBCPIICHH:A - BUCTABJISI€ OAUHUIIIO.

TXDMAEN — no3Bosisie / 3aboponsie 3anmuTr DMA 1o 3aBepiiieHHIO

nepemadi
RXDMAEN — no3Bonsie / 3a6oponsie 3anmut DMA 10 3aBepiieHHIO
IPUNOMY

Crartycnuii perictp SPI_SR (puc.2.9)

5 14 13 12 1 10 g 8 7 § 5 4 3 2 i o
FRE | BSY | ovR |mooF | S | uom |YME'P | Txe | mxne
Resarved

r [} f f re_wil F [ r r

Puc. 2.9

FRE — Frame error flag, BiH BukopuctoByeThes, koiu SPI Moayns mpartitoe

B pexkumi «TT mode» (6iT FRF = 1).

BSY — sakmo meit Oit BcraHoBieHui, To Momynb SPI 3apas 3aitHsTHIi

nepeaaducro JaHux.

OVR — 0it BUCTaBISETHCS B TOMY BHUIAJKY, SKIIO B SPI Moaynb HamidIIINn

HOBI JlaH1 1 3aMIHWJIU CTapi, 0 HEe OyJIM MMPOYUTAHI.

MODF — BuctaBmisieTbcsi B TOMy BUTIIAAKY SKIIO0 Master panToBO mepecTan
Oytu Master. Take MoxxinBo, kKoiu BuBig Master NSS HamamroBana sk BXiJI 1 Ha

HEi HAAIMIIOB CUTHAT HU3bKOTO PIBHSL.
CRCERR — nomuika KOHTPOJIBHOI CyMU
UDR — ¢nar He BUKOpHCTOBYEThCS B pexkumi SPI
TXE - Ilepenaua qaHux 3aKiHYMIIACH
RXNE — I[Ipuiiom aHux 3aBepIIEHO

Perictp SPI_DR- perictp nanaunx
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[Ipencrapinsie co6oto 16-Tu OITHUIN PEriCTp JaHUX, KUK po30uTUil Ha nBa. OUH
JUIS Tiepenayi, a IHIIUHA U1 IpuiioMy, aje poboTa 3 HUMH 3/11HCHIOETHCS Yepes
onud perictp SPI_DR. SIkmio mock B HbOTO 3aIKMCaTH, TO 3aMKC TaHUX
MPOBOJUTHLCA B PETICTp JUIs mepeadi. SKIo npoyuTaTH, TO AaH1 3YUTYIOTHCS 3
pericTpa il IpuioMy JTaHUX.
Perictp SPI_CRCPR
VY 11eit pericTp 3anmucyroTh ASSKE YUCIIO, SIKE IIOBUHHO BILTMHYTH HAa PO3PaxXyHOK
KOHTPOJIbHOT CyMH. 32 3aMOBUYBAHHSIM 3allMCaHO YUCIIO 7.
Perictp SPI_TXCRCR
VY 11eit pericTp 3anmucy€eThesl KOHTPOIbHA CyMa, sika Oyiia po3paxoBaHa s
nepeIaHnux JaHuX.
Perictp SPI_RXCRCR
VY 11eit pericTp 3amucy€eThesl KOHTPOJIbHA CyMa, sika Oyira po3paxoBaHa s
NPUIHATUX JTAHUX.

Ipuxnaan Buxkopucrannsa SP1 na nnari STM32F4ADISCOVERY, nokasye
sk HajamryBatu SPI1 B pexxumi Master 1 BinnpaBuTu NaHi. ¥ HECKIHYCHHOMY

UK BIIOYBA€EThCS Mepeaada OaHOTo 1 Toro kK 6anTy (0x93).

01.#include "stm32f4xx.h"

02.#include "stm32f4xx_gpio.h"

03.#include "stm32f4xx_rcc.h"

04.#include "stm32f4xx_spi.h"

05.

06.int main(void) {

07.GPIO_InitTypeDef GPIO_InitStructure;

08.SPI_InitTypeDef SPI_InitStructure;

09.

10./] TakxryBanusiMomyist SPI1 imopTyA
11.RCC_APB2PeriphClockCmd(RCC_APB2Periph_SPI1, ENABLE);
12.RCC_AHB1PeriphClockCmd(RCC_AHB1Periph_GPIOA, ENABLE);,
13.

14.// HanamrroByemo BuBia SPI1 miis poOoTH B pesxkumi aibTepHATUBHOT (QYyHKIIIT
15.GPIO_PinAFConfig(GPIOA, GPIO_PinSource7, GPIO_AF_SPI1);
16.GPIO_PinAFConfig(GPIOA, GPIO_PinSource5, GPIO_AF_SPI1);
17.GPIO_PinAFConfig(GPIOA, GPIO_PinSource6, GPIO_AF_SPI1);
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18.

19.GPIO_InitStructure.GPIO_Mode = GPIO_Mode AF;
20.GPIO_InitStructure.GPIO_Speed = GPIO_Speed_50MHz;
21.GPIO_InitStructure.GPIO_OType = GPIO_OType_PP;
22.GPIO_InitStructure.GPIO_PuPd = GPIO_PuPd_NOPULL,;
23.GPIO_InitStructure.GPIO_Pin = GPIO_Pin_7 | GPIO_Pin_6 | GPIO_Pin_5;
24.GPI1O_Init(GPIOA, &GPIO_InitStructure);

25.

