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1.1 HHROFRLEH

BEDHFHIESR 8 (Molecular Beam Epitaxy, BUTMBE r#.3) L UH
BEESHIE Y %% (Metal Organic Chemical Vapor Deposition, BELTMOCV
D) EORMELESHEOABELRRk>T. RO FHOE S BEOMETAR
RHROEILERL., BXWICODAZNIILBDTHELRATOREE/ES Z & AATEEIC
Mo TERE. 2BEEALOBROR R 2 X BHRAT X ES TEEMVOEZTERIHEIE
REDORYEEHBEETF LIS, ZOEODLBEBETFOOS. BHTHEWGCGaAsKFry
Y VHFBE ENALGaAsEEE (NUVYE) 2 NULTEBRET I 210X YBR
Eh2A1GaAs—GaAsilBFIE. SHKAMBREI V2D ONNVIHERTIEESZ
LOTERVELOKERE, BARALRTEDI. HLOHELE- L hBXVER
FRAZADHEAOHMEBEIHERATWVWSEY, 20D, AlGaAs~—GaAsBRETIC
B AR EESFICBAIL R TETWS,

AlGaAs—GaAsODATFORERIEFICRET. 900°C, HEMOMLETIX
HhBWILHAELHBATVEN 198 1FII1Y )4 K%ED Laidighld.
AlGaAs—GaAsBBETIZnikHN600CTHEBZIELILEBRFOTOALL
GaDMHEEEIZZY, FHEBODA1GaAsBRLIRZZILERBHLES. 208
RIEBBRFOEFFILLBERT WS, 5lEHEE. LIV —-FTDColemanH L, SiA
FUHEA1GCGaAs~—GaAsBRBFIHBAL, TOBRBMHEET-THRLIIIICE
BRPOEBRFEIELZILEHMELE. AlGaAs—GaAsBEFL, F0OTH
HMEARAUCALGaAsEBRETHEH., FONVEXy v TH3WEERRIERSDT. 8
BEPRICBIRMICEREMERE BRI A2 21T, HrILWEEDTF NS XS Z
LAHETER, 20D, BRIFOEGHFILARIZLOHAREFOAEERED. &
FITHRMIDhTEE. ThHOREEELT. BERTFOEFRFEMEZn S inaR
BTFHOBELA AR TRICE>THAHELBZ LD TERAYOEASLTED. IEH



A FUITERAHZDIEM, BEREBOSiOR-CYTitkoThEHERZLREN
RSN o TEE, £R1., LI, B2OFRHMYOEBIc L 2T — VEILAYLEEKD
BRFOEGFEILORENEFLDTRT. ZOFRTRBETREZLIZ. A1GaAs -
GaAsBRFILBIINEREFD. Al -GatiEZBICX38HFELOALR ST,
GaP-GaAsPH3WiEtInP—-GalnAsP BRFOEFHEEMLIIASAD LD
. VEORTHICODHMEERARZZZ2LTHS., 2O ik, FHHOEEIc k- T,
HROBEOBRFUBEOREFOARLT. TATORFMBILHIZFEFOBEII LT
WARZLERBLTWS.

BEFOEBBERIZ. LROFRHYOMEEUMNI. A F VT BRABE ZOHOBMNIIC
o THEZZ LD, BLAHEZATWBS 22, SFUTHERAIRIIEBIHLA. TH
PRESFOHEES FUBEREICELTHY ., FEABRALILOTE 544 ¥ OB
HZWOT. FNRAXAOEHEIB I VFBELRFETHS. R1. 2 FUVHHRAAL
FOHOBEMEIL I ->THRIDZA1IGaAs—GaAsBRIFOEBFEFEILOZVNOHREH
P AT VUEBINELDTRT .. 20EMSDMBEIDIIC. EFEREIESIL, Zn, Sk
YOBEOR-—NRURNEMYTERL. Ga, AL BRYOBRAEOAL A VITBRAARICE
STHRZIBL., EHNELHIERTRVWKr 20 X VI bRAAL-THE RS
Ehd, AFZUABRAZOEEI0F. ARV AT VIEERALEBLTELT %
TOMIC. AEOEFLEELZVWEER (Vo724 y) BEWLE- T, BEAICEES
LB, LEF>T. AFAVHBRAAICIIBRTFOEFRRFLOBERE. HBOEEICK
N, BEFBEETIHETEBII R3O LFEINE. ULHELARFS. A FViTBRAAK
KXo THBERNIZEUZBEN. BRTOERFLIEOKRREEEEX I MIDVWTIH.
TEREIEN,

AlGaAs—-GaAsHBBFOREHRILSi 2 K-J7UL. ZORBNET 3 LEFRSE
PR ZBZILIETTILARARE. SIIKMAT, ZHhEABEULLOBEDOBe: K-
THL, FOEBNELRF-o THERBEIEC VWL, TOLERFELEOMBHEE
ARZBZLAHEZHATWE®Y, Ok}, BRFUMASZFAHYOERLEY
KBRT 32L& -> T, BRFEEBFLETIEHDIYTRL, Z0HHELERICHE

_.2_



#£1. 1 FEYOEBIIIIBRFIOERFELIBEZIHATWARIII-VHILEY

e R B
IITI— V Materials Impurity T Firstly Reported
Species C)

Zn 500-600 Laidig et al 5)

Si 850 Meehan et al 9)

A1GaAs/Gals Ge 750 Kaliski et al 10)
S 850 Rao et al 11)

Cu 700 Simizu et al 12)

V 825-875 Deppe et al 13)

GaP/GaAsP . Zn 825 Camras et al 14)
GaAs/InxGa;-xAs X=0.15 Zn 615-680 Laidig et al 15)
InGaAs/InAlAs Zn 550 Kavamura et al 16)
InP/GaInAsP Zn 450-700 Razeghi 17)




