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Abstract

Abstract

Quantum dots (QDs), with zero-dimensional electronic properties, have
stimulated great interest due to their important roles in fundamental physical
research and for developing novel devices. In recent years, it has been one of
frontier topics of materials science to study the characterization of
self-organized quantum dots and device applications. GaAs-based In(Ga)As
self-organized QDs have become another promising gain material for optical
fibre communication other than InP-based semiconductor lasers due to relatively
inexpensive cost and maturity of fabrication on devices. In this thesis, high
quality GaAs-based InAs self-organized QDs were grown by molecular-beam
epitaxy (MBE). The QDs were systematically researched by atomic force
microscopy (AFM), scanning electric microscopy (SEM), temperature
-dependent and time resolved-photoluminescence (TDPL and TRPL). Results
are summarized as follows:

1. The influences of a thin Ing;GagoAs layer(5 nm) grown on GaAs(100)
substrate before deposited InAs QDs were experimentally investigated. It is
shown that Ing;GagoAs strained layer could release the strain between wetting
layer (WL) and QDs, and then significantly increased the density of QDs. When
the InAs layer was thinner, the QDs are chained and strong coupled with
adjacent dots. The photoluminescence peaks of InAs QDs with
Ing1Gag oAs(emitting at above 1.3um.) show much red shift compared with the
QDs directly deposited on GaAs matrix.

2. Firstly, the relations between the density and size of QDs and their PL
lifetimes have been studied. The results showed that the PL life was insensitive

to the temperature below 50 K, and then increases with the temperature until a
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Abstract

critical temperature T, after the Tc, finally decreases with the temperature. We
consider the radiative recombination lifetime at low temperature is originated
from the intrinsic factor that the oscillator strength of electron and hole in the
QDs and the larger oscillator strength results in the smaller lifetime. But the
wave function overlap of inter-dots may reduce the oscillator strength of
intra-dots, which lengthen the lifetime. It is also the ultimate reason that PL
lifetimes increase with the size of QDs for the low QDs density, while the PL
lifetimes decrease with the size for high QDs density. The main reason for the
PL lifetime increasing with temperature is that more carriers migrate to the QDs
from barriers and WL (Wetting layer). Thermal emission and the non-rediative
recombination reduce the PL lifetime above Tc.

3. The effects of InGaAs/InAlAs cap layers to the stable and dynamic
optical characteristics of GaAs-based InAs QDs with multi-layer structures were
systematically studied by the temperature-dependent and the time-resolved PL
spectra. The uniformity of the dots may be improved for self-align effects after
multi-growth, which resulted in the diminution of PL emission full width at half
maximum and benefited to the thermal stabilization of the PL properties. Longer
and narrower emission were obtained from multiplayer InAs QDs with InGaAs
cap-layer which was probably due to reducing carriers migration among
different QDs. We found that InGaAs/InAlAs combined cap layer could
effectively release the strain in the QDs and suppress the segregation of In
component, which made the QDs emitting at even longer wavelength(1337 nm
at room temperature). At the same time, PL efficiency was enhanced for the
higher potential barrier of InAlAs layer than that of InGaAs layer. The results

are useful for application of QDs devices.
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4. The InAs QDs grown in an InGaAs/GaAs quantum well(DWELL) could
combined both the effects of InGaAs buffer layer and cap layer and even
effectively release the stress between the buffer layer and the QDs, which may
greatly improve the QDs qulity. The DWELL samples could be detected strong
signal at room temperature. Comparing with QDs grown on InGaAs or GaAs
matrix, the PL of DWLL which was emitted at 1318 nm at room temperature,
was much longer than the other two types of structures.

5. By depositing GaAs/InAs short period superlattices (SLs), 1.48um
emission is obtained at room temperature. Temperature dependent PL
measurements show that the PL intensity of the emission is very steady. It
decreases only to half as temperature increasing from 15K to room temperature,
while at the same time, the intensity of the other emission deceases by a factor
of 5 orders of magnitude. We attribute these two emissions to large-size QDs
and short period superlattices (SLs) respectively. Large-size QDs are easier to
capture and confine carriers, which benefits the lifetime of PL, and therefore
makes the emission intensity insensitive to temperature.