26.//3anoBHIOEMO CTPYKTYPY ¢ tapamerpamu SPI Moyt
27.SPI_InitStructure.SP1_Direction= SPI_Direction_2Lines_FullDuplex; //moBuuii
JIYIUIEKC

28.SPI_InitStructure.SP1_DataSize = SPI_DataSize 8b; // nepemaemo 1o 8 oir
29.SPI_InitStructure.SP1_CPOL = SPI_CPOL_Low; // TTonspHicTs Ta
30.SPI_InitStructure.SPI_CPHA = SPI_CPHA_1Edge; // pa3a TakToBOroCHrHary
31.SPI_InitStructure.SPI_NSS = SPI_NSS_Soft; // KepyBatu craHOM cCHrHaiy

NSS nporpamuo

32.SPI_InitStructure.SPI_BaudRatePrescaler = SPIl _BaudRatePrescaler 32; //
[lepeninbank SCK

33.SPI_InitStructure.SPI_FirstBit = SPI_FirstBit_MSB; //

[lepmmMBIAIPaBISETHCACTAPILIUAOIT

34.SPI1_InitStructure.SPI_Mode = SPI_Mode Master; // Pexxum - Master
35.SPI_Init(SPI1, &SPI_InitStructure); //HamamroByemo SPI1
36.SPI_Cmd(SPI1, ENABLE); // Bknrouaemomoayis SPIL....

37.

38.// Ockinbku curHanm NSS KOHTPOIIOKTHCS MPOrpPaMHO, BCTAHOBUMO HOTO B
OJIMHUIIIO

39.// SIxkmo ckuHyTH HOTO B HYJb, TO SPI MOMy/Th BUPIMIUTH, 1110

40.// BAKOPUCTOBYETHCSI MyJIbTUMACTEPHA TOIOJIOTIS 1 Hioro nepesenu B Slave.
41.SPI_NSSiInternalSoftwareConfig(SPI1, SPI_NSSinternalSoft_Set);
42.while(1) {

43.SP1_I2S_SendData(SPI1, 0x93); //Tlepenaembaiit 0X93 uepe3 SPI1

44 while(SP1_I2S_GetFlagStatus(SPI1, SPI_I12S_FLAG_BSY) == SET)

45.}}
Intepdeiic UART /JUSART

UART — By30J1 004MCIIIOBaIbHUX MPUCTPOIB, MPU3HAYCHHM U1 opraHizaiii
3B'SI3KYy 3 IHIMMMH [OUPpoBUMH mnpucTposmu. l[lepeTrBoproe mepenani naHi B
MOCTIAOBHUM BUJ TaK, [00 OYJI0 MOXKIIMBO MepeaTu iX Mo HudpoBiit JiHIi HIIUX
aHAJIOTIYHUX TPHUCTPOiB. MeToa mepeTBOpeHHsT a00pe CTaHAapTU30BaHUN 1

IIUPOKO 3aCTOCOBYBABCS B KOMIT'FOTEPHIA TEXHII, OCKUIBKM YacTO BHHHKAE
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notpeda mia'eqHATH MPUCTPIA A0 KOMI'toTepa i OOMiHYy JaHuUMHU 3 HuM. s

OOMiHYy JaHUMHU JIBa IPUCTPOi MOBHUHHI OYTH 3'€JHAHI TaK SK MOKAa3aHO HA PUCYHKY

2.10:

DEVICE 1

TxD ¢
RxD ¢

Puc.2.10. 3’130k aBox nmpunaniB uepe3s UART inTepdetic

DEVICE 2

+ TxD
+ RxD

[lepenaBanbHUIl BUBiA OAHOTO MPUCTPOIO 3'€HYETHCS 3 MPUINMAIOYUM BHBOJIOM

iHIIoro, 1 HaBmnaku. OOMIH JaHUMHM MOKJIMBHI OJHOYaCHO B OOHWJBI CTOPOHH.

Komu nepcaadya HC 3I[iﬁCHIO€TBC$I, Ha BI/IXOI[i nepcaaBada 3aBXKIW IIPUCYTHA

noriuHa oauuuus. Ilepen moyaTkoM mepenayi AaHUX IepeaBad BCTAHOBIIOE Ha

BUXO/1 JOTIYHUN Hynb. lle Ha3uBaeThcs CTapTOBUM OITOM, TICHS SKOTO

MOYMHAETHCA Tepeaaya 01T TaHuX, SKUX 3a3BHYal BiciM, ajie MOXe OyTH Bia 5 10

9. Iotim ciig OIT mEpEeBIPKA MAPHOCTI, SKIIO BOHA BUKOPUCTOBYEThCs. Lleit OiT

MpU3HAYEHUN ISl 3amo0iraHHs OOpOOKM HEKOPEKTHUX JaHWUX TICIS TpHoMY.

[ToTimM, micis BiAMpaBieHHsS BCiX OIT e CTOMOBHM OiT, 3a3BUYAll OJUH, MOXKJIUBI

nBa. CTonoBuid 01T 3aBXK M JIOTIYHA OJUHUIIA, K ITOKa3aHo Ha puc. 2.11:

SEll o | 1 | 2 a (1|6 ||| @ [sP2]
ST — Craprosmit &it
0...8 — Biru gaEux
P — Bir naprocti
SP1, SP2 — Cromnosi &itn
Puc.2.11. ®opmart nepenayi




Posznooineni mikponpoyecopmi cucmemu 175

[Tpuxnan nepenaui 6aiiTy nmokaszano Ha puc. 2.12.

