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1. AKTyaJII>HOCTb npo6JieMH. O6JI!lCTb KpHoreHHHX. TeMnep~Typ BO MHOrDM 
npHBJieKaTeJII>Ha KaK C TOqKH 3peHHJI HaYllllblX HCCJie.n;oBamrll:, TaK H Te
XHHqecKHX IIpHJIO,Kemtii. ,ll;JIJI cp~aMeHTaJII>Hofi, HayKH BruKHO TO, - qTQ 
npu CHH)KeHHH ypoBHJI TeIIJIOBbIX KOJie6aHHll B iiemecTBaX Ha~aio~ npo
RBJIJITbCR -Talille 3cpcpeKTLI ~ cnottcTBa, KOT0pLie o6I,IqHo •MaCKHJ>Y~!CR Te
IIJIOBLIM .n:n;mI<eHHeM, HaIIpHMep, .n;aJibmrll: nopR.n;OK, 3HeprWI HyJieBbIX KOJie-:' 
6amrfi pemeTKH u T . .n;. IlpoRnJIJIJOTCR TaK,Ke_HeKoTopLie cpuariecirn:e JIBJie~ 
IiWI, npucymue TOJii.Ko o6JiacTII HH3KHX TeMnepaTyp,)IaIIpHMep,,cnepxnpo
no.n;uMocTb. C TOqKH apeHHJI 3KCIIepHMeHTaJibHO:ii <pIIaiurn: H H3MepnTeJib~ 
HOH TeXHHKH Ba)KHOH RBJIJieTCR B03MO)KHOCTb .D:OCTH)KeHIUI BeCLMa MaJibIX 
3HaqeHHil IIIJMOBOH TeMnepaTypLI Tm pa3JIHqHbIX .n;aTquKoB H ycHJIHTeJiefi. 
YMem,meHHe Tm IIpOllCXO.n;HT, no~nepnbIX, BCJie.n;cTBHe CHII,Kemui TeMIIepa'-
.TYPLI KoMIIoHeHTon. BTDpofi n:puquHofi cm1meHHJi Tm RBJIJieTcR TOT cpaKT, 
qT0 CTa:HOBHTCR B03MO)KHI,IM IIpHMeHeHHe KOMIIOHeHTOB H3 HeTpa.n;un;noH
HLIX, 6oJiee 3<pcpei<THBHLIX noeynpoBO.n;HimOBHX ·MaTepnaJIOB, KOTOpLie · He 
MoryT pa6oTaTL npu KOMHaTHHX TeMIIepaTypax, TaKHX, KaK InAs, InSb, 
)'3K030HHHX XaJibKoreHH.n;HLIX CTeKOJI. 

McnoJibaonaHne MaKpocKonuqecKHX KBaHTOBbIX 3cpcpeKT<>n, npORBJIJIJO: 
mIJXCR B cnepxnp~BO.Zl:HlIKax, II03BOJIJieT C03.n;anaTb II!)H60pH_ C. ymIKaJib
HHMH .xapaKTepHCTHKaMH: MarHHTOMeTpLI C qJBCTBUTeJII>HOCTI,10 eyqme 
10-21 B6/rn;112, cnepxqyBCTBHTeJibme raJibnaHoMeTpLI ·n BOJibTMeTpu, ycu
JIHTeJIH c yponHeM 6eJioro IIIyMa HII,Ke 4 • 10-11 B/f'n,112; CB'll peaoHaTOpLI 
C .n;o6poT~OCTb10 .n:o 1011 ' CBG: Ka6eJIH H JIHHHH aa.n;ep,KKH C oqem, MaJILIMH 
II~TepRMH. [19]. 
CaMufi cymecrneHHLI:ii He.n;ocraTOK 3TllX ycTpoficTB - Heo6xo.n;uMoCTb rey-
6oKoro OXJia,K,n;eHHR .n;eTeKTOpHOll HJIH npeo6pa30BaTeJII>HOll q~cTH ( o6uqHO 

. .n;o T = 4, 2 R): Ilpu 3TOM ucnoJibayeTCR .n;oporoe u rpoM03Koe o6opy.n:o
naHne .n;JIJI pa60TLI C )KH.n;KHM reJIHeM •. BoaHHKaJOT npo6JieMLI, CBR3aHHLie 
c nepe.n;aqefi cJia6i:.ix cn;HaJion Me»<.n;y y.n:aJieHHLIMH . .n:pyr OT .n:pyra "xo
JIO.n;HHM"· . .n;aTqHKOM H '.'Ten~'' YCHJIHTeJI_eM. 

OTKpume BHCOKOTeMnepaTypHo:ii cnepxnpoBo.n;HMoCTH (BTCIT) · n .1986 . 
ro.n:y .n;aJio B03MO)KHOCTL ·coa.n;aHHJI cnepxnpoBo.n;HHKOBbIX ycTpo:iicTB, ·uc
noJibayromux n KaqecTBe XJia.n;areHTa )KH.Zl:KH:ii aaoT; .Paapa6oTqHKH TaKHX 
ycTpoficTB CTOJIKHYJIHCb C cepbe3HLIMH npo6JieirnMH, CBR3aHHLIMH, B nepnyro 
oqepe.Zl:h, c Heo6I,IqHLIMH cBo:iiCTBaMH BTCIT: rpaHyJIRpHOCTMO crpyKTYPLI, 
MaJio:ii .n;JIHHO:ii KOrepeHTHOCTH, CJIO)KHOCTblO IIOBe.n;eHIIJI B MarHllTHOM IIOJie, 
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noin.-rmemrr,rM eo6eTBeHHHM myM0M Il T.,!I;. Ba)KHLie xapaKTepneTnKII 3TllX 

MaTepnaJI0B, TaK!Ie KaK KpllTll'leem:ii TOK Il y,D;eJII,H0e eonp0TilBJieHne B 

H0pMaJII,H0M eoeT0JIHllll, BO MH0roM onpe,D;eJIJUOTeJI TeXHOJIOrIIell Il3rJT0- . 

BJiemur. Ilpn noneKe onTnMam,m.-rx eoeTaBoB n TexnoJiornqeemx npou;ee

eoB B03HllKaeT Heo6XO,!l;HMOeTL B on;eHKe Ka'leCTBa no.rryqeHHLIX MaTepnaJI0B 

Il Il3rOTOBJieHHLIX ,lOK03eq>eOHOBCKHX nepexo,D;0B - 6a30BHX 3JieMeHT0B 6om,

IIIIlHeTBa eBepxnpoB0,!l;JIIIUIX yeTpo:iiCTB. 

Tarum o6pa30M, pa3pa6oTKa KpnTepneB Ka'!eeTBa BHeOKOTeMnepaTypHHX 

,lOK03eq>eOHOBe:Rp:x nepeX?,!l;0B Il eBepxnpoB0,!l;JIIIUIX MaTepnaJI0B, no.rryqemie 

0TBeqaro:rn;ux 3TllM KpnTepllJIM nepeX0,!l;0B II MaTep1IaJioB, a TaKJRe e03,D;a

HIIe BHe0K0qyBeTBIITeJII,HHX npII6opoB Ha oeH0Be Biile0K0TeMnepaTypHii!X · 

eBepxnpoB0,!l;HIIK0B JI~JIJI10TeJI aKTyam,HI,IMJI 3a,D;a'laMn. 8TOMY noeBJIIIl;eHa 

nepBaJI qaeTI, ,!l;lleeepTaD;IIOHHOll pa60Tiil, eoeT0JIIIl;aJI Il3 rJiaB 1 -;- 4. 

B 'IIIeJI0 oeH0BHLIX 3JieMeHT0B eoBpeMeHHLIX yeK0plITeJieft BX0,!l;JIT eBepx

npoB0,!l;JI:rn;IIe MarHIITl,I II pe30HaT0pH, 0XJiam,n;aeMiile _H0pMaJII,Hii!M IlJIII· 

eB~pxTeKy'llIM reJIIIeM. HapymeHIIe pe}I{JIMa 0XJiam.n;eHllJI MO}!(eT nplIBeeTII 

K nepeX0,D;y qaeTII eBepxnp0B0,!l;JI:rn;eft o6MOTKII IIJIII pa6oqeft noBepxnoeTII 

pe30HaTopa B pe31IeT1IBH0e eoeT0JIHIIe e Biil,D;eJieHIIeM Bee:ii 3anaeeHHOH B 

eneTeMe 3Heprnn B MaJI0M ofo,eMe. Mo,D;eJI1IpOBaH1Ie npou;eceon TenJionepe

,D;a'lll "TBep,D;oe TeJI0 - KplioreHHaJI }I{JI,D;KOeTl>" no3BOJIJieT Il3Y'IIITI, no,D;06HHe 

eJiy'lalI e u;em,10 nplIHJITIIJI Mep 6e3onaenoeT1I. XapaKTepnoe BpeMJI TaKIIX 

npou;eeeoB eoeTaBJIJieT OT ,D;eeJITK0B MIIKpoeeKyH,D; ,!l;0 HeeK0JII,KlIX MIIJIJIIIee-

· KyH,!I; ,!l;JIJI IIX per1Icrpan;1III o6Ii!'IHO 1IeIIOJII,30BaJilleI, 6i.-reTpo,D;efteTBy10:rn;1Ie 

nJieHo'IHiile eBepxnpoB0,D;HIIKoBiile Tep)\loMeTpii!. 8Tn TepMoMeTpH_' pa60-

Ta10-T B'Y3K0M Te:i,mepaTypHOM ,!l;llaIIa3oHe B o6JiaeTII eBepxnpoBo,D;JI:rn;ero 

nepexo.z(a n pa3pa601:annoe ,D;0 e1IX nop 3Kenep1IMeHTam,noe o6opy,D;oBa

Hne no3BOJIJIJIO npoB0,!l;HTI, II3MepeHllJI T0JII,K0 B orpaHn'leHH0M 'Bii16paHHOM 

,!l;llana3one. :reMnepaTyp. l1enom,30BaHne no.rrynpoB0,D;HIIK0BiilX TepMoMe

TpoB n03B0J1;1leT npoB0,!l;HTI, IIeeJie,D;0BaHllJI BO BeeM IIHTepeeH0M ,!l;JIJI TaKIIx 

1IeeJie,D;0BaH1Ill TeMnepaTypH0M ,!l;llana30He }I{JI,!l;K0ro II eBepxTeKyqero re~ 

JlllJI, 0,D;HaKo, BeJie,D;eTBIIe MeHl>IIIe:ii 'IYBCTBIITeJII,H0eTn no.rrynpoB0,!l;HllK0Bii!X '· 

,D;aT'IIIK0B, npe,Z1;1,JIBJIJieT mecrK1Ie TpeooBaHllJI K per1IeTpnpy10:rn;e:ii annapa

Type. Ilo3TOMY panee no.rrynpoB0,!l;HIIK0Biile ,D;aT'IIIKII He nenom,30BaJI1Iel>: 

Heo6xo,!l;HMOCTl> npoBe,D;eHllJI II3MepeHH:ii TeMnep,iTypH BO MHornx T0'!Kax 

nee.rre,D;yeMoro 061,eMa 06yeJiaBJI1IBaeT 6om,moe K0JIII'leeTBo 3JieKTp1I'Ieeirax 

BB0,!l;0B B OXJiam,n;aeMiilll 061,e:i.r-, -'ITO eHII)KaeT noMexoyeTOll'lllBOeTI, eueTeMiil 

Il yBeJill'IIIBaeT TenJionplIT0K no np0B0,!l;aM. 

