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Onucanbl KOHCTPYKUMS M CBOCTRA YIPABISIEMOr0o KPEMHUEBOIO PE3UCTUBHOTO 3JIEMEHTA, COYETAIOIIETO
pyHRKUMM 110TIEBOTO TpaH3ucTopa (IL.T.) U HoneBoro parynka Xonna (n.n.X.). YnpasjieHue napaMeTpamu
npu6opa OCYIECTBNSETCS C MOMOLIBIO ABYX3aTBOPHOM CHCTEMbI METANN-/{HINEKTPUK—TIONYIPOBOJHUK~
JU3TEKTPUK—MeTaNT, chOpPMUPOBAHHOI HA 6a3e CTPYKTYpPHI “KPEMHHI Ha M30AATOPE” ¢ TOHKUM (200 HM)
cinoeM kpeMHus. TIprGop MoxeT PYHKIHNOHAPOBATD KaK ILT. M KAK MATHUTOTPAH3NCTOP C HOPMANBHO OT-
KPBITBHIM ¥ HOPMAJIBHO 3aKpPhIThIM KananoM. 1.0, X. HmeeT cyiecTBeHHO 6071ee BRICOKYIO YEBHYIO YyB-
CTBUTENBHOCTD 110 HANPSKEHMIO DU 3HAYUTENbHOM (6OJIee YeM Ha TOPsAO0K) YMEHbIIEHHA pabodero To-

Ka, yeM Tunnunble A.X. Ha ocHose GaAs.

B nanHO¥ cTaThe pacCMOTPEH HOBBLIN THII YIIPAB-
AEMOro KPEMHHEBOT'0 pe3ucTopa (y.K.p.), coueTaro-
mero (HYHKIUM NOJIEBOrO TPaH3UCTOPA U NAaTIMKA

Xonna. B xkauectse PE3UCTUBHOTO 3JIEMEHTA HC- -

NIONIL30BAH TOHKMUH CJIOH Si B CHCTEME MeTalI—[ud-
NEKTPHUK—TIONYPOBONHUK—ANAIEKTPHK—-MeTaLIL. Oco-
GEHHOCTb CTPYKTYpPBI IPHOOpa COCTOUT B TOM, YTO
TONIIMHA cNOos Si COMOCTaBUMa ¢ IUPHUHOR o6acTel
06'beMHOTO 3apsifia, BOSHHUKAIOIIUX NPH NPUTOXKe-
HUY HANpSDKEHUs] K METAJTHYeCKuM 3aTBopaM. M-
MEHEHHE 3HaKa ¥ BeJIMYUHbI TOTECHIMANa Ha 3aTBOpax
NO3BOJISIET M3MEHATh KaK TONIIMHY KaHalla IlepeHoca
HOCHTEJIEl TOKAa OT 3HAa4YEeHMs], PaBHOTO TONIIMHE Si-
CJIOsI, TIPAKTHUYECKH [O HyJA, TaK M PAacHOJIOXEHHE
NPOBOJSILIEr0 KaHajla 1O OTHOINEHHIO K I'DaHMUAM
paspena Si—Iu3NIeKTPUK. ITO, B CBOIO OYEPENb, ONpe-
IENSIET BO3MOKHOCTD YIPABIE€HUs] NPOTEKAIOIIUM MO
CoI0 Si TOKOM H 3HAYEHHEM 3.71.c. XOoa.

V.K.p. M3rOTaBIMBAINCL HA OCHOBE CTPYKTYp
“XKpeMHHI Ha W30J5ITOpe”’, B KOTOPBIX METOJOM UM-
IUIAHTAIIEA HOHOB KHUCJIOPOAa M MOCIEQYIOIEro OT-
XKura 6511 cPOPMHUPOBAH CKPBITHIA CJIOH ANIIEKTPH-
ka SiO, rommunon 400 um. Cnoit SiO, orcekan oT
KPEMHHEBOM MONIOXKKY ciioit Si Tonmmuon 200 M.
TonmuHa IOMNIOXKE cocTasisiia 0.46 mm. Konnent-
panusi HocuTeaen 3apsfia B Si u3MeHsIach B [Uana-
zone 0.5-5 - 105 em2,

ITpubope! (puc. 1) pasMewianuch Ha KPUCTAIIAX
pasmepom 0.7 X 0.7 MM 1 uMena popmy Kpecra, 06-
Pa30BaHHOrO BYMs ostocamu Si anuHOM 80 ¥ mmpy-
soit 30 mMxMm. [lns popMupOBaHHS OMHYECKHX KOH-
TAKTOB NPWIETalomue K KOHIAM MOJOC YYaCTKU
pmsoit 10 MM Gbumd JerupoBaHsl occhopoM 110
xonnenTpamua ~102° cm™. Bech KpemHHE BOKpYT

*3A0 IIBC, Mocksa.