10001100

CH1= 2,680

Puc. 2.12 Ocnunorpama nepenavi 0aiTy naHux

Jlist yeninmHoi nepenavi nanux, Ha o6ox mpuctposix, UART noBunen Oytu
HaJalllTOBaHUW 3 OJHAKOBMMHU napameTpamu. Llle no mouarky nepeaadi noTpiOHO
3agat: IlIBHAKICTH, KIIBKICTH CTOIOBHX OIT, KIIBKICTH OIT HJaHMX, HASBHICTH
nepeBipku mapHocTi. [IIBUAKICTE nepeaadi JaHuX TOBIJIbHA, ajle SK MPaBHIIO ICHYE
neBHUM HaOlp ctaHgapTHuX mBuakocteit: 600, 1200, 2400, 4800, 9600, 14400,
19200, 28800, 38400, 56000, 57600 6it / cex 1 T.n. UnM HMKYE IIBUIKICTH
nepeaadi JaHuX - TUM HaJiHHIIIE Taka IepeaayJa.

VY xomm'torepa inTepdeiicy UART sk Takoro Hemae, ame € COM mopr.
Pizuungs mixk COM moptom 1 UART Ttineku B piBHsix Hamnpyr. B COM moprti
JIOTIYHUHN HYJb - 1I¢ MPUOIM3HO +12 BOJIBT, a JIOTIYHA OJWHUII MPUOIU3HO - 12
BOJIBT. SIKIIO TAKITIOUATH MIKpOKOHTpoJep Oesmocepenuro no BuBoaiB COM
HOPTY, TO BIH MOX€ BHUTH 3 jnany. s HbOro JOTIYHMNA HYJb - L€ NPUOIHU3HO
HYJIb BOJIBT,  JIOTIYHA OJAWHUILI - 1€ TPHUOJU3HO TTOBHA HANpyTa >KUBJICHHS. J[ms
Y3rOJDKEHHS JIOTIYHMX PIBHIB BUKOPHCTOBYIOTH CHEIIajbHI  MIKPOCXEMH,
Hanpukiag, max3232. Kontponepu STM32 npaioroTs Big 3.3 BOJbTa, 1 HaNpyra

JIOT1YHOI OAVHUII HE MOBUHHA NEPEBUILYBATH HAIMPYTH KUBJICHHS. TaKMM YMHOM
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3aCTOCOBYIOYM Max232 moTpiOHO 3HUBHMTH HAIpyry Buxoay a0 3.3 BojbT. AbGO

MO’KHa BUKOPHCTOBYBaTH Max3232. Cxema BKIIIOUEHHS TTOKa3aHa Ha puc. 2.12

I T

) B
—ii
COM PORT i — -

48 | 11 ) +3.3
F4D (2] [e ol TD
T (3 | o| FD
GND (5] |@ £ _— g| GNP

Puc. 2.13. TliaxnroueHHst mikpocxemu Max3232CPE
Posrnsnemo mporpamHy peanizaiito. s Toro mo0 BiAIpPaBUTH LIOCH B
UART BHKOpHUCTOBYIOTH TEpMiHAJIbHI Mporpamu. Hampuknan — craHgapTHHMA

HyperTerminal, a6o Bray's Terminal (puc. 2.14):
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* Terminal v1.9b - 201112304 - by Brey++

Disconnect | [ COM Past Baud rate Data bits | [ Parity Stop bits | [ Handshaking
e " 600 14400 ¢ 57600 5 * none || = 1 f* none
Helo 2 (" 1200 19200 &~ 115200 || ~ g " odd " RTS/CTS
= — 2400 ¢ 28300 « 122000 l‘" ™ even | 15 " HONAOFF
About.. COMs || ~ 200 22400 ¢ 256000 7 " mark " RTS/CTS+XDN/HOFF
qut__| 9600 (" 56000  custom | 8  space| 2 " RTSonTX [ invert
Settings
setfon | |_ AutoDis/Connect [ Time [ Steamiog  customBR H:CIeiu ASCIl table| _Scipting |=3CT5 E3CD
S| [ pgoStatScipt [ CReLF [~ StayonTop |00 |1 3| Giagh | _Remote | J0SA IR
Receive
" HEX D Bi
CLEAR | Reset Countes| |13 :i Counter = 0 & ASCH PH:: |_|Bn StartLog | Reguest/Responze |
Hello, World!
Tranzmit
CLEAR | _SendFie | [0 3] [ CR=CRuLF BREAK CA0TR E3RTS
Macroz
Set Macios | M1 | M2 | M3 | M4 | M5 | ME | M7 | M& | M3 | MID | MI1 | MIi2
M13 | M14 | MI15 | MI6 | MI17 | W18 | MI19 | W20 | M21 | M22 | M23 | M24
I~ +«CR -» Gend
Connected R 406 Tx 0 R DK

Puc.2.14. Bikxo nporpamu Bray sTerminal

Perictpu UART HactymnHi.

USART_BRR- perictp mBuakocTi npuiiomy / mepenadi (puc. 2.15):

31 30 2 2@ 27 26 25 24 23 2 20 2 19 18 17 18
| Resared
15 14 13 12 11 10 o B 7 [ 5 4 3 2 1 ]
DIV_Mantissa[11:0) DIV_Fraction(3:0]
Puc. 2.15

Perictp nmimutbes Ha aBi wactuuu: Llima (DIV_Mantissa) i apobGosa

(DIV_Fraction). Jlns oTpuMaHHS 3HAuYEHHS, SKEe IOTPIOHO 3amMcaTd B IICH

perictp, NoTpiOHO CKOPUCTATUCH (HOPMYJIIOHO:

USART_BRR = (fck + baudrate /2 ) / baudrate

ne fck me uactora TaktyBamHs UARTI1, a baudrate me Oakana IIBHIKICTh

nepenavi / npuitomy. B 6itu DIV_Mantissa cnin 3anucatu 1ine uucio (6e3

OKpYTJIEHHS) OTPUMAaHE B pe3yJbTaTi BAKOHAHHS apu(METHUHOI Orepariii:
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fck / (16*baudrate)
JlpoOOBY YacTUHY MOTPIOHO OKPYTJWUTHU JI0 COTHUX 1 NMOMHOXHUTH Ha 16.

