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« -Raman and g -Photoluminescence Studies

of GaN disks on Al,Ga;_,N film

Student : Hsin-Chih Chen Advisor : Dr. Ming-Chih Lee

Institute of Electrophysics

National Chiao Tung University

Abstract

In this thesis, we studied GaN on different types of Hillocks by
p-Raman, p-PL and AFM. Hillocks formed on the AlGaN film and the
GaN disks were grown on the AlGaN film by ALE method.

From room temperature p-PL-spectia, the peak position is different
for different types of hillock. This.means GaN disks were grown on the
regions with different Al content so that GaN disk on the hillocks and on
the plane region are under different compressive strain.

By line-scanning a cross the hillocks, we observed that the
relationship between Raman peak ( or PL peak ) and positions is W-like
shape. Both Raman and PL spectra show that the strain inside and outside
the hillock are different. In addition, the GaN signals show maximum on
the center of the hillock.

By comparing p-Raman spectra of GaN on Mesa-like and Tent-like

hillocks, they showed the opposite trend with increasing hillock size. For

Tent-like Hillocks, the Raman E, and A (LO) peaks of GaN shift to



lower frequency with the increasing size. From pu-PL spectra, 1., peak

also shifts to lower energy. We suggest that GaN bears the less

compressive strain with the increasing hillock size as due to Al

composition decrease of AlGaN. It is obvious that (¢ -Raman spectra are

consistent with ¢z -PL spectra on the same spot. We suggest that GaN

disk-like structures are related to AlGaN films. From p-Raman spectra,

the GaN disks are under different strain.
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(b) The Wurtzite structure
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Phonon modes

Polarizatio

configuration A E1 E
2(yy)z a’ 0 d’
2(yx)Z 0 0 d?
y(xx)y a’ 0 d?
y(x2)y 0 ¢’ d?
2(WY)z a’ 0 d?
2(yx)Z 0 0 d?

The table was calculated from the susceptibility and the incident and
scattered polarization vectors:

Scattering configuration Allowed modes
2(yy)z E,(TO) » A(LO)
z(yx)z E,(TO)
y(xx)y A(TO)
y(x2)y E (TO)
2(yy)z E,(TO) » A(TO)
2(yx)z E(TO) » E(LO)

Raman selection rules for optical phonons in wurtzite crystal.

% 2-1-1 = & A (hexagonal ) % ff g % P
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# 7 IRAIXTRON 200 SR ANF K £/HF % & & & 5L (Low pressure
metal-organic chemical:vapor deposition , LP-MOCVD) 1% 3 #& &
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P % Tk o $4SiC-coating 7 & *# (graphite susceptor) i&
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ALE GaN growth conditions

HT-AlGaN - TMGa = 20 sccm (system Max. flow)
LT-AIN - Growth temperature = 900 °C
- Growth pressure = 200 mbar
Sapphire
NH, <210 X
flow rate Cooling down ALE Cooling down
(1120 to 900°C) cycles (900 to 500C)
NH,
TMGa
Time (sec)

Bl 3-1-1 R & 5 & i am

19



3-2 R+ 4 KAcgE R k3 (AFM)
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RREEHE PN i £ 0THR R o BdF e uEARY 0 F P BB BT i
SR o WA R KPR ez 2 FiEr 45
H S+ & SR Aot @ S L Z(x,y) f;f[asfjﬁ
B4 &4 & 25 (Mophology Yo o AFM ede (79 » d 3 3R 4L 89 45 5
2B eDiE 4T g Y ) hE > 9 AR10°~107" N2 2 F
Fpt 5 R FERET UED R I P Beod T NEGEGI
LI AER A RE RS R DGR R Ap B TR 27 ARM g

ot aE2 a4 FWT gt ATy RET BV B

a4 BARAL R4 - A ) L FenTg JAg -
WAleh 20 RFELF RF DR R - FEELE 475 &

B IFATAE SR PR IHA TS0 RIFSE T B RAc
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B4 RERE > A4AF S RIG S (cantilever) g % o
GAFAR S R R R R T 4 S ] o 5 SRRIHT AR 0 enfe
B g i 2 ARG HERHE AT >R - Badg R A KB
B oo ko ARAE RO AR B2 F OBk dopt { A 2 AE R ik
AR AR ETF - BITEL T LA L T AE S f BT HR

