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Selective growth of GaN rods on the apex of GaN
stripe by metal organic vapor phase epitaxy

Jun Hyeong Lee
Major in Semiconductor Physics

Graduate School, Korea Maritime and Ocean University

Supervised by Professor Min Yang

Abstract

Selective area growth of GaN nanostructures by metal organic vapor
phase epitaxy(MOVPE) has attracted great interest due to its novel
applications in optoelectronic and photonics. GaN nanorods were grown
on the apex of GaN stripes by three dimensional selective growth
method. SiO; mask was partially removed only on the apex area of the
GaN stripes by an optimized photolithography for the selective growth.
Metallic Au was deposited only on the apex of the GaN stripes and a
selective growth of GaN nanorods was followed by a metal organic

vapor phase epitaxy (MOVPE). We confirmed that the shape and size of



the GaN nanorods depend on growth temperature and flow rates of
group II precursor. GaN nanorods were grown having a taper shape
which have sharp tip and triangle-shaped cross section. From the TEM
result, we confirmed that threading dislocations were rarely observed in
GaN nanorods because of the very small contact area for the selective
growth. Stacking faults which might be originated from a difference of
the crystal facet directions between the GaN stripe and the GaN
nanorods were observed in the center area of the GaN nanorods. In this
work, we introduce a new growth technology of nanorods which can be
grown on specific three dimensional positions. This growth technique has
great potentials for the upgrade of conventional devices such as field
emitters, gas censors, light emitting diodes, optical resonators and three
dimensional power transistors. This technique also may propose an
opening of new area for the horizontal nanowire devices interconnected

between mesas and complex nanowire networks.
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Urg2cs A ] i chemical vapor transport(CVT), hydride
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kel Aqtoll A AAEg om, TMG (trimethylgallium)el F=yotE M=
ARt VH 82X 47 o] &stditt. 24 A4 = W& GaN v
29 wAMFEREY A W= field emission scanning electron
microscope(FE-SEM)-& o] &3] #&3tHtt. GaN Yk Z=Eo] FAH7]
ANZele d9Y Fx3F B4R AR ATES GUstrl 9o
XRD(X-ray diffraction), transmission electron microscope(TEM) &4 =

inverse fast Fourier transform(IFFT) &41-& 2l A) &}t
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2.1 A3E H=A Y EA

Atz o2 AN, InN, GaN&= [I-= A3 E HIEAE U Ests 2224

zincblende, rocksalt, wurtzite T+% % A7}A FHY FZ2E 71AH 29
s al

dolA ALl d7kA W2 Rl A Hold WEAS JHAL Q7]
o] FHAaA] Ao Wo] o] gHTh 17 21.1& GaNe 7 FEE
Ueld Aolth GaNZ o]ZFH Hhetero epitaxy)S E8] A& & 7 $ol=
wurtzite #+Z%7F HASA| W AR Ao wEl zincblende +%7F JEMY

715 3, 1goAe= rocksalt FRE zt= Aoz ®HyEI QTHS]
zincblende Fx= 4719 & 949 4719 A2 Q&S £33 cubic
units 7FAaL 91ow, zincblende F&&] GAMETE E3Fet= A9 9
e BEo g tololte AR TR}t FYsITh FAMTDS FHre
7hAH, Z4zte] FxE A4l Y¥(Face Centered Cubic : FCOAA7E A=
dEste] FAE o, Fze) dx= AtiAAd(body diagonab-e
2} 1/49] HA ol FAQUT. ERE o] FxoA Azt dA= FAMHEA
(tetrahedron)@] ] = A A& 4719 HAH LA o S HAHEA
o] FAlo| x5t A}, rocksalt T+ZF+= cubic unite 7HA 2, ZF

