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I1.

SUMMARY

Subject
Studies on the semiconductor thin film growth by OMVPE and LACVD
Objectives and importances of the research

The heat of research in the area of optoelectronic devices in the United
States, Europe and Japan since around 1930, was begun by the research .
and development of advanced compound semiconductors, is extended to the
areas such as the photonic device research for optical communication,
the technolegy develcpment of optical signal processing and the optio-
electronic:IC(OEIC) research. And 1t 1s further directed to the optical

1information system and optical computing research.

The research actives in this advanced semiconductor electronics and
laser electronics are bound to very low level in Korea, shadowed hy the

Silicon-oriented semiconductor industry.

For this national necessity of research and devlopment, the POSTECH
has launched the photonic device research by forming an inter-disciplary

joint research group for the optoelectronics.

Among the various optoelectronic devices it 1s very important to develop
the optical switch which functions as optical logic device and/or optical
modulator and hence to achieve the growth technology of ultrathin semi-
conductor epitaxial Films which exhibit crucial quantum effects associated

with such devices.



III. Contents and scope of the research

The following particualr studies were carried out as a first phase of the

above-mentioned research.

1) OMVPE epitaxy growth research
- Study of the OMVPE system capable of growing ultrathin films
- Epi-growth of quantum-well-structured GaAs based semiconductor

- PL measurements for as-grown GaAs/AlGaAs ultra thin films

) Basic study of LACVD

- LACVD system designed and homemade
- Photolysis study of TMGa, TMAl, AsCls

- LACVD deposition of GaAs semiconductor

- AES surface study of GaAs film deposited

IV. Results and suggestions on utilization

1) OMVPE epitaxy study

- Improvement of the GaAs/AlGaAs epitaxy

- Further growth work of MQW layers for quantum effect study

- Optical property studies such as optical bistability, photo-

luminescence, and photoabsorption

&) Basic study of LACVD

- System improvement of LACVD

- Technical improvement of GaAs/AlGaAs deposition

- Studies for high-quality, crystalline, ultrathin film deposition

of GaAs/31GaAs semiconductor
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19783 DuPuis ¢ Dapkus S-o] OMVPE o 9% QW A%< 7 stz, 1979
doll< GaAs (1208) - AlxGal-xAs (1208) MOW 22 cw &< dojA tloje =
£ DEORA, OMVPE 7} MBE off WY 5= Q& 7hsAdo] #UFHUC

=¥ OMVPE equipment ol AT Z7|&u]e th23 2ol BTy,
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AE8L51 nE@-dopingS H3H SiH4 line, p¥ dopingg $8§ DEZ line& AR T,
dummy HZ lipe o MAi=loiiry, 223 ti2o] InP AlY 35 fis) A AALe]
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EE Z2a 0N AFLoME ZULE SFNLo] BAE sbstm Yk,

Laser 2] FAANUZ]| 2 Y3 S Tt 7| s ¥ 83k
LCVD & ZE7kx] B¥ & 71x|3 ek, &, & CVD ol v]sl =204 gta}
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ol miet oA B EFE AT
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L} Visible laserszdol 23t photolysisE @ FTOEA] GaAs oty =
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A 3 & (MVPEE ol&3F Quantum Well H&7=

AlZ&E 748

OEIC A=g NP oda] Az TFF 714 o 71ee oA BEEFPo 7Hs

epitaxy 71=olgt. o] Zlsole LPE(Liquid Phase Epitaxy)®r4], VPE(Vapor Phase
Epitaxy) 32!, MBE(Molecular Beam Epitaxy)®A 3 MOVPE(Metal-organic Vapor Phase

Epitaxy) w4 So] olth. o]E £ MOVPE A& olu]3e] B4 WEol £ #o}7)

T £2HE Ao & ¢ UL, ST Ue 750 ZBR g8 24Es W ETE

doping & ¥ 4 ¥ £AH A Y 2FzF g 3 MOW(Multi-Quantum Well)
Azto] shesich DA ARA0l ¥Een, HBEET © 3F ¥4 moleoi

¥HH RockwellAte]  Manasevitoll 218§ MOVPEE ©]-8%F Gads 2B 8HS 443
oleiZ (M), €8 AA7S, MLy © manifolddA 71$e WU (M2] 22X} A3}
500 B3] o] &= rt. ¥FEM &3] AR V|eolM = MOVPES SR S% 4
TUEE A4 Hall&xzpy Az, FETY AzxFol AMgEo] gout, 2ol LD

(Laser Diode), LED(Light Emitting Diode), Ef#H x|, QW laser, optical switchs
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4BrFo 2 FA e 4 Ut [M5]

ol
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7tEAl S SiC 2 coating ¥ graphite susceptors ©183%F 15Ut X ZHEHA]
oj, YT MFFTIE AAFHIUCH

Vertical reactor & 71¥Ho $£3]08 ¥€F gas 7} TUSHA =SS HAEY A,

712 holders BNHAA HE 29 TUHLS TAHEE YAHAL IHMA= reactor
Q! S Zx]of] disf LFEPAI T, MO e dolH Y zbE AL % RHF system
LFERH ATt

{71 R RhSR9 UHIS dFSA FXI8tH, W] Qv vhSo] dojvix] GEF
T3t HABIF I, 7= gas scrubber AlAE, AsFY AA %Za‘ﬁ.i &< particle

‘%’
filter & AHE3td S3F 2o iy tin L 3835 18Tt
MO gas linest REEHE XF22 F7|HT rotary pump @t 54 particle filter

=& LFERMNY oo, M7= scrubber AlAEE VERYICE,

Safety Al&®E S <ot EAT Argol oish wSEshr] XAW lamp7t AXHA
alamo} SRITH FAHBE AB TolEtxE A7) A7 WASHH, FA] 2Fo] FTE A,

RF generator 7t AZ|9, F=71A8] § ¥WBIF A2, A4 purgeE ).