[ToTiM 11e pa3 OKPYrauTH, ane Bxke Jo 1iioro. Ilicas mporo 3amucatu ii B O1TH

DIV_Fraction. USART_CR1- perictp kepyBanHs (puc. 2.16).

n 30 29 28 27 25 25 24 23 22 21 20 19 18 17 16
| Resarved
15 14 13 12 1 10 a 8 T ] 5 4 ] 2 1 o
UE M WAKE | PCE Ps PEIE | TXEIE | TCIE | RXMEIE | IDLEIE TE RE RWU SBK
Resenwed
e W w ™ w e w w w e w e w rw
Puc. 2.16

UE - biT npusnavuenuii ans BxinroueHHs iHTepdeiicy UART.

M - 3ayae KIIBKICTB OIT JIaHKX, SIKE MepeaaBaTUMEThCs. SIKIo 01T TOpiBHIOE

0, romi UART Oyne BianmpaBisaTu / mpuiMaTH 1o 8 01T, SKIO OJUHUII, TO 9 OIT.

PCE - SIxmio 6iT nopiBHIOE 1, TO KOHTPOJIb TAPHOCTI BKIIOUYCHHH, B 1HIIOMY

BUIIAAKY BUMKHCHUM.

PS- Tun «ontpomo mapHocti: 0 - mapue, 1 - Hemapse.

TE - SIkmio 6it gopisHioe 1, To q03B0JIeHa poboTa nepeaaBaya (Busig TXD)
RE - fximio 6it gopiBHIOE 1, TO H03BOJIeHA poOoTa mpuiiMaya (BuBig RXD)

Sk BUIHO MO JIBOX OCTaHHIM OiTaMm B Il TaOauIl - MepeaaBad 1 npuimMay
OJIMH BiJl OJIHOTO HE 3aliexkaTh. SKio He moTpiOHO mpuiiMatu (abo TepeaaBaTH)
JlaHl, TO MO’KHa 3aollaAuTH OAWH BUBIJ KoHTposiepa (TXD ab6o RxD) He

BKJIIOYar04YM He noTpiony yactuny UART a.
USART_CR?2 - pericTp HajamryBaHb

B meomy perictpi smme gBa  OITM  AKl  BIAHOCATBCS  JIO

UART: STOP1, STOPO

3a [OMOMOroK IHUX ABOX OIT MOXKHA 3aJaTH KUIBKICTH CTONOBHUX OIT B

nepeaadi.
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STOP1 STOPO KipKICTB CTOIOBHX OIT
0 0 1 ctom OIT
0 1 0.5 crom OiTa
1 0 2 crom OiTa
1 1 1.5 crom OiTa

Perictp nanux USART_DR: cinyxuts aiia npuiiomy / nepeaadi (puc.2.17)

| 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| Reserved
15 14 13 12 1" 10 ] ] 7 G 5 4 3 2 1 ]
DR{a:0]
Resarved
w | w J w | w I w | w l w | w I ™

Y HBOMY BHKOPHUCTOBYIOThCSI Mojoiil 8 abo 9 61T (3anexHo Big 6ita M B
perictpi USART_CR1). o6 BianmpaButu y UART pani 3anucyemo ix B 1ei
perictp. Illo6 mpouurtatm naHi yutaemo meil perictp. Ilpu npomy, mod He
BUHUKAJIO CUTYyallld, 3YMTyBaHHA MpU TMepefadi, abo 3amucy Mpu MpUiioMmi

BukopuctoByeTbes perictp USART_SR- crarycHuii perictp (puc.2.18):

n 30 20 28 a7 26 25 24 23 22 21 20 19 18 17 16

| Resarved

CTS LBD TXE TG RXNE | IDLE | ORE MNE FE PE
Resarved

re_wil | re_wd r re_wl | re_wd r [ r r r

Puc. 2.18

RXNE - Ile#t 6iT BcTranoBmtoeTbes, ko B UART 1mock npwuiinino. Skmio He
Bukopucrtaty 3 USART_DR nani, To BOHU MTepe3anuIyThCsi HOBUMHU.
TC - Skmro 1eit OiT BCTAaHOBJICHUH B OJMHUITIO, TO I1€ O3HAYAE 110 Tepeaada

JIAHWX 3aBeplieHa 1 MoxHa 3anmucyBatu B perictp (USART_DR).

Hpuxiaan
[Tepenaua na IIK psaka 3 siranusam“Hello:)”. Ha BuBix PA9 B manomy

npukiaaai Oy migkmrouenuit  Bxig (RXD) USB-UART  meperBoproBauya.
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HanamrtyBanus UART: mBuakicte 9600 61t / cex, 1 crom 6iT, 6e3 mepeBipku

MapHOCTI.

01.#include "stm32f10x.h"

02.#include "stm32f10x_gpio.h"

03.#include "stm32f10x_rcc.h"

04.

05.//@ynkuis npuzHayeHa st JOpMYyBaHHS HEBEITUKOT 3aTPUMKHU

06.void Delay(void) {

07.volatile uint32_t i;

08.for (i=0; i '= 0x70000; i++);

09.}

10.

11.//®yukuismoBianpasiasedaiits UART

12.void send_to_uart(uint8_t data) {

13.while(I(USART1->SR & USART_SR_TC)); //[Uekaemomnokubdir TC
BpericTpi SR craner 1

14.USART1->DR=data; //Bignpasnsemobaiituepe3 UART

15.}

16.