Fl., 2 FHYOAFTUITBERAAL., FOLOBMMEIZ X 2 A1GaAS-Gads B F D
EHFILIHEXATWAS A VE

II1—-V Materials Ion T Firstly Reported
Species’ (*C)
Si* 675 Coleman et al 6)
In* 575 Camras et al 18)
s 850
Al 850 Gavrilovic et al 19)
Kr* 850
A1GaAs/GaAs Ga™ 750 Hirayama et al 20)
B* 750-800
F* 750-800 Hirayama et al 21)

Ar* 750-800

As™ 750-800

Be™ (1) 660
Mg* 660 Ralston et al 22)
Se™ 660
Be™ 850
Ge™ 850 Venkatesan et al 23)

Be™, Ge™* 850




HRDHEEEHERBLTWS. LEN>TZORERZOEEOBES X CF AL REH
DEEMSHEKADER S,

DERRTEEZIIIC. BRTFOERFLFEZIIBETIREIBRE<H2H, HH. H
D2NWRAFUETERAREDFRICK - TBETILMA DA EFHYH. BREAHKIC
YOEIREBEERETOMIONWTRUESRER. TEFTRELETEN 25727,
io, SiltE?3A1GaAs—GaAsBBFOEBRELEE DVTIR. SiH
GaAsHREOnHAMYL UTEETHA LM DT, TEFFICBHEEIATWE
W BEREFAHRSZOBEXHOLMIL, ZHAEEBOFANSL AOAEHICEAL TV ED
Wik, REYOESEL ERFLCOBMOBHEEPRICTIZLANETH 3,

FE, FLOWAFUHERASEME LT, SERICHKROMERB YDA Vi E. #5
DEZBOBFIHERALZ L OHEMZEF A F > ¥~ 4 (Focused Ton Beam . FIB &
BE3) FHRAAHMAEEREDTVS., ZOEMIIE. 0. 1 amBEOHMERNNE —>
¥ REROUVITSTEWEEDTIC. SAIRULTHERTEZZLHH, BRONER
£ FEE % (Opto-Electronic Integrated Circuit) fEEEH & L THIH/EI LT WB2e,

TOFEE. ThITHRATEEBBFORRFLAKLMALEEL. #ROUV Y
SOBHEEo 2L ELTIC. HETOFEEOGHIC. BRFHEOHEKL. Z0OEHH
BARAUALGaAsBERLEMMERITHEESADS. TTICRAEISIL. BEFL.
FOVHHBRAFACALIGaAsBRETR. NUFREyr o7 530VIEREINEFIRRS.
Fhift, ERAFVE - LFTERABIL L IBRTFORBKFLNTAETHZRLE. TR
FTOEAEFo L AVWTILADIVEEFTFNSA AEERPFOEEDOERIKEL N
HWRBZLiched., TOFEEE. NEREREAREEL LTHRBIENRFRLRD LH
BTES., LALRYSERA AV E-LATTBRAREAVWEBRTOERFLIIOWTHE.
CHhETELALERENEV. LEF->T, £RAFVE-LTDBRABILLZ2BBFORE
BREFE(LREE., FNASL AEHALIERT 201, ETEEA AV E-L2F0523%2H
WEBBFOERFELOTELLEIDIILHIDETH S, DI, ERMFVE -4
A5RARFREROIERA A VHEAALERBZETH D, E—-A0HMHE. REREE
REN, BEFLEEKICFOEREEREXIMIODVTHHICARNILESTH 5,



It L ERBEFEIFALEFNAL XAORT, EHEILAL1GaAs—GaAsBi
FERAWEYERV -FHREEEATETCWS., 2ATHEREBPICEEDOG a As#HF
BirE->2BEFHF (Multi-Quantum-Vell , BELTMQWEEESR) L —Hik. 1) HE
AREEMEV., 2) HERBEOBEKREENNE N, 3) BELHEEO XY MUHEAHY
ARE V. 4) V-FREBHEROBRERSAE V., 5) BVWABRBREITEREI MTSH
5. REOBADORFEH->TWHI LMD, BEOELERLV - FLUTHEZThTWS
e8-T0 . . RV -FULBWTR., BERLoEDIL, BEBICEITRFROHK
E-KEBLT B2 LAEETHS. B—HEE-FREFEEAELTEI/ELLT. Zh
TTHE OBENMERIATVEN, FOHTHEDALAT O#HEE (Buried Hetero
Structure, BEUTBHBEE L FES) X, BEN L LIIWNAEASHEFPUPDBALIA
TOFICHALRADS5hh B30T, BVWHERBELEVWETHELEI L HAURIENERS
EHETHB'?, LEF>TMQWUY - HFILEWTHBHEED X D B —#E - FEEL
THZLeAEERD. ULAMALRASBHEEREET DI, FHILEBEEDZ Y F
VIEMH. BEXUHESOEDAABREEMALE L3220, BHELV - FOERILE
REVREOMELEDTRUEBLVWENTH . 2. ZEETHFAEERXL100A
DFROEBILHEVE»SERZATWEED. BEMBEHAWEIMOCVDEERRAWT
HEBENTLOHAS. ULALZhLOEERRABATEROBAHMEE (Liquid Phase
Epitaxy, BUTLPEXIS) L&Y, HORALHRESNELV. ZThHo0EHMLM
QWU —HFRhEFTH-HE-FBELIZZLARBETH-=. UAERBREXIR
EMAEEEE. Zn OB X3BRTFOERFLAKEAVEILICE > THEMNL
AW OrEEEhT NS,

R OIBIEAR., A F VT BRI TR, FHPBEOHEE., BREILBLATVWS
DT, FRARQEHIEYBEULTVWBLEXShBZN, ThETAAVITERAILES
BEFOEZEILEAVWEABHRTNAL AOARFIIRIE S R0,