TaKHM o6pa3oM, ,!l;JIJI neeJie,D;oBaHllJI 6HeTponpoTeKa10:rn;1IX npou;eeeoB Te-
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IIJI0IIepe,D;a'III B )I{Il,!l;K0M II eBepxTeKyqeM reJIIIIl pa3pa60TKa 6Ii!crpo

,D;efteTBy10:rn;eft MH0rOTO'le'IHOH eneTeMH Il3MepeHIIJI TeMIIepaTyp. e He-

6om,mnM K0JIII'leeTB0M BB0,!l;0B B XOJIO,!l;Hl,Ill 061,eM TaK)Ke JIBJIJieTeJI 

aKTyam,noft 3a,D;aqeft. PeIIIeHHro 3TO:ii 3a,D;a'lll noeBJI:rn;eHa BT0pM qaeTl> ,!l;lle

eepTan;nn, npe,D;CTaBJIJIID:rn;M eo6ofi: rJiaBy 5. 

2. Uem, pa6oTH. B nepBoii qaeTII pa6oTH u;em,10 JIBJIJIJioe1, eo3,D;aH1Ie 6a3Iil 

,!l;JIJI noeTp0eHIIJI Kp1I03JieKTp0HHLIX'encreM e nen0JII,30BaHileM eB0:iieTB BH

e0K0TeMnepaTypHLIX eBepxnpoBO,!l;II:m;IlX MaTepnaJI0B. µJIJI 3Toro npe,n;no

JiaraJioe1, pa3pa6oTaTI, MeT0,!l;llKil II e03,D;aTb 3KenepHMeHTaJII,H0e o6opy,D;O

BaHne ,!l;JIJ:[ 0D;eHKII Ka'!eeTBa BHe0K0TeMIIepaTypHLIX ,lOK03eq>eOHOBeKHX IIe

peX0,!l;0B Il BHC0K0TeMnepaTypHLIX eBepxnpoB0,!l;JIIIl;lIX MaTep1IaJI0B. 

Bo BTOpo:ii qa'eTII pa6oTI,I u;em,10 JIBJIJIJiae1, pa3pa6oTKa KplI0K0MMyTaTOpa 

,!l;JIJI e1IeTeMH, npe,D;Ha3~a'leHHOfi: ,!l;JIJI neeJie,D;0BaHIIJI 6HeTponpoTeKa10:rn;lIX 

TenJI0BiilX npou;eeeoB B TeMnepaTypH0M ,!l;llana30He 1, 4-;- 4, 2 R.: 

3. IlocTaHoBKa a~aq. 

(a) O6Ii!'IHO o KaqecrBe BTCTI .zoK03eq>eonoBeKHX nepexo,D;oB (,n:TI) ey,D;JIT 

no xapaKTepneTnKaM np1I6opoB, n:iroTOBJieHHLIX Ha HX oeH0Be. He,D;o

eTaT0K TaKoro no,D;Xo,D;a B ero ,D;oporoBil3He, noeK0JII,Ky np1I6op M0)KeT 

eo,D;epmaTl> 6om,IIIoe K0JIII'leCTBo nepexo,D;oB. Ilo3TOMY npe,n;no'ITIITem,

nee pa3pa6oTaTl> KplITepnil Ka'!eeTBa e,!l;HHil'IHoro nepexo,D;a II nom,30-

BaTl>eJI IlM npn OTpa6i>TKe TeXH0JI0rllll Il3r0T0BJieHIIJI, JIIIIIII, noeJie 3Toro 

npneTynaJI K n3roToBJieH1I10 eJio)I{Horo np1I6opa. ,ll;IDI ,n:n KpnTeplieM 

Ka-qeeTBa M0)KH0 peKoMeH,D;0BaTI, TOKO-q>a30BOe 0TH0IIIeHIIe (T<I>O), T.e. 

- 3aBnenM0eTb T0Ka KynepoBeKHX nap qepe3 nepexo,D; OT pa3H0eTil q>a3 

napaMeTpa nopJI,D;Ka B eBepxnpoB0,D;HllKe no pa3HHe eTopoHii nepexo,D;a. 

Y n,D;eam,noro ,n;n ToKo-q>a3oBoe 0TH0IIIenne ennyeon,D;am,no. Heen

nyeo1I,D;am.nocr1, T<I>O MomeT npHBeeTn K ,D;erpa,D;aD;1I1I xapaKTepneTIIK 

,lOK03eq>eOHOBeKIIX npn6opoB. Ilo3TOMY Heo6XO,!l;HMO K0HTP0JIIlP0BaTI, 

T<I>O npn n3roT0BJieHllll ,LOKo3eq>eonoBeKHX nepexo,D;oB. 

3nanne Bll,!l;a T<I>O no3B0JIJieT nenom,3oBaTl> Il3BeeTHHe M0,D;eJIII nplI 

pa3pa6oTKe H0BHX npn6opoB n npe,D;eKa3amm HX xapaKTepneTnK. Ta

KIIM o6pa3oM, 3Hanne 3Toro 0TH0IIIeHllJI Ba)KH0 lI e T0'IKII 3peHIIJI npo

BepKII npHMeHIIMoeTII craH,D;apTHHX MO,D;eJie:ii ,!l;JIJI H0BHX MaTep1IaJI0B 

II TIIn0B ,n:n. 

T<I>O B HII3K0TeMnepazypHLIX .n:n 1IeCJie,D;0BaJI1Iel> pa3JIII'IHii!Mll Me

T0,D;aMn. He Bee Il3 HlDC npllMeHIIMH ,!l;JIJI neeJie,D;0BaHllJI BHe0K0TeM

nepaTypH~ ,n;n. Ilpll'IIIHOH JIBJIJieTeJI yxy,D;IIIeHile 0TH0IIIeHIIJI en-
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rHaJI/IDYM BCJie.ZJ;CTBHe IlOBLIIIIeHHJI TeMilepaTypH OKpy»caro:meii: ~pe.ZJ:I,I 

H yxy;zun:emrax xapaKTepHCTHK BHCOKOTeMITepaTypHHX ,lJ,Il. IlpneM

JieMyIO TO'IHOCTL H3Mepemru: MOiKHO .ZJ;OCTH'IL C IlOMom1,ro MO.D:H<pHKa

wm H3MepnTeJII,HOii: CHCTeMH, npe.n;JIOil<eHHOii: B (20]. 11aMeHeHHe 6mm 

BHeceHO .D:IDI Y1IY'lllieHIDI OTHOmeHHJI CHrHaJI/IDYM H 3aK1IIO'laJIOCI, B HC

IlOJII,30BaHHH oxJirul(J(aeMoro npe,nycnJIHTeIDI. 

TaKHM o6pa3oM, 3a.n;a1IaMH HCCJie.n;oBaHnii:, peaymTaTH KOTOpHX 

H3JIO}I{eHH B r11aBax 1 n 2, 6HJIH paapa6oTKa Ma11omyMJimero oxJia}I{.ZJ:a

eMoro ycHJIHTeIDI, IlOCTPOeHHe Ha ero OCHOBe CHCTeMH .D:IDI H3MepeHHii: 

T<DO H HCCJie.n;oBaHne ::noro OTHomeHHJI B BHCOKOTeMnepaTypHHX .ZJ:}I{O

' aecpcoHOBCKHX nepexo.n:ax. 

(b) ,lJ,IDI M~CCHBHHX. CBepxnpOBO.ZJ;HHKOB on;eHKa Ka'leCTBa o6H'IHO npo

BO.D:HTCJI no TpaHcnopTHHM xapaKTepHCTHKaM H 'HX TeMnepaTyp

HHM , 3aBHCHMOCTJIM. R CO}I{aJieHHIO, y pa3HHX aBTOpOB HeT e.n:n

Horo IW.ZJ;XO.ZJ;a _ K TeXHHKe 3THX H3MepeHHii:. 3a,n:a'laMH HCCJie.ZJ;OBaHnii:, · 

H3JIO}I{eHHHX B r11aBe 3, 6HJIH ccpopMyJIHpoBaHne Tpe60BaHnii: K anna

paType H pe}I{HMaM H3Mepemm:, HCXO.ZJ;JI H3 Tpe6yeMoii: TO,'IHOCTH n c' 

y'leToM cpnanqecKHx JIBJieHnii:, npoTeKaromnx B o6paan;ax Bo BpeMJI Te

cTnpOBaHIDI, a TaK}I{e pa3pa60TKa COOTBeTCTByromeii: H3MepHTeJII,HOii: 

annapaTypH .D:IDI cpaBHeHHJI pa3JIH'IHHX MaTepnaJioB n TeXHOJiornii:. 

( c) l1cc11e,n:0BaHIDI B_TCII .ZJ:}I{oaecpcoHoBcKHX nepexo.n;oB n . MaTepnaJioB 

HMeIOT KOHe'IHOii: D;eJII,IO IlOCTpOeHne npn6opOB, pa6oTaromnx . npn 

a30THHX TeMITepaTypax, C xapaKTepHCTHKaMH, KOTOpHe 6HJIH pa

Hee .ZJ;OCTYITHHMH TOJII,KO npn OXJI_a}I{.ZJ:eHHH npn6opoB }I{H.ZJ:KHM reJIHeM. 

