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MHOTO®YHKIIMOHAJILHBIN JATUUK JIABIEHUS
1 TEMITEPATYPbI HA OCHOBE TBEP/LIX PACTBOPOB SiGe

Ilpeonooicen unmennexkmyanvbHolll 0AMyuK
0/15 UBMEPEHUsT OABIeHUS. U MeMNePamypbl
¢ Koppexyuel XapaKkmepucmuk KpemHue-
8bIX UMEPUMETIbHBIX MEH30PE3UCTOPO8
no memnepamype.

B Hacrosmiee BpeMs IPOMBIIIIIEHHOCTD HY>KAAeTCs B
MYJIETUCEHCOPHBIX CUCTEMAX ISl KOHTPOJIS TEX WITH MHBIX
napaMeTpoB TEXHOJIOTHYECKUX MPOLECCOB B LIMPOKOM
Jana3oHe Temreparyp. B 3Tux cucremax B KauecTBe yyB-
CTBUTEJIbHBIX AJIEMEHTOB JaTYMKOB JaBJI€HUs, YCKOpe-
HUsI, CUITBI HIMPOKO MCTIONB3YIOT TbE30PE3UCTOPHBIE TyB-
CTBUTENbHBIE AeMeHTHI [ 1]. Bricokue skcmyaTauoH-
HBIC XapaKTEPUCTUKU U HU3KAsi CTOUMOCTB 3TUX CEHCO-
OB ONPEAEIIAIOTCS MUKPOIJIEKTPOHHON TEXHOJIOTHEN X
MIPOU3BO/ICTBA.

Oco0bIif THTEpEC MPEICTABIISOT COO0I HUTEBUIHBIC KPH-
crawisl (HK) TBepmoro pactsopa Si;  Ge (x=0,01...0,05) [2].
OTH KPUCTAIITBI UMEIOT COBEPILIEHHYIO MOBEPXHOCTh H
OYCHB OOJIBITYI0 MEXaHWIECKYIO MPpOoYHOCTh. C Opyroi
CTOPOHBI, OHHU OYEHb YYBCTBUTEIIBHBI K AaBJICHUIO U TEM-
neparype. Jedopmarust ympyroro sneMeHTa (KpeMHHe-
BOTO MJIM METAJUTHUECKOT0) U3MEPSIETCSI C IIOMOIIIBIO TEH-
30MOCTa, KOTOPHIi (POPMHUPYETCSI HA €r0 IOBEPXHOCTH.

BwmecTte ¢ TeM reHepupyemblii TEH30MOCTOM CUTHAT
3alIyMIICH, IMeeT HeOONBIIYI0 aMILUTUTYAY, CMEIICHHUE
HYJI 1 MAKCUMaJIbHOTO 3HayeHus. Kpome Toro, uyBcTBU-
TENBHOCTb U CMEIIEHUE HYJ TEH30MOCTa U3MEHSIOTCS
pu u3MeHeHuu temneparypsl. Ha puc. 1 nokasas npu-
Mep 3aBUCUMOCTH BBIXOJJHOTO HampshkeHus Mocta U ot
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Puc. 1. TunuyHast xapakTepUCTUKa MEPBUYHOTO Mpeodpa-
3oBarens Ha ocHoee HK TBepsoro pacreopa Si; Ge,

IIPUIIOKEHHOT0 K cCeHcopy AaBineHus P. Kak Bugum, npu
U3MeHeHuH TeMieparypsl Ha 90°C HanpsbKeHHE H3MEHS-
etcst 6onee uem Ha 30%. [Ipu 5ToM HETMHEWHOCTH Xa-
PaKTEepPHUCTHKH MPeoOpazoBaTellsi COCTaBIsIET Ooree 4%.
[ToaTOMy CHTHAI HYKIA€TCSl BO BTOPUYIHOM YCHIICHUH I
0o0OpaboTKe.

