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YVay (Si) &B- Bty -FEEBERYGR N T AF (Metal-Oxcide-Semiconductor
Field Effect Transistor: MOS-FET) %iZU»H L35 SiRBFF A RiX. #MiLkT5Z &
&V ZFOMEEEM EIETNS, #MHEDS E 2 & THLIZ DWW TIImER. T2,
FEBFHICE K DR H DH. MOS-FET DHA 0. 1umBE DK E & F TIE Z OFdvidhe
R EZZ2B5NB[1,2]. & LIZHMINIZIZS — P R40nmDOMOS-FETHRE I TS L.
FREETIE 3nm DREFH N — VECTEERTRE L T28ELH D3l ZOX I REBFTAA
A DOBMAL DORBIR 238 & T 53858 THMEE D OMBLREEORR L2 > TEk. Th
BEFFAA AOBERRPE S ICHMEETOMBZ L > TEE DI, FOME
DRBIIZ R E BB ABEObNTE D THD, ZDL 5 RAEX SORIT.EFOMA
REMELFBEORESEZFHOLDICERTRE LTOREELHO T 5. EBE
FHRELEDDBFFALAAOREER, BBEETIZBVWTEAY Ratty s
(Mesoscopic) % &I D~/ ueRE I 7 aRROPMOFK L UTEBRAFEZALTHY
5, 22T/ ukR R FOMEBWEESHI BN REHZ L > TREDRTHY.
IVORZLEBRFODFREDBFNFLE - TEXEENDZIZRTH D, $abb, £
VZaAVt¥ v s REBBRTFHFNTHGRN~ S 0 RRDE S I EIND Z L2 <#
HENARLEZRTAIENTES, - T, MHEETOMEEMET D Z LITER
FTHRROAV Ry 2 ROWMBEBERIRTHZ LIz oRMBE, UTTRAV A2y /7%
MEOEEZBEZTLEEEZPLE L TERD,

1980 4RI S H AY XAt v 7 R LIR30 BERREICHEE L. £ OERN
EhN 48], £HED AV Ry 7 RMBEORIIIARIT X 5 ERHKLFOWRIT
T T LR TEANRBL 2 TREBIOEENERZ2EREEEZFLLLTELEYD
bDOFRLUCET. AV R Yy 7 REHRTHIMEHZ X > TREL ERBRFR L HEH
BOZORBITBZLNTED, ERICBITS AV A2t v 7 RFROFEMIITERE
BIZRDZLENTE, 2L > TREROBREEICBIT 2B FETHHROBEEM
REHBEINDBZ L L2 oK[9,10l AV XY v 7 RFEOFHIZ BN T FITHEIIE
AR OMUNS BB IZ BT Thh, ZORT AAS (Altshuler-Aronov-Spivak)
%8 [11]. AB (Aharonov-Bohm) %5 (12]. UCF (Universal Conductance Fluctuation) %}
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B [13] LW o e #EE b ORA RE TR THDIRBIO THIAI Sz, —F. &k
RWTIL, IR & Tsull X 2 ¥EBEBBRTOREEFZORIBLADIZ LN TEN4], Z
DOREZREHL L THREDIZATHRT Vv VR EA L TERIGEEGMER RN
FRIEILE S LnomhviE sz, SBREMEED OB FETHHROWZRIX. H
THEEZBWTHFOHIEECHEOEHEREZEP L TITOND L5 1TRo k. %
TR FRTE XX —ER EOBBREEMOREALER/ - FORE1SIITE -
TRMED ZRILE TR GaAs/AlGaAs T RIS REIZTE L X 51t b &, ZFOH
BEEO_RTETREZEPLTINY X714 v /7 RERBOBREEOHESEATL
[16]. & & ICHBHMAI TEM (17,181 IC L > TEMSEPRLETFRE—KRIIL. EoRL
AL Z D Z Emulgi ez, EH#ksF (Lateral Surface Superlattice) . E&-T-Hik#
(Quantum Wire) BEXUETF Ky b (Quantum Dot) {ZDOWTDFERBEHELED BTN
518l ZNXHIZRTL B LAV R vy 7 ZRHROFENORE T EXRTILIZH Y .
FNEFZ X TEONBHMINTERN LERRRENOBEILTHE LA, T5L
TR L HINBEBITHRAES S . BINRSENIEE LI,

ZOEHRRAVRAY v & RICEEOBFRTHHREFA L TIERDEFF A X
OIS BERRA 2 Z X T, LV EEEIOBRE, BHEBRENOBTET A X
BEAD LN REDBIEE->TVA[18]. U TORBEOBFIRT A ANT TIZRE.
HMEIh TS,

(1) = oAy X BB T (19-21]
(2) RETRIBT T (22,23]

(3) RIS TEIE TR TE 24,25)

(4) BT RERS S 26,27]

(5) BTikETEs 28]

L LEFIETNA R0 < BEAITH U TlandaveriZ gk LW B Z R L TS ([29].
FRIC FT BT R TBNFAL ZZRSCEIBERD Y. AV R v I RIEFD
BLESERRFENTARA R ED L S REBEEXDPIEOOVTIRERZ DI > TR
WELT, ZeELREHNIN I VYRS —2HRLED LT HRRBIZEEELZRELTY
3, ZORMBIKBEZONZDDTHBHMN, FNIXTF AL AR EEERRIE L FRL
TWBDOTIRRL, BIEORBEBNRBORVWIIREZHI/HT L HDOR2OTHAS 5. HiE
FTIRRIESNIBTFET A RRHEANY) 7 AREREOHBER TOREET DD
DLV, BTHROBENZEELR LED LTHRADTTRBEE > TVS[30]. £
FREEHAEDTWS Y —ur T uy s — KELEZFA LR —E TR FIZBREE
MNEBETHB[31]e ZD & HITF A ZADHRIZBERICEA TETVEIN, WTIUZE X
MR T L LTORENRDDIINERE 2L SBIEBHRO NS VIV RAZ 2B FIK
FHHRCTERTZT 7 —FTME T, MU VR LRBORBEHIELITIRTF
(32]. EAZF—h< bUEFBINRERRSTHMPLOMRBLEETND,

ZDESRFAL RAERETHIDICLELSBHMIN TEM bERPEF LY., = F
VRV VTS T4 =D T ak AEMBEAE, HRNCHRHEIND L OITR-oTE
7o [34], E TGS EOBIERSCERE - FEAERE 35172 L. RELKRIITOVWTOH



BHEE > TNB[36]. ZHITEER 0 —THEMESR A RY — A NER EOERE:
WOESRP, FTFHHAFICREREND Y 2 IV~ a VENOESIZLD L ZABKE
W ZOX5RRM. RERHTIEME /0 ABRROBEELRERICLE>TFVEL
Ty FUIBNRRFT=a2 L —va v [BIREDT /) A—F —(ERTOMEOFIH
(F/ 77/ mY—) BT TREFRIN, FRIZEME LTCHLTBE S5, ELERD
HOMMILBRERZAMA L GEEOMMNTORRZRVIBZ 2R8A DIEE > TWB[39],
BIREET DEFET A AOEBITIXI0mmA —F —OFRFEREL X202 RT3
BERH DN, TOeDHiTidP/ad &b Inm OBE CHMIEESRE LTI 25
Wo FT/72 78T TE, ZOLSRBFELFEMNR ERT B Z LavEEE
LRBLELIBND,
INETOREIELY., FHEHTESCMHEI L — LV AREBEOKRE SOBEHD
RYRF 4 v I EERPBEFRETHHIRICTOVWTIRMPRVBHINTE R, LELERD
OHBEIZONWTIRELHESEE - IEP YV TH D, . SORIWMIENEREh
57z IPREREOEETOELEEITOWTIL., BEHRIICEBEENESS TR AN
THW3500, EOERWRILIISHOBETH D, HRBRBOFERLBEFIREIE
BORBEOIDITT. BMEEFEREROS LR IMEBLETH S,

1.2 KHMREOE/

BFHENDIENBTFT A AOWREORRZBRD S 00, #izEhEzfALT2L
LTS ABBEREEZ DO ER DI ER2VE, REOKFBEMOKE TER
PEHODDLSIREFTFTAA AT, £ LELL BF AN ENBBEIZZ5 Z Ly
EEZOND, LPLEDLSRBRUBILBENIPZH LI UDHREL TR Z LIZES
HBHTILTHD, REABERERIZARINDMWMEEEIZAY Ra v 7 ROMBT
HBNE, ERRIZIAV Ry 7 ROMBLPELMITEZ LIcboR2R5b, Zhid
BTETA, ABEOLDORHUEEXDDDLRDLEL LS,

ATFZRIE A B R IR DML & HIZHAT L 2 ICHN 2B F#X BRI
ONTHAR, HLWBRORBRIIEREZTV. TOMBESZHELMICTRZLE2BHNE
LTW3, &5, ZNICL>THLNEHREZHE LT, BEEhOBRZE 2H
HETBZLEERLTWA o TERLTR—B LT ATHIZEBAShERTF VY
NTFTTOEREE L ZORBEIZ OV THRRTNS,

1.3 EKRIXDIERK

BERCEIAEL TEEHEPLBREIN TS, RXOERITIE | EFHR. H2EPDL
FBOBETORMBIVETERHBLZ>TWD, wXOEREE 1.21TR7.



% 2 ETIX GaAs/AlGaAs R~ T D A F T ORI E L 2 0BERU=ES OGS
HBIZDOWTHRS., RTOERETEELBHELBNS Dbk EESREAY
TRY., TN L > TERBERIRTBTINDIZ EERT, v ay bF—F— Mz X
5 ZRILE TR DA LAD OEBRFEIZ OV THRERS,

FI3BETIE— R POEE TR SBMTEEBRICONVTIER S, 8 TIXERAH
BEESIGE LI BT RV ¥ — A 32 ¥ — ARSHT X B3P 2 P HER T OER TS
BETDH. FHELLE > T—RILEEBEFEERL. TORBHTOY A XIRDEZH
REZELIZE ST EBICAYRT Vv VEZRABFRICHNNTESZZ L E2RT. X
Teo UA ZRENZOWTHE bR H MBI oW TR 3,

FLABETITITF Ry NEEERBRTFICRBITBEIANY X514 v 7 EBIZONWTHERS, T
VF Ry FERIENRABRVWRERT Y VY A2 EBTRUT OESEIZ AR E
LTz & X OB P TOBREEIZOVWTHRARS, TV F Ky h0BF| 2 AT
52 LT, BREZBOHHERAD, EREREFTHT I DICHEFREZEZR L IH
RNV —FEFNICESSEREZTV. ZEREOUBRFEET 5. ERIDETFTNVOMR
Bz HoNWTikR 3,

BSETIRBTRA Y harv s MNERBIZBIT2EREERSY L BEFREHEREOAN
THEZOWTERDS, BETEEEE LTOERTFRA Y har¥ s b OEREEICD
WTIRAR, BIEFRA Y bar Z s bBTFRBIFDEFOEMEED SN X704 v
I BFOBEHLZHERT D, EHIT. NHMOEDIRT Vv VELERS, BTFXRIRIZX
DEFINT Yy 7ODITBEBIIKERBERENDZ LIZONWTESN, XY RAFA v 7
IREAIRIC BT D EFRIHOMEAIC YW THERRS, BF R harv ks N &BT
BoOLIvE—, aL s Ex—L LTHWSETFEHMNSARRIZONWTRERS, ¥/2Z
DLEDaL I Z—DEEITOVTHHREND.

6 B TR EERICH ZBTFMRRICBIT B2t — LV ARIZDOWVTHBAR
B, RYRF 4 v 7 EEHERICBNT, BFEZHELLS LT3EABTONTET
WBH, Z OB FROMEMEREIIT 2HEMERTR LIRS, BEFHIRRIC
BBt — L AENERIZBVWTHRNTAHEASHEINTWNEA, AETIX
Z DA% n-GaAs B FRRRICB W T, BIBKERE. MTHEKERIZ OV TRATER
WCOWTHRARS, fIflabt — VU RAERFMTHHELLT, Ty —Y UHREICE
5 EOWMSTIES. WENEEERLEOREIRBIVCHBERBEMANTEY. ThoH
BOFEIZE > T LML — LYy AROBRERFHIT OV TRA~D.

HIETIIE 2EP OB OEET TOMERRERIEL. KRR TH LN EERER
OWNWTEED D,
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FE 28 GaAs/AlGaAs BN T OIESFEF DS & 54

21 #¥E

1980 FRUTEG HAY Rt v 7 R LIRIEN 2 3R EBIZIE L. Z0ORBASSE
e, BIBERZOGBRLLIIZAY Rl v 7 RMEHEOREE ERTALICS B
B, ENEZXZTWSOIBHHNIEROBEILTH D, ZOMIZS AV Xy 4
RIS R R B RHAEANY 7 ABREU T OERAZEM SRR T
»H5.

AV ARy ) RUBRREOEREEOHRIEL LT RTEFREZHLLE LTH
PN TE I, TR ZRITEFRICBUHIIMIA1T5 2 L CHHUADORITREO L, X
LBIERTLOR (—RILEFR. EURITETR) 28 BICERNT B2 LR TE30
THbD. ZRILBTREFIND bDOITIZEOD»OBEHENH B, FOREBHL D%
HFimRd 1.

(1) SiMOS-FET DRHIZHREN2ETF

(2) GaAs/AlGaAs ~"FuERRTO=ZARF L VY LHhDOEF

(3) $BEHOFLE () K—EUFBOVIHEFY L v LHOBT

(4) BB~V T AOWE LiciigShi-EF
(1) 5 (3) BFEFEERERMCE > TEREINERTH S, (4) ZRLES
BOZRALBFRPERTERZEBMONTEY., ZORTYA FF—RLER &
NTVEREEERICHRS LHEENSL D, (2). (3) FoFBRIECTFL —
(Molecular Beam Epitaxy: MBE) 2 & > THID TREINBZATH S 2], EHFETIE
TRIEBFRELT (2) & (3) 2HALTVWS, “RITEFROBEFREN X
LEBTFHHEEERAOYRIZNEL, ZOLE_RATBEFRIIKTEFI X (2
Dimensional Electron Gas: 2DEG) &I 5.

2DEGDFALRADDRILE X HIZ EIF T, —RTT. TuRITHALADEE S EMT 24
BT A BN D 5. GaAs/AlGaAs ~F RS RITI VT BRI 2 ERTTREYE DI
REZR 21177 3] M21@ i35« — 7 AY v F 25 (deep mesa etching) ¥ TdH
Do ZOFHEIIMFEHEIE LN OIS %, 2DEGRB L VIEL v F L /T35 DTH5, B
TR ORMEZEIC L > T—RILIFACRAD LB, & OFEIT2DEGORH [
FACIABDBRNE NS FIEE DD, KA L UT2DEG & M T OREBASEE LTV
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ez, MLBRGOREOME LRI TFMENREILTEZ 2 TH S, K2.10) i3 DIAR
BEOHITH D[4l T ZTid (@) IRTHIRREZBREIZ X - T AlGaAs DAL $
DERLTNDS, BORAABERZTIZ LRI > THURADHRI®LS 2B 2 Lt
INTWS 4], H2.1)ix¥ ¥ 27 AHx vy F 5 (shallow mesaetching) B TH D, =
DOHEZQDBFELRRYV Ty F U FBEEII2DEGBETE LRV, =y FL FEHH»
LREEZEMNR2DEGRDOBEIETENIZ LIZLVEFIHURAD BB, (a) L HiEk
LTI/ BEZZITT < WA, FATADERIIB V. K21 RBEZ RN X —ERA
¥ —A (Focused Ion Beam: FIB) W HETH B [5]. BT RNAX¥— FIB BE4EE
A7 ==V BEOBEHEROLVIEE 2R OLD HALADIFATS Z LR TE B,
B 2.1@)-(c) DFEITHAD &, TRV BARBETHA D7 ot ABHETHB L)
FHZRE D, ZOHED () FARIZ FIB ORSHABOMERH 5. K2.16) ITF Bk L &
BEDYay bEF—HFEEEFALELDDOT, X7V v MF— b (split gate) & LTINS
6l ~T R EARRMEDOS 3 v h¥F—4— MNZ2DEGR N L TRADEEZEMT S Z & T,
77— N FD2DEGEZZZ AL LR ZETER T 2 HETH D, Z OFEOFH ST THEEMNZ
LALEL, T OBETEESRIELZ Y — FMEER I > THBETEZZ L ThH3, R
M ELTIZSF — MA2DEGRE L BN TW A 7)1, 2DEGIZIND AR T V& v A BER
F—FERPLRESTLEIAL. FALRAHORIZREL TERVWATH S, KB
21OMERREOBCHMILBRSEFATIHETHS. ZOHEIIERBRELFIAL
TWSEDRFBEMTALEEZEBD THAETH Y. o GEE OB TEM T
IERIREE) MM EERER TR LAARETH D, HITR LEDIRERIZH HH
UHVFROBEZER L TREERREEZTIFETH BT ZOMIT bR A I2iEH R
ZENRESH TSRl NSO —EOMRBREEZFIAE Lt FEZBEENRERRICH B
2, RERIZHMRINTIZE S INTHRESPENEDICSBRBEIIRB LEZI LN, KA
BERTESIRROBBHENELS., BROBZERTAIZLAHLNLWVWS A ThHB,
BRI AERTEE LR T D e DI B BN v F U BV LR B, & —
DY A XH100nmELTFIZ2 5 &, #5448 (UV) BB EHFBRRDODITERATE 2
WeEEhd, TODEFRERE ERAFTUVE—LABNE. XBEXEREBAN
B39 £y FUSIZIERSA 2y F> 4 (dryetching) & xy hmyFL 5
(wet etching) BB, MLSIOF B RAE LTRET AT NEOBLISE RSy
FUITBERTHIN, AVRARACY VR FTRRIASA v F LIS IMTHENHR
THHEITRE R EE2EX DI, Ty hovFUFRBELR-TL 3, Z0OK
EOFRUTIMTIRER 2N L THEB, FORBEYTY by Fr S O% 5O
ICRAEDOHIEMER BN LW I REEFD, Z0obrzy by FrJidE e UTRHRIE
BY 77 v EORBINAE 2EREOESIZAV b, I8 100nm BT DG O
MIRHETHD, L LB TIIHEROBIRT v F 2 Z# 251 L T 100nm &L T O
EOERBEL 2o TETWA (1),

AETIIRMEER TOER AL L ZOBREEGEONMA BT OV TE LD D&
HETHWZREX., £# F—7 GaAs/AlGaAs V'V I AAF 0 S EHRB L US K—7
n-GaAs EARIZEBHEMM L 21T > TER LTV, ZUDIZ 2 TIIARRTHEA LR
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(a) deep mesa etching (b) buried structure

SiN —» AlGaAs

AlGaAs—»

-_| - 2DEG

GaAs

depletion region

(c) shallow mesa étching (d) FIB implantation \/

(e) split gate - (f) crystal growth on V-groove
-~ Schottky gate

/’_:\ W Adans

2.1 GaAs/AlGaAs ~TF 1A RITRIT BIERTTHEE O/ERIE

. REERF ot R, MTEBIZOWTEE TS, ZZTRATREEZF I —KIT
IS5 THRESREAT D ESEN L 2OBMMMN T Y vt ROV TRRTNS, BT
BAERITTIZEACIAD B DIz, BFE —ABNRE, KIA Ty FUIERVTOLA,. &
N B DFEDOEMIZONT IBL TV B, QB IZHEENY 7 A 2RV TEITEE0.4-42K
IBNTHTRY., 3HICRVWTEEBNER LHEFEZOVWTE LD D, 4H#ITIL,
RNY ZF 4 v 7 EEOHIRICIZTEE B BITROEVEEISAE & 72 5 7o kit =S
SEAFIA L CEFEE LEHELBRIETRY . ZOROBELBBIZ OV THRRD,
i SEHIZBWTIE. ¥ 3 v hF—4— MZ X > T2DEGOEFHEFHB L UPALAD

RS ITh e » TOEBRREHRIZOVWTRRS,
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22 HHOEH

AFRTIEIBO—RTIFOBEFRLVOEI4EZEOTF Ky NEEBRFIXT ¥
By APy FUTREVERL TS BSETRRIBFHRA Y har ¥ 7 Mgz
A7Yy M= MERE>THERLTNS, ¥28 6 EOn-GaAsB FRBITIT 4 — 7 A
Py FUr L VERL TS, R TIEEHMERIZ A E R GaAsRAT D FESHEIR &
EFOMLF AR DNTHRRS, FRBEFE—ABHEBELTAIA VAL IV VST
EBIZONWT HiRB,

2.2.1 ﬁ%ﬁlﬁ?#&—%uxéGwm%A?D§é§W®¢ﬂ

ARFZE CRWeERIZ LS THRIEBHERE L Z — DO MBEEE (Varian Modular Gen II
System) 1T & D 8 L7z, MBE B3 & %1772 5 Growth Chamber, FJ DA K UVHi
LI %1772 5 Buffer Chamber, 38 X UK OB A %1772 5 E/E Chamber D=2 D25 5
BRI TRY., My LR R 2 M X TV 5, HEXK % & L T Growth Chamber,
Buffer Chamber i34 VR 72X TR Y. ETBERENFN2x10Y, 2x10°Torr BB
IZHERF ST W%, Growth Chamber(Z 13 0UfG T B B3 #73F (Quadrapole Mass Spectroscopy:
OMS) BEIURHNEHEEBFHEY (Reflection High Energy Electron Diffraction: RHEED)
EOSHEESHAONTEY. ZOHBANTETH D, REHom ELFBXO
LD Te ) Chamber IZMEH R Y 257 RCHEDUL TV, FTFRERELLT, 7
AI=h (AD. HUTA (Ga), £ (As) ¥V ay (S) 2z TW3, &
HAREEEELHEX =2l a L —2 I & o THRFES L. K 1000°CE THgvT5Z
- LWBTEB, :

EHFFRIZA N GaAs T~T 2 S EKIT. FHBM (100)GaAs EFAk_E iz MBE iR
RE->THERLEDOTHD, F—=RU P LTRAL2TSIZAVWTNVS. R LUEER
XTEETH Y. B F—7GaAs/ALGa, As(x=0.3) ¥ ¥ ZN~F S EEAR (LLUF GaAs/
AlGaAs ~T TS EIR LML) BEUS K—7 n-GaAs #IR (LLF n-GaAs EAR & #g3D)
ThHd. 22 FOBEEEERT . GaAs/AlGaAs~T R FESEROBEIX B (K
22(a). (b)) THD. K22 TEAXR—Y—E (/¥ F—7 AlGaAs ) Ei¥20nm Th
V. 2DEGEIZRED 5 100nm OMBIFER I N TS, F2.20) ZAX—V—RBEIXF
L 20nm G B0 2DEG B3 REH» S 80nm OMNBIZEHK LTS, K= 7EL
2DEGHE & B AR—H —BIL & o TERICHN TV A D ILROWBHENRER IND,
X220 1Zn-GaAs EM TH B, TNE B F—EVI/OFEZANTnBOEEREZE
BILTW3[12]. § R—7Bix&RmH» 5 100nm DAEICH V. #2DEG 2R L TW5D,
EBIIS F—7RTRIHOT. FMMBELORETRHEITIE 25,

RE U B OBRUZEGEMIIER 2R — VX —BIZ N T L T=4.2K. B IiZB
THE—AVHEZTV, BETEE T, BEFEELWS) o, BEEu FHEHTE
1R DT LIz X > T 5. GaAs/AlGaAs~7 n A EIROMER L CERER &t %
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n-GaAs 20nm
100 nm n-AlGaAs 60nm
AlGaAs 20nm
""""""""""""""""""" W 2DEG
GaAs 0.8um
S.I. GaAs Substrate
() * n-GaAs 10nm
80 nm n-AlGaAs 50nm
AlGaAs 20nm
................................... 1 oDEG
GaAs 0.8um
S.I. GaAs Substrate
(c)
100 nm GaAs 100nm
................................... J S doped |aye|'
S.l. GaAs Substrate

K22 GaAsHREROMIE (a). (b)GaAs/AlGaAs~7 R HE

WROME. (On-GaAs EAR OREYE

2.1 GaAs/AlGaAs ~F D BEEIROEE L EXREESM (T=4.2K, )

Hetero- n-GaAs n-AlGaAs

AlGaAs GaAs n, U I,

structure No.  (nm) (nm) (nm) (nm) x10°m?  m*V's?) (um)
#1 20 60 20 800 32 130 12
#2 10 50 20 800 3.0 12 1.1
#3 10 50 20 800 2.7 58 5.0
#4 10 50 20 800 24 49 3.9
#5 20 60 20 800 2.5 50 4.1
#6 10 50 20 800 2.4 66 5.3
#7 10 50 20 800 2.4 68 5.5
#3 20 60 20 800 23 66 52
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#22 n-GaAs BAROME L BREEFE (T=42K. BH)

n-GaAs GaAs S-doped layer GaAs Growth n, u I,

No. (nm) ‘ {(nm) temp. °C)  (x10"m?  (m*V's") (nm)
#1 100 1 700 545 6.6’ 0.065 6.7
#2 100 1 700 650 74 0.2 28

#2.1ITRT, BREEMSMIIEIRT LITRZ 5250 =2-3x10%m?, p=10-130m?*V-'s' {2
DLOB{FELHN TS, ZOERITL=1-12pmBE L RWCHIIANY A7 41 v 7 {EHFI
OHRIZANT NS, Eicn-GaAs BAROBE. RREER L CEREEFELZR 22T
Y. BRURESFHIIERZ L1282 5250 =7x105m2, 4=0.07-02m*Vs'BETH 5. n-
GaAs B TiX /=7-30nm BE L EV O TN EEEROMRICANTN S,

222 HEMERIOEX

K231z kHER Y 0t OB 2R T BB OBEIC L > T AR ->TEY,
X 2.3) X PEBKF. O)iXY ay hF—F— M ME&E. OREBETFHROBETHS. ¥
TEFERALEL YA MOZEER23ICELD D,

X 2.3(a). (b) TIXHDIT GaAs/AlGaAs ~7 B HESHEARE MBEEIZ L » THERT 5. &
WCEMNMR (UV) BXE vy Ny F Uitk o THMEERSOLE LD AFERIN
4 —> (QDEGF + RN L HIERMF) 1ML T 5. UVEBXAL YA ML LTEIZRIE
LYZARNTHBHAZ13502ANTNS (R238H). vxy by FUI/R) VBRTY
Fr v bERWTEY., VB8 HPO). BRtA#E (HO,). Kk (HO) Oy Fr¥
N (H,PO,H,0,H,0=1:1:30) HTEETF TOBMT>TND, Rz A FBAX—> ki

— IV I BEBERERTIEDIZ. &= A (AuGe: Gel2%), =y 7L (Ni). &
(Av) ZHEHIMBFEE (N— ZAHEZFE2x10°Torr) LT IV (An) FEKHIZIBNTE60°C
THOMPRIME L TELILSE. 2DEG LA —I v 7 s LY IERER L T5. L&
AP TEBRLEFE —LBEBXHLIVAMNRIY AZ 2 IUANVBAFNL
(PolyMethylMetacrylate: PMMA) #AF > a— k95 (F238MH)., TITETiX(@@). (b)
HETHB, RICEEBEEFOEHRSES (M236@) REFEY —L2BXITE > THMIRT Y
VY NAE =B, TR ATAF VI Y UV TEBRTRIA v F U T 2T &,
AHIRT V¥ v AR E = BERICEF SN 2DEG IREART VU y A RBA IS,
vay hxR—F— M MEEDHE (K230) BETBETFE—ABRITL>TXFY v b
F—= " RE =i, RIZBFE —LZEE (R—XHEZE 3x10"Torr) IZE>TFF
(T). AuZ FNFNHEE Som. 15SnmAEE T H. T TTildkAuw L ER L OFEEEE RS
THEEET S, HER VI T T7TBLERBDORATSY v hF— hARZ —UBEIRIT
mEINS,
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(¢) auANTUM WIRE

PMMA 300nm

GROWTH LAYER—» GROWTH LAYER—>
SUBSTRATE SUBSTRATE
MESA ETCHING I l RESIST COATING
AND
AuGe/N/AUDEPOSITION
ALLOY
PMMA 150nm
RESIST COATING ELECTRON
BEAM
LITHOGRAPHY
(a) surrace superLATTICE (B) scHOTTKY GATE STRUCTURE
v ELECTRON V V METAL
» e DEPOSITION
LITHOGRAPHY
RESIST LIFT
Ar ION OFF
IRRADIATION
. . METAL
Tz z DEPOSITION
:E H
H : Au 15nm
hd - Ti 5Snm DRY ETCHING
WET ETCHING
e
METAL REMOVAL
AND
AUGW/NUAUDEPOSITION
ALLOY

I

~a— Al 50nm

Au 100nm

23 FEHER Y oE X @FEEET. b)Y 3 v bF—7— MEE.
©) BFHIROER 7 1 R

#£23 LU MNOMMLEH:

Resist Exposure Prebake Spincoat Developper Rinse Temperature
(°C, min) (rpm, scc) 0
AZ-1350 UV (positive) 60, 5 5000,40  AZ-developper  H,O Room Temp.
‘H,0=1:1
PMMA EB (positive) 170, 120 8000, 40 MIBK:[PA= IPA 30
1:3
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BFMROBE (K23(c) IZIXET n-GaAs Eii % MBE Iz & » THERIT 3., KiT
PMMA ZJEE 300nm TEMBIZ AL a— ML, BFE—ABHRIZ L DV HIRR R Z — > %
<o THITALZRENE 50nm THEFAMBEE LY 7 b3 775 LHlER X — L BERICE
BEEND AERAI LTRSSz F U AAF IV VA Ehid vy hxy
Fr7 (VUrBRTYFY 2 M) 2IT70n-GaAsERE Ty FL 545, =oFLr FHic
B (HC) TAIDZREL, ERROFETI—I v/ BEY»HRT 2.