2) 2] A
3) AxZ7) olAF (1.2 Ke/cm?)
4) RP-2 o)A

7) R¥g71 k¥ol =& (790 Torr)
3) AsH3 ¢=Ho] &5 (2.0 Kg/cnl2)
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9) SiH4d 4=o] &

10) Scrubber t=ol & (300 mmig)
11) Susceptor =%=7} s+ (1100 °C)
12) Cooling Water ol (10 1/min)
13) 4 BA|7] ol

14) Regenerate «4¥ =+ (0.2Kg/cmd)
15) PC battery 014

A 3 A AlGaAs/GaBs ofw] ZA A 2]

ABAB) VL FE acE AU YH TR, EUAMY W, ZF U
$o ® g5 %o] geh. (M7)

BT oYk BAEE M 2% ¥2Eog g rt. 600-800 °C &5 ¥
A= GaAs S-S s THG & Bl sl gx-Eo] ATHLE e BHES &%
AT K ASHE 7ML, arsine YHolT FHBITE 0] FFAMY RESEAE
PSS UAHA X R WUAT, FA/FECE =9 B4R MG S2tol B Wl sticking A7t

A HO, SHH I U

280 °C o}zl FAAMM = FA-Eo] TGS arsine o) FAET, (111)6a o] (111)As &

Hot B8E0] A7) WiEol arsine®] F2to] Wl o]y arsineo] thE #aiE7] mjEolch

850 °C o4 & FdolA HFES NG o 2ol valsty, arsine Yol £

SAIRE ol & A7 Wgol ulel tiZcl, ols Ga ¥t ( Ga &< GaCH3 ) =2=7] wigolct

T 2@ Ao BlGaAs & HALRS GaRsezol 3= -4 FET vlast, F9u)

aly

INA & ZiAls= o] TMA = TMG & Z1xs=oll vl 3o,

- 20 -



3tE F Eoioll 2% GaAs AP §EEA S
(CH3)3 Ga + AsH3  ——> GaAs + 3 CH4
o], AlGaAs ®¥F5A < Cha3 ZTh
x (CH3)3 A1 + (1-x) (CH3)3 Ga + AsH3 ---—-> Alx Gal-x As + 3CH4

Al 4 d AlGaAs/GaAs QW A& A$E

1. AlGaAs/GaAs QW =+ A#A A

1) #olHE ZZzt MAM7IE ol& TCE, acetone, methanal £o2 Zzr 523
degreasing ¥tch, olm] Pyrex H]O]HE AFF3IHC.

o) D.I.Water 2 AHAT F, HoiHE 4 HAS04 © 1 HZOZ

1
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4) qlolH & FHMEo| Hza{TCh,

3) AALEFE purgetFE, 3F FU AT L2E2 purgeTrh
6) 1000 °C ollA susceptor baking& 30+ ¢+ Frch.

7) R¥271E frited = ¥ HolHE  susceptoroll &Hajgtc,

) AFE-= MO source & 43T EZ vent line 22 ZZic)

J) Program & SYSMAK &2 H53tck, (RUN) Z#MS& 2HEH programel TF ol & vielic)

10} Susceptor &% HR= AAFA7ck. =7 40070 YA arsine £ 937
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<< nonage >> E
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2. AlGaAs/GaAs QW o=} A% =7

= AdgolAd 712 AdzZlE E=gE (100) GadsE ARG T wrEUle ¢g=HE
71X 8F22 Qofr] YK 76 TorrE st owd, A32EE 750°C olth., 27 W4
Z =2 6 SIMolod, MG TMA 9 bubbler &=+ -10°C2 20°C old, olmy

S71¢< 39.3 Torr, &.37 Torroith. ©H, #71=<= bubblerold =4 F3ofl ot

E M= e B3 23Ts LERACH

N AR T 750 °C

'y a=n | 76 Torr

MAS=(F<=) | 20 °C(8.37Torr)

- TMAQEE 760 Torr

: Me==(F<<) | -10 °C(39.3Torr)
TMG )= l 760 Torr
U/T11 @) 100
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1. 2822 obE AlGahs R Gals £ ®2 morphology

o] 2 Akl JdojA E morphology & AAMAIZY F AT MUt HE

O =3 » 4 —1 " y . % o .
s HAE 35, T om 27 BAC ¥ TAHfC 2 HIS Fhe
o

YrtH og HWE morphology © Normaslsky ©aiZoirt SEM 28 HASte,
JYM11 & n-type GaAs off V/IIInvlgo] 50 22 /7% ¥ AlGahAs/GaRs <1 Normlasky
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AN BEEE W VS Fogole 7o Zosta 1152 NG o FaFolet IA%

Chal g4 ghek (N 8]



N T T Ty . LK - Y
| e et i R, SR

|
!

