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Table 1, Specifical for the four QD samples used
in this study.
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Fig. 1. Surface AFM images (1x1 ym) of QD ensembles for a series of samples with different periods
of stacks, As the number of stacks increases, initially isolated QDs begins to spontaneously
align along a specific direction, and the alignment length gradually increases,
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Fig. 3. Surface AFM images (1x1 um) of QD ensembles for a series of samples grown at different
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the growth temperature, While adjacent QDs begin to be closely coupled below 520 °C, the aligned
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5§30 °CA5-P

———T———— 71—
L MBE InGaAs(x=0.5)-QD/GaAs
InGarersans - 7 3130030 mLs  1-300 eV (a)
Pz 15
T=200K
1146 eV |
o
S
[
=
=
v
c
L]
2
£
4 4
o
el
[
N
m _
£
s 1
= 0874 ev
InGaAs WL inGaAs QD TG=500 °C
1 1 1 1
0.6 0.8 1.0 1.2 1.4 1.6
Emission Energy (eV)
(a)
1.4 T T T T T
InGaAs(x=0.5)-QD/GaAs K
InGaAs/GaAs = 7.5/(30+30) MLs .
13F p=15 L 1
S T=300K
<
> 12f ]
2 R
5 11k g .
=
o 108 4
a
—
o 09k InGaAs Wis b
(b) |
08

510 520 530 540

Growth Temperature (°C)

(b)

Fig. 4. (a) Roomtemperature PL spectra and (b)
corresponding peak energies plotted as a
function of the substrate temperature,
The spectra show two separated peaks and
couple of distinguishing features, the red-
toblue shift of the QD peaks and the
quenching behavior of the WL peaks

490 500 550

Journal of the Korean Vacuum Society 15(1), 2006



T8 X7|ME InGaAs/GaAs 2AIE el delf 3 23

Aim
0x
2
4

A B

C D

Fig. 5. Surface AFM images of QD ensembles for four samples (A, B, C, D from the left), Each structure
is visualized by two kinds of images with different scales (5x5, 1x1 ym),

gk &ifolt), E3t LEPS] A4 9)e} 482 InGaAs
-WL& GaAs—CL Ato]9] Fwailef] o]g WL
FA el 9% A Z dehdEr)t, dwkdoeg 3
& A AFoM = QD o|THY AWM &
o)t 45 & (intermixing) HH7} S 3}
AL &3 #FH e ddolth. 2H=E AW 2
oA InGaAs QD®} WL % GaAs CL Afo]2] %
Ak o oJ3fe] e In fRAE ziE v g9
InGaAs FAH e A& sigel & 571

Fig. 5% Table 1o AAIZ 47] A]E(A, B, C,
D)o & 2%EF =9 W AFM ARA(5x5, 1x1
um)olt}, HFF7], CLY AARE, GIAZF Wl
wet vl Hdo] HH o gEeles & 4

83 W9l HolFe ZHijolth, =
g2 HzlEREGI] g oF
Al ZH(migration time)%= QDAL wlHe] g3t
Aghe S B Sl ok
UM =o0d A FFs s
AFM 2 #4d ARSEIYE AJRES
548 ZASIE T Fig, 62 A2(17 K)ol
PL % 2#Ego|3, Fig. 72 2179 A5
g PL ¥Z AUR|(L)e} oo dlg5 = §HA|
(full-width at half maximum, FWHM)(A}Z3
Vel afdoltd, BT AlZE 1,.24-1.31 Ve
U= HelolA] InGaAs—QDeA 7] Zgk PL

)
ot
£

HE
ot
ne o

o 44 = ro &

~—

g2 xgeelxl 15(1), 2006

InGaAs(x=0.5)-QD/GaAs 1
T(QD)=510°C .

T=17K ] |
I InGaAs QD

_ [ _
__ Sample D ﬁ ', i
Sample C

I 1 ]
[ Sample B fod 1

Sample A |

Normalized PL Intensity (a.u.)

