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CUCTEMOTEXHMUYECKHNM ACIIEKT PA3BPABOTKH MUKPOCXEMBbI
YIIPABJEHUSA UBMEPUTEJIBHBIM OBOPY1IOBAHUEM
O KAHAJTY UHTEP®EMCA RS-485

AHHOTanusi. B craTthbe NMpuBOIATCSA pe3ynbTaThl aHaiu3a paboThl uHTEpdeiica RS-485 u
CUCTEeMOTEXHHKA pa3padOTKH MNpuEMoIepeaTdyuka i YIpaBlieHUs OOMEHOM JaHHBIMH B
U3MEpUTENIbHOM 00OpyaoBaHnu. Ha OCHOBE CHCTEMOTEXHHYECKOTO aHalu3a IpeaiaracTcs
CXEMOTEXHHUYECKOE pelIeHue Il pa3pabOTKU MHUKPOCXeMbl HpUEMONepenaTinka Ha OCHOBE
ounosnsapHoit Texnonoruu ¢ BU/[-niporieccom.
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SURAYKIN A. I, LABUTIN M. S., KUDRYASHOV A. D., SURAYKIN A. A.
SYSTEM ENGINEERING OF INTEGRATED CIRCUITS DESIGN
FOR INTERFACE RS-485 CHANNEL TO CONTROL MEASURING EQUIPMENT
Abstract. The article provides the results of the analysis of the RS-485 interface and the
system engineering development of a transceiver circuit for the data exchange controlling in
measuring equipment. Using system engineering analysis, the authors offer a circuit design solution
for the development of a transceiver chip based on a bipolar VID process technology.
Keywords: transceiver, RS-485, VID process, short circuit.

CoBpeMeHHOe U3MEPUTENIbHOE 000pyI0BaHKME B TOM WJIM HHOW Mepe TEXHUYECKH OCHAIIEHO
CpeACTBaMU aBTOMATH3MPOBAHHOTO YIPABJICHUS, BKIIOYAs, NPEXKIE BCET0, KOMIBIOTEPHOE.
CriocoOpl 0OMeHa JTaHHBIMH MOTYT OBITh pPa3IMYHBIMHU, BKJIIOYas U KOMOMHUpPOBaHHBIE. JTO U
nokanbHble cetH, USB-untepdeiicki u uHTepdeiicet RS-485/RS-422. TlocnemoBaTenbHBIME
uHTepdeiicamu cranaaproB RS-485/RS-422 ocHaleHbl MHOTHE COBPEMEHHBIC KOMITBIOTEPHBIC
CHUCTEMBI MPOMBINIJIEHHOTO Ha3HaueHus. [lapk paboraromero o6opymaoBaHusi, OOMEHHUBAIOIIETOCS
nHpopmanuerd mo mnporokosaM RS-485 wmm RS-422, orpomen. IlpoektmpoBaHue, cepuiiHOE
NPOU3BOJICTBO U TpPHUMEHEHHE MHTEp(ENHCHBIX MMKpPOCXeM TMOAOOHOTO Kjacca aKTUBHO
MPOIOJKAETCS B HOBBIX pa3paboTKax.

Crangapt RS-485 oxBaTbIBaeT 3J1€KTpUUYECKUE U BpEMEHHbIE XapaKTepUCTUKU UHTepdeiica.
DTO MO3BOJISIET UCIIONIB30BaTh CcTaHIapT RS-485 mpakTudecku B 000 cucTeMe oOMeHa JaHHBIMH,
YTO CYIIECTBEHHO pacimupsier cdepy paszpaborok. OpHAKO, HaKIAAbIBAIOTCA OIpPE/IEICHHBIE
TpeOoBaHUs K MpuEMOIEpeaTYuKaM — MHKpPOCXeMaM, INpeoOpasyromuM audQepeHnnanbHbIi

CUTHQJI BHUTOM Mapbl B TIOCJIENOBAaTEIbHBIN KoA. Tum mnpuémornepenaTInKoB JOJKEH OBITh



nudGepeHIMATBLHBIM, TOTCHIIMATBLHBIM. MI3MEeHEHHE BXOHBIX U BBIXOHBIX HAMPSKCHUH (PHCYHOK
1) va siunusax A u B: Ua (Ub) or —7 B 1o —12 B (+7 B no +12 B) [1].

