HOBBIE KOMIIOHEHTHI J1JI51 JIEKTPOHHOWM ATIITAPATYPbI

A m. u H U MYXYPOB, k. m. u. I U. EOPEMOB,

0. ¢p.-m. n. C. IT. JKBABBIU

Pecnybnuka benapycs, r. Munck, UactutyT ¢usuku uM. b. Y. Crenanosa

HAH Bbenapycu
E-mail: n.mukhurov@ifanbel.bas-net.by

Jlata nocTymnieHus B peaKkLHio
13.10 2010 .

OrnmoneHT k. m. 1. 10. 3. TADPAH]]
(TouHY, 1. AitueBck)

MOIEJIMPOBAHHME 2JIEKTPOTOKOBBIX MUKPOPEIJIE

Ilo pezynemamam mooenuposaHnus npeo-
JI0JHCeHA KOHCMPYKYUsL I1eKMPOMOKO8020
mukpopene. Oyenenvl xapakmepucmuxu
MUKpopene npu pasiuyHblX HAnpasieHu-
AX NPOMEKANUSL 2NeKMPUYECKO20 MOKA de-
pe3 MeaHoposyw cucmemy NIAHAPHOU
KOHCMPYKYULL.

MUKpPO3IEKTPOMEXaHUIECKUE PeJie IIUPOKO UCTIONb-
3YIOTCS B pa3IMYHBIX ()YHKIIMOHABHBIX YCTPOHUCTBAX B
KaueCTBE PEryJUpYIOLIUX, YIIPABISIOMINX, KOHTPOJIUPY-
IOLIMX 3JIEMEHTOB. Ba)kHOW 4acThI0 MUKpOpEJIE SBJISIOT-
€51 MUKPOAKTIOATOPBI, CO3AAIOIINE aKTUBHBIE CUIIBI BO3-
JIeMCTBYUS HAa UyBCTBUTEIbHbIE 271EMEHTHI. bosibiioe BHU-
MaHHE yACJICHO TCOPETHIECKOMY MOJICTIPOBAHHIO 1 TIPAK-
TUYECKUM Pa3padOTKaM DIIEKTPOCTATUYECKHUX aKTI0AaTO-
poB [ 1—3]. OHM BBIIOIHSIOTCS B Pa3IMYHBIX KOHCTPYK-
TUBHBIX BapUaHTAaX, U3 KOTOPBIX MOYKHO BBIIEIUTD I1J10C-
Komapasuiensusie [4, 5], Topcuonnsie [4, 6], KOHCOIb-
Hble [ 7—9], 00beMHBIe, TUTaHapHbIC. X epCrIeKTUBHOCTD
00yCIIOBIMBAETCS MAIBIMH MacCOrabapuTHBIMU TIOKa3a-
TeJSIMH U MU3EpPHBIM 3HepronorpebdnenneM. OaHaxo,
HECMOTPS Ha PsiJl OPUTHHAIIBHBIX TPEJI0KEHHH, ypaB-
JIIeMbIH y4acTOK IepeMEeLIeHHUs TOABUKHOTO AJIEMEHTa
B MEKDJIEKTPOJHOM ITPOMEXKYTKE COCTaBILAET JIULIb OIHY
TPETBIO ero YacTh. [Ipeanaraembie MEpHI TI0 €T0 yBEIH-
YEHUIO YCIIOXKHAIOT KOHCTPYKITUIO U TEXHOJIOTHIO U ITPH
9TOM TpeOyIOT 3HAYUTENLHOTO MTOBBIIICHHS 3HAUECHHS Ta-
KOTO yMPaBIISIOLIETo apaMeTpa Kak IeKTPHUECKOe Ha-
npsbKeHue cpabatbiBanus [2, 5, 9]. [Toatomy npencras-
JSIETCS LIENIeCO00Pa3HBIM PACCMOTPETh APYTHE BapHaH-
ThI K3MEHEHUSI aKTHBHBIX CHJI, 00€CTIeYMBAIOIIUX (DYHK-
[IUOHUPOBAHNE MUKpPOpEIE.

