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Study of Growth Interruption Effect on InGaN Quantum
Dots Grown by MOCVD

Student : Chin_Yen Chen Advisors : Prof. Hao Chung Kuo

Degree Program of Electrical Engineering and Computer Science

National Chiao Tung University

ABSTRACT

Due to GaN material has more excellent characteristics compared to others,
we can accomplish some practical application in our life such as full color
display ~ white lighting and high density optical storage media etc...The most
commercial GaN optoelectronic devices are quantum well structure. However,
GaN material threshold current far larger than typical semiconductor
optoelectronic materials and lattice mismatch to substrate issues etc...So, The
development of low dimension GaN quantum confined structure i.e., so-called
quantum dot (QD) structure is the most effective solution for now. For instance ,

growing high density QDs with S-K growth mode and controlling these QDs

il



growth by temperature ~ pressure etc...parameters of Kinetics. However, we find
that the window of these growth parameters is very critical for QDs formation.
So , we provide an new concept different from Kinetics : so-called T growth
interruption 5 in this thesis and study its influence on QDs growth.

Unlike InAs QDs systematic research, there is few journal study on GaN
material with growth interruption. So, We have grown self-assembled InGaN
QDs without using any anti-surfactant by MOCVD successfully in this thesis.
Then we discuss the influence on QDs morphology and optical property under
different growth interruption time at 30s ~ 60s and 120s with AFM and p-PL
etc...We find that QDs with the smallest size and highest density and the best
optical property due to the smallest activation energy are achieved at the most
optimized growth interruption time of 60s.

Finally, we calculate In composition from In,Ga; (N QDs at different
interruption growth time with Finite Element Method simulation. In composition
has decreased as the increased interruption growth time due to In desorption
effect from the simulated result. So, this result not only explains the PL peak
blue shit as the increased interruption growth time, but also indicates In

desorption rate is larger than Ga desorption rate.
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L E P ST T - S uT g o ey Fla glde N P dt A £ ¢ Er 4 GaN
ALt T 3 B4 o ¥ b A InGaN £ + > 5 > Liang Wen Ji & A [25] ¢
* MOCVD = & 7 & @ A7 ik it B0 % >4p ke e InGaN € + B4k &0 B 7 i
Sample 1 7 ¢ %7= & 45 §)chiE4%;Sample 2 P|iL 3 <& {& F % % % 11 : InGaN
¥ F 8L RiEARY o @ % 2 £ ¥ Y70 [nGaN £ F B gk“‘,',l’ﬁf%*?’f%“%“
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EAFEHY > APALRSP PE AT B EBF it H (Metal-Organic
Chemical Vapor Deposition;MOCVD) % & 7@ % ® = & InGaN & + &> ¥
R* M ERRERER? P S EPFRF T 0 InGaN £ F 2 4B
Pt 8 ) InGaN £ 3 2-¢ ¢ In gi’%iﬁ»@ﬁ%‘ﬁﬁé
% kF InGaN £+ B~ £ 4] 0 £ 0 5 AP afF et gl 0 25

T 4] R ird] InGaN £ + ghent > ol £ frec L H R FHF o

2-1 9 B
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Lo lpN § 4 FRE A ERR  FEPFR CIII/VN (4
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2 ]

o i MO SR B S K STRER A WA 3045, 60 5 2 120 )

2-2 3 ok =

PoF Bk InGaN & + B * g By ks i MR E 2 5% aaMOCVD
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(Model :EMCORE D75) » R 32 &I * kit § #(carrier gas)#§+ * fiic & ik
BRaX g e e r £y SFAEHY > KFT SO ERRE
(susceptor) ™M R > A4 (B FARL B AT 2 N BES AR
FERTLHFOFHERS S  FIgEAFE - A Afi P Fr &

* Ry

SRR R SACE R LT RS SN P R

Eﬂ

TR BT B R Bk i) B A BT
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Wit s A0S £ InGaN £ 5 Benhde o 51 4% Ad A5 R e d 4
ke A A R B PTG ED 1100 ComSE T 5 A3 gk