3HaYNUTETBHBIN pe3epB B CO3AAHUU MHOTO(YHKIMO-
HaJIBHBIX JAaTYHUKOB JICKHUT B 00J1aCTH CXEMOTEXHUYECKUX
petennit. Metonamu (popMHPOBaHUS CHIENUATBHBIX U3-
MEPHUTENBHBIX IIeTIel 1 00pab0TKH U3MEPUTEIILHOMW UH-
(dopmaru ygaercst Jaxke IPH OXHOM YyBCTBUTEIHHOM
AIIEMEHTE BBIACTUTH HHOOPMALIUIO O COIMYTCTBYIOMINX
(l)I/ISI/I“ICCKI/IX BCJIMYMHAX WKW PA3JIMYHBIX INapaMeTpax
OJTHOH (PM3UYECKOI BETMIHMHBL.

Kak u3BecTHO, TeMIepaTypHasi KOPPEKIHsI XapaKTe-
PHCTHK KPEMHHEBBIX H3MEPHTEIBHBIX IPe0oOpa3oBaTeneit
JIABIICHUS C TIOMOIIIBIO aHAJIOTOBBIX CXeM TpedyeT Ooee
THIATENFHOM MOACTPOUKH MapaMeTPOB U He 00ecrieunBa-
€T BBICOKOI1 TOUHOCTH BO BCEM JIHANIA30HE PabOUIHX TeM-
nepatyp natuuka [3]. Haubonee appekrnBHpIM Hanpas-
JICHUEM N3MEPHUTEIbHON TEXHUKH CTaa pa3paboTKa HH-
TEJUIEKTYANbHBIX TATYMKOB C MCIIOJIH30BAaHHEM COBpE-
MEHHBIX MUKPOKOHTPOIIIEPOB H I (PPOBBIX CUTHAIBHBIX
npoueccopos (IICII), uro mo3BosisieT odeceunuTs -
(heKTUBHYIO IMHEAPU3AIUIO U TEMIIEPATypPHYIO KOPPEK-
LU0 XapaKTEePUCTHK ITpeoOdpa3zoBaTesiell JaBIeHus, OCy-
MIECTBUTH IH(PPOBYIO (PHUIBTpaIHIO U BHIBOI HH(OpMa-
U Ha Tabio wim yepe3 uaTepdeiic RS232 Ha nmepco-
HaJIbHBIA KOMIIBIOTED.
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Puc. 2. baok-cxeMma gaTumka:
1 — cxema nuTaHus MEPBIYHOTO Mpeodpa3oBaresst; 2 — MOCT YHHCTO-
Ha; 3 — cxeMa Ipeo0pa30BaHKs CUTHANA; 4 — cXeMa 00paboTKU CUTHasIa

B nanHoii paboTe mpeaioskeH HHTEIUICK Ty ITbHbIN 1aT-
YHK JUIS U3MEPEHHs IaBJICHHUS M TEMIIEPaTyphl C KOp-
peKIrel XapaKTePUCTHK KPEMHUEBBIX H3MEPHUTEIBHBIX
TEH30pE3UCTOPOB 110 TeMIepaType Ha ocHoBe HK TBep-
noro pactBopa Si;_Ge,(x=0,01...0,05).

Ha puc. 2 noka3sana 610k-cxema fat4arka. Beroop ase-
MEHTHO 06a3bI B OCHOBHOM OIpeAesieTCs TpeOoBaHuUs-
MH K XapaKTepHCTHKaM U IapaMeTpaMm paspadarbiBae-
MOTO CEHCOpA, a TAKKe €ro HEeHOMH.