17.int main(void) {

18.GPIO_InitTypeDef PORTA init_struct;

19.// Bxkitouaemo taktyBanHs nopta A tTa USART1

20.RCC_APB2PeriphClockCmd(RCC_APB2Periph_GPIOA |
RCC_APB2Periph_USART1, ENABLE);

21.// HanamroByemo BuBigx TxD (PA9) sk Buxig push-pull 3
aNTbTEPHATUBHOIO (DYHKITIEIO

22.PORTA _init_struct.GP1O_Pin = GPIO_Pin_9;

23.PORTA init_struct. GPIO_Speed = GPIO_Speed 50MHz;

24.PORTA _init_struct. GP1IO_Mode = GPIO_Mode_AF_PP;

25.GPI1O_Init(GPIOA, &PORTA _init_struct);

26./[HanamroByemo UART

27.USART1->BRR=0x9c4; //BaudRate 9600

28.USART1->CR1 |= USART_CR1 _UE; //1o3Boasiemopooory USART1

29.USART1->CR1 |= USART_CR1_TE; //BxirodaemorniepeiaBayq

30.while(1) {

31.//Binmpasnsemouepe3 UART cioso Hello

32.send_to_uart('"H";

33.send_to_uart('e");

34.send_to_uart('l");

35.send_to_uart('l");

36.send_to_uart('0");

37.send_to_uart(* ");
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38.send_to_uart(":");

39.send_to_uart(")");

40.send_to_uart('\n");

41.Delay(); //neBenukazarpumka

42.}}

CTBOpIOEMO TIOPOXKHIN TIPOEKT, KOMIOEMO KOJI, KOMITUTFOEMO 1 TPOTITHBAEMO.
BikHo TepMiHamy, micis BUKOHAHHS MPOTpaMU MpUiME BUTJISA SIK Ha PUCYHKY

2.19:

% Terminal v1.9b - 201112304 - by Bray++

Disconnect COM Poat Baud rate Drata bits | [ Panty Stop bits | [ Handshaking
|| 600 € 14400 57600 || 5 & none || 1 & none
Helo :I 1200 15200 C 115200 || ~ g " odd " RTS/CTS
= (" 2400 " 28800 123000 ~ even | 15 " XONSAOFF
About.. COMs |~ 200 o 38400 256000 7 C mark " RTS/CTS +XON/XOFF
Qut | ¢ 9600 (¢ 56000  custom || ©* 8  space | | 2 C RTSonTX [ invert
Sedlings

setfont | | Ao Dis/Connect [~ Time [~ Steamlog  customBR H:l:lialu ASCII table| Scipting | E=JCTS 30D
Setfont | 'y oStatScit [ CReLF [~ StayonTop 9600 |1 3| _ Gisph | Remote |E=§DSR ARI

Recene

" HEX [~ Dec [ Bin

CLEAR | PesetCounter| (13 3| Counter= 0 @ ASC T Hex StartLog | Request/Response |
Hello :) .
Hello :)

Hello ;)
Hello :)

"
Tranzmit

CLEAR | SendFile | |1] 4! [ CR=CR+LF BREAK. EA0TR EJRTS
Macros

Set Macios | M1 | M2 | M3 | M4 | M5 | ME | MF | WM& | W9 | MI0 | MIT1 | MI2

MI13 | M14 | MI5 | MIE | MI17 | MIB | MI19 | M20 | M21 | M22 | M23 | M24
| R s |

Puc.2.19. Tpwuitom indopmaiiii 3 mikpocxemu y BikHi Bray sTerminal

InTepdeiic SDIO

SDIO - ne inTepdeiic ausa nepenadi qaHuxX B / 3 KapT mam'sti. Po3risHemo
poboty 3 microSD duemr kaptoro mam'sti mo SDIO, skuit € B KOHTposepi

stm32f407vgt6 rmatu stm32f4discovery.

[IpamtoBat 3 kapTtamu (uiemn mnaMm'aTi MoOKHa 3a jgomnomororo SPI

iHTepdeiicy, ane cydacHi 32 OITHI KOHTPOJIEpH, SIKI MalOTh MOJYJIb, CIEI1adbHO
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pU3HaYeHUH 11 poboTn 3 kapTamu mam'sti - SDIO, € 3nauano gemesmmmu. Le
TaKOX ICTOTHO CHpOIIy€e 1 TpucKoproe pobory. Ha puc. 2.14 mpencrabieHi

KOHTAKTH 1 MOPiBHSHHS po3MipiB Bcix SD kapr:

2[el3lalsle]

MMC

d0iucCudidn

micro
SD

Puc.2.20. KonTaktu kapTu nam’siti
IIpu3HaueHHs BUBOIB HaBeIeHO B Ta0. 2.4

Taoauug 2.4 [TpusHaueHHs BUBOIIB KapT maM’ ATl
11 p A p

MMC SD miniSD  microSD Uma /O Logic OnucaHue

Pin Pin Pin Pin

1 1 1 2 NC . . He vcnonesyeTcA

2 2 2 3 CMD /O SE Command, Response

3 3 3 [ vss s s Ground

4 4 4 4 VoD 5 S Power

5 5 5 5 CLK 1 PP  Senal Clock

G ] B B VS5 S S5  Ground

7 7 7 7 DATO 1/O PP SD SerialData 0
g g NC . . He ucnoneayeTtcA (memory cards)

nikR@ © COD  Interrupt (SDIO cards) (Negative Logic)

9 1 NC . . He ucnoneayeTtcA

10 NC . . JapesepBUpOBaHO
11 NC . . Jape3epBUpOBaHD

3 kaproro MoxHa mnpaitoBatu mo SDIO B pexxumi ogHOOITHOT Ta 4-X G1THOL

muHA gaHux. Jlami moBa Wtume npo oaHoOITHY. YKOJHOI MPUHIMIIOBOI PI3HUILL,

KpIM KIJTBKOCTI BUKOPUCTOBYBaHUX MPOBIIHUKIB, II€ HE Ma€. SIK BUAHO KOHTAKTIB
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Ha (el J0cuTh Oarato. 3 HUX, KpPIM JKUBJICHHS Ta 3€MJll, B OCHOBHOMY

MOTPiOH1 TpH:

. CLK - TakTyBaHHS KapTH.
. CMD - no miit 1uHIT nepeaaroTbcsi KOMaH/IH.