2o 0 FIsEaAELIG o

&K i
,/T:;E’ . Hz
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PR . b ad
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i % B 4F AL KRR AR, A PR & Sapphire F & - & 5 & X 30nm £
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GaN & # & (buffer layer;nucleation layer) o

=
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i 1

. He

By

®R 9530 °C

‘4 300 torr

MG : 68.4 pmol / min
NH3 : 3 L / min

V/1I = 15000

C: #% Gl Aff #EAHFFII00 C -#Ca RN R+ 25
s L (E ST BT AR A B A E S G BT
% R B R K S 3um 0 GaN Bt 1 1204 ok InGaN £ + Zhenss &

=

b

g 1

—
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By

BRE 1100 °C
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D : InGaN ¢/23¢ & ¢ F o~ TMI 155 111 % In 0 & KR, =& 24
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=~ £ if &
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AFM
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(tip-sample separation)

attractive
intaraction ' NC-AFM

W 2-4 R 4 RS gk (THCS

2-3-3 B ik jgoF ¥ & £ PR (Micro-Photoluminescence ; £ —PL)
AT LEUYP T EFNELR m;]%,{'& ek E4E > @ u-PL

o

- AR EEROEE 222 - o 73 EF genfk S5 d v -PL £

(0 dgd TR Dk A L ri et £~ s AR 2 2§ 3 (Full Width
at Half Maximum;FWHM) % %8> i&a 7 oo £ F gy kg 811 %

< o

Nt _‘f_gﬁ;}%}‘_ﬁ'__;‘m ‘E& o
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“73) e PL &4 ot ke ihig ]l 3 omicron ¥ & 0 P RS AR
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RN TR BPNE S O
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pair recombination )@ # d ¥ Kk o A ERHBREA L L I AELE ERET
( radiative recombination paths ) » #2 2E3cét i & /% ( non-radiative
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(a)# % ¥ % (Band to Band transition)

F_*
Jrml.

THAETHHEHETH DT >+ RAI T TR HE AL LS o
# it M ( direct bandgap )X HE¢ > sofaF fod 2 BB A ¥ W
g B 2 £ oh- fEiE AR

(b)*s+ 2 i % # #® (Donor to Valance Band transition)

sF AP IR R OTHRELEAL KT o

(C)EF 2 X3 nFFE 3 (Conduction Band to Acceptor transition)

ERERA L NT R AL P

it

EAA KT o

(d)* 3 -% 3 ¥4 & (donor-acceptor pair recombination)

frA ehi= ¥ o Flm A4 7 DA’ s THRS S - at P B3 g S ¢
ﬂfrd MR F g F Figs R s o v 0 T RN AT
D+A" >hy+D +A-
o TR A 4 chrt i B
Epr = hy =Eg¢ - Eb - Ea + Q/ eRm
B frEas WA F frX F i En QERTHFE > e AP TR
B> @ RoaH_ Eé-*fr)g—+7 B engEdE o L‘mRDALﬁ_gfé%\'fi—\'fﬁ‘&ffmﬁka&g

(e)p o =+ BB (free exciton transition)
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(a)F s #irdem A 4 B o

(b)Trap-assisted recombination : & & Far 4 *t i M2 B ehtrap level

TRl 2 A BRI T AL o trap level B ac e § 4 ¢F ke
2

%+ (donor or acceptor atom) & t&# Fea(defect)#rid ey ¥ 8 4 &%

ek & (interface)t » i # Kar trap level iz B 42 5 293 K if &b
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=L o
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mirror(350nm-600nm) » & » CCD £2 k3% & » B fe NP Ig 7 U # k3 kerk
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sapphire template(undoped GaN;u-GaN) * = & 4 p 2 % & (self-
assembled)InGaN £ + BLo & F & ¢ N P -4r 4 R Sondk o AR Gk