223 F/ A= PILBFE—-LBENRES

BTFOR - 70 A FEEAUTTRAF— 10keVIZEBWT A=12mBE LB TEL . 7
BFOEED/NEV, ZODEFRIZEREmBEIKL I LNTES, BEFL—A
BRERZZOLSIBHNEBFE—ARRES>TLY AN FIERE — L 2 BN TH BB
TE—ABEERRETY ~AOHENBEL IV Y a—F— LV HETEZ LItk T,
RRAVEFERTHZLREBOBEBDIIEXRTEBD LV M E DO, BFE—A
BHIEBZ AN =Ty NIE B D00, BBE LEBOBRAZ — LV 2B RHITEREE L
WO RTENTEY., RBL A TIO0mmE FDORE — v 2#i oiizFicHW S R
TW3 [9],

A RICHANWCEFE —ABHREBIIRAETFNSF-1THB, BEFHELLTE LI X
FrF o7 (<100>W) iz Zi0%a— b L1 Zro<100>W =X v X — BB EE FH e #
RALTW3(13], Fv 7EEEO (100)HIZIZZr LBES FORBITE W RETHOHE
BBOEVWREBAERINDS, ZOBTFRIIBBRBHIZL > TEFE—L2ETW
DIHERETE —AOREENE L. BHERIZ 10FRTRE L THEENI2UALINT
HY. FERATRERERZBNTEROBLEIX0SHUT TH S, ¥ I v & Eingh
T574 AV MR I v XTI SBHENIABFE2MHFT B eDIT. a3y hF—
V= RBHRAENRTWS, INEEE L LTIX20. S0kVTEETH B, INEEIT 50KV,
B {EREME Smm IZ BT A B/NE — ARIT 24nm THBZ L BHBEIZ L > TRERLTWA,
BFE—ABHRIZBITBE —AXF v VHEIBNZI6bIR—Y F AL av ¥ a—&iT k- TH
bhd, TOVAFLAERANTIMOL VA MRE =V B RETH D T LBEIEX
NnTW3 [14],

BFHMBXAL XML LTIEPMMA ZHWNWT W5, PMMA i3 1968 4Ei1Z IBMIT & -
THREEINZETRAL VX N THVERBETH DHIEL AV LR TS, PMMA
B IR MR E S FORBHR DD TH V.. BEHROBEHT & - THR Lk
WWIRTRT LR bRV VAN LTHWSZ A TE B[15], L LEREIMEN
EWVWIREEFFODIZ, EHNARIZIIPMMAL Y S LREREDT 7Y LV — M NRE
SFBRANSLRTWS [15].

BTXEENBNDIZ, BRF/ A—MBEIZIRLEBEFE—LTHL YRR
ASHT D ERMABE LB BRI ZZIFTHER->TLE S, B FIEER» OB L
FICE > THHNE D, BTOWMB Y IZE—DOHIRDO X 5 2 Lie " Z —2 ThhiEh
AT R VA, NEF — O BEIEEED 0.5um L FiZ/2 o TL B LIRS B Z
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DaryrSRAMDETED LT, HITAHBEIZOVWTULEEHROBEIIKRE N,
WoTFH/ A= IMARE—VERUIZBVTIRZD L ) REFHELLNH T Z LAEHE
L3, BEFHEAMHTAHELELT (1) ETOMERTER LT3, (2) £E0o®
g4k, (3) LR MOEEIL, REOFENREZXDND, (1) ZOWTIXEARETH
WEBTFE—ABNEBIIMEBETESRVTHY, avPa—~FTaIb—alitds
TEDOMEBBENTNDZ NP> T5, £z (2) TOWTIiXGaAs BT 2 igs
HEIREFHATEIEMETIIBEN TR, FZTEFETIE (3) OWTRE 2T,
PMMA OEEN—t > MEE2TIF 5 Z & T, PMMA DEEZEEIL L TW5, Mg
Z =R OTHITITERILT 2ORLEE LNRS, BTEHLY 7 b7 7 ut ANE
HLRDTeHIT, BEREREEZRBATEALTNS,

A TRV PMMA X ELVACITE2041 TH Y. BERFHSTE M,) 13 9x10°FE
EDOLDOTHB, PMMADR—F U 5&l, A¥ Y a— el BgEHE2R23ITRL
TWd, PMMA R AF A Y 7F N b (Methyl Isobutyl Ketone: MIBK) &7 1~
VBV ORESERIZEN LD DE ALY a— 95, PMMA DOEEIZ PMMA OEE
NR—y MBEZEXDZILIZE - THETAZ X TE, —RITBENEL RS LK
B3 725, AFETHWEDIZEIZ6% L 45% DH DT, AP a— MEOIEEZ
ZZ£1250-350nm. 100-150nmiEE TH 5. EEIIEERE TIEMSE (Scanning Electron
Microscope : SEM) IZX B L VA MIMBRICE VRIE L. BEAZ - OBBRITHR
¥ (MIBK : A V71 ,%/ =)L (2-Propanol: IPA) =1:3) HT 30°C |28\ T 10-30 FHRi
TV, FOHIPA TOOMRIY v A E2fTFoTN3E (F2328M).

224 ArTALIVYLITEE

REIAZF UV TRAIAMZT VIV VT EEEZRAVWTER T TIONS, ZOAF
Uy FEBIZA A VIR E LT Kauffman B A U HEHZ TV B, BEVRAE —ZAF
P> 5 250mm DREHEICH Y . W—RBAE1T 5 HIBHPIREESE TS, AR
Zu—&Y) =Ry 7 LBIHR Y SRR — AEEEIX1.0-20x10°TofBE TH 5. &
oA 2 ¥ — ARBE D Ar £ 113 6.0-7.0x10°Torr T 5., INEEBEI 0.15-3.0kV DHiBH
THETH D, BEDORSA =y F U JIXMEBE 1.OkV I ZRWTfTbh s, 1327
S Y ADE=FE —DEHDOT 7 55—y THRERALF —h 525SmmOERHTIEE S
T3, A3V F—XBRA77S5F Iy iRE VA ZFVBREE=F—L. 1F~
RAEREARENERDDZENTED, A FV 7Ty 7 RiFAZVRHER &L ERIC
BIRLUTEILDORNZ LEEA LTV,

2.3 ERAER L ERIZE DM

RENIEE LY 44 2%y MR HHER T CRIERITS. 7544 AF > b
BEFDBAZF 2V —REAERE 2L Y FTHHERAE —POERINTNDS, T
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N BRA HICEE LEHOREEB TR L TEE T TOMEEFTS ./ T/ RX v

MIBERERBL OCLERMBREICECTERERDOEA VS, A CIZAIESRNL
K—. A4 ZFAE Y NOBERPBRIZOVTERS, EitllEBIzoOVTOEES
BB,

231 BIEFRILA—

ARBHIERNVE — IR Y T 7 2V — P HBASND, BERAFE—Z7Y > b
EMIZHHDZ —IF N EEBERZSOT, FEE2—IFAITIIADOY — Rigdismsh
TRY., TUEXRBEDE BT A RZ y bhBLAEICERY HEh CEHflEBI
BRSNS AROBBLERERNE —DF —IF N LIZHSHIC L > TEHEL TN S,
RERNAE —ZiEZF a7 o=y FASF v v ZHEONTE D AERL 2 W © & BB
BRoTWD, 7 7A4FAEZ Yy NOEBEMIFEPZBHENTRY., QERLE —h
OFBHIBRMNIZ Y — N FENTWA, E 2 BEHEITIZIEE 950nm DR R L A
A — F (Light Emitting Diode: LED) A3 OWTHE Y., {ER T TREHCRARZRHN TS Z
EWTED, MIERNKX —OERNTITEIBE;BH ) ERRZEBENESTRETH 5.

232 BE‘HeHIVZ1A4X2y b

7 IAZFREZ Y MNIRR? L OBRIE 285 <Tediz, itk *He DA - T-FEH 5 A8
T2 U=, BEN, DAL Ly 7 AT 20— ORI T b kFo %
B2 > TS RRERAE —IZAROF 2 U — bz d Y A Hac BER STV
Do WHk‘He D1 KETOREIZ42KTHY, e —F U —RUFRRE-oTRET B L
TEIHIZREETFRZ LN TES, REEBOBR YR 24107T. BENRTRS L%
JEDBBBITNE 2572012, HERIC L BRBBENZIK T2 THOD TS 2D,
BRMAEANZ AL TRENR TR L2725, £ HelIT=2.1TKIZB W THIER 2B -
L TEBIREPRBIZR Y 74 VARIZEZIINVEVIZIUD S, EBIZ 74 VAT RE S
HPHERI P56, EROB NI LA LEKEDE N7 4 LA ILEDNTLE 5 [16].
5 LERRDOEHIZ, ZOHFETRBAEIKEEETLIAHMTERY, BEEZTIF?
BRPT, BEZERHE—BIZRODIZY/ ZAZ v & (EER) BEFNT DR > T
%, BEBKBREFICL > TENRE=F—TH5Z L THET S, PR TITEER
T=1.4-42K OREZEMEHe I FA F R E v BzBWTHIT->TW3,

233 AEHeBI7Z7144X52y k

BEEBE ORI 24 LISIER L TH B, Fa U -z L TRAR i He 2 54
ARZy DLAROTEEETH D, SMUDSA Ly & REF 2 7 —HUTIZHAEN, B A
V. RAIOEEN 5 A8 2 U —#ITII WA He S A B, BIESAE — 3R LIz A5V
VAEDOAHIIZE Y PEN.ZDAF UL ZAERRAIOF 2 7 — iz A T HelZ &
BET., X7V XE ML LA He 12 k> THEIS ., RNEORENIR A He 1T
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Lo THESRNESND, X7V AERIITIT EL LOBBE 2 <TedE&BY —L R
WA oI TWS, FEBEOHKE He ZW/E L TB Iz T=1.4K DIKRIZ *He H X % Bisfik
SETHALL., RIZH# L THeZz 2 —% U —RY 7 THE L CRIETIZT=04-0.5K12
EXGLND.  He N RRRFF TAINCERT A OB MTHY. A7 L RAE LR
JE, EREBERRE2CREBPRIENTEY ., R L He H RRELICERS NS, HE
BT =D LZF X914 FEFIREGICE o THIET 5. AL TIZEER 7=0.4-1.4K D
RERIHE He I SAF A2 Yy MZBWTH»>TWA,

2.3.4 EHRIEE

FHROBREZR 2518 T, MEEFHB LI UOFR—VIEREZHET S HIZ, 754 F
A&y hEAGRECFEEROPIEETIZ LI VRBICRIBEIINT S, RBO
HENZIEEERA T —PIC L 2 T360°E LD Z N TE D, MBEREIIR—ALBFRIZE-T
HEshD. TOBRETHEONIERRBITIITEETHS, Zhil EORMBIIHE
BERAEICIVRBEIES. TNIRIVBLNIBARBIZISTERETH S,

L DEHLIZ RV-Elektroniikka Oy #EB D3 7 ) v ¥ AVS-45 (BIE Rk EI3 30Hz) iT
XV FETHET 5. Va— VB L 3RBORE LR 28T Hic. Bk
TERBI00ABREUT LRI 5L TWD, ¥y ay r—4— NBEOHMIZ
i3 Keithley 13 B /T Model 230 2 {#H L T3, ARCH TR FEIR LV EIZ S h
THEHER LR, ZOLEBHERTiIPLj~HEL. kL IOMTEERT2HET
BT LERLTNS,

EBRORE TIIMTIEMOMELFIZ L, BBZREI L0 bBRCAITIRY AT
tf~W$¥#6®m%%§&§ﬁ7Uz/#&@ﬁfﬁ%(ﬂm%ﬁbfﬁ%mﬁt
B 16bit N—Y F NIV E 2 —F PC-286 IZBUAA TN,

24 KFEHREBEVDRICLIATEFROETFEE LBHENEA

e TR BRI I3k A 653 (Persistent Photoconduction: PPC) %R % FIHT 5
ZETEFEEZEMIETNS. GuAsiZnBIRMME F—FTH LB RF—ER5
M. AlGaAs TII DX o & — LIHTIh DBV 2R T 5 [17,18). DX BV & —D¥
A ZT VAN F—ZIBHIRA F VAR AF - X VIEBIRKRE L, poEEE~
KR INICBFOWMBIII=RANANX —2ET S, TOLDETHERVEX—LTO
BRTIX.DXt Y —DOXRBEIZE > TRZ ZEEEIIHRET - b ERICHRZY
BELRWY (PPCRIER) [19]. AW THWTUV S GaAs/AlGaAs ~7F 1 S EHR Tk Si
R—7 AlGaAs B Z DR E B Z T, PPCHIR DT HIZ T=200K LL F OISR TOXEETIZ
XoTETEERZHMIEZ L. X2Y B LERMIZbl - TEFEESHM L2
EXRiZREN D, ‘

K2613T=14KIZBWTPPCHRIZLVEBETHEEZHNI SR L EOBEES2 250D
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" n i " A e A L i i " 2 '

2X51 00. i 3 4 Py i A . b
Ng (x1015 m'2)
2.6 KiEESCREESRICL D MNS B BTEE LBBE 0BG

HEZRBNT Ty FLEbDTHD, BHERZIEBEFEEICH L TERKELEERTZ
EBDPB. WTFNOREHCBWTHETEED 2 BRECHMNT S L. BEEII2HE
BEIZEMLTWS, ZRIEBFEBEEOHINC X VIEE TOBBE # XE 3 5 Rk
LOBERTF L Uy VBB INS7eDTHE L1 50D. o TPPCEHREFIAT
SLBEEZUETIILNTES, ZRNEBEFRTREHEHITRIEIBBEE LETE
BEOTLHBROTBITHBIL Lepn, THEP S, KERFHARTREZB/DIZLNTES,
ZOLEMTERIBAIENSE Y27 =a7 « K- ,"—Z (Shubnikov-de Haas: SdH) #&
By D A O A H2DEGIZEIE “RIEH 7Y ROARIZAFH L TWAZ L #HEALTY
%, BYEEOHINZEL > T2DEGBE—FR _RITV TNV FEEFTHILO51LRRD
ELH TRy FRBELBRB Z D7D IBHEMET L TLE 5 [20]. Z0HFEITEE
TR TRy RORIZHH L TNBHRBIZBWTITo>TW5S,

AMETREVFHERITREEZLELT IR A7 1 v 7 EEOJER IR %
T=42KIZEH Liztk. RIERTICLED X2 RENCRHN LEFEELZEMSETr LRIER
fToTW%, EPPCHHREZFIALTETFEZHMIED LEZBEXPBITDHL
BEEIN TR Y21 ZhEFIATULREHICEA L ALRT V¥ v L OB ER
TR LN S ¥ D Z L RARE L 2 B,

25 Yay MF—F— MILEB3ZRTEFRNDEFEELIE
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EMERIZEB N TIE. GaAs/AlGaAs ~7 D ESERRMICHR LIz 3y b¥—4%—}
L - THEMEELFR LEFEERTICHALADEY, BETEE (721X
¥—) EEAIETND, >TVay bF—F— MOBEOEAGEE 2D HER
HD. W27y 3y -7~ bOERLBBERLOBKERT. ZhiZV =0tk
WT2DEGIMEETE 9677 v ¥ 3 VEIMES-FETHETH . 7/ — MEEV =00
LEDBTEEEn, ¥3 v hF—F—1 L2DEG L OBEEER L CEMTRY Y O%
BEREZENLNG C LTHL. F—MEREV,OLEDBETHEE (V) I

cy,

— g
ns(Vg] =Ry +—3

£72% 22 2T Te, g3 ENETNHFER, KEHOFERTHS. LoTyav b
X—47— MOHIMBEIZL > T2DEGROBFEEEHHETH LN TE S, AHTIX
v av NF—F—  A~OBEHNC & V2DEGOEBESAZERMEN L D X 5 T8 T 200z
DNTRR D, »

B i W72 3N 40pm, BIEH FRIEESEI80um TH Y 2MICTi/AuY 3 v hF—
F—hEBRLTWS, - EOF - FEBOENEBRLRIETHZ LN TE
5. AT GaAs/AlGaAs~T R BAER#S ZHAVTRY (F2188), AR—F—E L
20nm TH 5., EIXBE—EOEMET TS, — NEBEEREILI RN LF—NVHIEEZTT
W, BYEELBHELRODTNVDS, FHLEERDY 3 v bF—4— M OEWEIRIC
BITHT=42K, BEHIZRBIT 5B FHEE. BEEIZENENn=24x10" u=49m?V's' TH >
Teo THDLES— NEBEXKE LICHIBORHEIX 7 =2.2x10"%, u=30m*V's! THY, b &
DX Y n BT REBRPLTVDZ LBbR 5, ZHIRBREIC TVAuSEE SN S
TR EVRMBENPEM LD DI NVRBFE —ARKBRREIBLT AV OREDLE
xbhd, , o ‘

28134 — NEBIEIZANT 5 2DEG DB FHEE % T=14, 42, 77K. BHIZBNTH—
NPELIFHERTH D, ZThHORETEFERIZS — MERITH LIRIZRIE OKEHE
ERLTNS, ZOZ LV, Ln OBRBRBEQHADCBKRTRRTESZ LERLTWS,
RBIERLEDT 4 v 74 VT LY RDICEROBEE L. BBBRC LORV—HERT
[23]. ,

2.9(a) IZ T=1.4K. BEHFIZRI} B4 — NEFEIZHTHBEFEBERIVCBHEOE/LE
AT, FRROL SRS — NEEZRIEIMT 5120 Ta, pid7 — M BEICITERIBIC
BALTOWBOBDPH. F¥ XNMRV=270mV I ZBNTEYFF7 LTS, Th&
D BRI ORISR FRIEI T Y v VI E D HETIRHRE TE 22h o 72, K2.9(0)id(a)
R LIepZn T L THEZ2y NLESDTHD (UL Fn-pu7ay hLps), BFE
EOEW (n>1.0x10°m?) FRIRIC OV TR BHEREFEEOBRKE TR LRTELZ L
oA %, FHMBELAXEMZRER TIIXBEE LB THE OMIZR ORBRIKERHRN
HBZ LHBHMOENTND [22],

- &5
=% e

Moe< n;" (22) ‘
CZTERMNOER a3 AXR—Y —BRIZKELTa=09-1.7TBEDEE LD, AX—

22
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n-AlGaAs
_ AlGaAs
IIIIIII 2DEG
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S.l. GaAs Substrate
27 Yavy h¥F—4F—brEBEIRL S 2DEG DEFEEFIHE
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251
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£ 15k
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00 -..T N | N | s |
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%28 BFEEDOTS— FNEBEKEY O.0. BIENENT=14. 42,
77K ORG Iz 3B 1) D484
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YP—BENBKELLBITE aBKREL DT EXHEINTVWS [24,25], K 2.9(b) D
n>1.0x10°m? DIFMIZBNT 74 v T4 Y TIZ X Y BROFEHEZRD D L. a=1.105F 50
Teo R290)DERRIZT 4 v T4 VIIRERERLTVD, ZDOK 5 RBEEORRIKEM
FEFOBMELBA VLRI L D DO (n-AlGaAs BOEBARH#MM,. A_R—F—FD
BERHY. GaAsF + RVBORERHM) THOHZ LERLTWVWD, I HRETFE
EOETRONTBEERISMITRI L. BRULSOThBEASh . B2
DFNOWEDLBFRBEMETIILI>> 1 THY . ROGEIEBHERICH D Z L4
25, ZOXIRn-u7ay MIRITHERRASDSOFT NI Jang HIT X VBRI SN TE
D [25]. EfrosiCE > THBINA—aL =T s VEBIR LD DOTH D Z LR hT
W5 [26), ZDOLEMABFEE_IT

=B g

THEzbNB., ZZTsiZ2DEG L R—Y¥ Y JH & Dl CidA 4y (Fr—) mEE.
BIEETHVHENLBOIBETHD I EPBHMLNTND, ~NFIFESERH#SD K—
¥y (n-AlGaAs) BRIZ60nm TH Y. KF—FE NS IEIN,=1x10"m> TH 55 b ER
A ZVEEEIXC=1x10"m?2 & A& D b b, le~T o EEEROEED Sn-AlGaAs
BohRiz K=y ZHAd 5 & TudERiis K—Y Y Jm e OfE#s=50nm & 72 5,
INLOEREERAT D Ln =05x10m? L7220, BRAPSOTILOMED KERL
MPATE S, —RiIZ. TR F—I~T o EETIIA F VIR HDBEEF v x> Dk
Nl ZAIEH DD BELBENNISBIE R, ZOLEHIERLRDDIX
J—aVRFUT Y VOREBAITHHP,. BFEERBNVE T ZNLEN SN T
LES5., LELEFEFENMELSRDIZONTESNSRIINEILALY, RFU v gD
EOMRBKE 72> T2DEGII BRI LEEBIERICPND L5 1Lk 5. &R
FOSRIB SR DI B E TORMB > TWIIZ GBI ETH BN, SLIBETEEY
B LTV EORBYBENTA—aL—L s ViERE B I LEESBNITRB EEX
bh5b. > |
X 2.10 12X 2.9 IRt 2 F N EN T=42, 77, 300KIZBVWTHEIEL DD TH B,
X2.10@)%» 53 L 5icT=42. TTKIEBWTIIBFEELY — NETXORE 2B L
LTIEVWERRIZ D 7e > TEILE D Z EBTE A, T=300KIZ OV TR V=0 DL E D
0% BEETLIBDSEDZ ERTERS o, T=300K TRV =-14VIZBN T b5EL
REVFZT7 LTI ERbrd, Thudyay =4 — 1 DY — 7 BFHROHEK
DIeHTHDEEZLND, £7T=42K TR 290) BRI SND L SiTn-p7 vy k
DBEFREBEEP SOTHRREONDZH, TSTTIK TR O X 5 R EHIIBRA S ieh -
Tzo

Rz RizE S icHImS — NEBEREVFAVEREL YV HARIRTEE F—FTD
EBHIZTOE <RV 2DEGE T A LR TED ZFLTINEBFORAL ZHIZHA
THZELNTEDLDTTHD. Elen PERABEFEEIVEVGHEETIE. F—hMIl&o
TE&BNEERRO7 2 VI Z XX — 2T ENTE S, £ 1L Tn=1.0x10"m?
DEEDT = NI FERIFOMBE L RIPLROVA X EEFEBELLRDZLIETHR
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BRODITITERITH D, TOXIREALIORT VIV F N ET 2V IZRZAF =D
S AV A A v 7 ZROMRICBIT HFBEOFHR R LIZ>T D,

26 &8

GaAs RFEMFE TVER & FMIZ AT 5 ZREMOEARNFIRIC OV T X & iz, Kk
HEEHRLY 3y vy —F— b 2AVEEFEEHNEOEBSELZRIE L. LLTOH
RE/T. ‘

1. RAJELED 23EHC IS 35 2 LIt & 0. AKisiHiZ 88 Bz & - T2DEG DEF
BEEZBRK, WO TOED2EREECHINEEIIENRTES, ZOLXOBEEIT2
EREITHEML., N X574 v 7 EBEORIBIZRW T FHEHITROUEBEB PR TE
B
2. BEMI4TIKEZBNTIET/ALY 3 v b¥F—F— ML - TEBTEERS — MEE
OMILREE L L THETE 3, BE 1LAKIZRBITBIEH AL T AREOREEFEIZ0.7V
BETHD,

3. BREOBRTEERFELICIEBFEERRCENT, BRUD?LOFTHOBEAIS
NBHEOASBRETHRBZ 5, ZNITEF ORI EMESFER TR AR R—aL—
vavEBERBILIHDTHLHEEILND, IOROHMABETFEEITERERWV—
RT .

