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Abstract

Understanding of the detailed reaction mechanisms during MOVPE and ALE is essential to further improve
the properties of the grown crystals and the controllability of the growth parameters. The unified models for
the detailed reaction paths are not available at this stage. The study, however. has been advanced to the extent
that consensus on seme of the reaction paths can be drawn from the scattered data. Metalalkyls such as TMGa
and TMIn seem to nearly fully decompose in the gas phase through homogeneous reaction at the typical MOVPE
growth temperatures. Hydrides such as AsH;and PHs, on the contrary. seem to decompose heterogeneously
on the substrate surfaces as well as homogeneously in the gas phase. However, at lower temperatures where
ALE crystals are typically grown. the growth process is strongly dependent on the surface reactions. It seems
that steric hindrance effects which the radicals reaching the substrate exhibit on the surface the growth rate a
function of the metalalkyls supply durations. In addition, hydrogens released from hydrides seem to play an
essential role in removing carbons liberated from the metalalkyls. High growth temperatures also seem to be
effective in desorbing carbons from surface. The understanding of the reaction mechanisms was possible though
diverse approaches utilizing many ex-situ and in-situ diagnostic technigues and genuine experimental designs.
It is the purpose of this paper to review and discuss many of these efforts and to draw some possible conclusions
from them. '
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A& g4 Utk 0% tiEe] TFER! A4 T

zte] EAEQ] dEajel 9o visted dE3 Al
aemvl Be Aoz Haslo] AN A2 PHe AsHs
3} Pe AR wet dEHE A2 {FFAAT
ojsel dAuet= 2 LuckerathS-£®  o[E9]
(TMGa+ AsH;) ¢ ZALox AT Rg Zol
TMIn=e] E3t52 A5Y Aoz vg% d59 4
Baje) 4o Aolde RAHA K3Avke BIE
slgon PHel 80-180C we frda RiE
Al&ZetE Aoz B dgrh. 1%9F Bad PH

AfAd | ez | 7SS | wHeE
719 {{em sec)

FEHAALE ki

e

Lasen | 760torr 24 Hot wall | » 2520l A] Ty,=510C *» Mass spectrometer
| Lasen | 760torr 24 Hot wall | » §=A&l ol A Ts=710~780C » Mass spectrometer
Buchan | 760torr 24 Hot wall | * Ts=520C ¢ Mass spectrometer

Luskerath| 100torr 6

Hot walt | + 80~180C

» CARS
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SEE ATHEE B 40 FeElsked Lhehiglc.

w
II

EHOMe| B a=

A Folle 71H el x
%—Esl %T?SH‘ ‘3-4‘3917*1 5’*6}“ FEHe] EE
of ¥wofs APHrt, ALE A AN AlEE A
Fexe o g9l #wety faa ALE wh A e
ol E #sle] EH whgol W A7yt Mol g
ot

3.1 DoAY 2adz

ALES 4AXSE Bt AA G4 (self-limi-
ting growth) 9 71%& 3= FEe] o= Nishi-
zawa$s 0¥ M-S 1 Rdg AASE T o8& 107
torr ¢ 82 F-A1E 2P F(UHY) ¥H-E-Eol A TMGas}
AsH,E ALEHH 2 F+ '6P°4 uh-&- 7 2HE 8- mass spec-
trometer 2 J-]'é}ﬁﬁiq e dygd ez fAH

gl wEEE TS F A19E a1y 718
o 2HE gashe gy 91-?!‘2—1 =3 & BEHRY
o}, 200Ce] 7| 3hell TMGas: F5% £ 7198 AA43]
7FEAAE o o] 5-& 350TA A GalCHs) GaCHyH
el B3ET Gaol FEHstE AE #FY
Qe 450Td olB2e CH,Y CH.l slgsls &
slgof @arsle & TaEd S dsdoh. &% 350Te
450T 9] 7)@el TMGa®s &5 % 7Hdsds 3¢
o 510C o278 CoHe, CoHi CH S Y #3}Eo]