F R Rl - B foit i -

3-1 u—GaN

d 3 F & au-GaN template 3t f A § 3 g@hep) S 2 £ &
Tt f§ s £ S8 bl4e: buffer layer(% @k ) £ & ~V/111
ratio~ & B A& ~w VAR ME PR o & A bulk GaN e ER R - &
B de FronshiE B 12 V/III ratio -k * £ 3 & u-GaN i{f 549 %
£ & [26] - TR ZAPR* in-situ( TP E R F &k (optical

reflectance) KEPBIZ A EAPF %Y u-GaN = & pFrenk s¢3cdB .
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PR iGE 530 C C A5 buffer layer » " MigtkenZL B > i 3 13
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B e ) 0 FIPL R FAT R S R A o

(1) g g e B & (52 " C/min) f0<F 530 " C 22 1050 " C - A)=

B R % 200A cobuffer layer » £ H & g AXTf > A% 30302 (8 3 B 0

bulk GaN 5= [27] -
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buffer layer )= & > d 0972, e e 284 < 2 L g ek R 4 3 4 >
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GaN 25 [28] o

(iv)bulk GaN % & & # (coalescence) » FI* F b3k tgfrss & & IF i& i
i e

(V)d 0 F SHRIEfos & & RIS WL RT - TN AT b (S
A5 e 2 4 GaN bulk layer 244 T o

2T AP R Y ex-situ (HPIRERDSERKE : XRDPL 122 AFM

kS P AT B 5] optical reflectance # 3 (v)“Tif (g & F

-

u-GaN template > # ¢ XRD & pl.% % 4o B #71
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X-Ray measurement
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Interruption Growth

Interruption 30 # Interruption 60 # Interruption 120 £

Sample A SampleB Sample C

B35 #F* %= E& PR sample A~B~C o AFM (R4 W) ; 2 fe k2 &
G 5 A : Ra=0.26nm ; B : Ra=0.23nm ; C : Ra=0.21nm
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EEL AT RS A 4T 0 40T BlZ B S8 InGaN 2+ g3 S

(diameter)~ % B2 3 % & (height) A &
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B 3-7Tsample A~B~C % f® %= E ¥ v.s. InGaN QDs L 35 & ~
TFRCBREFFUEBAL RS G

_ D densily Size
Samgle | int (s) | Coverage (%) {QIl[F'lm'E] {ihmigrn.:n]ifglﬂ}
A 30 5.2 2.88 14/2.4
60 5.8 4 50 11.5/1.5
C 120 7.2 J3.28 15/2.5

% 3-8sample A~B~C# ¢ ¥ %= E P v.s. InGaN QDs F 538 & ~
TR C-REFNIBRELAEL

density 7%_2. 88X10"cm”

r= £ PR N > ad-atom /&_wetting layer 5§

@ T x7 ) e [nGaN & &

F O oE £ PR 30 47

# 4 7] 4.50X10"cm

)y b Eﬁ'}\ TFBJ»'
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53 11.5/1.5(nm) » F]#* % 7= ad-atom 7 ¥ it j&_T & % 5 ¢ InGaN & +
gl Tdesorptiony & MOCVD %288 ¥ #1id X eI o R > % ¢ $7X E R
60 53] 120 ##¥ > InGaN € + 8 density #ris_4.50X10"cm” i > 5
3.28X10"cm” > @ * average size + £_11.5/1.5(nm)#§ 4= & 15/2.5(nm) -
BB G T IER S ad-atom € & % < #o] o0 InGaN £+ g5 d Tsurface
diffusiongy & ® ~t#& =+ & [nGaN & + 8-> F]ptid = = 1 4%+ a7 [nGaN & +
BhAX K A% X 5 % <t A% e [nGaN £ + ghAs kA% ] - B Pl 4 o g«fﬁ{w;; e
FOstwald ripeningj »=/& ° % ** coverage(%)~ fj‘u{ InGaN # &+ 2- &
wetting layer o #& + #7d a0t b > RIS F P ST L PFRF - 2 4 > 5
o7 AR & P EE R > ad-atom /& wetting layer 54 Tsurface
diffusiony e0f7 5 - & % $7en 8 (7[(32,33] » SFE& M 2 B P ¥