X5, BEDAFUITBRABEIRITRIIBREER A F VT BRABEICX 58
FOEFFLEAVWRL., KO TA NIV IS 7EHME T LK ELTICTF NS X2
HETZZLATEEL 23, Tk, £HAFVTHSRAAIBED THMRNE - E2HHT 2



TLATAETHE20D. ZOFHEE, RLAEZEOARNIA TV -FELRFL L ERK
V-7V AR EDEHIIBDTEIRDDOL 23 ZLAMETEZS., LAHALeAS, &
AETERAFVE-LFSRABI L IBRFOERFLEIRROT N4 ZMERITTA L
R, SEREREALAEREZATVWRY,

AFEIE. BEOX>aERODLIL. Si KEBA1GaAs—GaAsBRBRTOD
BHEEEHAEEHELL. £RAAFVE-LFTBRAHLEDE. A VITHBRBKIZLEE
BRIDEFRTF(REK. BLVZONMBRJ BT IF-HP AV OBRELELSMIL T,
EGELOBELEPETILLDIL. TOREPRRORTAL AOEEIBDTER R
B RVB2ZLEEETEILEANLT S,

1. 2 ZHERXOER

B2E SiI1ck?2A1GaAs—GCaAsBRTOERF(ERS) TR, EFSilc
FRABRFOEFFARRZEIZS i OBHE:. HEOFTHDIIHLTHO 2R HE
EXx#ED2RAF VEENITE (Secondary Ton Mass Spectrometry, BELTS IMS &
) #AVWTHAREERERICDVWTHER, SiMERFERKIEWTRETHENC
DSWTHLMIL., BERFELEREZOBRICODVWTERT S, RICHERRHICS 1 2FM
LEA1GaAs~GaAsBBFILBeAFVEHBRADL, AAVEFTHRAENEH
BoEFELIIHEAIZLE. ARICS IMSHFILL > TRT .

BIE (EFHA AV E-LfTERAARAVWEALIGaAs —GaAsBBTFOERFIL
DEE] TRERASAFVE - LFTHERAAIERERFLRAKZIOVWTHERS, LFER
SiAAVE-—LFTBRAAIE-T. 373V 0V OBMNAKOERFILATETHE Z
LERUL. RWT. HRDIEERA A VITERABEAVWESELOREE1T. TEEK
BeBIUBA A Y E-AH SRR L 3BRTFOEFRILOMBEFLODVWTHENRS,

WAE ISillkBA1GaAs—GaAsBRFOERF/LEAVENEFORE
TRHBRTFOERE(AEALKN. BSROXEREBR L LY O BD THRARENTHS 2
LEFRTEDIL, BEIEITOHREEROTF AL AOEHIIER LEFICDVWTHEAR S,

-7 —



BUNRROFEEFRS i A A VT BRALIBRFOEFZRFEEHVEBTRESY
AlGaAs—GaAsZERETHFUV-YORELERILHDVWTHERS. RICHEFHBe A
FUE-LBRBIKZERFLEOMFRALEAVT. RERIAI VIO EATH
BOBNMEEEMALIGaAs —GaAsZBERTFHFLV -FERMEL IOV THEN
. BRUCERSIiA AV E-LATBRAAEANVWEZLIL&-> T, FEICHBRAATY
TIJ0VORAPERONRENIT LV —FA VIR -V EEHLULEHERICODVWTHEARS,
HEEE HR) TREAARORROEN ERBAS.



=g 2 7237 S A1l XK BDA 1L G aAdAs
— G a A s B T omER L ER Sk

2.1 =2

AlGaAs—GaAsBHBFI. ZnRYOFRHYEEET 20, H2VWIES iRy

DRFAHDEAF VT ERABLE>TEALEOBRMALEITOL, Al LGa DHEHEE
ABxTBEBFEENZDh, FHHAKDA1IGaAsBERLRZZILFAEEZTHLTWS
SO rORAIBERFIOEBRELLTEATVE., BEFOESERETICS 1 2 K-
YRELTHA. ZOEBMEET-TH, AKORKARZ . . HEREHIC
SikBek—#ILR-T7923r, BEFOEKFLIZMBEHE®Y. BRFOERSF
{EEHRFIZAETELLUT, 74 MVIRv YA, ERETHMER
(Transmission Electron Microscope. MU TTEMEMES) | F -V BEFHME
(Auger Electron Spectrometry. BEUTAES YY) RXICk-> THAZThTEE,
LALRASE, ZhBO2TETIR., ZOREBREKRANES29., BEAERTHS
AlrGaRYOHEEBIIOWTOEHRIESHLZN. BHREDS i ®B e YORH
BMOBHICOVWTOHRIZBIZLHFTER V. LENS>T, BEFOEREMLARKLR
MY OEEH L OBBRIIO>VWTH., ThETOLIAFLAEHENED- L.

AEE. AlGaAs—GaAsBRTORNMD. SitBeDBUAFHEOEEL.
BRFOEZELLOMOBRERD. EFRFLOBBIIODVWTOHNREBIZLEEM
LF 3, 0D, HHFERELT. BRABCEAFERICBELRBREORMAIIENL
TH+oRBEBRESDID2RAFVEESHE (Secondary ITon Mass Spectrometry.
BELUTSIMSEESR) AV, BRFILHSAENES I, Be ORMERRILEITS
EXHFRABESTHOINEToEER. FXUBBRFOHRREHRICS i, Be 2 BIRMICK
~FLERBIYVWTOREKROSTFRERICOVWTHAZ., ZLTZHhLOERED LIC,
BEFOEFRFIEOBBIIOVWTESRT 5.