@aelr| AFES a5 ey e &g
510Ce o R s X TMGas ¥3% ¥ 7143t
& dol = ol s BelEe] FAEA dokoh =
510C A TMGaS Ga 988l 2 85 o} J-Jﬁuﬂ
W gElEo %z}ﬁ}ui o] 3o 7tgAl ¥Egol
#HEEA ¥ AL f4¢ £ Aok ol 2L
B&hod lehlzawa‘§t EHA FAE 0] 3p0Celstol A=
Ga(CHs)s B2 GalCHy)» ©1% 350-500C 1o M=
GaCHs, 350T ool AE Ga 9RIY ATz §3
e, $8 AAEE YHewrt sotelstY
23 IML/cycled g en 500To] o A= 1ML
Jeycle ool Hdk 350Co)8 Y Agolw HAAH
of dojubx] @ AoRE AAAAAFT e
deorle FAE GaCHsebn HEAACH ob&d]
TMGa3% F AsHy® &5739S 9 CH: 9 CHoY

el A6 179 el Fristibrt Hash
> Ao HE] o]EL MW BIfugd
ek el og fol A AEET D TMGas: 71
Fhell 358 F GaClLE F3HH vl o4 ¢ metalal-
kyl v sbo] F e Hgho), b (A g g A gk
7hA etk ol AsH,o) EEE W AsHo2GaCH,S ¥
Sotal 8l GaAsES thEoiduh. ol e
E38E B3k ALES A @506 dutbol GaAs
WA gel e A HEe Bt Jdgn), o]
HE o] Doi®® B Aoyagis-&* MOVPE, pulsed MO-
VPE, ALE ¥ LALE®] d#& x#dd 73 Ui
thzel A4gAds pud HAsdnh, olse dask
27 IIE alkylel 719 o] Fab, 2 2 @3l
o8t ALY AgH,S HHO Gag At o - whE
(infinitely fast) $2E Wg-dhole 7Hg 3] o]z 2
’i%‘?i%ﬂﬂr'-'-‘ a8 Az ALES] A 874A 5 Y52
Fwel F#HE TMGael GadHeld Bok= A %‘H
oAlx #a we Sz BEEr] Ui Yol 3
sfgbit AT, &, TMGao] AsH % (As%’iw--
HYFez Ze ﬁ.“i) of FiEUE e BE 4
2 PaEy Gax W Ee) FEHAE de Beiskx
on ojE EArgcla st v Lq"'i]"ﬁ 7o
A T30 GaflAEs ¥RHUE Aeo= o o
el metalalkyle] Hwolld FH & FalEte] HA o
AR 7 vl dol AgAde] deofdrhal stk
olakel F-7pH Rflol: AAAGA DL AHeE T
Ao chgh 2)7de] A= 2. Nishizawat CaCHs,
Doi5-2 €#F #eial Gaol 1 71§ Foia A¢hst
Hrk, o] FAle] W A= ALE Whgd e 4
Wadel shd e ge gl v §4E o)l Ishiid e
o ol 9] Wh-E S XPSIF Eale] RaEle o] Eol
GafAbeba B dich of && MBE ¥h-& 2 oA
InAsS A4St o5& ti71%o F&akA] gl v
UHV #H5-2o) &7 o TMGas 43F GaAss)
InAs$iol $HE o XPS ¥4sed B9 vhg
ol T FHIA. olER Moy g
EANBE Gi peakd FFE AL s B
Ga2l U Ga3py 2 peakd As 3d peakol % F=E
Astste]d Al 282 Ga®l ¥ Gads R InAs
ol N5 TMGa #d3a A Zvishe Eas
o2 1 ML o] Egste dez g, 7
Fewd wildle InAs XAS TMGas: TFF