B Hacrosiet pabote TpUBOAATCS pe3yIbTaThl TEOPE-
TUYECKOTO pacyeTa 1 MOJICIMPOBAaHUS MUKPOpETIe, B KO-
TOPOM HCITI0JIb30BaH 3P (HEKT B3aNMOICHCTBUS 3JIEKTPO-
MarHUTHBIX CHUJI, BOZHUKAIOLIMX IPU POTEKaHUHU IIOCTO-
SIHHOTO HJIEKTPUYECKOI0 TOKa Yepe3 apajulebHble IIPpo-
BOHUKH. [T0Ka3aHo, 4TO ATOT AP PEKT MOXKET OBITH pea-
JM30BaH B MPEUIOKEHHON KOHCTPYKIIUH DIEKTPOTOKO-
Boro Mukpopesne (ATM) ¢ MeKTPOTOKOBBIM aKTIATO-
pom (OTA).

Oco0eHHOCTH KOHCTPYKIMH 3JIEKTPOTOKOBOI0
MHKpopeJie

ITo xoncTpykimu 3TM 1MO00HBI ANIEKTPOCTATHYE-
ckum mukpopene [ 10]. Tlpumep miockonapamiensHOTo

3JIEKTPOTOKOBOTO MHUKpopee, coaepxaiero OTA, npen-
ctaBiyieH Ha puc. 1. OHO COCTOUT U3 TUAIIEKTPHUECKUX
MIOJUIOXKKHU [ ¥ TNTACTHHBI 2, AKECTKO COETMHEHHBIX MEXK-
Iy coboii. B moamoxke BBITONHEHO MPSMOYTOIBHOE
yIIyOleHne 5, Ha IBYX MPOTHBOIIOIOKHBIX CTOPOHAX KO-
TOPOTO UMEIOTCSI CTyneHbKH 3 ¢ koHTakramu /(). B cepe-
JIHE IJIACTUHBI PACIIOIOXKEH KECTKUH TOABMKHBIHN SIKOPb
4, KOTOPBIN COEUHEH C PaMKOU // JIACTUHBI yIIPYTUMU
JiepKaTessiMi 9, pacronoKeHHbIMU «enoukoi». Ha nqHe
yIiIyONeHHs U HalTPOTHB, Ha BHYTPEHHEH CTOPOHE SIKOPA,
c(hopMUpOBaHbI HICHTUYHbIE, 3€PKAIBHO PACIIONIOKEH-
HbIC HETIOIBYKHBIN 6 1 TTOJIBUIKHBIN 7 TOKOTIPOBO/ISTIIHE
CUJIOBBIE MeaHIpoBbie yuacTku (MY), oOpa3syromiue
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Puc. 1. KonctpyktuBHasi cxema 3IeKTPOTOKOBOTO MHUKPOpEIe:
1 — mojyt0KKa; 2 — IUAJIEKTpUYecKas INIacTUHA; 3 — CTYNCHBKU B
TIOJIIOKKE; 4 — IOABMKHBIN SKOPb; 5 — yIIyOJICHHUE B ITOUIOXKKE;
6 — HenoABIKHBIN MVY; 7 — nonBumxHbI MY; § — nepeMbruky;
9 — ynpyrue aepxarenu; /() — KOHTaKThl; [/ — paMKa IUTaCTHHBI
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Puc. 2. HanpaBnenune Toka B MEaHIPOBBIX YUaCTKaxX MPH pas3-
HOM XOJI€ 3JIEKTPOTOKOBOTO aKTIATOpa:
— — npsAMoit Xox (mapaienbHoe BKiIoYeHne MY);—= — obpat-
HBII X0 (ITOCIIeI0BaTeIbHOE BKITFOueHe MY)
OTA. BerBu MY MoryT ObITh pa3lieieHbl CKBO3HBIMU
nazamu. Hauana u xoH1s! MY ¢ MOMOIIBIO IITHIPHKOB,
COEIMHSIOIINX TOMJIOKKY C IJIACTHHOMN, BKIIIOYAIOTCS B
YIPaBIISIONIYIO LEelb. DIEKTPUUecKas cxema yrnpaBis-
IOIIEH TIeTIH ITPeTyCMaTPUBAET BOBMOKHOCTH KaK Mapal-
JIEILHOTO, TaK M IOCJIEI0BATEIbHOI0 BKIIFOUCHUI MY
(puc. 2). Ha BHyTpeHHEI CTOPOHE SIKOPS PACHIONOXKEHBI
TaKXe JIBE MIEPEMBIUKH § HAITPOTUB KOHTAKTOB /(). DT
Mapsl BXOAAT B YIPABIISIEMYIO [IENb KaK HOPMaJIbHO pa-
3oMKkHYThIe (HP) xonTaktel. [IpomexyTok mexay MY
SIBIIICTCS] pAa00OYMM MEXMEAaHPOBBIM PACCTOSIHHEM f, a
MEX]ly KOHTaKTaM1 1 IepPEMbIYKAMU — MEKKOHTAKTHBIM
paccTosHueM ¢, (¢, < ). DJIEMEHTBI JNEKTPUUECKUX LETIEN
COEIMHEHBI TOKOITPOBOJSALINMH TOPOKKAMH YIPABIIAIO-
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el u ynpasisiemoit nerneid. K ocHOBHBIM mapameTrpam
OTM oTHOCATCS TOK cpadaThIBaHUs, MEKMEAHIPOBOE
paccrosiHue, ynpasisiemas 4acTh pabouero Hukia, ycu-
JIMe KOHTaKTa ¥ yCUJMe Bo3Bpara.