TpeGoBanws, MPEABABIAEMBIC K BBIXOJJHOMY KaCKay:

e BBIXOJHOM KacKaJ MPEACTABISICT COOOM MCTOYHMK HANPSHKCHHS C MajbiM BBIXOJIHBIM
conpotusnenueM, |UBbix|=1,5:5,0 B (ne menee 1,5 B u ve 6onee 5,0 B);

e cocrosHue nmoruyeckont «1»: Ua < Ub (rucrepesuc 200 mB);

e coctosinue goruueckoro «0»: Ua > Ub (rucrepesuc 200 MB);

e BBIXOJHOM KacKaJ JOJDKEH BBIICPKHBATh PEXUM KOPOTKOTO 3aMbIKaHUS, HMETh
MaKCUMaJIbHBIM BBIXOJAHOW TOK 250 MA, CKOpPOCTh HapacTaHUs BBIXOJHOTO curHana 1,2 B/Mkc u

CXCMY OI'paHUYCHUA BbIXOI[HOfI MOIIIHOCTH.

+200 M8

+z55l><{-z55 X1 R

-200 mB

Puc. 1. MuHuManbHbIe ypOBHU cUTHAIa MIMHBI RS-485.

TpeboBanusi, MpebsBIsSEMbIe K BXOJHOMY KacKaay:

e BXOJHOM Kackaj mpejacTtaBiisieT coOol nudepeHaabHbIi BXOA C BBICOKUM BXOJHBIM
COIIPOTHBIIEHUEM U MIOPOTroBoi xapakTepuctukoit or —200 MB o +200 MmB;

e JIONYCTUMBIN nuamna3zoH BXoAHbIX HampspkeHuid Uag (Ubg) otHocutensHO 3emuu (GND)
ot —7 B 1o +12 B;

e BXOJHOM curHai npeacrasieH quddepenimansabM HanpsokeareM (Ui +0,2 B u Gonee);

bonbIIMHCTBO COBpeMEHHBIX MHUKpocxeM BbImoiHeHO o KMOII-texHonorusM, 4To
MO3BOJISIET CHU3MUTH MOTPEONIIEMYI0 MOIIHOCTH (MOTpedsieHne Toka Mukpocxemsl 10 1 MA). Ho
HEOOXOMMO YYHUTHIBATh U PSAJT HEAOCTATKOB, CBI3aHHBIX C 3TOM TEXHOJIOTHEH. DTO, TIPEK/IEC BCETO
HU3Kas (10 CpPaBHEHHIO C JJIEMEHTHOM 0a30il, M3rOTOBJIEHHOW MO OWMOJISIPHONW TEXHOJOTHH)
MIOMEX0YCTOWYMBOCTh U HAJEKHOCTh pabOTHI B YCIOBUSAX BO3ACHCTBHS AJIEKTPOMArHUTHBIX MOMEX
(0COOEHHO B YCIIOBHSIX MPOMBIIUICHHBIX MPEANPHUSATHI), YYyBCTBUTEIBHOCTh K BO3ICHCTBUIO
CTaTHYECKHUX TOTCHIMAIOB (0cOOeHHO B 3uMHHH nepuoi) [2]. Dto nenaer mpumenenne KMOII-
MHUKpPOCXEM HE CTOJbKO YHHMBEpPCAJIbHBIM, KaK XOTEJIOCh Obl. YUUThIBasg BCE BbIIIECKa3aHHOE,
OTMETHM, YTO NpPHUMEHEHHE OWIONSAPHBIX TEXHOJOTUH I pa3pabOTKU DIEMEHTHOW 0a3bl
UHTEpQEHCHBIX YCTPOWCTB SABISETCA AaKTyalbHOM 3amaueil. PaszpaboTka u  W3roToBleHHE

ounonsapueix UC ne 3amensier KMOII — HC, a kak Obl JOTOJHSET HOMEHKJIATYPY MHUKPOCXEM B
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yacTy MPUMEHEHHs B Hanbosee KECTKUX, KPUTUUHBIX YCIOBUAX, Tae npuMeHeHue KMOIT — UC ne
BCEI'/la OTBEYaET TPEOOBAHMIM HAJIEKHOCTH.

N3 nocratoyHoro 0onpinoro Habopa BapHAHTOB SMHUTAKCUATBHO-TIJIAHAPHBIX OWUMOJSPHBIX
TEXHOJIOTUH, HauOONbIIMKA MHTEpeC NPEICTaBIsSIeT MpOolecC C MPUMEHEHHEM BEPTUKAIBHOM
m3onupyromen nuddysuu (BUJI-nporecc). DTOT mporecc mo3BoJISIET HApSAY C TPaAUIIHOHHBIMH
BEPTUKAJIBHBIMU N—P—N-TpaH3ucTOpaMu (Ipei(OBBIMH) H3rOTABIMBATh BEPTUKAJIBHBIE P—N—P-
tpan3uctopel  (muddysunonnsie). Takoe pemieHne  MO3BOJSET  JOOUTHCA — TpeOyeMoro
OBICTPOICUCTBUS YIPABIISIOIICH CXEMBI.

