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Abstract - In,.Ga,As epitaxial layers were grown at 76 Torr by low pressure metalorganic chemical va-
por deposition (LP-MOCVD). Growth rate did not change much with growth temperature. Surface mor-
phology of In,,Ga,As epitaxial layer was affected by lattice mismatch, growth temperature and AsH,/
(TMIn+TMGa) ratio. A high quality epilayer showed a full width at half maximum of 2.8 meV by pho-
toluminescence measurement at 5K. The composition of the In,,Ga,As was determined by the relative
gas phase diffusion of TMIn and TMGa. Lattice mismatch and growth temperature were the most im-
portant variables that determine the electrical properties of In..Ga,As epitaxial layers. At optimized
growth condition, it was p0551ble to obtain a high quality In,.Ga.As epilayers with a electron con-
centration as low as 8X10"/em’ and an electron mobility as high as 11,000 cm’/Vsec at room tem-
perature,

LM B

In,.GaAst & ARl F =g /M43 glom, A =
¥ $lol A4 A direct bandgap A4S JERRE 13
3 field effect transistor (FET), high electron mobility
VYA

FAERVIed FUEA A7

206

transistor (HEMT) 52| & HxpAzlel Fwat a.
valanche photodiode (APD)1} PIN photodiode S92} 334
A Az g AME-EE BFolt}1]. In,,GaAsE U
W0 2 GaAstt InP7| % 9jofl wAH el o 2 A4y
i, InP 713 9ol A3E IngssGaowAsE A 5hd 7] %
B ARNURE o) FA] o= EHo|th InP 7% $of In
1GaASE AEANTIE B4 Ing] 2430 njg} Ho)



A 7184 TS o845 WP 719l Az A E InsGarwAs o5 Fe] 44 207

3.2%8 A BYAE 7MAER AL A7} H2] ok
A5, InaGaAs o 32 ol 2345 29 (misfit dislo-
cation)7} HAYste] 714, FEH QS A=
Helo] #r}.

InGaAs o728 A 7)= Wi oZ= liquid
phase epitaxy (LPE), vapor phase epitaxy (VPE), molec-
ular beam epitaxy (MBE)2} 4F9t 2 %4} metalorganic
chemical vapor deposition (MOCVD) %-2] Ho] gl o
U B el () Eeh wEAls] Aol &
olgti, He Ad e Fat WS WA iz 7Y
Aol 7hgsie diapdate] 8ol 49k MOCVD
HE& ARSI A MOCVDHH 02 InP 7|9 9of
In.GaAs 95 JFste] ddxde] e 249
H3lE s, MOCVD A Al A 714 2238 44
s 4ol JELse 55 o 3% 44 ¥t Ing
GaAs 9 2] H714 B4l 74 & dotr
1.z} ah o)

2. A3 WY

In..Ga,As A3 el ALEH MOCVD &z 29} A4
o] e FEANLTAS FHE W] o]F0l4
ATH2L Aol AMgE dBEE e A, ui-
methylindium (TMIn, (CH,).In), Ga- trimethylgallium
(TMGa, (CH,);Ga), As#} P9] Q& 1= 99.9997% AsH,
3} 99.9997% PH.S ztz} Ab&-3tich 3= 959 7|8
7k f o)F hARE Pd FAAAVR HAE T4
(99.9999%)5 AR&-38}9] ).

Ao E (110) ko 2 2° 710l (100) ¥-Ea
InP 7| & ARR3IGIT) 7|9 2 de 2712 dste]
trichloroloethane (TCA), o}4lE, wigtge] F718 AlA
H}AE AR F, AN g (HS0,: H0,: H,0=5:
1:1)0% 28 302 A7) o] golesz A
A& vzl InP do]H = No& AxA7 §, ¥hg7]o)
datadet.