B xauectBe Marepuana il M3TOTOBJIEHUS yacTeil
OTM MoxkeT OBITh UCTIONIB30BaH IMAIIEKTPUK, 001a/1at0-
LIMH BBICOKUMHU JIEKTPOMEXaHUYECKHUMHU CBOMCTBAMH U
TIO3BOJISIOIINAN ()OPMUPOBATH IIEMEHTHI PA3IMIHON KOH-
¢urypanun. Hanbonee npenouTUTeIbHBIM MaTEPHATIOM
TIpeICTaBISIeTCs aHOAHBIN okcu amromuHus (AOA) [3].
Ero camoopranusyromasics ssueucrasi CTpykTypa sBis-
€TCsl OCHOBOM (pOPMHUPOBAHNS PELU3MOHHBIX KOH(DUTY-
panuii IIoCKuX 1 00bEMHBIX TIEPPOPUPOBAHHBIX JIETa-
neit. Takue geTany MOKHO U3rOTaBIUBaTh Ha 000pyI0-
BaHUH IS IPOU3BOICTBA MUKPOCXEM, MOCKOIBKY TPO-
LIeCC MX U3TOTOBJIEHH Oa3upyeTcsl Ha MHTErpaJIbHOM TeX-
HOJIOTHH U He TpedyeT pa3pabdOoTKH YCTAaHOBOK C YHH-
KaJIbHBIMH NTapameTpamMu. ToNIIHA MOTy4YeHHBIX T1IAC-
THH MOKET OBITB OT JJOJIeH 0 COTEH MUKPOMETPOB.

ToxonpoBOAAIINE AEMEHTBI HAHOCSATCSA TEPMUYECKUM
HaNbUICHUEM WM PAaCIbLICHUEM B BAKyyMe METaJIJIOB C
ommzknM k AOA 3uauennem KTP ¢ oqHOBpeMeHHBIM Wit
C MOCIIEAYIONIMM 00pa30BaAHUEM TOTIOJIOTHYECKOTO PH-
cyHka. ToJIuHa HaMbUIEHUS] COCTABISIET IO MUKPO-
MeTpa (Ha puc. 1 COOTBETCTBYIOIINE TIICHKU MTOKa3aHbI
YCIIOBHO).

TeopeTuyecKuii pacyeT OCHOBHBIX COOTHOIICHU A

IIpu Bxmrouennun O3TM B ympaBisiiomyo Lenb
(puc. 2) mo oboum MY moiizer Tok / B 0THOM Harpas-
JCHUH, W SIKOPb TIOJ IEHCTBUEM DIIEKTPOMArHUTHBIX
AKTUBHBIX CHJI F HaYHET MPHUONMKATHCS K MOMIIOKKE
(puc. 3, a). Cornacuo [11], Benuunna cui F onpene-
nsietcs popmynoit
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Puc. 3. PacyerHble 3aBUCHMOCTH DJIEKTPOMEXaHWYeCKuX napamerpoB OTM B pabouem 1HKIE (@) U HKCIEPUMEHTAIbHbIE,
MOJIyYeHHBIE B Tpoliecce MPsMOro (6) W 00paTHOTO XOJa MPU OTKIIOYEHHU TOKA (6) U MEPeKIIOYEeHHN TOKa (2)
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_ L
2n(t-y)
rie W, — MarHUTHas IIOCTOSTHHAS, = 1,257-107° B-c/(A-Mm);

L — cymMMapHas AJiMHa BeTBEH MeaH[pa;
Y — CMEUICHHUE SKOPS.