AT
6702] nearest neighborE 7IA= FZFo|t}. rocksalt F+xo IS

Fm3M(oh®)olt}. wurtzite F%9] ZIte oA C64v olxl H++ thAAL

Cg, ©1THO-101. wurtzite 72+ hexagonal unit& 7FA B2 274°] A
T a2t c& 7IAY, F Mol S FZ(Hexagonal Close Packed
HCP) Ax7 A& #5E 3iA A8 449 & x4 cF& Wt ¢
9] 589 Eo] (Bc/®oll A8t Yot GaNe] A= 83.728 g/mol
o, @M EQnit celDoll& GagAret N7} ZH2y 2708 g3kl 14



I Qo oA GaNe AR = a=3.189 A, c=5.185 A °]t}. 9]
d F2E 7HAE GaNy Z2AFERE I9 222 o YEdY. dubygoe
2 cubic(zincblende)®} hexagonal(wurtzite) 7+ZE ©]F+ GaN, AIN, InN
9] poly type tetrahedral 2% FxE& o|F31 A2 Aol H|sHATL
Mg VS 94 Fo] Fole A7 ek 7ol Aot wurtzite 7%
¢} zincblende F+&+ (000D 3Feo] W& HF &AW =23 I Fx7F
Hlzsle] &84 EA4o] A2 Hlszsitt

Zincblende % : GaaNaGagNgGaN.GaaNAGagNgGacNc---
Wurtzite 7+% : GasNaGagNgGasNaGagNgGasNAGagNg: -

Wurtzite %25 7HA= M-V &£ A&7 ®=A= 0.7 eVInN) ~ 6.2
%

eVAIN) o2& AFANY 2ANZEL AT Qo BA 249 &4 7}
-‘;*401 W9 A FAY Fo] Yoma wapmel e vldo] 7ahy]
L #eHa, ZAE Uge] W ekt -V E AshEA wEA ol

dHAEE+= AINZEF 320, GaNz} 130, InN7}F 80W/mKAE==Z Si7]H<]
150W/mKzt §-Ag Hwd 2 dAEEE 7K o 22k 2HE Al
AL fAaE A & F Jorg nLgA FFHE LAY 2
=9 &R FRIMsAE W At AVAEREE Ad2olA N,

o
GaN, AINo] z+z} 3200, 440, 300 cm’/Vss o] &2 z+zb 1100, 2500,
2200 C o]ty ThE WEAe] s AAE D AANAEY SHo| S5

=
Hol o]t AHe 1 % 1EY &zt FH Lol ul$ HFsi)h 9
oF & M-V ¥t=A £4d9 o8 7Hx] 45 & 211
ol# gt M-V & H3l&E wtEAe & Yo = Qg &2
A2 dol 1FY & Az &o|n SiC Al RI=A 9} vuste] & %
Holgta 3trl= FEAT M-V & dstEA vt=A= In, Ga, Al 9 =4
o] Mg s F3ted A2 g2 =g e 7AE gubs F551 o|F T E,
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(a) Wurzite (b) Zincblende (c)Rocksalt
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Properties AIN GaN InN
Crystal structure Wurtzite Wurlzite Wurtzite
Space group P6.mc P6.ne P6:mc
Bandgap, RT (eV) 6.2 3.39 1.89
Temperature coefficient, 4 4
o -6.0 % S18 %
JEJAT (eV/K) 6.0 % 10 1.8 %10
Bandedge transition Diect Diteit Diiec
Lype
: =3.11 a=3.160~3.190 a=3.5446
< A a=
Lattice parameter (A) c=4.98 =5.125~5.190 ¢=5.7034
Thermal Expansion Aafa=4.15 A ala=5.59 Aafa—4
Coefficient (10°/K) Acfe=5.27 Acle=3.17 Acle~3
Density (g/em’) 3.225 6.10 6.81
Melting point (K) 3273 2791 (Calc.) 1373
Thermal conductivity, 3
RT (W/emK) 2 1.3 0.8+0.2
Conductivity (/SRecm) 10"~ 10™ 6~12 200~ 300
- . W=14 U.==440
Mobility, RT (cm'/Vs W . —3000
Y. RT (em/VS) | Ghoped prtype) Lp=20
Y o 2.15+0.05 2.40 at 590nm 2.56 at |Mm
1o ndex at 413nm 2.67 at 367nm | 3.12 at 660nm
g(0)=104, Ell ¢
g ’ E(0)=9.14 E(0)=9.5, ELc g
Dielectric constant £ (00)=4.84 £ (%0)=5.8. E Il c £ (90)=9.3