- A h, R . .
Tl e Loy e

R
- d o

'1'

‘ oy 0

. -P]ﬂ_u r

- - - I
. . . '
b | . a, - ‘ ~ ! L L r LI :
. ..-ﬂ Yt . ' 4, o r k.- . LI 1 ! )
1 1 L H F 't ' R 'y .
. . ' y e B g, iy I.. g :::_- S Tl R
" A . . - o R 1 . T e . -
- ] - 1 . " . . J: h
gl . . i BT i B " Wl oo M
Al \ P . ' . i ) .'.' g .
- . [} - 1
= . o o~ | 1 b ] L .l Y T R .
L3 3 "= - f, 1 ': 1. a
Al [l |I" N I - r . k , N M 3
; . . . .= fw - . L '
. . N
' ! Ll [ 1 ! "~ .
] ' '_. K ! Fr . . ) 'R !
.

. "'1 !lﬁriﬂ.i‘-ld

’. !
; e
.
L
:3_-:';:3#:':' 1
e
Kby
- !
hf':!"..ﬂ"‘_
- " e T o W s -y " -
-y - : T FW I e Ty ol u g My = e
* S ST IgA AT 3y w';g' i "":“‘“-f;?ﬁt; Rl i
- T " . T Coriy r - - -~
P~ ! -#H‘.\_t . -;-@ e - L= o . P A _x - L :
o™ - L & - - - T3 - - Honifiel '-t_ﬁ he v
4. - W%ﬂa . . - . - ﬂn“&»‘_ e sy Tl v .
J-;'?; : e S T e 3 g e S i P r _@— "
-. ey e L sy A $ R il o R P s A s g ooty Pkt P
R e T e e P B E . S AN e T R e ol
o,
— R i ——

=.g] M11. V/III u]&o} 5022 A3 A3t AlGads/Gahs
epi 59 EE morphology ( x 200 )

el O e e e I . i

" M2, V/III d]go] 1490 4 GaAs epi 29
F morphology ( x 1000 )




ey g el et e P ——— e | Sy . Prp—i———— TP ———— = e’ —_—

1ng

lat

e
.

1 2}
r=

L]
'
. -
e -
L dn
a
-

.-
»

= SEMI-1RSU

——

3

==
[

T

el
=

o} 4%

-

=,

(X TMG)

-4

2x10
= (aAs

A ——

=

100<

: 7507 C
4
ion of TMG

1

1x

gtof]
28

1

| -

5
L

‘¥ % h...._.q. ’ ._.‘........ _1 [ ph Pt i * o
2 GO wNE A rd S ) .._F:ﬂ____.._:.__ﬁ...q LI SRy
5y A R LSy T ,}.-._,.v“_; ¥y _ ___“‘y__w«m

X . a0 .._.ﬂ ___..__-.n ..m_._ ..Mﬂ A ._._._._
[ EEERANE & F I RAS |

o

o o4
et

- .

R

'
L

X AsH3 = 1.2E-2

ok

growth temp.

aS r
= -

71 foll HAE Gahs 5 HEY morphology ( x 400 )

a7 M13. V/III BlE<

(Utwurd) 33ex ymMoa3

TE
L-

0
mole fract

RS
=

Y M4, TMGH

1



SeMlds TG o %S WahAZol uhet AlGads/Gads 29 ofu] % ST b o A

L
o
-
b
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=
<
=3
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H #alerE Ltk otk MG @ B 28 eme = 2x 107 Q1
o] HREEE VEIHEY Keme = 13107 22 T2 A ¥PSEE 12 &
A5G on] O HAANE Xonme =0.5x 0THEZ 2 2482 Hell2

Aol ARESEREE. BASY FAlS SEM o2 HASIKE o, Gads 5=k AlGaAs/

GaAs &= ztell2 FATE, H202 & PH 7.5 £ 8§ GaAs & selective atching 3} oo

charging 842 =7 {3t Au = coating 3FTh.

IEMI5 9 TUMI6 & THG & TMR O B 88| [Xemal/([Keme + Kemal)E
2b7t 0.167 3 0.074 = LHSA ¥ B [Kemo) + [Kemal & B3o] w2 AlGaAs

20l JHETE el Aot [Memal/ Nama] + [Xamal) 7+ 0.167013

1‘

(Xrma] + [Xemal 7} 2.4x 10%Q 29 yxeT = 0,175 um/min
1.2x 107%20 22 0.088 um/min o1 o  [Xemal/([Xema] + [Xemal) 7F 0067 0132

Keme] + [Xemn] 7F2.16 x 1070 Ho9] HALT=

0.1d um, 1.08 x 1079 ZS= 0.07 um/min o]t}

Hel MG & S7tl oS BT E3EZ F5 TH6 o]l i TMA 2 ZEAIF
(distribution coefficient)E AT Z, KrmaKkeme & ¢ 2.101%027 T o]
+< AES(Auger Electron Spectroscopy) % PL(Photoluminescence) F&oll &lstd I
3 M2 S BAE RABIARTE. A7l it A Fedch, duAoE

MOCVD off o3 ZH B = AsH3 o ol 23T Ao 2 UdHF Ul ITHMTA

rlr
0.