4. Ti/AuY 3 v hF—F— MZ X > T2DEGDEFHEE % 1-4x10°m? OFF THIT T 5
ZEMTE, ZOHFETDEG IITERNICB—Thd LEXONS,
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638 —RXATTFEEERFICHITIBEIEXRRR

3.1 #

I

SEm#B#-F (Lateral Surface Superlattice: LSSL) X XY X2V v 7 RO ST
FHY, MERBERE TN T & o, BT OEAIX 1970 FEITITE & Tsuiz &k > THH TR
8 &4, MBEYRIT & o TR UTe & EIERE ORES MBI oW TE S ORISR
SINTE([] —F. FEBETFOBAIMOITL T 1976 FITRESh 2], FEH
B FIZETFHRT AL AORPTHROELERDODO—DOTH Y, ZRITFEHBIEFIT
BNWTI=AVREI=Fry v 7IRBE D EBRNIT, KET7 3/ VHELLSMIFITE BT
B RENTWA 3] BB HOT 2 v REFO L 3 HOMALII Y RS IR
MBOB S S DEELFE L TVS, L L, BETLEOKM 22 IcHATBIC
FE5THRW, ZHEEHE»OER (7o JRERE) OFHBKR T2 1ENTS
ZEPHRETHEEDTH D,

BEREFIVEVEAMEZLISOATHRF VY VOEAIR LY BHE FRRmEI AL
FIZBOI=X+ v 7E2EUCTI=NY REBET B, NY AT 4 v 7 EERIZE
WTEBFHIREBEIT 5 0&MER. (1) BETORY a BIEBERELEL LY b
MENZ L (a<l). (2) I=Fr y7TRXAX—E BRETIZRBITS7 =)V INHH
BOBEOEE Y ORENWZ L (B >3.5kT) THB[4]. ZOFKBETRBNTEFHED
7y FREABEISh, BERZ =12 (ZZTALR 7=V IHEETHY. 40~50nm
BETHD) 2HitTLEB/MEEZ LS, &> TBRETFHREZHERICEBRAITS 2DITIX
BN 7 2V I REBEETHHIIEBHETH D, M3 17V IEE (FER) BEIU
EHBEHTE (AR OBTEEKENEELRT. 5HEIX GaAs/AlGaAs ~T 2 FES K E D
2DEG IZHBINRBTHEEICH LTHELTWS., ZOHERENLE 7=V IFERIZ
S50nmBETHY. ROEELEFNFNRBICT D7 =2V IFEREBEO#EELZ. &
BHELRFELRBLERTINERD S,

FE OB T ORI & > TEmBRFE2RBICER L. Z0BKUZESESH
EENDXSITR-TERM4S]. EXREEOMRIZIILDIZI a3y bF—F— AV
ERFTREBOZRVWFEE TN, BTHEOT Iy FREIGERTS FF o Xavy s
& ZAORBMBBF I N TS [6-8], TE. MIBHIIBIT S 7 =V I BRI TH54
REWABZR STER TV VY VR TOEBETOEBEICERERBFELLNL TS, EHIT

29



200 ¥ v
K T T 1 LI I|l| T T 1 | L] LR L

B 1)

» .

»

; :
150 - d
E = p
= 3 e
~ 100} -
< i ]
50[- .
i ]
O

14 15 16
10 n1()m'2) 10

S

K31 7k () CFEHEHTE (G OBTFFEKREM  GaAs/AlGaAs
AT S RE O 2DEG [ RN 2B TFEEIZG LT oy LTS

D.Weiss HIZ X AF W — R TREAPRFT vy L HOBREEDHRETHD 9. £Z
TH I TREE T OMTIEIUC /BRI ORE 2 R Uik, Z ORENIRBIZICROND
SAH #iRE) & B2 D IBEKREEATHV. ZORMIE. BTC3RAERT vy ik
LDEREZTTEN -T2 T X 7Y RIEORR[10,11]. HREZIIH A F1 7Y
FZ—DIIBINE R 7 PR [121 R LI X VBBHSI N TV D,
—RILFMBETIZONTIEZ DX 5124 < OMZESFTOIN TE s, R L TN
WL DPDERH D Fivid, (1) —RICFIERE T O — AV EHUCIREIAEN S Z
EM BFAFRFEIC L D PRSI TO B H3[13,14], ERFICBRI S L TWH AW, (2)
—RILB L O HRITEEHEE FIZB VT, BRI 2 EORKIESIABE ST
% [15-19) MKREIRIZ DWW T OGS & E5 & OHBITA RV, (3) —RTEMBREFO
BB D OBREEICETENREND 2 EBRERRIZ TR ST S A3[12] ERAITIE
BRI TR, RETH S,
ERINZIZ—RICEImBE T, TE U THRFRY ay bF—F— 11 EkiEL —
P—THREE (9112 & ¥ 2DEG REFRT V¥ VEHINT 5 W) HFETIbh TE K,
DX SRHFHEIT I 0 EAEE L T20-500nmEECHDRERINTHS, LIErLET
SIREFFCTDDICEAMEBTFREOERBEERTOILEND V. S bIZAMZR
HYEXFLHTEBEENDS, TOHTHEEETHEROZD DO LnEE & L ToEEE
FERFIH LU 0] REABRFEAA LEFERNZEREALNTNS, Z0OX
SRR REMN AR U FEIIERAEESTE, RF vy LV REDRELTE
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DLENWSFIEHRH DN, BELERERERNEZLELTS. BEOBMMENT ot 2
TESIERAMEE R RT3 HERBREL IS,
FETIEAMEEFERICE Lz, BoRfAF— 3L — ARKIC L DE 22 TH
BREFOERAEERE L. B Uc—RATEHEE FORMSDIZBIT 3 BRUZEIZH
WTRARTWS, ZUDHIZ2EH TR, BTRAXE— A2V ¥ — ARE % BV R
TOERFGEZEREL. GaAs/AlGaAs ~7F B HE~DET R L E— A 32 ¥ — AR
RIZONWTBRD, EReAFERICE o T—RITEEBE T 5 ERIC/ENT 3, 38128
WTE, R Lic—RTFIEBR FORST TOU A AEB A FADZ I Lick T, &
BIZEABIR T Y oy WV ZRTBFRICHINTE 32 L3R L. RSREEEHE L Ol
PORFIRT Yy NORE I EFET D, EAFBICL D ER U —RITERBE
TIRBNT, R—ABIUT ST A ARHHBFND Z L2RBINTRT, EHIT4HTIR
REY 3y MF—F—MIEoT7 oA Iz RAX—2TILIEE 2 Lick v BlES
YUY NORIEFEATHZ LIZONWTHRRD, ZOFEIZEY. RFELV I+ ALORE
272N IZRAF N LU THNER LR RN S, 7oA IZRAE— LR
REOHFRE THEMBMICEILS DI A TEBR I LERT. $ES5HIIBWNT. Bk
B OBKEEREICONVTHEEZTY, Yay=a7 - K "—2EHicEHR IR
PIZONTRBRARD, 6HIEBNTIZY 2V IWBEREORLEEDOER L Z20BKEE
Iz DWW TR B, '

32 BIRNF—AALBHEBVAFEEEFERENRE LEL

321 EIRINX—1A BHEAVETEBIRFEREDIEE

BFE-—ABHBERRL > THZLOTEIRZY—UBRIEORRIIBEFC —AE LY
BULYXMDOBTHILILE > THRES. ZHIFIL VR MNREROBEFIT L 5B FEHEL
RIREBTOREIZ L > TEPHRBEFE —ABBEL DD TH B[22). BF OEHELLT
HBITRAX—BREL LD EBPTEOT, BEEMIBITIIME=RLE— %8
< (>50keV) THZERHFMTHD., LU X NEEELT S LELERRA2EL TX
DIeDIT, BAHMDL VA MBRBBAT B 1o DTl A Z — L HEEREBIT 5 [23],

P IR TR FICHERFHEE Y — V3 EEREmI oL ¥ &2 Mz 100nmEL T
DRMIZRONZ =V EFERTHAZ 3LV iU FTOENL VX WS &
SRS DBR60nmEL FIZRIZ Y N TH B 23], TLBEOL VR OB ST
BROTCDIZEENRE — DAV FSAIPET L, V7 MNET7HIZE B REZ—
BEPHELZ-oTLE). ZOZHEBL YA NTIZ1000m L FOFOY 3 v K
F—F— b aFRTIZEFE LY. ZOLDEHEEEROEDOF 7 aw AR
BEELIND,

ABETIIERYEEFERIGE L, BV F— A F 0V — ARSI L 35 =2 FH
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32 BTRAX—AF RIHT & D RS R OBER

BIRFOERFEERRT 5. ZOBAR2K32ITRT. 2O EIXERIL L7-PMMA %
< A7 L LT, fEZRAF—4 F 2 E— ARSIZ & Y GaAs/AlGaAs ~F D S EARR T
HRFRMEEEATDZ LIZLV2DEGBIZEFEELTRLEATI MM RAX—(F
v DEAR D TOHEREII2DEGE £ TOEMIZHANTHE S B FRIEDOR T ¥ U T #
WBRBIET D, MTFRMIAY KE¥Yy v S RICREBME2ER L TE T 2% LRSTHE
BTFTOBFRELRVEES, 25 LT2DEGAETRELHANEA SRS, E£/lc~T 0
BOERRMICY 3y ¥ —F— b 221752 L T.2DEG2EDEFHRELHM TS Z
LLHAEETH D, AFEOHEIRY 3y bF—F— N X B AHEE X - DHEIC
HRTY 7 b 2770 ABRETH B 2HIZ. PMMABE 28RS 5 Z L BWEET
HBHLNWSETHD., PMMA REOERALIZ & » THEBMIBEEREE LR D,

3.2.2 GaAs/AlGaAs NTOBEADBEI RN -1 F L E— LBHTE
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GaAs/AlGaAs~7T D EE~NDETRANF —A F U E—ARSOEE L ARE DI, -
FIVF—300eV D Ar A F U % GaAs/AlGaAs ~F D IEAEAR (ML T, iRk L W) IcfRst
L7z & & D 2DEG DBXUZEF OB/ 2T e,

R UTc BRI EAR #4 TH ¥ 2DEG IZEARFREH S 80nm DEEREIZH 5 (8 28k 2.1
B, T=42K. BHIZBIF 2 RBEAMROEEFEE CUTTIBFBE LT », B
B ni3 N Eh n =2.4x108m?, p=49m?V-is' TH B, Z DOZEHMRKIZIE 100um. & X 400pm
DE—NNR—=NRE -V ERR L. IME LRV —300eVDArA F > ¥ — ABHEFTF- T2,
BIRD n. pREDTDIT T=42K, BEHIZBNTHR—LHEETo .

F—NVREOHREZRIZITRT. B33@) kA3 F—XBIZNT 21 BLUuTH
B, INZHDHLn X F—XEOEMELZHFATZHAILTHNEZ b5, F—X
B 1.0x10%cm? 2R8I} % n OBPER (REHKOBTFEES 1 L LItk ZOBIOHAE)
1337% TH D, TR LT uidr v BIRRE EZRL. K—X81.0x10%cm? 12 3317
5 uDRIE (RBHEOBFEEL 1 L LI EDORBRIDOEE) 1390% ThH5B, =D
X3 2uDBFA F VRENT K o THELR B R L b DL ELZ bh 3N EFEE
DBTE > THERT V¥ 2 VOB RBEN TR R DD IBHEZRITS
DT, AF VRS L DHREVEICE ., ZOREMBBEESMITT BT n iTH L
Tuz7vy Ll BT pn 71y hERE), #RE2E3.30) 1277, K3.3(0) i
AF VRGN L > Tn 2BALET R b DL, HBOTDITA Z VR E TS 3y bF—
F—MZEo>Tn 2ELS T bDOEFRRIZS 2y NLTW3,
25ENTBNTBARIL X ST, BRIZBWT uidn ORER L LTRYRDX HiTkE
NI LEBMBNTVDS [2425]. BOTRE aldiB@BHOXAR—Y—BRIZIKELEZETSH
V. a=09-1.TRBEDEE L 52 LBERNITOP > TS, ZOBERIKE®RIT KF—Iiz
X B ERIAMMEEL L GaAs N7 P OBRET 7€ 7 % —FHEEL. AR—Y —BAO
BEAMBMBEICEIDDOLELZLNTVWD, A1 FVEHLTVWRWRE TIZ
n>1.0x10m? DR Ta=12ThH W ZLURMEE VI D BRI S Z LidA B L
TWRVRB TRAMBELR IR TH D Z L E2RLTWS, 25BN TR &
SITZ DK 5 2ERAM S OFTNH A <1.0x105m2 DFFIRIC B THI E N TR Y . Efros
&R —FEEBEBICL s Tun 7oy NEERUPLOTIANRNDZ L2 EHLT
W3 126). —H. A FVEHERE T I OBMITONT (V3 v bF—F— FRBO
BELY) BBITESTDEMB, T p OB n DB & BB ROBMC LD
BOEFTTIIRNZILETRBRLTNDS, BEL ZORBBRBIZIAFTVRHIZE-T
M HPOBELFLREAINTNREDTHELELXBI LRTES, ZORKEONT
LTFT#®RT 5,

AZFVE—ADEIFROBJHEFRLDITEVy Ty 2L —Y 32 (TRIM
85) IZL 2 TGaAs B I UPMMA D ArA 2 A% FHE Lz, =R IVF—300eV D Ar
A F 2 D GaAs B LU PMMA h TOHREREIZENE10.34nm, 0.54nm L7725, T DR
I ERE A 5 2DEG B ¥ TOESESOnm T2 & +a/hE v, ik, 4 v BEt
R E->TETIRTFRMEEDOBIREIT. & L TrGAsx v v 7BHIZEEEICS
FTBEELOND, ThODEFHEERINY RDiLBEEORERMNETERT DD
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34 BXXAX—AF VR K > THR SN D F KK DR S H 10546 O

KEFIHEIN, ZOMRDEGROEBFEEOBIBEBI 5, 20T L bBIRE
DWALITIIA VRS OBEIIF LAY ENE S I2BbIS, L LIEERSF + %
VY THRITE > THFREPEDHEREL VIES ETHRS Z 2B HEShTWS
[27-29) ZD&X 572 EREEZBI BT RGOS OBRAR EZR34ITRT, 20L&
BFREGIAY Ry v PHICBTHBRNZER L. 7oA IR TOZ 0BT
BEMIBFTED LN TVD, 20X 5 RETTEHE SN 7B T 25 2DEGRE:F
B EICIX2DEGR PRIz bR, 2N HIZEELH O L2 YV 2DEGOBBEET 2 b bT &
Zxbhb, :

U ERREE 51T, BN F—A 3L —ABHICE > TCEFBELRISER T
LERBBEOMMMT 2D ST, ZThE—RIEZRAX —AF LY —AT 0t RZEKE
MBERETHDLEXD. ZOIDNY AT 4 v VREOKME (a<l) EHTZTHIziX
Boli/e Ay R—XBERET DI EBLETH D, —RITHE S MBRFREFOERIC
BleoTIIAZF Y R—XE% 8x10°m?2{TBA TND, ZD L&A F UV BHAROELH
HTTIRIL=0.88um TH U | RIS IR CRBEHE OETIIPZ2NVEE X bR B DTERY:
a<l BT LB TE D, ZOLE n OWPEIZ25% THDIDT, A& KRHHES
LR IR OBEEREDOEIT20meV 725, ->T, ZDAF Y R—XBT—RITHES
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B FEERTHIEV=1.0meVEBEDORF LV S+ VEREBAT I LBTEXS,
323 —RITFEBEFDIER

FBHESLZ A W e BRI MBE IR IZ & 0 B8 Uiz GaAs/AlGaAs ~F O REYE ELAR #3 L #4
(F2ER218H) THD. HIR# O T=42K. BWPIZIITF B8 0 =2.7x10m2,
p=S8m*Vis' TH D, T DL OPHHBTEIZI=5.0um L7225, R LRI =/
THD (ZZTREABL, 2. 3 LIER), ER Uz OBR L lESFORE+ X 3.5
s fR 7ot X3 2EON23@ICRLEEBY THZ, EFL—ABXIZE-T
& 50um D+ FERDORZELRSIZ 100x100um D—RICEBR F /3% — L 2 HE LTS (L
T TR—RITBEFEER LIS BETER L ). 3Bk 1. 212250 Tid—kT
B F R F — IR EE W=180nm D & A a=380nm THNW TN B, ZD L E DA F LR
BHZNT B <A77 L7252 PMMAJBEEIZ3000mTH VBEDOEED DD EHNTNG, 3}
B3 IZOWTIRANE — 213 W=10nm O & a=50nm THNW TN B, Z D L & PMMA |33
JEAL L 72 BRE 25Smm D S DEHNWT WS, 2 —2 2H B, ArA 2 BEt 5170 2DEG
WIRABIRT Yy L 2EA LT,

A F LV E—LARBHIEIAFT VIV VS EBTRER T CITok Q24FEBR) . Nv o 5
77 RIEZ 1.0-2.0x10°Torr TH Y. A F > BE D Ar JE 11T 6.0-7.0x105Torr T 3.
ArAZF 2V ZRAX—1X300eVTHY ., A>T 5 v 7 Rid2.0-3.00Acm? TH B, ArA 3
v ERARICARE BN LPMMA 2389 5. 3B 1. 31200 TR Z DRBTRR
TH 3. BF 21OV TIIBBFEB EIZTVAuY 3 hF—F— N3 BFE —LA%KEI
X o THRT 5.

RIRIZXT=4.2. 14, 04KITBNTIT o7, 3k 1IZOWTIZLED B4tz & 3 PPCEhE
L > T2DEGDEFHEE % n=2.7-4.8x105m? DEPFATEL SR TNS Q4HiBH). &
B2 IZOWTIRT/AuY 3 v b —F— MNZBFERANT 5 Z & T2DEGOEFEE %
LS ETHWS Q5EBR) . Zh b ORBIBEEHOLTOEAET L YA R RIETE S
LORBAHSNTND, AETIIMTIEHR . R BLEKR—NVEHR . R ETLEN
EUFDL S IZE#T Do R =R 0 R =Ry, , BELUR =R, ... R =R, THB, ZI TR,
FEREMF IO~ L. kL IOMTBERTEAEST 52 LR LTS, R_&
R, 3BHRE—RILAMRT V¥ v VIZBEF R LIBETH Y. R ER_ITFAH
MIZHELERETH 5.

33 BB TICH T3 —RTFEBEFOER =EBIETM

331 TA1 XiRE

3.6 i a=380nm OFLKL#1 DT=42K (R#R). 14K (F#R) TR DMEIEHR . R
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Rxx=R16,25- Ryx=R16,38: Ryy=R38 47, Rxy=R3g 61

K3.5 —RITFIBKETFRTOER L HERFOEE BFOD
W Fidtr—I v/ ERERT

EAR—NEHIR . R &Y [30], 2DEG OBEIE 2 8K S ¥ 5 72 o MIEIX LED AT I
fToTWVB. ERAR—AVEHRICOWTIERGREZZ-Z Y SEDHITRES B ITEH
LTt 5 DFIAR =R -Bl(ne). AR =R, -B/(ne) X FIRHIRL TS, el ln &L
TE S TOR—NEHFOMEE 5 5RO ME 1 =3.8x10"m? ZHNT WD, Z DfEiX
SAH #8170 5RO I LIHER L TH D,
H3.6@IRTESIC—KRITAMRT Uy VOBARE VR IZIZT A RIRBIOFE
HrREBHA T TS LT TR BHODIZ. T4 RRHD 5 b—RITHEHR
TR NCEELFICERER L & 2Bl E N 53R BERY. A RICHR
Ll b & ORE)Z TR LIS Z LI12F 5) . B>04ATORIBHIR TRERMITER > T
BREN D DI SHEE TH D, £72H3.600) 17T & 51T R ITITPITREBSEA S h
Do E72B>0.4T O T SAHIREIASFATIRBICEZ > THRAIS W 5. BRit®ES R T
W5 & 5. SAHIRB)DIRIEIZ T=42K TIXRBITET 505, VA AIRBOIRIBIITIZLAL
BALRIRNZ &30 5 [31]. & BIZR  OF¥ v BT EOMTIEFRALE/ SN D
B R, TREIDL D RREREORMIBEIIIHEN S hizv. EORIEHRIZ OV T
333HTHWT 5.

U A ARENIZB W TERERE (PITIRE) OfvME (RAME) 3R OBEZEETE
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TRIBIZRBNTRZ B Z BN TWS [9,10].
2Rc=(n—%)a n=123.. (3.1)

T Z TR, =tki/eB(Z ZThk 37 =V IH) XY A 70 hua¥ETHD, HM3.6HITR
TREZ GHRAZHLTRBMBIZHELTWS, £KHOEFInOEEFRL TN
5. B3.6()5 5 EEIREOB/NME L BAEFZH LITTE—BERLTNDZ Lbh 5,
ZZTEn=3 ¥ TOB/MENBRI SN TS, K3.60IZBNWTHESZHDONET
EARBOBRENBR END. K LENRIIE =2 DO TPLICBISh5BETH
D, =3I oWV TiRiIZ->E VEBISh b o, ERIZBRWTHEIES & DREBMEMN(3.2)
R L PHEHBTFRAME L THTNDEDIR. ZOBREGZENEZLBROBRT V¥ v
EFRELTEY. EBORT Vv VIZEZKEREP TN TVIDTHD EEZX LN
5o

FEEIRENIY A 70 o BB L ARV Oy VL EOHBERICESHEB RY 7 F
BIRIZE o THHEHITRET S Z LBARETH H(12]. T D & 5 2 HBgHERIC L h
VA7 b ERBEAYEEAET IMBICRBOTHIBIZ y FRIND R 7 M 3E
Z 3. ERICBVWTEEIRS =3 THHEITE 3 Z 113, B FARBOEE B hiTER
YA sn barBER QR) BE-Vakhitd L HRFASEOCHADES (33um) BE
THBHZEERLTND, '

3.32 F—ILEHICHTB T 1 RS

RIZH = NBEHUZ DO THBA D, KI3.6(0),()ITRT K S ICR . R, 1X2DEG DF—/L
P L RRIZRBICEFI L TR Y., B>0.6T OMBHRIZB TR —AHRIZE DT T b—0
BRI ST 13T R,,. R ICHAISNIc XS 2ERBRIS v, L L, R R,
2B BIZHAI LR~ VRFUR IO T AR . AR IWEHT 5 LIREIT 2R @il s h
%o RENZ3IIHITBAREBEEEME G )R EHB L IRBNEEZ TR, £ 2 TEHRIT/RK
lEE>TNDZ L3bhb. TR KBRSV D FHRBOZHE LR TS S, U
TR O, Z OIRE 2R — MVEFIRES LB T 22T 5. 2 2 CHEIS ok —
NAEFIRENI Y u BRI L TRAHIITH V. BERSSETRESHA ST LD
TiRAeWeEEZ2 5Nh5 (RERECVFITREIIE e BGICH L THIMITH 5) .

R—VEFIRE 2 S HIZEELSAD ). LEDESICE Y ETHEEEZHNIEED
TIETFEAR ., BFREFHMIEIL 7oA ITRAXF—BEML. 872 ¥ v R
ELEILTHEEZ NS, LEDIRHOKRER3TIZRT. K3 70OLEPLLT~E RN
WL TWS, ZZTERENRDH—T1F40QDF 78y b2 L >TnD, B>0.5TIZH
HENBHPVIRENIB FR—ASRO7Z b=t XD b DROTZ Z TIEE X R4
EFRENEN L ZIZRERR—VEFHRBINBEAIS NS, K3 T7TPORENTIG. DR E
W THRBIZHIELTEY . BRI DEERLTWD, $ETEENEINT 5ITo0
T, IRE O — 7 (EITRBERAIC S 7 b L. IRBIRIEIZBRD L TCNWB Z L bh» 5, Z
LT n=48x105m? FTHMIED &, IWEXT LA EBR SR RoT
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3.7 BFEEZEIASELLEOHANK—AEHNLLOTH

ERDPD5, TRRUTIORT XS RBBEPTOHRERIZLSE2 005, HRE
HIZ LNTEHR OISR FRZICRB W T, MBRE LW FRAZFRFRICT S HE. B
B L2W[32]. $72DBR, (B)=R, (-B) THD. T DBERIFEBOFIRIC X HFITasL
T35, ZO/BIHRTERE BT S L R =R ,,(B)=R,, (-B) 725, B 3.51TR$ 3k
TIREORFME L Y R — VEHUIRRICH LTRAHRTH S [33]. TRobDHR, (B)=
Rss,w('B) B3R Y ML, BT Ryx=R38,16('B)='R38,IG(B)=R38,61(B)=ny LigoT, Ryx(B)=ny(B) 3%
MBI LD EoTR LR BERLIEEZRTHETOLENENOFR—VIEHIT
REFEIFENLRNL WS ZLB3b2rb,

BF@REmIc LT, B—R-RERTOEER Lo LOMIZIZRD K 5 72B
Bh3d B [34].

ne thc(_ 2m 5o, (32)

Opy=—
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IITLREEERAF—THD, &> THR—NEHII o, #RMT B p OFITIRE %
BB UTHREN§ 5 Z & A2 5, Zhang & Gerhardts 12— R I MR FIz B W TR
PEESEME (B2)R) T LE, HERSEK LD L5 RS- VIEFIRBSBENLS
T L RHERMIZTFRIL TWA(13], & 2 TEEI Lich— AV EHERENI Z 0BH%m Tl L B
=B LTS, ¥7z VIR AF—2BMEE5Z L TRFV Vv AIRIBIZR
DT BERRF Vv VIRIERBDT BIZONTHR—AEHIRENI/NES S R >TW3B, 2
DZLPHHZOFR—NEHIREII—KTAYMRT VU y VXD DO TH B Z LR
Bahd, o> T I THAUS N R —VEFIRIZ—RICAMRT vy LTk »T
FIEREZENEDDOTHDILELZBND,

LY —FBHEIZ LV —RITAPRT ¥+ L2 BAT B HETIIR—VIEFREIT
BRI THR2WHMB8). SEEH TE ZDIRMECR A X —A T ¥ —aRBSHT & v R
Lz ERERBEHRERTIERW,. & LAT—LVEFIRSNSERAITX 20, S—
B DREF I U TIRIEREBEIFE W TIRBIR S OLEMY H LizZ &, BEURAHAT
YU VORBBL —F—THERZEIDDDE YV KEpoTcZ &, REOHBIZESD
DEEZBND,

3.3.3 RESBIRMR

33T & 5 TR, OF D REHEBITITEOREIEFAPER SN B85, —H R
WIZIEEORTEFIZEH SR, 7oV IR NF—2BITRF VY VRELRE
LS ¥ & &, R, LR DERBGEBOREN L 572 50T, K 3.8 i35 H
B=0-03TIZBI} DA RBTFHEOMIEIIR, () LR (KR ThHDH, £&K31
B FEE TN DB FRBOBMEEERM . FTHEHTR(EFRT. ZZT
n i3E R RS TOR— VIEFIOBEE H bR e, Tl gid ¥ o REBIZ BT HEHES HR
Dz GBI THEBROEIIERIT, £EHH LB TR O2DEG DEHLEF N T HK
»TNB).