Kpecta ObLT npeobpasoBaH B SiO, METOTOM TEpMH-
yeckoro okucieHus. Ha noBepxHocTs Kpecra nupoi-
3oM 6puIa HaHeceHa wienxa Si0,, roammron 100 HM,
HOBEPX KOTOPOH Hajl iepekpecTbeM 6b11 chOpMHpPO-
BaH Al-3aTBOp (manee OyfeM YCIOBHO Ha3bIBaThb €rO
HepBHIM MK BEPXHAM 3aTBOPOM). B KadecTse BTOPOro
(HIDKHETO) 3aTBOPA HCIOB30BaNach HETIOCPEACTBEHHO
MOJUIOXKKA Si ¢ HAHECEHHO! Ha €€ MOBEPXHOCTh IJIEH-
Koii Al.

OGpamiaet Ha ce6s1 BHUMAHUE, YTO KOHCTPYKIMS
y.K.p. coueTaeT B ceOe OCHOBHBIE 3JIEMEHTEI
M.O.I.-TPaH3UCTOpa U NOJIEBOro (YHHIOISPHOrO)
TpaH3HcTOpa ¢ p-n-nepexogoM [1, 2]. Kax u B
M.O.IL.-TPAaH3UCTOPAaX, YIPABIECHAE NPOBOAUMOCTHIO
KaHaJIa OCYIIECTBIETCS 3eCh C TOMOMIBIO MONEBhIX
3aTBOpoB. OIHAKO B y.K.p. OTCYTCTBYIOT p—h-TIEpe-
XOfbI HCTOKA U CTOKA, a KAaHaJl OTPaHMYEH OMHYEC-
KMMH KOHTAaKTaMH, YTO XapakKTEepHO WISl YHUIIOJAP-
HBIX TPAH3UCTOPOB. ~

Ha puc. 2 u 3 npepcraBiieHbl THIIHYHBIE BOJbLT-
aMrepHbie W 3aTBOPHbIE XapaKTEPHUCTHKH Y.K.p.
BugHO, yTO N3MEHEHNE 3HAKa U BEINYUHBI IOTEHIH-
aJIoB Ha 3aTBOpPAX MO3BOJSIET BapbUPOBaTh TOK Ha-
CBILIEHMSI, HIOPOTOBOE HAIPSIKEHNE M KPYTHU3HY Xa-
PaKTEpHUCTHKH IpHOOpa.

JlaHHBIE, IPUBENCHHBIE HA PHC. 2, 3, ObLIN MOy~
YeHbI NPH CIefYIoWEel cxeMe BKIIOYECHMS: HMKHUA
3aTBOp NPHCOCHUHSIICS K IUIFOCY MCTOYHHMKA NHUTAa-
uusl. Mi3MeHeHne XapaKTEepUCTUK B 9TOM clly4dae Obi-
710 OGYCIOBJICHO BEMUYMHOM M 3HAKOM IOTEHIHaIa
BEPXHETO 3aTBopa. I3MeHeHHe CXeMbl BKIIOYEHUS
TaKXKe BIMSET HA XapaKTEPUCTHKH Y.K.p., 4TO MOKa-
3aHO Ha puc. 4. Kpusast I noxny4deHa IpH MOCTOSTHHOM
HanpsKeHNH IATaHYs, paBHOM 9.6 B, npucoenunennu
HIDKHETO 3aTBOpa K IUIIOCY HMCTOYHHKA IHTaHUS U
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Puc. 1. KoHCTpyKuus ynpaBisieMoro pe3ucTopa. a — BHJ(
cBepXy: I, 2 '— TOKOBBIE KOHTAKTEI, 3, 4 ~ XOIUIOBCKHUE
KOHTaKThl, 5 — 9JIEKTPOJ BEPXHETO 3aTBOPa; 6 — None-
peuHoe ceveHHe: 6 — poBoAsIMi cioi (n—Si); 7 — oMu-
4YecKue KOHTaKThI (n*-Si); 8 — Si0,; 9 — nopnoxka (n-Si);
10— Al-nnenxa; 11 — 51eKTPOR BepXHero 3aTBopa; /2 — ane-
KTPOJ, HUXHETO 3aTBOpa.
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Puc. 2. BonpT-aMnepHas XapakTepyCTHKa YIPaBJIseMo-
TO pesHcTOpa Uil Pa3HbIX 3HAYCHUI HanpsiKeHus Ha
nepBoM 3aTBope. HuXHMil 3aTBOp COeHHEH C IUTIOCOM
HCTOYHYKA [TUTAHHUL.