g R iR 218 0 TE

=
=H

=
I
o
et
N

=1
N
N
B

5 #p AFM enB~1 2 2 5 g% Eff ;% (contact mode) @ i ¥ i =
AR e B 18 ke 294518 5¢ (non-contact mode ) 77 &
BEAR R ¢ BURIF 452 RSl Bl (24T B AT € Tl A Ao &
FEHE < A L o AN A R PR R FE N -
w8 (tappingmode) sABTRSES |7 F I B AR T LIE
FO R R R R TS A U o U i AR F s e IR SR
ﬁﬁ%iﬁiﬁﬁﬁﬁ%ﬁ’ﬁéiﬁ%ﬁﬁﬁ%@ﬁ&ﬂ&?%%
ERRE S R = s

At r RS 4 BEACAL RS B Rat NTDT 2 7 51 8lis ch
4 5 (AFM, Solver PATH) » 2t 5 - S #acenid 5 > *ip o 35 5 fa
FOoFT A ENPERHRSA G 2 AR T G M
PR 383 ¢ Contact AFM ~ Laterl Force Microscopy

(LFM) -~ Resonant Mode (Semi-contact AFM + non-contact AFM) -

21



Phase Imaging ~ Force Modulation (viscoelastisity) -~ Spreading
Resistance Imaging ~ Magnetic Force Microscopy (MFM) ~ Electric
Force Microscopy (EFM )~ Scanning Capacitance Microscopy ( SCM)
Scanning Kelvin Force Microscopy ( SKM ) -~ Adhesion Force
Imaging ~ AFM (Force + Voltage) Lithography -

APM 8 & e 157 2 on AW (Bl 3-2-1) & 56 i adf 44 ¥
2ol — R A GREL S G R B RS F R e R
B UEETIRETINEEDRITER > REIK&EDLG R £
P w AR IR 454 B e B P e AFM 45 4 S NT-MD = @ #7 8]
@ (Si) 4 el F 2785 10 nm > 408 & 5 10 ~15

wme 3% AFM & Seenik S5 R R 5 2 nm o
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Piezo-scanner

Laser

®3-2-1 AFM 1 v §
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3-3 % X3 E Pk 3 (Micro-Raman)

4o 3-3-1 #77% > A AP TR * 2 fief &k Bo gt kAT
R RR S B Bk svensE % (Olympus, BX40) 2 2 18R]k A=
< 2R i)j‘v'o/b%zm Riz > Vi § @ % & 3+ 3 5 (Ar Laser
Coherent Innova 70 Spectrum) ¥ & jgc# £k > % € 488 nmeg

//
3

‘J’/}Is}b%m/ﬁt-& ’ " ‘]‘Jo’lf_i—‘ )\,{%'(j“”ﬁ &PJ%(,, i & 9'7'_,15 |-

?)1’(

488 nm Interference filter > &gk Benit* £ & FEZ AL
k3 i 0 T2 ",ﬁ% +wF e m’?,jﬁ%ﬁ T ek R SR O et
kgL 15 d BT U D AR R S frdtItehiEY o LG
bk s (T4 9 450 > kg B SAEE Notch filteris @ s F 5
i B AL 100 B 474 (0lympus 100X N.A.=0.9) p - Gt P4
FEE VAR S A RES S5 2umeks s prEEE R EET
d CCD cameraf P gL o § 5k 3w D4R &2 (5 € F 4gsF %) » 3K
"

stk s d ks ow PINoteh filterfe s 2 PFigig B it #

4
&

ETINS

Md B FF TR T J1478 (Rayleigh scattering) @ $78f %05
kgt ok F|- B F 5 Confocal hole » &% ¥ 4 & et i £ 4 T4k & 5L
iFevfck g2 - % Confocal holeBd | P » ek & [+ € 4p 3 chifs
B F 2 BIR A o Aok R U b SR B SR F A~

G Y A R B0 umenk s 0 KRR X H K
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ik BELHE LK (Jobin Yvon U-1000)» 4 (5 &~ ke it » H
o d RSP E (cosecant-driver) fr i 10cm X 10 cm* /)
111800 grooves / mm holographic gratings o 5 &3 ik 4 % >
gLk | linear diode detector (PI IRY-1024G) > :# d) e2n gl d
g BEme» TR 1 DV RS LFRR e 20 3% kg R

R EFE D 100 pmpF > S iR 5 0.5 om™ oo
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Spectrometer Interference filter
// I Art Laser at 488nm
Detector Controller Laser
- M4

