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HpOBe,E[eHO uccleqoBaHUe HeINHEHHOro MIa3MOHHOI'0 OTKINKA memepﬂoﬂ SHeKTpoHHOﬁ CUCTEMBI CO BCTPO-
€HHBIM ,E[e(t)eKTOM Ha MOHOXpOMAaTHU4YecKoe U 6HXp0MaTI/I‘<Ie(lK06 MUKPOBOJIHOBOE H3lyUeHUe. HpOI[eMOHCTpPI-

poBaHa M MCCjlegoBaHa pa60Ta 3JIEKTPOHHOI'0 yCTpOﬁCTBa (CMeCHTeJIH) Ha INIa3MOHHOM OTHIHWKE C PEeKODAHBIM

GBICTpoﬂeﬁCTBHeM. yCTaHOBJIeHO, 4YTO BpeMA OTHKIMUKA CUCTEeMbI COCTaBlIAE€T He Gonee 7 = 25 mc. HOKaSaHO,
4YTO HeIUHENHHbIN OTKINK CUCTEMbI OﬁchIOBJIeH HOBBIM @HSquCHHM MeXaHN3MOM HeJIPlHeﬁHOCTH, BbI3BAHHBIM

HanmuyveM HeOJHOPOOHOCTU B SJ'[eKTpOHHOﬁ CUcTeMe.

PACS: 73.23.—Db

B nocneznHee BpeMsA MUIINMETPOBBII/ cyOMUILINMET-
POBBIii AManasoH AJWH BOIH (TeparepuoBoe M3Iy4eHue)
npuBiIeKaeT Bce Gonblllee BHUMaHMe ucciefoBartedneii [1].
OTyacTy 5TO BBI3BAaHO LEJNbIM DPAIOM YIUBHUTEIbHBIX
CBOMCTB U3JIy4eHNA 3TOro juanasona. TepareproBoe us-
JydeHUe NPOHMKaeT Ge3 ocoboro ocnabieHus depes Iie-
Jblii PAJ HENPO3PayvHbIX JUIA BHAMMOIO CBeTa NpefMe-
TOB, IIPU 3TOM OHO He o6iajgaeT BPEJHBIM JJIA FKUBBIX
cucTeM HOHU3YIOIMUM AeficTBueM. Ilenblit panxy XxuMmu-
YeCKUX peareHToB 00JafiaeT YHUKaIbHbIMU CHEKTpallb-
HBIMU OCOOEHHOCTAMHU B 3TOM IManasoHe, YTO MOKET
ObITh MCNOJIB30BaHO JJIA pacno3HaBaHUA BemecTB. HKpo-
Me TOro, UcclleIoBaHNA KOCMUYECKOro cyOMuUIINMeTpo-
BOr0 M3JIy4YeHHA MO3BOJAIOT NMOJYYUTb OOLIMPHYIO WH-
(hopmaInuio npo cocTas, 3aposKJeHNe U DBOMIONHUIO ranak-
THK Hameil BceneHHoN. AKTUBHOMY pPa3BUTHIO UCCIENO-
BaHUI U NPUIOMEHUI B TeparepnoBOM 4acTOTHOM JHua-
na3oHe NPEenATCTBYeT ciabafd TeXHOJIOrnyeckasa 0CBOEH-
HOCTb 3TOr0 Auana3oHa. B TepareprnoBoM 4acTOTHOM
IyanasoHe NpakTUYeCcKH OTCYTCTBYIOT JelleBble, MUHU-
aTIOpHbIE U TlepecTpanBaeMble JETEKTOPbI U T'eHepaTo-
pbl. JTO BbI3BAHO TeM, YTO Ha ATUX JIMHAX BOJH Ile-
pectaioT paboTaTh (pu3MYeCKUe NPUHIUIBI, HA KOTOPBIX
ocHOBaHa paGoTa MUKDOBOJIHOBBIX M CBETOBBIX Nputo-
poB. Ilenbio HacToALIel paGoThI ABNAETCA NMPEI0NEHNE
u onpobanua HOBOro (M3NYECKOro NPUHINNA A CO3-
IOaHWA BIEKTPOHHBIX YCTPONCTB, KOTOpPble MOTYT Haii-
TH 06IIKMPHOE IPUMEHEHNEe B CHCTEMAaX AeTeKTHPOBaHUA
MUILIMMETPOBOro/cyGMUILIMMETPOBOr0 U3ILYYEeHU .

HauGonee muporo HCNONb3yeMbIMH NPUEMHUKAMHU
TeparepLoBOro U3jy4eHus ABIAIOTCH reTePOINHHbIE fe-
TekTOpbl. [IpUHIUN KelicTBUA reTepoJUHHBIX IETEKTO-
POB 3aKIIOYaeTcAd B TOM, UTO DJIEKTPOMarHUTHOE U3IY-

