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Abstract

In this thesis, the. effect. of external electrical field on InAs self-assemble
quantum dots (QDs) were investigated by means of single dot photoluminescence
(PL). The occupation of the quantum dot can be controlled by varying the external
bias between the Schottky gate and the back Ohmic contact so the PL peaks from
excitons, biexcitons, and other excitonic complexes were clearly observed and
identified by varied excitation power, the external electrical field, and the
polarization-resolved emission. The quantum confined Stark’s effect of excitons has
been observed and studied. In the same QD, the magnitude and characteristic of the
stark shift in XX and X+ is different from that in X and X-, which is attributed to the
Coulomb interaction between carriers. From the field dependence of the transition
energy, the maximum transition energy occurs at_a nonzero electrical field, which
revealed a nonzero built-in dipole moment in QDs. The dipole moment and
polarizability decrease with increasing transition energy, which is consistent with
other reported works and its physical reason has been discussed here. Furthermore, we
have investigated the vertical electrical field effect on fine structure splitting (FSS) in
QDs. One of the studied QDs shows a clear trend that the FSS decreases linearly with

the decreasing electrical field.
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EFMER FRELEIBRIATFXEE > LEEY - 0 FEKR ST
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- BERNIE ERE - BIEY kg PTG £ 5 Bk
LR NURAREELSFE T d LFRRASPH NG LR SRS B
RNprF T RERE T RLSK " B4R Fc iR § onde ik s Bargg e

TRAERE S BRF O A SRR PR AP AR R

EZ o TE = R II2x107 Torr o AipthenE 2R Z T KRS BT i 10
PP E o TR R G i i L MERA B o WE R ST LB
18 5 K0T B ek g g K e R o

Ep pic ok i 6 b3 (micro-photoluminescence) % 2% 7w & Bl 4o @] 3.3 o &= d 7
SRR R ek o B A R B hy ke AR @
g 4 F 5L (A=633 nm) 5 A o e g Bk d f R P (attenuator) s A E
s R 18 0 B k4t (laser beam splitter) » =4 & i £ > F i e F bR GE N § EfE 52t
(power meter) 4 £ Rl kense B 0 F Beng Bk Ed 100 RE LFERE A
St o EEAs nEF R B h ¥ kL 5 oL g cke @ BB
AR NE Sk R TR SRR R kR RS T Y T HRIRE B R S
100X # &M &2 MR R Bk § 597 R p ot 5o 48§ F B R AT D] e
FRRBAE > AN ke o FEEiy B G Sk B e 1/15 -

g AT MR RS B (cyrostat) 8 € BT AR Ao B E T S b o g

l\\

DA BRI F ARk BT R E B 2 I T i o
Foed A PERY ZphFET oV hd Bhe ApHRET G D whizg oL E
e R * 2 100X FEUAFETHEDRETZE c ERAAY 5 - BT
F8 5\ the %k A sk g (white light beam splitter) ™ 2 K 5448 » 7 #-9 sk kR ~
100X #4&L9 » & B e v @ 3 P B0 o Tt AP T A Bk
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150 d R B LB T SR e enin B L AR TN AB B K

LB RPN P ERELL M 100X FAREENE Z S ET 5o

#5 —E' Qﬂ!:' =L %uﬁ’»%!\ Eﬁ'ﬁ{_qj °

Aqpearig 4 gk i P ® 5 Si-CCD (charge-coupled device @ 7

e

g & )T

Rk B8 5 400~1100 nm > %3 K £ FES 7Semo X4k %A 5 1200 g/mm

HEFHEF AR R G5 23 peVoe ¢h4e R A ) * Keithley 2602 & frik 4 &

MR N MBI 0 RSE T T R T RER

Keithley-2602

HelMe Laser

Mirror

omputer
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Objective Attenuator o a—
lens 100X
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Light Beam Video
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Power mete g; A Linear Polarizer

mW ':’

Bl 3.3 BEpcckiped F K E R ILIERE -
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LR R S FREA Y BT g BE A TVE AR TR A

NS

FENE-EF B FE - B %%fifuélﬁ NMMBPREFBORE o

H&E M MBE B a2t APEFREF A R RIHREY LH
o AeB 344557 0 HBlR B RB AL EZRF L EAINET BRSO AR
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R Rep¥tanss R REART EF BB R A F A E RS M
FREREA O kAo AR T AR T ARk A AR RS A F
B 5 B Ak kAR o B SR A T - ReF KGR o R A AP o

EHFERR d s N PERET Y OBRGY DB TS RSYUITaRS -

15- wetting layer
AC DE :" 3
5104 | i &
© ~ o Nl
— g% = C
z B D]
2 5] - =
9 quantum dot F'
£ il
0-

1100 1200 1300 1400 1500 1600
Energy (mev)