ST-100 v Entrance fommmnnnaasd
Lens E

Computer 2 Computer 1 ' —1t
— oo .= Pine Hole

M1

fibr

JNotch
filter

— | Confocal
L1 | Aperture

signal
CCD T | | IS \k
Camera| @ ! | —
0X
: Objeqtive Lens :
Monitor Microscope
——— To the microsample [ Olympus BX 40 )
B 3-3-1  dgd & k3 kit
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3-4 ek o £33 £ Rk 3 (Micro-PL)

Hed L e 35—k F R s (Olympus, BH2 ) » B 3-4-1
Brom o AR 1 Tk R S 320nme g 455 57 (He-Cd Laser, Kimmon
IK552R-F) % 5 g ik » 323 5425 F % B % 35mW/m’ » % % bt
Bk S H#-F 5k L 3 o~ i kY o & d — BBeam Splitterz
g A1 - B 100 B & B ppanig® ¢t k2 $ 4 (Mitutoyo NUV 100

XLNA=0.D) *FBEZHSEA5 0 L kEL¥ d CCD camera (Sony

Exwave HAD) L% » — dxm = > & 100 B 4pE L s ok B /25 3
(wmos 5T Bk E R iy ke R BS54 Beam Splitter 0 £ 5 Beam

Splitters &z {$ > i =5 @ * & 5 325 nmerEdge Filter » ¢t
ok BE_E £ e B (Long—pass Filter)  # kaskp i &
d B EFZE » bR r kiRe A Lir kI —BpH LR
(Monochromator, ARC Pro 500) % & sk » ¥ ¥k - B £ T B H ¢
(Photomultiplier tube, PMT, Hamamatsu R955) % 2%+ 2 85 » ,T}uﬂ\
OBk SRk B PR By g nfadr 4 o PMTR * 1000V
BB s T #SLELE T k3 23R (Photocount ) b B fé S d TR AIT
P K EGER o pt ¥ kKA JI Y £ kR (Model 220C by
Optronic Laboratories) k& B @k ik 2 i p| BB RATIE

Feo u-PLerin 5 8 0 0.1 3] 1 nmenfF ffegi =k 0.1 3] 1 ) chig &
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i
gt
BN
B
3

3

PREARIEE [0t el it g H LRk
ZRF REF s kR o kAP %R S 1200 T 150
grooves/mm ° & kF &K T 2 I v R IEL 50 ynpfF o S pE

g eET R 5 0.2 nm e
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UV Reflection
Mirror PMT
He-Cd Laser (325nm);\ Monochromator |
[sezis /
Monitor CCD Camera ]4\ F::: ““““““ \,\
[ [ |
— Long [Pass Filter .
Fiber
Beam Splitter//.- ..... -|. .......
UV Lens
100X NUV Photo
Objective Lens Counter
Microscope
( Olympus BH2) Computer
To the microsample]
B 3-4-1  pol % k35
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FHAEILE S
AU 3 55 @ b d  F R 2 U A H (Rl

Aoodta) AR E AT EYAAUN K ET FHEEL RS

\'m\

PR A REATZE RS BAE TR P AT RT R 2R
e EL (Rl s JDAT) *F &z 4 L#F £ "signal” 4rd
“dark” e sl m B3l m “dark” WmEL A 8 ND Jgdk
(neutral density filters) XK:E T &Fkchsp B %33 » H A DF %
Ay bR iR fe “signal” - $kehik 2 o PL - Raman i S8 a0y
AL fe 0 DAT % &l 4% & didh = > #4h % * “Microcal Origin
(Version:6.0)" erdicf8 K 4§ =6 24 i oF T8 o ] o
4 - B T PL 2 Raman e ¥ 8V i £ 4% “Peakfit” #r#d
BeF Bk ARE AT 0 ¢ PR B 2 2R R (FWIN) -+ 4~
PFTED Y HEF IARTEF T i R RN T P iR
FE R AR R AR R SR % e i Bilho 44 Raman k¥ &
g » VR Lorentzian o 3% K paBF s ¥ ¢ PL GE¥ hIR
RIE_ * Gaussian =38 5 Fr PFgcf8 7~ ¥ #* 30 5 B A5 8 b enfitst &
B kP 2l aglE i E o ¥ b FREP-RH Y bR - R R s
o NE NS o deF R > s VS HEEGE DY L