AKHWMOB u np.

M3MEHEHUHM NTOTEHIMANa BEPXHETO 3aTBOpa OT —9 [0
+18 B. KpuBast 2 cooTBeTCTBYET CXeMe BKIIOUEHHs,
COrJIaCHO KOTOPOM 3JIEKTPOJbI BEPXHETO ¥ HEKHETO
3aTBOPOB COEJMHEHBI C INIIOCOM HMCTOYHHKA NHTA-
HHSl, a HalIPSIKEHHUE MUTAHUS U3MEHSETCS B TOM XKe
fana3oHe, YTO M MOTEHUWA] BEPXHEro 3aTBOpa B
npeneinymeM ciy4dae. VI3 puc. 4 BugHO, 4TO B 3aBH-
CHMOCTH OT CXEMbI BKJIIOYEHHS Y.K.p. HPOSIBISET ce-
651 1160 Kak HOPMAJIILHO OTKPBITEIH (KpuBast /), 1u-
60 Kax HOPMalIbHO 3aKPBLITHI (KpuBasi 2) TpaH3HC-
TOp. Taxum 06pa3om, ABYX3aTBOPHAS BEPTHKANbHAS
CTPYKTypa npu6opa faeT BO3MOXKHOCTH IIAPOKO Ba-
PBHPOBATh €r0 OCHOBHBIE XapaKTEPUCTHKH.

ITpu nomMemennyn y.x.p. B MArHUTHOE TIOJIE Ha Ia-
PE€ 3NIEKTPONOB, NEPNEHAMKYISPHBIX TOKOBBIM, HO-
SIBIIIETCS DJIEKTpHIecKud curnai. Takum oGpasom,
9TOT NPUOOP MOKHO Ha3bIBATh HOJEBBIM JATIUKOM
Xonna (m.p.X.). W3MeHsas mnoTeHmuman 3aTBOpPOB,
MOKHO IIpeX/e BCEro CyIECTBEHHO YMEHBIINTD OC-
TaTOYHOE HaNpsikeHue B ILA.X., T.e. pa3HOCTh IO-
TEHIIUAJIOB MEX]Y XOJUIOBCKAMH KOHTAKTAMH, BO3-
HUKAIOIIYIO NP NPOTEKAHMM TOKA Yepe3 NaT4uK B
OTCYTCTBHE MarHUTHOTO TOJSA. DTO CBA3AHO C TEM,
YTO B ILI.X. BEJIMYHHA OCTATOYHOTO HANPSIKEHHS
CYIIECTBEHHO 3aBHCHUT OT HEOJHOPORHOCTH 3apsifia B
NIOA3aTBOPHOM JIM3JIEKTPUKE, BIUSIHUE KOTOPOW Ha
NPOBOAMOCTE KaHala MOXHO MHHUMH3HDPOBATS,
H3MCHHUB MOTCHIMA)I 3aTBOpa. YKa3aHHOE OOCTOs-
TEJbCTBO BBITOJHO OTIMYAET ILJA.X. OT TPagMIMOH-
HbIX faT4ukoB Xomra (1.X.).