3a.n;a'leii: ncc11e,n:0BaHnii:, onncaHHHX B rJiaBe 4, 6HJIO coa,n:aHne cBepx

npoBo.D:Jimero raJII,BaHOMeTpa C 'IYBCTBHTeJII,HI,IM 3JieMeHTOM, pa6oTa

romnM upn TeMnepaType }I{H.ZJ:Koro aaoTa. 

( d) YMeHLIDHTL KOJIH'lecTBo .coe,iorneHHii: Me}I{.ZIY .n;aT'IHKaMn n 3JieKTpo

HHKoii:, Haxo.ZJ;Jimeii:cJI npn KOMHaTHOii: TeMnepaType, MO}I{HO C no

MOmLIO KpnoKoMMyrnTOpa. : OnncaHHHe B JIHTepazype no,no6HI,Ie yc

Tpoii:cTBa noKaaaJIH CBOIO pa60TOcnoco6IwcTL npn TeMnepaTypax .no 

4,2 R. BHcTpo.n;eii:CTBHe 3THX TepMOMeTPOB He npeBHmaJIO 1 ll3Mepe

HHJI 3a 100 MKC [21, 22]. Ilpn HCCJie.n;oBaHHH 6HcTponpoTeKaIOm;nx 

npon;eccoB Ten11onepe.n;a'IH B }I{H.ZJ:KOM n cBepxTeKy'leM reJIHH H3Me

peHHJI .ZJ:OJI}I{HI,I npoBO.D:HTLCJI C TO'IHOCTLIO 10-4 H co CKOpOCTLIO He 

MeHee 10 MKc/naMepeHHe·npn TeMnepaTypax .no 1,4 R (cM., Hanpn

Mep, (27]). IJ03TOMY aa.n;a'laMH HCCJie.ZJ;OBamm, pe3yJII,TaTH KOTOpHX 

H3JIO}I{eHI,I B rJiaBe 5, 6HJIH HCITHTaHne 3JieKTpOHHHX KOMITOHeHTOB npn 
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TeMnepaTypax .no 1,4 Rn paapa6oTKa KpHOKOMMyTaTopa .ZJ;IDI 6HCTpo

.n:eilcTByrom:ero H3MepnTeJIJI HH3KHX TeMnepaTyp. 

4. Ha~'!HaJI HOBH3Ha. 

(a) l1cc11e,n:OBaHH TeMnepaTypHHe 3aBHCHMOCTH KPYTH3HH H TOKOB yTe'IKH 

3aTBopa COBpeMeHHHX apceHn.n:-raJIJIHeBHX IlOJieBHX TpaH3HCTOpOB C 

6ap1,epoM IlloTTKH. PacC'IHTaHH cneKTpaJII,HHe IlJIOTHOCTH myMOBHX 

ToKa n HanpJI}I{eHIDI npn TeMnepaTypax 4, 2 + 300 R. Onpe.n;eJieHo, 

'ITO KPYTH3Ha ncc11e.n;oBaHHHX TpaH3HCTopoB npn oxJia}I{.ZJ:eHHH .no 4,2 R 

yBeJIH'IHBaeTcJI B 1,5-1,7 paaa. 

(b) Onpe.n:e11eHH TOKo-cpaaom.re oTHomeHIDI (T<DO) B BTCII .ZJ:}I{03ecpco

HoncKHx nepexo.n:ax: TopnenHX TOHKOITJieHO'IHHX H MemrpaHyJII,HI,IX 

ofrI,eMHHX. 

( C) Onpe.n;eJieHI,I OCHOBHHe HCTO'IHHKH norpemHOCTeii: npn HCCJie.n;oBaHHn 

TpaHcnopTHHX CBOHCTB cnepxnpoBO.ZJ;HHKOB H orpamr'leHHJI, HaKJia.ZJ:I,I

naeMHe Ha neJIH'IHHY Tecnrpyrom:ero ;roKa. 

(d) Paapa6ornH · MeTo.n; .n;noilHoro aKpaHnpoBaHIDI c ncnoJII,3onaHneM 

BTCII n _cpeppoMarHHTHHX aKpaHon. MeTO,n: no3BOIDieT noey'laTL Ma

rHHTHHil BaKyyM npn pa6oTe 3KpaHa Ha ypoBHe a30THHX TeMnepaTyp, 

'ITO paHee 6HJIO B03MO}I{HO TOJILKO npn OXJia}I{.ZJ:eHHH 3~paHa }I{H.ZJ:KHM 

reJineM. 

( e) l1cc11e.n:onaHH ocHOBHHe xapaKTepncTnKH cepnii:HHx HMO II n 

· HCMOS MYJII,THnJieKcopon B TeMnepaTypHOM .n:nanaaoHe 1, 4 + 300 R. 
Onpe.n;eJieHo, 'ITO npeMeHHHe xapaKTepncTHKH HCMOS MnKpocxeM 

npn oxJia}I{.ZJ:eHHH .no TeMnepaTypH }I{H.ZJ;Koro reJIIDI yeymaroTcJI B ~ 

2 paaa. 

5. IlE_aKTH'leCKM n;eHHOCTL. 

(a) Coa.n;aH ycHJIHTeJIL C OXJia}I{.ZJ:aeMHM TpaH3HCTopoM, pa6oTaIOIUHM npu 

TeMnepaType 4, 2+_300 I{ H co6cTBeHHHM J'.!IYMOM Ha nop11,n:0K MCHLIDllM 

co6cTBeHHoro myMa o6H'!Horo BTCII cKBu.n;a. 

(b) Coa.n;aHa cncTeMa .ziIDI H3MepeHHil TOKo-cpaaonoro OTHomeHIDI n cnepx

npoBO.D:JIIUHX c11a6Hx cn11a11x, rr.oanoIDIIOIUaJI uccJie,n:onaTL .ZJ:}I{03e<l>coHo

BcKHe KOHTaKTH n .n:nanaaoHe TeMnepaTyp 4, 2 + 100 H. 

( C) Coa.n;aHa CHCTeMa .D:IDI HCCJie,n:oBaHHtt TpaHCilOpTHHX CBOHCTB cnepx

npono.ZJ;Jimux MaTepHaJI0B, Il03B01IJIIOIIl;aJI H3y'laTL 3aBHCHM0CTH C0llp0-
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THDJieHIIJI :n: KpHT:n:qecKoro TOKa OT TeMnepaTypH, onpe.n;eJIJITJ,' KpHTH

qecKyro TeMnepaTypy :n: nmp:n:Hy cnepxnpono,wimero nepexo.n;a. Pa3pa-

6oTaHH MeTO.u;:n:KH 6eCKOHTaKTHI,IX HCCJie.n;onaH:n:ii: TeMnepaTypHHX 3a

DHCUMOCTeii: y.n:eJil>Horo conpOTHBJieHIDI :n: Kp:n:T:n:qecKHX TOKOB cnepx-. 
npODO,ll;HHKOD. 

(d) Co3.n;aH cKB:n:.z;i:-raJI1>BaH0MeTp c qyncTBHTeJil>HHM 3JieMeHToM, pa6oTa

rom:n:M np:n: TeMnepaType »rn.n;Koro a3oTa. 9HepreT:n:qecKaJI qyncrn:n:

TeJil>HOCTI> raJil>BaHO~leTpa COCTaB:n:Jia 1, 6 ·• 10-21 /J)K/I'rr., qTQ COOT

DeTCTByeT qyncTBHTeJil>HOCTH Bl>ICOI{OI{aqecTBeHHI,IX noeynpOBO,ll;Hlll{O

BHX ycTpOHCTB. 

(e) BnepBHe pa3pa6oTaH KpHOKOMMYTaTOp aHaJiorOBHX c:n:rHaJion, BXO,wl-

. -Il(Hii: B COCTaB 61>1crpo.n;eii:CTByromero Hll3KOTeMIIepaTypHoro TeJ>MOMe

Tpa, no3BOJIJilOil(ero ll3MepJITJ, TeMnepaTypy B 15 TOql{aX B nmpoKOM 

.n;:n:ana3oHe TeMnepaTyp reJIIDI II. ToqHoCTI> H3MepeHIDI TeMnepaTypH 

paBHa 10-4 np:n: CKOpOCTH 105 ll3MepeHHii: B ceKyu.n;y. ToqHOCTI, ll3Me

peHIDI pa3HOCTH Te?.rnepaTyp panHa 10-5 np:n: CKOpOCTH 106 ll3MepeHHii: 

B CeKyu.n;y. KoMMyTaTOp coxpaHHJI pa60Tocnoco6HOCTJ, nocJie ofieyqe

HHJI noTOKaM:n: raMMa-qacr:n::a; ,ll;030ii: 6oJiee 104 rp3ii: II HeilTpOHOB 6oJiee 

4 • 1013 Heii:TpoH·on/cM2 np:n: 77 K 

6. Anpo6aium pa6oTH. Pe3yJil>TaTH pa6oTH .n;oKJia,ll;I,IimJIHc1>: 

(a) Ha BceCOl03HOM COBell(aHHH MOJIO,ll;I,IX yqeHI.IX ll cnei:J;:n:aJIHCTOB "II po-

6JieMI>I Teop:n:n qyncTBlITeJil>HOCTlI 3JieKTpOHHHX lI 3JieKTpOMexaHnqe

CKHX c:n:cTeM" (MocKBa, 1987]; 

(b) Ha. Me)I{)'.J;yHapo.n;HoM cnMno3nyMe no MaTep:n:aJione.n;eHHro .n;JIJI nepe.n;o

BHX TexHoJiornii: (,Upe3.n;eH, 1990); 

( C) Ha 1-0M Poccnii:CKO-KHTaHCKOM CHMn03HyMe no MaTep:n:aJIOBe.n;eHHlO 

(ToMcl{, 1992); ' 

(d) Ha Mem.n;yHapo.n;Hoii: I{OH<pepeHIJ;HlI no KBaHTOBI,IM BlIXpJIM :n: Typ6yJieH

THOCTlI B nOTOKaX reJIIDI II (reTTHHreH; repMaHHJI, 1993). 