2.2 £ B ¥

AHETIE. KFETY v U< (Horizontal Bridgmann., B U THB L B3 HTHED
NEBEZHA400 e mDHEHRNDGaAsER (100) ki, MBETO. 5 amon
97 7RBENUTRELEALIGa,;-xAs—GaAsBRFE:. KBLLTHVWE. &
AUEMBEREBEWRRIBER#EMOMBE2300~PT, BTz, RBU¥H=E.
EIUVRREDOIETHRINAT VS, ABEMBICEA S A EZERIT MR R L D8
MR Tl th,. RRECEAZOhS, RASHBRLEREZONy 77 L UTH
WBZ L&Y, ARDPLOERRZEANDFRLYOBEALBRLTWS. FEOHFRIT A4
VRYITEIUVTIiHTYA-va v Ry ToHAEDEICKYVHMIZITRbhE. KE
FI B AEREEEIE~10""TorrThor. GaAsHEHEREMoDT Ty
JI I o AVWTHEHMTE. AlOBESEKExIZO0. 5. KEEEIF600C. TkAs,
/S GadISv I AKEATHo. AlDOBIWHREE, ARLEBBFEED 7+ b
WIRvBYAQE-JHERMLRDE. AREER. 500nm/ hThotz. M2,
LiAERI AV BRTFREOBEE L URERRETT. BETFLAOEX 1. 2
pmil. BB (GaAsHFAB/A1GaAsEEE) 0oBE2E. 10nm/10nm
NHNOL30nm/ 30nmDLOL2EHOABELEAVE. #->TEZ10nm/
10nmOREBTIEE0H. 30nm/ 30 nmDEABTH208NDA1GaAs
—GaAsHERBELTWS,

SiBXUBeAfFUITERAKLZBRTOERF(LL. ZALDORAY EHAERR
BICR-LEZ0EFRELL BT 201, LRLAKROBEEXROBRTOR
SHREHICS i SXUBe 2 BRAICF-FUEAB 2 2BEEH L. 810K,
REMS0. 3~0. 6amPEAMKICSi%1l. 5X10em®K-7L. F20HH#
ik, AUEKICS T (1. 5X10*™cm™) $XUBe (1. 5Xx10*em™) %
K- LE. 2E8EABNLUTMBEETHELEZGaAs, AlGaAszt
AExyv e VESERAVE.

SiHd2VWEBeDAAVEAR. FrIUVITOHRERBITDZEDIC. A FVE-L



MECAVWERETFRBOEES L UBETF QRN

Alu,s Gao.s AS‘GZ]AS@*%%
GaAs Ny 778

GaAs FHAR (100)

B\

228 A AlgsGaosAs(30nm)/GaAs (30nm)
af"‘l’B Aln_s Gao_s AS(Ionm)/GaAS(IOnm)

BRIFABRESH
EaREHE MBE(MBE2300—?,RIBER&)
BERIEEDTE ~10*°Torr
BERE 600°C
As./GaZ3v I Xk 4

2. 1 HARZCAVWEBETREOMES XTHRREH



WKL, BREBEAAIS T HIFTITo%. BedBIUSiDHTBAARMEIEIRDL

AYTH 3.
A4 FE IET RV ¥ — K - X &
S i 80keV 3X10™, 1X10*, 1X10%cm™
25keV 1X10®cm™®
Be
80keV 9x10¥¥em™?

AF T ERABBOEBE. As , b BHICHEEZVYIIVAILARTH1IO0*PaxTE
ZICEIWTHUZ#E., 850°C, 1 hDF#NBRIT-o L. SEBMNABRFICLIERFL
REODERYRARZED, REIWS 10, BERERL LTHEL AR, BICKER
TIMDG a As#EREEBWT (face to face contact) REHH R (N,) BEHKA T TH
MHE %o EEBHCDWTHARO S 215 .

SIMS#IF., 1~10keVOIRAAVTRABREE2 A0 2L, K Eh3 2%
AFVEBEHHTI2L XY, BROHBRAITEITINNETHE. ZOLFEER
HEEABWELBIL, Po0-TE-LBRKLZvF U IERNSZED. BEHFRDE
ESHEBHIAWTEIHEEL TV B,

HEICWCAMECAHDIMF3F R HVE, SIMSHEOLHEER2. 11LRT.
SIi¥BETARLERIKRAAVELTCs bbb, Be sBBT AL =10130,°%
Auwz., mMEIRNVE-I. 14. 5keVEIU8. 0keVO2EBOLRNSTERS
Tok. 1RAFTVOEFHEIE. WE00nATH-~. 2RAAVIE250pmX
250umD1IRAF UV E—-LEFRELOPLBE O umo MbRELE. BIBRAFVE
1t %°Si, °Be, A1D3ETH5. **SiDEEEN **COBLU* AL HICIE
BIEWODT, M/AM=2200DESBRAELT- 2. BEAABEESHORZEI
BIZANy AR, BRIFOBEDL 2103, XNy 3EKOBRFOBY 2 £
YUTHW., GaAs, AlGaAsIEIFVr VEROBAILREAYRATy TOEE
MERDE. Si. BeDHMBER. Z40REEELRBREN. A X VITHRAZBORE
K-XBIBULWELERBLTEHLE. BRTIOEFFLORERX *"AlLIL&-TE=



FzZ 2. 1 S I M S #HIzE==i1{4

SIMS#E: IMS—-3F (CAMECA)

1%RAF* > Cs*(Si), 0. (Be)
I RV ¥ - 8kV, 14.5kV
A FVER 500nA

1A A E—LEEHES 250X250um?

1858 I 60 um¢

s * & *Si,*Be, 2"A 1
M/AM ~2200

S i REIRA ~5X10**/¢cm?