211 10-V ji=A =429 o8 714 &

£()=5.35, E Lc
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2.2 GaN 29273 A3 3
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o] oj§7] mj&o] o= GaNet AA7)
7] wFEol o]F A Z(hetero epitaxy)S o]-&3| AAsA HE
& 7183 GaNztel ARG zbol ey AR HA 4 Aol 7}t ‘%*@‘3}3’_
Z$l(dislocation)e} 22 AS Ao WA= FHAA &Ae &

o]A7] WjEolth EF GaNv H2 25, AYS=E A5 d9styo
EQtAdof ®all7t dojdth. Gakth No| WA &2 = Es|r7t dojd
% A4 #F¥e Ga dotEol IFdteE o] UEriE gh{12-13]
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A HA Gas} NHy7b2o] HES-S ALg3lA GaN ©aAS AAAZATH
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JA 71ES buk FeEle @EAH AdAo] oY HIFT A (epitaxial
growth)2 AF&3] GaN thick filmS AFA 7= AF7F o] Fo FHo}h GaN
G2448s FAdstr]l sl 7173 ols W2l(vapor transportation)e ©] 8-
s}8huk-8-(chemical reaction) o] AH&H ATt Maruska 52201 Ga
71943 HClS whs-3le] GaCle wsa o] 729 NHy7l~E HESAlA
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o] 7]#o] GaN @24 HAAES HFo =2 B st olHg olF HAF
3 A(hetero-epitaxy growth) 7€ AAd&E=E waxvr B3 99}
A ZA3stacking faults) o] LA stdth FH Fr=S5 71 A%
(metal organic chemical vapor deposition : MOCVD)

83 FAQA vt FA] HEe -3 FF FAo] golste A F
H Zlso]l =Ho $koh. Manasevit &-2[21] 1971 kel A  trimethyl
gallium¥ NH;E Ab&sll #7154 38t Aoz Alvgtolo] 7] £
Awo g GaN W3 S2 Al7|=d AEstath Ax st 493 Al
o) g A9 =(dislocation) ¢t € 2-3-¥(thermal stress)= &

i
flo
B~
D)
2
»
=2
>

ofy

o] apole
S gAY LEAY GaN v de & Atk o F ofy AWL

T3l GaN ubete] FHS FAI7I7] 97 A7 2Es] o] Fo] Fom
1983 d ExAA AHZ(molecular beam epitaxy : MBE)HS Al&3}
Yoshida 5oll[22-23] o]&] AIN &% =(buffer layer)& ©]&3F A7} A3
A=EHAT. oHd A5FTS dsted 1FEY GaN Hheks AAA R
GaNe} Alylolo] 7] Alole] 16 %] AR 74 ZFol(mismatch)@} 35%<]
G Al Aole oAxs] EA A

GaN 44-g 98] AMg=Ed 71#E7 GaNe 88 E4S & 2.2
Aostatt o] Edo] Algpojo] By Azl FA o] AT F2
5745 zk= GaN 9behe SiCet Apdtolo] o]e]ef thg 7|doA = AA
23T} SiCe] A9 AAE GaN Hiepe] Ede wEstuisht 7170
Abstolojel HlE] UF HIMA dAl= SiIC Bt AlglolojE o] 83 GaN
ik gage] A7t 18 F ootk Abdkolo] 7] GaN ek A Ast
M 723 GaNzZhe] Aapakd zpolol Aoy LA xpolr} BAE T Bax
A fl(dislocation e} 2 A3 Ade] A= FHA 279 a0l E
o] 7] wjell Aputolo] Z]#} GaN ubeb Atojof ¢+ZZ(buffer layer)<
A48 A Y SiO, maskpattern< ©]-83F epitaxial lateral overgrowth(ELOG)
H 58 Ags] B3 A 9l(dislocation)® 2 =7 $H(stacking faults)S =
|& WRo] A5 ATH24-261

o
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2.2.1 HVPE(hydride vapor phase epitaxy)s