[Mockoneky Tonmuna paboyero ciost Si B maHHOR
CTPYKType B HECKOJILKO pa3 MEHBILE, YeM y CTaH-
HapTHBIX KPEMHHMEBBIX 0.X., U3rOTaBIHBAEMBIX IO
SNUTaKCHAILHOM TEXHOJIOI A [3], TO M YyBCTBUTEND-
HOCTb IL.A.X. 1O HANPSIKEHHIO NPOIOPLHOHATBEHO
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Puc. 3. 3aBucaMocTb ToKa YIPaBIseMOro pe3ncTopa oT
NIOTeHIHaNa ePBOTo 3aTBOPa s Pa3HLIX 3HAYCHHIT Ha-
npsikeHus nuranus. HuXHHE 3aTBOp coelHHEH ¢ mio-
COM MCTOYHHKA [IUTAHUS,

INIPUBOPHI U TEXHUKA DKCITEPMUMEHTA N5 1998



YHOPABJISEMBIV PE3UCTOP
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Puc. 4. 3aBUCHMOCTB TOKa YIPaBISIEMOr0 Pe3UCTOpa OT
HaNpPsiXKeHUs Ha BEpXHEM 3aTBope (/) U HanpsKeHUs M-
TaHus (2) Py pa3THYHBIX cloco6aX BKIIOYEHUS.

Bpilie. FI3sMeHeHne TONMMHBI IPOBOXAIIErO KaHala
‘¢ IOMOIIBIO 10J1eBOro a¢deKTa NO3BOISAET yIpaB-
JIATh YYBCTBHTENLHOCTBIO ILA.X. (puc. 5), BenmunHa
KOTOpPOH CONOCTaBMMa C YyBCTBHTENBHOCTBIO H.X.
Ha ocHoBe GaAs.

Ommyeckoe compoTuBieHde KaHana mLg.X. co-
crasisieT ~10-100 kOmM, 9TO npu TpagUIMOHHBIX 3HA-
YEeHUSIX HalpsKeHns NUTaHmd gaTtddka (5 wia 9 B)
OIpefieNsieT BeChMa HU3Koe moTpebiaeHue Toka (o
KpaliHe! Mepe, Ha MOPSIiOK MeHbIee, YeM Y O0bIu-
HBIX IOJIYIIPOBOHUKOBBIX 1.X.).

B rTaGnune npusepeHbI OCHOBHbIE HapaMeTphl
n.7.X. B CONOCTABJIEHUN C THIIAYHBIMHA CEPHUIHO BhI-
nyckaempiMu  GaAs-parymkamMe  ¢upMbel  Siemens
(®PD). o

XomIoBCcKast pa3HOCTh MOTEHIMAJIOB (pHC. 5) ObI-
7a ¥3MEpeHa IIPH BapHalUy NOTEHIMAaIa BEPXHEro
3aTBOpPA U IOCTOSIHHOM CMEILCHUN HIKHETO 3aTBO-
pa, COEMUHEHHOrO C IJIIOCOM HCTOYHHKA NUATAHHUS.
Ecnu ke u3sMeHHUTH cxeMy BKIIIOYEHHs (TakK Xe Kak
Hpy U3MEPEHMSX B.a.X. ¥ 32aTBOPHBIX XapaKTEPHUCTHK
y.K.p.), TO MOXKHO NOJIYYATH Pa3IMIHBIN BHI 3aBUCH-
. MOCTH XOJUIOBCKOro curHana U, oT IpHIIOXKEHHOIro
HaNpsIKEHHS.

Kpusasi I Ba puc. 6 mokasbIBaeT 3aBHCUMOCTb U,
OT HaNpsIKEHKsI Ha BEPXHEM 3aTBOpPE, KOrAa Apyron
3aTBOP COENHMHEH C ITIOCOM NCTOYHHKA IIMTaHMsA, Ha-
npsixenne Kotoporo (9.6 B) B nporiecce n3amepenni

COXpaHACTCA NMOCTOSAHHBIM (STa CATyalus1 COOTBET-

crByeT KpuBoil I Ha puc. 4). Kpusas 2 Ha puc. 6 mo-
JIydeHa B TEX XK€ YCIOBUSIX, YTO 1 KpuBast 2 Ha puc. 4, a
AMeHHO: U, u3Mepsioch Npu W3MEHEHUH Hanpsixke-
HUS NIUTaHKUs, a COEAMHEHHBIE APYT C JPYrOM 3aTBO-
pbI OBLIN PUCOESAMHEHEI K IUIIOCY HCTOYHUKA MHATA-
Hus. W3 puc. 6 cnegyer, 4ro m.a.X. MOXET BBIIOIN-
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Puc. 5. 3aBrucHMoCTb XONTOBCKOM Pa3HOCTH NOTEHIHA-
508 Uy OT HanpsXeHHs Ha 3aTBOPE IIPH Pa3HLIX HANpPs-
XeHUSIX nuTaHus. B =40 mTh.