ol W

}4

—I—d‘__A-“



MOVPE @2 A%

478 V. MOVPE ¥ ALE Wg7= 5

}é

4wl He o2 Geol wEEGen TEHE
a%‘” 1 F7b5t7] Alaste AL 7ige] 27 300
Colal TMGa9l #%§& 58 o4 A&sg & ol
t} Gasl ¥& TMGas] F3al¢te] #olde) whet
F7Yethrt L ML koM XHEE Aoz 33
k. 4, B9 s okl TMGeE FF8ld=
He FrEA &9 9—‘31 F9 vhao] ke my AR
Fel 10% o3l 75& 2 EH3EYY. o 44 X
Aol W77 ol 9lA grie g Boje AL=R
A5 EF Ga HRde] EayE dofulnz 2EE
g o ol4e TMGa®lvt Ga radicale] F33haL
a $iAEn 2EAA
t}. Kodama® =" ]g}u]&—d ﬂ%'—o Fad e de
T8 ALEY e
2:‘_ T Z59 7]‘_‘ 2, AsH; FHE
W}J‘} TMGa ¥5% viAZU22 &
5 hAE EHe XPS EAS ST 2ol
o] F7tA] Al el XPS spectra = Ga LMM Auger
peakd AEE Agstne He HoldE JeRA
ghoreh, oleldh A& FIE TMGae] §4% &
&2 o2 delE Ealdre s e ubakA
ol B2 /% U FH4F Ga(CHy) 2 Ga¥RE g
3 gotu AEAYch Maa 9 Dapkust=™ UHV
chamber®l A TMGa®! £38]3}74-& KPS RHEEDE
*}%fﬂ'@l st 9 n' GaAs 7i¥el As&
5t (2x4) As stabilized LS $ER o AHE
01‘?-'] 222 7FE T & TMGaS 3539, Ga 2pus
peak & FEZS As 3d9] FxE o thele normalized Al 2
e o)y FaEAE Gad ¥E EAFIExn
RHEEDE Ahg-sted B 28 syt Xpse
370-530C2) FHolA GafArt S FAl 4
FrIEde ?l = AL 290, 320C A TMGa®
FEIEE Ga peakd] 7ol WMIF FFHA H€9k
o RHEED patternT 2x4 As stabilized pattern©l
H3E Qo7& gol TMGad ] vEg-o] #h¢
=g &z HdEE 58 ¢ 5 Yok 9% RHEED
pattern-< 370-440T 2] FH M= TMGas) FF %)
Z713te] whe} 2x4 As stabilized pattern®lA] EZ &
1xte] HElZ 6kEe 440-530C8 Ao E 4xX
(X=1%522)9) ¥eig ¥slsle Zloz gatsgivh
=3 o RE &% dodA A E vehe XPS
peako] HHEHR] kol TMGa2 EHNA ¥-alig &

8]

Baghe 28 wisle AE G

B2 Faxo goke A8 58 ¢ A 28y
Al TMGas 353 A$de 247 oF 02
ML &25o e AL XPS7h RYFEth, welbA o
B2 ALES AAAZEEE TMGa2l AsH Gagdl
A o) Rajs&ro] 3o} (differential chemisorption and
decomposition) o & doluin] Fd {FAE o
HE2 Gagxteba A%t Yug-2% XPS, Ultra-
violet photoelectron spectroscopy (UPS) ¥ LEEDS %
AHE-8led TMGas] ¥3ls4 & FHAT. Gad] F2
Ga 2p peakd A5 E As 2p®] Z:=ol normalizedd
Hog FAsgot ghe FE Cls peakd] F=E
Ga 3d®f FEs) dlmated {3t 420 dAe
TMGa 1 L& 258 ¥ Ga¥dol HUAE Eqs &
g 2 gvh ZEd 40T M EUEEE o
o.9}7] #18tod 200L2] TMGael B L3-8 2™ Ga XPS
peak o W=7} e A% Reg @AEHch 500
Ae A4 AL kgl 0LE FEEHYE X7 2
ol1}7] A&k AL BHEYT. Gapeakd] TEE
Zigexe @er FHIE 300CTHAMME A
WE7E gost seoCol el F7H3 Fv1se] 500T
o d EZHFS G5 Islch F, o AFE 300CH
o= GRH7E YojubA &x 300T] 48] =R
A Rart dojubr) AlEEle] xe s FA oS
mg ool AR gatd B FE ¥ Ga spe-
Ges?t FEEH 00T EH AxE L7 EFF
258E Holk Hez sygd. U 0 XPSE
E8 1udE g o] B2 o] A g AT RE
719 exdA F4 wart oo FFE fler
wag F& LT F7HE) oo} TaTE ¥
A F QAo Rustg. 7% 2 80T A HE
UPS 24 EHS2 BH TMGa® 713 RAAY A}
olo] HHAFL Aoz AL L F don Hoik 2
259 FH = CHI7F FRE Yobe AL F57F
& A3tk °1E& 3007l gl A= TMGa®l As rich
c(2x8) GaAs (1000 ERB) 9% ®3std F43
g1o o] W e o] g7t §Al FH5He] Aot
o] W eIl M e Fae AFHAS} FF £
Ape} @A AP ARG 27 GE A7e
steric hindrance A3l &t} 0 IMLAEET AT
SHE T 300-450Co1 M= TMGac] HE 1S L&Y
Ealetal Aol Zue AZFe o FE ¥
TMGae] &3l Ga peak?] 7t F713e ALz

