W PR R PR 2008103113 FRPIE (1)

~
Part . X %48 2 5f SR e e
& =+ & & s (MBE, molecular beam epitaxy)
LEN 2 N BT R 3 --ARM
Part Il: =& #E 48 % ). kT H ---Photoluminescence
Part lll: £z L Epz f SH2 P EE R



«pﬁm"’

eg’ms
=
(a)
Moiten silicat,
L4 AlGaAs
GaAs
(b) AIGaAs _"

(a) Microcrystallites in glass

\)

Top down

Bottom up

(b)Quantum dots fabricated by lithographic techniques
(c) Self-organized quantum dots (d) Chemical synthesis




_ IAJ". IT

Epitaxial layer Wi
4_

Buffer layer ‘ i ‘ \

Fewdlvl ) S5-K

Frank-van der Merwe  \/glmer-Weber (VW) Stranski-Krastanow (SK)
= RER AR = RER i i AEE] = AR AR
(wetting layer, WL)

Self assembled (organized) quantum dots, SAQD.
uH,ny,ny, e)=Enu(n)+nEig+(H-ny-ny)E 4
E.(n)=§ dn{G+ A[O(1-n) + G(n-l) e R} Gciem oy,

E=9C e2— O pn + Eo[ -(2/X2)Inet?x + a/x + 5 (n,)/Ix¥?]
E. = Eisl(x%oo ) :gcgz_ CDAA

rip



(8

R, (1)
4 Rg T
= R
T3t °
)
1
c2[ FM
S
1 SKE
| VW '(b)
.00 0.05 0.10

€

U(Hnl n2 6)_ ml(n1)+n2 +(H nl nZ)Erlp

¢ |. Daruka and A.L. Barabasi, APL 72, 2102 (1998)



Energy Gap (eV)

Energy Gap vs Lattice Constant

GEIE LA Tl & N

'y

7/
4.2K
e AIN
MgS
GaN ZnO
- ® o
B éq@—n\
InN
- [ ]
I 1 I 1 ,V 1 1 1
7/
3.0 3.5 5.0 2.5 6.0 6.5

Lattice Constant (A)

7.0



YR B S A 7
EPI
Model 620
Molecular Beam Epitaxy System

Rev Date: 11/96

G E BRI 53 T R



\J
A

0000000000000 0 buffer

CCCCIIIICI )

"0 0O
OO CO
OLOX9,

CO OO

Pz Ly,

E

«——— strain

0000

QO
OO
COO00 O

O

shutter

@ I

0
N’V’.
molecular
source




nM nM
10 -
1560 8 -

10600

500

2} 500 1600 1560 nM

G B B Al (SCHR) PR #7910-305F  ARM



In situ scanning tunneling microscopy study of C-induced Ge quantum
dot formation on Si(100)

O. Leifeld et al., APL74, 994 (1999)



Dislocation-Free Stranski-Krastanow Growth of Ge on Si(100)

D. J. Eaglesham and M. Cerullo

PRL64, 1943 (1990)
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Self-organized CdSe quantum dots onto cleaved GaAs (110) originating
from Stranski—Krastanow growth mode

H.C. Ko et al., APL70, 3278 (1997)

A00 H00

oF S A R

(b}



Metalorganic vapor-phase epitaxial growth of vertically well-aligned
Zn0O nanorods

W. I. Park, D. H. Kim, S.-W. Jung, and Gyu-Chul Yi®
W

APLS0, 4232 (2002)
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Ref. D. Litvinov et al.
APL 81, 640 (2002)
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Ref. S.Lee et al., Phys. Rev. Lett. 81, 3479 (1998)
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Dot size vs. Time

Y (nm)
S, N | .-

L i L i i i i i L L L i A i i d

12

Hight (nm)
S

(o]
1 L

1 Day 1

0)]
1

T (days) | D (nm) | H (nm)

4 100.5 12.5
90.7 9.2
80.7 7.6
68.1 6.2

Day 3

Day 2

Day 4

T
70

80 90
Diameter (nm)

T
100




3x10"° -

dot intensity (cm™)

2x10"

T . : ' |
0 1 !

days (log scale)
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Mass transfer involves kinetic surface barrier for the atom detach from
the edge of island R, (t) ~ t1/3

Therefore, o (t) ~t?



AFM non-contact mode

Find the WL thickness, 2D to 3D growth transition.

Znse CdSe 2.5 MLs

CdSe 3.0 MLs CdSe 2.7 MLs
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The importance of size control

Two types of QDs.
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Effect of ZnSe partial capping on
the ripening dynamics of CdSe quantum dots
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Typical AFM images of CdSe QDs samples capped with ZnSe
layers of (a) 0, (b) 1, (c) 2, and (d) 3 ML. The temperature for
ZnSe capping was 260 C.
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Dependence of dot height on time. Curve A dashed dots expresses
H(t) = Hy+ Vo X 115,

Curve B dashed line represents the ripening of a QD which has a faster
ripening rate. }m Lai et al.

Curve C solid line describes ~ #t=Ho+ 1'{'— \2- ) /(APL ?O, 083226
2007
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