0.6 0.8 1.0 1.2 1.4 1.6
Emission Energy (eV)

Fig. 6. The PL emission spectra taken at low tem—
perature (17 K). All the samples show
strong luminescence attributed to InGaAs

7 oe 22R9 ARE aDel Y PEste wA
glol Aol Mg WP EHE AR, Dl A
F471 Z7keluiPLe) FWHME ARE eujge

PL A2l AFM ARHOlA @A A =3 A

85



AAg HAsE Jeld AlE B CAloloa] AW
(52 meV) &ol #IEHHAT URkHoZ, 1D
FEol 71993 g3E H3 JUAE RS
nESH, A Wg= QD HHEEHE A
(thermal diffusion)®} ¥#HE FAtolth 121,
A& C¢ DAtole] PL A3 ERlo] HoFE A
A (16 meV)9} FWHM(3 meV)e] A& #3lE In

o] 9JR=zol gt Hoe GIAZY F7tE 1%
QD #7|9] ZaRYH 79" Il Ao et

AL InGaAs—QDZEF-H
WEo 2 HZAETH Fig,

R AlRCS FWHMS] F7h= In9
olF-gtel e AN FAN @ F o]
2NANE 2AR @ ], InGaAs QD 2] 1z}
=

79l

o)
AR

d ¥, F QDCE Hu} dH3HA wiEAI7I7] 9

M= QDY AALEET thd 2 %04 CL

2 Agelolol o AL AL F g FPY A

oz yzree

1.35 T T T T 150
InGaAs(x=0.5)-QD/GaAs

T@D)=510°C —

— T=17K >

i 1.30 g

2 5

€ 125 &
w B

- © T

o o

o 5]

1) s

o
-/ A s
(D) 15 /540°C 1 1208 w
1.15 L L L ! 50
A B C D
Sample Code

Fig., 7. A pair of curves for the peak energy
(circles) and the corresponding full-width
at half maximum (FWHM) (squares) plot—
ted in terms of sample code, An abrupt
blue shift in the PL peak energy is ob—
served between Samples B and C.

2
ofir
N
)
tllo

29A419) CL 478E o83

86

AE - i

sl oz 27| HslE InGaAs/Ga As
QDE Aztetict, WA, Jgzde HAHsE A8
of AZF7|9 ggerxs Wstd wE A7 E
QDS Fel 2 % 54& AFM @43} PLAFE
AL ol gste] BMsAT AF Frlo Zbel @

Hont, 520 °cel AA A
FeT ol e Esirt dojds #EESTH
Rz=27], cLe| AALLE GIAZE So] ME o&
47) Mgl gigk A4 Azpe, AEF010 b
5 vy ¥ F7hka cLE ALt

ZFQtt, wme GI A|ZHE 1D QDCY Ao 8
TE AL dee & Uen, CLe ud
7

AATA L InGaAs QD HPZOE InS

e a9,

==Y

PL A7} A9 7F Lo
ZAle 2

2 dye Al AR FAHE =7
AFAF4 (FFETHEATY) AFF(M1-0104-
00-0127)9] Aoz L= om, JAFu] =L
A =5 Ut

[1] P. M, Petroff, A, Lorke, and A, Imanoglu,
Phys., Today 54, 46 (2001),

M. Kuntz, G, Fiol, D,
Bimberg, M, G. Thompson, K, T, Tan, C,

(2]

M. Laemmlin,

Marinelli, R, V, Penty, I, H, White, V,
M. Ustinov, A, E. Zhukov, Yu, M,
Shernyakov, and A, R, Kovsh, Appl,

Phys, Lett, 85, 843 (2004).

I. R. Sellers, H, Y, Liu, K, M, Groom, D,
T. Childs, D, Robbins, T. J. Badcock, M.
Hopkinson, D, J, Mowbray, and M, S,
Skolnick, Electron, Lett, 40, 1412 (2004).
J. Jiang, K, Mi, S, Tsao, W, Zhang, H,
Lim, T, O'Sullivan, T, Sills, M, Razeghi,
G. J. Brown, and M, Z, Tidrow, Appl,
Phys, Lett, 84, 2232 (2004).

E. -T. Kim, A, Madhukar, Z, Ye, and C,
Campbell, Appl. Phys. Lett., 84, 3277

[3]

(4]

(5]

’

Journal of the Korean Vacuum Society 15(1), 2006



T8 X7|HE InGaAs/GaAs 2FAtE e sef 2

(2004),

[6] Z. Yuan, B, E. Kardynal, R, M, Stevenson,

A, J, Shields, C, J, Lobo, K, Cooper, N, S,
Beattie, D, A, Ritchie, and M. Pepper,
Science 295, 102 (2002).