Fel Zo] & AEAAMZ HFFET V 5o F37FAQ AsH3 o] ol &2

g % 9
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X AsH3 = 1.28-7

s

= growth temp. : 750°C
E X THA
: 0.2 = (}, 167
= X TMG+ X TMA //
2
U.1
g — y
1x10 2x10

mole fraction of TMG and TMA (X TMG+XTMA)

' M15. [X(TMA)I/C [X(TMG)] + [X(TMA)! ) 2} 0.167 <1 B+
[X(TMG) 1+[X(TMA) ] W 3tof ot= AlGaAsS ] B85k

XasH3 = 1.26-2

.E grawth temp. : 750°C
&
2 0.2 XTMA -
@ - = 1,067
= X TMG+X THA e
é
=

0.1

0 a0 2%1074

mole fraction of TMG and TMA (X TMG+ X TMA)
212 M16. [X(TMA))/( [X(TMG)] + [X(TMA)] ) 7} 0.067 @ %%
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3. BES (Auger Electron Spectroscopy)oll &%t HF €4

Zolol wheta GaAs71¥ Aroll Aa=  AlGaAsubel zAduw] @ stoichiometry &

AE 7] el AES B 3tRATH o] oluAlE 3.5KeV, $E ABE 00mAS Ar

o] &g Apgste], B & sputteringsh WA AlEY NF BHg Wiyl AlEe

Gads 7] E+¢io)] &&=% (buffer layer) & 1 um A% T3, 2un® AlGaAsF = 78 A3+,

7 2(capping layer) &2 15089 GaAs& A3 AlZch
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4. Photoluminescence ©off &1%F Bl.Ga: - xAs & Isolated Quantum Well & &4

i

Photoluminescence + direct band gap ¥} dQ] Zer4d ML A3 7|4
P o2 band gap & =71, inpurity & ERF7L R FARY EHE Fotste ¢

o2 olgHI RUTh

JHNLD = [Xaemal/{Xomal + [Xems)] 7F 0,167 Y mR Al.Gas - xAsol A L}

o
rr

PL & vlebd Aoz 1.95 Ev of peak 7} glood ohelA
Eg (x) = 1.019 + 1.247 X v Al M-1

o BAACE 2E Al o 2y X £ 0.345 92 ¢ & i HAZACE B
Kni/Koa & 2.05 2 A4S0l 2252 55 €& ¢ 2.1 & A9 Yooy,

Quantum Well ollA 2] luminescence energy +=

2 NoZ FoH E, & E., Eax & ZHZ well 9 Width Lz & @4eojrt. uleldy

T1M23 & Xemo & B2 5X 10 BEZ A st HAEEI} 5 Asec THE 7Hz
20 sec, 20 sec, 6 sec, 3 sec A% Isolated signal Quantum well & (20 K) o4 ¢l
PL ¥ 232, PL peak 7} 7980 Ps 7551 A, 70575 6430 E& off A LiE}RFo | TN

-

2 FE 22t Well width = 1003, 50 4, 30 4, 15 A €& o & o}
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AlGaAs peak
63608

6000 6400 0300

wavelength(a)
gl M21. [X(TMA)]/( [X(TMG)] + [X(TMA)] ) 7} 0.167 < Z %ol
AlGaAs 32l PL spectrum ( 6360 A peak”} Ex{3¥)
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PL intensity ( arb. unit)
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o H H U
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wave length (A)
2l M23. X(TMG) = SE-520.2 8t 3.6.10,20% S9F AArs

GaAs quantum wellZ<¢] PL spectrum-(Zz}9 peakt 154,

304,50R8,100A 0 2 S8 =UTE.

hill size : ISOA
ALz : one monolayer

0 20 40 60 80 100 120
well width (A)
2] M24. Hill sizeZt 150AY @ quantum well width tH3}oj

wh= PLo] FWHM w3}
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1. & AygZas MOVPE B2 3 9 A|¥7Hs J2)2 2P AlGaAs/Gads oflg]g A4
ZNIZABOEA @ Aojn o] ZAZ By YoZ £3EA B MOV 2B 84 AE
‘3! A1GaAs/GaAs QW -3 %J'_’i‘;-?—]jl 7H%Oﬂ 7]—%3&% %Zﬂ_ﬁt_}z ii::-_]' #_ ?\lt}'u

2. n~type GaAs 3 SI-GaBAs o 4%&FF HET morphology — 2zte] FAIHE S 3l on}
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e 2Fse Aol TAaTd, M6 9 = £8€5x10 FxE Edo=2H
HBEEE 5 A/sec AEZ & 4 4 UPon manifold o dead space & HAa3F stal
Gas folw & S} E 23 3t 15 A A =9 Quantum Well A Aao)A PL FVHM <
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LHFERACE,

4, Ai0dBS 85X 5olA Al & ZA8]E Auger Electron Spectoscopy X PL A EEL 531
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Al 4 % LACVD A% 7i=

AlZ2 A <

Eziold Z&(TMGa) = Eivy aFuwe(MADS 111 ¥a9 ¢Z
BYEZA FEoA dAAoI F7idel BlaA w8 TTohver, 500- 700
C oA A EsiEol 2z 2§53 U220l xS AT £ 9}, ol
= MOCVD(metal organic chemical vapor deposition)®dol &lgf F A A},