AFD GaN 22F S A=xshr] A A= &8s JPH st

7194 71+ 4 Hmetal organic chemical vapor deposition : MOCVD)*

| os] Afsholo} 719 $lo] AINOIY A& 4 GaN %5 < Algaho]

GaN hehe] Faol Be AL ol FAUL H712% 714 AEe 4%

o

£57t ¢ pm/h AEE =23 AE-E &= trimethyl gallium(TMG) =3

ol Mt o] o WhHe| HVPEH S 434 =7} 30~80 «m/h
2 w23 AEE= 45 7F TMGO Hl&] 714 o] Y= o] ok

HVPEX el ©]g GaN ZA o 442 Gaol N9 precursorg9] 7]7°ls
(vapor transport)¥} Hk-g-of 2]k U] g (None quilibrium) 3% HHOZ
Gag<sol HCl 7145 weAA GaCl 7[AE ws1 o]l& A 9o =z
o] 5 A2l & NHy7b2=9} ¥EEAIZIL) oo} 2 A7 Ao A4 HCl, GaCl,
NH;& o5 A 717] 913 8k A(carrier gas)® N,, Hy, He 5] Ag-H
o o]¥ 7]E# <l HVPE REgE2 tha o] o] F o XITH2Tl.

il

f

Ga(l) + HCI(g) -> GaCl(g) + 1/2 Hy(g) :Ga 5% W 99
GaCl(g) + NHy(@ -> GaN(s) + HCl(g) + Ho(@ : A% 99
NHs(g) + HCI(g) -> NH4Cl(g) D RESSHA] 22 NHj

g Hhgs AW ‘6‘}051‘3}[28]

73 Al Z(boundary layer)< %3k GaClEll & -3l (pyrolysis)2} &+
(diffusion)2 B4 =& Z4dst= T8 ot k4 HVPEHO =
A47E GaN 242 600 ~ 1100 C o] ==olA &A=k sF(mass transport)

_12_



no

_13_



v}
b |
o] At

U2 GaN
Hz2 At

¢}
#si 1000 €

shet.

o
Z o] GaN

hos
=3

P

il

le] MOCVDH .2 Alulo]of 7]

dol &l

FRAA

°

°

= upay

-> GaN(s) + 3CH; (v)

& (thermal stress)

o

o

A MOCVDel A ¢
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Bis
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2.2.3 MBE(nolecular beam epitaxy)

MBEH & & A2 3159 14 488 7MEgez g4v) 34
HA ke pFEH wurs A & 4 9. MBE= HVPE, MOCVD$}=
24 ExA s A7 FFHY] Wil HF 1 AEE AR £
+= =g A7 monolayer@¢lZ A& A7} 7Fsslth. 1 monolater T4 2
gk Aoz} JhsdkEg o]/d#H <l step junctiong AAE 4 glow ¢
T3 AW EAZAS 4E F AT B 2330F FECA AZAo] o] Fo
2 7] W&o MF a2 HF A3 Z(mean free path)7} 23 71E =
T 53 YEE EAQXoR J|BEdd TFETh BdHA EBxo 3
g F& 5o wES F3 71H fol Aol 4% "k MBES M
£ EAL in-situ #=9] 753k RHEED system= %3l 7]#e] A2 4

i, morphologyi&2, B8&Ee 4 &5, A== et #d AES
J

A 3] etz AR A Aojo feed back & < Sith. [29]
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Diffusion GO O°C x

ao Adduct formation Diffusion
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e Desorption
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8 QO Surface \reactions
o 88 §° o8’ o’
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. Lattice
Materials {A]