B34 HEFR gz gy L FRZHFRAHEREBTTE -

16



3.5 Hlfinie

"UMBE B & 2 E e ©£0 % kg kR maig LM 2R RS BB
B APERIERE O IPF A ] KBl WiEA ) A pog R
FaE s IR E - R FEER . F 2 WY TR R BB R AT
BB 3.5 0 Hkh B RSR GArB) 3.6 0 & B H AP g iAo T
1. Ti-Al & % %4

L4 R Ao R EER St e sz 2 > 0 HCL:HoO=11:10 33 7% 4 A G F
Pk BRI € F E AE > 2T 3 EAEE E RS 48 5 nm gk
100 nm 748 iF 5 335 LR o
2. &+ & ik® (E-beam writing )

Ltes b g v - B R T AR ke PMMA > % T 5 R X
P43 nE f ISRl R E S 5] PMMA oo 5il A B4%| MIBK B2 %2> Bl 8452 15 o

HHRE (S end & A% T 2 38 kK endEqedt 0 ) & L7 500 nm £] 1200 nm

ez AIVE 0 B up 2 %f:}#i = 1 PMMA -
3. &~ %%k (Isolatiion )

Hekerunle s BT A 0 2 5214 S ket DUV B L5 8-
k¥ B EEF S }F-ﬁu;ﬁ%—ﬁmi R TeEay Atk TEF BT IEET
R OFLEFF)EG TR HBE L A ERIMABL I A - B
1% £ 355 320 um x 480 pm v R4 R A 2 DR HE € B RE Y 1IxIl B
Zokavise chg + gk
4. Ti-Au £ B 7EHE (F 2> &)

Wkt B 5214 ke DUV HER LB TENFTRERE > 1T
FH E4EEY SomTi 2 100 nm hAu- 1% 5 Akl 2 ke b eng

Bts 0 A5 320 um x 150 um 3T AR T o
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5. #HEHME
B F ek AR AR A AT p R CE o N RBF R T4

P& %l Fr g BRI ERER > R E% R i TR o

1. E-gun £ ETi-Al 2. E-beam writing

—>

@ 3. Isolation

4, E-gung® b Ti-Au
e GaAs substrate
e Ti
Al
“ Au

B 3.6 &0 iFE%LE G o (a) e-beam writing {4 ehP’ ik > (b) isolation {& &
Fifoo (o) 4 Ti-Au R &R (d) AL BELF - B 2R 5 o
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nextnano ¥ - £ * k3 K. *T#bh’ml*mﬁ’ﬁ@% AL S B N
I%fre %2 H - Az adip AAFTHRE S BZF AR DB R L
H i fy i 4 I8 4 SeehF A Sl F AR ~ 0 2 i - Schottky barrier height 37 5
0.8 eVon AP i fF 2 ¥TF 72 58 meV > GaAs /i T ¥ #ci 1293
Aly;Gag,As 4 T ¥ B 5 12.07 > % § ¢ e A2 0 e enp Lz > o2
B TR T B

i 2 AR e 4.2 75 0 F BB RR iR i SRR R 2 e

2B P23 BEE &350 nm 2 ¢ HELE FlRE T B LREE DL R

S B ame AT EREEHNTELF PEL & 0 T AEEREEY AL
B3, BB 350nm Eng EE TR BRR LR T B E o HEd A
e R i Bl AeRl43ErTn o AR AR EE T B0 R AR 4.4 St 0 R
Gred Apdpe EFES L N RBRERT A2 Nt KViem R 5§ %
B R B Bhai FBEEE K A fE 0 B BLY i AL R G P SR 4p
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Wb s g (L A o LR S BRA e 350 nmeisn g 0T FRE R RE I 0F
B 450 FUFRTEE N RBEERAP D S umP i T @
3

F=-41142xV,  +33.574 = —(Vm —0.816)/0.024306 (4-1)

FUFR AN BRIFEBIBEE L 65 RE A REFE S R
EFEATHA AL RENFL > FIRAPRRRIEFFE EFEEE DT HE
- BRrETR-HRE=—(V,, -V,)/d TR EpETRL 0816V

BEHd 5 243.06 nm > e i ? A SRk & 250 nm 4piT

20



undoped GaAs  10nm
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A A A A
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Electrical field at QD (KV/cm)
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QD Height X energy XX energy
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1.0 1380.09 1382.92
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QD name Transition Polarization Polarization FSS (neV) [Eigen axes

energy (meV) degree (%)  axes (degree) (degree)
F 1321.93 7.05 53.84 4.55 148
G 1325.64 6.85 68.97 30.18 12.2
J 1331.94 8.78 97.08 18.56 1.28
K 1339.19 6.90 5.02 20.00 16.51
R 1373.35 14.96 83.96 39.55 49.14
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BIBS.1 =ik ks 3 BimT LW -

70
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P22 pF R e i 4o (B2-3)
1y (t) =4, exp (—ylt) + A4, exp(—;/zt) (B2-3)
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