Az, nRIAZSH o]£HE II-VE QB WEA = mzd
AHEE7) ARSEA 2 2ol JAH uF, g, At SolA ol E
BB VY AT @ol ojTx3 Urh.(L1-8] E35], 80 duic
HOlEmA Awtergad o 2ol 27T Yaw HSTE, MYTE,
AHWERTY Bayol Zumd met oy EUTE dHolxzoz
2ojal wute AzsalE ATy 7o) 229 20 @ @Ti0)A
gustA o]2o] 3 glch[L1,9,10]

W BE RIEASAAN ZE otEAGolZ=(6aks) & EFuiws ZE

| L i

StEALolEw Tt Zigel AT wmAEs wagRy ol whE
ghate] Eao] 7t go] @3 wojgton [[1,11] ZF ol=2Aitel=g
ol & ZE £AVF AWLHDT Utk B TR 2FAME HSTH,
HEEE R ALEE 7Y dBLER AgM HolHE olE&T #EE
CIEMLIOIE B ¢Fulw ZF olEAMLoIE BT R JeEviets FUF

1

= A7 Zl'oﬂ-‘f GaAs 7%t foll GaAs T AlGaAs =tts BAA17171 #Ath

A2 Ful ﬂ?%l?”!ﬁ TMGa, TMAL, @l AsCl3 & 2Uste], olzi{t 3iHE=0)
193 nm & A Aroln] =jolz] Fof &) oA *E—ﬂﬁf-?}% ZAFSERR 11,
Deutsch, Donnelly, Collins [L1Z2] &9 #2l& 23te, LACVDE ST
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A 2 H HEEA HEYY

2.1 FZsh AEEA] B HAEEH

Alze] FEsh Rbag Z2ASHZ] AT A88219 siE & I™HL1 of vheph
At e AlFlZAete #HYedd $x7t 0.5-L5%k 7t HES de
4%k T gasE MR 1-10 Torr HHAS dHol F&EsH MdolA 7]
HHAM HAE] ZET S RSP, Excimer olX(Questek 2460) =FH
L2 193 mme UV gjolx F& Z2lEE ol &3ty s A& FHAIch
dlojx ZFE R AE]IZ7F 30 cm ! 25 o]-F3t FE3N AdollA  focussing
HEF st¥on, I Mo EzvE ZEFSTY IPgEo] dolx Fo
olaf 3 HYEAM 5F ¥xE APsHA Hrh.  olml ground state KL=z}
TRéotler oflux]of mieh W excited stateo] v FHAAE BEEHD,

N

excited stated U == J[AEE FH LT emissiong
photomultiplier tube”} #2FE 0.5 m monochromator(Spex Model 1870C) &
WA Z, photomultiplier tubeoliA ‘1l signal photon counterE AHA

personal computer® 2|3t F=3H spectrumS LTl

2 AYol A3 Egioly Z§(99.9995 7), EioiY ¢2u]E(99.9995
1) ZElz otz Al SEeto]=(99.999 %) & AlfaclM TsPgod, AZ
Azl 222 &7 F freeze and thaw & <abe] ¥rEsly A} L5U T
UF(99.999 1) $4(99.9999 V)& Fuiold AA W AP gasE
BAA 4 trapes AA A5zl F2aE 2370 HEFF EE gas Az

A2 3H3i T,

"}45"'
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diodo
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Lens

Beam Photolysis Cell /
Splitter ,
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Photon
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t
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Compuler
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2.2 LACVD &2 A|zF gl AHYH

ACVDAI Y-S 9% AYRAE 2% [2 o Lehd vl oo ¥R E
Deutsch, Donnelly, Collins(L12] ¢ HF2&E AR3dE ¥ L3 I Lol
gABt) AZBIATH WSEIE Aol 139 m, EOI7H 175 m @ WEW
o] Adlals A”E E oD, YRl MBI A 22 Substrate 9 2=
€ 500 °C 7z} 2" 4 U+ susceptor & 23} 3L, susceptore) FHo]
T LR 2HE + UAESF e
dH2-g7lolle  #olx Fo] substrate &f XU} FFLE ZF2 F3Io0F
FAY = YEF 2" Quartz disk window £ AHE3te port & Ay 799
gt S ellipsometry £ 25T & JEF HEY port & UEAL,
window depo-sition & €9 71 8] o]y Fo] FA3IT window o=
purging gas & EHE T UXF R0, F23F FH T O-ring seal &
AbESte] Hagt 3 g4A A2E £ UAEF Fch

RIss7l EUSIT

r‘}l

S A2+ diffusion pump ¢} rotary pump 2 IxE-5

Torr7kxl #2118 & UEE 3t¥ 2, diffusion pump & rotary pump Apojoll:=

AN AA trap & dust trap & HR3E /FF JIHE YAHOE FobE

Totvigl, rotary pump & BE3¥ & UEF HF o, rotary pump s 53

3t B 7| 7tE ol ERE FS58veE UWE £9l|7] ¥ rotary pump Tl

Chl FRE(YE Ar2) trap € HAsAch EY, AU dHAE A5}
A

otz M-l ZZe}lo]= bubbler £, ¥-3-87] FH CA BTN I =S g B

Sl ERE As = monitor ¥ 5 %= Arsine Detector(Bionics, TG-
4000TA) & MZX|3l As & TF3T U I3F= 5=7F 0.03 ppmﬂ- =33

%ol BEE 22T sich
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ol substrate & HZET Ao Fcth FEE €3 thA AEoE Ho

THA susceptor & = =HFULCT.