R_IZOWVWTIIR 3.8 2> 5 BERB OEH O/MEIL. BTEEEZEMIEDILoNT
BB 7 P LTWA I RO 5. KRB EZEEHLTRIBD 5> bm=340%
DTH5, RETRLULHBNE & BYVB/NOMNBIIRW—BERL TS, ZhicH
LT, EDORMTEFICOVWTREFEE WML L bz —JiRIBIZBA L. ¥—7
BRIBRAFAICS 7 FLTWD (TREY RT OOV RAIZS) . £/R ITONT
BAROMETEHHEI Sh R, ZORORIEIIIAMRT Vv V2B AT DHEIO
ERCTHEAIESNTBY. AHRT VY VOBRIZEDDOTRARZNVWEEZ OGNS IE
OB IEIIIEIRMIZ 1T Streda & MacDonald S REESIRIC L > THHALTRY., #H
BODIIERBTF VY AORENINGT S L EOMTERORESEML., ¥—/ 1
ERBBBAICY 7 b TAZERFHENTVAT. ZDOZ LIFRADERERL DE
W —FT B, TROLETFBEOHINE LLIERF VI Y VRENEDTEOT,
F— 27 MBRBBERIICY 7 T3 L1225, EmEMENROBEHR TIXI—RILAE
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3.8 VuBBascs g SRMEIEHR, G, R (SR OBTEEICHT 5L
BETEEIENEN RS =38, 42, 43, 45, 46, 46, 48x10°m? TH 5

3.1 K382 5RO MM TR OBMERALRG & P EBTRE K38Ob—T7ick
PHFE ST LTS

Curve n, (x10°m?) 7, (ps) hss. (Wm)
1 38 24 6.5
2 4.2 29 8.0
3 43 31 8.8
4 45 34 9.9
5 4.6 39 113
6 4.6 43 2.8
7 48 49 14.6
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HRIZ—BT D5, TROLETFEEOHEME LDITRF VI Y VREPBITIDT,
E— 7 MBIXBHIBANIZS 7 T HZ Lz b, EmABESROBEH TIZ—RTAE
IR Vv VROBE, EOMKRIEIUIR OARXBRIEND LENTRY, ZOXT
b ERITHE L EMNIT—BT B,

3.3.4 HBIBFINT A — 42 —0OFHME

BIHE TRz & 51T, BTRNVF—A FVRENZ & 0 R L e —RITEHBRF
§¥®m%¢T®%ﬁM%ﬁﬁuv4X%@kiom%m@%%mﬂ BT & > CHET
5, o THRmRNEEREREIUBRT I LITL - T, BRFOBERRFA—F —
@~O?%6ﬁ%VV¥wﬁﬁé@m?5:kﬂf%éo@I*»¥—4XV%%KI
BERT UV NERADMREERERNICHRNS )., MEEESNROBRRLAVWTED
BMRIEH 2T Lic, T LUTHRREERBELOTZ7 4 v T4 VB LERRT vV
IRIE V, LR TOBMEELRR c 2R b Tz,
ERRT7F Vv VIRIEE 7 2V I ZRJ A F—IZHARTHR/NS LK, o7 VIR
CHATRTF Iy VBT RN LW I EHET (6<<n, V<<E) Tid, —RITAER
TV NRIZBT SBTIEIUILTOL 5127225 [17].

_ 1+ a?C9)
Px= po_l-——&—((i)—’ 3.3)

A=§remodin(d) oo

Q(éj ) 1 —(1 - p}::xp (-a—f—,[) -t (3.5)

7o U XA ERELR L @ =eB/m" 13 YA 7 1 b v AIREIEL 61 sin(6/2)=n/ak IT & -
TEHSNIBEREMTOT Sy FREATHD. E/epl3 LT ORMIIEIRER TH 5,

P=\ dhoEsin(e)] GO

B38DR, & BIBORLD2NRATA=—F—T 4 w747 (V& 1) ZRGHRE B=0
& B=0.08~0.15TIZ BV THFolce ZHIEBI)-GORITIZT A AIRBORERA - TH
5. B>0.15T OWMIBAEBIZR W THI SN DV A AIRBOFE 2T 5D TH S,
T4 T4V IIER38DR DL ERS 5EZEHETORBREAVTVDS, 74 v
T4 VTR ROTHEE IR TO 1%, R3VIOR UiehS—VEFP ORDTEZHA W
Too ZOEEITIE a=380nm TH B DT (3.3)-(3.6) RDOWAEMH << il INL TN S,
K 38DR ZFHMILLIZDDEREKNRT 4 v T4 v T H—T 2R3 9ICENETNER.
HTRLTWS, $T74 v T4 VY INRTA—ZDn BEOEMKEREZR3.10ITR Y,
BW—3t AV=0.05meV B L R A=1psDIE TH LN e, ZDOEEY—JRIELE— 7L
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BIXENEFN15%. 10 FEIT D, TOHDIZEIIITITET—R—%FRLTWNS,
B<O.IT CTRERME L O—BUIEFEIZRVWN, BOISTTII—H L 2»TL %, Zh
BREROEEOLDTHE LELONS,

K39IZRE 74 v 74 Y IRERPOVEn, (E) ZEMIEIIZONTHIT B
Vi=0.8-1L.1meVIZEDHETH D Z L2 b, ZOMHEIILV —F—FHHRIZ L DD LY 3
BREEREV., SLIHBEODIZ. RERE LTV RBHOHHRR LD 71 v 74 v
TV 2RI RD R, BERBOERAIUTOL 51225 (11,

1 TVo 4 B R x
Apxx pxx p() 2717’1?120) ak ’—COSZ(zn n 4 i (37)

ZIZTPiXEuRIGTD KV —FEHNETH D, EOMTIEHPL ORDIERT v ¥ v ViR
BT EERE> OROIMELITEELL. 200 KERHIZRV—KERLTWSZ
EBH»5,

—7. EORSKEGH, LR FBMEBELRM 11213 15ps T, BEFBERCDH TV IKE
L7z ofce TRIEHR P RO L HEBERE R BEFEE2MI T2 L REAR
DT LENBNTH D, FIBHKFEEOEHED SRD e B BELRRNIZ = R ITHRIE
OBEEBERM L VNS R2TWD, B RXNF—AFVBH LEZERH R—F~5u
BEIZBVWTBEENSRBAD TS Z LIZLRIZHERH Y . JRRE & L C2DEGRE L EICHFRE
THRTREES, ARRBEEV X —L LTEBLI AT Lz RF—2 " Rilidiy o
DI LIZbDLEEZ bR TWS, BRTHRIBIZBITS 1L 1 L OlITiZ2-3B0%E
BHY., LPLVBEFEEEREEDRR->TVWS, 1L 1 2 OMOZEIIB% 5 2DEGE»
ST A A U ALRMMIC L B/NABELIC LB b DL EX bh B, IMERILILED B
/NS WO THEHIESD SR ZEMEELRRIZIIH VPRV RIS TNS
A[35]\ EDRKIEHD 5 R D 7 B BELRFRBE W Z & I3/NAEREL O R AR K ES)
BizEBEL2RIELTWAI LERE LTS,

INGBELOTREZEZRT D L EERD 2 LV RHEBTHZ LN TES, R bbh
% & 51Tn=4.6x10°m? D & X OB FIRIB TOFHEHTRIZ11.3um E 258, Zod
X ERERDIIn=4ETLIHEASNRW, n=4IZHY TS0 b HEOAEEZ
45umTH Y. b LEHBHRTFENS 113umZ2S5iXE SICEROBAHEE THEAIEh T
bRWITTHD, ZOX I RTVA REHOKEMIItL VDL LAt L > TRLSHRHAT
5, BIEDLZ A, THBFEEICIZLEALKELZWEEORRIZIZ- &Y LTV
Wo ZOXIRBFEEICHEBELFESRELLZVWEHAKIFIBIZEVIEMLLET
T —hV FRBFRBNTHEAENTNB[B36]. A AL EEMETRAF—RRLRB
7z (FIBDIFEA 2 ix Ga. IEBTIZ100kV TH D) ICEBEDO BT TE 208,
DBFEEIZEKFELRVEVS ERERIZIAA V- ARBHIZE > THREINTEB IR
MEBER L TWB O H LR,

34 Tavyv hX—F-HNMILBIBFBEELRT Y v IVEEEOHIE
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FHEBEFORTHRT AA A~OIEAIE L TR B FEE ORBESLETHB[37).
33T AT P IR FHR T TIRBTHEEIILEDRESTIC X  PPCRIR 2518 L TBiL &
BTV, ZOXSRPPCHIREFIA L FETRETEE 2 0% BEMNSEEZ L
BTERIEFTHY, FEHICHh2BERHENTERY, ZICRIRECY 3 v
M= — b D0 TETEEZFHTIZ LT, EREEEEHETEZ L3RLT
[38]e E/33A4HTRANL L S KETHEELMINSED LAHEFL >+ L ORIEE R
DIRDTLLBTEDOT, APIRF Vv A%HMTHZ L TES, Yay bd—
7' — N Z2DEGRICH LTIE S LIZRICBEANT 5 L. EFEE 2 Fh 2hihn. wd
SHDILABTED, ZOFETRERITLRTWBIRFRY 3 v FE—2F— kAN
DHRITHAT, 2EOBTEELTILIREZLNTES,

K3IFEAMIIT=42KIZBIFHR . R OF — NEEKEWETH S, ZhhbErF
A7 OBMERIEV, AR ITOVTIRV, =02V, R _IZOVTIEV,=028V L BE2->TWN5
:eﬁbméoéBm&uﬁ%mmEy%i7#5®mﬁbfjgﬁmﬁ%ﬁ%ﬂm
EYFRIBBI->TWD., ZOLIRBINE L F 7R —RITAMET L Vv
wo@ﬁ%@kbﬁ&ék%i&héJ&ﬁEyf¢7LT%&ﬁiﬁﬁﬁ?%ébm
5T &%, AFUHBRBH SN TORWVEERIZA 3 BEEEAE L F24 7 LTHERN
BERBTH DI LERL TS, o> TR OV EBIZRIT 38T, ART Y v r
WX TR ENEGERT VI AR TOIN RV FTREBbORELE ST
WHLEZOND, ZOZ LBRBIPRELVFI7ERORERTHA 5, —F. F— b
BIE-0.28<V <02DMATIIR DIEEITA AV RESHEROSBIVEERE L 2D L
Ao, ZOL5RRBIZTVDIERE 100um OB FHIERSEFNIZ A TN D 2 L iz
LTW3, BEFFELZBDIERIOoNT, &BHNEERIECD 2B FHEILER R #
MDVEDRT > v VAR S E D% 2 1T TIEBIRIRIT 72 2 4EIHH TN 5 [39], &Hkrie
EVFRAOMERIOZLICERATIDNLEZELOND. R KRETHOT T v I RKit
CEET HIREBHEND Z ERFRENZHBT. ZORKTIRT S v 7 Kotz X BHEH
DIRBIBRI S 2o Tz,

BI31113kA 725 — MBEIZHT BR,. R, THD. ZITV=0VIZBNTr=l £TO
TA ZARBDBBREN TS, ®icH/ — NEEZECHNT S Z & TREFEE RN
Bie, ZDOLETA RIREIDOn=1D M % L DRIBLBIIRRBAIZS 7 P LT X, 2
D7 MERERBE LR -T2, Z0Zeprbyay b xr—F—MNekoTUA R
REVBFHEINTNDZ L3bh 5, BETEEOHMICONTEBHESKBEIND D
(TR, DEERD ORPEITHT S, V=04V O L X n=3 DIEHI/MEE THEITE 72, —
7 R, OFATIRENZUEB R ENT, n=1 DHBBRENBITL X F o TWB, V045V
I DHELF— ) — 7 BRBEINT DI ZERUTIRSETH -7z,

3.5 RMEETICH T3 —RTTFEBETOEREZESY
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3IFCRNTY A 70 b RENBRFRAMEI Y DREIVWE S BB TOBRUS
BIZOWTT A ZAEH Z PO L TR e, EE TV A 7 0 b o B0 Aa
KD BANELRD XS REREE P OBKBERSEI OV TIRR S, F3.1213T=04KiZH
i} % B=8.5T £ TOMKUEHIR . R, BLUT—NVBHIR,. R, THD. V2—LBT LD
BE LR ZEIT 5 oRBHCHETERIZ300ALUTIZLTWS, d— VB L Y kD E
TEER=40x10"m> TH 5. R R_KIZTVEIA VT 5 Ri=35 DRFF—LT
7 b =ABAShTWS., ¥R _DOBIT OFWBRRITIIRERDLPHEA SN D, Z
NIE3ATITRATLERBY THB. ~

R, R ITIHBBBICBOTHRIUSEI SN D Z 2D 5. R BN TIEB>1.5T
DFRTHEHRA P BEICHEAR LR E RBEIEH 2 RT O LT, R IZIZED X 5 7280
BRLNZRWV, TOX SRR ITBIT DK ERBEEIEH I Beenakker 1T & 5 7 B IR
RE->THAESNTVWD LD TH S [12,40], FTcR IR ICHATHOTHICERBMI
¥ 7 hLTW%, SAHIRFIIREBEH 1<B<BSTIZIBVTR MR LV KREWVA, PPCHY
RIZI-TETFEELEMETD L I0OZITLALEL 2V EFEIBRIS 22
%o

—RICPEBEFICBIT 2BRUB T TOBREHEICOVWT, BRIZROZ LETFTHRIL
T3 [13].
(1) SAHIRBYOIRIBIZR, DHABR LY RE R EERT.
(2) UV E TRy RERBFBREBEED 7 7 v ik— 78R SICER T 5 4L SdH
RENCRBRE N D,
(3) SAHIRBIOMMHEIIR, £V bR ICHRIZEN S, ,

T TRANICRBRERZZOEBTH (1) LEEIZ—HELTND, L LK1
AT L DI SAHIRENTIZ (2) TTRRISN MM ERBATE R ol VA X061
R, DOSAHRBIZ 7 7V H—7HRAT L DBMEEZBR LI LREL TS [41] L
2L BIZR IZIZED L 5 BHEEBHI L TRV, E5RDIRBIBIESLETH D
LEIBND,

3.6 ZrINIEREEOER%L O—RTEEBEEFOMER EBRBEFYE

B2 AX— A F VBHEIZ & 2T a=50nm D—RTEEAE T2 ER L2 [38], K3.13
IZ PMMA OBEF/3 5% — > OJR-FRE 88 (Atomic Force Microscope: AFM) &% 7/~
T AFMT 14 » 7RO MEBEFIL 20n0mBE TH 57D, AFMB X — 2 DIERH
RIZHLSIHEENTWRWVD, a=50nm D—RITETBR T34 — 2 5 PMMA IZFE Rk
SRTVBHZ LBbRP 5. [X3.140) ILE OBRE T OMTIEHIFER, LR ZRT, X
Te B D 1o D IT a=380nm DIFE DR BREIFFIZR LTS (H3.14()) . X 3.14(a) IR
TEBRIITVA RIRBOER (121 D71 v 74 VIR TH S, SAHIREIOEE S 2<
T DI T=42KIZB N TFTo TIN5,
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F—NREOKER. a=50nm DFK TIIEFEE LBYEIXZNFNI0B I V7.0% &
TLTWAZ Edbholk, LA La=5S0mmDZTFIZBNTIZAHRT v VOE A
PES BRIETIR (T A RIRFCEOMTIES 2 L) BElldhieh o, BTFEE L
BHERLTPMETLTNWAZ LiZ, AV O—EIRBEBMIDoTNDHI L
ERLTVEHO0, BFEECERIBASN APk LEX DI,

ERPEASNRP>ERRIIBEDCLZBIZ-E D LRV, UTFTOZOBE% S
N5, F—DOREA L L TETFY — ABAFEIRDOPMMA OFBEN AR+ THholelnd Z
EBEXOND, THRIVF—300eV D ArA v OPMMA DS ERFEIL0.54nm L5E L,
RERMICBE L THOPMMARRE > THA Vi3 o b, EZORREIZA A
VIBHIZ L VEBAIN IR FRGOB AR THD. BAERMNOIL#HBLD L. BEF
FELIBHEORDIEH IR STLEN. EFASMOLRVORL LR, TDX
S5RFH LR FREOIEBZFARL DT, BETOA TV REORR L KT S
BB THD LEZDOND [42]

il

3.7 #&

LB FOEM 7ot A LTEZRAF - F - B L > T REE T
RIERT VT VEBATIH LWHEEZRE L. AHEICK > TEBIC—RILTER
BT 2ERL. BBEP TOEREEMRELZRE LR, ST oMiwsE o,
1. B AF—A T — ARG L > THER L Ic—RILFIBRFITRNTU A R
RPBLUOCHTBBENRZBAL. BORT UV Y AERP R ILEBTFRIEAINT
WAHZ EEEIE L,

2. MEAHEBERLO7 4 v T4 &> T, EEUESHEZEAMRT Uy VR
HETHEMASEHT I LN TEDZ L ERLE.

3. —REEPFEBBFORMICY 3y b —F— b eBRTDHIZLICKVRT Vv v
DREEHETELZLERLE, ERT VI Y VITEE, FTHRMOEH DS — b
BIEREFE LR BERECRAELRWE L
4. HERIIICFRISN TO R —VIEHICRIT S 7 1 AIRE 2% THHAI L7z,

5. MEEBICBITA Y a7 =a7 - K- N"—XRENIHT 5 —RITAPRT v 1D
HBIZDOVWTHAR, vay=a7 - K - N—XRBZBFEERNE Lk, THUIHEHR
FIF Rl & BN BT 5,

BT RN — A F v E— ARG E2 WD FEIZBIT 5 RESII2DEGOBEE DK T T
D, THIIRFRMBOIHKIZEDDOLEELZ LN, BxRNX—AFE—A7 0t
RCABRIRETH D, L LBEEETOIRRRNEEZ DNABFREOSAHAIT

HERBLIVHFFENEZARHIEDIT. FRELERBETERNEZEZXOND 4>

T2DEGR:EBE O FRIIZT =— Vit Lo THAREI R B LR TE S EE L BN,
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BEEEZLETHILNTHTHD. EBRCBVTESRIAX -+ ¥ — ARS
ZRAIEBTRGOLESMFSND LV IREDH BH[42]l. TR HOFERMAEDE
DTEREST, BLRAX—AFVE—AT BRI AV RV v 7 ZTFESICEY
RAFEBLIRDLEZ BN,
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FAE TLUFFy P PEERTFICEUINURT 1Y
=% |

41 T

K —7 GaAs/AlGaAs ~7 B ESREICER IS 2DEGIZRVWBEE 2L, £
OFHEHBARIZI0umE FitET 5. BETIXZOL 5 REREMICD > THRELEZZIT 5
ZERANYV AT v I IEET D> T FHEBTEUATOREEDOAY Xay
IR ANTRIEEZERTS L. ZNURETFRRE>TORKOMELER LY, ZORE
L > TBREEGEEZHET LI 5 TE S,

BHIM THENORZIZ LV FPHEASBEE L2 FHEHTROPIERTIZ LBTE
BE51225 L, BFETHRFOXAL B L TPEBRFRTFORRAIBIEIS1hE
Y1, —RAB X O RIEFmHBKE T OMEITTATWS 2], S ZRILEEBRETF
IZEORY RE¥Y v ZBIBEEND DI kFET + / VHELBIMFE TEBVBEER
EHEINDZEBTFHRINTEYME). 20X 5 REEOERIITFHRE LR >T VD,
DK I RRITEBRE? S DIFRITHRBENDOTH Y. EBITERYTHE L
72 B LLRiI2 HEERAIZE A A Tz, Hofstadter X R ICIEF R FRT > v L HiTdh
BETF ORISR TORN X —¥ALL % Tight Binding Model IZ X VFHE L. FhBETH
BEI72 eI Ny NSRS Z L BRLE[57]. TREINEZTISAZEAYT T
LAELTHONEDDOTHD, DX 5 RMEERS B b ZRIL AR T O
Tt Tns,

BiE7 =V IFERICHANTHFIZEOWAEZR ot — R EFIBR FIZBNTT A X
IRE & FRTh D REKIETIRE S RS X N (8-11]. e b DL mBRE F OB Thh
TWb, A AREIAHRT L O+ VOREERT 2V I ZRAF—ITHRT/HEW
BEZBIABE&THD. ZRITTVEBEFOBREIT b REBROBIIES IR S RBEA
ENTVBN, RE)OMMES—RILFLEBE T ORE LETH Y, € DRE L Hofstadter
HMOYT Ry ROBRIERL TN LT 58HEbH 5 [12,13]

2DEG KT B3RNBF LY AEFTATH D7 F Ky MNEmEBEFIX 1989 21 5
1990 I THEOPD I N— 7L E Y R EN. RFV VY ABFVEE LI3R2D
% R SGEUS N M S [14-18], 1991 4E12 D.Weiss HIZIEH T > F Ky M EE
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BEFIZBITDERERE L. £ 2 TRIKIESICEN 2 #5% % Pinned #138 ORE2 %
TR LT2(19] FRORBUTA B FIZRB O T bFTb. Pinned 38 DA A HETF
CBNTHOHEYGTH D Z LARENT [2023). BEE TIREFKRF 2425, BHET
(2627), ¥ = VEY AF—F+ X7 v MEF21]. RV B — XK T [28]. TAEHKF[29]
RERABRERRIZOVTOEBRBFTHOITNS, EAHABRTFRICBITIEZRLE
ATETND[29-31]. MBHIZRBITBTUF Ky NEGBKFO I = REts0HE
BITOITRY., BN FEERTAESA TV [32),

RRITONTELAN) RAF 4 v 7 EEOHFRIT. AV RaV v Z k& SORIEBT
CEOTAY Ry J RRESOALHEET COEERFET I DO ThHote, 7
YF Ry MPFEBEFOBAICIIAPBEERIAY R Ay s R KE S TH B, #l
BB/ R RESTHEPLELDTVF Ry M bOTHRSBRA LTINS
TEiTRB. ZDZLETVyF Ry MRRBWTIIAY RaP vy /B KESDTLF Ky
MEEIZ L > T/ 0 RROEELFHETE B LE2RLTWS, 7o F Ky NEFHRB
BTORMRTFHERTRIVENDT, BFRTVF Ky hOBF L ¥ v VERICHK
BLEN2nBE. TVF Ry "lERY RF4 v 2 12 B8HT 2, ZORDELEFY Uy
WIS WNBE LIXERE ST, S 70 bu BB ERFY U VAL OBEN
BRIENhBZ Licizb,

AETRTF Ry b ERERDIROVRBERT V¥ v A5 FH HHTEUL T OB
FISRICRLE LT & X OBEFH TOBRERBEIZOVWTHRS, EFRIUHI2EHIZENY
TT>»F Ry MEEDERIZOVWTRRS, VT IFHIZBNT, ToF Ky NoORE

ANEBF. P2V EVREF—Fv A7y MEFBLIUOEFRTFRICTZZ LT g
HTO</ uRBRBEOFEE2EAS. EEFRFICBEAIN IR EHIZONTH
RD. A TRIOFREEZRPTILDICHERELZER LILEE AL —FEF A58
AL, BVWEFEERB TORKENZESHBPTESLZ LERT. L LE—LiEH
DIRE. RANBKEER I MENVEFEERERORKEFIZOVWTIRZIOEF LTI
FMATES, VX ANMEZZRLEEFARLETHBE I LIZONTHRR S,

42 ToF Ky MEEDOES

TYF Ry MEEEERTDIFEE L TEFE —LBHXL FIA v F LI REBH
B3B3 Va3 vy bEF—F— MEHWDHE4) £RA F ¥ — AT & DEEHERT).
FTTYI AR FETRIELTRIA v F U5 TIEHEBI. Ty Ny F U5
EDHFERNBRERDD, ZZTET VF Ky MEEBHKF % GaAs/AlGaAs ~F T S
HERCBEFE—LBRL FIA v F U 2AVTERLTWS, GaAs/AlGaAs N7 11
BEER CUT. BRI & LTIRERAL 5. 8ZAVTWS (E28XR213H),
ER#1 OT=42K, BHIZBITLBEFHEE» BLOBEHE p 1 2h Fh n=32x10m>2
p=130m*V'is’, FEAR#5 1T DN TId n=2.5x108m>, p=50m*V-is', FEAR #8 I n=2.3x10"m?,
U=66m*V-is! ThH 5,
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ER U723 OB RIZ 4 BETH Y. K41 KRB OERERLTWS, 2K 4212
TrF Ry bEEE. B, £2H431CFDSEME (PMMA FOBENNZ —) %1,
41@IIANFEFTH Y. 100umiED A P BIARZ — > hiZ i a=0.8, 1.0um T7 v F

Fy hEATKETRIZEEL TWD. BEMEROER L LTRERA ZALTNS,
41ORB T 2NV E L AF—F Y A7y METTH Y. 7TF Ky h%2200umig iz >
F Ky MEIOB/MRER0.82um DY = V¥ AF—F vy X4 v b (Sierpinski Gasket: SG)
RICHWE L TWD, R E LTRER#LZHOTHS, 410 3L TOEHRERF LY
VWD ERIETE D L HERHINTVD, BRIBIZS0UMTH V|, +FHOhREEHMAT
BIUVEFRFERR LTS, ZOXRFTRERERTHNEEZLDZ L TEEMHIC
DNTHFARDLZ LB TES, M1 b () LRBOBETH D, BIEIZ20um THY
RETEDTVF Ky MABOTREIZ () D 1512435, EFRFTIExEARE y
WL R TZODEM e o BEET B0, H4A2ITTRT X HICZ 2 TIRAFKRT & OB
D a:a=1:N3/2 L7225 X 5CHFH LTRY. a=0.8um. a=0.69um &. a,=1.2um,
a=1.04um Db D "ML L TV 5. B4.1©). (@) DREMEROEIR & L TIIEIR#5
ERiZ#8EHNVTND,

AJPBFE—LABRITE > TPMMA EIZER LT »F Ky v 3% — 2 DSEM
Thd. TUvF Ry hOERINTROBRED 0.1lum BEIZEHET LTWw5b, REHMERS
T R 2ERX23@ITRLIEEBY THBHMN, TF Ky MAKO2DEG 25820127
AT HREICMEBEIKVOAA AV IV VIR ED RIA v F U 2 fToTNS,
Ty FUFBRIZIm TH S, Ty F L/ EIL2DEG £ TOEM (100nm) X v +4
INESBWNWZ Yy F U7 BTRoT0AMN, R4 2y F U S ERO2DEGIIZEZ /b Eh T
BYOFEELRWVEENTE S, ZNHRBFIIHLTALN B L2, JIEIZ
HSRHE 721X LED BHBITEEIR T=1.4-7TIK TB W TR >Tn5,

43 BEETICBU37LF Ry FEEBRFOESEESMN

431 ANABFICH T BHTIRR

X 4.412 T=1.4K ¥ £ G4 2KIZRIT 5 KB O FRETIZ 1T DBFEH & 79 [20),
e L LTiRK41@) DbDOERANTNS, ZZ TH44 (a) 12a=0.8um. (b) BLV (¢)
TiXa=1.0um TH 3. B35 B>0.3T OBEFHANCE I Eh 2 IRE)X SAHIRE) TH 5. SdH
REPOLRDLBFEEIIELLORK L b n=41x10"m>TH V. PPCEIRDOTDHITHE
HTOEEL Y 30% BEEFRENSHA L TWS, B<03TDHERHA CRAIEFRSEARMIZ
WMARTDELBIT, WSOPDOEEREBHOY—/PEAISh ., Zhbor—2itix
HIPWIRENDER > TWBM, ZHISAHIREIBER > b D LEZOND, RERK
FOY—2 D5 bLBERDLD (K44 (a) TIXOITHHE. (b) TIR02TFHEDOE —2) i
YA on baBERIRETVF Ry MA#fla L BB BB BWTHRASh TV D,
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(a) Magnetoresistance (b) Magnetoresistance
Hexagonal Lattice Sierpinski Gasket Lattice

N\ L/

- 200pm

AVA

A
AVA

A
AVA
7\ AvA
ANANNNN

Antidot Region

(c) Anisotropic Transport  (d) Anisotropic Transport

Hexagonal and Rectangular Lattice
Rectangular Lattice | |

20pum

R4l TUF Ky hRESRTRT @ ATRFORIUBRNERRT. b)Y =1¥
Y AF—Fyr Ry METFORMERHERZT. ©AK. BERTFORNIER LT
R VEFRERRZT. ) BFRTFORFHOTRKEFENER BOBIT v F
R hPEESTFERRT S
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(a) Hexagonal Antidot (b) Rectangular Antidot

a,=1.2um .
a=1.0pm iy -

Y &

43 AEBIUCEHFTVF Ky M&FOPMMA BEH/NEZ — 2 D SEM £
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B14.4)ITRT & 51T SAHIRBI A T=42K TiZIF L A LWMZ B DIZH L. BRSO —2
BEREZEDEER>TND. TVF Ky MEBEALRVER D2DEGHE T, BREEAIT
BEIIBBIC L O TIRE—ETHY 20X S REERBH Sz, 202k, =
NOEDEERY—21IT v F Ky bBALLZ LIZEBbDEEZ NS,

BH O Y — 7 #E3 SAHIRBNIC LR TREKEESH VI L B8bh o720 T. E¥D
BEOREETY —/ BENPBI SN 3 0H T, R4513RES LR S¥TE L X O/RK
BHTH D [22]. T=10KBEE TRR2TOr—/BEIllSh T3, £72X4611K45
B SN EBEREY —2 (K 4.5() Tid B=03TH5E. K 4.5(b) TiZ B=02TFHED Y —
7THD) ORBEREZBEEIN LTIy hLEDDOTH S, RIEL L THRSIEROR
IMED D FERE -7 OBRKEETOEE L > TS, FERY —7i3. T=50K 2B\
THHAENTHBZ LBbib, TVF Ky NOBEREDOL LBWOREETEBLD
PERRDTcH. K45 OMKBEH OB ITHT M 2HA, TELRE -2 DBE L
Z 2 DD IRENN a=0.8um DIFEIT 70K £ T, a=1.0um DEA 1T 60K £ THAI S, 45
RHIOHIBT F Ky NORERBRECTRDZ LBb2 3, 20k 5 ICEEKE.EN
BN LEFMDONY ZF 4 v /BB RIZBNTHRASATRBY[BES. ZhbDor—2
BERSVEATBFICEDDDOTIARANI LERE LTS [8].

