EIIREE TR
}f@_’}} fL%‘fﬁﬁ;‘zﬁﬁ-
I T

A B & gF) AR AR E SRk B T

Size dependent” optical properties of

InAs/GaAs "quantum dots

oy o4 i wEE

PR hE R

;l;i;g\@,i‘,L,Lf&,\B



T S RE o T S B F T 2LV
Size dependent optical properties of

InAs/GaAs quantum dots
Student : Ching-1 Shih

o
Advisor : Dr.Kien-Wen Sun

1,1?._; A g]‘;:r ;LT B
AL 2k
A Thesis
Submitted to Department of Applied Chemistry
College of Science
National Chiao Tung University
In partial Fulfillment of the Requirements
For the Degree of
Master of Science

In

Applied Chemistry
June 2010

Hsinchu, Taiwan, Republic of China

AN

VoER R4 L4 E A



7 G AET R T G R T Bk B B g

et CEE T TR
A ARk F B g (e AT [iAs/GaAs £ F ghesk §
FE oo ARG B

A4 P (R
F — FRi»

i

2 wE 3 %Aﬁ%ﬁaﬁ TR METY o A R4S
R Y Ll R et et N PR I

Réno [ R4 B RAEIH REFPHFESRE > LF LT3 LA

Bl FREFRFRE R R EIEL IR %
BEFIA 2GR %3 i & %R quasi-continuum oo ERFF £5 5
A7 R 4] o LA coupling »xF frg + B~ [ 4p M~ o i

quasi-continuum # F st 35 % R AP B > H 3R PLE 35 #77 o



Size dependent optical properties of
InAs/GaAs quantum dots

Student : Ching-1 Shih Adviser : Dr. Kien-Wen Sun

Institute of Applied Chemistry
National Chiao Tung University

Abstract
In this dissertation we used photoluminescence (PL) and

photoluminescence excitation (PLE)! technigues to investigate size dependence

of the optical properties in_InAs/GaAs.quantum dots (QDs). This thesis is
composed of two parts :

In first part of the thesis, we report results of power dependent PL
measurements of InAs QDs in different sizes. For the large QDs, the ground
state energy was found to shift to lower energy when excitation power was
increased. This phenomenon can be explained by the cause of laser heating. On
the contrary, for QDs in smaller size, the energy of ground state was blue-shifted
with increasing excitation power due to the re-distribution of photoexcited
carriers.

In the second part, we investigated the influence of the intrinsic
continuous density of electron-hole states (transitions between bound to
delocalized states) on PLE spectra of InAs QDs with different sizes and different
numbers of bound states. We compared results from measurements of the PLE
and PL spectroscopy at low temperature and under high magnetic field (up to 14

Tesla). The coupling efficiency of the photoexcited carriers to the LA phonons



depends not only on the size of the QDs but also on the position of the discrete
states with respect to the quasi-continuum background. The PLE resonance
associated with the bound transition in small QDs was disintegrated and
broadened due to the high joint density states from the continuum background
and strong coupling to the LA phonons. However, for larger QDs, the PLE
resonances are still visible and they show Zeeman splitting and diamagnetic

shift in energy when the magnetic field was applied.
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4-1-2 p 2% InAs/GaAs & + B 427 ¥

Fo*&EME AL GAs(00D) » wemg > 2 F A ERA S S

Varian GEN I Solid-source MBE system °
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BARE - 4o 4.2 UERHESLE LS ST 5 H 5
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Layer o

2. bAp B AT > & - A 30nm AlosGaAs 5 4+ &' (Carrier
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BEF AP S BrUE L A F A L =kl50nm Gads > ot & Fi2 :

Barrier Layer -
4. Barrier Layer =% % difzr¢#=F Ad. 600°C "% < 3]520°C

e BT ORAH2 64 F Ko 0. 78nm(Monolayer » ML) ¢InAs >
Fode BAEY o B ik 5 eE 4] 0. 056 um/hr » InAsfrGaAs i
B & F B 907 2% Bis =48\ p m ek ‘f‘:;%ﬁ » fE2

5.2+ B #5218 > hE - B150nm GaAs > Hipdfe R ¢ ¢ K R}

6.3%F 5 TR EHH2 HTURE S L - B 30nm AlosGaAsy§ + %2
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4-1-3 £ 3 B4 5 R
TR R H A ow AR &8 * Tapping Mode AFM (Atomic Force
Microscopy) » A% % Digital-Instrument-D3100 > &7 % & 258 B o
AFME A~ R Z 1% h 3+ & =@ % 4 (Van de Weals Force)#r# E 41 %
- fE A m A RERIENT O R B EAS A B RR] 0 4o Bl4.20 d BT
B AEES RS YR 5 R FERRT T F 2RI B
FEAL TS s ApF Mo 4 RFFIERLE > ERT IR I3 Ap