£2(99.9999 %) tank 2 ¥¥ 10 psi & UFELE Frvies £42E
molecular seive & XAAL traps =% A17] ths Mass Flow Controller
(MFC:MKS A& S AF dFET 2z TMGa, TMAL, = AsCls bubbler®
AR Peled 3

Bubbler& &% gas & ¥h&

oo

71 Wois7] Ao window purging inlet &
Tt F4aE EHFEAH VEEIHY §¥E& 2T ths bubblerg 3
3 gasE metering valve & 53t a2 wrE-8&7)o) TR, BHE-E7)

el ke 01l manometer & &A3A T}

Intensity 7} oi=F 0.2 J/cm® #®lo]A FE substrate ol %%%}Hl 5t

A Z1EB A deposition AH S 3,

¥ 1AdEollE, M0 59 Ao2s $503 248k 31oH, bubbler
T 4T 71M9 %2 metering valve € o0il manometer & &% 3PHA,
Z ool AT F2AY JEAH S HEFo), YoE gas YL £

23 $EL HRY Aol



A3 A3 AEZEI 3 22

salolg ZEL 193 e FL ows] & T4Yo] A Uch(Ill] &
AFMHE 0.1 Torrd 43 EzidEe ZEE Fodi vhdadd A £
oMix] 7+ 120-150 mi/pulse 1 193 mne) alold FL I3 AR, 2
gl o] A %L‘;’l Q] A}t &9 Aol A% depositiono] AMAEHA emissions
A% DAY £ Pk oietd, 4% =2 oY 2FL Y oA

Fog FEMNAA T HYgE JFHIHT AT T B E

3.1.2 E2lolY 2§D AT TY gase) BEH T

Ezlog ZEY 5571 0.3-1.0 7 7} HEF 43 ¥ gass B9
dojx FEs| W AZsAT. ¥l 4L 3-10 Torr EHNA

FASIEA T gas7t FFAHOE MAI] ZEEXSF FHAM Holx Fe
Lol FHAIZTE  HolH F& R2Z focussing A71x) #hE WS
A& emissiond ®HX| T & ey, =FHABZIZF0 cm 9 FM=E golA
%2 focussing ARG, ol ol ALprbes REozry 2 ey

emission< Rolto g% JUSTY £ QHC},

Z8lld4d = Elde] ZF5A 4 T gasE 193 mm 9 glolxy Foz

RS W Faol Aol wAStE emission  spectrume LERWG =,

dlolx B AEolMe Elod ZE 57 0.57 olad]l EY gasE
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AbEgt FA97t 27t L0 BE dECE BENEFE LT emissiond

g2]317]17F 1 [k

a8l5 ole EdE ZEY dUxE JIE2E EE o, dolx Fd
photon olUz]et ZE WA oyR|= L}EPLHC”‘:—EH (L14-17] Ez|oi¥
282 193 nmoll A single photono 2+ &3] £37F HA] gkony, €4
o} 2 ZF YxIZEES emission spectrumE X7 AMAM T AT
two-photono] WRETS & £ Yk "4 2 L5 oA Ee|vE Z§ol
FEN HBEA BAY =He IFF A7LHiY Z2EYAE0] single dio)A
@ﬁ(ZUns)%ﬂﬁl Mg =Hex|e gFet TI%LY oA emissiong WA e

QzpEo| B FET Z emission wavelengthollM vE-ZA] A=Hol uwbE
decay profiled ¥ 4% ZR4Gel Uk XF7tX] £¥FT =B AHA

A2 thEFY emissiono] #ojx HHio SulE FHul

=N
5oL} signalo] sty 23 9 data s ¥V AT =¥E 3kl Yo
3.1.3 EeloE ZEH 4 T gass JFE8 ¥H3

G Y gasolAet 2ol E|vE Zwe =271 0.3-0.5 %2 7t SHEH
428 T8 gasE V=9 133 mmoll M FE3 vEESE AlEsRTE & AR
=22 MOCVD wRdlAM E=dE Z'd &87AHE 471 AREE I e,
o] A FFEs] wh-gE o]-&%F depositiondl T +£42E FEIAHZ AFES

Aol Swe ool YevtE AESI AWML

L6 e EldiY Z2EH 4 T gasE2FEl 2o spectrumS
3

T gasE FE o7 spectrumz} Bl Z A

g W HHoE & oluzl Aeie]l ZF €WzTF Wol AR AE
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3.2.1 ¢+ EZiold ¥Fojw JF v

E2oE ¥FUEE 18 m X TS F FeEol IHA Ak (L8]
= 0.1 Torr2 2H+F 193 nm oA
Zevh,  EEEHE ZEolAer 2ol
ol #lolx YAl depositiono]l A 3HA