YeHHe 0T HCCIEAYeMOro o0beKTa CMELINBAETCA C U3IY-
YeHHWEM K3BECTHOI YacTOThI OT IeTEPOIMHHOIO HCTOY-
HUKa ¥ HamnpaBlfAeTCA Ha HelWHelHbl sneMeHT. Ha He-
JTVHEHHOM 3JIeMEHTE NPOMCXOAUT JETEKTHPOBAaHUE CHT-
Halla Ha IPOMesKYTOUHOH yacToTe A f — pasHOCTHO# yac-
TOTe U3NYy4YeHHUA OT reTEepPOJMHHOr0 HCTOYHHKA U HC-
cnexyemoro o6wekTa. TakuM 06pasoM OCYyIIECTBIAET-
Cfl CIIEKTPOCKONNUA U3IyYeHHUA, UCIYCKAEMOro UCCIeny-
eMbIM 06beKTOM. CaMBbIM LINPOKO pacnpocTpaHeHHBIM
HeJMHEHHBIM 31eMEHTOM IeTEPOJUHHBIX CXeM fIBIAETCA
avop Ilortru [2] npuHnun ero paGoThl OCHOBaH Ha He-
JIWHEHHOCTH BOJNbT-aMIePHOI XapaKkTepUCTHKU NEePexo-
na Ilortku (nepexox meramn — nonynpoBoguuk). Hepo-
cTaTKaMM TeTEepPOJUHHBLIX cxeM Ha Gase puozna IlloTTru
ABNAOTCA HeGonbas nonoca npeobpasosanud (1 'Ty) u
Gonbliras nornolaeMas MOLUIHOCTh OT FeTEPOJUHHOIO HC-
tToynuka (1 MBT). JIpyrum mupoko pacnpocTpaHeHHBIM
KIIacCOM TeTEPOIMHHBIX IEeTEKTOPOB fABIAIOTCA CMECH-
Telll Ha OCHOBE Ilepexofia CBepXNPOBOAHUK — U30JIATOP —
cBepxnpoBonuuk (CHUC-cmecutenn) [3]. IrToT HKmacc
cMecuTelell o6lafaeT peKOPAHBIMY NOKAa3aTelAMHU YyB-
CTBUTEILHOCTH U LIYMOBON TemmnepaTypbl. IIpuHnun
ux pab0oThl OCHOBaH Ha CHILHO HEJIWHEMHOM NOBEeJEHUU
BonbT-aMnepHoit xapakTepuctuku CUC-nepexona npu
HanpfKeHUAX, KOrja HauMHaeTCA TYHHeIUpOBaHHe Ky-
IIEePOBCKUX [ap U3 OZHOrO CBEPXNMPOBOAHMKA B APYTOM.
OCHOBHBIM HEJOCTaTKOM CMecUTeleil NaHHOTO KJjacca
ABNAeTCA KpaliHe HU3KaA paGouasd TeMmIepaTypa OKOJIO
4.2 K, uTo 3HAUUTENbHO yCHNOMHAET paGoTy C HUMH.
TpeTbUM THUNOM HEIMHEHHBIX 3J1€MEHTOB, HCIOIb3YIO-
IUXCA B FeTEPOIUHHBIX CXEMaXx, ABIAIOTCA GOIOMETPHI.
Mexanusm pa6oTbl GOJIOMETPOB OCHOBaH Ha pa3orpeBe
BJIEKTPOHHOI NOJACUCTEMbI CTPYKTYPbI IPY MOTJIOLIEHUH
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ANEKTPOMArHUTHOTO M3NyueHusd. Pa3orpeB 3NeKTpPOH-
HOU MOACHUCTEMBI MPUBOAUT K MU3MEHEHUIO COMPOTUBIE-
HuA ofpasna Ha mnpoMexyTouHoit uyactote Af. Tlpu
IponycKaHUM yepe3 o6pasen MOCTOAHHOTO TOKa Ha Npo-
MeYTOYHOIM wacToTe GyJeT BO3HUKATh cUrHal (oTo-
HanpAMeHUA, KOTOPbIi HEMOCPEJCTBEHHO U JeTEKTUDPY-
erca. Ilomoca mpeoGpazoBaHuA GOIOMETPUYECKUX CMe-
cuTeleil ompefgenfeTcd BpeMeHeM 3HepreTUYecKoil pe-
naKcalMy rOpAYMX HOCUTeNell 3apfAfga. XapakTepHbIM
OPUMEPOM TAKUX FETEPOAUHHBIX JETEKTOPOB ABIAIOT-
CAi CMecHUTeNnu Ha ocHOBe 3¢¢erTa pazorpeBa B TOH-
KOUl IIIeHKe CBepXNpoBojHUKA [4]. ITHU reTepoanHHbIE
JIeTeKTOphbl 06MafaloT PEeKOPAHbLIMU MapaMeTpaMi 4yB-
CTBUTENLHOCTHA U IIYMOBON TeMIEepaTyphl U3-3a OUeHh
KPYTOil 3aBMCHMOCTHU 3JIEKTPUYECKOTr0 COMPOTHUBIEHUSA
ofpa3na oT TemmepaTypbl BOIN3M CBEPXNPOBOAALIErO
nepexoga. OnHako M3-3a MHEPTHOCTH OXJaMAEHUA TO-
PAYKX HOCUTENel 3apfjia MoCPeJCTBOM B3auMOIeiCTBUA
¢ ¢oHoHamMu nubo nu(p@Py3rMOHHOTO OXNaxAeHUdA Mojoca
npeoGpasoBaHusa npubopa He npeBocxoautT 10I'Tu. Anb-
TepHAaTUBHBIM THUIOM GOIOMETPUYECKNX I€TEPOAMHHBIX
JIeTeKTOpoB, paboTaoNINX NP TeMIepaTypax BIIOTh [0
80K, ABRAIOTCA CMecUTENNd HA ABYMEPHOM 3JIE€KTPOH-
HOM rase B morxynpoBogHukoBeix AlGaAs/GaAs rere-
pocTpykTypax [5, 6]. B cmyuyae oxnampgeHus rops-
YUX HOCHTeNell 3apAfa Ha onTuYeckux ¢oHOHAX pe-
HMIeTKM MAKCHMMAalbHO IOCTUKKMMAafA Mojoca npeolpazo-
Bauua cocraBnfer 4Ty [5-7]. Ilpu oxnampenuu ro-
PAYKX HOCUTENel 3apAfa nocpeAcTBOM aAuddy3uoHHOro
UM GanIMCTUYECKOr0 MX BhIXOJA B KOHTAKThHI NpoOJe-
MOHCTPUPOBaHHAA Mojoca npeoGpa3oBaHUA COCTABIAET
20TTn [8] u 40ITy [9], coorBeTcTBeHHO. OpHAaKO mIy-
MOBafl TEMIEpaTypa U NoTpebiafeMasn 0T reTEPOJUHHOTO
ucrounuka MowHocTh AuA AlGaAs/GaAs-cmecuteneit
ropasfgo Gonbllle, YeM y CBEPXMIPOBOJHMKOBBIX aHAIO-
roB, u cocraBifer 1000—2000K u 0.5—1mrBr. Cae-
OyeT TaK#e 3aMeTUThb 0 MEePCNeKTUBHOM MPEeI0HKEeHUN
HCIONb30BaTh B KauyecTBe HelUHeHHOro GonoMmeTpuyec-
KOro 3JeMeHTa CMeCUTelfl KOPOTKYIO YIrIepOAHYIO Ha-
HOTpyGry [10, 11]. HM3-3a Toro, uto cropocts ®epmu
B YrIepOAHbIX HAHOTPYOKax Ha MOPAAOK Gonbile, 4em
B AlGaAs/GaAs retepocTpyKTypax, nojioca npeoGpaso-
BaHUA CMECUTENA B PeKUMe GallTUCTUUECKOTO OXJIaMie-
HUA FOPAYUX HOCUTelell 3apfAa MOMeT JOCTUraTh COTEH
rurarepi.