Parameters

Lattice Mismatch | Thermal Expansion

Thermal Expansion

Thermal

Conductivity

(%) Coefficient (10°K) | Coefficient Differences (%) (WiemK)
o | 38 | - | o -
AN T |0 st 8 for b 2
- R DTN B~ PR R
S |asrieany| 70 o | daetsd 4551 15
GoAS | gt tor (11| 202 - i e
G | pa.sz?jlrzrﬂs_{?llm 166 Bwssdes | T 02 08
LSC | aor iy | I_ Ba/a=2 77 +102 49
6H-SiC - +3.54 —: gLy 433.1 for Aala 49
70 o TN 928 :
Note : * indicates atomic space in the specified plane
3 221 GaN HteF ARolA 783 45308 AHRE F As 2249
=83 54




m 2394
3.1 GaN ©2a% A%

3.1.1 MOCVD A&7

VE
sES AMgShE Zlol gitdolth. IF A4S 7] 25 33t
2t 2 HEH 49 = Fast &
24 d5Y F7IdES Aojste] ALgEHAl HH d8 =dEe NM-VE
3} TAo] AT dFoE Hal Hol d & TS
7hA ok ok M-V 3gE WEAE HE7] 918l MOCVDel ARgH &
TH 985 % 311 YehYh dsEFDEe A FF Alol7|(mass
flow controller : MFO)Z A|oj® 7125 WEZ <kl FUAA 7 7]8tH

S5 W#E 53 sHAoE FYsHA Hoh wSHAS HE quartzE
A2t okF7 A71A 23 laminar flow7d 7Fedt=E AA Hojok &

]
(e
=

i

v Ta3tE A

)
i)

Zla4de i
H

=% O
= T
So] nPYPAR o 713 557

o] Hl&
H—=d Lo

rlo

R3M(g) + XHs(@) -> MX(s) + 3RH(@

7 Zo] Yehdth 7|4 R #7]=(CH3, C2HHola M < 3£
2 Ga, Al 2813 In F°] o X& Ve N&E Yugt 2 dFolA
AbgshE GaNe| A S o3 22 4 o2 yehdo

Ga(CHa)i(g) + NHs(g) -> GaN(s) + 3HCl(g)

a9 311 & MOCVDe A4 wAYES 1Fd ZAEE Yehd 2]
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Al | (CH3)Al, (C2Hs)Al, (CHa)zAlH, (CzHskh(CH3)Al
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3.2 GaN stripe A &A%

MOCVDE o] &3] Al#¥ undoped GaN/ c-plane sapphire (0001)7] %%
o RF sputterg ©]&3t SiO, =& ¢F 1000 A Sk Fo] TEF AT
21 FAHS 535t stripe WEHS <1-100> W] HYPS=E FA5HA
t}. ojuj zhs3H(photoresist : AZ 5214)& 3000 rpm .2 A EZ W =
g 5§ 90 CellA 103k hot plateE ©]-&3f baking sttt 1 & =
um, 71 10 ¢m 9 stripe MWL o] &3t =F-S HASL @7
(MIF 5000141 60z &<F ¥h3-AIZ1 & 120 C A hot plateE ©]-&
baking &ith. 1831 SiO, =S buffered oxide etchant (BOE)E o] &3}
o AAsAT. EEYLETIEHT FHo] Y AIEE MOCVDE °]&
GeN stripeE 4% st9th gEUote] f3Fa A4 Azke 670 x 107
mol/min® 60E° 2 Z+zF AASA A FHA TMGY <& 2292 ~
65.50 g mol/min, A& %= 1150 ColA GaN stripes AAAstAT
TMGS} EUYoLE Gasl N 952 ALE3Ial AAE FF7I2E AN
st T MOCVDE o] &3l 473 1x GaN stripeE I1¥ 3.2.1¢] YERY
At
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7% 3.2.1 1z GaN stripe SEM ©]m] =]
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3.3 GaN stripe A GaN Y=2=9 Y%