. DATO - nunis nanux (y BUIMaAKy 4x O01THOT iX Oyne 4).
3’€THYEMO C KOHTPOJIEPOM:

.  PC8---SDIO_DO (DATO)
.  PC12--SDIO_CK (CLK)
.  PD2---SDIO_CMD (CMD)

[lepenaya naHux 3 / Ha KapTy MOB'sA3aHa 3 OOYMCIEHHSAM KOHTPOJIBHUX CYM.
[le BigOyBaeTbcsl NpU KOXHIM nepenayl. Po3rimssHeMo QyHKIIIO 1HILIami3arii

moayis SDIO i miniit GPIO:

voidSD_LowLevel_Init(void) {
uint32_t tempreg;

GPIO_InitTypeDef GPIO _InitStructure;

Il No3sonssemo GPIOC ta GPIOD Periph clock
RCC_AHB1PeriphClockCmd(RCC_AHB1Periph_GPIOC | RCC_AHB1Periph_GPIOLC

/THiiamizyeMoninu

GPIO_PinAFConfig(GPIOC, GPIO_PinSource8, GPIO_AF _SDIO);
GPIO_PinAFConfig(GPIOC, GPIO_PinSource9, GPIO_AF _SDIO);
GPIO_PinAFConfig(GPIOC, GPIO_PinSourcel0, GPIO_AF _SDIO);
GPIO_PinAFConfig(GPIOC, GPIO_PinSourcell, GPIO_AF SDIO);
GPIO_PinAFConfig(GPIOC, GPIO_PinSourcel2, GPIO_AF _SDIO);
GPIO_PinAFConfig(GPIOD, GPIO_PinSource2, GPIO_AF_SDIO);

// HanmamrroByemo PC.08, PC.09, PC.10, PC.11 minu: DO, D1, D2, D3
GPIO_InitStructure.GPIO_Pin = GPIO_Pin_8 ; // | GPIO_Pin_9 | GPIO_Pin_10 | GPIO
Ilpo3koMenTyBaTH IS 4X0ITHOTITMHM

GPIO_InitStructure.GPIO_Speed = GPIO_Speed_25MHz;
GPIO_InitStructure.GPIO_Mode = GPIO_Mode_AF;
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GPIO_InitStructure.GPIO_OType = GPIO_OType_PP;
GPIO_InitStructure.GP1O_PuPd = GP1O_PuPd_UP;
GPIO_Init(GPIOC, &GPIO_InitStructure);

/[ Hanamroyemo PD.02 CMD line
GPIO_InitStructure.GPIO_Pin = GPIO_Pin_2;
GPIO_Init(GPIOD, &GPIO_InitStructure);

I/ Configure PC.12 pin: CLK pin
GPIO_InitStructure.GPIO_Pin = GPIO_Pin_12;
GPIO_InitStructure.GPIO_PuPd = GPIO_PuPd_NOPULL;
GPIO_Init(GPIOC, &GPIO_InitStructure);

/IEnable the SDIO APB2 Clock
RCC_APB2PeriphClockCmd(RCC_APB2Periph_SDIO, ENABLE);

/l Enable the DMAZ2 Clock
RCC_AHB1PeriphClockCmd(RCC_AHB1Periph_ DMA2, ENABLE);

[Taimianizyemo SDIO 3moyaTkOBUMTaKTyBaHHSIM
HW_Flow Disabled, Rising Clock Edge, Disable CLK ByPass, Bus Width=0, Power sa\
SDIO->CLKCR=tempreg;

/l Bxirouaemo SDIO
SDIO->>POWER = 0x03;

@OyHKIIs epeaadl KOMaHIu:

staticuint32_t SD_Command(uint32_t cmd, uint32_t resp, uint32_t arg) {
I/ IxaM0>ke0y THB1AMTOBI b
//0,2: be3signosini (cmdsent) ->NORESP
//1:Kopotkasinmosiae (cmdrend and ccrcfail) ->SHRESP
//3: Dosrasignosias (cmdrend and ccrcfail) ->LNRESP

[/Ouuiyemodaaru
SDIO->ICR=(SDIO_STA_CCRCFAIL | SDIO_STA_CTIMEOUT
| SDIO_STA_CMDREND | SDIO_STA_CMDSENT);

SDIO->ARG=arg;
SDIO->CMD=(uint32_t)(cmd & SDIO_CMD_CMDINDEX)
| (resp & SDIO_CMD_WAITRESP) | (0x0400);

//BiiokyBaTH MOKK HE OTPUMAEMO BiJIIOBIIb
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If(resp==NORESP) {
[[Yexkaemona CMDSENT
while(!(SDIO->STA & (SDIO_STA CTIMEOUT | SDIO_STA CMDSENT))) {};

}
else{//SHRESP or LNRESP or R3RESP

/I9exaemo na CMDREND uu CCRCFAIL
while(!(SDIO->STA & (SDIO_STA_CTIMEOUT | SDIO_STA_CMDREND | SDIO