Y Bcex ONMUCAHHBIX BBINIE CMECUTENEH MPUHIUN Aeii-
CTBUAI OCHOBaH Ha HeNNHeiHOCTH B Jpeiide HocUTe-
neit 3apaga. I[losTomy GeicTpogeiicTBue npubopa 7 na-
e B GaNIMCTUYECKOM peUMe OrpaHMYeHO0 BpeMeHeM
L/v, roe L — pasMep HEIMHENHHOro 3eMeHTa CMEeCUTEN
(o6bruno L He mMenee 1 MEM), a v — XapakTepHas CKo-
pocTh HocuTeleill 3apsAna B npuGope (0GBIYHO v MOPAL-
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Ka ckopocTu ®epmu u GeiBaer He Gomee 107 cm/c). Ta-
KuM o6pasom 6eicTpojeiicTBUe npubopa NPUHIUNNATLHO
orpanuueno spemeneMm 7 ~ 107 !lc, a momoca npeo6pa-
3oBaHuA npubopa — yactoroit 100I'T'n. OpHoit u3 BO3-
MOHOCTell NMOBBICUThL ObICTpOJENCTBUE COBPEMEHHBIX
3JI€KTPOHHBIX YCTPOUCTB ABNAETCA UCIIONbL30BaHNE B Ka-
yecTBe NEePeHOCUMKOB 3JIeKTPUYECKUX CHUTHAlOB IIas-
MEHHBIX BONH. [lelicTBUTENbHO, CKOPOCThH NJIa3MeEH-
HBIX BO30yAeHUIl B IByMEPHBIX DIEKTPOHHBIX CHUCTe-
Max MOJKeT JOCTHraTh Bennuunsl v, = 109 cm/c [12, 13],
YTO Ha JBa NOpAAKa BelUYMHBI Goablle, YeM MaKCH-
MalbHO JOCTUMUMafA ApeiidoBasg CKOPOCTb 3JIEKTPOHOB.
9TO MOKeT MOTEHNUAaNbHO MOBLICUThL ObICTpOJENCTBUE
ycTpoitcT 10 BpeMenu T ~ 10712 ¢, a monocy mpeo6-
pasoBauus — g0 yactorsl 10 TT'y (L = 1 mum). Ilepseie
HONBITKY KCIONb30BaTh IIa3MEeHHbIe BOJNHBI B KauecTBe
OBICTPBIX IEPEHOCUMKOB 3JI€KTPUUYECKIX CUTHANOB ObLIU
npeaAnpuHATHI B paborax [14, 15], rae uccnenoBanack mno-
loca npeobpa3oBaHuA cMecuTeld Ha 6a3e NOJIEBOro TpaH-
3UCTOpA C pelleTYaThIM 3aTBOPOM. OHAKO HEMUHENHHBIN
OTKIUK TPaH3UCTOpa Ha NPOMEMYTOUYHON 4acToTe OKa-
3anca obycioBieH 60JI0MeTpUYECKIM Pa3orpeBOM 3IIeK-
TPOHHON CHUCTEMbI, YTO He NO3BOJWIO JOCTUYbL jejae-
Moro GeicTpogeiicTBuA cucTeMbl. B HacTosmeit pa6ote
[IPOJJIEMOHCTPHPOBaHa U ucciefoBaHa paboTa 3NEeKTPOH-
HOTr'0 YCTPOiCTBa Ha MJIa3MOHHOM OTKIUKE C PEKOPJHBIM
ObicTponeiicTBUEM. BpeMf OTKRINKA CUCTEMBI COCTaBUIO
He Gonee 7 = 25nc. B sKcnepuMeHTax usyvalnca HelH-
HEWHBIX OTKIUK JBYMEPHOH 3JEeKTPOHHON CUCTEMBI CO
BCTPOEHHBIM Je(deKTOM Ha MOHOXpoMaTuuyeckoe U Ou-
XpoMaTHUuecKkoe MUKPOBONHOBOe uanyueHue. [lokasaHo,
YTO HeNWHENHHbIH OTKIUK CUCTeMbI 00YyCIOBJIEeH HOBBIM
$pu3nyeCKUM MeXaHHW3MOM HeNNHEHHOCTU, BbI3BAHHBIM
HaluyueM HEeOJHOPOZHOCTH B dJEKTPOHHOI cucTeme.