( e) Ha 15-oii: n 16-oii: Me)I{)'.J;yHapo.n;HI,Ix KoHc:pepeH:a;wrx no KpnoreHnKe 

(lhaJIHJI, reHyJI, 1994, n RnoHIDI, KnTaKromy, 1996); 

( f) Ha 3-eM ClIMII03HyMe no HlI3KOTeMnepaTypHOH 3JieKTpOHHKe ll BHCOKO

TeMnepaTypHoii: cnepxnpono.n;:n:Mocrn (CIIIA, P:n:Ho, i995); 

(g) Ha XVIIl-oM Me)l{,ll;YHapo.n;HoM ceMHHape no npHKJia.n;Hoii: cnepxnpono

.n;HHKonoii: 3JieKTpoH:n:Ke n 6:n:oMarueTH3MY (YKpa:n:Ha, )I{yKHH, 1995); 
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(h) Ha IV-oii: Me)I{)'.J;yHapo.n;Hoii: KoHc:pepeH:a;HlI no TexHoJiornn HH3KHX TeM

nepaTyp (qexwr, Ilpara, 1996); 

(i) Ha HayquI,IX CeMHHapaX B JlafiopaTOplilI Heii:TpOHHOH q>lI3lIKH lI Jlafio

paTOplIH cnepxn1>1coKHX 3Heprnii: Ofrr,e~eHHoro HHCTHTYTa JI.n;epHHX 

nccJie.n;onaHHii:. 

7. Ily6JIHKa:a;nn. OcHOBHoe co.n;epma:ipre .n;:n:cceprn:a;nn ony6JIHKonaHo B 18 rry-
6JIHKa:a;HJIX. 

8. CTpyKTypa n 061,eM pa6oTH. ,ll;:n:cceprn:a;wr · cocro:n:T :n:3 nne.n;eHIIJI, .n;nyx 
qacTeii: n 3aKJiroqeHwr. B nepnyro qacTI> nxo,wiT c 1 no 4 rJianH, BTo

paJI qacTI> npe,n;CTaDJIJieT co6oii: IIJITylO rJiany. PafioTa lI3JIO)KeHa Ha 108 

cTpaHn:a;ax n co.n;ep»rn:T 41 pncyHOK n 7 Ta6JIH:a;. 

Co,n;epma.HHe ,n;11ccepTa:a;1111 

IIepnaJI rnana nocnJIIl(eHa · pa3pa60TKe - ?,!aJiomyMJIIl(ero BI>ICOKoqacTOTHoro 

yc:n:JIHTeJIJI C OXJia)K,ll;aeMI>IM BXO)'.J;HI,IM TpaH3lICTOpOM. B pa3,n;eJiax 1.1-1.2 orr:n:

caHI>I nccJie.n;onaHIDI np:n: TeMnepaTypax T; = 4, 2 + 300 I{ xapaKTepncT:n:K co

npeMeHHI>IX TpaH3lICTOpOB C 60JI1>moii: KpyTH3HOii: - AII354r (HIIO "CaTypH"' 

YKpaHHa) n ATF-10136 (Avantek, CIIIA) [1, 2]. Onpe.n;eJieHo, qTQ ycnJIHTeJil>

HI>Ie lI myMOBI>Ie xapaKTepHCTlIKH TpaH3lICTOpon 3HaqnTeJil>HO y~maroTCJI npn 

OXJia)K,ll;eHlilI. KpyTH3Ha TpaH3HCTopoB yneJIHq:n:naeTCJI. B 1, 5 + 1, 9 pa3a npn 

CHlI)KeHHlI TeMnepaTypH .n;o ~ 50 I{, :n: .n;aJiee npaKT:n:qecKH He lI3MeHJieTCJI. 

BI>IJIH onpe.n;eJieHI>I cneKTpaJil>HHe xapaKTepHCTlIKH 3KBHBaJieHTHl>IX HCTO~

I{OB myMonoro HanpJI,KeHwr H TOKa npn Te= 300, 77 :n: 4, 2 I{ (p:n:c.l). Y 3KBH

naJieH~Horo :n:croqH:n:Ka myMonoro HanpJI,KeHIDI rrpn KpnoreHHI>IX TeMIIepaTypax 

pe3KO CHlI)KaeTCJI HlI3I{OqacTOTHaJI 1/ f COCTaBJIJilOil(aJI, cneKTpaJil>HaJI nJIOTHOCTl> 

"6eJioro" myMa CHlI)KaeTCJI B ~ 1, 3 pa3a. y 3KBHBaJieHTHOro HCToqHlII{a myMo

noro TOKa pe3KO CHlI)KaeTCJI qacTOTHO-He3aBHCHMaJI COCTaBJIJilOil(aJI, Bl>I3BaHHaJI 

.n;po6oBI,IM illyMOM TOKa YTeql{ll 3aTBopa. 

B pa3,n;eJie 1.3 onncaH pa3pa6oTaHHHii: MaJiomyMJIIl(nii: ycnJIHTeJil> c oxJia

,K,ll;~eMI>IM nepBI.rM KacKa.n;oM [1, 2, 3]. B Kaqecrne OXJia;I{)'.J;aeMoro TpaH3HCTopa 

IicnoJI1>JonaJIHc1> AII354r n ATF-10136. Ilpn TOKe cToKa 10 MA yponeHi. 6eJioro 

myMa 6I>IJI cooTBeTCTBeHHo MeH1>me 0,6 HB/I'rr,112 n 0,45 HB/I'rr,112 n TeMIIepa

TYPHOM .n;:n:ana3oHe Te = 4, 2 + 100 K MomHocrr,, BI,I)'.J;eJIJieMaJI oxJiam.n;aeMoii: 

qacTI>lO ycnJIHTeJIJI, cocTannJia MeHee 25 MBT. IIIyMonaJI TeMnepaTypa CBJI3aH

Horo co cKBn.n;oM I{OJie6aTeJI1>Horo KOHTypa CHH3HJiacr, c ~ 200 I{ .n;o Te. XapaK

TepncTHKH yc:n:JIHTeJIJI conna.n;aroT c xapaKTep:n:crnl{aM:n: eyqmnx H3 onncaHHHX 
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b) 
Pnc. 1: qaCTOTHLie 3aBHCHM0CTH llpH paaml'IHLIX TeMnepaTypax: a) 3 • .n.c. myMa en; b) illJM0B0ro 
T0Ka in. o - 300 K,· D - 77 K, I::,. - 4.2 K. 

n JmTepaType aHaJioron (0, 5 HB/In:112 JI.JIJI ycnJmTeJIJI 113 [23]), rrpH MeHI,wefi 
paccennaeMofi Mom;HocTII. 

Bo nTopofi rJiane paccKa31.rnaeTc11 o nccJieJI,onaHIIJIX TOKo-q>a3onoro oTHowe
HIIJI (T<I>O) n JI.»{03eq>coHoncmx rrepexoJI,ax (.LJ:II) 113 BLICOKOTeMrrepaTypHLIX 
cnepxrrpoBOJI,HHKOB. B pa3JI,eJie 2.1 o6oCHOBLIBaeTCJI BLI6op MeTOJI,a IICCJieJI,ona
HHH T<I>O [2, 4]. BLIJI Il36paH MeTOJI." BnHceHT-.n:nnepa [20], IIOCKOJII,Ky B HeM, 
B OTJIIlqllll OT JI.pyrHX MeTOJI,OB, He HaKJiaJI,LinaeTCJI CTpornx orpaHI1qeHHH Ha 
IIHJI.YKTilBHOCTI, rrpn yneJmqeHIIII TeMrrepaTypLI Te. 8TOT MeT0JI. COCTOIIT B 113-
MepeHIIII MaJioc11rm1m,Horo HMrreJI,aHca cJia6ofi cn11311, BKJiroqeHHofi n Bq CRBIIJI., 
pa6oTarom;Hfi n 6e3r11crepe311cHOM pe}KHMe. ' 

B pa3JI,eJie 2.2 orrncaHa'cncreMa, pa3pa6ornHHa11 JI.JIJI Tamx Il3MepeHn:ii [2, 5). 
Ee OCHOBOH JIBJIJieTCJI YCIIJIIlTem,, OIIIICaHHLIH n rJiane 1. <l>yHIUJ;IIOHaJII,HaJI JI.II-, 
arpaMMa cncreMLI rroKa3aHa Ha pnc.2. CncTeMa pa6oTaeT cJieJI,yrom;nM o6pa3oM. 
IlepnLI:ii IUlq>po-aHaJioronLI:ii, rrpeo6pa3onaTem, 1(AII1 BLICTaBJIJieT yrrpanJIJIIO
m:ee HaIIpJI)I{eHile JI,JIJI IICToqHnKa TOKa, COOTBeTCTByrom:ee orrpeJI,eJieHHOMY IIO
CTOJIHHOMy ToKy Inc- ToK Inc orrpeJI.eJIJieT BHewHee MarHIITHOe rroJie 4>E 
BHYTPII KOHTypa RBaHTOBaHIIJI CRBIIJI,a. qaCTOTa BLIXOJI,Horo HaIIpJI)I{eHIIJI Bq
reHepaTOpa 3aJI,aeTcJI c rr0Mom;1,ro n;nq>po-aHaJioronoro rrpeo6pa3onaTeJIJI 1(AI12. 
lfaMeHJIJI nLIXoJI,Hoe Iiarrpm«eHHe_ 1(AI12, MO>KHO cHJITL AqX KOJie6aTem,Horo • 
KOHTypa LrCr. <l>a3onpam;aTem, KOMIIeHcnpyeT q>a3oBLI:ii CJI.Bnr no nxoJI,Ho:ii nerrn 
II YCIIJIIlTeJie. BLIXOJI,HOH cHrHaJI C JI,eTeKTopa q>IIJII,TpyeTCJI. Hil3KoqacTOTHLIM 
q>nm,TpOM 11 I13Mep11eTc11 aHaJioro-IU1q>ponLIM rrpeo6pa3onaTeJieM A1(II . .LJ:aHHLie 
1Iepe3 KOHTPOJIJiep KAMAI{ BJ:IOJI.JITCJI n rraMJITL KOMIILIOTepa JI.JIJI JI,am,Hemrie:ii 
06pa60TRI1. 8TII Il3MepeHHJI IIOBT.OpJIJmCI, rrpn pa3JmqHLIX 3HaqeHIIJIX BHeWHero 
MarHIITHOro IIOJIJI q> E· Ilo cepllll A qx orrpeJI,eJIJIJIIlCI, 3aBIICIIMOCTII pe30HaHCHLIX 
qacTOT II JI,06poTHOCTII OT IIOJIJI q> E· HcxoJI,JI 113 HHX, pacqnTLIBaJiac1, IIHJI.YRTII-
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Pnc. 2: <l>yHKUHOHaJlbHaJI .nHarpaMMa CHCTeMLI .!IJIJI H3MepeHHll T<l>O. 