}

// TlepeBipsieMO YU € BIAMOBIIb MPABUIHHOIO
// Bei R3 BinnoBiai 6e3 mepeBUILEHHS 3aTPUMKH BBAXKAIOTHCS TIPABUIILHUMU
iIf(SDIO->STA & SDIO_STA_CTIMEOUT) {
SD_Panic(cmd, "SDIO: Command Timeout Error\n");
} elseif((SDIO->STA & SDIO_FLAG_CCRCFAIL) && (resp!=R3RESP)) {
SD_Panic(cmd, "SDIO: Command CRC Error\n™);

}

returnSDIO->STA;
}

InTepdeiicy SAI

SAIl - (Serial audio interface) intepdeiic mepemavi 3ByKOBHX CHTHAIB.
CknagaeTbCs 3 JBOX 3BYKOBUX IMiJOJIOKIB, HE3aJlEKHUX OJUH BiJ OJHOTO.
[Migrpumye 12S, PCM / DSP i AC'97 nporokonu. Moe mpaifoBaTH B peKUMax
Master / Slave. 3BykoBi Mi0J0KM MOXYTh SIK NMPUAMATH, TaK 1 MepenaBaTH,
CUHXPOHHO 4d Hi. Moxe BukopuctoByBaTucs 3 DMA KoHTposiepoMm, SIKHUU MOXKe
OTPUMYBAaTU JOCTYH JO CHUCTEMHOI UIIMHM HE3aJE€KHO B LEHTPAIBbHOTO

nporecopa.

VY Tabn. 2.5 HaBeIEHI OCHOBHI XapaKTEPUCTUKU TMOCIIAOBHOIO 3BYKOBOTO

inrepdeiicy B STM32F405xX:
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Tabmui 2.5- XapakTepuCTHUKH TTOCIIOBHOTO 3BYKOBOTO 1HTEpdercy

Symbol Parameter Conditions Min Max Unit
facKL SAl Main clock output - 256 x 8K | 256xFsi?) | MHz
. S o Master data: 32 bits - 64xFs N

o ) Slave data: 32 bits - BaxFs
Dacg: | (SN Gock Wequency duly Slave receiver 30 70 %
cycle
L(Fs) FS valid time Master mode 8 22
tsu(Fs) FS setup time Slave mode 2 -
FS hold time Master mode 8 -
hers) Slave mode 0 -
Master receiver 5 -
S(SD_MR) Data input setup time
Lu(so_sR) Slave receiver 3 E
Master receiver 0 - ns
'n(s0_MR) Data input hold time

th(sD_SR) Slave receiver 0 -

Lyso_sm) Slave transmitter (after enable

tnSD_ST) edge) i 2

= Data output valid time

b Master transmitter (after enable ¥ 20

SD_MT) edge)
tso_MT) Data output hold time Master u'ansmitter) (after enable 8 >

Ha puc.2.21 ta puc.2.22 npencrapiieHi 4acoBi giarpammu poootu SAI

Master i Slave BinmoBigHo.

. sck ,
« >
; E : @ 'h(Fs)
SAI_FS_X _i ‘
(outpu)  tyrs) e (SD_MT)e—»; «—»;'h(SD_MT)

pac ol G G G2 G ST

'su(SD_MR) #—»u—a: th(SD_MR)

e (I G ST G G

(receive)

MS32771V1

Puc.2.21 Yacosi giarpamu SAIl Master
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1A
: Sck__,,
W(CKH_X) ——pd—> W(CKL X) ! ‘: +——»'h(Fs)
SAI_FS_X \___ E i
(input) lsu(FS) 4—» W(SD_ST) +—»! #—»:h(SD_ST)

SALSUX X X X S!q:tn X X Slot n+2 X

(transmit)
tsu(SD_SR) H—H—I- th(SD_SR)

SAI_SD_X X X X S;m n X X X

(receive)

MS32TT2V1

Puc.2.22. Yacosi miarpamu SAI Slave
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10.

11.
12.
13.
14,
15.
16.
17.

KOHTPOJIbHI IMTAHHA

Ha3BiTh 3a1aui, sIKi BUPIIIYIOTh 1HTENEKTYalIbHI BY3JIH PO3MOIIJICHOT
MIKpOKOHTPOJIEPHOT Mepexi. BKaxiTh epeBaruMu po3Mo/IiJICHOI CUCTEMH
nepes HeHTPaTi30BaHOI0 CUCTEMOIO

Ha3Bith iHTEepdeiicy. 10 BUKOPUCTOBYIOTHCS B PO3MOALIICHUX
MIKPOKOHTPOJIEPHUX Mepexax?

[lepepaxyiiTe MmeToIM apOITPaKy B PO3MOAIICHUX MIKPOKOHTPOJIEPHUX
MepeKax.

KopoTko onuiiite peskxuMu poOOTH MOCIIIOBHOTO 1HTEpdECcy
MiKpoKoHTpoJiepa MK-51.

Onumitk perictpu iHTepdeiicy SPI.

Kopotko onutiite poboty inTepdeiicy SPI.

Onuurite apxiTeKTypy 4x—1poBoaHoi SPI mMHYU 3 OIHUM BeLy4YUM 1
NEKIJIbKOMa BeJeHUMH. Sk 1T MO)KHA BIOCKOHAIUTHU?

Onuurite apxiTektypy 4x—tpoBoaHoi SPI mmHu 3 1Boma Begyunmu. Ak ii
MO>KHA BJOCKOHAIUTH?

OnumriTe ABompoIiecopHy apxiTektypy SPI mmnu 3 pecypcom, 1o
PO3IILIAETHCS.