(M

B nedopmupyeMbIx nepikarensx skopst BOSHUKHET pe-
aKTUBHAas MexaHuueckas cuia P [12], onpenensemas kak

Eab®

e k — KOJIWYECTBO JeprKaTesei;
E —wmonyns ynpyroctu AOA;
a, b, | —COOTBETCTBEHHO WIMPHHA, TOJIIUHA, JJIMHA Jep-
KaTenei;
q — K03 UIMEHT 3aJeTKN KOHIIOB JepiKaTelei;
K —3KeCTKOCTh yNPYTUX JepiKaTeIe.

P=k qy =Ky,

HpI/I MOCTCIICHHOM IJIAaBHOM YBCJIMYCHUU I B Kax-
JIBIF MOMEHT COXPpaHsCTCA paBHOBCCHOC COCTOSIHUE, T. €.

F=P 3)
N3 dpopmyn (1)—(3) caenyert, uTo i nepeMerieHus
SIKOPsI Ha BEIIMYUHY Y HEOOXOIUM TOK CHIIOHN

21K
I= [—y(t—-Y).
wL (t-¥) 4)
CornacHO MeTOAMKe, U3JI0XKEHHOU B [3, 5], mpose-
JIeM pasjielieHue apaMeTpoB B TIOJAKOPHEBOM BBIpaKe-
HHUHU HA ITOCTOSIHHBIC U HepeMeHHbIe B pa60qu MUKIIC
pene 1 BBCIACM HpI/I 3TOM BeJ'II/I‘II/IHy OTHOCHUTCIILHOTI'O
MepeMenIeHUs AKOPsI B MEKMEAHAPOBOM MPOMEKYTKE
m=y/lt=0...1:

2nKt?
1= [ m(l-m). )
oL
O003HauNB
2 2
D= nKt ’
HoL
I'=/m(1-m),
HOJTYIUM
1=I"D.

3nech D — KOHCTPYKTHUBHAsI KOHCTAHTA, [* — 0a3o0-
Bas (pyHKIUS, XapaKTepU3yollas n3MeHeHune / B 3aBU-
CHMOCTH OT m 1 He 3aBucsmas ot D. Ee nupdepennn-
pOBaHUE NIOKA3bIBAET, YTO TEOPETUUYECKU OHA NPEICTaB-
JseT OO0 CUMMETPUIHYIO MapaboIry ¢ KOOpAHHATAMH
SKCTpeManbHol Toukn m, = 0,5, I* = = 0,5 (puc. 3, a).
Taxkast hopma 0OBSICHACTCS Pa3HOM 3aBUCUMOCTBIO F' 1
P ot y: aKTHBHBIE 3JIEKTPOMArHUTHBIC CHIIBL I 00paTHO
MIPOTIOPIIMOHANIBHBI ), & PEAKTHBHBIE MEXaHUYECKUE CUIIBI
P nipsimo niporiopririonanbHe y. B uatepsane m =0...0,5
PaBHOBECHOE COCTOSIHUE IOCTUraeTCs 3a CUeT MHTEeHCUB-
HOTO YBEJIMUYEHUsI CUJIbI AIEKTPUUECKOI0 TOKa B MEAHI-
POBBIX MPOBOJHHUKOBBIX 3JIEMEHTAX, a B 001acTH
m=0,5...0,9 — 3a cyeT moCTENEeHHOro CHIKeHNs [, 00ec-

MIEYMBAIOIIET0 paBeHCTBO F' 1 P. O/HAaKO MPaKTUYECKH
peam3oBarh TaKoH UK MOKa HE TIPEICTaBISIeTCS BO3-
MOXHBIM, T. K. IPU CHUKEHUU [ U, CIe0BaTEeNbHO, F,
MIPOTHO JieprKaTesiel YMEHbIIAeTCsl 1 HAUMHACTCS BO3BPAT
SIKOPSI B MICXOJTHOE TOJIOXKEHHE.