ARBETERO TEREECF ST IR TREOZRAX—EORIH B, =
DEDITYA /v b ERSBEIZEZEBOF T 2RO Lizhd, Z0EIF0OX
EFX2R BT F Ry NAMILRBE L LS LRKEFROY — s &Il ELT s L £
bND [36]. T > THREEROY —/BBRAISN B D D&M

kpT << hcock—zfﬁ 4.1)
L72%. ZZTw=eBm 3¥ A/ b ARER. LIZ7 =L IFEETHDE, FUK
VETLICERY 5 SAHIRBSEHA SN 5 itz 7 > ¥ TRMDO =R N X —2 (ha)
BRI X > TUEFROEM kT < ho BTz SN B BENH D, —FH. ZZTitaiz7 =
W IBERICEARTHRIREL k> TH DD . GHRIBZSVFTBFIENBERAESNS
KHELVR BTV S, EBEa=0.8um D & & ka=130. a=1.0um D & X k a=160 & 72
DVRSEROEY — /7 B SAHIRB LY BB L THATE 3 Z Lbr s,

BB TS VX VBEMBBPRET R — R TNEVD T, BRIEZEIZ KA —
TETMTE o TRIMRMIEUOHEEAR TR &N 5., & Z TIHEH R pIIRBIT KT
T—ETHY., p=mletnt (ZZTrIEWHEMEER. m' ZBTFOEDER) L7225, 7
YF Ry NOBEEERT DIz, BRI OBFSBEERIX. 7VF Ky b
IZ & DEELHER (extrinsic) &, HARIZEE OHELER (inwinsic) & OFITHB LIRET
Do EREROBMALLITT v & AT LT R0 FR el iz k A BuEsEL &
T/ VIR EDEBEERETH S, /- T.

=t @D |
EBESILBTES(9. T ZTr BEREROKERM,. ¢ 137> F Ky Mz k58
ELREITH B, :
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TYF Ry MEEPOBIELIZ OV THRARS 2. ERMERL 5 4.2) ROKELRE 2 R
D 5. AREMEH I o BB OEHEPORDBZ LB TE S, M41@)IRTES
T rF Ky M P REO 100pmx 100um SR ICER L TR Y. 1R BBIZIET
¥ F Ky MERSRIELSN D 2DEG HA DEFHEFIWTWB, 20 E 51z LTRDE 113
a=08 B XV 1.0um DB EIZONTENENG6S, 7.6ps TH D, Z DL X DBEEIL u=17
(a=0.8um). 20m*V-is! (a=1.0um) L RHLI, BALLT > F Ky hOBELIZ & > THE
MILRBBEA S L OEBEE VETFLTWSZ b3,

44 O B=03TFHETHEIADBBIZEI LTOBHE, ZOZ L7 > F Ky O
BROTCEETRRL TS, o TB=03THHE DEH OB/IMED S T ZRELDHZ L
BTED. #RIL1,=39 (a=0.8um). 47ps (a=1.0um) TH Y . Z OREOBEIE L =102
(a=0.8um). 122m*V's! (a=1.0um) TH 5. a=1.0um DFAIT D & DEARDOBEEH 513
LALETLTRLT. 7V F Ky MNERODEGHER CIIEBEER RN TN - &
Bbpd. 1Lt BbiiuE. WDRAPSTVF Ry ML 28ERRM . #RkDBZ &
BTED, EHIL=v1 (ZZTv 7= IHE) OBEFEILTLF Ry Mok B8
AOFHBEBETRERDD I LN TES, ZOBRIXI_=2.2 (¢=0.8um). 2.5um
(a=1.0um) L7220, WFROBERIZ DTV F Ky NI 258 L7225, #2560
SHEBESFETFOHBE LIFFELL 2 >TWA [19],

LD X SIZB=04THFHETT > F Ky hOBENELRBEL. (/0 bo L ER
BT F Ry NAMIE VNS Ro IR LEZX DI LNTES, EoTRDL S sk
HAPLT V' F Ry MEE L 28ET5Z LA TES (K4788) (171

2r,+2R.=a 4.3)

ZZ TR =tkg/eBIXY A /0 b VR THD, a=08BEL UV 10um IOV TT L F Ry
FMERIZENEN =015, 0.13umTH Y, REFHE 0.1um) LV bFhizkE v, Zhit
TryF Ry NAROZEZROBETHD LEZOND. TUF Ky FDZEZBIEIZa=08
BETLOUmIZONWTENREN S0, 30nmE2E TH B, Z DEIZPPCEIRIC & 3B FHE
DEMOTCDITHERITBIT BMEEY BRI LTS L EX bR B37]. AR L EZZEED
(7 ARY M) rfatda=08um (K 4.4(2)) DHPA0.19. a=1.0pum (K44(d) 0.13 T
H Y a=0.8um DFBKEZ U,

RICHBWBIIRBITDE - BEORRIZOVWTER ST, L<GbhTW3E5ic
BEGHTORFIZY A 70 b ¥ @ER, /0 bos AR o OFER 2T 3,
ZEITIODRMRTH D a L R OBBREEZBRLTAHS,

4.4 DBTEFOBREBERE LR Lz b ORFASITEBR TRT. T ABITT >
F Ry BEEA L TORWEROBETIEHR TH B, ZORTIET > F Ky MeRESt
DEFEBEIERLP 30T, HEHAEREHRICER L TWS, IR LIEORA
HHRFETOVA 2 ha HBOHITHS., 2 Z CREBHOMEERLTWS, %
NENOHEIZ. TOMPLEDOHIMIBRRR>TWS, ERICIZIHLMIBL LT, A
T FEOBENHE (M4182R) DLTOENEZZ LN, Z 2 CIREREROE
FRIZHY T 58 EOB VSR L 2 b OAPEORFIOZEZ TR LTS, EBTR
LIcDRBEROET > F Ky bEizddbDL., Z2OBRZITHD, ZORFIiTR
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Y 31t W -l BN
2R, =(2n-1)a (4.4)

B, SRIIBER LB ERENR, Z2o07 v F Ry hOBLBIUVE=SAROERL
CHDIRINTH S, H4.9 OBEROBTIZ. BUEOELT > F Ky "EAERLTWS,
YA 70 b e BEITHEY T AR, R4SICKRAITRLTVWS, REEHOY —2
EXREIL, 3. TERBSHIELTWARZ LAEbh5, &2 iCHYT 3H8%5]
WWIEESBA SN 2v., ZThEBE3. 7 2V ot Bk X R ZERNKBOH DL
HEITH L, BUl 2 12RO S MALS NPT VA TH S LE X BB, ¥ ea=08um®D
5813 a=1.0umIZ L~ TREKUEHLE — 7 DIRIEA/DE VWO, 7 X7 b Hoafr 3R E W
DT F Ry b 2HGRPED L S ERRBEP RN LBRRTH D LEL 5NB,
—RENT. WROMEIZRDIZE, A 70 ho L EERRELRVEEIhR2T AR
DT, TEHY -7 ORIBIZINEL RoTWBZ BbA 5, FRIZLPLD LT
B=0.2THHEICIRE R Y~/ BRI S 52, TOREIZOWTIRBIZ44HITHBNT
EZET 5,

INODERBERIITVF Ry b2brd PRk 5 28X BS HFFICES Lic<
{BZBEMTHBZ LETRRLTVWS, REBEE TR, BTHEF Lo+ L OSHER
DRV TRETAHH, ZOERD X 5 RBUBOBEITIIEMTIZ RV, i BHEmIic
TRHLIBUTDEOIREZDIENTED, MBHTIBESFA~OEE IS A/
b o BUEOHOSEELEIC L Y BELEZ TBBHTHI LIk VAELS. #oT. 7
YFRy VALY A 70 e U BEREET D LBELESITARERMI N, Z0
EREHF B LIZSRDLEXBND. ¥hdbB—2DT7VF Ky "ORES
BYOBHATHWDRMMIZHATZMOT VF Ry hOFRARF Vv i, 6L LTE
BHENOEE 1T 5 X 51213 5 0 b Livin,

432 ANARFICHBIIIBR[IBRNBITBERTENE

7T Ry NEEEETOMKERIIT VF Ky MAEORT Y Uy VOB EAE
SRITODLEZLND Lo TRTRELZEILS S TRERBELEILERT > F Ry
NABORT ¥ v L ORTFIED S L. e BRoTEEBEND Z XTSI S,
K410 icBFEELE LS L & OMKREHERT 23], BFEEIIPPCHRIZLY
WAITHEME D Z LT, n=3.16-3.92x10°m2 DFEH TEAL LTV B, 43.1HIZ R H
BICE>TT v F Ry MEEr BRI, BA10ICRTREET» KD Izn, r, LT X
N7 hr/aZRAVIALTOVS (F41 TR0 DOH—TIZ ENSHESEDITF T
2). BFEEDEIMTONTT > F Ky FEEOZEZBIE»RIT B e bicr S L.
TARY PHBINE 2> TNWBZ EBbn b,
SHINA0Po0PH LS REFEEOMME L DT, £TOY— 7 MBI REKE
[~ 7 ML ORBEl SN, 41131, 3. TIRHESTIE—7 ORMBMNELE
THEEOFAROBELLTZay b LEDDTHD, ZOOEMIFA /2 ha#l
EPLTFREND 1. 3. TOE—/HBMNEBETH D, ZhHDOERZIERMEL L —
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08} - Je
0.6 ST YRS YT SR A TN SRV SR TN MU T S 1
0.0 1.0 2.0 3.0

B/B,

X410 BFBETILICHTIMIENOEL BFEEE EPS =316, 3.18, 3.36,
3.52, 375, 3.92m2 ThH 5D

£41 SNHETVF Ky MEFOT AT MHOBTEREKRES

Trace T ) LED n, (x10°m?) r, (M) ria
1 4.2 off 3.16 0.23 0.29
2. 1.4 off 3.18 0.22 0.28
3 1.4 on 3.36 0.19 0.24
4 14 on 3.52 0.19 0.24
5 1.4 on 375 0.18 0.23
6 1.4 ‘ on 3.92 0.17 0.21
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BLTRY., U=/ EBEOY 7 NIBTEEOHINCMES ¥ A 7 v | vl ¥Rz iz
LOoTHHATE S Z LBb2 5,

433 AHBRFICHTBR—IVIEH

TYF Ry NeBATEZ LIZXDHMEIER Y — 7 LEBOBESIT. v—LEHICR
WTHEAIEND, F—VEROREICAWERENIE 410 IR LED DEBRVTY
Do NTRFIZBIT D T=14K DK —NEH 2R 4.12I1TR T, Z DR TR B O DIz
SHEIOFRIZTR LTS, B<04T THERRIBHERICB VT, BEEFICHHEL T
R=ERIZOE— 7 BENBHIS N5, 0¥ e REEEE O Tl — VB4
5B (F—NVIEHIOMXK) BERASh TS, 20k 5 2R — B OWEEST
NYRT7 4 v 7 IEBEBICH 5+ FREBERICBO T TSN 38 EHFT v F
R hEMEE I BT HBHTEHE RS 5 [15,33], +FREABRKROBSITIEFRD
BRYBR (Y A= avR) Lo THBEBENTRY 39]. EFRFOBAI+FR
BEBEESTRDDELEZDILERTES, LALAHTKFOBSICOERSRIZLD
AEASAIRED & 9 DR B AETH B, £72B=03TFED (472 fo il
BT rF Ry M1E2EEeX 5R) FTERY—2 OMEIZ. F—VEHLO RS
TN TWBZ b3,

434 JINIELZXFXF—X4vX4by MEFICH T2 ESEH

A3 1HCBNTBRZE I, TUF Ky b 2AHRFRICEET 5 Z LIRS #HE
CREREEELLT, FNRLIITVF Ry NEBREZXDZ LT, k&K
FMESRONDZ LBFREND. ZZTRAFRFLERPNEBIZTAZ LaE:
Do EZTTYFRY b T75308 0 ELTHLNABY 2V EVAF—Fr Ay b
(SG) BTRITEE L. FOMTIBIITOWTHE KL [21).

REOERIZR4IOIZRLZbDTHD. —RICSGIZHCHUR=AE THERSH
TWd, REBRZABIEDOIROREZIDOINSRZAFR I FELLERINTEBY. 20
FEBHERIE D 1IZARIZ & Y D=log3/log2=1.585 & 72 5 [40].

X 4.13 12 T=14K IZ R} DHTENETT. ZOERTESGEZTVF Ry ek »T
BRLTRBY ZORFO—HE2K4.141ITRT, ZZT7rF Ry NEOB/NRERIZ
0.82um T&H 5. SAHIRE)HD LROTCBFHEEIZIn=38x10"m>TH V. 43.1IRLFERIT L
TTrF Ry NOFERHHE,ERDD Lr=01pm L7825, SGKT LOBEY S o tu
VHUEER 4.141TRT, TUF Ry MEFIIAFTBTFLBERTLRVEROT, 7o F
Fy b2t A 72 b il LTE OREERE L DD Z 2 TRTVF Ry
FBOHEOMIZ, ZARICAETIEIRHEDIRL TS (ZZ TIIREE L
KA, BUERORTFIX. BUEORE TV F Ry VOB TH S, 2 REREIZ OV T
NEMZ#ERKRT S Ky hOBIRTAZ IV ZA7 2 TRBILTWS, Z0EHTiX
I=12umBEROT, ZZRKARLEHEREOHBORSHE, IUTODOTHS, &
N OBEESYUEIZHIET HRMGIE 2 RKIEIITRL TS,
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BEOEPHSEL. 3. 6ICHYTAMBCE—BBRAIEhD0ITME T, BAHEIIT
HYT3RETRIThEI Y BRI D, AFKTFOREG LRARIIE—7 13O —7
WCHARTRESRS>TWBZ b5, —F. REBUEIZHYS T DREBICIIN HEE
FEA S Wb ote, ElAFTRFOBEITIT. oI CEORKTIEITISEHN S
NIDs, SGRTFOFEITIRERAOHMEIEIPER SN D ., B3l GM. Gusev HIiX ¥R HH
% (R —XKTF) 28] RAHART > F Ky MEF (30,311 1BV THR ORTIEHIH
BN2ZL2EAILTWS, ¥ ERAIRICBITAAOBMTEHIZER ST >THE
bNTW3[29]. ZD& 5 RKELZRFAWR TRVWBSIITAORIKIEBRNEN S TY
Do

BEEEAESGR Y MU — 7 [ 3BEEEBRE [41]. 4 X7 ¥ 0 AR X UEHL 4215
CHLUNRIRELZRTIEBMONTWS, ¥BRETOT7 77 ZAVRITBWVWTIIRE
HEBRBZAZ LBHLNTNWAM3L. TV F Ky NRRBWTHEHEBIRBE DX 5
RETHHLLNEIPTIESHOBEL LTRINTWS, ERERMRZRCOAHERIZON
TOMRITEZE DR, TOHFETOWENRLENS,

435 EARFICSIIBEREHE

EFRFICBOTRHEEFIREFESEND Z EXAHE IR TS 27 LA LZ DOFE
BTIR7TUF Ry NOBKEAE TH DIz, BMIIEMICEI SN ZAFHIIHRTO
BAMICEDDOLBABTVF Ky MLEB3bOBREEINTWEH LEEZ NS, £
ZTHEBET VF Ky h2EARFRIZEE Lk & X ORFIBKEIUIC OV THRAT. X
T HBED DI AR FRFITONTHRFREZFTATNS,

HEHIE41ORRT D OEANC, AHR T L OUBDTCDITRFTEF D O>DRE]
Didaza=1:N32 L 725 X 5 &R LTV D, ATRFB LI UCRITBFICBIT S8
BRI T SBREH 2 2N ENX 4.150). B)ITRT. SHFBLOCEFRFIZONTE
NENB, = 2hk/(ea). B, = 2tk f(ea )T & - TR EFHEAL L TS, K4.1(c)D x Bl H AT
BREW LIcHEOEIEEp (). yEHMICEREZRLHEZp, (RiR) &L
T3, H4.15a) ORI EHEFIZK 4.9 1R LA T LOBEHE OB NE TH
%, ¥ 4.150) DEH L HFIIR 416 1TR LIz EFKRF EOBSHPEORIBMNETH
. XBEX Y lyRENENEAKRTOx 8. yEARMORAL YA 70 b EES—
HLAERBEZRL TS,

AERFOBRSIZT - OOMEESNITITEE L BAERBRIS IR o, —H, K
FRIOBETITx@HME yihm e TREEBEM SN, p OEFERE—I DM
B2y FRORAPTHREY., p OEXERE—2 ONBIZ x HFROEPTRE>TNDHZ
Lbhd, TROLLEFAMMFIIBONTIERZRT HMICEBESROREIC X - T
KIEMOL — 7 MBI ERE D,

43.6 EFRFICH 3 EANBSEXOEREFNE
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Rectangular Lattice  S=50umx100um
0.0 1 I L

0 1 2 3 4
B/B,

X4.17 BEARFIIBTDZRANBRTEFNHOGRICLAE(L LomKENIX0SOF 7
ty bEELSTRLTWVS

TrF Ry PRIZBWTHREBEEFIZIAY X2y /2 K& S TH B 0HRIERRIT
</ uRKEITHY. FORTETHFMIISEOT U F Ky Mz & B EHMshiR %
BRAILTWBZ Liti2d, Z20HT U F Ky bOBREBREZ/NS K LT LEHO
BIRBINE KRB EBEZLND., 22 CTEHFRTFITBIT 3R FIREENS OTREK
FHIZOWTHEN, I LRI 410). @THy. 7oF Ky MESIZE L LD
a=12um, ¢ =104umTH 5 ([H420) ZBHDOZ &), K410 DRBHZONWTRT ¥ F
Ry hORIEMEROER S 11X S=50umx100um TH V. K 4.1(d) DREIZO>NWTIX
S§=20umx50um TH 5. X 4.1(d) DL OHEBIZH 4.1(c) DK D 1/5 TH 5.

T=14KIZ BT 5 ARG ITN T 2 EAEI 2K 417127, TREORR DI DD
BOMKEARAZRLTWD. BB IXB =2k/ea)iT & > THREILL TS,
S=50umx100um DFEITIT43SHETHRAL L S R Ix L lyO ¥ — 7 MBIXEFRAFHT X -
TRZR>TWS, LA L S=20umx50um DPE TIZZDHIZIT LA BENT E23D21 5,
HOoTRARTIZRITIDE -/ MEBORFHEIRXT VF Ky MEROTRES PR D L
INELBRoTWAHEWZ D, TOZERTVF Ky NRKBRAISh B BERE IS O
TrvF Ry "N bOREDEHZE-TREDZLERL TN,

73



4.4 FREfR

4.41 Mﬁ%%tﬁﬁk»—?{?»

ERIERE BTS2 D.Weiss I L > TRESNHESRE LT ANHEE R
N—FEFN(19]% b EIL LT, AHKRF LOBEEEZHET S, KETIRIOET
WEDWTHBARDS, ZZTTUF Ry b LTHERr, Afla TAHTRFRICEB S e
MEEzZ2%. £$7c7 vF Ky PO TREILEZZTRVODOLRET S @3HTHS
LS. TF Ry NEOBBEIZD L ORIROEP HIZLEALETLTWRENDT,
IDREFIRYUTHDEELZOND). BEHE LHMEBBERICEET HERT. BRI
EXBRYZ hETUF Ry MZXBBELZBEL AN LEE L TP L (HO5HRIE TITE
BLIZ X B BEEPKRANCTRDTEA D). RIZA31THOEBN LI B X 5T A 71 b
DYPLERST F Ry bR E IR 5 L. BFREILEZITc < oLz
2N H D, T THRILICERZESZEEAOPEEE % 5. T2 b Scattered-
B3, Pinned- Hli. Drifting- B ThH2 LT CIIMEDEYD. ENEhs. p. d-BUE
BT D). TNENOHEIZONWTESET > Y vp (a=s,p,d) 2E% 5. FHED
BIEE P, p, p& L. F—ARBER, R, R ETDHLEET VYN,

P. = thB
[Pn} 2( RB p, ) (” = S,p,d) 4.5)
LEREND, X oTROBHET VYL ik

~ 1 _1
M=@§PJ] (4.6)
THEZ BN, (46)R& D ROEHE p 5 L UR— VRER i

_pwplpat p)+(pR2+ p.R)B®
T b p R R

4.7

_ RpI+RPI+RR(R, +R,)B’

- (pd + ps)2+(Rd + RS)ZB2
£72%. TTTp-PUER L BHRIZHFE LRV LBEL T =w R=0LBE, GOR
Tz LB L& n=sd DAIZDONTE>TND,

BT VI NVEGBPEIBICESIEELTWAZ LITESNICDHELPTH D, 22 TT Y
F Ry NAITHRBIE LIS A 2 0 ha v BER =R /e b BAT B, BBEMICIT
R<v3/3-F (K418 B) OBRBMBTIZAd-HE (RY 7 b)) BEEEZFEL,
R > V33 -FAOFBS Tixs- Bl (Ky ML A#EL) BHFEE5T 5. Z OBREHHEIR TIE.

(4.8)
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s & 4.9 TR L e p- Wl & SRUBHC X - THIAT B L PRIS B, SOk 5 ieth
DO RE AND e HHBEE (Orbit Density) f2E#HT D, 772 b s,pd ENFhOHL
Hx L DBFOBEETNENLB). £B). [B) LTHE (=D, 7V NVEIZ
RDOEHITIRB,

PoT; R,
=_m’ Rs =20
p.= P & -
Po R, .
=———,R = —
pd 3 d j‘;

ZZTp=m'ine*r,. R=1/en i3 b & DERDEHRBB I UE—NVHRETH D, p,i3AHFS,
ZEo TEFEESRY . BT it & » TRFIFRMSRDT 5. p i3 b & DEIR ORI
MOEETHTFLICLVEFBEEOABBIT S, GHRE GDRA. GYRITRATD
&, HRALERER, BRIER—ABREPELN, UTO X525,

p _rm(’cfs + Tmﬁ) + 1(r.m £+ TJS)wai
N ER B s

(4.10)

'[21; + Tiznfc; +T2(1 _fl;)w‘:zTIZn
RO (Tfs‘ + Tin]g)z + Tz(l ._fl;)z(o‘?,[?n (4.11)
ZRBEOAI0. @INATIE. p BEOBEL D bDITIEA > TR, BHRf4f=1-
fLABUTEBICHEST2ETERLT LV OB TA- T . Hic. BEH
(R.>V3/3-7) Tif=0 L BIFHOT @10, @IDRIMHIRY RAD &L 5 iHIT 5.

Tin
% =7f 412

R-F @41

RICHUER E OROBIREYES B) EHET D, 7V F Ry MABORT > ¥ v A Wll%E
ERALL.TVF Ry MHITORT vy VIZPETH S LIRET D £T > F K
MZ X DEELRSEHEN TH D LIRET D, TDLEF(B) DHHEHERZRBOBRIITE -
TRZD. »

RBE (R <v3/3-r) DHESITRANRERN, O, BINICERITHPRED, T
BFORNHEEZERT D L. K4.181R LI BHIEEPIC PO 2R DBLE Z R~ R
WZ ERbrd, FlxiE. K488 W Tp-l (7> F Ky hORLPSFER -1, O
MoOWE) H A 78 be Bl ORLEROHERLTT > F Ky bEEA p-BUE
&5, ¥l d- BRI OERHOREIXT VF Ry MK ELT R 7+ 95, &5
iz s-4EIE (VMBI Ry R Z2hils &3 3R %R 4+, O & BERISRIR L O D Ei5) OBl
iz, Zo0OT7 v F Ry MEhEBMEHNTRY s-BuBL R D, BY O d*-BE U s*
FRIFRO L 5 ITWIRTE B, d-FFIRICOVTE, BFRT vF Ky MNEABEZAF Y7
LABBRABRL (20X A F4 v 7y X —idd-EERICH D). LT Kk Lick
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- a.
[ <&

poa
]
3

'<— a—RC-rd ——-»-4—— RC'”d —-————>.

‘ Rerg >

p: Pinned Orbit
d: Drifting Orbit
s: Scattered Orbit

4.18 ANHHEF OB & HulE%E K Of&

KHORY 7 hEEILDHE2OTAHEIZED D, s~ 4HROBT LT F Ky NEABEEE
E4 255, AELTWARIZHA T4 v ey ZF—BoMBTs SFIC A>T LEW, #%
HENDLEXIONBZDOTs- PEIZED B,

TR LEREE (R >V3/3-7) Tid. d-BUBEDOEBIZRIBRBDIDOD, £SO Ry
F OB ERIRICERT D LERD Y | _RITBR T 807072 33 TR i -
TLE S, EITI OB TIXHERZ AV, BHISEIERA DR 2500 8 D H D& £ Izo0n
T RAYDOT T Fy b 36 MITH L s- BulD p- BB» 2 HW S €/, fEFE L.