B nocnennee BpemMsi HA MEPOBOM PBIHKE MUKPODJIEKTPOHUKH MO~
SABUJIUCH CTICAAITM3UPOBAHHBIC MHCTPYMCHTAJIIBHBIC YCUITATEIIN 1 ObIC-
TpOI[ef/'ICTByIOIHI/IC MUKPOKOHTPOJUIEPHI, KOTOPbIC UMCIOT MHOXECTBO
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CEHCODJIEKTPOHUKA. TATYAKH

JIOTIOJIHUTENBHBIX (GyHKIMIA. be3ynpedHbIM TMASpOM B IPOU3BOJICTBE
aHaoroBbIx MHTErpabHBIX MUKpocxeM (MMC) u LICII sBasiercs dup-
ma Analog Devises. B kontie 2004 1. Analog Devises BoimycTuna Ha
PBIHOK HHCTpYMeHTanbHbIH yeuautesnb (MY) AD8555 ¢ aBromaTuye-
CKHM CMEIIEHHEM HYJIS X IPOrPaMMUPOBAHHBIM KO3 (MHIINEHTOM yCH-
JICHUS! ¥ BRIXOAHOTO cMenenust [4]. B pe3ysibrare MakcCHMalibHOE BXOJI-
HOE HampsbKeHne cMeleHus cocrasisier 10 MxB B auamazone temmepa-
Typ 0T —40 10 +125°C ¢ makcumanbHbIM Apeiidom 65 HB/°C.

Ha puc. 3 npencrasnena ¢pyukiuonanpHas cxema UY AD8555.
Tpu ycunmurens (Al, A2, A3) c aBTOMaTH4eCKUM CMEIIEHUEM HYJIS
dopmupytor Y, ko3dduuneHt ycuiaeHus KoToporo IporpaMMHO
3anmaercsa B auanazone ot 70 mo 1280 c marom 1 yepe3 mocnenoBa-
TenbHbIN uHTepdeiic. Lludpoananoroseiii mpeobpasosatens (DAC)
3aJ]aeT CMELEHUE BBIX0HOTO curHana. B MY BxoasaT BeIxoaHOM ycu-
nutens A4, hukcarop ypoBHs AS.

JluckpeTnzanms U 00pabOTKa cuTHaa B pa3paboTaH-
HOM HaMH JaTYUKE OCYHICCTBIIACTCA C IIOMOIIBIO MUKPO-
KoHTposepa Atmega8 ¢upmMsr Atmel, KOTopBIi IpeacTaB-
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Puc. 4. HpI/IHLII/IHI/IaHI)HaH QJICKTPHUYCCKAs CXEMa UHTCIUICKTYAJIbHOTO AaTYuKa

Puc. 3. ®yHknuonanpHasi cxeMa HHCTPYMEHTAIBHOTO YCH-
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CEHCODJIEKTPOHUKA. IATUYAKHA

RISC-apxutektype. Atmega8 nmeer 8 ko6aiit FLASH-ma-
msth, 512 6aiit EEPROM, 1 k6aiit SDRAM, 23 nopra BBO-
Jla-BBIBOJIA, 32 perucTpa o0IIero Ha3HaYCHHUs, TPH TaliMe-
pa, USART, untepetic 12C, 6-xananbHbIi 10-01THBIN aHa-
JIOroBO-IIU(POBOI IPeoOpazoBaTellh, CTOPOKEBO TalMeD,
nopT SPI, mATh peXKUMOB COXPAHEHHS 3IEKTPOSHEPIUUL.
Snpo Atmega8, BBINOIHSISI pErMCTPOBYIO MHCTPYKIIMIO, 32
OJIVH TaKT CHHXPOHH3AIMH 00eCTIeYHBAET OONBIIYIO MPO-
W3BOJMTEIBHOCTD C MAJIBIM MTOTpeOICHHEM SHEpTHH [5].

Ha puc. 4 moka3aHa npuHINNAATBHAS YIEKTPUIECKas
cxeMma pa3pabOTaHHOTO WHTEIUIEKTYalbHOTO NaTYHKA.
[epBr4HBIM peoOpa3oBaTEIIeM SBIACTCA MOCT YUHCTOHA
C YyBCTBUTEIILHBIMH TEH30PE3UCTOPAMH C OONBIITIM TEM-
nepaTypHbIM KodpduimenTom conpotusieHus (TKC),
KOTOpBIE OTHOBPEMEHHO BBIIONHSIOT (DYHKIIHIO CEHCOPa
TeMueparypbl. TeH30pe3ucTOpsl U3TOTaBIUBAINCh HA
ocnose HK teepmoro pactsopa Si,  Ge, ¢ yaenabHbIM CO-
npotusnerreM 0,01—0,02 Om-cM, korddurrentom Tes-
3ouyBcTBUTENBHOCTH 100—140.

