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ABSTRACT

Thin epilayer structures of GaAs/AlAs/InGaAs, grown by Molecular Beam Epitaxy,
were investigated by high resolution transmission electron microscopy. Image in the [110]
zone axis was taken and compared with the calculated images. The supercell structure
which contains GaAs, AlAs and InGaAs layers was designed and was employed in the
image calg:ulation with MacTempas computer program. Good agreement was shown
between experimental image and a set of calculated images with varying defocus and

sample thickness.
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AP BHTZRE oFEE FE¥T d¥E ek
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(beam equivalent pressure)7} 20¢] H X% 3o 0.5
pm FAL ¥HES YA 95 100 nme] GaAs F
S AAANZHY. 2 984, 2 MLs (inonolayers) 2}
AlAs % AAA7 ¥, 1.5, 7, 11.5, 181 20nm
FA9 InGai-xAs(x=0.14)3& 77 AFA 7L A
o]Ale)®] GaAs barrier & 100 nm# 530°CellA A
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e A (cel) S 7] 98 B 15 22 dAA 9
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Table 1. Parameters of atoms in the supercell.

ARER 22 A Debye- Occupa.ti.on
X y z Waller 2l A} Probability
1) Ga | 0.00 | 0.00 |0.00 0.7680 1.0
2) Ga | 0.50 | 0.00 | 0,125 0.7680 1.0
3) Ga | 0.00 | 0.50 |0.125 0.7680 1.0
4) Ga | 0.50 | 0.50 [0.00 0.7680 1.0
5) Ga | 0.00 [ 0.00 |0.75 0.7680 0.86
6) Ga | 0.50 | 0.00 |0.875 0.7680 0.86
7) Ga | 0.00 | 0.50 | 0.875 0.7680 0.86
8) Ga | 0.50 | 0.50 |0.75 0.7680 0.86
9) Ga | 0.00 | 0.00 |0.25 0.7680 1.00
10) Ga | 0.50 | 0.00 |0.375 0.7680 1.00
11) Ga | 0.50 | 0.50 [0.25 0.7680 1.0
12) Ga | 0.00 | 0.50 | 0.375 0.7680 1.0
13) Al 0.00 | 0.00 | 0,50 0.690 1.0
14) Al 0.50 | 0.00 | 0,625 0. 690 1.0
15) Al | 0.00 | 0.50 |0.625 0.690 1.0
16) Al | 0.50 { 0.50 |0.50 0.690 1.0
17) As | 0.25 | 0.25 | 0.06250| 0.7875 1.0
18) As | 0.75 | 0.25 | 0.1875 | 0.7875 1.0
19) As | 0.75 | 0.75 | 0.0625 | 0.7875 1.0
20) As | 0.25 | 0.25 {0.3125 | 0.7875 1.0
21) As | 0.75 | 0.25 | 0.4375 | 0.7875 1.0
22) As | 0.25 | 0.75 | 0.1875 | 0.7875 1.0
23) As | 0.25 | 0.75 | 0.4375 | 0.7875 1.0
24) As | 0.75 | 0.75 | 0,3125 | 0.7875 1.0
25) As | 0.25 | 0.25 | 0.5625 | 0.7875 1.0
26) As | 0.75 | 0.25 | 0.6875 | 0.7875 1,0
27) As | 0.75 | 0.75 | 0.5625 | 0.7875 1.0
28) As | 0.25 | 0.75 | 0.6875 | 0.7875 1.0
29) As | 0.25 | 0.25 [0.8125 | 0.7875 1.0
30) As | 0.75 | 0.25 [0.9375 | 0.7875 1.0
31) As | 0.75 | 0.75 {0.8125 | 0.7875 1.0
32) As | 0.25 | 0.75 | 0.9375 | 0.7875 1.0
33) In 0.00 | 0.00 |0.75 0.5074 0.14
34) In 0.50 | 0.00 |0.875 0.5074 0.14
35) In 0.00 | 0.50 |0.875 0.5074 0.14
36) In 0.50 [ 0.50 [0,75 0.5074 0.14
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oAej7bA] FALl dxAe] st HARALE o]w]xE
vepdeh, gxAe] —300l4 —35nmoZ, A& F
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t W] & e Holvl, 24nm o|AeN ZEgA
E A7} ARAY GaAsél InGaAs 39| o]r|A: B2
vhebdeh miebd o] Wele 22 ZelMe HI3H o
A3t wjA o] A o] R A gkt

a% 6a)st b)ye @2Azte] —409)A4 —45 nmejx
A& FA7E 2614 30 nm7kA| &) HARAE o]n|AlE
vehdoh, AZFA7 2004 6 nm7AlE AlEY ol
Ao B HER A 22 ZEGAEY S B
&g, FA7F 84 15 nmof M o] #r)7h ukA
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Fig. 1.
Fig. 2.
Fig. 3.