442 EXFRBOETE

BI4.19ITR BT & D RO HEFEEFOBREILY A 7 0 b o $RIKEEERT, P08
BEMBEDONRS A—XIH 48 DERBEIH L >TWS, [K4.19@) 1T a=0.8um. (b) it
a=1.0um DFETH D, MEDETT A7 Mrfai. a=0.8um D & X 0.19. a=1.0um
DEX0IBERELRZITRVD, FOHERBIIREL BRR>TN5S, a=1.0umIZ T,
a=0.8um DFEIT d- PEDOBRBKE RV, p- PEDOHFES/NE L R-T, R BNAE
KBRBLENKDOPDE =V FWZXTWBORDRE, ZOZ N5, BROp-PLEDE
BEBHAL LS LRATAYERDDETTEIRTITH Y. rla/hNEHRETD (7
YFRYy hOREZRNELSTD) BDERDHDB LN Z LBbRB,

RIZHAI9TR L HUERED D, (4.10)-@4.13)RIT & » THRHSIEIE L O — VIEH
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pxx/pO

”
1/R,

X420 #E3R KA—FF50 &0 HE LA T ORMKED
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PEFE L. K420 5N MEET (8 BIUE— A8 (88 27T,
443 EREBEREDHBEEER

BEHEIUTHO>V T, HERRIERBERLB B LTWS, £7 a=1.0um DHEEIT
DNWTERTS, E—2 1. 3, 6. TRHETHIZ-EVAZI TS, ERHETIR
BB 2 IZBRT A L BDONAEEN. F—2 1OBE LTOhTMMIRLBIEN F—2 4
BiEoZVLENTWD, ITNHRERTROTPCALNIBEETHD. k.
a=08umDFETHIN. FFETRHE - DREXEIBNEL B> TRY . ERER L XF
LTW5, $c8UE2 ORBRELONT, 4 LABNDE—27 b, a=1.0umDFE L
BARTHED TN (O — 7 ITHRBERBRE W) Zehbhrd,

¥ (4.12). GI)RERND &, EHERZRBITIDE -/ BEDIL LB S £ 2K
DI ENTEL(ZDOLET VF Ky MEBLS O2DEGHRIR DEHL % 51\ THEFIRIC
BELTW3). K480 PE—2 125613 f,=05 E—2 3 TXf=035G5h. HOS
DE—J TOELEBW—BERTI ENbM3, LA L231EHTHIRA T B=0.02TfhE
DORERE—71X, FHETRHEATE L2V, BROPEIERTIE -7 ZHETHH
DI LBTEDN, ZhHIBHBHUNE SHBEBOPR. HAZG) DY —7 b Bidf,=
0453 5h. 45% bOp-HENRD B Z Lickhd., ZhiREOZ LiZ. 7oF Ky b
EFEAFRPRICENZETHHA I THS [19].

FFERRLEBREBEROBENO—D2ORKEE LTI, ZOEFAVITBWTHERE O
BETRT7TVF Ky NABHOERORT U V¥ VAROKER2ZR L TWHWRNWZ L3EX
bhd, SETRSEFETIRT V¥ v VERIZERK LIRELTWSHH, BENR
HROBT > v VAROEE, BETRRFNEROLDICHESMY . B2 IEE
BT EHTHEND @A4THBIH) ., ZOZ L3S OERZORB b LR, £
B2 B=0.02T L WO B el ToY A /v bu B RT 5um Bl BT/ B DT, #OR
O A7 u e HEORRIX0uUmE EL2D, [=1I0umBETH D056, BFIITL
RMEE AR RICHELENDE S H, M4sb) 2 RD &, E—727 13 XV BRaEAI 2
BIZONTEFABEMLTVWS, ZOLEDOYA /v ha BUEOMASLEEIHAYL L
TW3, ZOK 52V el TI. UEFEEZIRY ANTHGR SV —FEF A &1
MOEFABLETHD EELBND,

KIZE A IR T HREIET OB TEEKRE. L. RA41ITRT (ERE»SRD) 7
AT NEEERWEEHED RO TCRHFIEIL L OB E1T 5. 518 L e B&EEH 2 X4.21
IRT, 4100 5BFEEMEST AT P HBRKE N E XOMKBHOEIL. K&
SHEMED BT TWNDORDRS. FIBHGMZE BB R>TWnb, LirL
BFEEREBLRBRDEHBEITEL R>TW5. T»F Ky NABRORT v ¥ v AR,
BIFREEICRIEKEL TR . DT POBTEEEL TREEIOELEILT DT &I,
TrF Ky NABORT V¥ VOB EEGHICKE S BETLIZLETRRLTVD,

U ERARIE D ICHEFRELRY AN KA —FEFVIIBFEE OB VR TIIR
SEHEIITRATHZ LNTEDS, L LKA20ITRT R — VIEFIOR KR L ER
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Pyx/Pp (A.U.)

o~~~
1/R,
X421 BMEEHOT AR b HKESE

R (K412 LIEZHBEOPOBVEELNS, ¥THEE KA —FEFALTIXFER
E— 7 ONESPBIIEIT LIZE—HLTWBI0IC L. ZRTIIRRL>TWAZ AH
25, R —VEHROBKRIZIDOEFALVTRBPTEZ LITTE RV, FERIZRIT
DR —NBEHOWERIZERGRIZL > THBAZHTHNBZ 1539 £RGRFEH A
NEEFTVEDHBBALETH S,

(R RARFICBOTIERHEREIISHRTKELRZROA DS, BEHARFORKEHICR
HFHEPBRISND Z LIIMTIBEHOY — 7 Bp- MEDPARATRE S TWHDOTIZENET &
ZARLTWD, . Fleischmann HIXHBFROEST > F Ky hRFV Uy LhOBF
DOEHNIN P HBRREBOTIFRENZEZHEL, 7V F Ky O —2i3p-H1
EXD DL LA AR s HBEOFRENRKRENT L2 L TV 5 [44], Schuster &
ERINZBRA SN TV ERFARTICRIT 3 R HNRIIEIIZ. 13 ANIEOYHRTDH
B5LELTVWARTL. ZOZ LR KV —FEFARBVWTRESNTWA 7+ Ky
MZ K SBARIIRBREEERRT —ETH D) LVITEBRIEL TN RN &
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EFREHELTBY, ZOEFAOBRREERLTWVWS,
444 HEHBEFOEFOHAEBESTHE

4A3TUTIRAT £ 5 ITHER RV —F B FUIRREEIEHT & R — VRS Otk & T & 3508
THZ LI TEARN, #Z TFleischmann 5 OFEEZHLIZ LT, 7o F Ky rRF Ty
N T OEFOBME LGNNI D FRRABEMEINCERL 2 LI X ) T 7 [44]. BT
OYEIFRES PICRIT DB SN I N N HRER BB RIS 17 4 %
DV 7Ty BT & o THRIEINITRL Z L TRDODTND, BF LU v L& LTIEAH
WFRT v VORT Vv VRBBSARGES LEPr RS 2BATHS, REEIL
PAru ba EERT VF Ry NI E BT 5 E 5 ICRELTWD, MR Hi%
Fr &I A ANHESE SN D, H A RSB OHEREO—H %[ 4.22 10577,

K422 x7 > F Ky NEABORT V¥ ¥ VRESERES, K4220)137 > F Kv
NEABRDORT > ¥ v VABSERPRIBETH D, BF v v VAN ERIES T
EFEEHEOGEIIR VI >TVWBEESICRI DM, BF Y ¥ v L ARAEDHPIT
125 EHUERIEFEICERIZ > T B, ZOZ LI X > TBTFREMES LY T ZAY
FMHBRELRoTHIE I HENBRISNZ LABRHETE 503 LR, £ EH
T ORGTBEETEEZ BT B 20I00E. 20 % 5 7204 AREE OF S 52 5%
LIZBINRETVRLETH D LEL NS,

45 nn—g

R O GaAs/AlGaAs ~T B A HEMUT AT B L UEFKTFRICT > F Ry bR
//f»%%JJ/ﬁmﬂ%?T//vaT®Wﬁ¢T®¥ﬁ@%%&komT%«
UTofRE2ET,

L. NATF Ky M PEEEBHTIZB O TR TREHT OSSR 280 L. SuES
BEaZB R UTHER A —FEF N EAHRFRITROTHA L. ERERFBBNAT
LT EERLE,

2. NHRTRIZBONTE oI COR— A OWN RS 280 Lir, /s
R —FFF N TCEE - NEROE — 7 MBIZHRETERNT L 2R L,
3ONAREVCEST F Fy MERBKBFIIRIT2BELEEDOR T OV TIATE,
NHRRCBOCEHEENISEFN T L2 2T L. EARTRIIBN TREHE
PUCERAENEND Z L 28l U,

4. RFRROBEESIREL. BRICREZHFNOBAMICE-~ThESZ &%, 7 F Ry

FRF Y NORRHEOBEIC DN TR LTz, ZOX5BRBEHF®ITTVF Ky b
FIROMBAE/NELL T2 L, BRISNE LI LENMDTRLEL. 207 LT VF
Ry NROBEEE -/ BE DT v F Ry M bOBRSOTENBRGRTH D L AR
LT3,
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5. EFRFRIIBITABMKEHOR ST, Pinned- HE DS O A TIXR T EIL DB
S — 2 BBHATERVWIELERLTRBY., N RF4 v 7 BTFOIT ANEEDOEE
L RN N

AETRRET VF Ky M REBREFORMKEESEIETELERNICHRETES D
DTHol. B, “HELIIBEEH O —7 I ABRRIZLDIRFEZEH L THDIH
451, ZIIELINEEORERFILOBRTH B Z LRENTND [46), SHITT v
F Ry NRRBENDZBFHHEIHRICOVTE SIZERNWAREZED DLERDH D, T
VF Ry NE#E D - LD TIERBEEIEL Y D/MEL L. S HIZRIET D REHR
JEEMHELE LV bAS T, 2hBabt —L Y NARTERKFAEREND, Z
Dr5khat—LY NEGRERFROEZERIZT TIZES»ORENRDH V. BFETHY
Bz L B HEEENERENE LN TWAET], 2D & 5 REROEREROERIZIZRTF N
L REENKNELREN, TUF Ry VAR TIRFAZNHEDM DN TS
[48], £/ X HITHMILL T = A IFRBEICTD LB RITERY . HEETF Ky
FENRERINBEEZ NS, 20X 5 RFEBRTERMICHEBBAIS DA, i~
ABRENEZATH D, : ’ '
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m=rE 2F KA b 20 MEEICH T BEFEIEHK
SEFE O HI4E

51 #

I}

SN EEEROBEFETEHROMRIZEL - T, FVXLRBRRF VI Y VP HOEK
iz ko> T iz HEMEEER 5 ¥ (Universal Conductance Fluctuation: UCF) 23E
N3z LRELA LR UCFIZRENY A7 4 v 7 EEEBICT 5 Z & THRET
¥, ZOX3 I LTHD TEFEERE ATIICEA LIeRT ¥+ VELRIC & - TH
WTEDHZ LT 5, ,

ATHIICEBAESNERF VYAV DL LT, TRXAX—E AHEEm OBFOD
PEEEEE PO ILEBANC U T OREMEEHFERIZE D (2]

' W(7) = uo(PHF (7) GRY

VIF(F) + 2;:22* E_ V(f)]F(f-) =0 (5.2)

22T u() I TEERE ORI TIRET 57 2 v RBIEL FO) 3T ERIC AT
SPICEIT BT B Y FEEOAREEE TS, CONHERBIEROBIT Y 7 X
7 HRRL YD BPN D BB O~ AR Y HER

Vu(x,y,z) + k’u(x,y,z) =0
K = wlue
LEMTHDZERDOPS Bl ZZTLIEES M. ol3ARIE. ke pidt
NENERRBEOREE. ERETHD. - T, BREEKE R OBBIRLRII~L
ARAYFERBEYRBEREEDOS LT ZLIZE > TROHNB O LFERRIZL T,
BFLTYAVE) DD L TOENERFBER M Z L TETRERSELZRDDH T E
NTCED. ZDEERDERBEEHIIRF VI Y ABRIZE > TRES>TLES K-
TATHRF VI Y A E2EATAZLICEY., BREEZFHTIZLETEDS, Th
TODIIEFRITHEDIVIRELDTH D,
1988 £EiT Y RF 4 v/ BEMABOBFRA > bar &2 b (Quantum Point Contact:
QPC) IZRWT. REFDEVRETOIV X 7 XV AR 2Bt LTETFIEEND

(5.3)
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TEBRAINZ[S5]. TOZLRATHRT Yy AORRIZE->Taryr 222
PEBENRMEIZRE-S>TLES Z LR LTVS, Z DBEKII2DEGOE 5 M UADIT
EB—RITF TR FOBRIZE TR, Zhiudk (B ERBOT— Ricwis
LTND, ZOBKTQPCIIAERBICTH YT I VhOITEFERYE Th S [6], QPCITE
FTHEEE L TEBFREOTI v X — ¢3v7& Lo AV Ay I BFOEERN
BRERLZ2->TNDS,
@C%@ﬁ@iATAUZTJv?%?ﬂlzwﬁ—‘3Vﬁ$—khf@¢é%5
BRI Molenkamp 512 & Y #1 THibh, QPCHALHFEINBZINY X5 4 v 7 EF% D
5—HDQPC THIHTE S Z LMW RENK[7]. £z QPCHALHHFIhBEFiTH L.
Yav b EF—SF— P EBBELUVXBIRSYXAQIELTHWRZ LiIzk>TAY %
T4y BFOHEEFETIRFIERSNA TS, LALIRLDERTIZQPCH
D—WITLH 7 R RUI%E <. QPCOEREIZBF HHMERITIZE V. ThbHiZANY X
TA4 Y IBFERMAEELDEIERZLDOTH S,
REEBEERER» ONY X510 v 7 EEFERICT 5 2 L TR TR TSR 4 HE
TEDHLEZDLONTE e, LALETFHREORY X5 1 v 7 ZEOMBIz L -T. #
DIEEFENE Y ¥ — REFAVIRE > TR HATE D Z LBHLA LR 510, E Y
Y= REFAVTREFELRORTF L LTHRY., REBEHLETF L OBERELOLEE
LU THFROEBMELHET I L THEEBISENSRES L LTS, #oTARY 2
T4 Y I IERMROL IZEFOEGHRRENICEETZSOTH Y., MHOBEET S
X5 RIIDL V. TNIXEF-BFHELICL > TES BRI E 2 2172 08,
NMABEPEEINTLEI LD TH D, EMHEBEIRESR TV T HEFIEEL
ERFDHTLRFUAMICEDDICTHB 22T 5 RMMBE 2D, HHREBEE
SHALT B Z 212 d X B[] NY RF 4 v 7 REERIC OV TIABOBERT 2 B F kT
BEROBR & Z ORI T 2 RMBRHRITZEZBE > 2T Th B [12-14],
AETIE. QPCHEELZAWEETRERAEOATHEIZ SDWTRRS, ZLHIZ2
TRy ay b3—4— Mt X3 QPCHEDERIZOVWTIRRS, RIZ3IHITBWTE
FEIER & L TOQPC DEAFMGMIZ OV TIRRS, EHIZ4HITBWT, VX A
DA LA DVEDRT v Vv MELER, BIRMIZELDETF T v 7Dtz
BIZREBREENBEND Z LIZONWTHR, NY RF 1 v 7 IEEEIRITI T 5 E T
BORBERITOVWTERT S, SHTRINLOMELRIRL. QPCEEBFEOTI ¥
Z—, AL EZ—L LUTEBESE. BF QPCETITRBIT HIBFOIEMBEM:, A OBMAY
B R —NVEFIOWEEKRLONRY AT 4 v IV BFOFELHERT 5. 6 BTV TIZQPC
EPBTHEOTIvE—, aL 7 Z—L  LTHWEEFEHESFRIEEITS., thity
PUZBRl S N IcE O3 & OBIEIZ OWTEBE1T 5. S bic. K mfilEic
BFdaL s X —0HBRONTERS,

52 T3y bF—4— MILB3EBRESOERCAT
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K51 BEIBFRAPaLvEs MNEFOERELZFDSEMEBEHE
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AEHESIZ AW e BAE MBEHRIZ & U il L7z GaAs/AlGaAs ~7 T & HAR (B,
HEREMED) THY., ZZTixHER#. #6. #7. 88 2HVTWVW5S (E2EX21BH).
IR T=4.2K. BEHTIS1) % 2DEG OFRHEITEAR #2 THE n,=3.0x10"m?, p=12m?V's* TH
V. ZOLXOEHFHTRIFXI=1.1um TH D, EEAK#6. #7. #8IZONTENTR
b n=2.4x10"m? p=70mVIis'BETH Y. T HOFEHHBTRIZ =5.0umEBETH D
FEMIIER2.123R), RN IMHRO DD L VBEEBNMEL 2> TWN5D, ZiR#6. #7. #3
DWW Tid, LED KM% ORI n=3.4x105m?, p=140m’V's' IRETH Y. TD L&
[=14umBE E RS RDDOTRY X754 v 7 IZEOBEICHF &2 5.

VERLL 723 DR 2 K 5.1 EBIZRT . BOEHMERI Y o 3222 H TR ERY
THY (K230)B ). TVAuEERKMIZBTE —L2XKELY 3y b —F— 2R
Uy NF— MHZER L TS, ZORENE 2O QPCEEFIICERELTRY. #hF
NOATY v M7= bR WIZW=02um, Z7Y v MF— MERIORS L, 1
Lopc=02um TH D, OO QPCHIDIEMEL & UTIZL=1.0. 2.0um O “FIHEEHR L7,
51 EEIZRT 200 QPCIREFNFNMNICHIBE TE S, KB TIEHHOEZDEND
% QPCl. QPC2 LS Z Lizd 5, K51 FRIZEE O SEM B %7177,

A7V "= (UFF— b LBEE0) 22DEGICH L TROBEXHIINT S &, #—
FTMICEBFOWRNWEZEBEAYD . 7 — NOLWRG DR BT OFLT HEEE
AR IND, TNEEEF v 2L EIRE, Tabb T O0OKE 12 2DEGHREEA. <
THEWEESF v 2 A2 B THRE LERBE LS, EEF v X VRITEHBEHTEI
HARTHSEWOT . BTEANY RAF7 4 0 JIEEF » RV PERERRTH I LB TE 5B,
FRYEERATIEFOT7 o L IFERBPF v RNIELFHBEE L2570, BBLRADD
SRIZE VS MOBFIEOWREAZ MBRBFIEINTARY X5 1 v 7 72QPCIRELR
SNBHZ Lizieb, '

AKEZRBITDAEITL T T=14, 42KiZBNWTFT>TW5D, Z 0D & ZHIERIZ LED @
ETON. PPCHREZFA L TCEFEELENIEBYELZUE LIRBIZTS, 20
RIZ LED % off {Z L TR IZBWTHIEZIT> TV,

53 BFRA b7 MIBI324042 XA8FEEZDHEE

K52 (a) 13 T=42K, Behiz 81T 5 QPCl (5 BLUQPC2 (S48 HIIn Lz
TV M= MEBE CUF, F— FEELHR) VST 5% QPCOERR,, TH D,
B QPCOREATIET 2 & X & 5 —HDQPCIE V=0iCEE (off ihi&) LTVd, ZD
& & DOEMROEMIL 1 =2.3x105m?, p=66m?Vis! TH Y [=52um L7825, F'— MZADE
EREINT 5 &, ThEh V =-03V B THEIA kQEEIHENT S Z Ladilsh
B, ZDLELF— NTFTOHEESEEFILL., 7F— MERHRICOABEEF ¥ 2ABER S
NBLEZLND, 25FICRBNTHE L ST, KERTEREE LDV 3y bF—4F—)
T 2DEG OBHEIT V=-03VEETA—a L~ a VEBIZE > TREICET TS
(X292, ®->TV,<-03VDS— MNEERE TS BITEIN EFT S0 7 — b
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RESISTANCE (KQ)

RESISTANCE (KQ)

T=4.2K .
DARK

0 ] ] 1 1 I I
-1.2 -1.0 -0.8 -0.6 -04 -0.2 0.0

GATE VOLTAGE (V)

30 ; | i { | |

T=4.2K
AFTER ILLUMINATION

0 1 ! | I —t
-3.0 -2.5 -2.0 -1.5 -1.0 -0.5 0.0

GATE VOLTAGE (V)

K52 #— MNBFEIZHT2QPCL (&) & QPC2 () o
I (@T=4.2K. PP LU (b)T=4.2K. LED X%
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FMEDOEZRBIENY . BEF ¥ RINVIEEF v RABOBFRENRITEDTH
%o QPCL. QPQLIZOWTERF ¥ XA RENENV =12, -L2IVHETE Y FF T L
TR e3onrd, TOEYFF7BEDED. 7~ MEWRSRSE L, b hIcR
BROTWNBEDTHA5,

52 (b) 1% (a) DRIEHRIZ. LED K% R LB DM TH D, ZDL xHBEOK
i n=4.2x10%m?2, p=112m*V's' TH Y [=12um & 72 5, BFHEHIRE b DR 2 fFizi8hn
LTSIty F3 7EER QPCL. QPC2IZOVWTERENR Y =238, 30V fHE%
TETLTWS, ZHIIMEEF + XAVhOBFRENEM Uicd &, 5 — Mmoo
BZBIEDORIMCEVIEEF + R VEBEM LI ed TH B, I EHLEIRE B IRIZIY
LT OBHBEINEN, ZHIIQPCIBITZaLE 7 E LV AETFILTH S, LED
HEHRIZ AL E 7 X ZBRTFAEBBAI SN0k, EFFEOHINOIDIBEHEN
WESNEHEHTESE GO 2 EEECHNL T, BEF v+ R P TORELBES L
NYRF4 v 7V EEHRPBEA LT o dTH 5,

AV B ABRFILRBE RT3 LS LICHABICERTZZ LATES, 20
EaVEIEZVRAIUTOMTEFILEIND Z BN TNS [15].

G=%® (5.4)

CITNBBEEF v RAFOT7 2V IZRXAXF—LUTFTO—RIEH TR RETHD. K
531352 (b) DREDOEZE T=14KITIREEZ T L X O/MTH S, HEHE 12.9kQ
R (0/2e21312906QITHHY$5) KBTI T b —NHBESRIEhTWS, £ Zh
LVEBEVEFEIZBVWTHE L ORI h—El &SN FRREBETTII =EIZE
HF42BFORAX—X, 7=V IFHEBO 35K, TREOCRIRAX—IZ L 210
R LT TRV F— 7D, T ORI T=42K Tix—&R TV 7 v KEOFEHIL
BRBZVEFETZ F—2IFALTLE S, T=I4KIZBW TR IS h—RiZo &Y
BHIENDDOERBIZ LD 7 =V IFAEEDOIET BRI T D0 TH D, K531TIFHEH
ZAVR IR UVAREBLICODOORRITR LT WD, BHR,, ALK 7 X RITE
T DRE. R, 1Z QPC DIEHEF ¥ R VLS D 2DEG $EIE DIEH R, Z#BEA TN D DT,
V=0IZ BT DIEHUER ;,(V=0)=R ZFINTRHAVE I Z UV AGIZER LTS (F
BROOERGC=UR ;R (V) 2T TND) e BT D LAV E 7 Z U AR EHRAIC
REIND LBV, 2¢h (77.5u8) OBEBIZERTIREIN TR Z bbb, ZORHT
FZ2oDQPCHIZ. ZMAN=13FBEBORTILTS b —ETHRA I TND,

QPC1 & QPC2 DFfftE 2 BT D L. T b QPC DREFHEIXIZIER —Td b ZEiR ki
FRHZFER LI b D THDIZ O PP LTERFILT T b—DBRBRLR > TS T &8
bhb, TEEBEFIESALADRT VP VIZEELTHWR Z L2 E LTS ROZ
L TH D, HIROZRIZZINEQPC O LAY RT ¥ ¥ ¥ W EWRRIE D I VIRIEA~
Lt b WENz) BIELTRY . HOBEF+ XAEBAY 2574 v 7 K
L EVHES Lype<l) ARy Y ME— FOBENERTEZRERTIUI. BWE
ETETIRT Yy 7HETEDZ L3P o T3 [16,17]. EBHENLZY KRS
YMRRBRF UV N ERELEZETNVICED EEBFILRT v 7ORRIT. BEF RV
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K53 ZA— M NEEIZHTSQPCl (HfR) & QPC2 () nEMBIVar X2V A
T=1.4K. LED ¥BHBIZBWTHIELTWS a i s ¥ RidemEBBMNELTS
gy LTS

4 1 I
<
[aV]
®
ke)
@2
=
= i T=4.2K
w
O 2
P
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O
o
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5 0.2V
O —
0 | 1

GATE VOLTAGE (V)

54 45— b%rﬂm‘%é QPCHAVE I BV A EHRRIT=42KIZRIT DR, Eif
I T=14KIZBWTBFREEZLEILIERLDDOTH D
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FEZNICREHFOBATADDORE DHIZKELTNE Z EBRINRTVWS[18]. B
FEOBMNN THAT TId 10nm FRE OREDORIENZTRE L 72 > TEX TV B, AlGaAs @
T E AR LT K=Y N (£ F AERHM) 232DEGRBIZ T Vv X Al RF v vy
NWELEZFIERZ T [19]. TOBRQPCF v RAFORLADET L &+ AIZQPCH
BRENICBRICEIVRR-TLES, £, R E2ERICE L THUT=14K CHIET
2 LUPBRLEDLDZEBDD. ThRBEF A IV EMZBLiIckY R—=230 b
BEESEIY. QPCHORTF Y Vv VRN ED b THBLELLND, £t
BEEOLREN (80mVIs 2E) BREAVTERT 3 L. 2OFHEBITE (Sum
BE) RERF v RUE 04umBE) LYV +FEVZIPLD LTRSS b —idi
ROMPTR>TLE S ZDZ LIXEEF ¥ R thOFH E hiFRE2DEGO ¥ B H 1T
Eib+%mém:a%ﬁbrméo:hﬂﬁﬁ%v*»¢ﬁﬁ%?%§ﬁﬁwkbm
THIHEEZZTRT L. POBRI 7R ABEEZ T30 THD L NS,
CDEIRTUVELRBRERT VY NELEOYEERL TS LEZ LD H54
mﬁfo:hMHimmwﬂkmugwmawﬂbk@m@:yﬁﬁ&yxonmﬁﬁ
Thd, ZOLERROBHERIZERUEUTHBITIP0DOTEFT T b —i2aHl
ENT . ZOPDLY L FF7BEEBITIIEOIDOAL X 7 2 RIRFHER Sz,
TDES REBEEROQPCIZEII 2BTILS T M —DWKRL aL X s & v RiREN3.
BTV NMBOEOPHRIZLVBRATED LEXBND, ZOLSRRF LT+ L
LEDYRPBRGES IR E BB EEZ D Z LIZOWT SAFIT A3,
BlEBREESIZBEDLI A, QPCIZRIIZaVH /4 AR FILIZBEERFR—
NEIR (Integer Quantum Hall Effect: IQHE) IZH AR THBEMSEL ., BEDBRIAWEE
A%, BEMEIZOWTIZ. BHEOHMINTEMN &SR BN TI3sfE L Ehipn2er
IRRTF VY VRBLEDEAN, avE I 2V AT 5D OERORFY >+
WERAZZDOLTLESZLREVBEREZELLTWEEEZONS, EMEEICD
WTREBFIEBEALADRT VY v MITIRE L. ZEEOHIE Tik QPC LA D4R D HEHT
LbELZ LPLb LD LIQHEIZEDME (6H) 2> TWAhiIFTiEARV(6,20], Z
DT QPCITIEFRERITIIAND Z LIZTEX RV, BWERISEES O Z & 5—
R T N RBEFEH LI v X —RaL s 4 —L LTHWBRZ LB TX 3,