%E—T/ﬁg’i JE E\Tj'f_mi\’ﬁ“*%°
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A BT AR elicdi el 0 R AR T & S UAD B i e
170 AP ERE AU R SR Y gol” smena” 0 $HHI RS D
MR ERLC A E > X T U ARN cnl il B2 2 R R R E Y

SR TR 5 B3 R &R 5 R RER A 41 -
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N

S
=

i

i gr4g (ALGa, N ) 4 K 47 71

pN=TR v 9 Sl s K1 AR 0 1
TR b kAT K g gk (GaNdisks) e A F H-ie ¥
B 4 R (AFM) ks i o 2250 $ 8 ek § k3 (u

~Raman) % fc % kH (u-PL) ddkpe ks g & L gp ek F 4 o

4-1 § "2 425 R

Bl 4-1-1 2§ LR PR FAZEB B F LEHME T
2B o R AR A o A0 F - REEF 0Bk o L0 (AR
Tdd o V> APJIRERERE 2R A s (AFM) 2174 o
AyRinit e o B 4-1-2 EARMYE FFF R (5 um X D5 um) h= e

G B® AP ALY LT - RS | FIE o ApRITE LK

[14-15] £ 5 i § 1 445 i 5B 7 2 48 4 o B4 £ § 1 45

el AR (Mok MEREH) 3295 3 /um > 2+ %)
fed A& 0.5~ 1.5 um% 50 ~ 180 nm= @2 B 5 ¥ hx ¥ i
E ik Bt Ray Fh% Bk 490 1 unz
T HERS A R K B S F S RAPME 2 B

ARk AR A RS &Pk (Hillock) 2 A drm

5

FAFM = i B (B 4-1-3 'frlﬁfl 4-1-4) > ¥ & ?DE: Hillock

32



B PSR A PR R 2 s e A A R R BT E T
Hillock # & 2% L% % & § 42 3B > @ ¥ LB 2t = f eh
Hillock e (T3 j& Pyramid-like Hillock) + #2% » #&iaipl§
gt Hillock 2% 2.7 2 >vimfrar g k&7 § 45 2 Hillock %
Boens £ Ri% e SRR .

fjﬂ%} 4-1-3frBl 4-1-4 #777 - A PE A fAF FagRl2 » & Rk
(Mesa-like Hillock # Tent-like HillocK) i& = AFM sd% 4 » o
P~ i Hillock ¥ 2 AFM 2| B> 7 % R Hillock &2 7 = £ 3¢
ek B oo APIRT 1t 4R 4R 8 ek B d 2t Hillock £ % 7§ it

4 (GaN) e £ > o AFM#ase & 45 0 Hiklick shsl A 0 0 o

BB R gL pERR R 455 o & Hillock 2
Fopdtes p BRI [14]7 G EE o d B F e Blg k0 F e

A AR E R dre g v g AT Hillock #0703 R ehgl Fox
J ORI Ap AT Bg (Y AR R S Hillock AL9 PR AL 5 ihe R S
o v 4Rl Hillock # & 3 M kenpl S8 iz f PR
Hillock ® w A fFaF%l 5 97 e 2R % 2§ L 4R R ST 3
o ik B B s (O F B > 3 ¢+ % e & Hillocks
SRt po- RIS ARM Bl 0 & 4 ¢ B Hillock @ 2

S - Rk BB B A Hillock ¥ < kshd R 9 F 100mm 2
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oo FliF Mgt Hillock » et faF S 5o sod SRR T 3
F oBsg g B4R L s G R RSy TR e Hillock ¢ o &
Rk 54 -

B o F Y4V R AF Y EgEN AR T2 BRI &

b5k (Hillock) + > @ d » % it 45 & Hillock shalg a + & &5

R A

£

g 2 Hillock ¥ ka6 2 thi 2 3 LR TR P B A
2% Hillock & ¢ s § RS 5 0§ 145 > &2 P AR (3
dBcE) 2 OM (kB Bfcst) it 7 L Hillock ¥ ke #f

P iR -
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B 4-1-1 GaN disks ** 8 & F kL Fhisiz # i
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nM nM
GaeA 788
688 -
5888
588 -
4888
448
Jaas
388
2888
208
1868 108
a a
18688 2888 3Joea 4688 5808 [2%l5 5] nM
(3]
N o
=
S
- i
e <
_‘[: -
) S 4
=]
I
-
o]
-1 0 1 2 3 4 5

