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Abstract

Hydrogen plasma-assisted epitaxial(PAE) growth of GaAs/Si and GaAs/Ge/Si with Ge buffer
layer has been investigated. By means of photoluminescence, Nomarski microscopy, and a-step, it
could be known that GaAs on Si with Ge buffer layer has better crystalline quality than GaAs on
Si without Ge buffer layer. The stoichiometry of GaAs layer on Si was confirmed by the depth
profile of Auger electron spectroscope (AES). Also the native oxide (SiO;) layer on Si substrate
was plasma-etched and the removal of the oxide layer was confirmed by AES. Photoluminescence
peak wavelength of GaAs/Ge/Si with Ge buffer of Jum thickness and GaAs growth rate of
160 A/min was 8700 A and FWHM was 12 A
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Fig. 1. Schematic diagram of PAE apparatus.
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Table 1. Ge and GaAs growth conditions of PAE.

H, pressure 10~30 mTorr
RFE power 10~30W
Substrate temperature 450C
Ge 1140~1200C
Source -
Ga 960~ 1020°C
temperature
As 350~410C
Ge 40~200 A /min
Growth rate -
GaAs 20~250 A /min

a2

o]

15

Yo

oX

ol

nfo

rle
k4o

o
step % Nomarski A2l ez zAbabadch ®
220 o] 23 Si 7|E o] AAE GaAsH AL
i Aka:hi DS-130C SEM 3 Nomarski ¥ ®]
BAahdch. GaAsuol fL/tkidhiy ez 4%
£7}2 AES depth profile® 4] 2topy ko ui 4
Aol wE GaAsA Aol AelE PLE ZAbalgich

b

oX M od (“?
B3R o ke e ]y &

28 2+ As source 55 390CE ASL Ga

source %5 980~1010C &

Z
w4 ZA74e0 GaAsel 4AES vEhl Zolet

.8 32 Ga source +~55 1000C & &S As
source +% % 375~420C 2 Z-7F 15C A4 ¥ 5}A] 7
WA AL A4S bl Aoleh F 2

ol 4 Gaol 2=7h F7hgkel wep A3e2 AE
Hog Frsld oyt As 259 Zrlel whE 2719
Habe AL PEe ¢ 4 ek &, GaAs AA]
Adue] g T2 Gaol 2xol o Ese
ol o o ol
BA T

As?] EEZF 7ol A o &l
. AEE} 45008
450C ©|&} ojz2 Asute] F3
4l (reevaporation) W] F-oll B-7}%5-3lch 24| sFatek
B4 GaAsthe 718iaiAe #9177k Asshe) A
3 $xstolol Gk,

w4 e REEOEES GaAs/Si®l AES depth

profile® R Zolth AHe 7zt mashaH
4OW, T4 KRB 50mTorrol A (a)+ —Ev—, (b}
307 Eebzel A4S e A g-olth A zle] F7b

EE

(382)

%28 % AW % 5 %

180

160

GROWTH  RATE (A/min)

30—

-

N

Q
T

©
Q
|

-]
o
T

As : 390°C
Hz: 10 mTorr
RF power : 10 W [ )

/

/

i 1 1 ]

980 990 1000 1010

Ga SOURCE TEMPERATURE (°C)

32l 2. Ga source %ol tig GaAs 2+e] Al 2§
Fig. 2. GaAs growth rates for Ga source

temperatures.
180 o
Ga : 1000°C
Ha : 10 mTorr

180

°

GROWTH  RATE (A/min}

-
»n
o

90

L4
=]

30

RF power : 10 W

1 1 1 1

376 390 405 420
As SOURCE TEMPERATURE (°C)

32l 3. As source &%of 3t GaAs ®
Fig. 3. GaAs growth rates for As source

temperatures.

ol ubz} Aol 2] e] zpedAlzlute] v Fol
w3l 28 4(a)= Gadl As &
(b= 1010C % 380CE A

% o 4 gleh
Z+7k 1010°C ¢+ 340C,

L& el

(<]

>t 10%7} &

el 43

ko o>

a9 79, Ga YAbEo] As Bt
ZA 5w el s A9 (LsiEk



PAEWol ¢/ GaAs/Ge/Si ¥WfEH

Ak Ak WETE 2 45
S YT GO S T VN VU TR SN SO TS TN U S U ¢ -
1001 . = @20k ——
4 4 Ga:1010°C 5 E E
] r S sk
80:1 As : 340°C a2 [ 5()50:
£ 60 : W (c) 83 £
* 60 - =
o 7 r 5 (M8 E P N
: r = E
< 40] g ad: e i
] E 500
] ] E
20] s nasf — .
j L 0 100 200
0 et 2 f.rfz SCAN DISTANCE (um)
o] 3 6 9
SPUTTER TIME, MIN. . ) .
a8l5. AAg, aFabde wl slske] ol ubet
(2 A48l GaAs/Siel Hniae
Fig. 5. GaAs/Si surface profiles as a function of
100 growth rate, RF power and substrate.
8 Ga : 1010°C siz
0 As : 380°C
=60
(s} _cal
< 40 As1
20

Si2

ST

0 T BRI ﬁ? T T T T T
0 5 10 160 170 180
SPUTTER TIME, MIN.
(b}
2l 4. AES depth profiles: 253} 8 40W, 4

29719t s0mTorrol 4 (a) 5%
(b) 30-&7F Febael 47k 4

Fig. 4. AES depth profiles:RF power 40W, H,
partial pressure.50m torr for
(a)

b) 30min plasma etching.

5 min,

*A t:}/
off uba} ¥ AfifL UK
i (v ik (homoepita-
L]-I:}-‘/H 7ol ch At

dASUL-’]

A_JE

%
xy)il (;a.AsO]
—q—o] 7-7],6L*_E. o]i

/1 27 el e

e

30W,

223 PL spectra®]® 7+ 4]

l chebadoh eI
OH A 3] 2 (peak) 7} vhEF
% FWHM (full width half
kb, celan ghadel A4 Ga-
Ih4 (8700 A) ek b2

A

L O

v, dur
max1mum) °] w1 A heb sk

Ase] o)zl 7ol diidshi=

(383)

PHOTOLUMINESCENCE INTENSITY (A.U)

| Il 1 |

6800 7000 7200 7400
WAVELENGTH(A)
a%6. FaRSA wEabaE o gl
W2 GaAs9 A2 PL spectra
Fig. 6. Room temperaturc photoluminescence spectra
of GaAs/Si as a function of H, partial
pressure, RF power and growth rate.
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Table 2. GaAs growth conditions of fig. 6.
[ § .
Growth rate RF power H, pressure
(A /min) (W) (mTorr)
(a) 30 10 30
(b) 50 30 10
(¢c) 50 10 10
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