54 BRGNS T IHESR

541 Wide-NarrowiB&EICH I3 24742 ZiRkE

S531HIZBRIEE SR FF—FAMMTE DT U EARRTF L O+ VELEOHRIL.
FHEBTRICH T2 QPCR L PEWVIEEBEF NS LS h D, AHTIZZO
X ORRT VT ¥ VL O RBEFEFEIZRIETERIZOVWTERS,

VER U 7e B ORERR 2 X1 5.5 ERUZ R T BEHESIC AW e BRI S E O RP A X
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5.5 Wide-Narrow B FRA v havZ 7 "NEEZETFOERLEFDSEMEER

95



250 I | 1 I 1 1 10N-E

(¢))

o 200 @) 5
% - 8 @
= | ' c
(LLJ' 150 | 6 =
< | O
~ 100} 4 Z
2 . <
n S
L ~ O
o SO0F 42>
T=1.4K, DARK %

0 7 N s —t 4 } o O

-12 11 -10 -09 -08 -07 -06 -05 O

GATE VOLTAGE (V)

o
3

1 I 1 | I I
-1.12 -1.10 -1.08 -1.06 -1.04 -1.02 -1.00

GATE VOLTAGE (V)
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WEEZONDEBBEOREIR#A THD., K55 FRICZEDSEMEERT. 2REHIIhYT
LTHIBETESZ Z DD QPCH LM SN, QPCLITILBEDATZY v b4 — MNMZEIED
JENWE LRREBEBBONWTWS, ZZTILBENRAFY v hF— | % Narrow $fI&. #RIED
RO E VIRERE & Wide SHik LIEE. QPCQILER DX 7Y v M — N Th B, Theh
D% — b OFEIZ Narrow $RI8 Tid W,=0.4um. Wide SR TIZ W, =14um TH B, ¥ — h &
SWHERDORIIZIVFNRD 0.2um Th 3,

B5.6(2) 13 T=1.4K. BEPIZBT BIEHIL 20 & 5 22 ADSF— %’%EV KEFEHETH S,
& QPC DFHMEZRIET D L&, KADQPCIEY =0 (off) ZEE L*Ctn%:) QPC2 DI
MRy — N BEICH L'Céaiﬁki%bﬂ’ﬁ'éwkhtmr (A#8). QPCl DIEFLIZIZY vFEXT
BELH OV <10V OFICRESBER S hie (). ZORBIaL &7 ¥ e
WTRASED LTS, AV 8 AGhH D LIRBBBEI S 5 DIz G<2eyh D4
THHT LDBDP B, FQPCIRBNTIE, Rox Y LeBFLT T b—idEfll S iz
Mot BFALEOMEILT S b~z k3 LBbh 3B EnERl S hiz, Zhigk
WMOFE B BT [=1L1umBE L/NS L, GEF L AT TR IBHLOLDIET
LEP ST D LEEZEZ bh 5. K560)3E v F4 7 BMEMBICEN S h 2 RS
EMR L bDTHB, QPCl DAV K 7 ¥ ¥ AFEILS — b O Narrow SEIE D 2 4 2
FLURALE > TRESTWS LEX b, IREINEBIHI &N B 4818 Tid QPC1 ™ Narrow 48
BOEBIM RV VLB HDLELX B ENTX B, :

H57@ITRTDIEALE 7 2 AR ZBESELSETEALE O TH S, BE
iXT=14. 25. 33, 42KTH D, V=-112VIZBIF B — 7 OYEIELREDOHEE L LT
7ay ML bDEKS. 7(b)0¢.?1“3_ #&@ﬁ@#fmm&iﬁﬁérﬁéﬁé LEILTWAZ
EBbrbd

Zoa /5' VEDES 1 ﬁﬂ%vwkhiiﬁ&:ﬁ L. # Bﬁ?%z’su LTHIR L L
T HIHER CRETHA S hic, 2 X 5 2R3, B u=12m0V-s B D
FOZRR DR LRBHZ B THEAIT TR Y . Z ORI O b D TR,
L2> L p=50m*V-is 2R O BB EE O TIIRB 28045 Z LiZTE 22 ok, QPC
DAVEYZ L ARBITON T EREERER H D, chidmBgEREhicis v
TI<IKDFEBERIZBNTHEA SN TE Y [15). REICEILT 5 QPCHEIE L DHBIZ L B
bDOTH o7 [21-23] ZRII LTI ZTHAESNa L &7 & v RIRBNIIB B HME
WEARIZDABB ENTRY . T=42KIZB W THHHAITE B, k> TQPCHE & Ditig
EBbDEIEZIT W,

BEEMEWREIIA T VL LEER MM OO BRF L v LB L ERKENE
EZZONDOT, ZZITHHEISN I X7 20 ZIRBIRTF v VELEITE - T
WideffIBIZ BRIZIER E Nz Ky NhOBTFHREN L OB N R YV FTiRBRVR L E
Abhd, BEZ LFD LIRGOLEESEINT S Li1F. 2 DIREDF 52 DILES)
RTHDHZ L LFE LRV, EBIT Nixon 51X QPCIZBWT T ¥ & AiLsr 46 LI EBAR
M DO DRT VY VOBELERALVE I ZLVRATEDE S B R RISTHEE
HLTWD[24], 512525 2DEGOELBRTF U ¥ ML XD ERE# K S.8ITTR
T[24) N E D L TV X ARBERAMMONE % K L T2DEGOK U B RF > ¥ ¥
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K58 FrUXARBRAMMOMNELRELL T2DEGORB LB RF VS + AT HE
BEULDIHE, ZOBLEOREEZZBIFEORD L LHITENGRENENLRIRSEE
HITHWKT S (J.A Nixon &, BELHR([241 & V) '

| 1
UPPER GATE/ fla/nfifi
FIXED
aJ bl cl dle
]

1 | [
.0 . -18 -1.6 -1.4 -1.2 -1.0 -0.8

LOWER GATE VOLTAGE (V)

59 ETFOQPCHSF— NBEZEZLEDALE X ARBOEI EOHF— K
BIEV ZEEL. TOF—NBEEZAA—FLTWVS V 1% a=-0.5. b=-0.6. c=-

n
o

—
3

—
o

o
)

CONDUCTANCE (Units of e?/h)
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NMTBBOLEPEL, ZORLEDOREIPEBEFEEORD & HITENSERAER TR

RRBeDITHRT B, TODRFU T AMBLE L >T Ry MEEBENTE 3Tk
HiIEm<RBEELXLOND., KS5.8d)ITQPCHIZ Ky MEENHRIBR I L XD
RTFVVYNDHETHD, ZOLEBFHEOKIPHE MR Y ¥ IR, T<0.5KD
BERFBRICBNTERBRZRD DR AVE I Z UV ARTF v LILTF4 v TR — 7 058
RENDZ ERFHIShTNS,

BR SNV E T & AREB, RFV VY AELER LS Ky MEBERICER
THILDOTHIE, ETF o0 — MNCEMTAEFR2EZDZ L THEEF v RLDZE
IR ESEALT 72D, IR OBRFBRR - TL B Z LAFRENB[25], #Z TH
55 ERD EOF— MEING BBE2Ve=-0.5Vr 5-1.IVETTIL S SR BLEEL.
TROYF— AL —F L. BREEKS591RT, HlOF— NEFEOEILIZ L - T,
AVEIEVAIRNIRE S EEEZZT TR Z b b, ZhIBERIIERSNZ
Ky MEEDORNE, 7F— VEEOENTEERMLUTEALL TSI L THD LEX
5h3,

UERRIZESITRT VU VELEZ2DEGOETFEBENDPRI BB ERF Vv L
OEWEHRBBEN TR ZDTEDIIME L 2> TL B8, Zhidf8ElEk~D K- 5
HESAEWRETHY., B2 TIERELY. LA LEBETIREHBEHTE
100umEl_EOEBEE DO~T FEEER DIMFERFAREL R - TRYV26]. 20 L 5 REBEH
EOBERERANWDZ L TREEIRTEHIILNTESLLEXDNS,

542 SUHLFLYTSTEE

QPCEBTIENDA V= F—, aL I X —REDHNIZAWDIETFSRERIN T
B3, ZDHE QPC DN % b HIEIZEET 2 HENRD 5 72 iz QPC DEME ORI 22
REMPEBITR D, £ TQPCOEHHEDOKRMEILIZ OV TR, FEHERIZAW
TeERIIER# TH Y. BEFHIRSLITRTEFIQPCEFTH B, HlEIX T=14KIZH
WTfToTWnB, ZDDOQPCH 5 HQPCI DIEH ORI T HEEZFEL TVWB. T
DL EQPC2IL V=0 & LT off RIKIZ L TV 5,

QPC1D 4 — b%ﬁhﬂ?éﬁ#k:/ﬁﬁﬁxzélsmkzﬁ‘%manmﬁk
F— BEZBELT, £0LXDEFNOMRMEELEZIE L. ¥— VMEEOEEME
%O&%@@m¢®~&ﬁ%7ﬂyF&Nuw?¢nvwkémaLE¢&V®a%
N=2. V=188V DL & N=1-2, V=-19V DL &EN=1~2, V=-1.941VDLEN=1TH 5,
EH ORI 2K 5.111ZRT,

K 5.11 25055 & 5 ICBHEMEN & X BkQUT) IZIFEHIL 400 B izh > T
IFIERFE L TWA, EHEBR—RITY TN REIN=1 L2 OBBREIBICASD L. #D
P OEHUE O 2RI ROB S 5% A7 L 75 74858 (Random Telegraph Signal:
RTS) DB ENic. eV =19V BN TIZRIEDORR S H-O D RTS HEE L TH
MéhfwéogwlDthd V=1941VIZEITHN=1 D7 F b — ETREDORE
ENELIBA L.
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141 N
£
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g . 412 @
< 10} ¥
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O 410 =
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= 48 Z
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O
L T -4 6 S
T T=14K —44 O
O

2 - P

0 1 1 | . 1 1 1 | 1 | 1 0

2.0 -1.8 -1.6 -1.4 12 -1.0

GATE VOLTAGE (V)

X510 QPCOEHMB LNV E I/ & AF— NEEDOREES (RAIDME)

XIS~ FNEEOEEMEFHAITEXLEREZTO. R 444s ORDORTS OF4:
B ATz, RTSIZ L BEHE/ (AR) BSQUEDDEZ—EIZHI T LTS,
MEZES1IZE AN SA L LTRT. RTSIZT T b —OBBIEIRIZ BV T3LER
BREML., 75 b—ETRBAHLTNWDZ EBbH 5,

F L 75 7 EB I EIH/N 2 SiMOS-FETIZBWT 1/ / A4 X & OBEEN LR ENT
ETEY, SiDHFEFORFIIRRILE (SiOK) PIZEET IR TR EITEREA L
BFFNZ Y FL2DEGLOBFORY LV IZH B L ENTWVWAB27-29]. GaAs7z K iL&
HEEDOETF NI v 1L, SIICHARS L ZOBRUTER EEEA THRVOBEIRT
HEB. BELLQPCIZRBWTHAIENZF L F 5 7R3, AlGaAsErhiH 5 WidE
BEF v XNDHDCaAsOEZEBPDOBT NI v 7L OB FORDEVIZEDHDTH
A5 LHRIEN D [30-32], 2D X 57 RTS OREREOHMAK 2K 5.131TRTT, =20
AEEESE X BILS, (DIX2MDEG LB F N Ty 7OMTETFOLY L VBRI HBE.
QIETa Y bF—F—I"DOBFIT Y LIZAY., FH 5 2DEGIZABZHETH S,
BF ISy PICEFRHEINLTHBIE. BEF Y RAVPFORTF Ty VB ERLT
EHXEL Y., EFPREEIND LD LOERBEIIRS EEXHND,

RRTIRKSAILZRT B V=19V OBEDOL 5 ITEHUED L AV BEOPH DA, Z
DIFEEF L NP LOEMORLRIEBMEOBF N v 7BREKICENTNDS DT
H55, Cobden HIZZ DL 5 BEEDOLANVIZHIELEEF NS v 7 GRFXRE) fic
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13.35 , : :

13.30

13.25 l N=1
—

Vg=-1.941(V)
|

x10°

;

13.20

13.15 L L
104
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10.2 1< N <2

x10°

10.1

10.0

8500 1< N <2

8400

RESISTANCE (Q)

6800 : : :

6700

N=2

6600 L L
4600 : , :

T
i

4500 N=3

Vg=-1.72(V) |
1

1 1
0 100 200 300 400
TIME (s)

X511 QPCOEHORMZEIL KSI10KAZRLEMBIZYA— NEFABEELTNS
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141 SWITCHING EVENT ! g0

AR > 5(Q)

12 3
— 50 3
S =
< o E
L 40 E
1S} >
Z o G
-
0 30 g
= O
(1 20 b=
al- =
7]
oL 10
—
0 Il i 0
2.0 -1.9 1.8 4.7 1.6 45

GATE VOLTAGE (V)

(512 #— NEBRECHTBEFLIS7EEORERBEDOL A ST A

RTS in SI-MOSFET Electron Trap in SiOp

RTS in HEMT Electron Trap in AlGaAs spacer layer or
Depletion Region near the channel

Electron Trap

H

2DEG Channel

Gate

Electron Trap

2DEG Channel

Trap Density in AlGaAs
1016~1017 (cm-3) .

= Number of Trap
QPC Channel Dimension 1~10
100(nm) x 100(nm) x 20(nm)

K513 RTS OFARE
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HEERBHDZ LEBMEL TWB[31]. £ 5 THIIEE L XA OREIIM Tldi < 1
B0 dZ LIZRDHB, ZOERTIIRTS ODRERBID2 L. HFT2012IT+52T
12V 7F h— ETRTS DRENMZ SN B0, BEEF+ XAORF L 2+ AL
ST SEFIEARNIEEAEEN (F5 M —ETIREHNIZF— NEEICH LTHE Y IKE
L72<72%) IedThDLEXBND, 2Dk 5 2REMNIZEST 5 RTSIZ. QPCAH#
HEDETEHEERIBOAV RaC y VI RFIRBWTASREE L RITT., LiLiE
PUEDBB LT Z b~ EiZ 3 L 5 It — MEELHHTIUSME T2 2 LA TH
Do :

55 BEIIEFRAL PO EIMEFICETBINYIF 4w v{zESR

S53FITRVTIZ QPCDEFN R EREEFHHIT OV TRA, 54H TIZQPCE T DR
BRI ONWTHBR e, BHITIZZ DD QPC % Rz B & ¥ EFIQPCEFIT OV TEHE
POIEMBEN:. HBVEFHLENY ZAF 1 vV BFOFELR L. BEFIQPCROEAN
FEIZOWTHEHRT 5.

5.5.1 EMOIEMEME

QPCRBFHEDOTLIvH—, aL 7 F—LLTHWBI LATES, AETIIEF
QPCEFITBNTZ I v X — P oHP ENZBFBNY AF 4 v 27 iTfzELTaL s & —
CEETIRTFERETDZ LIZONWTRRD HAWEEFIIRS.UZRLESDTHY .
I TR L=lpm DS DERANVTNS, JIEIZT=14K IZBNTFT> T3,

51412 QPC2 D5/ — MEEZEE L. QPCI DS — hNEEV, # R —7/S¥ L &
DEFIQPCHALH S B L G, DV WEETH D (ER). G BESHOFHG, =1/
R, 2> HRDTND, QPC2 DS — MEFEIZ QPC2 D—RTH 7 /Ny NEN, BN,=1. 2.
304 5LRDBESIERLTVDS. G 14— ADWERINRILT S LIRET S &. QPCl
DIEHLR =1/G, & QPC2 DB R,=1/G, L DI TH . T72bb.

1 1,1
Gseries - Gl * G2 (55)

BEOALT D K514 SRIE G5 RN T B LIRE Lz & & OFHED b RDZEF|QPC
DAVELBLARG, . Thb,

X2 HHIEME (F#R) IFEME (SR LV RELR->TWS, ThbbBEMERIZ
ZQPCOEHIDME V/INE LK 2> TWB, ZDZ LiZA—ADERIME L TWRNT
LERLTVS, BEHREL, QPCIA S QPC2LADAY A5 1 v 7 BT OBBREERT, O
LEDEFNNAVE I ZVRAILUTOLSREREINDZ BN TN [33),

2
Greties = %G + z;‘f—Td] (5.6)

ZZTCGREQPCOAVE I E UV ATHB, 5.ORITQPCRIENRY X574 v 7 i T
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(4]

—QPC2=FIX

| l | I
T=1.4K N,=5
QPC1=SWEEP ~

CONDUCTANCE (Units of e%/h)

-1.2 -1 -1.0 -0.9 -0.8

GATE VOLTAGE(QPC1) (V)

514 EF| QPCIZRIF DEAOIEMEN QPC2 DF ¥ A% 1-5 IZEELIBE
D. QPCLOBEIZXNT B arF 7 & v R, FITHAIEM. SRiTE — A DHERIDSKILT
3 LIRELUIZBE OHEM

LBTWENE, T20HT=00RIIE —AQBEHIERL TS, NURTF 4 v I &
FHREETD LT THEPLG, B3I —Iv IRl (G, =G2) LWV REIRD.
Lo T, K514 D8RIZQPCL L QPCL~KELERIT D Z LR/ THNY A7 1 »
IBFDRDTHD LEZLND, I > TEHLOIEIE D HQPC24 b T S iz Y
AF A4 vV BE TR QPCl TRIHTESL LW Z BRI N

5.5.2 gV I

TIvE—, AL s E—ONY X514 v I BFOEBRBEELRET DHEL LT
V4T (Bend Resistance: Ry) ZFIH T 2 HESH 5 [34,35]. #hH3 0 HEHHEOBSZX
515017 T, K5150MF 1-4fic=I vy ¥ —BRIL 25k L. W2 3MoarvsZ—&
EV. 2RIET 3 LEH VA BPEONININEEAVEH L LK, Tabbihss v 5
ZR=R, =V L EHEIND, T TAVI X —ICALBREL, LTHE, =y F—
Lav s 2 —ROEBRTO L I, =TI B Y L2, bH 5 AILBEN 2 IZHRIL TIIT=0
THINB, NY) AT 4 v 7 EEER TIEIBELS RV DT, HTF4POHINSh BT
BRI FITEEL TLUEY., APWHORBERT 2 IZEETHSOBHDHIT
T=0 £i372 6720V, ZORDIRITRIZR>TLE 5, W 2-3MICiTBRITTNZ VDA
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COLLECTOR G A lein)
.| ]
Ic(out)
1 | T 3
I
EMITTER
4

X 5.15 #has b EPRIE O S

0.14 T T T ; T T T 20
T=1.4K + 18
012 QPC1=FIX (N,=1)
QPC2-SWEEP 16

0.10
14

0.08 12

10
0.06

0.04

0.02

BEND RESISTANCE (Units of h/e?)
CONDUCTANGE (QPC2) (Units of e%/h)

0.00

i L 1 1 1 ! 0
13 12 -11 10 -09 -08 -07 -06 -0.5’

GATE VOLTAGE (QPC2) (V)

516 BEFRFRAY barzxs MIRIFIHMAVIER QPCIOF v kA E%E 1ICHE
ELLBED, QPC2OEBFEICHTHMMBVIER (i) L QP2 arv X 72 X (A
%)
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51

¢(in)

uxs

cf{out)

N3 [36].

éﬂ%ﬁf%ﬁ&wb%iféoco&%:vﬁﬁ DAVEY B UABG, TH

=GV DBHRBRILT Do [ THEIPLRIFUTOL S IZT LRSS

(m) c(out)

e T
Re=r=4 (5.7

B D ERAORRBICANWERFIZSSIHEFMROBEDDDOTH S, X5.16 Eitix
QPC1 D—RILHY 7N KN, 2 N=1 (G,=2¢%h) CEELT=Ivy&¥—L1L. QpC2%
ALY E—LLTEDS — MNEEV, 2EILSR EEDR =R, TH5. RIFHS51 L
KO 3- 1 ~Bi it L. WFS-6DBMER L >TWVD, ZZTIEHR,OFBFEEIRT
3 & D ICBIEMF OB BATNS, £R5.16IaL 7 2—DOQPC2DaY Xy &
YADV REEE SRR TR,

(4516 IR WT/— MBEV,, (QPC2) ZRIZEIML TV L RIIZAT v FRITHENM
#5®mﬁm3hto_nmwnﬁk BOTCHRRIT DD TH D ERDAT
ZHBIX QP2 DB TFILZS F—DfE (K5.16 A#MBHE) LRIHELTRY, 3L
IR—=DaAVEIZ L ABRTFILOEERR ICHHEbA TS LEXOND,

56 BERALIIALEY b SOEFROHFANHATE

56.1 HSSMRAENSE

REAS D EHL UDYEUEGJ%»IJ\TQEV\B’H%’22DEGG;$E%;7NJ‘6 .a—LuYhizk ’DT
BTOHESHMTONDDOT, QPCHrLDBTOHMNMZBATLIZ LN TE S, E
BOBESEE 5171277, BMBBODL L TOHFTAE I TOBBRRANLLRE S,

6 = Arcsin (fﬁﬁ) (5.8)

TORREBO TR LA BEORERZ ST BT . LAffat — LV ARL R
RNRYRTFA vV RL KV ONEL LDDERDHD. LZBELEFOT7 = VI
F— 5 DOERIT RN X —ITRAET B0, T=14KIZBIT B Y ' OTHERP L L=1-
OumBETH D [12], L BEF 7+ —HW PV T I DERY» L FEBITRO 1/2
BETHDZ EBLP>TND [37]

Z DX 57 FEB I Molenkamp HiIZ L ViZUH Tirbih, EFDaY XA —3 3 RS
ERMICHEAINZ[T]. TORRTIZQPCHDO—RITY 7Y REIZ 5L ETHY ., £
BRERITEHBTHAT I LB TE e, LALQPCO—RITY 7Y FEA 1. 2
BERCRDILETRL LTORESEND LEREINDS., ZOXIREBFHFNRET
DEERITOkada HIZ L VO TITbNZ[38]. FNIC LD L —RTEY T AV FEHB 1 DL
MM INE =T, =R TRV REBR2DLEXTNE—7 HBEAS
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Electron Classical Trajectory in Magnetic Field

Collector

<D
— -

Emitter
(@B

Angle 8 = Arcsin( eLB / 2hkg)
Cyclotron Radius Ro=hkp/eB

W/L << 1
L< L¢ L¢: Phase Coherence Length

L<Llp<leg Ly:Ballistic Length
Le: Ellastic Scattering Length

R5.17 BFHEHESESIFEHEOERN BB TEFOHELZMITSZ L Tomzll
T B, ZEBRTIIL=1.020um O FEHIZONWTT>TNSE

T T T 12 -
0.08— i “l@ / (b) ©
o~ 8
= 1%
004 _ 4 ﬁ Q\ /)
- | P Ly
1R | el
0_4 4 2 OXILG 2 ox/Lzo 2 oxILo

518 BFRAL barv &7 hpb0OBFROHFREOHE QPCHO—RILYT
Ry REos Kok UTHST I BN S (A Nakamura . B3R [39] £ V)
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NTND, ZTNRFEERT Vv VHROEBEREE X o & R BRI TORBBEIEIIE
B—D2RROIH L, B—RERREBOESBEEEIES -2 THEZ LIEHIEL TS, &
DE S R—RITH T Ay FBUTIERTE L THS SR ICEESTHND Z LIIBEHEII X -
T iR XT3 [39,40]. Nakamura 512 & 5 QPCH» b D H &t 7348 DEMEFHE O Fl %X
5.18 1T 9 [39).

RITR AR ERITIEE B T HHAEBRICB O THRROEZRBEOP IO TIZ NS M
FNOLOEBERIIRATHY., HFLD Okada 5OFRE—H L TWB DT TIERN
[41-43]. E 7z Andol3 B F 1 #FHIER DO QPCOHH BRI E LR NTidaL 7 ¥ —DRk
TRBIDPKENT & 2RO TR L2[39]. L LEFHENERIZBNTa L
7 Z— ORI OO TORMUZRERIIITDORLTWRRWN,

562 BIIBFEKAFIALET FO—RITY TN ROEIHD

HisH A Rl E I AW S EEHIE 5.1 ERDOEFIQPCTH 5, QPCRHIDEERE L L Tid5.6.1
THIT R Ao ety (L<L, L<L) %+57c$ & 512, L=1um, 2um O _FEEER L T
%o BT IHREREIE O DITIITHQPCHO—RILY 7/ FEEHIE L2 TT R 57220,
ZZ TR TIXEF] QPC DEIEDHEREE1T 5.

T=1.4K. LED XEHBOEQPCHOIEN L a L X7 X v ADF — NEEKIFEE 2K 5.19
WWRT. FQPCHIZE L DB FILFS b —EllZh. QPCHEFHEEKR L LTEEIK
BELTWAIZ LERLTWS, UBOERIZBVWTIZIQPC2E I v & —, QPCl &2
V7 E—LLTHWS,

TIvE— AL Z—FMMICHET S L XICHEL R0, —HFDOQPCE:HD
P NBERBEELELLEDD S —H~OEBIZONWTTHD, K520 3=IvE—IiT
Wt Barsr—F—- NEEHMOEBETHS.QPClEaL I ¥ —L LT—RILY TN
v FEIN=2, 3. 4. 8IZEE LTc & & D QPC2 DY — MEEKFMHIZ OV THATC, K
52005 7 X —DF— FBERRIZTRIZONT, QPQ2OE » FF 7 BIENIEIL Y
7N THEIORBAEN, ZOZLFAL I EZ—DOEBIZE > T I v ¥ —ORENE
WEBIFBZLERLTEY, QPCOY 7 Ay RERSENHIZARET B ledicizaL
R —OYBITERTIOILERD S,

563 BF R rALE2T7 M DOOHEFSH

K520 BV TRAITR LY — MEEDOMBICT I v ¥ —%EE LT, #AAYIEH
Ry, ORABRFFHEZHE Lie, BIEIZR 519, 520 DRIE 2TV QPC DRFfE & RS L 7c
BEBIZT=14KIZBWTIT>TW53, ZZTiZL=lpm DEREZHNVTWS, BREZHN
521 IZRT. QPCLIFT I vy X —L LTN=L 2, 3. 4 6 LE/SHE, QPC2iX=
L7 E—LLUTNZ2 3 4 6KEAZLTWS, MBS OBRBETHIBGCH AT L -
THAAEZERL TS, ERAETIRMAVEROFSEIECRD L SITL ST
%o

R 521(2) TIIN,=8 TH DM, =3I v & —EFLSTHER Y EFUTHEIRA S
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18 ~ 1 E ] ] ! 24
s P T=1.4K .
- ¢ After lllumination =
. QPCA (Collector) o=
14 | i — QPC2 (Emitter) 2
—~ “." @
g 12l 2
g £
S 1ok w
2 &)
= ol <
b =
2 8
L 6 2
i 2
6 Z
L Q
1 4 ©
2 2
0 o
-3.0 25 -2.0 -1.5 1.0
GATE VOLTAGE (V)

X519 =Iv&— (QPC2). AL/ &— (QPCl) BADETRA v hav iy hog
YEDTER

16 T T | E—

sl QPC1=Collector
& — V=0(V) .
X — V=15 N,=8
c 12 - V=223 N_=4 T
UIZJ T — V,=-2.35 N=3
o] .
s :
]
LL
S 8
O
2 |
'—
B 4
n
w
c L

I i i | | |

E)3.2 -3.0 -2.8 -2.6 -24 -2.2 -2.0 -1.8
Ve (EMITTER) (V)

520 =Ivx—izadhralL sy —EFHMOELE
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0.08 T I ! i v 1 N ' 1

T=1.4K
Collector No=8

(@)

0.06 -

Emitter
Ng=1
0.04 -

0.02]

BEND RESISTANCE (Units of h/e?)