E PR degd] > APTr TROAGE AT

{ Ostwald ripening effect )
ad-atom desorption —-I-— ad-atom surface diffusion _"'I
dominate dominate

|-1-ad-atum surface diffusion from wetting layer cunsuming->|
______________________ %

Int=30s Int=60s Int=120s

W3-97 k7 %=L pFRH [nGaN QDs % & 3| e B

3-3 2 ¥ %73 K pFF InGaN £ + Bhersk B a2 o 47



i * He-Cd Laser ¢ PL # % i ™ (300K) 2 % (pumping
density:67. 5kW/cm® )iz sample > 40T Bl #7712 ¢ a2 F = ] FBE (%
¢ AE ) 74 57 e _PL £ P Sample B BFen R 4o 4i 3% > AT g %

e F IR o HROM A A TS EHEE A e 2 Forg i £ F

S
a1
A

(=1
T
=
-
£

B Ft A % fourier transform 2 ",f T 3R B

B R ARy fe 2 BT PL AR (Sample A: 2. ¢ ;Sample B: ¢ ;

v v v v v L O P specel ot sampes @ v
15p 4
[ Sample C
12p 4
| SN
3 09 <
2 I samples
= ample
2 o06f P 4
g
= L
03F Sample A -
00 <
[ 2 [ 2 [ 2 [ 2 [ 2 [ 2 [ 2 [ 2 [ 2 [
18 20 22 24 26 28 30 32 34 36
Energy(eV)

Sample tint Ay (eV) FWHM (meV)
A 30s 2.49 172
B 60 2.61 217
cC 120 2.72 189

¥ 3-10 InGaN QDs PL at RT

- 4@ % > d **Quantum Size Effect(Quantum Confinement Effect) » %]
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QD size A QD size B QD size C

® electron
size A > size B> size C
® hole

® 3-11 InGaN QDs size ¥+ 58 it £ @ 5B

B 2R B13-122% i Sample A ~ B~ C InGaN® + BLerPLg k& & § %5 %
PoETS E PR A @ 2 Sren A (82, 49ev 2. T2ev) 0 e Ed £ 31060
SERANPIFR o EF Y B £ FER 30431604 0 InGaNE + B = <} %

v g8 1472, 4(nm) % -] % 11.5/1.5(nm) » 604, F11204)pF > B fs £ % =

E

s

»15/2.5(nm) » (%P & eh¥ 115 1 InGaNg + ghaf ki B3 A'gF £+ &

S PL

e
=g

TRt a A2 AEBE LB PR o T APHRRY G HE TR
wkEE od Huv FF 84k * ¢ g0 £ 3 ;Vﬁw‘;gkfnzﬁé PEREIR G €
B aPLg kE B EHNFEZT R EFE? T ng £ 2,5 (In
desorption)[35] s £ p 2= & F 3 x> /i 5 (internal piezoelectric

field relaxation effect;strain relaxation effect)[36] - H * T @B £

Il

gl .
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T Ing £ ¥ ER N

=
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blue shift red shift ®
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"e X € X
® hole NEEX < X< X

W 3-12 InGaN QDs ¥ In % € #> g8 i £

d PR EEAT e FIng B B3P PRI EBLER ]
Ft g eBRE;F 2 gIng 2RO I EP ORI EEL TR

1% 2. *t > strain relaxation effects & i 74gplen¥ - B F]ZF o
strainim g 2 & d 5 4 InGaN/GaN® F g t? Kt 2 B2 7 p*r4 2 )
oo A M R FPERTHDEL > 4 AR A1)

TR AF L AT LW B RES BgA2 RN PR (R

RE T PR AL SRS PR KD TR LR R L H RN

RREEA > EAPEFNTFITHROFEPT > A EREFLEE ]

FAF AR LEHBDRE > AT THEL TEF BRI E sty

(Quantum Confined Stark Effect;QCSE)[37] > 4™ = & Bl #777
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g kR EEH o - 4m 3 o £F 8 strain relaxation 7T 5E% 4 b
A58 F 0 defect 75 KA > JopFgEfe s MR siaf ¥ PL 9% » 12
I F R 2715 @)% (Arrhenius plot) ek iy » T 735 1§ 3 s b i o
iR AR ] 0 AT R R R R R RARE B ME R e w ] 0 2HEHE
E I g AXP B > ;@ g defect 0= i F 2ig et B & i B KA