UccnenoBanua mpoBOOUINCE HA CTPYKTYypax, Hmpen-
cTaBifomux coboit onunounslii GaAs/AlGaAs rerepo-
nepexof, pacnojoeHHbI Ha ray6une 190 HM oT mno-
BEPXHOCTH CTPYKTYpPhI. B mcclenoBaHUAX KCIONL30Ba-
JHUCh Ba TUNA CTPYKTYP C 3MEKTPOHHBIMHU MIOTHOCTA-
mu n, = 1.87-10"1 em 2 u 3.5 - 10! cm 2. Tlpu Temne-
patype 4.2K snekTpoHHa# moABHMHOCTL Oblla He Me-
nee 10% cm?/B-c. Ha cTpykType ¢ nomombio GoTonuto-
rpapuu Gblla M3rOTOBIEHA Me3a, MpeACTaBIAIONIAA CO-
Goif monoCcKy ABYMEpHBIX 31€KTPOHOB ¢ aByMa Au/Ge
KOHTaKTaMK Ha KOHIAX U MeTallIMUYeCKHUM 3aTBOPOM,
HANBITEHHBIM Ha MOBEPXHOCTh Kpucramna. CxemaTuy-
Hoe u300paskeHUe CTPYKTYPHI MpeAcTaBleHO Ha puc.l.
IMMupuna nomocku JBYMEPHBIX BIEKTPOHOB paBHANACH
50 MKM, ee obmasa AnuHa 275 MKM. PaccTofiHue OT HUM-
HEro KOHTaKTa J0 3aTBopa paBHAnack L = 200 MEM,
mupuHa 3aTBopa W = 50 meM. OGpasen, 3aKpeniIeHHbIH
Ha KOHIle 16-MUINTMMETPOBOr0 BONHOBOIA, IOMEIANCA B
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Puc.1. CnexTphbl cUrHama c HeIWHEHHOro 3NeMeHTa IpU
Tpex pa3nUUYHBIX IPOMExYTOUHbIX YacTorax Af = 10.35,
29.83 u 40.82 I'Tu. YacToTa reTrepogMHHOr0 UCTOYHNKA HU3-
nydeHus cocraBaana fo = 60.35 I'T'y, mpu BeIXomHOM Mom-
HocT¥ 10 MBT. MomHoCTb M3IydYeHUA OT CUTHAILHOIO re-
HepaTopa Grina Ha 10 1B MeHbIIe MOIHOCTY OT reTepOANH-
Horo retHeparopa. TemmnepaTypa o6pa3na paBHanach 1.5 K.
Ha pucyHke Tak:xe mpruBeIeHO cXxeMaTHUeCKoe M300pasie-
HMe HcclefyeMoil CTPYKTYyphl U (oTorpadusa MorocKoBoi
IVHWUY, Ha KOHIIe KOTOpoil Haxoxuica oGpasel

rejueBbIii KpUOCTAT BHYTPh CBEPXIPOBOAAIIET0 COJNEHO-
una. Ilo BonHOBo#y K 06pa3ny MOABOJUIOCH CMENIAHHOE
CBY-usnyuenue OoT reTepoJUHHOrO0 M CUTCHANBHOTO Te-
HepaTopoB. B sKcnepuMeHTax 06GbIYHO MOIIHOCTH reTe-
poauHHOro reHepatopa Ha 10 B mpeBbImana MOIHOCTH
CUTHaNBHOr0 reHepaTtopa. MUKPOBOJHOBbLIE M€HEPATOPHI
oxBaThIBalIu guanaszoH yacToT oT 1 mo 80I'Thy npu BeI-
XOJHOM MoOIIHOCTH, He mpeBbImasiieii 10 MBt. OGpasers
HaXOQUICA Ha KOHIe COIJIacOBAHHON C KOaKCHATbHLIM
KaGeneM nonockoBoit nunun (puc.l). Msnyuenue ua npo-
MeyTOUHON yacToTe OT oGpas3ia Mo MOoJOCKOBOM JTUHUYN
¥ KOaKCHATbHOMY Kabesio MOCTYyMalo Ha BXOJ CIEKTPO-
aHanu3aTopa. BXxomgHas yacTOTHasA moJjoca CleKTpoaHa-
nusaTtopa coctasiasana 40 'T'o.

