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Abstract

Institute of Lighting and Energy PhotonicsNational Chiao Tung University
student : Kai-Wei Wang Advisors : Dr.Chien-chung Lin ~ Dr.Shih-Yen Lin

In this thesis, the surface morphologies and optical characteristics of
type-1l GaSb quantum-ring (QR) structures and its optical device
applications are investigated. By changing Sb/background As flux ratios
during the post-growth Sb soaking procedure, either fully quantum-dot
(QD) or QR morphologies can be obtained. The intense luminescence of
GaSh QR structures is-observed due to the increasing electron-hole wave
function overlapping and more surrounding electron shells over the QRs.
To further improve the luminescence intensities of the type-1l1 QRs,
coupled QRs separated by thin"GaAs spacer layers are proposed. With 5
nm GaAs spacer layers, both stronger photoluminescence (PL) intensity
and larger PL blue shift are observed, which are attributed to the larger
number of electrons accumulated in the thin GaAs spacer layer resulted
from improved electron confinement. With further reducing the GaAs
spacer layer to 2 nm, the PL intensity of the sample is even more intense
than a single-period type-l1 InAs QDs. The demonstration of intense
luminescence of the type-Il coupled-QR structure is advantageous for

their application in optical devices with the unique characteristics.
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%1 A-B-C-D-E#)&si

Samples A B C D E
120 sec. soaking (Sb Flux: 107 torr) 8.6 8.6 8.6 1.5 1.5
Sb/background As ratios 5.06 3.44 2.15 0.68 0.2
GaSb QD 3.0 ML
Barrier layer 50 nm undoped GaAs
120 sec. soaking (Sb Flux: 10" torr) 8.6 8.6 8.6 15 15
Sb/background As ratios 5.06 3.44 2.15 0.68 0.2
GaSb QD 3.0 ML
Buffer layer 200 nm undoped GaAs
Substrate 350 pm GaAs S-I substrate (100)
#2 F -G -HESEH
Samples F G
Soaking time 60 sec. 90 sec. 120 sec.
GaSb QD 3.0 ML
Barrier layer 50 nm undoped GaAs
Soaking time 60 sec. 90 sec. 120 sec.
GaSb QD 3.0 ML
Buffer layer 200 nm undoped GaAs
Substrate 350 pm GaAs S-1 substrate (100)
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2000 nm GaAs
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350 pm N-GaAs Substrate (100)

(@)

(b)

B 3-1PIN 4 it 43 3 % LED (a)~ & %48 (b)FALH
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Positive photo-resist

300 nm p-doped GaAs

200 nm GaAs

ODOQR structure

200 nm GaAs

300 mm n-doped GaAs

350 pm N-GaAs Substrate (100)

Mesa etching

300 nm p-doped GaAs

200 nm GaAs

QIDVOQR structure

200 nm GaAs -_

300 nm n-doped GaAs

350 pm N-GaAs Substrate (100)

Metal lift-off and thermal annealing

300 nm p-doped GaAs
200 nm GaAs
QDVOR structure
200 nm GaAs -_
300 nm n-doped GaAs
350 pm N-GaAs Substrate (100)

Metal lift-off and thermal annealing
@B 3-2 PIN LED ~ i 4] i 42 &

41

Metal

300 nm p-doped GaAs

200 nm GaAs

QDVOR structure

200 nm GaAs

300 nm n-doped GaAs

350 pm N-GaAs Substrate (100)

Metal Evaporation (Au/AuGe)

30 nm p-doped GaAs
200 nm GaAs

QIVOQR structure

200 nm GaAs

300 nm n-doped GaAs

350 pm N-GaAs Substrate (100)

Metal Evaporation (Au/Zn/Au)
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23 H&EM N O i

Sample M N O
GaSb QRs 3.0 ML 3.0 ML
Barrier layer 40 nm GaAs 45 nm GaAs 48 nm GaAs
GaSb QRs 3.0 ML 3.0 ML
Spacer layer 10 nm GaAs 5 nm GaAs 2 nm GaAs
GaSb QRs 3.0 ML 3.0 ML 3.0 ML

Buffer layer

200 nm undoped GaAs

Substrate

350 pm GaAs S-1 substrate (001)
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