(38,39] - # # iy chag g PL § oo™ 577
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Activation Energy
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¥l 3-14 Arrhenius plot
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I

FRIDET R s £ 54 T 2 Arrheni
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Sample A : Er = 63. Imev

Sample C : Ea = 35. Omev

d kBT r A ¥R R PR S 120 4% > Sample CE v B &) o
Flet & B tine=120 #)FF > sample C she F 4 H L & £ ;5 2 > Sample B

S Ay & Bk o Flt &7 & tint=60 §)PFF Sample B ok L A o

;%d 2 PL A~ 5% B R R OB B AT4e B S 1L ae eng R AP T 2 E )
PETSE PR 60 fiHf 4 3 120 fyehpEiz 0 & 3 BER R A 2 0 defect 7
il B RRESE O Y R defect hA 2 4 R FE S BER
IR A e strain relaxation » F|pt i = 7 PL g % EhEH o

g At T oo B 660°C eniE 2T > @ Erar £ oag a PLgF kM BRE

FoOOW S EPFR g e A ETERN IR % ’ﬂ}ﬁzﬂ"%f”l T+ B gt

y IR A
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* & A A InGaN &+ g fpo AL * g 530 © C = & GaNbuffer
layer £ * /& 1080 " C =& GaN bulk layer » #{s = & Jifek ik T3
0. 14nm =7 = GaN template > l%‘gd ¢t template A ™E 660°C ~ ™ VIII
ratio(~8300 compared to typical~30000)=ifE iz = » = 2,0 p N %

= InGaN £ + g - & &

\““ﬂ

3 82 14 i\.rﬂ,g;ﬁd % A oY dra £ pER

kit InGaN £+ Bhenib iz KR o d FHLEEF MR £ 660 T 0 ¥

g K g B

(1) tQDs ehs & A= 6 g F P $rS L EFA 3043 1204 > %5 4
ke ¢ Ra=0. 26nm %] 5 Ra=0.2lnm > &4 F A F 7 47 £ pF T
v AR EFEDLR AR A REF LG RA R AR
oo Fpt T kAR SPIP kA 47 K& 14 X 353 AFM 2 & 25
SEAPFR tu=b0s PF> T TEFOEIEBR  EBAR S
4.50X10%m” » ¥ 2 & @ P ) ¢ 4 h B F B H oA 3
11.5/1.5(nm) °

(2) X FHM> G EF P %3 L P40 > InGaN £ F Zhen PL 3 %
g 2.49eV A T 2. T2eV o gt ¢k s %“ﬁ“r_i Rk svensgt B PL 2R
AR RATRE R E R E N E R REAPT U E
o d 3% Sample B e it av 5 89, TmeV & = > Ft & tine=60 ) pF >

Sample B ek B HH 5 A i ;@ & tin=120 £/ PF > F1 5% defect #7422
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LU SR

R g AP E o 5d AFM #7 & B3] Sample A~B~C &

Jui
s

IS
SR A (R R/EA)PRE > F Ak 2 PL F R B P §EF

TR L PR s den 3 ETES IR o 2T AP S F T Indesorption g

‘,

REU A A A KBRS B B L i RO o hig- §

AT F AR F 2 Y InGaN £ F Zhehd Mo PR e e o 3 TR

R TRERITIHEF B o SPL Bk B E S Nk kRBEAP

ol R o

4-1 FEMLAB #t 8 ##-3% <-Physical Model
A ORI A AR 4 R E R S B (R R
OB 2 BNk, S o & b (BEXAFME + Bhsizes = # 0= &
Fli)enflde itk » @ * 4 < %2 (Finite Element Method):#-F 7| &
7 A 4R TIFEMLAB T T & en A BT A 2 AR 0 (S £ d 7 R
_—