BHOCTL JI.»{03eq>coHoncKoro. rrepexoJI.a C(4>E)- IlepexoJI. K apryMeHTY <p rrpono
JI.IIJICJI rryTeM qHcJieHH0ro HHTerpHponaHIIJI ypanHeHIIJI 1. 3aTeM, c IIOM0m;LIO 
ypanHeHIIJI 2 orrpeJI,eJIJIJIOCL TOKO-q>a3onoe OTH0WeHHe Ip(<p)._ 

<l>E[ L ]-I 
<p(4>E).= / 1 + C(4>E) d4>e. (1) 

C(ip) = !:_ (dip(<p))-1 
2e dip 

(2) 

B pa3JI,eJie 2.3 rrpHneJI,eHLI pe3ym,rnTLI HCCJieJI,onaHH:ii Ip(ip;{1) JI.~ JI.BYX BHJI.0B 
BTCII .n:rr - TOpn;enoro TOHKOIIJieHoqHoro H MOCTHKOBoro ofrLeMHoro. Tpn 
TOHKOIIJICHO'IHLIX CRBHJI,a IIOKa3aJIIl rrpaKTHqecRII 0JI,IIHaKOBLie xapaKTepHCTIIRII 
rrpn T = 68 K, KorJI,a ocHOBHOH rrapaMeTp CRBIIJI.a 6LIJI paneH /3 = 2 -;- 3 . .ll:JIJI 
orrpeJI,eJieHHJI Ip( <p) IICCJieJI,OBaJIIlCI, A qx KOJie6aTeJII,HOro KOHTypa, CBJI3aHH0ro 
co CRBIIJI,aMH rrpn TeMIIepa:rype 0K0JIO 80 K. IlpH 3TOH TeMrrepaType CKBHJI.I,I 
pa6oTaJm n 6e3r11cTepe311cHoM pe,KHMe c /3 = 0, 3. Pe3ym,rnT pacqern Ip( <p) 
JI.JIJI K0HTaKrn 1 rroKa3aH Ha pnc.3 (cJiena). T<I>O 3T0ro KOHTaKTa 6JIH3KO K 
CIIHYC0IIJI,aJII,H0MY. 

liccJieJI,OBaJIHCL IIJITL Me»rrpaHyJII,HI,IX .LJ:IJ, BKJIIO'leHHI,Ie B 061,eMHI,IC CRBHJI.I,I 
H3 BiPbSrCaCuO [1, 2, 6). KaK BIIJI.H0 113 pnc.3 (crrpana), Ip(ip;{1) 3THX rrepe-
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Pnc. :l: ToKo-<jia:ioaoe 0THollleene Topneaoro .n:n (cneaa) n .n:n, BKJl!oqeeeoro a 061.eMHUi! CKBH.11 
H3 BiPbSrCaCuO (cnpaaa). · 

X0,D;0B Tam«e 6Jlll3KO K c1rnycon.nam.H0My. 

CncTeMa M0JKeT HCII0Jil>30BaTI,CJI ,D;JIJI K0HTp0JIJI Ka'leCTBa ,arr. .z:i:JIJI IIpHMepa 
Ha pnc.4 II0Ka3aHI,I B0Jil>T-II0T0K0BLie XapaKTepHCTHKH .D:Byx .arr - C CHHYC0H
,D;aJII,HLIM. ll Hecnnycon.nam.HLIM T<I>O. KaK BH,D;Ho H3 pncyHKa, HecnHycon.nam.
H0CTL T<I>O IIpHB0,ll;HT K pe3K0MY HCKaJKeHHIO Tpeyrom.Hoii: B0Jil>T-IIOT0K0BOii: 
xapaKTepHCTHKH. 

DmBa 3 IIOCBJII~e:im HCCJie,D;oBaHHJIM TpaHC~0pTHLIX xapaKTepuCTHK BTCrr
MaTepHaJI0B. B pa3,D;eJie 3.1 npoBe,D;eHo cpaBHeHHe MeT0,ll;0B H3MepeHHJI TeMne
paTypHoii: 3aBHCHM0CTH y.n;em.noro conp0THBJieHHJI CBepxnpoB0,ll;HHK0B [7]. On;e- . 
HeHLI orpaHH'leHHJI Ha BeJilI'lHHY TeCTHpyromero T0Ka ,ll;JIJI HCKJIIO'leHHJI OIIIH6KH 
onpe.neJieHHJI nmpHHLI cBepxnpoBo,l(Jlmero rrepexo.na. Onncana YHHBepcamnaJI. 
aBTOMaTH3HpoBaIIHaJI ycTaH0BKa Ha 6aae nepcoHam.Horo K0MIILIOTepa, pa3pa6o-' ' ' ' ·-

TaIIHaJI ,ll;JIJI HCCJie,D;0BaHHJI TeMnepaTypHLIX 3aBHCHMOCTeii: y.n;em.Horo conpoTH
BJieHHJI n KpllTH'leCKoro T0Ka B CBepxnpoB0,ll;HHKax [7, 8, 9, 10]. BJioK-CXeMa 
ycTaII0BKH n306paJKeHa Ha pnc.5. OnopHoe nanpJIJKenne c · o,D;Horo H3 · Tpex 
HCT0'lIIHKOB: CHHYC0H,D;aJil>H0r0 500 rn; (6JIOK 2), II0CT0JIHII0ro (6JIOK 3) HJilI 
nporpaMMII0 ynpaBJIJieMoro (rrY) HMIIYJILCHoro ( 6JIOK 1), 11epe3 rrY K0MMYTa
Top (6JioK 5) nocTynaeT Ha aHaJioroBLiii: BX0,D; ,D;BeHa,D;IJ;aTnpa3pJI,D;Horo IJ;Arrl 
(6JIOK 6). CnrnaJI C· BLIX0,D;a IJ;Arrl no.naeT~JI 11epe3 K0MMYTaTOp 7 Ha BXO,ll;. 
nporpaMMHpye1mro IIpeo6pa30BaTeJIJI Ha~pJIJKeHHe-T0K (6JIOK 8). ·I{oMMyTaTOp 
BKJIIO~aeTCJI mI6o nporpaMMOii: nenocpe.ncTBeHHo, mI6o 11epe3 TTY o,D;Hi:rnn6pa
TOp 9. C BLIX0,D;a npeo6pa30BaTeJIJI 8 TOK IIOCTynaeT Ha pa31,eM H3MepHTeJILHOii 
roJIODKH 10. BLIXO,ll;HOH CHrHaJI C H3MepnTeJil>HOH o6MOTKH II0CTynaeT Ha BX0,ll; 
YCHJilITeJIJI II0CT0JIHH0ro T0Ka 12 HJilI CHHXp0HHoro YCHJilITeJIJI 14. HanpJIJKe-
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IBM AT . 

Pnc. 5: BnoK-CXeMa ycTaH0BKH ,lVJH H3MepeHHi! TpaHCII0pTHl,IX xapaKTepHCTHK CBepXIIp0B0.l\HHK0B. 
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Pnc. 6: TeMnepaTypHM 3aBHCIIMOCTb ~em,noro conpOTHBneHHH CBepxnpoBO,ZU!llKa npn pa:innq

HhlX TeCTHPYIOII\llX
0

TOKaX Ir, a) fr B1I6pan npaBHnbHO b) IT 6onLrue ,!J;OilYCTHMOro. 

HIDI c BLIXO,Zl;OB ycIIJDITeJieii: nocTynaIOT Ha AI..1;1117 c nporpaMMHO KOMMYTIIpye

MLIMII BXO,D;aMII. 06HyJl1IeTCJI IIHTerpIIpyIOIIUIH qmm.Tp CIIHXpOHHoro ycIIJIIITeJI)I 

cIIrHaJIOM C 6JIOKa CIIHXpOHII3aI(IIII 18 . .ll:J11I KOMIIeHCaI(IIII C,n;BIIra <pa3LI B II3Me

pIITem.HLIX n;eIIJix CJIY.lRIIT <paaoBparn;aTem.19. I1aMepeHIIe TeMnepaTypLI npoIIa

BO,n;IITCJI pe3IICTIIBHLIM ,n;aTqIIKOM, IIIITaeMLIM IICToqHIIKOM IIOCTOJIHHoro TOKa 4. 
BLixo,n;Hoe HanpJDKeHIIe ,n;aT~Ka ycIIJIIIBaeTCJI ycmrnTeJieM 16. ToK HarpeBa

TeJl1I perymi:pyeTCJI ,n;ecJITIIpa3pJIJJ;HHM nmppo-aHaJioroBI,IM npeo6paaOBaTeJieM 

UAIT2 {6JioK 13). HanpJDKeHIIe c UAII2, nocTynaeT qepea npeo6paaoBaTem, 

HanpJDKeHIDI B TOK 11 Ha pa3'beM 10. .n:~ KOHTPOJl1I aa ypoBHeM a30Ta IICIIOJil,

ayeTCJI pe3IICTIIBHLI:fi ,n;aTqIIK, CMern;eHHLIH IICTOqHIIKOM IIOCTOJIHHOrO TOKa 15. 

.ll:J11I ycIIJieHIDI cIIrHaJia ypoBHeMepa CJIY)KIIT ycIIJIIITem. 20. YnpaBJieHIIe ycTa

HOBKoii: ocyrn;ecTBJl1IeTCJI c n0Morn;1,10 nep~o:ii:am.Horo KOMIILIOTepa IBM AT 'no 

nnrne KAMAR. 