Keywords: InAs self-organized quantum dots; carriers; photoluminescence

spectra; lifetime

VI



Hx
BB D 1
§ 1.1 {RLERESRBIRHBEIR oo 1
§1.2 HBARGUEIETFAS rvrrrrrrrorrsssssssssssssssssssssiosss e 2
§$1.3 BFAEBITEREL -+ ovvereererrrereetiess st 5
§1.4 HETSHRRERBIE oo 8
§1.5 ZNSCHILALALER . ooovvrreerresessisss i 11
$1.6 A EEGIFEBEAIE o, 12
BEFENTHR v 13
EoE S TFRMEEREARERIEBIARE oo 24
§2.1 FFRIPEEFLAR (MBE) «ovvvrrvvrinennin, 24
§ 2.2 FABIREFBIEE ovvrr e 26
§ 2.3 SEIEIUER vvvvrrorererrerere e 28
BB NTHR - wvveveeeeeeeee e 33
E=B I InGaAs MR EAE K InAs BF v 34
§ 3.1 FFBTI R oot 34
§3.2 HRFEEFRHIIBMWEREERYFHwH 35
$3.2. 1 HMFIRITEBTFEMM o 35

§3.2.2 EFAARNERFIBIRE 36

{-l‘;i



§3.3 FEMBIBR 42
§3.4 LIEEBREFIE i 43
§3.4.1 TSR v 43
§3.4.2 flKiR PL 3o 44
§3.4.3 T8 PL . oo 46
§3.3.4 BHEISHE oo 51
§3.5 AT /PEE 62
B NLER e 64
ENE ZREHE InAs BFRBIRBARRR o 69
S 4.1 G B e 69

§ 4.2 InAs/GaAs F1 InAs/InAsGa/GaAs % B &R B A&

R AR /. 7 ¥ Y O O PP 70
§$4.9. 1 BERGEMIEEIE oo, 70
§4.2.2 GEREFHR 70
§4.2.3 ZEFE /NG oo, 78

§4.3 InGaAs/InAlAs BEEZ=IEEX InAs EF R AFMHRI
O e 79
§ 4. 3.1 BIE e 79
§4.3.2 BEEEMI oo, 81
$§4.3.3 HBREIHL 81

§4.3.4 ARFHT/NGE 88



H %

§4.4 £ InGaAs/GaAs EFMHPEKEF S

CDWELL) vvrerrerrrrenmnnmtn ettt ettt et 89

S 4. 4. 1 BIE oottt e 89
$4.4.2 HREM- 90

§$4. 4.3 PL ETUEE v oreeerieie ettt 92
§4.4.4 RFIEE oo 102
§4.5 ARTTINEE oo 102
BEILHR v 103
FRE ER 1.48 um k. SRERTEM InAs/GaAs EF
T T P TR PRI 108
§ 5. 1 B - vvoverererirerirsie ettt 108

§ 5.2 FEGRBUBT v 109
§5.3 HERETHE 109
§5.4 ZREE/NGE 112
B NTTIR v 113
BEAE oo 115
B BB EREIIEIL v 17

B v 119



Contents

Contents
Chapter.l Introduction oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 1

8 1.1 Summary of Low Dimensional Semiconductor

MaterialS: -« e 1
§ 1.2 Electronic State of SemiconduCtOr:: -« i, 2
§ 1.3 FOrmation of QDS: i 5

§ 1.4 Advance of Relevant Researches and Foreground of

APPHICALIONS: v 8
§ 1.5 Histology of the Thesis: - e 11
{ 1.6 Originality Innovation and Deficiency of the Thesis: - 12
REfereNCaS: -« vt 13