InGaN€ + 8 / wetting layer ,: e i (ground state) & + &7 iF it F3

ECecl ~hhl) > # B Physical model #& 4% i 47 4- T #777 .
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Schrodinger equation:

h2
—V-{ 2V‘P]+V‘P=E‘-P
8mmn

h: g =25 % #&
W B fofk O fic
E:f}ﬁ’;{i{{fﬁ' (Bb E

M: %228+ 5 &
ARG REB R ST L L Y = (e, n0(0) @i ik

£ £ #EFESchrodinger equation:Hfl i &4 71 &

_hfo(lo Lo(rayly K _# gi0,
gr2loz\m,0z/ ror mﬁr 8m,m 227 ¢

%t SH D T SSSFEMLAB PDE ] AR » ik Gl

u:

2 A ia ! L L3 P
i hialil 'H_h__. mr_'?".' R '1* - E
: 23'{:“‘.' ,rmur' E -f-.'r" L
i '5-'!5 i & 4l Bn 2 J E.rr:'t robd
h‘.’ ".:A.,-
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- I =

-

- I LS
.r- i ‘--\.
Ign" r i 2
- . Be>—

d T mx
x F4 4

8nm, k 2

a—— :.!F +V,
Ea mx
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21N L Bt B #cE (doicras BxE )RR T Bc(doeffective
mass ~ hbar % ---) 2 % % ¥ % 7 ;% ( 4r:Al=hbar " 2/(2%effective mass)
% ... )ﬁi%] »~ FEMLAB PDE & 2 43 fcfz » & (o % %o [ € Hd 01 & g [

(ground state)s ¥ pxid (eigenvalues i.e.,ecl ~hhl)

4-2 Quantum Confinement(Size)Effect et &7 & +7
BAAPERRATERIIPAFME S B 4 > BT R P ERTHFT

¥ riSample A~B~C InGaNg + B %7 3 48 Inz & «hfF /™ % base > %ﬁf

d T 7oAk gk Sample A~B~C# + ghground stateficonfinement energy

1. €. , AEg(ecHhhl):

a) IR AFM QD sizef*FEMLAB
B EHERQDRE

VACANCY

O « :

Wettl?llq
layer GaN

A4k

b) EHFEMLABEINESTSH

ground state eigenvalues

i e

AEglecT)

AEg(hh) Y hih 1

-
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) AEgiect) + AEg(hh1) = AEQ oy pri) = BEG o,

ec
& Enfect)
& Eathht) hh1

W4-1 quantum confinement energy iz i % F|

He Fe(x) = xE" + (1-x) E;™ - bx(1-x)
X AInehg B~ Be(x) 4 ImGaixNeie B & ~ Eg™ 4o BN A 5] 4 GaN(3. 42ev)
12 % InN(0. TTev) chic B & ~ b(1. 43)[44] 8] B_43+ & InxGar<Nii B & ¢ &0

bowing parameter > H ##% % 5 W~ T BT

Sample A Sample B Sample C
2.4/14.0 nm 1.6 /11.5 nm 2.5/15 nm

ecl=0158542ey

ec1=0. 166964 &y ec =0 24607 dev

hh1=0.020531ev

hh1=0.0218038y hh1=0.03620868y

AEQ goqonm=189meV AEQ eeranny=282meY AEY gequpm~179meY

®l4-2 sample A ~ B~ C quantum confinement energy#-#t.2 %
d ekt e % o+ 0 Sample A ~ B~ Cen A Egeectnn & 5] 5 189meV ~ 282meV ~

179meV > #& 7 %24 i L 12 Sample AP A Bgeernn=189meV 5 base » i 4~ w3+ &
ﬂ%Sample B~ CeA Eg(eclJrhhl)—';;:’ Sample A A Egectinmn 2. Z§Fi.e., AEs > 4T

F 2 ATT
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PL Peak Simulated
PL Peak
PL Peak Energy
. Energy
Energy difference | .
AE difference
(eV) AEs
Sample A 249
Sample B 2.61 120 93
Sample € 2.72 230 10