KoHCTPYKI(IDI ycTaHOBKII II03BOJl1IeT IICCJie,D;oBaTL o6pa3I(LI B TeMnepaTypHOM 

,n;IIanaaoHe 77 '7 300 K; IIcnom.ayJI CTaH,n;apTHLI:fi aaoTHLiii ,n;LIOap. .ll:J11I IIc

cJie,n;oBaHII:fi aaBIICIIMOCTII p(T) qeTHpeXKOHTaKTHLIM MeTO,Zl;OM IICIIOJil»30DaJIIICL 

o6pa3I(LI IIpJIMoyrom.Hoii: <popMLI paaMepoM 20 X 7 X 2 MM, II3rOTOBJieHHLie Me

TO,Zl;OM npeccoBaHIDI. .ll:J11I 6ecKOHTaKTHLIX II3MepeHIIii IICnom.30BaJIIICI, KOJil»I(e

BLie o6pa3I(LI 07 X 05 X 2 MM. YcTaHOBKa no3BOJl1IeT IICCJie,n;OBaTI, o6paan:r.i: C 

conpoTiIBJieHIIeM 10-9 + 10 OM C qyBCTBIITeJil,HOCTLIO no 3JieKTpIIqecKOMY noJIIO 

B o6paane 0, 5 MKB/M. IlpIIMepLI II3MepeHHLIX aaBIICIIMOCTeii p(T) npIIne.n;eHLI 

Ha pIIc.6. 

Paa,n;eJI 3.2 nocBJirn;eH II3MepeHIDIM KpIITIIqecKoro TOKa B BTCII [7, 8, 9, 10]. 
KpIIT:n:qecmii: TOK o6LiqHo onpe,neJ11IIOT no ABX, IIcnom.ayJI KpIITepII:fi no Ha

npJDKeHHOCTII 3JieKTpIIqecKoro noJ11I I.El = 1 MKB/cM. 0.n;HaKo napaaIITHLie 

HanpJDKeHIDI, B03HIIKaIOrn;IIe B o6paane II3 BTCII BCJie,n;CTBIIe TepM03<p<peK-
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ToB, MoryT :1.rnoroKpaTHO npenmnan, DeJIIIqIIHY 1 MKB/cM. B paa.n;eJie 3.2.1 

npII BHpa60TKe KpIITepIDI npe.n;Jio.lKeHo IICIIOJil,30BaTL . 3aBIICIIMOCTL Me.lK.n;y Ha

npJDKeHHOCTI,10 3JieKTpIIqecKoro noJ11I EB o6paane II 3<p<peKTIIBHoii: qacTOTO:fi Ko

Jie6aHII:fi pelIIeTKII :MarHIITHHX BIIxpeii: f. EcJIII 3<p<peKTIIBHaJI qacTOTa f 6y;n;eT BO 

MHoro paa MeHLme qacTOTH xapaKTepHHX npon;eccoB fx, npoTeKaIOrn;IIx B npII-

6ope, c.n;eJiaHHOM II3 .n;aHHoro CBepxnpOBO.n;HIIKa, f ~ fx, TO B03HIIKaIOrn;ee CJia-

6ope3IICTIIDHoe COCTOJIHIIe CBepxnpODO.n;HIIKa He 6y;n;eT BJIIIJITI, Ha pa6oTy npII-

6opa. On;eHKII noKa3LIBaIOT [25], qTo ,Zl;Jl1I qacTOTHOrO ,n;:n:ana30Ha 1 rn - 109 rn 

Heo6xo.n;:n:MaJI qyBCTBIITem.HOCTI, II3Mepeim:tt COCTaBIIT 10-8 - 10 B/i.J.. 

B paa.n;eJie 3.2.2 .n;aH KpaTKIIH o6aop MeTO.n;IIK II3Mepea:n:ii: KpHTHqecKoro TOKa.· 

IloKa3aHo, qTo KOHTaKTHH:fi paaorpeD CHJil,HO orpaHHqHBaeT qyBCTBHTeJil»HOCTI, 

KOHTaKTHHX MeTO,Zl;OD. Cpe,n;:n: 6eCKOHTaKTHLIX MeTO,Zl;OB ,Zl;J11I OIIHCHDaeMoii: CH

CTeMLI H3MepeHHH 6LIJI DH6paH TpaHCq>OpMaTOpHH:fi MeTo,n; [26]' IIOCKOm.Ky npH 

ero IICnOJil»30BaHHH IICKJIIO'laeTCJI DJIIIJIHHe BHyTpHrpaeym.HHX KOHTYPHHX TO

KOD, a TaK.lKe He npOHCXO.n;IIT KOHTaKTHLI:fi neperpeB. 

B paa.n;eJie 3.2.3 aHaJIII3IIpyIOTCJI IICTO'IHIIKII IIOMex IIpII H3MepeHHJIX KpIITH

'leCKoro TOKa TpaHccpopMaTopHLIM MeTO,Zl;OM. CnH<pa3HaJI IlOMexa B OCHOBHOM 

DLI3BaHa eMKOCTHOH CBJI3LIO C12 Me}K)];y TOKO~Oii: II H3MepIITem.Hoii: KaTynrnoii:. 

.ll:J11I ee yMeHI,IIIeHHJI B_ ycTaHOBKe CHII.lKeHa napa3IITHaJI eMKOCTL C12, IIyTeM 

,:lJieKTpOCTaTH'leCKoro 3KpaHHpoBaHIDI KaTymeK TpaHc<popMaTopa. Rna,n;pa;yp

HaJI _IIOMexa D03HIIKaeT II3-3a noJ11I pacceJIHIDI TpaHCq>OpMaTOpa . .ll:J11I ee yMeHL

IIIeHIIJI 6LIJI IICnOJil»30DaH CHHXpOHHHH ycHJIIITem.. I13MeHeHIIe KOHCTpyKI(IIII 

TpaHCq>OpMciTopa H IICIIOJil,30BaHHe CHHXpOHHoro YCIIJIIITeJ11I, Il03DOJIIIJIO II3Me

p1ITL HaIIpJI.lKeHIIe B o6pa3I(e C .'IYDCTBIITeJil»HOCTLIO 10 HB, 'ITO npII cpe,n;HcM ,n;:n:

aMeTpe o6paana 6 MM cooTBeTcrnyeT HanpJDKeHHocrn noJ11I E = 0, 5 MKB/M [7]. 

8To Ha .1,5 nopJI,n;Ka JIY'lllle, qeM y aHaJiorII'lHHX ycTaHODOK n Ha 3 ·nopJI,n;Ka 

BLIIIIe 'lYBCTBHTem.HOCTH KOHTaKTHHX MeTO,Zl;OB. 

Bo npeMJI npoBe,n;eHIDI II3MepeHHii aaDHCIIMOCTH Jc(T) no Mepe oxJia.lK)];eHIDI 

o6paana qepea aa,n;aHHLiii mar TeMnepaTypH CHIIMaeTcJI ABX . .ll:J11I 3Toro TecTH

py10rn;nii: TOK Ir D BH,D;e naKeTOB CHHycoH,n;am.HLIX HMnym.coB C HapacTaIOrn;eii: 

aMnJIIITy;n;oii: nocTynaeT Ha nepnHqHy10 o6MoTKY H3MepIITem.Horo TpaHc<l>op:1.rn

Topa T {pIIc.5 II 3II10pa 1 Ha pHC. 7). 8TOT TOK coa,n;aeT D cep.n;etIHHKe MarHIITHHH 

IIOTOK aMnJIIITy;n;oii: <I>1. IloKa o6pa3eI( HaXO,Zl;IITCJI B CBepxnpODO.n;JIIIl;eM COCTOJI

HIIII, B HeM HaIJO,Zl;IITCJI TOK C aMIIJIIITy;n;o:tt J; ~ N1 · It, C03,D;aIOrn;Hii: IlOTOK <J> S 

TaKoii: BeJIII'!IIHLI, 'ITO cyMMapHI>lii: MarHHTHLI:fi IIOTOK BHyTplI cnepxnpono,n;Jirn;ero ' 

KOJil»I(a <I>E paBHJieTCJI HYJIIO. Ha BHBo,n;ax BTOpH'IHO:fi o6MOTKII HaIIpJDKCHIIC no

JIDJl1IeTCJI TOJil»KO Tor.n;a, Kor,n;a aMIIJIIITy;n;a TOKa If npenHmaeT KpHTII'lCCKII:fi TOK 

le. 8To HanpJI.lKeHneU2 {3II10pa 2) YCIIJIIIBaeTCJI H .n;eTeKTIIpyeTCJI CIIHXpOHHHM 

,n;eTeKTOpOM (3IIIOpa 3). KpIITepIIeM ,Zl;OCTII.lKeHHJI KpIITII'leCKoro TOKa CJIY)KIIT 
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PHc. 8: AMnep-eoJJbTHaH xapaKTepncTnKa (cneea) u JaeucuM0CTb KpHTU'!ecKoro T0Ka OT TeMne

paTyp1,1 (cnpaea) o6paJna HJ BiPbSrCuCaO. 

npem.uneHHe BhIXO,ZJ;IIOro HanpJiiKeHHJI CHHXpOHHOro ,n;eTeKTopa aa,n;aHHOro IIO

pora HanpJI»ceHHJI U1h (3IIIOpa 4). YcTaHOBKa II03BOJIJieT H3MepJITL IIJIOTHOCTL 

KpHTnqecKoro TORa n ,n;nanaaoHe 0, 6 + 6 • 104 A/cM2~ IlpnMephl H3MepeH~oft 

ABX n aaBHCHMOCTH Jc(T) IIpnBe,n;em.1 Ha pnc.8. 