Slcd 4xald o 17 R A BB, 79 2 fE Ak A e (PR [4.3-4.5]

mode) - #F 4 9R S IR GHATTT 4 B E * ) 5 RS IR k]2
SR INELY R

(2) fi* R334 it 22 &L a 2 RF2L 52257 (Non
contact Mode) » #F 4 frit SHER L FF A 23 G 2 X ek 3
YRR e x> L B 1% o

(3) fi* R TaHbERRSLG J5d SRR AL HREL G R

Z_ % tapping mode °
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A/ Tapping

Contact Mode mode

r = 2/6c r

L : !

component

Noncontact mode

Bl 4.3~k B EEdper a M %R

_—

Tapping Mode Non-Contact Mode

Contact Mode

¢ 2~5nm

5~100nm

few nm

B 4.4 = 8 APM Mode

B 4.5 5 & (LM4683)f-® 4.6 5 k&= (LM4630)& + 27 AFM %
oA B o d AFM & & B ¥ 2 izttt &— (LM4683) % % 40nm; % % 14nm s
BE®AE Y 2x10%m” - # &= (IM4630) /% % 20nm; B 4 2nm s 5% A 4

1.2x10"cm™® »
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4-2 REXH
4-2-1 % & Bapek ¥ & 5 st(Confocal System)

LB MAHAE BT L2 QB ST & d 20 ik 8 ACE LR R

i

G HEPE % BRG] 2 BB T 5 AT R TR UL
% 1884 & Ernest Abbe #% ! © R ¥Ebti¢ BAca T o 247 R 7 — &L

B ok B R cdt o) 2T B d ¥ 2 5 d Fraunhofer $E&fif i35 4 %k

vl 4,2
1.224 A
d > AREERERNG] —— |
2nsin @ NA (4.2)

At kAE o on: KNG I Gl O EA B TR R BT Y S 4
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P
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A HEAT o

L EfFf R Ed 1957 # Marvin Minsky #7#& &) ke H 1235

i
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2_fs > d T. Wilson[4.8]2 C.J.R. Sheppard[4.9]% &3 &1 & & A= %
FiweBd o £ 54 Min Gul4. 10]3 £ E A AcIR a4 % < -

B 1987 & o £ BRI G E - FRETEREE > ¥R - SFF
BRI o L S E R THBENCR A TREFTE > [ R E
BB 4 SR e o

2

£ OE R AN RIE e e f S SR BRI B T AR EAE
B ELE G R Mo R AL 5 R B AR A e B
4.8[4.11] - izt o ool Qi SR L A 8T 6 & &g
st kB T i VMG R B R ER AL TARLEE Y
& (Objective)fcaris £ 5B » £ 4 (Beam slitter) s % » {8 B HER L {8
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& ;‘1,%“,% FEA S o BV AR BT R WP B e F A B
(Notch Filter) e S5d Rk BHAPF U Hp BFLFERBELHE

kg L= SH Ty gy Bnky kng o APTg
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d 8 Farl BB MER A ETAE > 405t 4.3[4.12-4.14] :

d _ 054 and Z_,, = 241
NA NA

) (4.3)
o RE G 6 F AT G
HP Rk EEH LY o TR B RGAE T 6 &g AL BT ER

ET o A2 e ifo 3+ e i '»mayg M RN L EEE

Fo ot g fE4r R Bk F R s v 52 B HORIBA  Jobin Yvon
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um o poaE g R R 632, 8nmeig #8 He-Ne & 54> k4 f247 2 5 600
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Beam Splittar

Bl 4.8~ = Elaiik SR X B

4-2-1-1 He-Ne Laser

He-Ne Laser L 4 5 )50 G #0452 (4 5 & F 1 5 £
fod A BARTE NS TG R Lk s RETRE S BRI
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R RH A 200 B ABEFEE FIF FREE > RSV UFEIRA
R iRg et A RETER o

He-Ne & S+ & B2 > 4o@l 4.9 foB 4. 10[4. 15 4. 16] % %% 5 4 1c%

% 4

FETHS o E TR FARET PG RS AL TR T

53



A v eha - AR (2% and 2'S) 0 Bt A BB P R F B B P] et O

e BB (3S)m A JE Ao KBS AR AN 4.4

He(2'S)* + Ne + AE — He(1'S) + Neds:* - (4.4)
B iR Ty €3 A BB N By o A 3391, 2nm <0
bk AAF P AT SR it 0 % 2 4632, 8nm(3s: — 2pi) =
%0 % = 21152, 3nm dzvh k> feip & E 632, 8nm 0 1/10 0 £ 18 24 0 ¥ 1
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igh
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TP gt ARRERE AERAT o o doB 4120 2 18Rk
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k1R S &K power E < ) ;ﬁd W B R 1R a0 BiE ~ AR E T power
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4-2-2-1 CW Ti-Sapphire Laser #% £ &