B 4-1-3

Position, um

GaN disk on Mesa-type Hollock
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Height, 10° nm
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Position, um

B] 4-1-4  GaN disk on Tent-type Hollock

—\

2. AFM #2231 w [
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4-2 § i 4gicF VARG EORP S R R
2T EFT G ME gkt (GaNdisks ) & A) ek B 4
AR A BHBERAP G T F GRS L] £
FE UEL 0 e B s B S HEF T 4R (ALGaN > 5 B)
2 A k&3 % g4 sapphire(0001) - # '%ﬁ\z‘ ieull SR Saplt
o AFH AR AR ERF G AN EF ML B i AR
A WE VAR RIREATEIRZ T PR
A ER 4-2-1 00 5 98F CEHGEY (RSB 227 F
#g A Hi 1 lock ez 2 & £ 3% 9™ B Fi& 5 sapphires il > v 3 A
P BE ez g o — B E_A418 em TEEAT 5 B ¢ P E_A T48 om i o
iz A W & sapphires A& Ep R i [28] > 2% i - b ok Rk ¥
¥R BY T e = kP )’I‘uiﬂﬁ—% (227 P MR o !
Hillockz 4% 5% » % Iifrﬁﬂ FE& D3 0 E,(high) % A (LO)H-ik %
3P ESDAR o )I*:f“ & E,(high) - it eh3% > » Mesa-like Hillock %
Tent- like Hillcok# *# E#RA_% 570 cm™*tiT > AR o2tz = &

5 % r(Pyramid-like Hillock):E,(high) =% 574 cm™F 4 cm™ &

|~

ETHE o AT E 2 E S & 5 ke ElgPyanid-like Hillock= 3| #
< 2B J& 4 (compressive strain)#7tik » e384 AP HFle § aih <

[29]2 F M o @ tithF ARG PR A(LO)IRBICAING - B A
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748 cm™ ‘fffii“‘ﬁﬁ’ﬁ — 7% > ¥R sapphireA& (HE Hf 0 ¥ M P RS
Bt 5 sapphire*T ez 428 350 @ 7 RO L RE T
bkprdr a2t B2 & 6 ke 38 (Pyramid-like Hillock) » #kg ¥
SR ELE IR A T48 em AT o gt R chE 3 B 4P #tsapphire E

Bl e T3 % > 2 i1 Peakfitdc kg (T4 @i > v % -

(0=

Hc3s e B T72 em™ it > &7 & £ Pyramid- like Hillock#t &
freoiid A(LO)R L @ iMesa-like® Tent-liked fE#f ] & &
AR TR & RRD T 0P ARSI G T48 om ™ shsapphire i E,

Wl ent B - R > QR T8 em 1T o it EMesa-like 2

Tent-like® fa#f 3| & B k2 A(LO) 55 > ¢ /f@ifrhiﬁ‘é?—i v 48 4%
AP REATL LGP S EERE T Re

d b G A s AL A PR S RAFH T GRS B
EEFRR o A BETEHERENT R R DG MR o AP
T Z RGEER (B 4-2-2~ B 4-2-3~ Bl 4-2-4) » HEP &
Pyramid-like Hillock ~ Mesa-like Hillock 4= Tent-1ike Hillock
Jeet Zeng b AR G F 7 ek A IR o JE R 4-2-2 & Pyramid
-like Hillock fez 2 & 3% » 20w v 745 £ § S 4p 54305
GRaR E L T D g § KA A Bt AR (LR o q‘"op%m

E,(high) #- /& % 5 - ¢* %7 3] (Pyramid -like Hillocks)t ¥ ¥ f* 4%

40



SR o E ¥ Y 070 emT AT AR RO Mg T 4R4F R A 574 om™

T 0 @ FRA(LO) HEfE R AT > T IR B T34 om T RT

3

- ATHE o B RSHEE ARG AT BRI A d v (23]
ol g CgPALO)EL B eoREn AT ¥ M43
HBEAT R F CERE . R W 4-2-3 oW 4-2-4 LA Hg
Mesa -like Hillock # Tent-like Hillock = fa#g 3| & &}k 7 &
P FRR 5D o S B (ABF MR E) gt iis o 4T §

e S A T fod g aRsp R R A B kg
R g R pL g R OB R F R 7 AR
Hillock erd & kg D CRI4-2-5)5 5 th 5 21 1 E, (high) %
A(LO) e o il 7 8 & ARUBR R T F R cn L B oo 00yt G A A 2

AR E PSRt g MO AR R F R RS L

NN
L

B
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(a) Pyramid-like Hillock (b) Mesa-like Hillock (¢) Tent-like Hillock

Intensity (a.u.)