AZE GaN stripeel] SiO.2H2 ¢F 1000 A =23k & GaN stripe ZA| 4
B Si0,E AAsH] Y3l Als HAHe] PRE =

bakingS AASFT. 1 &, npA23v)F Qe dEHAA 23S A

g &M 3x Ft REEAIA GaN stripe HAF F&7F

A AR Stripe FAH B =& SiO, BOEE ©
A7 & % E-beam evaporationg o]&3] Zuj<l AuE 50 A =3 34
o} lift-off I}4S 53 GaN striped] Hold= PRE =
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4.1 SEM &4 ZA3
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S AurRd, $AF o7 GaN striped] ZHthr] I9E waba 1z93 o
2 AR A0l FHEA T 58 WFow A4E FH
G4HS MR GaN Y2 Eo| A o, GaN Yz o]
WEFe] EREOR s FU7 7heoAle AFS Hola Ak TMGa
o] FF#o] 2292 ymol/ming! AS 198 4.1.1(a) Zo] 125 um, =7
nm °]3ste] GaN Y2 =Eo] == [10-10] ¥ [01-10] WFo=z A
AE = AL A 4 A} TMGa FF o] 32.75 ymol/ming =7}
GaN yx=2xr o] Zo|o} #7|+ 2424 ~ 5 uym, 250 nm=Z =7}

stk 28la 65.50 xmol/min 18 4.1.1 (©2 A%ole Zolst #F717F
27y 5 ~ 8 um, 300 nmZ Z7}slg o, [10-10] 2 [01-10] ke H] 3]
1-20] W&o =2 AAHE GaN Yx2T o 7t Ay o = Frtst

E A%e Holm Utk TMG %2 2292 umol/minZ wAHAZ I A%
LS55 850 Tk 880 CT74A &< 7299 AxE 29 4129 JeERAA
T}, 850 C oA 44 GaN He2ES (19 412@)S J7F dols} #
717 2¥zF 2 ~ 3 um, 150 nmZ A 820 Tl A A3 24-(2d 4.1.1@)
| Blgte} GaN Y29 Zdolot #7|7F &4zt Frlete AS 9T ¢
o, GaN L}J_EE-J HFE A9 ﬂ% # [11-20] W3Fe
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4.1.1 TMG <ol & GaN Yx==2E SEM o]n|A|

(@) TMG source : 22.92 xmol/min (b) TMG source : 32.75 x mol/min
(¢c) TMG source : 65.50 x mol/min
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412 AA &5 2 GaN Y2 SEM o]u] A
(@) 850 C, (b) 880 C
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42 XRD &34 %

(0002)9} (20-23) GaN ZAAHEo| o 329} 7 Gast Auel 33HE
HE2l GaAu; (0002), GaAur (21-32) 11 GaAuy (30-33)H N4 2] 3]
aso] #F HAG. ¥ AA 7T oA °o]F GaAu =] GaN
U2 Ao FFS & 7H deiAe FF oS st Y
& o FolAw, FAZAE oS GaAu 3FHEo] VLS9

A== A4 44 =71

= o
3 B A
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GaN{0002)

Intensity

GaAu(i002)

Gafu(21-22)

Galus(30-32) I

GaMN{0004) GaM{20-23) GaM{000E)

4.2.1 GaN stripe$| ol

L=

120 140

Mz o g A GaN 29 XRD A3
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4.3 TEM 343

19 4.3.19]+= GaN stripe 772 FHA|H 99 GaN Y =2Z =9 TEM ©|n|

Aot Yrgrol 99 SADP(selected area diffraction patterns) 2=
UEeER T SADPol o5 #&H GaN Uy =2Zt+= @dZ2AH o7 2 HA L
gelgk