B r.nane 4 oIIncaH paapa6oTaHHLift Ha ocHoBe IICCJie,n;OBaHHft BTCIT MaTepII

aJIOB H .n;rr BTCil-cKDH,Zl; raJILBaHOMeTp [12, 13, 14]. CKBH,Zl; H3rOTaBJIHBaJICJI H3 

KepaMHKH Y1Ba2Cu3O7_x c Kp1nnqecKHft TOROM 6oJiee 100 A/cM2, qTQ oIIpe

,n;eJIJIJIO OTHOCHTeJILHO MaJILift ypoBeHL IIIYMOB THIIa 1/ f. ,UJIJI °CHHiKeHHJI ypo

DHJI MarHHTHhIX IIOMeX HCIIOJIL30BaJICJI CBepxIIpOBO,n;JIIIl;Hll 3KpaH H3 KepaMHKH 

Y 1Ba2Cu3O7_x, ,n;onnpoBaHHoft cepe6poM. IlocKOJILKY nepBoe KpHTnqec1foe 

IIOJie MemrpaeyJILHLIX CBJI3eft HeBeJIHKO (~ 10-4 TJI), npn IIepexo,n;e n cnepx

IIpono,n;Jiru;ee cocToJIHHe n BTCIT 3KpaHax MOiKeT "BMOpQ3HTLCJI" aHaqnTeJILHoe 

. IIOJie [12, 13]. ,UJIJI yMeHLIIIeHHJI OCTaTOqHoro IIOJIJI 6LIJIO IIpe,n;JIO)KeHO lICJIOJII,-

30DaTL ,n;DOllHOe 3KpaHnpoBaHHe [12, 14]: oxnam,n;aTL CBepxnpOBO,n;JIIUHll 3RpaH 

DHYTPH <J.>eppoMarHHTHOro 3RpaHa. 
Ilone IIpo6oJI BTCIT 3RpaHa cocTaBHJIO Ha ~ 12 re. ,UJIJI IIpe,n;napnTeJILHoro 

3RpaHnpoBaHHJI HCIIOJII,30BaJICJI qeTLipeXCJIOllHLill MarHHTHhlll 3KpaH H3 nepMaJI-
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KAMAI< 

Puc. 9: BnoK - cxeMa faJJI,BaHOMeTpa. 

JIOJI, CHHiKaBIIIIIft BHeIIIHee MarHHTHoe none ,n;o BeJilPllIHI,I 10 HT. 

RoHCTPYKIIHJI raJILBaHoMeTpa noaBoJIJieT IICIIOJIL30BaTL ,n;JIJI pa6oThl cTau,n;ap

THLift a30THhlll ,n;LlOap. <I>yHKIIHOHaJILHaJI cxeMa raJILBaHOMeTpa II306pameHa 

Ha pIIc.9. l1a1rnpJieMHft TOK no,n;aeTcJI BO BXO.n;HYIO KaTYIIIKY Lm, HH,n;yKTHBHO 

CBJI3aHHYIO c BTCIT Bq cKBn,n;oM. BucoKoqacToTHI.Ift TOK cMeru;eHHJI KoHTypa 

LrCr, BLipa6aTLIBaeTcJI Bq reHepaTOpoM. YcnJieHIIe cIIrHaJia c KoJie6aTeJILHoro 

KOHTypa ocymecTBJIJieTcJI Bq ycnJIHTeJieM. Hq 6noK CJIYiKHT ,n;JIJI IIpeo6paaoBa

HHJI, ycmieHHJI H HH3KoqacTOTHOU q:>HJILTpaIUIH -CIIrHaJia CKBH,n;a. BJIOK M0,Zl;yJIJI

nnn Bhlpa6aThIBaeT TOK HH3KoqaCTOTH0ll M0,!JY.JIJinHII CKBH,n;a. CnrHaJI C BhIX0,n;a 

Hq 6noKa npeo6paayeTcJI n nnq:ipoByIO q:>OPMY c noM0IULIO aHaJioro-nnq:ipoBoro 

npeo6paaoBaTeJIJI AU:11 II no IIIIIHe RAMAR nocTYJiaeT B nepco~aJILHhli;: K0M

IILIOTep ,Zl;JIJI ,n;aJILHeftIIIeft o6pa60TKH. 

Ro3q:>q:>IInHeHT npeo6paaoBaHHJI raJILBaHoMeTpa cocTaBIIJI 30 HA/if!o, r,n;e 

if!o = 2 . 10-15 B6-KBaHT MarHHTH0ro II0T0Ka. CIIeKTpqJILHaJI IIJIOTHOCTI,' 

IIIYM0B B o6JiaCTH "6enoro" IIIYMa C0CTaBJIJieT 10 nA/rn112 (pnc.10). qyBCTBH

TeJILH0CTI, Ha qacT0TaX HH)Ke 1 rn orpaHIItmBaeTCJI II0BhillleHHhIM 1/ / IIIYM0M. 

8HepreTnqecKoe paapeIIIeHne raJILBaHoMeTpa eg B o6JiaCTII 6enoro IIIyMa cocTa

BHJIO -~ 1, 6 . 10-21 ,n:m/rn. ,ll;ocrnruyToe eg ~00TBeTcTByeT· paapeIIIeHHIO BLI-' 

. coKoKaqecTBeHHLIX nonynpoBO.n;HIIKOBhIX ycTpo,ttcrB II MomeT 6LITL 3HaqmeJILH0 

ynyqIIIeH0 II0CJie II0JIBJieHHJI CBepxnpoB0,n;JIIUIIX corJiacyroru;nx 3JieMeHT0D. 

B rmiBe ·5 IIpe,n;CTaBJieHhl peayJILTaTI.I pa60TLI II0 coa,n;aHHIO KpH0K0MMYTa

TOpa, BXO,n;JIIUero B C0CTaB CHCTeMI.I ,Zl;JIJI 6blCTphIX H3MepeHHft HH3KHX TeMIIepa

Typ [15; 16]. B paa,n;eJie 5.1 IIpIIBe,n;eHhl peayJILTaTI.I HCCJie,n;OBaHHJI 0CHOBHI.IX 

xapaKTepIICTHK.HeCKOJILKHX THllOB cepHHHLIX/RMOIT H HCMOS MYJILTHIIJieKCO

poB B TeMnepaTypH0M ,n;nanaaoHe 1, 4+300 R. Cpe,n;n IIcCJie,n;oBaHHI.Ix JIY'IlIIllMH 

xapaKTepIICTHRaMH o6Jia,n;aJIH HCMOS MIIKpocxeMH cepnft 74HC (nponaBo,n;

CTB0 Valvo, CillA) n 1564 (CHr), 6ucTpo,n;eftcTBne KoTopux yBeJIHqmianoci. 

noqTn n 2 paaa npn oxJiam,n;eHHII ,n;o 4,2 R [15]. MHKpocxeMI.I, naroTOBJieHHhle 

II0 3TOll TeXH0Jionm, 6I.IJIH BI.I6paHH B KaqecTBe 3JieMeHTHOll 6a3I.I KpHOKOMMY

TaTOpa. 
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Pnc. 11: 8JieKTpnqecmUI. cxeMa KOMMyTaTopa. 

B pa3,neJie 5.2 orrncaH pa3pa6oTaHHLIH KpIIOKOMMyTaTOp airnJiorom.ix CII

rHaJioB [16, 17]. RoMMYTaTop BHnoJIHeH no cxeMe, npIIB~.n;eHHott Ha pIIc.11. 

CmHaJI c BHenrnero reHepaTOpa nocTynaeT '1epe3 TpIIrrep lIIMIITTa D1 Ha 

BXO,ll; ,ll;BOII'IHOr,o C'leT'IIIKa D2. TpIIrrep CJIYlIDIT ,ll;JIJI nOBI,IllleHIUI noMexo

ycTOH'IIIBOCTII, TaK KaK KOMMyTaTop y,n;aJieH OT "TenJI_oro" ycIIJIIITeJIJI Ha He

CKOJII,KO MeTpOB. C'leT'IIIK_ D2 ynpaBJIJieT MJJII,TIInJieKcopaMH D3 II D4, KO

Top1,1e nocJie,noBaTeJII,HO coe.n;IIHJUOT no 'leTHpeXTO'le'IHOH cxeMe TepMo.n;aT'IIIKII 

.l(Tl-.l(Tl5. l1cnom,3onaHIIe OXJia}l{,Zl;eHHOro C'leT'IIIKa no3BOJIIIJIO yMeHI,IIIIITl> 

l{OJIII'le~TBO npOBO,ll;OB, no_ l{OTOpHM nepe.n;aIOTCJI 11;mppon1,1e CIIrHam.i ynpaBJie

HlIJI. 

l1cnom,30BaHIIe KOMMyTaTopa no3BOJIIIJIO yMeHI>IIIIITl> KOJIII'leCTBO 3JieKTpII'le

CKlIX BBO,ll;OB B OXJia}l{,Zl;aeMHH 061,eM C 60 ,ll;O 7 ,ll;JIJI 15 ,naT'IIIKOB npII II3MepeHIUIX 

no 'leTHpeXTO'le'IHOH CXeMe. 

B pa3.n;eJie 5.3 IIpIIBe.n;eHH OCHOBHHe. xapaRTepIICTIIKII CIICTeMH ,ll;JIJI 61,1cTpl>IX 
' ·• .. 
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II3MepeHIItt TeMnepaTyp, B COCTaB KOTOpott BXO.n;IIT KpIIOKOMMyTaTOp. CIICTeMa 

no3BOJIJieT II3MepJITl> conpoTIIBJieHIIe C TO'IHOCTl>IO 10-4 npII BpeMeHII II3MepeHIItt 

10 MKC II II3MeHeHIIe conpOTIIBJieHIIJI C TO'IHOCTl>IO 10-5 npII BpeMeHII npeo6pa-

30BaHIIJI 1 MKC. RpirnKOMMyTaTOp coxpaHIIJI pa6oTOcnoco6HOCTl> nocJie o6ny'le

HIIJI noToKoM HefiTpOHOB .no 4 • 1013 HefiTpoHon/cM2 II i:to3e raMMa II3JIY'leHIUI ,no 

104 I'patt npII T = 77 R [18]. 

0CHOBHLie peaym,TaTLI ,ZJ;HCCepTa:QHH 
I 

1. Pa3pa6oTaH MaJIOIIIYMJIIUII:tt ycIIJIIITeJII, ,ll;JIJI .n;IIana30Ha 10 + 100 Mrn C 

. nepnHM KacKa.n;oM, pa6ornrom:IIM B TeMnepaTypHoM .n;IIana3oHe 4, 2 + 100 I( 
co cneKTpam,HOH nJIOTHOCTl>IO HanpJDI{eHIIJI IIIyMa MeHee 0, 45 HB/I'n1/ 2 !IJo 

cpaBHeirnro C aHaJIOraMII [23]' ycIIJIIITeJII, IIMeeT no'ITII B 4 pa3a MCHl>III)'IO 

pacceIIBaeMyIO MOIUHOCTl> {25 MBT). 