%4-3 Sample A~B~C &R 2 {3 v5PLAL R

&% k7 > 7 e AEsi2 3 matchAE > @ 2 Sample C:hAEs#2 2 ABAE% = 2
fpE S FIL AL R EF BGOSR T > T EZAEPLEREE S P §
EEFY AT EPEFR e A ETES O G o T KA PRAFHNNERT
¥4 £ + Zconfinement energysn® 5 T otk Y B e BHE N
2o e
4-3 pER T F 3t confinement energy ;48

AT e 2R T F¥HSanple A~ BfrCeconfinement energy# 58
2 FAAPLFAYPERTH N [ BRI Tl B i
- e f2 > A InGaN/GaNE + B2 FRE BT H L &4 2 % &
GaN(0001) > 2 € F ZhehB R ¥ ) H A » ERPZBR T H~ [ dominate

W e (R BN R P AP AR SR T A RS g
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BREM G Z%AcT AT

L] bl L] bl L] H F=0 M volticm
. ; # F=0.25 M volticm
300 = +* 031 F=0.50 M volticm
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= ozook Y -
I * [ ]
E .
£ 100k v * 1[— "
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g
M-
100 = ‘ v 1
200 = - -
i i i i i
1 2 3 4 ]
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Fl4-4 2 FQDsB R H* 2 B PR ERT H N
confinement energy% i 4 %

ST o F NERTHED MV/em3g 4 3 IMV/enp¥ B B AR chE S g
d >*Quantum Confinement Effectdf+ > 43t p 22 R T A% 7 g > F]Q
Quantum Confinement Stark Effect4%7 P %8 > confinement energy: %
[ f]-%fiﬁfl‘ o ¥ t“,T%‘uBnm?s RengE +8a 3  PERITFDELEST A
Egecmp e it £ 5 309meV; 7 iE 5 £+ Bend R D 1nmpF > i £ Frjp

S I 14TmeV > FI EREH DR G F 4 o PANPBEIR S AP ERT HD

=
i

T xf’r_’); B3 REVERE DTS gL¢ > 4 AEg(ecHhhl).f‘iﬁf’rfL AEg(ecHhhl)I%O
i AT o A AR R SRR BT 12 Ap B Gal/AIN

£ 58k k uene },%[40] KZLP 5 hoT BT

54



Large dots : Sma]l dots

24 "’6 28 30 ’12 34 "’16 3.

Photoluminescence

Photon Energy (eV)
®4-5 GaN QDs* size(4.1/17nm) 14 % -} size(2. 3/8nm)

R 2K 97 & Bl e PL W)
“73) 0 T large dotsy A_»" 148 2Kp% 7 8 B F| «rPL3F k8 (2. 95eV) » 7
P % F R H E M GaN B o A M (~3.5eV) o a8 Fd A E
(polarization)Z % dominate Quantum Confinement Effect#t3ildzenE *

M eI % 0 R Wig & f B ehconfinement energy 0 4o Bl & ot

ecl

Eulk GaM band gap

hh1

®4-6 f #Econfinement energys+ & B

@ 73 polarization™ 4 & p % 1 (spontaneous)t& it H-fo 2 i 2 w0 “r 4%
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2o ERTHATAL 0 3 b BenInGaNH R Y o d +tGaN 2 [nNA
AL R R dE 1 F A B 5 -0, 029C/mf-0. 032 C/m’[41] > & K hL B
EA NS AR PERTI DTG S EN p R RS F

Pl ERiEARY CRRR N T RPN ERT S A BRI P & AEgectmn

-

Bk b fmvd v pranf S lp & K

4-4 p 2R T B
BT R 2R T > confinement energy s S o BT Ok

AL B xR ERT Y g Sample ASB-CF R LR o ¥

ek BE R BRI R AT Bl

a | e sampleaany
® Sample B (1.6/11.5)
300 | L] Sample © (2.5/15)
t 2 ]mamev 1
200 | -
g 2 125mev ™
- 143mev @
E100 | .
X
y :
o} .
»
100 i . i " 1 . i " L
0.00 0.25 0.50 0.75 1.00

internal electric field (MVY/cm)