37%€ In,Ga,As o 332 HA Nomarski 38t v] 7
& olg&le] AUPAE ## 331, HF :H0;: HO
=1:1:10]4 §Ho 2 HHHE stain o] A 3, FA}
AAE0E (SEM)L.E FAE 243 44 g 4
Aetseh A7 B4 £A4E 8 43S ek 7
€ AFs A7) (6mmx6mm)E HGE Y AeEe
o2 H{FE 50| 450ToA 177 o & & &,

tlo
olr

il

Gads g Fue] BEE FEo) date ol5xE
F3ATE Ini,GaAs o 3] &) 24 & A3 BAlg)r)
sted o] FAA AW (Double Crystal Diffractometry,
DCDYE AHE-35itt. 474 Ini,GaAs o5 F2] 33}
A EA AHYAE ER18t7] 9l8ted 5Kel|A1¢] pho-
“Alﬁ}"j C’“i OIEH AHEH

o}

o

van der Pauw 9ol 93 Hall £4& A A)5te] In,.
[
A

_‘o*

o

l

toluminescence (PL).;%—A-
cm 9.] #o ]Xi?&si_ow 0.1 nm4 Hm, 2 %24 et
3. alE Ht

3.1 In.GaAs Of|E[Fo| MAH

7]9ke] L5 MOCVD A Ao 744 Fas AAd
T9 shiR, Agdre wep AFELR rojaE
RO dHA T3] Ao M = L=t F7h%
of wet ARt G243 Frksle] ®wekgo] A
258 A4 FAREYGolM e St e
o wxdtn, gAY 71t JHEEE AA
dhar, ewvt o SEbE AREws) askE ojdel
Lhehdt} dubd o8 MOCVD AAe A& wr) &

EEAGLACS Pt

Eol| A 03?"%}% WA g PSR AP GH A o]

ﬂ

[or

G

Folzth. B AT A 540-720T 2 LER o) 4]
In,Ga,As 0114%% A3 A3, Fig. 1914 B5o] 4
F&EEw 7|we Lwd mel a4 sl gkl

FHFALL ety BAjol ofake S8 7 EAH &
of e} wIzrslAl #Mgstct. Iny,Ga,.
Tt Azt e g e o
d AAELA] Hert o W) 5 A48
X7 AAE oy & Fwd Fig. Z(b)% e
hatch7} -2t} Fig. 2(a)9} (b)2] o ¥]&& 6200 9]
2o A AAstda, 71H el e] Ing] &8 E ()9
2% 0.65, (b)) % 05% ot} El, AAL L §F
A o 35 1o fE] (o]5} AsH./(TMIn+TMGa)
1ﬂl) s MOCVD Ao A EH 348 AAsts A4
M2 el A QT4 5] Z1Ade M9 Gao] 24
UASHA FA 8 540~720T 9 %94 In;Ga,As
NHF& A3 Au}, 580Tolste AA2EM
Hol A8 vy & skt Fig. 39] ()9} (b)e
Z}z} 540C9 S80CA e Ini,GaAs o939
FHPHOR, v AR ZHE BHolu Yt o]FA
H¥o] AdARE= Yo 2= AA, 24 AsH,9

Cross-

Journal of the Korean Vacuum Society, Vol. 5, No. 3, 1996



208 NS B &

720°C 680°C 620°C 580°C
0.10 T ™ T T T
£ o008} ]
:
ES
E 0.06 -\—'\—’\‘ 4
©
@
£
g 0.03 q
]
Pressure 76 torr
Carrier H, 12 sim
0.01 = — . -
1.00 1.04 1.08 112 1.16 1.20
1000 / T (K™)

Fig. 1. Effects of growth temperature on the growth rate
of In,,Ga,As

Fig. 2. Degradation of surface morphology with lattice
mismatch at the same growth temperature of 620°C with
AsH:/(TMIn+TMGa) ratio of 30, (a) lattice matched with
X, in the gas phase of 0.65, (b) lattice mismatched with
X, in the gas phase of 0.53.
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Fig. 3. Effects of growth temperature on the surface mor-
phology, (a) 540°C, (b) 580°C. The samples have AsH,/
‘TMIn+TMGa) ratio of 30.
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Fig. 4. Effects of AsH./(TMIn+TMGa) ratios on the surface morphlolgy of In,,Ga,As layers grown at 620 with TMIn
flow rate of 0.464 sccm and TMGa flow rate of 0.250 sccm. Ratios are (a) 120, (b) 60, (c) 30, (d) 7.5.
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Fig. 5. 5K PL spectrum of In, Ga,As epitaxial layer.
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Fig. 6. Effects of growth temperatures on the solid phase
composition of In in In,,Ga,As epitaxial layers at constant
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