Ha puc.1 npuBemeHbl COEeKTpPhI CUTHANa C HelUHEMH-
HOT'O 3JIeMEHTa NpPU Pas3lUYHbIX MPOMEMYTOUHBIX Yac-
totax Af = 10.35, 29.83, 40.82I'T'u. YacroTa rere-
POIMHHOI0 UCTOYHMKA cocTaBiafana fo = 60.35'T'm, ero
MOIIIHOCTB paBHANack 10 MBT, BbIX0JHAA MOIHOCTD CUT-
HalbHOTr'O reHepaTopa paBHAJach 1 MBT. MaruuTHoe mo-
Ie noa6upanock TakUM 00pa3oM, UTOOBI MONYUYUTh MaK-
CUMYM CHT'HaNa, ¥ COCTaBIANO B JTaHHOM »KCIepUMEHTE

B = 0Tna. BuzpHo, 4To aMmiIUTyJa CUrHala CO CMECH-
TeNA yMeHbIIaeTCA NUIIbL B YEThIPE pasa MpH yBelnye-
HUUM NPOMEKYTOUHOi yacToThl BOIOTh g0 40I'Tn (ml—
CTpyMeHTalbHad rpaHulia Ald UCNIONb30BaHHOTO CIIEKT-
poananusaTtopa). Takum o6pasom, mpu Temmeparype
T = 1.5 K nonoca npeoGpa3oBaHuf NCCIEAYEMOr0 CMECH-
Tenf coctaBifeT He MeHee 40 I'T', uTo roBopuT 0 TOM,
YyTo GBICTPOAEICTBIE HENMHENHOr0 BIEMEHTa CMECUTE-
na He Gomee 7 = 25 mc. Tawkoe BpeMA OTKIMKA CHC-
TEMBI PN pa3Mepe HeluHeiiHoro anementa L = 0.2 MM
FOBOPUT O TOM, YTO B CUCTEME paclpoCTpaHAETCA BO3-
MyIlleHle CO CKOpPOCThIO He MeHee v, = 0.8 - 10% em/c.
dTO 3HAUEHUWE CKOPOCTU ABINAETCA PEKOPAHBIM 3BKCIE-
PUMEHTANLHO YCTAHOBIEHHBIM NIJNA TNPUEMHUKOB MUI-
JIUMeTPOBOro/cyOMUIINMETPOBOro udnydyennsa. Henu-
HEHHBIM 3J€MEHTOM KCCIEeyEMOro CMECUTENA ABIAETCA
JBYMepHas 3leKTPOHHAsA CICTeMa ¢ BHEAPEHHBIM Jedek-
EnuncTBeHHBIM BO36Y:IEHNEM, KOTOPOE MOKET
pacnpocTpaHAThLCA B ABYMEPHOI 3JIEKTPOHHON cUcTeEMe
C TaKoli CKOPOCThIO, ABNAETCA IIa3MeHHasA BolHa (nnas-
MoH). IInasMeHHble BOJHBI B JBYMEDPHON 3IEKTPOHHOM
CHUCTEME — HTO BOJHBI, BEI3BAHHLIE KYJIOHOBCKUM B3au-
MozelicTBHEeM Mexay QIyKTyanuaMU 3apAAoBOil MIIOT-
HOCTHU CHCTEMBI.

TOM.

Ilna npoBepKM MIa3MOHHOTO MeXaHU3Ma OTKINUKA UC-
clefyeMoil CUCTEeMbI, a TaK@e YCTaHOBIEHUA POJU Je-
(pekTa B (popMHUpOBaHUMU €€ HeINHENHBIX CBOUCTB Obl-
7Y MpOBeJeHbl MarHUTONONeBble n3MepeHud. Ha puc.2
BEpXHAA KpPUBafd COOTBETCTBYET MarHHUTOIOJNEBOI 3aBU-
CHMOCTH aMIUIUTY/IbI CUTHAlA ¢ HENUHEHHOr0 AlIeMeHTa
Ha npomemyTouHoii yactore Af = 0.9I'Tny. Yacrora
reTepofAHHOr0 UCTOUHUKA paBHAnack fo = 48.32 I'Tu.
Ha ToMm e pucyHKe mMoKazaHa MarHUTONONEBafA 3aBU-
CUMOCThb cursaia dboToHanpsmenus (HWHKHAA KpUBas),
“3MepeHHasa Me Iy Mapoil KOHTAKTOB TOTO e HeJluHel-
HOTO 3JIeMeHTa NPU MOHOXpOMAaTHUYeCKOM 00JMYyUeHHH Ha
yactore fo = 48.32ITu. MaruurtomnosieBble OCIUJIA-
IIUU B CUTHaNe QOoTOHANpAMEeHUA BbI3BaHbl MHTEP(EepeH-
[Meil KpaeBbIX MarHUTOIMJIa3MEHHBbIX BOJH Ha pa3Mmepe
L = 0.2MM, paBHOM pacCTOAHUIO MeMIy HedheKToM u
KOHTaKTOM K IBYMEpHOIi aeKTpoHHo# cucteme (puc.l)
[16-18]. Kawr Gyner nokasaHO HusKe, NPUYUHON BO3-
HUKHOBEHHUA cUrHana (OTOHANpPAMEHUA ABIAETCA BBI-
npAMIIeHre epeMeHHOro NoTeHIMajla MarHuToIIa3MeH-
HOI BOJIHBI Ha HEIMHEHHOCTH CUCTEMbI, BHI3BAHHOMN Ha-
AUYUEM B Heif HEOTHOPOAHOCTHU BIEKTPOHHOM MIOTHOCTU
(meterta). YacroTa MarHMTONIA3MEHHON BOMHBI paB-
HAETCA YacToTe I'eTepPOAMHHOro MCTOuHWKa. JlnA sKc-
nepUMeHTalbHON NpPOBEpEM MHTEPPEPEHIIMOHHON MpH-
poabl HaGMIOJaeMbIX OCHUIIANUN (OTOHANPAKEHNUA ObI-
U TIpOBeJleHbl YacTOTHble M3MepeHuA. Ha BcTaBke K
puc.2 MoKa3aHbl OCHUINANUU (POTOHANpPAMKEHUA, U3ME-
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Puc.2. CpaBHeHne MarHHUTOIIOJEBbIX 3aBUCUMOCTEM CUTHa-