Fig. 4.

Fig. 5.

Fig. 6.

FIGURE LEGENDS

Schematic diagram of supercell structure projected in [100] direction.

Cross-sectional TEM micrograph of GaAs/AlAs/InGaAs layers grown on (001)GaAs.
High-resolution TEM image of GaAs/AlAs/InGaAs layer with {110] zone axis, showing the
AlAs layer in brighter contrast.

High-resolution TEM image of GaAs/InGaAs layer with [110] zone axis, illustrating the slightly
darker area of InGaAs layer.

Computer simulation images of GaAs/AlAs/InGaAs layers with [110] zone axis.

Defocus values are ranged from -~30nm to —35nm and the thicknesses of sample are a) from 2
nm to 10nm; b) from 20nm to 28 nm.

Computer simulation images of GaAs/AlAs/InGaAs layers with [110] zone axis.

Defocus values are ranged from —40nm to —45nm and the thicknesses of sample are a) from 2
nm to 10nm; b) from 10nm to 30 nm
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Fig. 2.



Lee H] et al. : HRTEM Images in GaAs/AlAs/InGaAs Epilayers 485

7 P N S A AN B TP 0
SR w__x_uil «tv‘t“p * b ,,.,‘* ,*. }i"”.ﬁ&!‘
In«:»y ¥y *, “i’r"a * ¥

OO0
VLR, EEF AP oy
3 Fraat .
s

; R vy .
LSRR ' "‘ whi”‘ r’ vfm;r‘i‘I 5‘ d
-xnp@“ re

au.p o L S
¥ 4 .«n, o Wty ,“ P‘
v / ¥ ¥
.,// f‘ ',“‘*"' f"f’l »"v’ 'Ar:’f{""”“ﬂ J

e GaAs
£ ,;/

2 *«»/ ppilie
¥ ¥
14 *A;b ;’;‘«“. “W'r o
¥ ¥ aﬁlttlc “ ¥ .
LI 7 ) :?I w’li))'*‘_‘ A g ek ¥ R “‘.'I‘IA‘A’. T 8
B ¢ itl'l\vt’ \~ pv«r;wv*: £ 3
.rf&xaif& »pmu“!f O

RN -
};tt«»‘

i“
Few v ey j”f}f}‘"}“
;}I’r* ”.“ - & - 'i 'uar i v;'rt j
v W - . + E (.1 * * » - ) }‘
//f”"""?“ : R A R ‘{n""*‘?’ : r'":‘: ;:fﬁ /:i;:

'f *{’

Ly ey - Ceve i e A D00y £
¥ e ~\l,;¢/ ForErEEY SIS TR LR I A “-z:;ta*l

LI B
/p'. . . ¢ TR LR _‘f@/l:’ttﬁ
/f’ A GaAs 7 g e A ) S nm)
: ]

‘. .
. AP PO . e o N
o 3 AR SR oo
A v A . S e .
l‘vl N + a A* «l“‘.n B ..v 1‘A‘ i R » .
L VoS L o A C e .
. . . S AN W .
. o T . R L . wa L -
‘ OO0 n‘f g &n~“w ;u‘v‘:‘:":l A e T ACH IR IR S R
nhqm ‘\1\ “-wﬁn.\, K . . Loy R WML
%b ;\ %‘tntysaa ot : : o o
l&..u. “L\ ‘a Vi :

AT -..,

\\a‘ InGaAs Q“ 3
:,\ :w\

y
,,‘_Q: .g‘,n‘.‘ 5
UM "\‘

e

T

ARV x

x.\



Korean J. Electron Microscopy Vol. 26, No. 4, 1996

486

8¢

(g

4

wu ‘ssauwydIy |

9 V¢

T4

14

0

¢

GE-

145

wu
‘SN20Jo(]

ce-

LE-

0€-

's 31y

0

wu

[

(

SSOUNOIY |

14

e

¢

GE-

le

€e-

wiu ‘sndoya(]

cE-

1€~

0e-



487

HRTEM Images in GaAs/AlAs/InGaAs Epilayers
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