Z AARNE EFulys JAE FEH
Atk EZ|ME &FoEe TFox

4 sk emissions BXE 7 ¢
T Aot EZinfe 2y Erike 183 mm

Ta7t ASA dolde BEY
A 2

7boAA goldg e 4E TS vk 29 wWiE yu

4

=
gasE HE Jdol2 BES spectrume ‘iEpigiony, sl
AT ESY AUNE JIEeR SUT W LToE LAY o] e

L]'E]'LH ?\it']'- [L]_4, 15] }E}—%Oﬂ }-'1 E_E] U“ EE] %?—U] %-E—- dimer & %;{H {5-].[3%

dissociation <y z]7F 20.4 kcal/mol & <&l Qct. [L20] uhebA, 2=&LT

oAM 250 nm 2t B IHA 9 emissionS thEFo] ZEF emissionT YA
Stal Qlovt thE IAHF(C-H)Y +T U7 wiEol Bt F9F5 7188 yHE

HEBE #3350 emission sourceE FET £ QL 7o)},
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3.2.3 EC|v¥Y *dFulgd $4 ¥ gass FIH vk

Ezldg ZFEANME Zo] VD HollAHd 471 SR7AHE AFEElZ Q17
o, T TUESE FTH AZH BT &< STET A9l A=THE
A 8t7] A3t 4 EY gasEFH #lolA FES spectrume ¥ ZHILI
of vtetiict. ZZ®L9 ¢ JHL7 & viwse & wi, dolx JE
APolMes 4258 ¢

gasE ARETo] LS FTHE gasE  ARESie
BTECE FHOl Ue A2 AARHA| gt

ZF olzAolE  wubggel Wol ASHI:  YE  AYEL
ob=A(AsHs) Olx|TH, ol2AE Sio] ¢ Y Ewrohzt
Aol gas AEHOIZE QbH A& meistel Aold dHMoIEA  Z7]go]
22 otz MY TEelo|=E ot2 MY source Ago] FHS IS ZAbs})

gstol ofzHly Fzelol=e BEs AU SuWstgc).

OLEAE FEEOIEY F R #AZT dEFH 49 EY ogasE
Ab-gStgi ooy FEsHol 2Pt emission spectrum-g ZHLI0 2 [11 o zhzt
LIERUHACH oL EMY S 2210|229 F ol FL1 o viehd upet Fo] As-Cl
bond MW Z17} & ¥ ohviel, ZZ®L12 o vtepd o= My F2eloj= 9
Az}l FefollA F 4 U=o] two-photon ol &J3 7t YojrlT HAE =

OLEME Yzt Aluz|Zt A FESEE = AT emissionS WA PSS

+ itk IEvl, ZEsf Ao Hol W depositiono] AMAEE HALS
pul

ST = UAJT, ITHLI I L1 ol eFskrls BEx|gE ol2 el Yz}
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HL1. Physical Constants of TMGa, TMAl, As(Cls

M.P. B.P. Vapor Pressure M-R((C1l) Bond Density
(€ (€6 at 20 C(Torr) Energy(kcal/mol) at 20 C

TMGa -19 33.7 131.0 a9 1.0376
™AL U 130 3.4 06 0.732
AsCls -8.5 130.2 7 76.9 4.163

x AsHs -116.3  -55(d 300) 29

Al-Mes : Dissociation Energy=20.4kcal/mol



3.4 FEH v A

s

Ezivg ZE, ECidY ¢FoE, ¥ ot2AMY Z2ol=F 2z G
4 E3 gass o 193 e HojA FoZ2 FEM HHE =P IAC.
Ezlod ZEd EDME E&FuEd FFoAs =71 0.3-1.0 7 A=Y gas

g AHE3hE B dlolAd Z& 4t focussing ARE W AL ATNE L
ol ZEA 4Fuly WUXE vlZH GolstA A "é?% emission spectrum.s.i
e & £ AR, ot2AH FEEPIEY F o= ol2 A WAEREHY
emission & THErS] oFshA LEREIT ajolx ol s Hafsio} o=y
UALE BHPE ¢ & YPch  oebd, ol HUEL FEWM A ZF
o2 ALIol =L} YFuly ZF ol2AUCIE wbdd AEE e &yt
gasFoll olaie AWEY FEE A o2 0.5 7 oI5tz FRojol & AL
Atz Bt



A 43 LACVD A% 2 B4

Aol AFL%r B9 193 nm o ArF Excimer Laser(Questek Model 2460) & AHZ3}
Art. WIMAT Alfa Products MELZAM, 9.999 7 &9 TM6G & 9.9995 % ¢ =
o} TMA & bubbler BEHZE TYHNI, AsC1d & $219) HEAUNA 23 bubbler o
wrobA ARE-Eict,  Wafer + (100)Si, (111)Si & (100)2 © off(110) Silicon doped
n-type GaAs wafer & ©|-&3tdt}. GaAs wafer & Cleaning A3 B 1 3 3 Si

wafer = ASlbm A zhstol Al W SACH

E 1. n-type GaAs Cleaning 4% [L21]

Step Process

TCE/Bcetone/Methanol, 2t step 5%, TCE & 80°C & #EUrl.

D.I.Water & 2%7F rinse THC},

NN

2.
3. o H2S04 + 1 HZ202 + 1 H20 & (0 °C)oll 1-5F3F A ZA7ct,
D.