o}-_] l"lf
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AT olufe] whEdx
2] B¥ g3 28 vlE Ny Rﬂ # ol OJEP@] ’lM(;aOI

Y A28 Aso] HAslEe 2
RAog F3H 5 otk 500Tei4 9l %Eoﬂ/ﬂh upPs
differerence Z=HE L CH, peak?l dL 7} #26bn
o] <kl wizbl §l8-% 2olvh wEkd 500t
o]t LT HBE Gafl AR Yoidl GaCHy
e Aoz f5ddn g _x;ss}%l, HEAE 500
TolM 30&FS JMEEES o SR Arvt @
#abe }\2 BEEF AdTh. ol Fe wEs
Tote] o] & B4 ALES] 25291 440-500C )
~1¢ ’E‘ZJ'EE}%‘: TMGa®! Gaslz E31E ¥
EAstAl gvl gEolgin AR

ol d® ol ¥ FEH o] Ga¥lAtebe Hishs
@2] Nishizawa®] 4o FZeE HIax S’i‘:}.
Lee's2% Si 71@9jol 2] TMGad #5445
F3gth o] B TMGaZ 100 K9 8§ 7149 °ﬂ 3
e F 78S JFEehH A Temperature programmed
desorption(TDP) H & Sslo] a38L A3ty
o BW FAEL XPS 9 EELSE %o F33t

Ach olFe BAS T3] TMGao] Hadl H9%
Bl BalBvia $3aAch Aedl i TMGad
A A2 R FAY F RS ALY st

TMGa2] |¥9>! sz} o g7y £29 ube

gl WES 25T CHE Gadt 2% FH o
Aged, ¥ & 52 7MEsd CHY S0
dolgle ME]er whgsle] Wik WEET olg)
Al Gaglabe CH7 12 #alghch, CHY ¥ ¢477%0]
Al Fisk g Eulsted Bile] F3o A
"t $ae 7577060 A 255 g e 4

A FHEd, @E}H Ehag WMQ gRe
TMGa% AH&315 & = 21 ¢ gl Aolaim
g}, o] B2 Gay AM 377-477C8) £z ¥4
5 7] Azs o] Wi CHA 19 B f138ha 9l

477-627C] LERQANA ¥ 2A BY A4Pd=
€7 Nggdn stdeh. o) Fe H4¥L GaAs
71Fto] obd Si7id9iel A #BstdH o™ LF Nishi-
zawa®] ¥ 350-500TA §3HE L GaCH.2bm &
Aol wlate] o] F& GaCHel E}J_ stgeLt o] &9
e o7 2mdddsd 2% F3AEY R4
i &b Nishizawa®F frAHeE 2 28 Eoll-lr Foster§i2
¥ Si @l TMGasl ¥H#AE Fastqich