R = DR ~60A4A




FUE. 2hiZ ®°Gadkitd "ALDIEIFBAAVREAEVWOT., JVEKRLAEE
BHEABLNEINSTHS. BRFIHEENTOALOEEIX. AlGaAsBTUEH—ED
. £-GaAsBTROLRZZLEWONTHB, LESFH->T. AlGaAs
—GaAsBRFEEIMRERTVWRLEZ IR, AlOBESFARESHIZ. BETFORA
HICHE U EAMABREA201lE0L, BRFILEFAELELAl OBRERFEXICKS
FTii—BEAR2. Thift. AlDBRELTHLAET 22 LCE-> THBFOEREFLOR
BErMBZENTE D,

2.3 SiAFvEHBAKE, FOROBMEILXZA1GaAs~GaAsBBRF
D EFFEL

Al,Ga, xAs—GaAsBRFILSiA(AVE2MEEE80keVT1x10*
cmTHTHRAA, FOBRAETYFWVICHALT. AsEFT850C. 1 ho#uEx
FA-ERED "ALBXY *SiOREISFABESTE, SIMSEAWTHHLE.
BEEF2, 2105RT. HPOELESIUHRE. S+ BLHEFHRUSAEEZEORALND
WTORERRERT. Si0BRERNH TRALFEIL I > TRDEHHBESE. A
DEREIEERETRLTS 2. EAbbhdidic. BAEFHORBOSioE 278
B (Np)it, 10 cecm™, FOBOEZ (Rp) 120, 074mTH-o7%E. ZTHhH0O
Hix. GaAsHEDEAIZLDOWT. Lindhart Scarff- Schiott FOHER (L S SHR
YAWTHELEE (Np=9X102"cm8&t* Rp=0. 069 pm) iKW
WEW'S?, TROLOEBEBIEETHI LI DT, SiAFVOBESFR.
CaAsERDBELIELAYELLRVWEWIHERENE hE. 5. Al1OBREST
ONFHERIT. BNBEHICBVWTRBRFORAMENZOZERENATWVWE I EERLT
W3, SIBENHORNERLFBEFORMHELEAMAARLAZOK. ZORHME
BENGaAs/BLA1GaAsBLTERZED (BHYHR) TH2. DLOERMS
HHRAFNESiAAYD /v 74 UHRICEZBRFOEREE. TbbEREF/LE.
SiAAVYOR-XEN10 cmPLVWIFRETHZ2 1L 02DHT. FoL<AED
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MEETN. (b)) ORBRAEZ UV TIVAICAs L EDBIKHALTH1IO0O*Torr
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FLTWS., ZhBICEVWULABEREICRERL LTS 10 BEBAL THLAE LT
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2.4 SiktBe%:ABICK-SLEBRTOERELIDIRR
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BrritkoT. BRFOEBFEL AR IHATZATMEANH I L 2B 5.
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STYDEIREHERTMOVWTE., EEFHATH 3.
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FAARRILBEWT., ThLOFRMYALEDOELIREHERTM»ES IMS 2 HWTHHFL
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Si, Be:AMBICK-—FLEABRFOERFLERLLTEIEDIC. 2BHORAM %
MBETHERLE. LH1CGaAsEHEKCO. 5amD Ay I77BEALT. GaAs
B(30nm), AlesGaosAsB (30nm) 284 20BFORELE. 10K
Bicid, 0. 3~0. 6umDEHICSikl. 5X10¥cecmP?K-FL. £E208H
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AL S i oHEBEALAT. BRFOBRFLIEL TV RN, UALBAERTS &,
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BMOBE. ¥3X10®cemPeRaTVn3, ZORBHEOS 1 0BRE L. WETR
REALFZVITEABDBADEL—HLTW2, ZOHERRIHTRAEZSiAFTH
RBEBBBRTOERFEMLIL. FTERAALI>TAELERBILE > TELEZDOTRZY
Tk, FESIOBEVWIERBA T VT BRIOEDICELEDTIERVWILERLTWS,
TROEBEFHEETOS I I-> T ERIZIhZIBRTIOERFLIR. K- T
AFVHBRAADELHILEVWTH, BEENIKELTHZ2L0wAS. LiLaeds, M2,
ADKRLE2. SORBERET L. FLAHEHOS i BENRABETH 2L
ThH., SiAFVHBRABDERDHFHK -V ITOBEIYDERFLE LIS WERI
HEZEIghB. ZOZriE, A X VBRI E> THEPIHRENDIREN. £
DHEDBEMBIL X > THRBAUWEHEZATICRY. ZHhAS i OFWELHEHAELTWS
ZEERBLTWELEDhS.
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N3 EEHABISRLTWS.
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AT, BEEERICSi 2 #1211, 5X10emTP?K—FLEAL,:Gaos
As (30nm) —GaAs (30nm) DBETICB e TBRAAXREO. EBHRE(L
DREBEFAREHRIODVWTEAS. HERRE. | L AKIKMBE 2FHWTiT- .
BL., RHMBEICEDFEVWALIGaAs, GaAsDEIBTFOICRSiRK-FxhT
Wiy,

2. 10, ZOEBCBe® 25keV, 1 X10"cm ?{IBRAALERBD. &
MEET () PIUSBMEE (B DALBIUB e DREIFARESHERT. H
KTBe DBESHABEFLACABTEREIATWIOE. K2, 20SifF v
HERAADBELAEARKR. 1RAFTVICO,"2AVWEEDALEBHGROEDTH S,
BeDBESAIL. BNALIT LREHIICEEERERERT A, BEFAKELEY
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MWL X5TO. 8umfhEECELERT . zhicdL. BEPFILS1IHAR-FEh



2.