F ook ¢ ot * i 4§ ;0 Ti-Sapphire Laser » # § % i
Spectra-Physical = @ #74 & &3] 5 5 3900-S » p FRE g & Ao @410 -
BALR® ¥ - SN G s (FPump Laser 0 2t 5 F B - R A
Spectra-Physical == @ # # 5 Millennia CW DPSS(Diode- Pumped Solid
State) Laser» # & * ﬁi%l 17 4 950 e 4% Nd : YAG (Neodymium doped
yttrium Aluminum Garnet) & %2 » < 21 1064nm & &% » H & FF 7 & Bl4c
416 ~ 417> 38 AU BHES st § 54k BT % 532nm § S E 4 1 pump
Ti-Sapphire Laser o Nd:YAG 7 #& k8 fil. - é—f#ﬁ’f«% NE: AR G 1
SRR AR o

Ti-Sapphire Laser erh:drszEpenerTi® AL & 88 % T8 & /1 & (Gain
Medium) » 1% Ti" 3+ B~ AleQscn AL 13332k B % 5 0.03%~0. 3% > 7 4

Ti"ge+ Lmig v Al X

5\(

B FR A h W BT 2 se g 5]
EEEETIEREF L hnad 3 X hMTH AL &Pk Ega g A
B> A5 % 6 100nm = Ac# A > 4oBl 4. 18 o Ti™ 1 ALOs & R v f sk 3 45 B
400~600nm > *xc &k FH 2 B P L Mg £ E R H KF R R L
600~1000nm » 4 gt & itk 3 fo B F AP AP % ¢ 7 02t 750~1000nm

TR B E sl £ R EF RS ﬂﬁi;.‘]t'iﬁ 5 IWe
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4-2-2-2 IR & B~ RE R ok P R

BAAAA LR RN 0 A v S LR 5 Oxford o @
AR B doR) 4190 BEHH N VL AR 0 B R R
BEF P RERLES o ¥ RAR D A 2KPF € BN ET AT A
BPEA P T b - B RS 0-14T> A PR F ST I EE
I 14K %Y 35 € SEFrRREELEN BRI AT R LS PR LAY
EORREICAIER 5 3 e

FoFR L kR B RIB AR EF RIrs EREMER L
- 2 & 4 & 9 Jobib, Yvon A& Geminil80 o k¥ - pIME G 3 B
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B3 BT S Tk A PEA P % T ¥ 308 Comsol i {7 %3 B K fz 3D

Schrodinger equation * 7 »<¥ & # % + T /¥ Hamiltonian ¥ ™ % 7+ % 4.5

;4[4.19] :
] L g(E.1)
H=II, ——1II, +V(r) + oB ,
"2m(E,r) ' (1) a5 = (4.5)
B PO =—inv, +eA(r) 2 2 3 HEHIFF >V, 5 ré.g_;i%m(B:%r> :

mEN =2+ Enfidigfrci et T2 xFEvnaasi

4.6 ;% » Lande’ g factor 2 &opw 4.T3% »drT >
1 2P? 2 1
= a2 s » (4.6)
m(E,r) 3a° | E+E, (0)-V(r)""EFE (r) -V (r)+A(r)

_ AL : A(r).
g(E’r)_z{l m(E.r) JE+E, (N -V(N)]+ 2A(r)} (4D

v

FRPVE) R BRER o E()frAr A B & a Bfo i F spin-orbit
splitting>P s & EEL o5 ¢ 2 EEL mfrer Wi pd TFFE
femdmod Rk Ai? £ 3 g (InAs + Wetting Layer) o & &+ 2k ¢+ (GaAs)

#4127 3 *Thard-wall B U=FF 0 &7 5 ¢

V(r)= {0, region € material 1(InAs)
{V, , region e material 2 (GaAs)

B AR R TR K S (p,g,2) b AT 8 40 L SRk S o
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g ST Ao 5w 4.8 5% o
W (r)=F(p,2)exp(ilg) > (4.8)
NP =012, 5 kB E F e ¥ ¥ 103D Schrodinger equation f§

5O BAR(p) A A 05

h® o> o8* 1o 17)_;
- 2+ 2+____2 I:I (,O,Z)
2m;(E)\oz° 0Jp° pop p

(E)Q{(E)p”  su, 1Q, (E)I i

+Pm()8m 0 He g BB+ )+VJ%—E}EOzﬂ=0 (49
; 1=1(InAs),i = 2(GaAs)

eB

4 3 Qi(E) = mA(E)

£ 1 > 1% Ben Daniel-Duke & B &[4, 17]% 135254 4,10 :

F(p.2) = Fip, 2) 5 Z=T1(P)