n1a Ha mpoMe;kyTouHoil yactore Af = 0.9I'Tn u doToHa-
NPAMEHNA, CHAThIE C Napbl KOHTAaKTOB HCCIeAyeMoro o6-
pasuna. CTpenkoii Ha pUcYyHKe IOKasaH HYIeBOil YpOBEHb
curHaiza cMemuBaHuA. YacToTa reTepogWHHOTO UCTOYHH-
Ka M3IydeHuA cocraBaana fo = 48.32I'Tuy. BupHo, uTo
MaKCUMYMbl 1 MUHUMYMEI B CUTHalle Ha IPOMe Y TOUHOM
yacToTe ¥ (POTOHANPAKEHUU COBMAJAIOT. JTO YKa3bIBaeT
Ha TO, YTO OTKIMK CHCTEMBI Ha NMPOMEKYTOYHOH YacTo-
Te 06ycCIOBI€H IIa3MOHHBIM MeXaHM3MOM HEINHEHHOCTH.
Ha BcTaBKe mpencTaBieHbl MarHUTONONEBbIE OCHMILIANNU
B oTOHANPAMEHNN JJIA ABYX 4aCTOT MUKPOBOIHOBOTO M3-
nydenusa 25 u 63 I'T'n

peHHbIe Al JBYX 4acTOT MUKPOBOJHOBOIO WM3Iy4YeHUS
25 u 63I'Tu. Bugno, yTo mepuoa ocHUIIANMN 06paTHO
IPONOpIMOHANEH YacTOTe U3nydeHud. JeficTBUTENBHO,
IpY KOHCTPYKTUBHON MHTEP(EpEeHIUN KPAaeBbIX MarHu-
TOMJIa3MeHHbIX BOJH Ha AauHe L BbINOMHAETCA COOTHO-
menne gL = 27N, rle ¢ — BOIHOBOI BEKTOp MarHu-
TomunasMmoHa, a N = 1,2, 3 — nopaxok mHTepdepeHnNU.
Jucnepcus KpaeBbIX MarHUTOMIA3MEHHBIX BOJIH OMUCHI-
BaeTcA BbIpaseHueM w X ngq/B [19]. Orciona crepyer,
YTO MOClefoBaTelbHble MAKCUMYMbI MarHUTOMNIa3MOH-
HO¥ MHTep(epeHUH HAaXOAATCA Ha PABHOM PacCTOAHUU
AB X ns/w 10 MarHUTHOMY NOJIO, YTO XOPOLIO COTJIa-
CyeTcAl C MONYyYEeHHBIMHU DKCIEPUMEHTANbHBIMI PE3YIIb-
TatamMu. MaKCHUMyMbl ¥ MUHUMYMBI [0 MarHUTHOMY
nonio B POoToOHANpAMEHUM U B CUTHAle Ha NPOMEHYTOY-
HO# YacTOTe COBNMANalOT. JTO OJHO3HAUHO NMOJTBEPHAA-
eT ToT $aKT, YTO OTKIUK CHCTEMBI Ha IPOMEMKY TOYHOMN
YyacToTe onpelelfieTcA NOBeJIeHUeM IMIa3MEeHHbIX BOJH
B u3yuaemoii cucteme. Ha puc.3a mpuBeneHa 3aBu-
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Puc.3. (a) OTKINK cHCTeMbl Ha IPOMEKYTOUHOMH YacToTe
Af =0.9ITu B 3aBUCUMOCTH OT 3IE€KTPOHHOI IIOTHOCTY
n1 B obnacTu gederra. DIEeKTPOHHAA KOHIEHTpAIUA BJa-
au ot jgederTa cocraBafer ny = 1.87 - 10! em™2. OTrIMEK
cUCTeMbl MHOTOKPaTHO Bo3pacTaeT IpH oGeJHEHUH M0/ 3a-
TBOpHO# o6aacty cTpykTypel. (b) Kpusele marunTomone-
BBIX OCUMILIALUN GOTOHANPAMEHUA IPY Pa3INYHbIX BIEK-
TPOHHBIX KOHIIEHTpanuAX 71 B obmacTu fAedexTa.
ToTa obIyyaromero oGpa3sel] MUKPOBOIHOBOI'O M3Iy4YeHUA

Yac-

paBHAeTcA fo = 48.32TTu. Bce 3aBMCHMMOCTH CHATEHI NIpHU
Temnepatype Ha o6pasue 1.5 K