®4-7 # b p 2R T F$3Sample A ~B~C QDs size
confinement energy-+ &% F

BR 5ot P 4387 pahd8 = 2p e i ip e chp 2 BT H 5
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base » &= B & ¢ o HIE F B < &« ehSample C 0 ¢ *FQuantum
Confinement Effect# -] » F]*Quantum Confinement Stark Effect# P
oo 38 3 AEQectnn B 5 B o P PRV S IR 0 d 3t Sample AZ2 Sample C

IE FELE AR BT FIY AR R ERT HT > Hconfinement
energyzEF 49T 0 d Tt eh— BARE L Z PLEF Gk A UTNE R ¢ ¥r £ pF
B2 ESD G > NPT fgp- B22% £ & a0 % > TSample AR
Sample C2 B e + 2Inz €4 %5 - BAPF ~ LB ¥ oL jES
d %) o 207 AT EFETNIAPERLE ) NP ERTH G
0. OMV/cmerficdg B 5% R > AP B M > AEhap 2R T H T > d 3R

FleSample A ~ BAEgeeimnn £ #2(143meV )i * *PLF & & % #7118 | «rSample
A~ B AEgeectmnn £ $E(120meV) » F1#t Sample Be& + g-Inz £ & @ < 3%
Sample Ash& + BLInz & » etk cndd e A i 4748 35 0ln desorption® 4p
G 0 Flpt A 2 B g < 30, TOMV/emepph 22 R T T A P eh g S gk
Boo R e R e R 2 OB 7 1o[42] > InGaN/GaN ik suenp o2&
BTH~ 5L <3 IMV/emrd boo Flpt pip iR AR T o AP AR ot e s
N ERTH L L AR > Ty 2 R T 0. 5MV/em 5 basepF o F i
Akt eSample A ~ BAEgea-mn 2. £ #2(125meV)£2 ¢ 2% #7 & B F|Sample
A~BPL# k% gz ZEE(120meV)AR§ 7 et > i B A {r? ¥ LR

Ji“'M«BGOC% FewT™ > Sample A~B e F BInz & B2

x\”\
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#r12Sample A ~ BEnAEgec-m ] £ BEs % o1 22 34 i #73p ¥ Sample A ~ BE
FEY NG REAPAG A AR - R FIMRT RAPL P ERTHS

0. 5MV/cmernfiim™ » k7 ﬁjaSample A~B~CePL% k4 2 X AE o

4-5 Inz & ez
Zd figE k7 peSample A~ B~ CePL# k% B2 £ AEfs » 7@ g 3

Blnz £ 4 % 5

Sample A=0. 28
Sample B=0. 27

Sample C=0. 20

BE AR iR B S B AP A ) e -tk 0 T In desorption i@ = PL % k&
E Y RS R PR s Ao 2 Sren A (JEL2. 49ev ] 2. T2ev) o e Z 3N
B G S B A fr? T RIR AR5 660°C 2 e T o er st d & Sample
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lnz 8 0% Sample Cenp EREHFw T2 T 0.2MV/em 2 18 » % 2ot

f@epIn g 8oLz f@aln 7 - R
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' ' ' F=0.5 MVicm
+ Sample A
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mENERT e T g B g £ 604 2 120 T £

» 2
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CTTTTTTT T
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4-6 WERiNE : 23

AAFEP AP A A anfET RN B8 Y - i F

1\\
_\m

Sy 0 Hd 3 IR ARG Y - R mang £ HRE RS R

1. % ¢ %7 & pFAV 3047 ~ 60453 40 211204/ F% » ¥ >t In desorption=vs

40 i B Ing B AP 28Y% ~ 2T © PI25% 0 > Tt o i $PLyF ki
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B ETEMS PR L o

2.8 R m g GadF AR B P %7 £ oniEAR Y 4 7 desorption > 7 i
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E=|

54 BTEA SRR o
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. e 2% 2 A4 MOCVD > f7 ;‘7‘]&4\: FERPuE AT Ak DR
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