D.I.Water 2 2¥3 rinse 3t N2 blow & @3ich,

1 HC1 + 1 H20 -&3(0 °C) o 30x &<t

D.I.Water 2 57 rinse 3t32 N2 blow & Zgich,

lm

Methanol oll &R ct7t N2 blow 2 =gl F A14%3] loading THri.

- 66 -



AEO YaAFEE Gads T AlGa & &dlZ7t 10 1 of =S &, Stoichiometry &
d7] Y3t W8NS EPvlE =43t Ao|vk. A1 : 1 9 Stoichiometry &
AL Fols HAY TPHIE I 2JoM ZFAFIL 71 &%, BHSEY HAAUH,
glo) 4 9] Fluence B! repetition rate & RSt TZEAFALAQ 2AHZAL HHE3}:s

0] =S3oltt,

MAo] TPulE MFC ) 43} Needle valve T 0il manometer = ZAIch, 2
QW2 bubbler &) LEE TG = -6.5°C, TMG = 20°C, AsC13 = 20°C 2 U3
Al FXIEA ez AL SIi¢E P(TMG)= 48 Torr, P(AsC13)= 7.5 Torr, P(TMA)
= 8.4 Torr LB 3tck. H7|A P(AsCld) = HABAHAMA Y SHT grolx, P(TMG)
2 P(TMA) = a-catalog ol} A 451%1 Aoz AArslgch,  Bubbler o £4% Zeo|d
JFENEE 429 TREHA 72 24 ok, oln MFC ¢ —f% controller 2
ZHTo 24 bubbling B ZF /L9 E¥u|7F R, RBESHFE Fo{7H7] Ho
Z+ UEINLE HZ, AsCl3, TMG =AM E E=|B A needle valve =
Zt AL EUS SHTLEAN S TP E ALTE = JUA =
9] Bd])+ AES depth profile data 2% & B}l F&3 & 4 QUrch

Z 7 3} 31 manometer &

rl

P I8 AA g

FHHE glolx F2] fluence <& repetition rate 12|l %@’711-’1‘-9% FT o oju] Ay
Frab e FEN AEZAAE ol&¥cHl Hold FY "HIAT vzl 150 mJ,
10 Hz - 20 Hz, ZeE]Z T¥MNAY 3=+ 17 o3t 3tx, HA ¢=o] <+ torr
=7t FA stk 29 spot sizew 10 m X 3.5 mm o]2E fluence ¥ 430 nl/cnm’

7k "tk

ol Al FHo|M & & substratest B3t A QAIA]A ZF&-5) o 91?"{. HIeHE A AE

Tt SR Al AES 2 Zold wreE GdoilE oA, SEM ¥ FRAnB oz



4.1 AlGa =&t A4 AE

Al2E S AAT Fo AlFH 3 P EAE IHY Aoz AlGa W BF

NYS SustTh

R
T
L)
rir
o
(o
KU
HL
<
oft
gl
Be)
(i,

AeolAel ARAT AW DT S o] 4

Al, Ga & ¥Ah= AT Zs olFo IASs BLIA] I o o ZY¥S St

rk,
it
%
rdﬂ'
{ihd
Ac)

T8 L 13 (a) & 3ol F993 =0 HAET AES AES B 8§
2 P

Aul B Absar o] A

YoELE,  WRPsEH] Ga/Al = 3 Q) ZS alloy & £-82240] ek 260 °C o2& 7%
=5 200°C & AgZdT+= 100 °C ofl v)ste] otefel 2ol thE morphology &
&l AR 3100 vie] SEM o2 #33FF RAojry. ZI¥”(b) ol 1u 3719

oval =0} B3 pits o] =EA Elcl witoy (a)ols ovald) pits 0] AL RO

¥ AlGa % AYE 2719 LACVD Bu] ABNEOEAN Y Ao Albads &2l

NZAEE SE&Y Holrh
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T L13. Sybstrate:(100)Si, Ts=20°C, TMG=80 sccm, TMA=45, H;=100,
Laser:150mJ, 10Hz, Deposition time=5 min.,(a) AES ERETM,

(b) AES depth profile.
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100 T, (b) Ts=200"C.
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4.2 GaAs =22t AR A9

GaAs®tale] Stoichiometry €& 7] I /WL EPH|E FHIFEA A3H AY
< BIPF ot AlLHoo] uivldty MAAHJ HAHE stodl 4k AT 210 o
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2 AHolTh,
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AES PROFILE 07/95,89 SI1S02 VY/F
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27 L15. Substrate:(100)Si, Ts=20 C, TMG=80 sccm, TMA=45, H =100,
Laser:150mJ, 10Hz, Deposition time=5 min.,(a) AES BEEEH,
(b) AES depth profile.
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2% L7 ¥ 116 & $YUT AES EHUS 400 e FRVu|H o2 AL Ao
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) AlGaAs/GaBs QW % F2AH2] 7Rkl 74 & HE S CL

AZHA| 2 53] A1GaAS/GaAs A Quantum well & A %E& A+ GaAs X AlGaAs ¢
BRSEE 23 Aol gatd, M6 8 € 2 &2 0x 10 BEE EULLEH
BAREEE 5 A/sec %‘EE 2 ¥ & U¥e™ manifold &} dead space = 43} 31
Gas flow & &R/ E 4% 8t 15 A X9 Quantum Well AASolA PL FWHN &
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