[IponoprmoHanbHOE K AehopMaIy TEH30PE3UCTOPOB
nuddepeHnranpHOE HAMPSKEHHE C AUArOHAIN H3MEPH-
TeJBHOTO MocTa moxaercsa Ha Bxox MUY DA1. UMC
ADS8555 ycunuBaer CUrHaN 10 YPOBHS, HEOOXOAMMOTO
JUTS TIpeoOpa30BaHus ero B IIU(PPOBOM BH/I, C TOMOIIIBIO
AT, xoTopsrit BcTpoeH B MUKpoKoHTporutep DD1 (Bxoxn
ADCO). Konnencarop C1 BMecTe ¢ BHyTPEHHUM pe3HnC-
topom RF UMC AD8555 (cwm. puc. 3) mpeacrasiser co-
60# puneTp HU3KOH YacToThl (PHY), KOTOPHIH HEOOXO-
JUM JU1s1 BeInosHeHust kpurepust HaiikBucta nost AL

B xauecTBe ceHcopa TeMIepaTypbl, BO3IEHCTBYIOLIEH
Ha TeH301peoOpa3oBaTenb, HCIOIb30BAHA CXEMA «MOCT
B MOCTE», COCTOSINAsl U3 UETHIPEX TCH30PE3HCTOPOB,
o0Opasyronmx pabounii MOCT TeH30MpeoOpa3zoBartens. B
CBOIO o4epens paboumii MOCT CITy>KHT OJHHM H3 TUIEH
BHEIITHETO MOCTA, IPYTUMH ITICIaMHU KOTOPOTO SIBIISIOT-
cs1 cOOTBETCTBEHHO pe3nctopbl R1—R3. Pesuctop R1
UCTIONB3YeTCs Ul OaJaHCUPOBKH HAYaIBHOTO BBIXOII-
HOTO YPOBHS JAaT4HKa TeMreparypsl. CHTHAI TeMIepa-
Typhl yeunusaetcsi UY DA?2 u momaercst Ha BTopoi BXoJ
ALII(ADC1).

Muxkpoxkoutponnep DD1 BeimonHseT ciaenyromue
OCHOBHBIE (DyHKITHH:

— npeoOpa3oBaHNE CUTHAIOB C aHAIOTOBOH (POPMBI
B IIU(POBYIO;

— 00paboTKa CHTHAA, KOTOpas BKITIOYACT JIMHeapr3a-
IO 1 TEMIIEPaTypHYIO KOPPEKIIUIO XapaKTEPHCTHK IPe0d-
pazoBarerneii TapIeHu, TU(PPOBYIO (PUITBTPALIIIO CUTHANA,

— yIpaBlieHHE HHCTPYMECHTAIBHBIMH YCHIHTEIIIMH
DAl uDA2;

— BBIBOJI HH(OpMAaIiK Ha HHAWKaTop DA3;

— BBIBOZ MH(OpMALINH Ha IEPCOHAIBHBIA KOMITHIO-
Tep yepes unTepderic RS232 (mpeobpaszoBanne ypoBHEH
U TalbBaHMUECKas pa3Bsi3Ka OCYMIECTBIAIOTCS C IIOMO-
mpio ontpona DA4);

— CIIe)KEHHE 3a HanpspkeHneM nutanus (Bxoq ADC2
u pe3uctopsl R4 u RS);

— ompoc KHook SA1 u SA2.

C nomomupto kHONOK SA1 u SA2 3anat0Tcs pexUMBI
paboTs! natunka. Kpome Toro, KHOITIKH CITyKaT HCTOYHH-
KaMU BHEIIHHUX IIPepbIBaHUM Il MUKPOKOHTPOILIEPA, IPH
Ha)KaTHU KOTOPBIX OH BBIXOIUT U3 «CIIILETO» PEKHMA.