M. Jung, K, Hirakawa, Y, Kawaguchi, S,
Komiyama, S, Ishida, and Y, Arakawa,
Appl, Phys, Lett, 86, 033106 (2005).

M, Sugawara, N, Hatori, T. Akiyama, Y.
Nakata, and H, Ishikawa, Jpn, J, Appl,
Phys, 40, L488 (2001),

H, Nakamura, S, Nishikawa, S, Kohmoto,
K. Kanamoto, and K, Asakawa, J, Appl,
Phys, 91, 922 (2002),

Y. Nakamura, N, Ikeda, S, Ohkouchi, Y,
Sugimoto, H, Nakamura, and K, Asakawa,
Jpn. J. Appl. Phys, 43, L362 (2004).

N. Koguchi, J, Korean Phys, Soc, 45,
S650 (2004),

J. S. Kim, M, Kawabe, and N, Koguchi,
J. Cryst, Growth 262, 265 (2004),

H. J. Kim, Y, J Park, Y M, Park, E K,
Kim, and T. W, Kim, Appl. Phys, Lett,
78, 3253 (2001),

K. Yamaguchi, K, Kawaguchi, and T.
Kanto, Jpn, J. Appl, Phys, 41, 1L996 (2002).
Z: M, Wang, K, Holmes, Yu, I. Mazur,
and G, J, Salamo, Appl. Phys, Lett, 84,
1931 (2004).

=T3P A 15(1), 2006

s
oK
Afm
0x
8%
4

[16] Zh, M, Wang, H. Churchill, C. E. George,

and G, J, Salamo, J, Appl. Phys. 96,
6908 (2004),

T. Mano, R, Noetzel, G, J, Hamhuis, T,
J. Eijkemans, and J, H, Wolter, J. Appl,
Phys. 95, 109 (2004),

M, A. Migliorato, L, R, Wilson, D, J,
Mowbray, M, S, Skolnick, M, Al-Khafaji,
A, M, Cullis, and M, Hopkinson, J, Appl,
Phys, 90, 6374 (2001),

H, Lee, J. A, Johnson, M, Y. He, J. S,
Speck, and P, M, Petroff, Appl. Phys,
Lett, 78, 105 (2001),

G. Springholz, V., Holy, M. Pinczolits,
and G. Bauer, Science 282, 734 (1998).

J. O, Kim, S, J. Lee, S. K, Noh, Y, H,
, S, M, Choi and J, W, Choe dJ.
Korean Phys, Soc, 47, 94 (2005),

J. O, Kim, S, J, Lee, S, K, Noh, Y, H,
Ryu, S. M, Choi and J, W, Choe , J,
Korean Phys, Soc. 47, 838 (2005),

S. J. Lee, S, K, Noh, J, W, Choe, and E,
K, Kim, J, Cryst. Growth 267, 405
(2004),

S. J. Lee, J. O, Kim, Y, G, Kim, S, K,
Noh, Y. H, Ryu, S. M, Choi, and J, W,
Choe, J, Korean Phys, Soc. 46, 1396
(2005),

s

Ryu

[25] S. Adachi, J. Appl. Phys, 53, 8775 (1982),

87



<<Research Paper>> Journal of the Korean Vacuum Society Vol.15 No.1, January 2006, pp.81~88

Morphological and Photoluminescence Characteristics of
Laterally Self-aligned InGaAs/GaAs Quantum-dot Structures
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Laterally self—aligned InGaAs/GaAs quantum-—dots (QDs) have been
fabricated by using a multilayer stacking technique, For the growth
optimization, we vary the number of stacks and the growth temper—
ature in the ranges of 1-15 periods and 500-540 °C. respectively,
Atomic force microscope (AFM) images and photoluminescence (PL)
spectra reveal that the lateral alignment of QDs is enhanced in ex—
tended length by an increased stack period, but severely degrades into
film—like wires above a critical growth temperature, The morphological
and the photoluminescence characteristics of laterally self—aligned
InGaAs @Ds have been analyzed through mutual comparisons among
four samples with different parameters, An anisotropic arrangement
develops with increasing number of stacks, and high—temperature cap—
ping allows isolated QDs to be spontaneously organized into a one—di—
mensionally aligned chain—like shape over a few um, Moreover, the
migration time allowed by growth interruption plays an additional im—
portant role in the chain arrangement of QDs, The QD chains capped
at high temperature exhibit blue shifts in the emission energy, which
may be attributed to a slight outdiffusion of In from the InGaAs QDs,
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