S % Vuen

e | AL F el $4ti High-
resolution electron energy loss (HEELS) & Folo]
#Falalelvh, 2o A9 HEELS ~HE -2 TMGadl
olsirle] o) REE GatiAe ZE SR Ao
W) CH717F Sist A2 3t free TMGasl A ¢F3k
el g bAn ok 318 Hdd olm e
TPD #ikel &j&te] TMGa 150-200C. C:H, CH,
2o B 213 150-550C, GaCHyw 200-450°C, Hyt= 500
T, Gatlabi 650Tol A #43& AHE G LeeF
2] Aol aEd ol HE CH7F 3488 J sk
C-C AEE wes E‘E yhg-ol WAlE G shed),
S50 Al H¥-ale] odte WAsEu It Gatl At
HA8G Adated i GatlAe 80CHA| vlgeledn
dHol Fare AR deldlvyz A8 tastdoh
FhH ALE oM AAdAAE vse] el ¥
A2 Ga 94Xk TMGas &5 28 E walslr) g5
olgb oxlell wRate] GaflAbo] TMGao) FH#&hal
¥algoe A¥AE RaEelch Watanabes & W
MBE®HS-Z oM As H Ga source S AHE-8Fa] dubkz 9l
MBE #'H2 = As stabilized 7193 Ga®1# 1 ML=
ZEEeds 7lES wEe] Fa ol v
TMGa® cracked AsHyZ ALEHEZ F3f8le] 4%
#£59 RHEED specularbeam 2459 {85 #56)o
ALES) ziglag& A3t AAS5EE As stabili-
zed 71§l IMLcycle, Ga Y#HE vlef &2l
e 7@l E 2ML gycle3l Aew FazE| o
a1 A9l ol TMGae] F3Hele] E#shy 2ML cycle
];g-o] A-!Rl—./.‘r.EL /l-x§ 1?,0].\__. L o213 ) =7 7
= 23 TMGao] Ebﬁb}"q 71 Ga spe-
o]442] TMGas] FH¥-a1E s o
l H2E TMGas!
Lo Y Boke

= w2k
cies&ol T
Foletn 21 s, &9
%-& RHEED9! specular beam®] 7
A8kt

TMGas 1735 358 2% specular beam® 7
S Alzrd @4 Frpsia st TMGas 98 39
sab ARS Ao g RSk, TMGas: 303
s THE A 1724 A$) 2 g
THIE stelo) YF el %ﬁa}ﬁﬁ I“H k!
T AeeA T3 et EIPEE 17298 A
F-o] wlshe] et w2 ghol sy TMGa—] Faol
A&EA L o] FRE fFAST TFE FoEla
FEx Fasted dEE 4g 48 Ah o)y 7
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=9 W= TMGas &% ¢ %}3}5’—1- #de] g
Aoz A=At =, 30& BN FIFF AL A=A
TMGaS dAFeld TIE 35 4% &2 &4
g & TMGaol 1 MLel %»hs} A& veEdn
FEol THHR o ¥ TMGae B3t 1 ML &
TMGaste] gAHS #=7t 245ty 933 e
SAEte Ao F5EHUT. o8 e Tl o3t
o]5& TMGa® Gagxtz E#8 7 gectn Z&X
A}, Chiu%-<* Chemical Beam Epitaxy (CBE) ¥
%204 RHEED specular heam & =¥ el TH
A vl = (reconstruction) & 53¢ ALE®] ¥t BEE
FAsE}. olE2 B44< CBES 4% 12 MLY
GaAsZS #Aste 550049 152%F kel A
FHESH ALES A% & shute] Gatl A& Rle] 4 Aete
A& RHEEDZE #3E Too wEFEA.
RHEED®] 7%+ HHe] Ga species?] 1 MLE E31¥
Zde WEsa g Aoz #BFEo o FAEo
g ool FAg waEldle AAAATsE Fe A
22 4259t TMGa (2x4) As stabilized ETH
42F FFEEE B¢ (x1) FE7 24EE Aol
FEEAAY. FFE F93H3T 125 4= RHEED pat-
tern ©] (4x8) Fei2 g Wasie AL Y
AR 8E Fole (4x8) 7t (4x6) Hel2 WHE
sl Erio] 23 d Mg 3 Ga YAER Hel
Re BEES QIgith ojgt #& RHEED patterné]
W= e ge ¥d AMAE vehlie 288
#2249, 279(1x1) FeHE TMGaolu ¥
TMGael 273 ¢ e F4ste 25 Uehilm 4y
8) FEle AT 4R 2d 8 A S HYE AS
LERdAT), o] B RIS ¥ olde) TMGa®! &8k