[IporpamMmMa Isi MUKPOKOHTPOJIEpA HAMKCaHA Ha
S3bIKE IPOrpaMMupoBaHust C 1 KOMITHIINPOBAIACh C HO-
Morrpto komnuisTopa CodeVisionAVR [6], a mpomirBka
IPOTPaMMBI OCYIIECTBIIIACH C TIOMOIIBIO TPOTpaMMa-
TOpa, ONMUcaHHoro B [7].

OCHOBHOI1 HEIOCTATOK YYBCTBUTEIHHBIX JIEMEHTOB
Ha ocHoBe HK — Gomnboit pa3dpoc napamerpos. Paz-
menieHne Bo FLASH-naMsaTiH MUKPOKOHTPOJLIEpA TapH-
POBOYHOI! TaONUIIBI, HHANBHYAIBHOMN IS KaXKA0TO Ipe-
o0pazoBareds, I03BOJSIET JOCTUYb BEICOKOH TOYHOCTH
npeobpazoBanus. TapupoBodHas TAOIHIIA IPEICTABISACT
c000ii MoTIpaBOYHBIE KOAPPHUIIHMESHTHI, KOTOPHIE OTIpee-
JSIOTCS IPU TPayupOBKe IIEPBUYHOTO IpeodpazoBare-
ISl IaTYMKA U3 CEMEWCTBA TEH30PE3UCTUBHBIX XapaKTe-
PHUCTHK JUT (GUKCHPOBAHHBIX TEMIIEPATYD.

Mausre rabapuThl MUKPOKOHTPOJIIEpa, paboTocIo-
COOHOTO B pacIIMpeHHOM IUara3oHe pabounx napamer-
OB, TIO3BOIISTIOT BCTPAaUBATh €TO HETIOCPEICTBEHHO B KOP-
IIyC JaTYuKa.

I'pagyupoBka naTumka mpoBOAMIACH C UCIIOIB30Ba-
HUEM MperU3noHHOro 3afarunka aasnenus MII-2500
tepmoperyisitopa PUD-101.

Pa3paboTanblii JaTYHK TPU TOM UMEET CIICTYOIINE
XapaKTEPHCTHKHL:

— nuana3oH padbounx gAasneHuit 0—10 MIa;

— nuamnasoH pabouux temmeparyp 0 — +85°C;

— JoITycKaeMast OCHOBHaS IIOTPEIITHOCT JATIHKa CO-
craBuser 0,2;

— OTKJIOHEHHE OT TMHEHHOCTH, BKIIIOYasi THCTEPE3HC,
—0,1%.

CxeMa OpHEeHTHPOBaHA Ha TPUMEHEHHE C CEHCOPaMuU
(PU3UUECKUX BETMYNH HA OCHOBE HUTEBHUIHBIX KPHCTATI-
noB SiGe, 0JJHAKO MOXET MPUMEHSTBCS C JIFOOBIMHU JIPY-
TUMH KPEMHUCBbBIMU (‘IyBCTBI/ITeHbHLIMI/I K Z[aBJ'IeHI/I}O)
aeMeHTaMHu, KoTopbie nmeroT 6omnbinoit TKC.

sk

[Tpeanaraemelii qJaTIMK 0OECIIEYMBACT BHICOKYFO TOU-
HOCTb U3MEPEHUS TEMITEPATYyPHhI, TaBICHUS, yCKOPESHHUSI,
CWJIBI BO BCEM JIMaNa3oHe pado4ymnx TeMIeparyp. Yder
XapaKTEPUCTHKH IaTYNKa TPOrPAaMMHBIM CIIOCOOOM TO-
3BOJIACT JIETKO aBTOMAaTHU3UPOBATh MPOIIECC KaTHOPOBKH
Y UCTIOJIB30BAaTh MEpPBUYHBIE IpeoOpa3oBaTenu ¢ 60Jb-
MM pa3dpoCcoM IapameTpoB.
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