] Sapphire

4 AlGaN Pyramid-
Jlike Hillock

JAIGaN 4 ym
Mesa-like Hillock

T1AIGaN 10 um
Tent-like Hillock

1 " 1 " 1 " L /4.1 " i}

400 450 500 550 600 ' 700 750 800

Raman shift (cm™)

B 4-2-1 AlGaN (#&B) &% F#dl= & 5 k2 £ 8 X3
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Intensity (a.u.)

(a) GaN disk on Pyramid- (b) AlGaN Pyramid-like
like AlGaN Hillock Hillock

' ' 748
| Eg
! Sapphire
| -
|
! Sample B
1 A(LO) 4
|
M AlGaN Pyramid-
, Sample A SampIeA: 1 /like Hillock
| E, (high) A,(LO) '
- : o -
I v Lo
- ; 9 Pyramid-like Hillock
Y 1 M 1 M 1 M 1 ,I,I 1 M A M
400 450 500 550 600 700 750 800

Raman shift (cm™)

B 4-2-2  GaN disk % Pramid-like Hillock fw2- =& &3

43



Intensity (a.u.)

(a) GaN disk on Mesa-like (b) AlGaN Mesa-like
AlGaN Hillock Hillock

; T T v
. 748
5 L E
MM i
! ! . Sapphire
E i Sample B4
L 569.6 1 A(LO)
N 4 um AlGaN
: E 1 Mesa-like Hillock
E Sample A E_(h) Sample A |
L 2091 A(LO) | 1
| 733.9, ./ | PR
! | aN disk on Mesa-
Wu e ! q like Hillock center
— 1 N 1 N 1 N 1 ,/,/ 1 N 1 N
400 450 500 550 600 700 750 800

Raman shift (cm™)

B 4-2-3  GaN disk 7 Mesa-like Hillock *® w Bz 4% k3%
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Intensity (a.u.)

(a) GaN disk on Tent-like (b) AlGaN Tent-like

AlGaN Hillock Hillock

! : Sapphire
| 1 10 um AIGaN
Sample A E,(h) Sample A | . Tent-like Hillock
| 568.7 A(LO) i
i | 732.3 : GaN disk on Tent-
rm/:w_‘ — S : . like Hillock center
: 1 " 1 " 1 " 1 ,I,I 1 " EI "
400 450 500 550 600 700 750 800

Raman shift (cm™)

Bl 4-2-4  GaN disk 7 Tent-like Hillock ¥ w vz & k¥
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574 T T T

O ® AlGaN E_(high)
SI3F m GaN disk E (high) |
aN disk E_(high)
o B72f -
e
(]
— 571} i 4
5 o
2 570 | ¢ -
=
E seo} n ; _
o
568 | 4
567 1 . 1 1
Pyramid- Mesa- Tent-
different-type Hillocks
775 ' . '
® ® AlGaN A (LO)
B GaNdisk A (LO)
__ 770 4
(&)
= 765} -
c - =
w740 F -
e
@
S
Ccru 735
u n
|
730 ! 1 L
Pyramid- Mesa- Tent-

different-type Hillocks

Bl 4-2-5 # F 33 Hllock % k%2 ' #i& (Sample A vs.B)
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4-3 F 447 FaEa Hillock 2 #icd & % fc¥ b ki

KA HRZMEZELGH2[14]? s M EHE2a 7 2§
gk iR S Ty -PL BRIGRIHY B T Mk b
Pl aol A g e illock) B d v AT R (T
fee > Pyramid-like Hillock) » % ¥ 4 &k & 365 nm 373 35 B %

A UL o RO KR RT R R R R 2

T

(low ) FHFAEE2364mm 2+ > @ 3 b 8 % 2B &
A (Hillock) A 7 365 ~ 366 nm * #= [ 5 B3 3 Sk & i B - H
v iR AR E g () B ke & 5k (Hillock) 54
FELI-2mafE o Fgf LTS3 gt a7 Fagal Hillock