AL a3l 2% Basted Ga GRS S WA
Ga stabilized (4x6) pattern®- VEbd T 22t §é=
e FYE TMGag F5Y o, F, TMGa' H2&
e = 3y FEEHY %”‘9} gxaajolo] 2ETAE
=9 3 GaAs MLol s]@sls RHEED Z=w szt &
FHch, &, 285 of TMGas s Eajshg
MAE Ga A58 o] TMGaol F&EAE = &2
FE2g g, ol HAZ FEH o & ALEE
TMGa B&AI7te] F28 TMGa® 43 o] #4353
Fashs Aol vlEld F¥3 &S wolv IYd
txn AZAA

!

&

i)

3.2 H¢ CISR0iMe HEAT
opgelA AmE FAYE BF 2T (UHV) &
Hzue) whgE] A Fosts WHELR ¥4

Ao} B7& MOVPEM tiE9 ALEEH !

s s rel A dde @43 taths AR
zreth H2o] Aspnes® SS9 UHVZH ohd 8314

AR
HEZ BH IS n-situE FHE £ 3= RDSE
WAl ALES] B9 w88 3 sl RDSE &
Mstna she EWe fAwEoz WS mAY
EH ARE9 HH@‘O] zhe g AAL vasley] Ba
ARLE FolTE 2 BYEEY F ““{optlc'

O
axis) ol 2% g-?'soh} 2= 5wl gk
lectance} @] #elE modulation™H
&= Yolth, RDSAAM = T4

A 2] WAL (ref-
AMEEHE &3
A FEA

mlo ru lo

A Waslel e Aol T oddelAel @A}E_{
Aol vehiA 7] dEA Aol He wFe
A48 uze FAGc ofee RDSE H& A
B el =i MOVPES T 8ol & 3%
ol AHEE F e ot Aspnes T2 As2E
SHAERE (001) Gads?1Eo} TMGag FF8hed A7,
TMGae] % % &= whe ¥d FHEo 42 &

Astger, 718 L5271 370CY9 2 $ RD signal& Al
Trel Agd whel 2718w, FH4H HEY] g A
Sged 2ar)e AR 2 PHsE HEE dvh
2718%7)e ¥ A AE el AR ®
Helen FAH Wy JEvlE TMGasl o] &
7igtel wE bk, Zev 2 Al g e
71& TMGa%2l 949 dE vehld o &2 8
3o HAAd Feold Hel TMGa2l B8 &2 La-
ngmuir F7 71%—(Langmuir isotherm behavior) &
e S o 4 ik olE @ AR w3-go] BRd
B EEE ‘%-ﬂJr FAlo] AN e FH G
S&o] EAJsle o]E Atolof #u FHLEE 1 MLU
2 o)8tE fAlEHe 45" ¥ (dynamic equilibrium)
At AR ok AL vehlE R E olF
gt Axdsd 2478 AY T RD signald
TMGad 533 fAgle]l A& follx 2w
W-P‘“-Jr*i TMGae HWol Q3T gholr st

& (surface-site ; specific reaction) S 3k o2
ZJ:;:7} AFRA ghod 1 ool whgeo] JAHA
Srethe Ae JebdohE s sk, o12id RD si-
gnal®] A7kl o2 H3lE B8 3H vhge] &2

v o
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sAslgct.  370TedAE
e mad Fgdct, 9
= HAEL TMGae] S5 $

49 e a0, o e
.9

p..]

A=
8 o
o i
He

g =
-m‘mi
l“.r_(':(_l‘
& 3
rirm

Ase® ¢+
de gEHes
452 TMGa©) o=
TMGas 6-7A%8 A& 3= & -E‘X}'O] 7] “HE“)]] #
FERT TMGa2 FHY 471y W40 AR M
TMGaol &335h= A& ¥ &t (steric hindrance).
A TMGao! ¥#lgho) wlzh F&ro] whalggidd
;‘9491 AAHEL oA TMGael F3U = AE &
& 2bA Aok e o) &9 3 Akl TMGao
F‘?i F9je] Axbgola] Farel oAl A
ol# gk Bl EFEoldrt, wepA AzpHY o