Be Concentration (cni3)

10

10?2

25keV Be GaAs(30nm)/AlGaAs(30nm)S L
- Dose : 1x10° c¢m2
L as -implanted
102137 annealed 850°C |h
: I \ A 54
B “‘ ‘\‘ ‘\ “ \\ . —_—ﬁ] —2-1. ------
LN Y T
= v
|
:‘\ ‘
~ A
IS
107 L\
E “‘ ,A“ ; ,r{v’/ ’/"' \“
[ vy \
v/ \
- Y \'
Iola— \\
ol \
- i
= 1
- L
- "
_ L
o7 s
. \
: "\
C 1 °B%
R V\w
- 1 (A
1M A
106 . \ . : 'fﬂ by o)
0 0.15 0.3 045 06 0.75
Depth (jum)

BeA A EMELRIV¥~25keVTIX10* em ™ THRALKE

AlGaAs (30nm) —GaAs (30nm) BFDSidbitf
Al OBREFAREHS |

Al Signal Intensity (arb. units)



1022

E 80keV Be > GaAs(30nm)/AlGaAs(30nm)S.L .
- Dose : 9x10%cm?
- as-implanted
102'L ----- annealed 850°C, Ih
N
loon
;{)\ X
E n
8 _
19
= 10"y
S NP A U m
o - 54
= - AL
2
§ 10'e/\
o F
@ -
- S
10'7
s \
- \u
X il
B ‘l‘
1016 ! 1 | "“A !

Ak
O 02 04 06 08 10

Depth {pm)
H2. 11 BeAFYEMELRNX—-80keVTIX10Wem™fTHRAMLE
AlGaAs (30nm) —GaAs (30nm) BEFOSibIU

Al QRIS MBREST

1.2

(arb. units)

AL Signal Intensity



L\
107,
F 1
2 -
£ L
~ 10'° after annealing (Si doped)
o =
Q 5
© -
_.l: L
§ : \ after annealing
é 10]8— \ (undoped)
- oA \
oS S //
S N
I N \/\’\
1017: \\\_
N \ ‘
t " \
N
1016 ! |ll ll |Al i

O 015 03 045 06 075

Depth (pm)

H2. 12 SiAR-FEhEHEBLR-FXhTWiRVWERICBeqF U EIHETR
WX¥—80keVTIX10¥cm ™ ?THAHL, BMHET-LEZDBe
BB 545 O MLk



TV EIZE, ST5AFhEBe DBESHIIHNAEORBTIZEL ALER{EL R W,
PEOEEZ, SRRILSi tABEDEEOB e NEETIESIE. S10FEWEL
HABIToh204 55T, Be DHRDEIRICHEHIHZZLEERLTWS., €5 T,

SitBelrdDilc, fHENEFEZZLERBELT WS,

2.8 AlGaAs—GaAsBBFoESEE{LEE

2. 3BXU2. 4BV T. SiDEE5TEA1GaAs—GaAsBEFOER

BAEEEBIIDWTOROSIDERERICODWTHRARTEE, ChHIEATOIEIICENT

%60

(1) H#EAOSi0BEASAHIX1 0P em P IUBFVWHEKTIE., S i HERHIOH

(2)
(3)

(4)

(5)

(6)

{HEBT 5.

BEFOEFRELEHEKE. Si0FWEHERTHEEE. BIC 18 1ICHET 5.
MEBRFOEBRFEEIBNBRMFILAEURET 2, 202 LIIBRTOERFL
HARUEENOERFOEENRERBHERELTVLZ L ERRLTV S,
HEMICSitBe AABREOBRETEET 2 L& 103, S i 0FEVWEERMX
Ah. FAIBFICBe DEBBTHIZN 3.

LEDS>T. SiktBe M EGWICARICEET 2 G, BBFOERRLIT
mExhs.
SiAFVITERAAL ZOHRDBMEI K- TEEREZZhIBRFOERFL
2. BEFOSiBENABLTH-TH. BRRIFICK-EV I ULESEICHAT
wyic v,

AT, DEOERERE2D LU LTERTOERFLLOBRBIIHVWTRRETD.

MBETSiK—7 GaAs#REARTZLE, SIOBEN3IX10"cm L

Bk, SiOBERXHLTHFY U VEBERENMLRAVWZ L ARRFICL> THRES
ATWA5, 2hiESidGaAsESBTHEAETHGYL LTEE I EDLEEZLN S,

Thbb. SildGaBFMNBIA-TRKF—LRY, AsBFUEILA->TTZIESA



b, HHIEEAES Y 7 — KBS EE (Rutherford Backscattering, BL TRB S
LEES) BB F v x Y v TR F#HEE (Particle Induced X-ray Emission, BE L
TPIXIEXES) ¥AVWT. Sis*FBELR-SLEGaAsEETOS i 0B
¥AELE. ZOHRICLZLGaAsHEFTOSIiDBENIX10 emP &Y
HHELRBL. GafiBD Si (Sic) LAsHENDNSI (Sii) OHATES,
Zhid. GaBTFHEHILDOAS i AABZLZOEHAELDT., AsBFHEHIKOBDA-TIODE
¥BEMULESILTBILE, SikSirdl—-nviHlEARIKIZDOEEDAS.
%~ Greiner & Gibbons Bk, Ga A sERERMBELEP (2X10° Torr)
Tl100ADSiFY¥EEL. ZhE2AFHICHANELALEZDOS i DEBOKTFEART
WA, HH5OHRICKDL. S1IOHBIIEBEDOL EFICHA, 1 0°BEEL Y,
TOEVHEBIES i — S iaHOEBICKBZLUTWS, Sic—S itk ROK
WRTEIIL, GaZ#gF (Vo) HAVIRAsTET (Vas) LHEREBS IV ETR
FOREEEAB LR EOMBERBT B LN TES, |