MopeinpoBanue pe:kumMa padoThbl

B peanbHbIX ycroBHAX paOOTHI YCTPOMCTB, OTCIEKHU-
BAIOLIMX U3MEHEHHUE EKTPUUECKOTO TOKa, BeJIMUMHA [
HE3HAYNTENBHO MPEeBhIITacT Beanauny /*. [Tocre Toro xak
SIKOPH TIPOUET MOJOKEHNE, XapaKTePH3YIOIIeecs paB-
HOBECHBIM COCTOSIHUEM M 3HAYEHUEM OTHOCUTEIILHOM Be-
JIMYUHBI /M), PABHOBECUE HapyInaeTcs. B pesynbrare Ha-
OmroaeTcs pe3Koe YMEeHbIICHHE MEKMEaHIPOBOTO pac-
CTOSIHUSI TIOJT IGHCTBHEM CTPEMHUTEIHFHO BO3PACTAIOMICH
crtbl F. COMMKEHUE STKOPST ¢ HETTOABM)KHBIM IEKTPOIOM
OKaH4YMBaeTCs 3amMbikaHeM HP-KoHTakToB ynpasisieMoit
IIETH U ee BKJIFoYeHueM (puc. 3, 0).

OHGHI/IM N3MCHCHHNC BCJIMYUHBI KOHTAKTHOI'O YCUJTUSA
O B nuanazone uzmenenus m ot 0,5 1o 0,9. Ero Bo3pac-
TaHHE C YBEJTMUEHUEM 71 OTIPEIEIISIETCS] COOTHOLLICHUSIMH

F, 1
aziziz’
Fyy  (1-m)
P
B=Pf"’;
mo
_o_ 1
T T am(i=mY’

T. ¢. ipu m = 0,9 (puc. 3, 6) MexaHNIECKHUE CHIIBI BO3-
pacratot B 1,8 pasa, anexkTpoMarauTHsie — B 5 pa3. [lo-
cienHue OOJbIe MEXaHMYECKUX CHI B 2,8 pasa, uTo
omnpejessieT MaKCUMalIbHY0 BennuuHy Q.

VipapnseMblii y4acTOK pabo4yero LuKIa, COOTBET-
CTBYIOLIMM PAaBHOBECHOMY COCTOSIHUIO SIKODSI, OlpaHu-
yen guarnazonoM m =0...0,5, uto Ha 33,4% Oouible, yeM
B JIEKTPOCTATUIECKUX MUKPOPEIIE.

ITocne 3ambIKaHUs YIPaBIsEMOIl IeNu cpa3y WiIx
yepe3 HEKOTOPbIM MHTEepBal BPEMEHHU, OIpelesieMblil
3aaHHBIM (PYHKIIHOHAIEHBIM PEKAMOM, ITPOUCXOINT OT-
KITFOUCHIE MUKPOPEIIE WIH IIEPEKITIOUeHIE ero Ha 00par-
HbIH x011. IIpu OTKIIIOYEHUH 2JIEKTPOMAarHUTHBIE CUIIBI I
paBHbl 0. Bo3Bpar sikopsi B UCXOHOE IIOJIOKEHHUE OCY-
IIECTBIISCTCA 3@ CUET PEAKTUBHBIX CUI P, KOTOPBIC 3HA-
YMTENIBHO MEHbIIE £ o (puc. 3, 8). Cusibl P NOTKHBI
HE TOJIBKO IIPEBBICUTH CYMMapHYIO BEJINUMHY PEaKTHB-
HBIX CHJI MHAYLIMPOBAHHbIX 3aps110B Ha TUAIEKTPUUECKUX
YYacTKaxX U MHEPIHUIO MTOBIKHBIX Macc, HO U B CIIydae
3aJIMIIaHKUS KOHTAKTOB IIPEOJIONIETh YAEPKHUBAIOIIYIO UX
cuiy. [IpakTiuecky 3HaUeHUsI BpeMEHH BO3BpaTa UMEIOT
3HAYUTENBHBIA Pa30poc, UTO CHIKAET HAJIS)KHOCTh MUK-
popeue.