Ha pucynke 2 npencrasieHa cTpykTypa N—p—N- u p—N—P-TpaH3UCTOPOB, BBINOIHEHHBIX Ha

OCHOBE dIUTaKCUaIbLHOTO OunosipHoro BU/I-nipouecca.
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Puc. 2. Ctpykrypa TpaH3uctopos (N—p—-n u p—n—p)

Ha OCHOBE 3IIMTaKCHAJIBbHOI'O 6I/IHOHHpHOFO BI/II[—npouecca.

CrpykTypHas cxema npuéMornepeiaTuruKa rnpejcTaBieHa Ha puc. 3. YCTpOMCTBO COCTOUT U3
OCHOBHBIX OJIOKOB: KOMIIapaTopa repeaaTduka (transmitter), kommaparopa mpueMHuKa (receiver),
OJIOKOB paspelieHus/3anpera nepeaadd BbIXOJHBIX YCHIUTEIBHBIX KacKazoB. [lojakioueHue
CTPYKTYpPHBIX OJIOKOB peali30BaHO TaK, 4YTO NpUEMONEpeNaTyuK crnocoOeH paboTaTh B
MOJYAYTUIEKCHOM PEXKUME, TO €CTh MOOYEPENHO - INOO NepeiaeT CUrHa, Ju00 ero NpuHUMaeT.

Komnviomepnoe moodenuposanue u pacuém OCHOGHBIX PEHCUMOE PAOONIbI MUKPOCXEMbl
npuémonepeoamuuxa.

MonenupoBanue npoBoauiock B CAIIP TINA-TI [3]. Cunte3 cxembl OblT OCYIIECTBIEH Ha
OCHOBE MepapXuyeckoro npuHiuna. Cxema NnpuBefcHa Ha pUCyHKe 4. Bplnu nmpomoaennpoBaHbl
KaK OoT/ebHble (PyHKIMOHANBHBIE 6J10KH (1 ypOBEHb HEpapXuM), TaK U MoJyiHas cxema (2-i ypoBeHb
Uepapxum).

Pesynbratel  MoJenupoBaHMsSI — TpEACTaBIEHbl B BHJIE  BPEMEHHBIX  JMarpamm

Ha pUCYHKaX 5 u 6.
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Puc. 3. CrpykTypHas cxema npuéMornepenaTiuka.
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Puc. 4. Cxema makpomozenu npuémorniepenaranka B CAIIP TINA-TI.
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Ha PUCYHKC 5 NpeACTAaBJICHBI BPCMCHHBIC JHArpaMMbI pa6OTBI CXCMbI B PCKHUMC

nepecaaTuunka. Yy paspeiaromero CurHaljlia aKTUBHBIN YPOBCHL - BBICOKHIA. I/IH(I)OpMaHHOHHBIf/'I

cUTHaj npeodpasyercs B quddepeHIHaabHbId CUTHAI, MOCTYNAIOUINI Ha BUTYIO MMapy B TE€UYEHUE

BpeMeHH, TToka Ha Bxoje DE ycTaHOBIEH BBICOKHI ypoBeHb (orudeckas «1»).



Ha pucynke 6 mnpenacrtaBieHsl auarpaMMbl pabOThl CXE€Mbl B pEXHUME NPUEMHHUKA.
JuddepeHunanbHblil CUrHAT ¢ BUTOH Hapsl, mpeoOpasyeTcst B HU(PPOBON CUTHAT aMIUTMTY 01 5 B.
Paspemaromuii curnan y npuéMHIKA UHBEPCHBIN (AKTUBHBIN — «0»).

Cremuduka MoaenupoBaHus NpuéMolepenaTyika 3aKiiyanack B TOM, 4YTO BCe
(GYHKLIMOHATIBHBIE Y3JIbl, IPEICTABICHHBIE B BUAE UEPAPXUUYECKUX OJIOKOB, ObUIM ME€PBOHAYAIBHO
pa3paboTaHbl Ha YpPOBHE NPUHIMIIUAIBHBIX AJIEKTPHUUYECKUX CXeM. OTOT (PaKT MaKCHMAJIbHO
npubimxan pa3padaTrbiBaeMOe YCTPOMCTBO K MPOTOTHIY M K MHHHMYMY CBOJMJI IOTPEIIHOCTH

MOJy4aeMbIX XapaKTEPUCTHUK [4].
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Puc. 5. Bpemennsle quarpamMmbl paboThl CXeMbI IpUEMOTIEpeIaTIuKa

B PCKUME MICPCAaTIMNKA.