2. ,l(JIJI oneHKII Ka'leCTBa ,!OR03eclJcoHoBcKIIx nepexo.n;oB pa3pa6oTaHa II co-

3,naHa He lIMCIOIUaJI aHaJioroB aBTOMaTII3IIpoBaHHaJI ClICTeMa, no3BOJIJIIOIUaJI 

n:ccJie,nonaTI> T0Ko-ipa3onoe oTHOIIIeHIIe B BTCII ,!OR03eclJcoHoBcKIIx nepexo

.n;ax n TeMnepaT:YPHOM .n;IIana3oHe 4, 2+ 1~0 K. B OTJIII'IRe OT 061>1'1HOH npaK-

. TlIKlI, Kor.n;a O Ka'ICCTBe nepexo.n;on Cy,n;JIT no roTOBOMY lI3,ll;eJIIIro, ClICTeMa 

·IIcnom,3yeTCJI Ha 3Tane OTpa6oTKII TeXHOJIOrIIII II3rOTOBJICHIIJI e.n;RHII'IHOro 

nepexo.n;a. 

3. Bnepnl>Ie lICCJIC,ll;OBaHI>I TOKo-clJa30BI>Ie OTHOIIICHIIJI Han:6oJiee lIHTepeCHl>IX 

c npaKTlI'ICCKott TO'IKII 3peHIIJI BTCII .zoR03eclJcoHOBCKIIX nepexo.n;on: 

Topnem.ix TOHKOnJieHO'IHl>IX II3 coe.n;RHCHIIJI YBaCuO II MC)KI'paHyJII,Hl>IX 

061,eMHI>IX R3 BiPbSrCaCuO. Onpe,neJieHo, 'ITo, B npe.n;eJiax norpcIIIHOCTR · 

'_ lI3MepeHII:il:, BI>ICOKOKa'lecTBeHHI>Ie BTCII nepexo.n;u IIMeIOT CIIHycoII.n;am,

. Hoe T0Ko-ipa3onoe OTHOIIIeHn:e. 8TO no.n:.n;epmRBaeT npe.n;noJio»<cHn:e, 'IT<> 

CIIHYCOlI,ll;aJII,HOCTl> Ip( <p )- 3TO o6m:aJI xapaKTeplICTII'ICCKaJI oco6CHHOCTl> 

BTCII cJia61>1x CBJI3ett nucoKoro Ka'lecTBa. 

4. Pa3pa6oTaHa lI C03,ll;aHa ClICTeMa ,ll;JIJI II3MepeHII:tt TpaHcnopTHl>IX xapaKTe

plICTlIK CBepxnpoBO.n;HlIKOB 6ecKOHTaKTHl>IM TpaHcclJopMaTOpHI>IM MCTO,ll;OM. 

CncTeMa n03BOJIJieT II3MCpJITl> TCMnepaTypH_LIC 3aBIICIIMOCTII KaK y,neJII,Hl>IX 

conpOTlIBJieHII:tt p(T), Ta!{ II KpIITH'ICCKIIX TOKOB Jc(T). YconepIIICHCTBO

naHlIC MCTO.n;RKII lI3MepeHII:tt no3BOJIIIJIO ,ll;OCTII'll> 'IJBCTBIITCJII,HOCTH no Ha

npJl)f{eHHOCTlI 3JICKTplI'lecKoro noJIJI 0,5 MKB/M, 'ITO Ha no'ITII Ha 2 nopJI.n;Ka 

npen1>1IIIaeT 'IYBCTBIITCJII,HOCTI> aHaJiorR'IHLIX cIIcTeM [26]. IIpem.iymecTBo 

CHCTCMl>I. COCTOlIT TaKme B TOM, 'ITO, B OTJIII'IIIC OT aHaJioron, B Hett ,ll;JIJI 
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ll3Mepemur 3aBHCHMOCTeii: yii:em.Horo conpoTHBJieHIDI ll KpHTH1leCKoro TOKa 

OT TeMnepaTypLI ncnom,3yeTcH o.u;n:H n TOT ,Ke o6pa3e:u;. 

5. Pa3pa6ornH MeTo,n: ,n:BOii:Horo 3KpaHnpoBaHIDI c ncnom.JoBaHneM BTCII n 

q>eppoMarHHTHLIX 3KpaHOB. MeTO,n: II03BOJIHeT ~OJIY'IHTI, ycJIOBIDI "11arHHT-· 

Horo BaKyYMa" rrpn pa6oTe 3KpaHa Ha ypoBHe aJOTHLIX TeMnepaTyp, qTo 

paHee 6LIJIO B03MO)KHO TOJil,KO npn OXJia,K,n:eHHH 3KpaHa )KH,n:KllM reJineM. 

6. 3KcnepnMeHTaJII.HO IIOKa3aHa B03MO)KHOCTI, co3,n:aHIDI npn6opoB ,n:JIH 3JieK

TpnqeCKHX ll3MepeHHtt co CBepxnpoBo,n:HHKOBLIM qyBCTBHTeJII,HLIM 3JieMeH

TOM, pa6oTaIOIUHM npn TeMnepaType )KH,n:KOro aaoTa, Ha OCHOBe KOTOporo 

BnepBLie coJ,n:aH BTCII cKBn.n:-ram.BaHoMeTp. 3HepreTnqecKaH qyBcTBH

Tem.HOCTL ram.BaHoMeTpa cocTaBnJia 1, 6· 10-21 ~/ru,, qTO cooTBeTCTByeT 

qyBCTBHTeJII.HOCTH BLICOKOKaqecTBeHHLIX IIOJIYIIpOBO,n:HHKOBLIX ycTpoii:CTB. 

CymecTBeHHO yBeJIHqHTL qyBCTBHTeJII,HOCTI, ram.BaHOMeTpa B03MO)KH0 IIO

CJie noHBJieHIDI BLicoKoKaqecTBeHHLIX BTCII cornacyromnx ycTpoiicTB. 

7. BnepBLie onpe.n:eJieHLI BpeMeHHLie napaMeTpLI RMOII n HCMOS 11n

Kpocxe11 npn 4,2 R n npoB_epeHa nx pa60Tocnoco6HOCTL npn TeMnepa

Typax .n:o 1,4 R. Onpe,n:eJieHo, qTQ 6om.nmHCTBO RMOII 11nKpocxe11 ocTa

IOTCH pa6oTOcnoco6HLIMll npn T = 4, 2 R npn HeJ1faqnTem.HoM yxyii:meHHn 

xapaKTepncTnK. JlyqIJinMn xapaKTepncTnKaMn ,n:JIH pa6oTLI npn reJllleBLIX _ 

TeMnepaTypax o6Jia,n:aIOT HCMOS cxeMLI. Ilpn oxJia,K,n:eHnn OT KOMHaT

Hoii TeMnepaTypLI .n:o 4,2 R T'aKHe ocHoBHLie napaMeTpLI HCMOS cxe11, KaK 

conpOTllBJieHne OTKpLIToro KaHaJia n 6LicTpo,n:e:il:cTBHe, yeyqIJiaIOTCH npn-

6Jlll3llTeJII,HO B ,n:Ba pa3a. 

8. BnepBLie pa3pa6oTaH 6LICTpo,n:eii:cTByromnii: KpllOKOMMYTaTOp aHaJiorOBLIX 

cnrHaJIOB. B OTJIHqne OT .n:pyrnx KpHOKOMMYTaTOp~B (c11., HanpnMep, [22]), 

paapa6oTaHHLiii II03BOJIHeT npoBO.u;HTL ll3MepeHIDI B .u;n:ana30He OT TeMne

paTypLI oKpylliarome:tt cpe,n:LI .n:o TeMnepaTypLI cBepxTeKyqero reJIIDI. CKo

pocrr, ll3MepeHn:il TeMnepaTypLI cocTaBnJia 105 ll3MepeHn:ii: B ceKyH.n:y, npn 

OTHOCllTeJII,HO:ii: ToqHOCTll 10-4 ' qTQ Ha nopH.D:OK npeBLIIJiaeT CKOpOCTI, aHa~ 

JIOroB [22]. CKopoCTI, ll3MepeHIDI pa3HOCTll TeMnepaTyp eme BLIIJie -ll paBHa 

106 ~3MepeHnii B ceKyH.n:y npH OTHOCllT_em.Ho:ii: ToqHOCTH 10-5• 

B JaKJIIO'l:eHHH aBTOp BLipamaeT 6Jiaro.n:apHoCTL IloeyIJIKHHY B.H. Ja no11om1, 

B q>opMnponaHHll o6JiaCTll HayqHLI:lC llHTepecoB, o6yqeHne_ n MHOroJieTHIOIO co

BMeCTHYIO pa6oTy; <l>nJlllnnoBy IO.II., ToMHJlllHOtt T.H., RyJHe:a;oBy A.B. n 

Cepreeny M.A. 3a o6cy,K,n:eHHe .u;n:cceprn:u;11:n n noJie3HLie 3a11eqamur; npocp. Ba

rnm.eny B.B. H npocp. RllpIJIMaHy P. 3a peKoMeH,n:a:u;nH no pH.n:y. pa6oT; 
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.n:p. X.Roxy Ja JII06e3Hoe npHrJiaIJieHHe B <l>mHKO-TexHnqecKH:ii: HHCTHTYT, r.n:e 

6LIJia BLIIIOJIHeHa qaCTI, .u;n:ccepTaIJ;llH. ABTOp BLipa,KaeT IIpll3HaTeJII.HOCTI, co

anTopaM 3a HHTepecHoe coTpyii:u11:qecTBo, KOJIJieKTHBaM H pyKoBo,n:cTBY · Jla6o

paTOpHH cnepxnLicOKHX 3Heprntt, Jla6opaTOpHH He:ii:TpOHHO:ii: q>H3llKH OUHH n 

OT.ll,eJia HH3KHX TeMnepaTyp BepJIHHCKOro q>HJIHaJia <l>ll3llKO-TeXHHqecKoro llH

CTHTyTa 3a B03MO)KHOCTI, npoBe,n:eHIDI llCCJie,n:onaHH:ii: H llX no.n:,n:ep,KKy. 
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