CHUMOCThL aMIUTYy[bl CUTHajla C HeIWHEWHOro ajeMeH-
Ta Ha NPOMEKYTOYHON! 4acToTe OT 3JIEeKTPOHHOU IIOT-
HOCTU B obGnacTu nederTta mi. CurHan usmepsica Ha
npomMexyTouHoit yactote Af = 0.9I'Tn B makcumy-
Me MJIa3MOHHOH MHTepdepeHLNU 10 MarHUTHOMY MOJIO
B = 0.35 Tan. dnexTpoHHaA KOHIlEHTpaIUA n; B obiac-
TU AederTa peryiupoBanach IyTeM NOJauyll Hampse-
HusA Ha 3atBop (puc.l). Bugno, yro uem Gouabuie Heox-
HOPOAHOCTL B 3JIEKTPOHHOII MIOTHOCTU, TeM Oollee He-
IUHelHbBIMU cBoMicTBaMu ob6l1afaeT cucTeMa, 00yCclIOBIN-
BafA pocT curHaina. OTaenbHble SKCIEPUMEHTHI MOKa3a-
I, YTO HeJUHEeWHBIl OTKIUK ABYMEpPHOW 3JIeKTPOHHOMI
nojocku 6e3 jgederTa npeHebpekuMo Mai. AHalorumy-
Hble pe3yJbTaThl ObLIN MOXy4YE€HbI JJIA MarHUTONOJEBBIX
ocuunnAnuii poronanpsamenusn (puc.3b). Ipu ysennue-
HUU CKayKa B 3IeKTPOHHOM mioTHocTH (n —nq) ¢ 0 mo
1.5-10" em—2 aMILIUTyJa OCHUIANMI Bo3pacTaeT B CTO
pa3. Kpome Toro, Gb110 yCTaHOBIEHO, UYTO K BOSHUKHOBE-
HHIO HabmogaeMoil MIa3MOHHOU HEIWHEHHOCTU MOMET
pUBOAUTE Ji00asg HEOOJHOPOAHOCTh B (PU3UUECKUX CBOI-
CTBax U TONOJOTUU NEKTPOHHON CUCTEMBbl, a TaKKe ee
AusleKTpuYecKoro okpymenud [20]. PDusmueckuit me-
XaHU3M, OTBevyaloUIUil 3a BO3HUKHOBEHUE MJ1a3MOHHOM
HeJIMHEeIHOCTU Ha TaKoro poja AederTax B HacTOALIUAMN
MOMEHT HaXOoAUTCA Ha CTaguu ucciefoBaHufa u Oynetr
onyOIMKOBaH TMO3Ke.
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Ha puc.4 mpepcraBieHa 3aBUCUMOCTh HCCIeIyeMO-
ro s¢derta or Temnepatrypsl. CurHan usmepsaicsa Ha

100+
10} . 0.9 GHz
: v
' .. f,=48.32 GHz
O'lir ng=23.5x 10" em
L |
0 100 200
2z T (K) 42K
g 4 kHz
,e' —
N 67.4K
()
3 B=07T
=, 115K
g /'\

Af (GHz)

Puc.4. CnexkTpsl cUrHaiza ¢ HeIWHEHHOr0 3IeMeHTa NpU
Tpex pa3nuuHbIX Temmnepatypax T' = 4.2, 67.4 u 115K.
YacToTa reTepoAMHHOrO UCTOYHHKA U3NyYEHHUA COCTaBIIA-
na fo = 60.35 'Ty. M3amepeHua npoBoAMIvCh P IpOMe-
sKyTouHoi yacToTe Af = 0.9 'T'n B MakcuMyMe IIIa3MOH-
HOI MHTepdepeHIIUU N0 MarHUTHOMY nomnio B = 0.7 Tx.
Ha BcTaBKe K PUCYHRY IpejcTaBieHa Golee qeTanbHad 3a-
BHACHMOCTh aMITUTYAbI CUTHAA OT TeMIIEPaTyphl

npomeyTounoit yacrore Af = 0.9T'Tu B maxcumy-
Me MIa3MOHHOI MHTepdepeHIN N0 MarHUTHOMY MOJIO
B = 0.7 Tn. KoHueHnTpanusa JByMEepHBIX 3JI€KTPOHOB B
uccrenyemoit cTpyKType paBHazack 3.5 - 10 cm~2. Ha
PUCYHKE NpUBEAEHBI TPU CIHEKTPa C HENIUHENHHOro 3Jje-
MeHTa npu Temneparypax 4.2, 67.4 u 115K. Bunno,
YTO CUTHAN MajaeT BCero Ha MOPANOK BENUYUHBI TPU
noBeimienun Temnepatypsl ¢ 4.2 1o 100 K. Ha BcraBke
K PUCYHKY NpuBeflleHa Golee deTanbHaA 3aBUCUMOCTH
aMIIIUTYAbl CUTHala OT TeMIepaTypel. Temmeparyp-
Hoe noBejeHue 3thderTa 06yCcIOBIEHO HANOKEHUEM IBYX
tarTopoB. IlepBrlii dhakTop — 3TO TemMnepaTypHas 3a-
BHCHMOCTb aMILIUTYZAbI IIEPEMEHHOr0 MOTeHNHana npo-
UHTEPPEPUPOBABIINX BHYTPU CTPYKTYPhI MIa3MeEHHBIX
BonH [17]. Bropoit ¢arTop — 3TO TeMnepaTypHOe MOBe-
JeHNe HeINHENHOCTH DIEKTPOHHON CUCTEMBI. JKCIEPH-
MEHTHI OKAa3aly, YTO NEPBBI (AaKTOP JOMUHUPYET NPU
temnepatypax menbme 120K, Torga wak BTOpOii mpu
TemnepaTtypax Boiie 150 K.