TR A KR R AT A e

HPpt - Bapi > A& PR * {4 RATR P § ke
ER-APERESTALZG 2B FRE R ITHEL RE A Va]{jj‘&
Ao R 10 umEEosE k2 2 & 6 (Tent-like Hillock) &he w
Feer 4 pum T & Bk (Mesa-like Hillock) 9% wseit 2 3 &
SRS & Bk A T i (Pyramid-1like Hillock)

Rt AT E R B AP RREZ B RS £ E
ALK IFERF L hp AR k@i R > F Fd L A E,(high) fr
A(LO) A fEinfr - firfs & 3 0 R % MG ERP B3 F F B ITX
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s 4 g i o
e A 2o 0 F £ &g t4pdg (AlGaN)  ehg 1454
AR R g Y4 SRS (GaNdisk) WA o Btk Skl
R R R AR ET S o 1 100 B et s R E 0 BT kT T 4R
5 b sk ma LA 2 pum =)o TRt T SR EEL BT AR e g T
sHillock # & 0§ 1t 45 %4 ;éliﬁflfjmﬂidzﬁ e LR S 3 ]
L e kB ehd IR o
Bl 4-3-1 447 Fagdl Hillock 22 F eng Y455k 5 1v &
BT P2 fed g R R o AP E T AR 4-3-2 BP0
Fo g AP H4um i Mesa-like Hlillolck 2 10 #m e Tent-1ike
Hillolck % & :plpF » = v 8% 4, (high) Hik ?53?\?’,7%&11‘1#’532;}%%
MIMdmﬁgmmmiﬁim&Scm%%ﬂ%gﬁ%HﬂhmkﬁEmmm@J
Eﬁ%iCWH#%{g%%%&#&m%gﬁﬁﬂﬂmwﬂ@{j
Wi T 78 Hilllock » wApd2. ™ > E,(high) #-3k € 9 0.6 cm™ iz
BEY ﬂfjfaAl(LO) CAERIFRT 1.6 comteni= B E o d B A B H
B2 AR PTUET G PRI GRS G FHE S E

Rt E kg F Mgk A7 Faga Hillock b AR 4 2 A W]

.J‘gt

-

# [30]% R FIRLE(gh) Wi 7 % # % 7)1 GPa sl 4 LIk 4.2

om™ e § 8 £ 5 @ A (LO) HERE % 5 0 1 GPa RIEAP$H 0.8 om e



BA R o IR R IE, (high) BERE & A(LOYBERE 5 ok - d 0 F M4
Tent- like Hillock 8 F|#MAE ey & B » e & 7 § Y4545k P

& Tent -like Hillock ¥ « Eugpiic & Mesa-like Hillock ¥ & &
AKX o] B4 (Compressive strain)

¥ Wkl 3 ke (Pyramid-like Hillock) fe 87 Fe 3 3] e &
= & H & (Mesa-like Hillock # Tent-like Hillock) & k¥
o P AE g = B Hillock ¢ T 3 B(Pyramid-1like Hillock)
% K BER DI PR G4 -

HEIRE 7B L dh> [14]¢ F32ie = <]~ &5 (Hillock)
gupeE (1) $R2PFedpless ApEv dep > L2 ERT R
MgEgp R R g R > BT VA (GaN) B8 e o B
TR TAR R AL 1T R R EGE o I R engIT o SRA i
TR 2 pE RRFHR R THERSE R 3 EER L FG
ot o B RF NS ET AT HR

TR S A ATERL A PR 7 Y % % R iR ] 4-3-3

-

Torrg R0 A PL RGP G ¥ 2t 343-303nm A F M gp ARIRE
CARER AT RRATUEL @ ¥ - R 0T 365 nm TR F i gpenT
Fe o ROt B R R S B R % A 4 0 A0

GRLEE T J’K%&{ Mg YhpeE e F - & d PR
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K F g MRl gL 0 AT Y By kR EREL o

SOETF YArbpsre i P ETE M AREE B anRE o A
s EAp e e 4 um Mesa-like Hillolck 2 10 um Tent-like
Hillolck ® w it (7 ey kg p > R 4pum = /) v Hillock
B k£ 5 352.3nm (3.52 eV) > FI* w2 [BL]F Il enigsh o 5V 7
Fasped i 4.6%: m 10umHillock &gk & Bl 5 352.9 nm (3. 51
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u - PL Intensity (a.u.)
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