(Sica*—SiAs-) +VGa VGa+ (SiAs-—SiGa*)

(Vas) (Vas)

—H. SiIAFVHEMTGCabLVAsERFLUBERBURISHEET 5D,
EZRFOFTERERVZOBENZDLDLRITAERLRVODT, ROBRIRNVF - HLE
b, ZTDEDS 16 —SisHOEBICHARZOREITES RBZLEALTS. Si
-SiMLERFLOMBXHBOKTE. M2, 1 3IKEXMIIRT.
ThEQ2ODHELHEAOERER LI, BLHIELTWS. 2hit. S10BEN
¥3x10¥emPXYBLEWHEKETIR., SIiRBRERICHEHIIERT S, LWwH BYOHER
2. Si—-SiDMATEZEDLEXLNE, ZLTIDSi—SiONIEREIEE
HBELEDS i DWEL ETBBTFOERBLEIELTVEZ LS. BEFOEKEL
RSi—-SidoEmBIck-THERIZhTVWRLHEREZNAS. LORICXDLS
—SiDHOEHREBOFFII Ve 530V VAHHEET 2. 20OV 530V &
S TEERFIEIBIZLEXDZLNITES, ThOHDERTOBROEDG a HHWVWIE

ALRTIR. HEP—DYRTWBIDT. EhETHERLTL R-TW 5.
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V2z ARp 2A Rp?
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3. 3. 2 MNEBROERREI/L (SEMICX3EM)
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DWTHEAZ., FERICAWERBIICAETTEALAIGaAs (30nm)
—GaAs (30nm) BRFT. £HXHSiAAvE—A (E-4B:0. 2um) 25
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Submicron disordering of GaAs-AlGaAs MQW

by focused Si ion beam (80keV,3.3x1014cm—2)

80keV Beam profile
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1) AlGaAs—GaAsBRFIR. £XSiA X E-LTLERAAL ZOROML
BICEK->TERFETEIZLE. D TERL =

2) BES i A AV E-LITERALZOHOBNEILLZA1GaAs—GaAsiB
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o, EBERFLOEKZKE. ZOS1iOHBFMBELHEBLTVWS. ZOHERIE. F2ET
WAREFFEFE AL F T ERAAPDHEORRLF->ELAKTHY, £EHSiAFE-A
FH52ADEEICHSiDBENIX10 P em kY ELLRBLS i FBLEICL-
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—BILLE. ZOXEQDE~LRIZ0. 2~0. 3umThHY. EETI2EHOMEILO.
1095 umicEREULE. HBAALEAF VOBFAESAY 2FERL DI, 3. 21
WRTEIR2EDI pumBEOANIA TRl pmDEBASWTEHELENE -V 24T
BRAALE. BAEEHRITSALETHY A A Vv OEAYEH D, R—-FLESIK
L2BRFOEBELEIBZIBLIOEMTHZ2150L L. BEFOEBRFILOEN
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REEISBEZ0. 4 umBEREVWEZETH 225, f1H5AFThEB e HBMAEILK
STERXFAHO. 1lamBLEz i3, ZOEBEERB e AT UITBERAD
ERHRLIFIE-HLTWS. LEAST. Bef A ViTHRAAKILLZBBRTOEEE/L
OIENE. BEHARAKETLIHIEY, ERAFVE-LFTERAHLIFEFRAF T BRAA
LTI, BLAYENENLVWAS.

i) BeD#EARILNY

EEAF - LEBOBHMo—k. 7320 0N E -V OBEANREER
YThb. £HBeA AV E-LITERAAEAVWAEBBTOERELTFE-T, 0
BEOHMMRNE -V ERRTE222RFATEIEDIC. HEPICFTSRALEB e OHT
FAEEAYVICOWTEELT-o2. M3, 231k, 3. 22:ALEHTIIBRAALEBee

DCGaAsHEEPTORELSHOHERRTHD. TOHEIZX3. IRELFALAKTIT-
2. BNRNSAZQEBELLTIRE-28B¢=0. 3um, HERBRp=0. 106 am,
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Be FIB Al LMM line

peak: 74 eV
background : 66 eV
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(b) FIB implantation
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Be focused ion be‘cm
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(c) 2nd growth and annealing
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(Be implanted region)
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p— GdAs
p- Alo.sGag sAs

2nd growth
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BILE-TALGaAs—GaAsBBFOPILO0. 4 umBEORVWEEEEHRFLET
BZLHATEDZZLIE, BIARATTCURARE. COZLIBEAESiAF VY E—-LFTHBRA
HILE-T. BRTOMIL. BEFHRLAIGaAsESHEHLEXTEIL. LAdH TS
I70VORBTHRT A LATETHEILERRLTVWS., BEFORFTRIE, ¥
@ﬁﬁﬁ%nkﬁbAlGaAsEﬁ&Q%Ew:tﬁﬂBRTmémv.:mkﬁnb
TEREHhE=BRTFLESLPORIFHEMER. XEHRTV-F 2 0 T UTHET
B3RTTH3,

RIEQLZA, HERBEEEEY - FREVIKEDABIRZENTV-—F 2 v TRV ~-¥
KDOTFHBHRICE > THELRATWS. ZThiCl, RREUTOHF AV -, VL-¥REF
BEEIEDOBERNFR. TEAERRERCEETIEDOQU VIS IEHRED. #
MREESIVIBRNDETHS. ThiKEVWL., RS AV E—LTHRARIL 28K
FOERFILEAVDIL, AFVITHERABLANBOI K> THENITV-F 2T %
BTz eAuiELad. EHIRELOEZOEFRERORRKOIV-—FA 0T %
BRTE20DT, BRONXERKEKEERTIFERE UTHEBBINTHS. LHL,
ZOFHEEAVT. BTV -5 42 T MU LI, B OHirayana s O8E 5
B3D0HTHD. BHE. ERGa M AV E-AfTEAR I IBRFOERELER V.
AHO. 35amDITV—F 4T EFAEL®>, KR (110%K) TOIYV—-KIIX