0.00

— Lty
-60 -40 -20 0 20 40 60

ANGLE (DEGREE)
0.10 v I ! ! i 1 L ' I
T=1.4K
(b) . Collector No=4
0.08

0.06

0.04

0.02

BEND RESISTANCE (Units of h/e?)

0.00

reasill SRR RN U SR U S N
-60 -40 20 0 20 40 60

ANGLE (DEGREE)

K521 =IyZ—&avyZ—0—RuY 7y REEEILS & & Ohn ) BH O
BB RENE WA VEAORERELRDLIITL>TVWS ZZTL=1.0pmDHFPET
HD AL EZ—O—RILY TV FEUX (@N=8. ®BN=4. N=3. (ON=2TH3
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BEND RESISTANCE (Units of h/e?)

BEND RESISTANCE (Units of h/e?)

0.1

0.10

0.08

0.06

0.04

0.0

0.0

0.10

0.08 -

0.06

0.04

0.02

0.00

-0.02

2

2

0

I ' I v I v 1 N
T=1.4K
Collector Ng=3 |

T=1.4K
Collector Ng=2

X

i L | 1 L 1 1

-20 0 20 40 60
ANGLE (DEGREE)
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0.12 — 11—

Thermal Cycle T=1.4K

L=2um
0.10 |- Collector Ng=3 _

0.08

0.06

0.04

BEND RESISTANCE (Units of h/e®)

0.02

0.00

-60 -40 -20 0 20 40 60

ANGLE (DEGREE)

522 L=2.0pmMHE OV IEHORBKRERE 3L % —O—RTY 7Y Rl
N=3IZEEL. =TIy ¥ —DAREZELIETND. BF A2 AF (F) 8% (B) &iT
BIF5EAERT
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TR LAUN=4IZT D ELN=1DEEITHE 25BN TH A KE—27 MEHlS
Nic, ZOYA FE—JRN=83DLEZHN=1DLERFE 25BN THAISN S, &
BN 2D LEZ DY A FE~2REBRZODE—7 8PN TWS, Z0Zerb
VA FE— &R LI F— LIy Z—DY TNy FEBSKINENWE X IZRBYE
REND BB, £ic. N2 DL ZRBUREENBRIEh TNz trdbaL
7R —=DY TRy FEBHFA AR EESXTHDZ LBRRREh B,

& Bz L=2um DB E AV TRROERE T o, BREER52FRRT., Z0HE
V7 F—ZENSBIZEAEL TS, RV A4 RE— 27 BEIEAIS N T3S, ik
DAL VE—7 OB -15°MNEIZTRTWBZ e Bbr3, ZHUITADTI v & —
P EOHSARR L & Z — it LTISEE TR AR, SIDIc it S h T b o L&
ZbND. TOBEHIT ORIV PROAAL V=B LAREIC LT=25 iz & =BT
VA FE—IBBREND, SHIRTI v F—DOFT NV REN=3. 4D L ZiTig AL >
=BT PNTNE, ZOX5RAL YV~ hO#IEITEY A INEMZD
EWHERTIN (K522 EBH). ¥4 RKE—Z@BEELTWRNVWI L8bh 53, 20k 5
RAA Y E =7 BIORES NS BEIT Cumming b [41] & Oowaki 5 [43]12 & » THH#
BEhTRY, T L > TEFIROERBEIZELNTAL 7 X —ZBRETE RN
BMRTHDLEINTNS, RS520% A FE—Z7RZE 521 Db D LB Y kX Sa9En
MTHIEIB.ZDX 5 BRAMMOKETY A FE—7 D4R IBRll S 59 4 RK¥—
7 DIMEP/NE K R VIEFFFERE L THB O D LR,

BERARIZES T, ZhLOERBRIZBEMABMRCIBETE RN EZ S5,
Shepard 5 iZQPCH DIEMBIIR R T > & ¥ MT & o> T—RILY TN ROBFLHHBE
O=RILY TRy NIZEFBRINDETVEREL TN [42]. $72b% QPCOML
TORT YV y VIZBRRIZIZRD oo WEd) T, k&2 RSBVEENEEY
TR RLAEHTWARLTDH, ﬁa%7n/b«®§@mksrmd3m#7A/b
DEFOHHEINZ L LTS,

ALy Z—OFHRITOWTIL, IﬁmwhkwTN%O&%&%ﬁﬁhﬁﬁwﬁMé
NRNZERSDPBE 51T, ALy X —EREN L BEMBENEL 2D 2 Libh
BD.N=34BEIZ L TalL s Z—igak LTRESREEE L5 L. HEtAFITEED
HRISNDNB. N2IZTH5LBRTHRNERLZY aL s ¥ —OERESHELEL LY.
AL Z—DRETELIAEIZHIBEHE TS LEX OB, TObEMRYy T —
IERTDOTHS5, HoTIDESREBTRIL Y F—Lx Iy ¥ —FHHOEAYE
ZERICERLR2TNERLRVWEEZEX BN, ZhICZ TR QPCHhDRF >
VYNDELE LW, FIETERN T 7 7 4 —BELIZRERERIZLTWS, %
BT INFNER TV I DO ORNEOHEIEEL R > TL B2 LAEHE
TN D [40,44], SBRIIRFIIRLQPCHDRT U T v VDR LE L EORELE DD
AnTe, XVBENRETN EERERLOEEBNLREBEBLETH D,

57 nng
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1. BABFRA bar¥ 7 MERBWTEROEMENE. GOMMA SR8 L.
IvE—POEHENDE AV A—FENERAY RF 1 vV BFHAL 2 X —I L VIRH
TEDZ LERERALE.

2. NYRF4 v/ BEEBICBIT BB TRFHOMBEAIL. 524 ARBREB RS
ML O TIZRALBFRIERTF VY VELERMD S Z L. BX OB RSN
BIVELTVI T 7BRIZEDENORMNESN TH S, BiFIXIR—L S icpks Ak
ﬁ%%%ﬁ%b%@@ﬁmfb:kvmé<téﬁ\%&K&<T:kmvémm°%
FERBRTRA L bav s NOBFALEIER2EET S Lic L VME T 3,

3. EFIBFRA L bav 7 NRZBITDHEMBVEHRIZ L > CTEFIROE D4 2R
L. TIvHE— aLyBZ—0% TRy RENKIZDRNEZiZOR, s HEH
RY T — I BEETRT VT~ 213aL s ¥ — DRSS v xS E T LT B,
EEHAEREIZBITFZaL 7 2 —0H T Ny RERRIZOWTHID TERIICTEN
o ALY F—DFTAY KER2 O L&, das D EHICRERRESE N, S5
MREIZRITZaL 7% —DEESEZERIITH LM L,

BRI CHAMT & SRR REMOERITEFERRIZBITIZIE—RK IV ER) 0
HEETTRIC Uiz, NY AT 4 v 7 B8R B LEBNEEQEE LRA Y. RO
HEICL2EEFEOWLERM e b EX 5N TE R, LA LQPCOERMNRT
ZEER—=RU MNDEBS VX ARBF UV Mz X0V a2V E 7 2y ZB TSRS
RIDLNIZLETHD, BFELTHEBEERANEL E. R—230 hOREILRITS
TEMTERNDT, ZNIABENLREEL RS, ¥ QPCIZBWTHAIZNSF1L 2
37%%&%%‘i%wﬁmwﬁéEmﬁbtaﬁﬁfﬁhﬁwﬁﬁéﬁéoit&—
BFTL 7 b=/ ARBWTCHEELRMELRIETTHS . —HIZDL 5 REEN
&Eﬁmaﬁbf‘?vﬁ§7ﬁ%%ﬁﬁmnﬁm?6:k%%i&hégMi&ﬁﬁ
RA Y R AVE 7 MEEIZBIT BEREEOTIEIL. BFRIER Y DX A F3I 5 ZADE
ReRD ETHHEERRFHELRY D05 B [4546).
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F6E MM EERICH I BEFHSICH T B ED
E—-L>XE | '

6.1 #&

!

AV ZAE Y s FMBITBNT, (I —L Y AR L IZROWE kb 2 BERKE
HRO—DOTHD, EIEE. NV RF 4 v 7 EEFERICBOTEFRZABLES &
TERLBITONTETVER, ZORDIZIZEFIE OIS TN B ER AT
ﬂkkﬁéo%of%ﬂ%%&?%%%ﬁﬁmﬁwf%E%F%éoﬁ&i?mﬁkt
ME (&R, FHE HBRE) PR SV, BE M) 1TBVTL 2R DRAEM
b T& e, L aRDIHEL LTREL AN TS DI, BREDROR
ETHD. ZOMKITE D LLIET TR —RITHIET D O L WA 24854 & (B
AIFAEY -ACVHELRL, AV - PEHEERRL) 2EBRNICHERD D Z LB TE
B LPLBREBREAVDHER. HBNWEERERTRNLERATERZY., Zok
DAY RT 4y BB TR, YO S OFHERIC LD H R —RITEEBE I
EOTWHREFALCHERIREDPLL 2RO DI LBRALN TN,

7%/ VBELPERTE LS RERIZBVTIR. BFOoat - LU R (AT %
BETDZRER. FLLTEF-BTHIASTHA FAMRE R S OE#MBELTH 5,
®oT, (T —L 2 AR 703, JEREMEELRR ¢ TR Y. 1=t LD (GREBE
EERRICBWTL &1 L ORITIZL, = /DT, PBRS B D. T Z TORIEBER TH 5.
BIFEBERBE LR T D L ER L AV T LB VA, BFRTHR TR OBA,
BIXL,ZAVD), BEEZTFHICONTEFRIMEHEATRES ¢ ZEFIRIRD.
-oTREZ TFBIZONTL IR 2D, L LERERL E OMETHMMEZE TR
TIRAE Y -AEVBELBSHREDR M T 70D, ¢ MER TRMEZ TS Z L2335
o ZIFRERFHEDOR VA Y - AU HELBIFRMEBELR OO U E £ Z THY S
PHTHS 3],

FEGBBTHRIZBIT 2B REDROFRICBNT, L MEE THRINTSHKIES
<EMESNTNS [49]. ZOREIZOWTIIRARBEPEZ LN TVWEH, BEET
DL Z AHMERERIZIH TR, EEO L 5 EBMBIZB W TIIREARHMIZ L 5
AE Y - ACVHBELSBEICHKE LR WS E 5 2 5. L L GaAs B FHlER O
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X 52 J/ETIR, BETHYOFEIIE 2 b, £ LITE TORMER
MOBADENEEZEZIOND, ZOFPICEBERKELRWEE L L TREATEER
DI, AV -PLBEHEERTH S, LOLAY Y -SLEHEERII TS 2EETAOT
B2 101 TFHDOULPEEZIDETTHY. ZOLHIRRBESL L TEORKIESA
EANBT LBHMONT NS, GaAsD & 5 2 HERMIE VW E T2, EFRHEEFERIZAY
Y-BLEMHEEREBX 55, BEETHRECRBNT. TOZLR3EEShTE R, L
PLBAETHRETEEORIZBVWTAY V- HEHBEEAREETH L LWNWH Z LR
HEIhTETNWS,

AV AAE Y S RIBOTLSEERRBERICTRA L LT, BENEEEES Y
(Universal Conductance Fluctuations: UCF) 233 5 [11-13]. BoE DAY Y - BuBMEERR
BNRICBITHEBOEOMAIX. ZOHEERAPELEORE SITRELEELRIET
TEEHLMZLTWS, AEY -HLEHEFRABRRORIZEITS UCF 2SERE R
iZ. FhnF & A< bY o A3 (Random-Matrix Theory: RMT) & BSRANENL ST
% [14,15], RMTIZB FEIREBERE TV HX ANIN M=T L OEENRNHYE (=
Jr—H VT4 7 FR) FHEIZLTRES [16] FVEFANIN =T OHEEIX
orthogonal. unitary, symplectic D =iz . BFEPOBFOBEITITIINSITE
nEN., BENELS AY V- HUEHEERSBWES. BFOH 554, MBNREI XY
V-HUEHBEERAPBRWESICHEYTB(17]. Biokka=yy —H VT4 7 5 RAEEED
NINP=TUIHTHELEOREII. RO I 7 v REEITIRESTE ORI
XoTHRES>TLES. ERMBROMITFERC L > TRLEDOREIBRLZLNVIH
HEbHY. TENBAPLDIELEOKRE SITHEBFELTWS [18],

HEH 513 GaAs/AlGaAs 7 7 £y FEFHIRRIZBIT Mot — LY AE 2B RAEDR
EUCFORF P HRD, ZNSHE2HB LIl FRZE B LAl —L V AERAE
V-BUEMHAERREBR A D L. B EORIE L HBERBIXBREICKE LR 25, ¥k
Millo 51% GaAs/AlGaAs ~T BHESITBWTE L X DORIEZFA2[19]. £hitL B EX
Y -guEREERITRE L EORIBEEZMHT 5, ZTHIAEY MY 7Ly PRIZAE Y -
PLEMEERTIZbENSDIZH L. Y7Ly MRBAE V- HEREERIC X > TE
BEZT 2NV DTH B, ERBOAEH 513 InGaAs/InAlAs HIFRIZB N T, AE Y -BuE
HEAER O S BT VIR SRVERIZEIL T SB[ EITEBOEORE IN12ITRDB
REEBRINTEHR L TN [20].

ABTIES F—EP Uy I E VW IER Lz n-GaAsBEFHIRRIZRBR W T, Mk —L U RE
PBEREIZIRE L2 RDBRIZONT. ZOBIBKFME. INTHEKREM 2 EZRITH
RIFERIZOVWTIERARS, fitfat —L v AKMZFARD FE L LTRBREDRICE
58 OBKIESL. UCF O “HIRIER L CHBREB AW TR Y 20 5 OB, Kt
279, RUDIZ 2EHITBWTERBEROBITIZAWVLHERIZOVWTHERS, 3HTiX
d R—Er 7z & D {ER LT n-GaAs B FRIRIC OV TRAR S, 4 B TIXRAFNI R ORRIE
KM LI T HEREEIC OV THEREDRD STRNBRICOVTHERD, IITHE
KEHIZOWTIR FFA vy F U re, vy by FUrr2AVRELTNS, ¥k
5 #i TIZRAFIIR AR 2 UCF O —RIRIBR L CHBARE» SRR RIZOWTRE %
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15. 6EHITRAY Y -BLEHBEERARSZHEDOMNHIL —L Y ARIZDOVWTRRS,

6.2 B

6.21 ZRTHEHBEHER

AV - A VEELE A Y -BLEMEERNEET D L&D, ZRILHRHEIC X D1
FHEHPKESITE > THEINRTWS [21]. E2FEORIZ Altshuler 525> TH
BOENTNBHR22], FRIZ LD LBETIZRT 2HBHDOBEEoBDITLLTDOL 5T/
% (K_E -Larkin- R OR).

B, B B,
o) a5 Bt 23] w(%+§)} o
B,=B,+B,+B,  (62)

B,= ng,,+§3 +B[T)  (63)

B,=2B,+B(T) (6.4)
GEDROEIEHN RA—F OWRBIIHTIEFHREERLTWDS, kKELY@RBT4 A
VB 23], 0,iZ KA —FOEERETH D, LrekRs (characteristic field) B, B,.
B, #®ALTW3, B, B. B,. Bi3ZNETHHMEIKELRR 7, JEMMBELRR 7. AY
V-BUEEGELRERE 7. AE Y - AE VHEELRR] 1 LRADBERTHIIN TV S,

h
= Ze-D_Tx (6.5)

6 DREYHIBEP LOThERTRRACERL D, 74 UV ~BROWHLELY ()=~ In
z-1/z DBk Z AWV T, Bo0 ORERREL TR S LE v TORERL LT,

2
of0.7)= 0y~ 551 (\/ 3113?3\) 6.6)

285, AV -BUEMEER L AP Y - AEVBELBEE TE S ¢ & (B =B=0). it
RBIZB =B, B,=B. B=B,L72V 65)RDPEBREMND L. CORIZRDLDITRD.
o{0.T) = o, e ln( ) 6.7)

To<TP %4&%?‘%&;"\ 6.7) —itki—&E?Jg}%E&ujo FE2ETHEO I TREEZRL TS,
Lo TEEROY B ER DT AcBNIBEUTOX 51225,

Ao{B.T)=o(B.T)-o{0.T)  (6.8)
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o

—_€ [3¢(1 B 1
= ‘P(2+B) 2‘1'(

1,B) 1g{1_ B / BiBy
2+B)_2T(2+B)+ln( B 69)

CORTIERP LB/ ONDIMTIENM L EFHRT I LB TE S, 2BIOEBOEH
ST << WET <<1TH Y. FEEIZHIB BT/ VIEET LORBREHBTERNT LT
ERTRETH S [24].

6.2.2 EEBQE@@%B% (UCF)

BREORLFICOVTRINT BILHT ) WRTALI L #2 ¥ 2 Rgg UTFOL 5 i
EET B, o
= (610 | |
IITCCRAVEI BV ATH D, ETHMIELIPLOTNGEUTOL S ITESHT
60
5 =g—(g) (6.11)
BOLOMMINEZBRTOIHERTTILa VX I 2 AD53Bvar@ UL TFTO L 51T
i%j_éo
var(g) = (gz) - (g>2 (6.12) |
¥/ F# = 5k (root mean square: rms) IRMEZLUT DX S ITEHT S,
| gmmyvafe) =) 613
Lee,Stone[11] & Altshuler[12)iX 2B EE S LI OV T, BT RN F—IT & 550

MR T D2 LEMTHD LIRE (2T - FRE) LEAYITT<T 1 v
I IRFEETRY. RO S REFBLEOHBEBELKZITM L /.

F(aB) = (s(B)oc(B+aB))  (6.14)

F(AE) =<5g(EF]5g(EF+AE)> - (6.15)

EORER. MEHBET=0 (L—0) Tg A HBOKREE, THMMERE. B[
Ko EVARERELT =Ty —YARE M ORE) LRDZTEPHLRL LRSI,
D, ZORLEFZEENEEERSE (UCF) EMTh3., RERBOKRE XiTid
EELRZNEIEZWVW-TH, BEOBIRELLTRY 2=y — Y R1{Eg,  bENITK
#9513l ZOMMITHE—RIT. EFB. MAKIZONWTIZ, BLTDXLSE25D,

(1) ¥8—®x g,,,=0.729

(2) EEH#® g, =0.862

(3) siktk g,.=1.088
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FRRBOAC Y SUEHE AT 5 & C OB <R BB, THIEOWTIRR
HTHERB. ROKE S LALL BWILTBED G ~hTHY . REMRT ZWED
BA 7285 A —HIZ X B2V, ol LZ B A S M FROB A OV TRIET
B LITITEET B LERS D,
ARBEICBNTROKE EBLEVKRERD L. [aLOIE—L Y MEa=y |
TaVH Y B APEIITHE D ST PEERBE B, RCBERF 2D L. HE
ZRAX—TITOPERBI B LI D, BW. RSLOZKRTEREELD L. %M
SEH b TR X — NI 5 L EDIVE I Y RFROE 5 25 5.

5G=1/ # Lg_%{%)&ms (6.16)
VR o

72 UE, = iD/LAT BT RN F — m=W/L,. n=L/Lj¥=3t—L ¥ ha=v FOIE, &3
FAORTH D, ZZ TlYmmdBEORNY 7 2=y MNEAOHEFEERT . mhid
F—LDOERITH S,

623 AL -$EMBEEREE— < oBEETO UCF

Fengld A ¥ Y - HEHEER L ¥ —< VDN EET DBEDOUCF XA YT T LD
FHEERAVTHE LRSS, ZXDRIIKRESL, L, LOEFBFRERTHS. RiTik
BAERICH B L LTRY., T2DbbI<L L L Thh. T L DHELIT AL ITK
17 LR OBRELRER 1/r) & A Y Y -BUEBELRER 1/7, OFTE X b, Yr=1/1+1/7, TH D,
IDLEIAVEIELVAGCDHBE(SCIFETD L 91T/ d,

>
Li(aa)az) 5 2+ 2r2D) +2(2¢/D)’ 2(2rzf
+ +
(qﬁp + 4rz/D)2 {qu +4r2q2/D +(2 c/l)ﬂ2 [qu +4rzq2JD + (2 {/D)Z]Z
2qa+ 2r2iD)f 2(2r2/Df 2+ arziD) + (24D @B
+ + + ‘

(gt +4r2q3/D)  (ah+ 4rzq2iD) {(q;, +4rziD) + (2 5/0)2]2

I Cxel/n. =1, =(32)/(xz) BV Rl (=g BRId e —< v ZXNF—TH
5. @ REEARAOERETHY. EIFORMEELD .

, _ (7N (mn, Y )2
In=\T. +‘L—X' W1 +L_§ 6.19)

y
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TEZOND, T D#RiX Diffusion I (particle-hole channel) & Cooperon I§ (particle-
particle channel) LD TH DM, MBLEET I LRERENHENZDENT
Cooperon JHA* b DFE5372< 7125 (ZHNIIBREBWRIC L 2EOMTEH OB LR L

THD). MRS =Y HWEIRITIEERRVEHT (oyaB2mDouLf) 7

ZLL =min(L,L). Al¥ak—L ¥ MEEOERE) TIiX (=0 LBIF5DTG.18)RIZLLTF
Nk>5iTRB, '

(507 - 4(62)21 (g2 +2r2ID) ~g32rziD
“NR) L) g4 + 4rzD)

FhBG LA UHEREERANENE &, B=0,2=0 L BITT

(8G) 48(3,2) 24 q% & 62D

2B5, ZTHXR MBIz Lee-Stone DEERTH B [13],

(6.20)

6.3 & K— 7 n-GaAs EFMIEDER

HEHERUZT AW ERIZSi NS K- iz & 0 #ER U7z n-GaAs HAR (BL T &R & W&
FL) #1, #2, B3 THD (FE2ER228MH). GaAs100)E~DSiDd K—K itk -
T R—E 7 HITIZiE 2DEG R I 5.

HiR#L RNIFIF—ELVFFBE—BOLDTH S, EiR#l ORFRIEEIZS45°CTH Y.
Capacitance-Voltage (C-V) 727 7 A VFIE DRSS R— Y MIBRFREREE DR
BIZHACLRADOLNLTWE EEZ OS5 (26]. BFEERIVBHEIIZFIEN
n=6.6x10"m?, pu=0.065m*V's! ThHo. —F. HER#2 DRRBEIL650°C LHFRTH Y.
RRBRESBENEDIZ R— RV MIBMERIC L > THEFEEEX TRB>TWb, &
FEEBIUBEEIZI# T n=7410"m?% p=02m*V's' TH 5, TN 5D n-GaAsER
DF2DEGIX K — Y MNRFOEDVERT Yy MIZE > TS R—EV ZSEmMIZEA LA
DHENTWVWBEDT, BFIIFHMBEEZTIHEENLE., ZODIZEROBEEIT
&<, FHERTRIZ=730mBETH S, [IZLORBORE SITBATHH/NEn
T BRIZEIITB LB,

AE TR & OB ODIT RIBOT A RE 2R 2EE L LTRAIE LTS . &
JEOEEHZ DWW TIZETY Y B%R Ty F v b (HPO,HO,HO0=1:130) iTXB5V x>
hxw F 2 72 & o THRIE W=750um, & X L=1850um OF— A NN—BZIT L TS,
F6AITHICB AN DIRIER LR T IENI R T A=y F oL DERL T D,
HELDOSEM#B %KX 6.1() IZ7RT . BFHIRRIZOWVWTIZ 642 HITER SN L HEKRENE %
RETHEIVZY by F U ERZI NIy F U IZEVERLTVWS, BF
HIFR D SEM B 2K 6.1(0) IZRT. R4y Fr T3 IMEZRALEF— 1KeVD ArA &
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6.1 HERRI DR

Sample No. n-GaAs Etching Width (um) Length (um)
1 #2 Dry 4,5,7,10 40,50,70,100
2 #1 Wet 0.8 3.0
3 #1 Dry 1.1 3.1
4 #2 Wet 0.5 32
5 # Dry 0.6 3.1

VIV UVTEBERAVWTVWS, ¥y by F USSR VBRI Y F LU b
(H,PO,:H,0,:H,0=1:1:50) HIZBWTER T TIAMTR->TVDB, Y=y by Fr s
IZ & - THRIE 1um LU T OMIFR 2 I T3 21X, FIEEMESE W 2 D I EREZR AR IR IZ >
b2\ T DHRIBITERBIERIZSEMIZ L > THE LEAI L TW3B, fER LR
DEM, IMLHE, BIEW. BEXLZR61ICELD D,

HI I He T EB 2 A WRERT=0.5-4.2K, BHIZB N\ TiTolk. BBV 2—1
BT L DB ORE EFZ2#IT 57z, BEHNCHTERZ ImALLT 25X 51ICLT
W5,

6.4 fIHHIE-LIRDEEICH T Z8MMERR

6.4.1 RIBEKEFMH

BHLIZE 2 TS F—7 n-GaAs EF MR DRRIED 3um LUT T2 B & LI BaFIAFHE 03
Bh3Z LEHESN TS B, ThTRINE VEIESAE NBAITELIZEDL S
TIRBIED S h &2 THIIER IR A CEX T L, ORE KM ER .
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CDERTHWLDRER 22 LR LR 1 THH (K6.1(a). £6.12H), kiE
L LT W=0.7,4,57,10um O b D L (W=750um) ZHEH L., WEEHOBIE
W=4,5,7,10um i DV TIE— D DEMR LIk LRIRHZBREORIE 21772 o Tz, RIED
BEWC X VEHIBRRDOEEIT D). BEEOMBROSTOT AT MMt W) %
1012 LTS, Ei W=0.7um O b DI DWW TIZRIOER 2 VER LHRIE Lz,

IO OMIMRE X CEBIZB W THRESR 8 L. A OBKIEST &K E-Larkin-&
MOR (6.1)-64HR) DT14 T4 2 ThPbr &g, 2k, TORBEKEEERA
2o 2T LHERMMIEIFEE LISV OTE.DRIZBNTB=0LBNTNWDS, ZORKT
EAEY -PUEHEERII X5 EORSEFRIBR S TWRWO T 2 ERIZED D
TERELW, 22 TT74 w5 AV FIRBE LTt JXREIERE LRWE LT—EMHIT
BELTHWS, #HREX6.21IERT,

6.2 7> 5 W=4,57,10um OWTIOMIFITIRNT D, th 1, LFEBEIR R & EI
RN A RT Z LAERI Sz, FROFEIIEROREIZBWTH B S, Zo#
M2 THEBIZ BN T HIFINB I > TWh, BIRICEWTL & L BSHBREICRD &
LT DBLZBNMBE LI L > THIHE SN TWDA, ZORERZ D > THRN
[27)e Z OB EAER LB 2 IR REESE S K=Y VOB R Z > T &
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