OnumriTe ABompoIiecopHy apxiTektypy SPI muHu 3 po3aiieHum pecypcoM 1
JHISMH 3aTTUTY ITUHU.

O6unactb 3actocyBanHs mnHU [2C? BkaxiTh 11 epeBaru 1 HeJOIKY.
[TosICHITB, IKMM YHMHOM 3IIHCHIOEThCS TiakmoueHHs [2C-punaaiB 10 muHU?
[TosicHiTh epecuiiky Oita gaHux no muHi [2C

Onumrite curianu START u STOP mwam 12C.

Onumite popmar Gaiita mmam 12C.

[TosicHITB, SIK 3M1MCHIOETHCS MIATBEPKEHHS TP niepeaadl ganux mmau 12C.

[TosicHITh, SIK 3A1MCHIOETHCA CUHXPOHI3allis 1o mmHi [2C.
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18.
19.

20.
21,
22,
23.

24,
25.
26.
217,
28.
29.
30.
31.
32,
33.
34,
35.
36.
37.
38.
39.
40,

41.
42.

[TosicHITB, SIK 3A1HCHIOETRCS apOiTpax 1o muHi [2C?

[TosicHITB, IK BAKOPUCTOBYETHCSI MEXaH13M CHUHXPOHI3allli IpH MpoLeaypi
ynpaBiiHHs 1o muHi [2C?

[TosicHITB, SIK 3A1HCHIOETRCS 7-01TOBa aapecartis mo muHi [2C?

OnuiiTe 3aralbHOTO BUKIUKY a7s mmHu [2C.

Onuurite npu3HadeHHs 6aTy ctapty s munu [12C.

OnuiiTh OCHOBHI XapaKTEPUCTUKHU JBOIPOBITHOTO MOCIIIOBHOTO iHTEpdEiCy
TWI.

Onuiite 6JI0K reHepaTopa MBUIAKOCTI 3B 13Ky Moayist TWI.

Onuurite 670K mMHHOTO 1HTEpdeiicy moayis TWI.

Onumrite 670K BUSIBICHHS aapecu moayias TWILL

Onuurite 6710k KepyBaHHs. Moyt TWI

Kopotko onumiits perictpu TWI.

Sxa nocninoBHicTh 0O0cayroByBanHst TWI mipu Tunosiit nepenayi?

Jaiite Bu3HaueHHss CAN iHTepdeiicy.

Onumrite TexHiuHi xapaktepuctuku CAN iHTEpdeiicy.

[Tpuniun po6otu CAN inTepdeiicy.

Inentudikaropu CAN inTepdeiicy.

®iznuna mmHa CAN iHTEpdeiicy.

[TosicHiTh, siK HocAraeTbest BUcoka HaAiHicTh CAN iHTepdeiicy?
[TosicHiTh, sik 3aiiicHIOETRCs apOiTpak CAN muHu?

[TosicHIT, K 3A1CHIOETHCS BUSBIEHHS NOMMIOK CAN muHu?.

Onunrite popmar CAN NoBIAOMIIEHHS.

KopoTko onuiiith ogHONpOBiaHu# iHTepderic 1-Wire.

J171s1 4Oro BUKOPUCTOBYETHCS CCTEMa aBTOMaTH3allli Ha 0a3i Mepex
MicroLAN?

[TosicHITB, K 3MIHCHIOEThCS 00MIH iH(pOpMariero 1o mmHi 1-Wire?
Ha3Bith k1acu, Ha K1 OyJd MOJiIeH1 mporecop JiHiiku Cortex mo 0061acTsax

1X 3aCTOCYBaHHS.
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43.
44,
45,
46.
47.

48.

49.

50.

ol

92.

53.

o4,

55.
56.

Ha ocHOBI sik0i apXiTeKTypu 1o0y/10BaH1 MIKpOKOHTpoJiepu cepii STM32?
Ha3BiTh ocHOBHI nepeBaru MikpokoHTposiepa STM32F407.

Hagenith cTpykTypy MikpokoHTposepiB cepii STM32F4xx.

Ha3Bith, 3 sikux iHTEpdeciB CKIIaIaeThes 0JJOK KOMYHIKAIii?

3a 101moMororo SKOTo iHTepdency MOKHA OpraHi3yBaTH MPsSME MAKITIOUEHHS
1o kamepu abo CMOS-matpuiii mikpokoHtposiepa STM32F4077

Ha3BiTh OCHOBHI KOMIIOHEHTH OJIOKY pOOOTH 3 aHAJIOTOBUMH CUTHAJIaAMH
(Analog) mikpokouTposiepa STM32F407Ta ix npu3HauCHHS.

Jatite Bu3naueHnHs Inter-IntegratedCircuit (12C) Momynss MiKpOKOHTpoJiepa
STM32F407

Ha3BiTe pexxumu mnepenaui ganux B 1HTepdeiici [2C mikpokoHTposepa
STM32F407

Sx popmyetbest ymoBa START (S) mikpoxontponepa STM32F4077

Ax popmyerbest ymoBa STOP(P) mikpokontponepa STM32F407?

[TosicHiTh pobOoTy 1HTepdeiicy mnepenaui gaHux SPI  MmikpokoHTposepa
STM32F407?

SAxuii icHye cTaHmapTHUN HaOlp MIBUIKOCTEW mepenadi JaHuX iHTepdeiicom
UART wmikpokonTposnepa STM32F407?

Haiite BuzHauenns inrepdeiicy SDIO mikpokontponepa STM32F407

Haiite  BuszHaueHHa  iHTepdericy SAI  (Serial audio interface)

MikpokoHTpoJiepa STM32F407
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