Chapter.2 Introduction of Molecular Beam Epitaxy and

Characterization Techniquess s sssssssssesesesssssssscscssssssssususscsenes 24
§ 2.1 MBE TeChNIQUE: -+ svversisiieiis e, 24
§ 2.2 Scanning Probe MiCroSCOPE: -« wrwsrrrsmnsnsiniiis 26
§ 2.3 PL MEASUIEIMENTS: -+ +rrrrsrsssrasrrsisi s 28
REFEIEINCES: v+ rerrerrerrartareatessetastaseatestetassa e asesbe st et e s e e seesee e aneans 33
Chapter.3 InAs QDs on InGaAs Strained-layer s-:ssssssssesee 34

§ 3.1 Background of Resgarch: v 34



Contents

§ 3.2 Carrier Migration Model of QDs and Exciton

LI etime v 35
§ 3.2.1 Exciton Transition and Exciton Liftime: oo, 35
§ 3.2.2 Migration among QD SYSLEMS: -+t +seererrseiriminniiii i 36
§ 3.3 Sample Preparation: e 42
Q 3.4 ReSUItS and DiSCUSSES:++«++++:w+rsrrsrrsrrnmnieisiisiiaiaiiins 43
§ 3.4.1 Pattern ANalysiS: -+ e 43
$ 3.4.2 Low Temperature PL Measurements: s e, 44
§ 3.4.3 Temperature-dependent PL MeasUrements: -+« «t v e, 46
$ 3.3.4 Time-resolved PL Measurements: e, 51
§ 3.5 Chapter CoNCIUSION:«««+rrveerimmmniis 62
RETEIENCES: v rrrrrrterriar i 64

Chapter.4 Photoluminescence Studies of Multilayer InAs
Quantum dots ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 69
S 4.1 INtrOAUCEION: -« - rrrrrrrrrrrree e 69

§ 4.2 InAs/GaAs and InGaAs/InAs/GaAs Multilayer Structure:-70

§ 4.2.1 Sample Preparation and Sample Structures: -+« e, 70
$ 4.2.2 RESUILS aNd DiSCUSSES:+++++++++x+rerrarssrerssinsiiisiiniinitiii s 70
§ 4.2.3 Section CoNCIUSION: -+ w v 78
§ 4.3 Effects of InGaAs/InAlAs Combination-Layer: -« 79
§ 4.3.1 INtrOdUCTION: -+ vererrereeiii 79

§ 4.3.2 SaMPIE StrUCTUIES:+++++rvrvererersiiiii 81



Contents

§ 4.3.3 RESUILS aNd DIiSCUSSES:+++++++rrsrrsrrarmsmaiiiiiiiiiiiii s 81
§ 4.3.4 Section CoNCIUSION: v 88
{ 4.4 InAs QDs in InGaAs/GaAs Quantum Well- -« oveens 89
§ 4.4.1 INErOUCTION: -+ reererversriii 89
§ 4.4.2 SAMPIE StIUCTUIES:+++++rvrverrrssiiiii s 90
§ 4.4.3 PL IMEASUIEMBNES:++++++rerrertrrrarsiastisiiiisni b 92
§ 4.4.4 Section CONCIUSION: v, 102
§ 4.5 Chapter CONCIUSION:««««werrerreriminii i 102
REfereNCEaS: -+ v vt 103

QDs with 1.48 pm Wavelength Emissionees:eeeeeeeeeeccccccecccccce 108
§ 5.1 INtrodUCioN: oo, 108
§ 5.2 Sample Preparation: e, 109
§ 5.3 RESUIS aNd diSCUSSES:+++++++x+rrrerserrarsiiniisiniite, 109
§ 5.4 Chapter CONCIUSION:««++reverereiiii 112
REFEIEICES +++++rrrrrrrrteassiiiitiit e e sttt 113
CONCIUSIOIS ++++++s+essessressrsssessaessassansasssnssasssnssasssassaessassasssassasssaasans 115
Publications for PR.ID s teeeesssssseesesssssssssssssssssssssssssssssssens 117