—124—



vBYR RRIS T ES>TITV-Fo v T2BRILE. ABTR. ERS i F VY
—AFTBRAALEDZIBRTFOERFILEAWES T IV 0 IV -F o IR -V ER
L. ThESEMBIVEERF -V BF S (Scanning Auger Spectrometry, B
LTSAMERES) AES #HVTHRILARRICOVWTRAS,

4, 4. 2 £ B #B

TOERICE. B2BXUEIHETHVWEOLALGaAs (30nm) —AlwsGa
ecsAs (30nm) BEFERAWVWE. BETRCr F—T0%EHEMEGaAs (001)
HEFED L. MBET&Z42208TOBRLE.

AERICAWESAVBIXS I THS. METHRREEIK. SiAFVER-TLE
AlGaAs—GaAsBRFILBeHDWEBAF U E2FTBRALILICK>TH IV~
FAVITBEREDIZLETETH 2. ULALEANSERBeHIWBA AV E—AH
LABILXIBETFOEZFENHOSAIIE. K3, 255kUN3. 2 8DKENE
TES, 1 amBTFOBNEEERBRT 2 L IEBTH- . —FH. EHSisF >
E—ATHRAAEIZBBRTFOERFEOHZEICE. B3, 15H5VIEM3. 16K
LXK, 0. 4 pmBEOBNEROBR S TETH - . BLEOEH NS, KR
TRERSiAAVyE-axFVE.

HLESIiAFVE-LDFTERAHIE. MEEE8OkeV, F—XE8. 6X10%°
cm POEHBETIHTo e AFVE-LAFTBERABEF Y RY VIR EFEITE D, EH
¥ (100) 5AMSTEETTHT &, fI5RABICAVWEERS i A vE—-20BL
BREEE. £40. 2umBEV0. 2Acm > Thotk. TU—F 4 Y ITNRE-ViF,
BEHESIAAVE-LADSAVEEILE->T, 2OFAHEE20. 3»50. TumExTO.
1pmTOEATHBERAALE. SiAFVETBRAALERBIARASADERICAs L
EHICHAL, 107*PasTHLISIWEE. 850C, 1 ho#AEEIToE. 20
IR UTHHBLERBAFAGOERFLLHEEOHETER4. 2 1I10RY.

TJU—F 4 v B EOBBICIESEMESAMEBAVWE. AlGaAsRERDSEM

—-125—



Focused Si GaAs/AlGaAs MQW
Ion Beor]j Disordered
1~ Region

.
. ?
. g
Te L s
Toe <3 e e
. e v o
. - 0, 5
o * RS K
. o *
. o e
Y R .o
.
5> A
. T
.

GaAs Substrate

H4., 21 #HEESiAFAVE—LTBRAREZTV-F4 v ITHEHROELH

—126—



BEIBWTI., 203V FSARNA L QRBRIKET 52 L AREZRT NS,
LEDN->T. BROILERFILVELC TV IERTFEEREOSEMEEDIVY TS A R
ERET AL IkoT. TU—F4 Y IHEHREATN AN E D » kBN I B
THzLATES. ERHLEMICESAMERVWE. ERFLEFAELEEAKLOALHS
WiZG a QMBI BRTIEEFREZATVSEKOMRLLZR230T. {151
MEARSATRE-—VrEABAIC. AlEEEGa0A -V BEOBRITEITD
LickoT., JVv—F o v /B ELERMMCEMERS. -V oI MAERE
15keV, 7O—7JEH20p ADRHYTITV., ALOKLLEEGaDLMMEDF
~VzBFERAVE. SRABIORDEZOXETCOESFALHFEEEZX. 0. 1 am
TTHo k.

TTCRESBETRAEEIIL, SiAAVEMBAIRNVF-80k e VEBEFILHDS
AB, BMBELEL ZOERFBLASOESRENVIX, Si/A XV OHRERPr 8
THoLbAEL{ B, LEF>TIV—F4 VT HEORMHERETIE 2L Pr AIET
FIRETHD. SiAFAVEMEIRIVE-B0k e VEHBRAALELZDPr X, 5B
SETRAREIINCETnmTHE25. SEMBIUSAMOAITIE. H52UDHATY
HADANRY Ry FILE->TRABREUOE LB IUVE2H/ERY K- R KT £

4.4, 83 7370 drv—-F4o v IiINnNE2-voHrEH

BESiAAVE~LET4VEBICE-T. AHE0. 3250, 7TpmETO. 1
pmBIEXTEL220KT o bRAA. BAEL1T- 2RHNREDOSEMERLEH4.
zzu%1°%$uloooﬁfﬁzcJU—?4yd®@ﬂﬁE#BMKm<&sfn
B, SiAAVAHBATNEBHOIY FIANITERAFATHRVELE Y B
RoTHBY., TOEERTHO. SumMdLtoFAHOBEERHTIZLAHEFKS. ZOR
BRAXArA AV E—ATANY R o FUELORAKDOSEMERY:Y, H4. 231K
RT. ArA AV E—-LAOHLIER. ZOEOELOFCEELTHEZDT, 442

—127—



0.7

0.6

0.5

A =0.3um 0.4

10 um

50.7unETCRAMEZXTE 4 2 04T

3pnd

0.

YE-L%

22 HESIAH

B 4

850%C,1h)

puinm

HEBHRDSEMEE (

BT

H5RA A

—128—



4= AlGaAs layer

- ~GaAs layer

Si implanted region

A=0.3~0.7 um
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