2

23

al

Riol 28E Ga species?t F48od W4 5lE A
#3

= >

[e]

fy E K
- oo fin

b
O
i
f .-'II

°] steric hindrance E7¢ d%& 1] & A
FE3 wold A @ W7ixe) J7 B re
S0 e AREY 257 TMGas Hdd
gata S W 713 5 e #dd 5 (packing density) 2}
28 AAYE 24999 dFY 55 AUk Steric
hindtance 37} o)A %5 chF-¥9) Axpgo] F2b
B Fele] RelEee ofFel vk ARH
o mpatA AR B R Adhe Yol H3LE ok
olef¥t HojEl L KB o] B8 ALEY whgsEE g
A& oA - 26 keal S mold 2E G E 55
(reversible excluded volume chemisorption)™ 39
keal/mol 2] 843} WA E e F2 3o w7t
2ol sjsted Aggoha stvh. 4 o] 2 370
Tolme PHE B9 552 GaCHol o] Ga
LR7E ARG e BE 8 B Agretacd.
oleb ol ool AAF wer WS T ALE
t MOCVDS] 4745 o 298 =) sk -8
650C e 27kl A& 44 ¢ Utz
o mebd MOCVDAA 714 eid e Bafat
HE AFAE Fas dE2 A g
P2 Y HAE R e o7 108 whg-o) 2] ale
AR APAtn AE8AUT. Weon T8
Inds B InP ALE 447% & 589 steric hindra-
nee BAVE AASTol 2 g8 3
? E2 ALE9 AR&E7F I-% V&g Fdshd
G2 Al 23l A Hgsite
. I-F g8 7710 359
A o FL & FE AEYS FHEIE A e

3t o] ol

AL &g LWrME HAH FEshe F9d vEkd
AAEE & Aer BAESITH oldF Aol
o] 39 2 £x7F VERRE steric hindrance
Qo FEe] ANy nF) FFHe wEES g
G285 ¥ gl FHE 35 e =2 n
&% (lower radicals 5%-& 98 e)) 2 Fejals v =

Azte] Hastrg g &S FEddE FIHe

Folle BAAC Y BE g Faka

GEER-TEE
A2 A e FAH Aae NeRE FFE
S QAE FENNE B2 2A FAs) o7

woletn st

4, MOVPE Et2d=z gl

RN AES A FAT BE A AR
el tatde aEids o A7 ol
AT EQlvk @ 4 ok &, TMGa 714 el A
homogeneousiH3-oll eigto] ZHFI of of i
ol AG37bdstd TMGa 2ICHy 7194 ¥H-&-381o] CH,
& A4ad, 2is vEE Garls A4ee o
AA AP A Bovt GaCHLE 4438 oA
ol d AY A &L e HAY F= PR B
T TMGa: 400CH =] &xollA AR aS A3et
B2 MOVPE o A] Ab&-ahs dntE el 243 esgl
600T S Lol A= Ga & GaCHyo) 718 554
. ¥ AsH.& homogeneous ¥ herercgeneoustt
Sl ostal diEsfste Fyivtie DR 883
o8 JHE T gn VIRIHTY E49 —JGFOi
a7t 7hEs #d, ek MOVPE 2343 7
HAHEH FHE Ga FH2 GaCllhd As=2 AsHn ‘5‘;1
RH H*}‘ﬂ—l ghgel 98t Hy(GaCH7l FH2

Atrde CHLE 37D E o8 A4dEe %E °l-t" i3
%) glate] APk FFE + dch

5. ALERISZ=Z 2H

5.1 Agxste Aw

27kol A AES uhet 2o] TMGa 7)A 34 400
CHEHNA FEaNZ A A ER ALE AR she
Ul 229 450T FH A Zge] B2E Ga
species’™ TMGa 3& P3| E &2 %= Ga radi-

cal®] & ARR fFrado. =e@e
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Hel4} o] 58 TMGacleta &=k, 8% TMGa® 7) nabe @™ Akt Ga radicale] Gaglzx-Ed Fastd
4o dapdsl aANT £A o pAelnE shis) weshs e Lol Chinel A= TMGae]
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