Kpome sToro, nepapxuueckoe mocTpoeHHe MaKpOMOJENIH MpUEMONEpeIaTyuKa yCTpOUCTBA
MTO3BOJIMJIO TIPOBECTH Pacu€T OOJIBIIMHCTBA PEKHUMOB PAaOOTHI CXEMBlI KaK B pabodeM uaria3oHe

MATAOIIETO HAMPSDKEHHS, TaK M B pab0veM Uara3oHe TeMIEPaTypbl OKPYKAIOIIEH CPeIbl.
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Puc. 6. BpemenHble muarpaMmel paboThI CXeMbI TpUEMoOTIepeiaTInKa

B peKHUMeE MPUEMHHUKA.

ITpu pa3paboTke Mo JOOHBIX MUKPOCXEM HEOOXOMMO YUUTHIBATh HE TOJIBKO TPEOOBaHMS 110
napameTpam BBIXOJHBIX M BXOJIHBIX KaCKaJ 0B (BBIXOJHOM TOK, Harpy3Ka, CKOPOCTb Mepejaun), HO U
10 HAJIMYMIO 3aIUTHI KOPOTKOro 3aMbikanus (K3), Bkitouas Apyrue orpaHuyuTeNId TOKa Harpy3KH.

B cern, Ha 0aze RS-485 BO3MOXHO KOpPOTKOE 3aMBIKaHWE TOTJA, KOTJa IepelaTdnK
MOJKJIIOYAETCS K JIMHUHM, B KOTOPOW INPHUCYTCTBYET MOTEHLMAJ HHU3KOTO WJIH BBICOKOTO YPOBHS.
Yame Bcero Takas CHUTyallusi BCTpEYaeTcsl NMPU OJHOBPEMEHHOW mepefaud JAByX WM Oojee
nepenatuukoB. Boixogusie Tpansucropsl VT1 u VT4 Oyayr oTKpeIThl (puc. 7), u 6€3 Hamu4us
JIOTIOJIHUTEIBHON 3aIMThl Yepe3 HUX OydeT UATH TOK KOPOTKOTO 3aMbIKaHHS, KOTOPbIH Oyner
OTPaHUYEH TOJIBKO HE3HAYUTEIIBHBIMU CONPOTUBICHUSIMHM CaMUX TPAH3UCTOPOB M IPOBOJHHKA.
Hcxon B Takol cUTyalld OJIMH — BBITOPaHHUE TPAH3UCTOPOB.

Hns 3ammutel cxembl or K3, — BKIIOYAIOT PE3UCTOPbI — JATYUKU TOKa JUISl KaXKJ0TO
TpaH3ucTopa BeIX0AHOTO Oydepa. [Ipu 3ToM, cxeMoTeXHHMUECKOe pelieHrne 00eceunBaeT 3aluTy
BBIXOJIHOTO KacKaJia Kak OT KOPOTKOTO 3aMbIKaHUsS Ha OOIIYIO («HYJIEBYIO») HIMHY, TaK U Ha IIUHY
nuTtaHus. CyTh pelIeHHs 3aKiIoyaeTcss B CIEAyIolleM: T00aBI€HHbIE B CHUCTEMY pE3UCTOPHI
OTCJI)KUBAIOT MOMEHT HapacTaHUs TOKa M, KOTJa MaJeHUe HaNpsHKEHUs] Ha PEe3UCTOPE CTAHOBUTCS
paBHBIM TIOPOTY cpabaTbiBaHMs TpaH3HWCTOpa (puc. 8), BKIIOYAETCS TPAH3UCTOP IEMH 3aIlUThI,

KOTOPBIH BBIKJIFOYACT BBIXOAHOM TpaH3uctop [5].
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Puc. 7. Cutyanus KOpOTKOro 3aMbIKaHUS.
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Puc. 8. CxeMoTexHHYECKOE PENICHNE 3aUTHI OT KOPOTKOTO 3aMbIKAHUSI.

Pa3paboTka 1 M3roTOBICHHE MHUKpPOCXEM, 00eCIeUYnBaIOIINX MOIEPKKY HHTepdelica Tha
RS-485, m1o3BOAMT BBIBECTM HECTAaHAAPTHOE HW3MEPUTENIBHOE OO0OpYyJOBaHHME Ha HOBBIH
Ka4eCTBEHHBI YPOBEHb. OTO BO3MOKHOCTh pPEATH3ALUM KOMIBIOTEPHOTO YIPABICHUS C

aBTOMAaTH3alMeNd mpouecca u3MepeHus. Kpome 3Toro, nosiBisercs BO3MOKHOCTb HAKOILICHHS
7



JTAHHBIX M3MEPEHUs C TOCIEIYIONIEH CTaTUCTUYECKOW OOpabOTKOM, YTO TMO3BOJSET OMEPATHBHO

IIPUHUMATH [IPABUJIbHBIE KOPPEKTUPYIOLIUE NEUCTBUS.
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