1 [oFi(p2) | o (RYOR p2) |
m, (E) op dp 0z

=1 (p) ’ (4 10)

__ 1 | R (p2) di(p) R (p.2) |
m, (E) op dop 0z

z=f(p)

FabE ST AP * Comsol gt F R 5 [4.18] 0

B RLE S o F BT Aok ol
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4-3-2 &5 2 Model % 7 5% % ¥

H koo ki B3 g0 Model » WO B ALK E T 8L A S K B
Wetting Layer * » d > AFM & Btk &2 o £ F BE ] £ B {2 > g # @
SEHFEZREUEFRBFR)  Hdhi z 2o i p 90 23 E
FEEH - (LM4683) S ekt 3 £ 3854 £ 5280 & l4nm~ & 20nm(F %

40nm)~Wetting Layer & & 5 2. 6MLs=0. 78nm- @] 4. 20; -] 3¢ & + 2:-(LM4630)

% Lens A £ 383 2nm >~ & 10nm(F % 20nm) ° Wetting Layer & R i

2.4MLs=0. 72nm > ®] 4. 21 -

14nm

2. 6MLs=0. 78nm

20nm

k1l

Bl 4.20 ~ 55— (LM4683) =« 3f & 5 3] & + 24545 Model B3
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omm ==

2. 4MLs=0. 72nm

oV

10nm

Rl

B 4. 21 ~ & & - (LM4630)7 % Trens 3 € + 2-## Model B3

Comsol -5 F 2 b 8 * chdfiche™ !

\\\?{r

for o od TR RI PL EGE A 2 300K T o s onagd v gk
#OATiE E e Nt B 300K T B b 0 58 4.11[4.20] 0 £ A

* o H R pﬁ1;m{g4ﬁ &4 e InAs B o

0.00058T
ES(T) = ES*(0) -————— , ES*(0)=1.519V
g (1)=E;"(0) 3005T g (0) i
0.000149T 2 » (4.11
E™S(T)=E"™(0)- —————— ., E™*(0)=0.842eV
o (N=E"00) 271+T o ©)

(-) #5- (LM4683)~ 3g & + 2t :
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d - SHEFTERAGREERAT LA S

i%nl
fd

=Bk € 7 inter-diffusion 22 > i = InAs € +
Lg% 5 In0. 72Ga0. 28As € + 8-> £ I * p 4&
#2585 0 In0. 72Ga0. 28As € + 2hip B -3 (7
[4.19 ~ 4.21-4.23] :
(=) InAs¥ts

T+ 3 FE=0.05044m,

Tk E s 0.4044m,

InAgwie 14.=0.195632¢eV
(=) GaAs 384

T % 5 2 E=70r06Tm,

Tk eeE=_0.0Tm,

GaAs s Fg= 1.432eV

EF offset= 0.332976 eV

(=) &= (LM4630) ) % € + 2L(Pure InAs) :

(=) InAsta
T+ 3 E=0.044m,
Tk R E=0.34m,

InAs &t =0, 75eV
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(=) GaAs 38~
T+ FE=0.067Tm,
T3 REFE=0.5Tm,
GaAs s Fg= 1.432eV

A offset= 0.4474 eV

= J i B 1Se-1Sh % 1. 029eVo(mr 5 1.022eV) » % — @ s i it £
IPe-1Ph % 1.066eV (% S fma 1. 0846V) » % - o i it £ 2Pe-2Ph 3
1152V (§ 2% & 5 1.164eV) » % = B 5c% i it £ 3Se-3h % 1.208eV (3
s 1.22eV) A BRAHE D A BB R R B E B L e
RGBT A S A FEN R T RN BT R B T
B 5 (LMAG30) | 37 £ 5 8 » T T # i % n=1,L=0(S orbital) -
T B L 0.300471eV - B 4.24 > Tov i fiic £ 5 0.06854eV » )
4.95 - 300K & # i it B 1Se-1Sh % 1.119eV (2 5 1. 111eV) - % - &

#ow i £ 1Pe-1Ph % 1.199V (F 2% & 5 1.215eV) ¢ it & B A5 0
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kB fof % B ;wg;fg E B L s MRS B TS Lens A £ F

BN ETT R ELEHmE

lambdai1)=0.063054 = u

B iE 2 366

i}
B il -7.53e

2+ (=1, L=0)

B 4.22 ~ 5 - (IM4683)E = gbm i & n=1, L=0 #3.% % 7 . B

lambda1)=0.009641 &= M u

B IE 2545
25

2

il
7~ B -3.004e

% (n=1,L=0)

Bl 4.23 ~ ¥ &— (LM4683) & &+ 27 iF ¢ 28 n=1, L=0 .2 % 7 & B
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lambdaf1)=0.300471 F @ u

B {02,585
25

BB -8.817¢
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