Acknowledge ................................................................................ 119



LA R GaAs 3 InAs B3 & T A IDE A RITEIT

§ 1.1 {R4EF R R

1A\ 1969 4F-L.Esaki/FIR. Tsudi& t e dfo A A2 L 21, L= 5 40 i
RPN T RO AR ARG AR S R O [ B ST 3 e
B3 e Al N A B A o R AR AR TS BT TV 2
L%, NITT LU AR B BRI S0RT R.  ME AT X A7 AL
S GAE R T AR IR T A RIS R R T b R
W T3 eIy ) B BRG], B iRe RN A AR . B R
TRAFI D, ROV WSS 0N, W RGBT A s
VRN, JLHRBE G L A BE SE LU SO T R R AR e e . H
A TR SR T ORI R A, sl TER R RS (HEMT). 5+
JRERARE (HBT) B E TRROLA . BIGREYAF (SEED).
mRG e, T PN G S Ee R 2] Tz N

B B dER MR T AR R B RAT A P fE
WO, DA N A VR X O A F H A AR B I B0 v R R U 2
Rt aitt 1. B BB Pauli N AHA R, By RTINS R F
FERON IR, XA EUH F 7 AR . AE s 88 A R A
WF9Ee IR H, AU s e AR AR R S A 5 2O ] DR 5 A5 R AR
I AER B, R SRS T TR A T
L SEARTIAE. B 2R T RE AR AR (O DU

93T WANE(MBE) & 4 8 A HUAL 22 AR TR (MOCVD) 45 il A 2B K R
MR FE, AHAE IR 2 LRSI 2 —4e 2R SAREE R O vl . 1T Bl S 4



JE )R 24T 2447 18 S0 B200224009

REH T ZMIPENEED , AR B AL KIS Ca ] LU & oAz
Hitg ity U, AR B AR T AT T AR SRR S

$1.2 8P HBFE

MNIE& @ T &R ISR E 7 AR T2, SRl A 2R
B BATE I B BRI DL . WP TR RS BE, e -

reea (11) Hoha B,
r>a

va{

0

AR A2 M RE(1.2) 7 B L T Y RES B ERA 4L p(E) (1.3) 3K

h* o _
{— P~ % +V(r)}w(r) =Ew(r) (12) Ho m*hH B %0,

Vv 1
= |==d 1.3

M= ARE BT IS B R B AL B T RO N -

i h2k2
w(ry=e"" | E= o (1.4)
DRI L 1 RS 2
1 2m 2 o
MB=657(;Y“P (1.5)

X YRR, R T PRI E 2 U7, W IE S 1R HOT R TR A -

2



LA R GaAs 3 InAs B3 & T A IDE A RITEIT

W(X, y’ Z) — ei(kxX#—kyy)\/%Sin%’ n:l, 2, 3, ------ (1.6)

a

FH R FIARAIE B -
GANPE

3

HL T I BEAS B L A «

p(E)=Y p,(E) i pn<E>={%h2

BT — 4k R (R4, [F Ew4:

2 m’ -
po(E)= mzml(%)(m)

ST RYER TR AT, TR AN [ S S, ot

R TILHI, A

Hetxin

Jim ERK,
M
Rz*(n* m?* |I?
””"sz*(a2 b czj
B ERE N
pPop(E)= > 5(E-E;-E]-E})
n,m,l
;H\:I:F‘ En Em

3

A} M N hzkz
E=E, +E,, MWPE s, g "5,

& 200 a, b Me, WGFRLE 7 &, ERAILRERE

2m*

2B, (1.7)

nz

(1.8)

Hp =

He= E

[ H: p(E)= AS(E —E,) - WL T 1 x, y, 2

Hb%?‘ﬂ

(1.9

(1.10)

S EVL By AR R RTE x, y Bz 71 (K TG RER . TALRE



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