Puc.5 unniocTpupyeT U3MeHeHMe MOJNOCHI mpeobpa-
30BaHUA HEIMHEIHOTo 3NEMEHTA C MOBBINIEHNEM TeMIIe-
patypbl. PesaynbTathl ABnAIOTCA 06001eHIEM JaHHBIX,
npeAcTaBIEHHBIX Ha puc.l Ha ciyvail pa3HbIX TemIepa-
Typ. YacToTa reTepoJuHHOro HNCTOYHMKA COCTAaBIANA
fo = 60.35I'T'u, ero momHocTh paBHAMack 10 MBT, BbI-

- g__
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Puc.5. UnnocTpanusa usMeHeHHd 0J0Ckl Ipeo6pa3oBaHUA
HeTVHEHHOro I1a3MOHHOT'0 3IE€MeHTa C MOBLIMEHUEM TeM-
nepatyphl. llpu temnepatrype T' = 1.5 K momoca mpeo6-
pa3oBaHUA HCCIEAyeMOil CHUCTEMBI COCTaBIfAeT He MeHee
40 I'T'y, 4To coOoTBETCTBYEeT BpEMEHM OTKINKA CUCTEMBI He
6omee 7 = 25mc. IIpu yBeamuenun Temnepatypsl no 80 K
HaluaonaeTcAa pe3kad oTceyka 3(pdeKTMBHOCTH CMeIIVBa-
HUA ¥ IoJ0ca yMeHbInaeTcd g0 Beanunusl 27 I'Th

XoJHafA MOLIHOCThL CUTHalbLHOI'O0 r'eHepaTopa paBHANIACh
1 mBt. MaruutHoe none nog6upanock TakuM obpasoM,
4yToObl MONYYUTh MaKCUMYM CHUrHala, 4 COCTaBIAIO B
JaHHoM sKcnepuMmeHnTe B = 0Tn. Ilpu TemmepaType
T = 1.5K nonoca npeo6pa3oBaHid COCTaBIAET He MEHEE
40T'Tn, uTo cooTBeTCTBYET BPeMeHH OTKINKA CHCTEMbI
He Gonee 7 = 25mc. Ilpu yBenuueHuM TemmepaTyphl
1o T = 80K uaGmionaerca peskasa oTceuka 3dpderTHB-
HOCTH CMellWBaHWA, U Nojoca yMeHbIIaeTCA JO Belu-
yuHbl 27T, JTOT pe3ynbTaT Mo-BUAMMOMY CBA3aH C
TeM, YTO IPU yBeIMYEHUU TeMIlepaTyphl Ha NOBeJeHUe
CHCTeMbl HAaUMHAIOT BIMATH BbICOKOYACTOTHBIE CBOMCT-
Ba JedeKrTa.

Tarxum o6pas3oM, B HacTosAIel paGoTe MPOBEJEHO KUC-
clefoBaHNe HEIUHEHHOro NIasMOHHOIO OTKIMKA [JBY-
MEpHO#l BIEeKTPOHHOI CHCTEMBbI CO BCTPOEHHBIM Aedek-
TOM Ha MOHOXpoMaTuuyeckoe U GuXxpomaTUdecKoe MUK-
poBonHoBoe uanyuenue. IlpogeMoHcTpupoBaHa U uccie-
IoBaHa paboTa BIEKTPOHHOrO ycTpoiicTBa (cMecuTens)
Ha IJIa3MOHHOM OTHKJIMKE C PEKOPJHBIM ObICTpOAECTBU-
eM. YCTaHOBJIEHO, UYTO BpeMA OTHIMKA CUCTEMbI COCTaB-
nset He Gonee 7 = 25mnc. IlokasaHo, 4TO HeMWHENHBIN
OTKIUK CHCTeMbI 00YyCIOBIEeH HOBBIM (PU3MYECKUM Me-
XaHU3MOM HeJNHENHHOCTH, BbI3BaHHBIM Halu4uueM HeoJ-
HOPOJHOCTH B 3JIEKTPOHHOMN cUCTeEMe.

ABTopb! npusnatensHbl B.A.BonkoBy 3a mnonesHble
ofcyaeHUA W 3aMevyaHud. Pa6oTa BBINONHEHA NpU
nopaep:ke Poceuiickoro ¢onzna pyHaaMeHTanbHBIX UC-

IIucema B MRATP Tom 90 BRIM.3—-4 2009



MI/IJIJIHMeTpOBOG/CyﬁMHJIJIHMeTpOBoe cMelluBaHHEe Ha OCHOBe HEJIHHEHHOro IJIa3MOHHOIO OTHJHKA ...

221

cnenoBauuii u DefepalbHOr0 areHTCTBA MO0 HAYKe U
unHoBanuaM P®. B.M. M. raue 6naromapen Landau
Scholarship (Forschungzentrum, Jiilich) u ¢pouny coneii-
CTBUA Pa3BUTHUA MalbIX (OpM NpeanpUATHI 3a QUHAH-
COBYIO MOAJEPHKKY.
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