HATH q)yHKIII/II/I HOPpMallbHO OTKPBITOI'O 1 HOpMallbHO
3aKpPBITOrO MarHUTOTPAH3UCTOPA.

OTMETHM TaKXKe, YTO KOHCTPYKUHS IL.1. X. O3BO-
JSET NPOBOJUTEL U3MEPEHHS 3.71.C. XOJUIa B peXXuMe
MOJYJISIUMY [MOTEHIMANA HA TOJEBBIX SJIEKTPONAX,
YTO CYIECTBEHHO O6JIEr4yaeT BO3MOXKHOCTb PETHCT-
pauuy C1abbIX CUTHAJIOB. DKCHePUMEHTHI IOKa3allH,
910 Mm.A.X. NO3BOJSIOT YBEPEHHO PETrHCTPHPOBATH
MAarsMTHbIE NOJ HaNPsSKeHHOCThIO ~10~7 Thr.

OCHOBHbBIE XapaKTEPUCTHKM JATIAKOB X0na

MpuGop X KSY-10

WNsrorosurens 3A0 JIBC, Siemens, &PI"
Poccus

Marepnan Si GaAs
Maruuto4yBcTBH- 0.03 x0.03 0.2x0.2
TelbHas 001aCTh, MM
Hanpsxenue 9 9
nuTanusd, B ‘
Pabouwmii Tok, MA =0.3 5
Y nenbHas 9yBCTBH- 1000-5000 170-230
TeNLHOCTH, B/(A - Tn)
OcTaTo4YHOE HaIl- =10 =25
psoxeHue*, MB
BuyTtpennee conpo- 10-100 0.9-1.2
TuBnenue, kOM

* Hanpsm(enne Ha XOJUJIOBCKHX JJIEKTPOJaxX B OTCYTCTBUEC Mar-
HHTHOI'O NOJIA NMPH BKIIOYECHHOM HAIPSKCHUU NIMTaHMS.

1998



126 AKHWMOB u pip.

U,, MB B nacrosimee spems cdupma JIBC ocBonna onsIT-

70 HO€ MPOU3BOJICTBO ILA.X., BBINOJTHEHHBIX KaK B pa3-
JMUYHBIX CTAaHAAPTHBIX METAVIOKEPAMHYECKUX U

60 - IJIACTMACCOBBIX KOpIIycaX, Tak U B OECKOpPHYCHOM

sl BapuUaHTe.

40k PaGoTa BBINONHEHA NPU YACTHYHOI MOIIEPKKE
nporpamMme! “@u3KMKa TBEPHOTENBHBIX HAHOCTPYK-

30 Typ” Munnayku P® (npoekt 97-1062).

2
! 20 -
1ol CIIMCOK JIUTEPATYPHI
L ; : L L 1. 3u C. ®usnka nénynpOBoanKOBblx npubopos. M.:

9 -5 0 5 9 14 18
U,B

Puc. 6. 3aBUCHMOCTE XOJUIOBCKON Pa3HOCTH MOTEHIMA-
JIOB OT HaNIPSKEHMS Ha BepXHeM 3aTBope (/) U HanpsiKe-
HMS IUTaHUs (2) IPH Pas3iMYHBIX CIOCO0aX BKIIOYEHHS
ynpagisieMoro aneMenTa. B = 60 mTo.

Mup, 1984.T. 1. C. 327.

2. 3u C. ®usuxa MONYNPOBOJHUKOBBIX NMpUGOpOB. M.:
Mup, 1984. T. 2. C. 7.

3. Mananep P., Ketimunc 'T. DneMeHTh! UHTErPAJIbHbIX
cxeM. M.: Mup, 1989. C. 66.
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