AeH, (11-200 wFo = 2USHFZHCPE 7M1 AFES
F AATh GaN Yzl F4 949 29 (29 43.1@9 1, 2 9
o= c= ko 2ol += W (compressive strain)o] WS <l
ATt olgd ME (strain)e] Yoz E= Ay AR HAo] AFHE 4
AHL GaN stripee] (11-22) AA W] HrHo| Y=o AFA-2 (0002)
ARRI (11-20) 2AWES et 722 JAFHL A7) wdEdd o=
Zt AARHSo| A& Wi Aolol oA BAst= Aow AT T
Bz AFAAS 93 GaN stripedt GaN Y- zZ=o] HA XHo
ZHE Ho]H4E GaN Y29 WHE(strainS HapF oz 43y
GaN Yx=2& FA4olA oF 1500 nm "ozl ¥4 (Z84.3.1@9] 4 949
e AT 3= AgS Holal Atk 18 4.3.201= GaN stripe
of HAA 9ol AZAX GaN Yx===9 & TEM ARIS BHo 1
Y 4329 A 9492 undoped GaN 7|3} GaN stripeo] AAH AHFE
olt}y. GaN stripe HFdo] 7|Ho2RE Hold HAEA$(threading
dislocation) ©]¢]o = stacking faults(SE)E°] ®o] @A ASS & F
=6, o]+ GaN stripee] A& 913 MOVPE A% = E0] HA35 HZXA
7] wWEQ] HRog F=Hr) W, GaN stripe FHA|Ho| Az AA
A7l o8 FAE GaN Y=t FYd=  #AF A S(threading
dislocation &< ##& 4 g, o= ¢ F2 GaN striped] ZHAH
FHolAMT HAHH A FAo] 7Hedt =S SO, rt=AE AlAste HF
°

S gyHor s £ gy o

H,

r>~

2= A

Z 9] (threading dislocations)= 3%
FUAT FHoA AHEEA He vked Zo], GaN U=t F4 FHl
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c=5.05A

19 4.3.1 GaN stripe & A 9 GaN yHx =2 =9
(a) TEM ©o]u]=A],
(b) YxzZ=29] g8 SADP(selected area diffraction patterns) 23}
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1% 4.4.1 GaN stripe ¢l A&E GaN Y2 =9] Hxgof W Az
(a) (0002)4, (b) (11-20)4
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V.2 &

B A7 += undoped GaN 7]¥ol stripe patterne &4 3$+5 MOCVD Z A
A% HHE T3 stripe GaN {1-101} W] Y = mlo]gz H7]9]
GaN U222 FEH2m) Aus AMEste] skt Stripe GaNe| %A
HollA AAdH B GaN Yr2ZE <1-100> WagFoe s £ HiEo] ¥y m

S8 2o FEFH A
exo] zdd A e FAsIT MF Y7o FFFol vl

oA 850 C=E F7Fg A%, [11-20] HaFo =] GaN Yr2= FAo] ¢
A A= A3E Bk Bo] Wil WFgdo]l % GaN Y =E
=9 A9 7hedt A 717l tisl]l detrr] fske] 820 Tl B4
H GaN Y =Z= (TMGa : 22.92 g mol/min)ol] tste] X-ray 34 HEA&
AASER o™, 1 A Ga2Au7 (0002), Ga2Au7 (21-32) 18]a1 Ga2Au7
(30-33) AA TIAEC] #FHF HAOH, ol Augs FUE A3 oY
AR 44 2 2 AYA AR 999 59 F& HE T8 s 5
A AR 2= VLS AR7]77E obd AEE A7 9l GaN
U2 PAgo] 7teds sttt TMES o]&af GaN stripes}
GaN stripe ZFA| ol %3 GaN U 2Z2=E5 EAE 23 GaN Y2 =
FTHA AN =, AHA Aol AlZE = GaN stripe FAAME Sl A8
GaN Y29 Aekel xol= QIgk Wy (strain)o] EAHsHAITE GaN
2o Aol <11-20> WaFo =z H3dto] uta] ¥ (straine A
2} 4=, FANA oF 1500nm A olA ¥A3] AAFDES FFAsHch
=3, GaN stripee] AAFHS] ZAH B3 GaN g2 o] Aaro]
zZkol7h GaN U2t F4 999 A34gEe] Tl 2 + U+

< AAEAT GaN U2 AA| oo tid 24 A Fxeh 24
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B Adg B24E& g Foly =3 O Aagsd dis] ExT oot
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