[Ipu nepexiatoueHNH MEaHIPOBBIX YYaCTKOB Ha IO-
CJIeZI0BATEIbHOE COEIUHEHNE MEXK Ty IPOBOJHUKAMHU CO-
3/1aeTCsI 3JIEKTPOMArHUTHOE IOJIE C OTTAIKHUBAIOIIEH cH-
n0# F, obparHoro xona, pasHoi F, . Bosspar sikops B
HEepBBI MOMEHT OyJeT MPOUCXOAUTH NMPHU CYMMAapHOM
BO3JCHCTBUN PCAKTHBHBIX MCXaHHYCCKUX CUIT P, _ o 1
MPEBOCXOSIINX UX TTOYTH B 3 pa3a MIEKTPOMarHUTHBIX
cun F, (puc. 3, 2). Jlanee u Te, u apyrue cwiibl OyayT
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YMEHBIIATHCS, HO HX COBMECTHOE JCHCTBHE TOBBIIIACT
HAJISKHOCTh BO3BpATA SKOPS B HCXOTHOE MOJIOKECHUE U
YMEHbIIaeT BpeMs 00paTHoro xoaa. B nepekiouaronmx
CXEMAax 9TO MO3BOJISET yBEIUYUTh CUIIbI ) ¥ IOBBICUTD
HaJIeKHOCTh CpabaThIBaHIs MUKpoperie B auanazone CBY.
Peanmzarus Takoro peKiMa I0CTHTaeTCs KPaTKOBPEMEH-
HBIM yBEIIMUEHHEM TOKa IPH TIEPSKITIOYCHUH B 71 Pas3, 4TO
cornacHo (popmysie (1) nmoseicut F B n° pas npu Hews-
MEHHOM BeTnyuHe P.
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[lepBasa B Poccun KHUra no caMblM COBPEMEHHBIM 3/1€KTPOHHBIM
9JEKTPO- U PaJHMOU3MEPEHUAM U U3MEPUTENbHbIM Npubopam, Npu-
MEHSIEMbIM B HAayUHbIX HCCAEN0BAHUSAX, TECTUPOBAHUHU U MCMbITA-
HUM YCTPOHCTB U CHCTEM MUKPO3JIEKTPOHUKH H HAaHOTEXHOJOIHUH.
BrnepBble nMoapoOHO OMMCaHbl CPeACTBA H3MEpPEeHMH, MpUMeHsie- 1
Mble B YCJIOBHUSIX KPYMHOCEPHAHOrO MHKPO3JEKTPOHHOILO MPOU3- :
BOJCTBA, U MPUOOPHI BeAYLIUX B UX pa3dpaboTKe U MPOU3BOACTBE
¢upm: Keithley, Tektronix, Agilent Technologies, LeCroy, R&S
u ap. Ocoboe BHUMaHKe yAeJ€HO aHAMNW3y U FreHepallui TEeCTOBbIX
CHUrHAJIOB, UBMEPEHHUIO HX MapaMeTpoB B 06/1aCTH MaJblX U CBEpX-
MaJblX 3HaUeHUH BpeMeHH, M3MEPEHHIO CBEpPXMaJblX TOKOB M Ha-
Npsl2KeHUH, aHa/au3y MMMeaaHca U UMMHUTAHCa Lerneld, H3MepeHu- [N
M CTATHUECKHX M JHHAMHUECKHX XapaKTEPUCTHUK MOJYNPOBOI-
HUKOBBIX MPUOOPOB U MHTErpabHbiX MUKpocxeM U ap. Camblil KpynHbli 0630p cOBpeMeH-
HbIX 3apy0OeKHbIX H OT€UECTBEHHbIX H3MEPHUTEIbHbIX MPUOOPOB Ha pbiHKe Poccun U Mupa.
JI/151 MHKEHEePOB, HayUHbIX paO0THUKOB, aCIHPAHTOB, penojaBaTteneil U CTyIeHTOB BYy30B
YHUBEPCUTETOB TEXHUUECKOr0 U KJIaCCHUECKOIO0 THIOB.

BNEKTPOHHBIE UBMEPEHWA
B HAHOTEXHONOMMAX
W B MUKPO3INEKTPOHHUKE
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