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Selective area growth of GaN structures on the apex
of GaN pyramids and its application for wide spectral

emission

Yeon Su Yu
Major in Semiconductor Physics

Graduate School, Korea Maritime and Ocean University

Supervised by Professor Min Yang

Abstract

We report on the growth and characterization of three-dimensional
randomly shaped InGaN/GaN structures selectively grown on the apex of
GaN pyramids for the purpose of enlarging the emission spectral range.
We found that the variation of shape and size of the three-dimensional
GaN structures depends on the growth temperature and surface area for
the selective growth under circumstance of an intentional turbulence of

gas stream. The selectively grown GaN structures grown at 1020 C



have irregular shapes, while the samples grown at 1100 C have rather
uniform hexagon pyramidal shapes. Irregular-shaped GaN structures were
also obtained on the apex of GaN pyramids when the SiO2 mask was
removed to 1/10 of the total height of the underlying GaN pyramid.
When only 1/5 of the SiO; mask was removed, however, the selectively
grown GaN structures had similar hexagon pyramidal shapes resembling
the underlying GaN pyramids. The CL (cathodoluminescence) spectra of
the InGaN layers grown on the randomly shaped GaN structures showed
a wide emission spectral range from 388 to 433 nm due to the
non-uniform thickness and spatially inhomogeneous indium composition of
the InGaN layers. This new selective growth method might have a great
potential for the application of non-phosphor white LEDs with more
optimized growth conditions for the InGaN layers with high indium

composition and optimum process of electrodes for electrical injection.

KEY WORDS: GaN, GaN pyramid, InGaN, 24} LED, SAG
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1. o] &

2.1 GaN9 &4

2.11 83 54

M-V AFEA dt=AE [I-N Z2go] AAHAIS o|F1 glon, AA

T2E FATOEE P6:me18h), AR 6 mmoE RHHE SU
AT 2 wurtzite FE7F SHAFoZ AEA U o] £ GPaol

= H
o] astellA rocksalt FERE  Hol7l dojdtti HIEHI JoH,
zincblende 7+&% RHiH3 o Wurtzite 79 SHAXEE a9t c9
T Mol AR gzt o, T A9 ST Z(Hexagonal Close
Packed : HCP) AA7t A2 #ES A FASH. 24479 & dAe &
< w2} cF9 589 Fo] (5e/®)oll A3k ST
Zincblende T+2& 4719 M= V49 7)o A4 AAS =3

rot
o
o

GAAELE 7IA 1 e, zincblende Fx2] TAMEI EFs= YA
9] 9x= HAAHO T golojEr AAFxR sty 4zt Fx:=
™A ] (Face Centered Cubic : FCCO) AA7F A2 #F3ste] FAFH A
on, Z+zte] QA= A (body diagona)S whEl 1/49] YA o Eo
At =S o] FxRoA ZHzhe] YA= FAFA A (tetrahedron)e] Wl EA

goll = 1 HAJHG LA 2] HAAA o] FAlol fX|sta 3

o}, Wurtzite %9} zincblend 7% lojA 229 M= YA= 4719

A4 dA4e Ageta Atk o8 F TEE TERACE Mt 24

D ztolH e ZAzbe] AAE FAEH e 23§24 B2 ol &E=

2% WH(ayer stacking sequence)e] BtE2tt= Aot

a9 2118 wurtzite 725 YeERAT Wurtzite F+Z0lA c/ad] ARG
%

4 e ol4Fow 16330k wute ojyuld HAe Hetd gash



TZ7 Q40 o HYU3 Bravais A 2R E AZHE Aolmg Axt
Fa zkolol o3 wheby Zie] Az HARe AT ¢ glo] A A

& A9l AT Ao HATT
Abtolof 7]l g P-3c(167) 33kl &3k Abgholo] 7]shol GaN
HEks ARAE ZF 307 7HE oIy e AEiolr] wiEel AA 5
e-2[11-20]GaN/[1-100]sapphire®] -9 16 %7} €oh. 18 2.1.2= GaN<}
Atatolo} 71e] AW A AFLHE UEhd EAEE UYehidt
[17-191.

2.1.2 A7) - 8133 EA

Wurtzite 2§ 7HAe MI-VE A=A B EA= 6.2 eV(AIN) A
0.7 eV(InN)ell ol2& A HY FANES 7HAL o] 7HA B I
AN A FAA Y HFFFG S AL AT AW Fo) %EQEE
WARgol Wk Widel et d3A, 3183, Z1AA Aol wig -3t
o M-V dgEA =A9 93 ==+ AINZF 280, GaN7} 130, InN7}
80W/mK A== Si 7]#e] 150 W/mK3 FARSE vlud & 3= E 7}

A3 o] Ak 25 Ao AL AE A T F glomz 3

24 FAEHE &2 158 AR F8IbsAHAE wg At oA
I 22 M-V ZAIEA =AY oAy JHA 54 £ 20 YERA

}.
2, 1EY AR YHe FAY Z& Uk Edo] AaEE olf=, Hb
A EHE 257 371845 AAntrinsiod st s =5 7HAA Huy
255 Bt 1A Ao Holstr] wiEolth EJF



AIN, GaN, InN¢] 1 &AE o] &35t AE thE We S /A=
=

o
=
B AFSE o] FTE, FASE Fxo Tl bssithe Zeld

213 B33 =4

Wurtzite 725 7FA<= nitrideA| ¢ W= 782 GaN+= 3.4 eV, InN+= 0.7
eV, AIN= 6.2 eVEA], InGaN3# AlGaN TFES o] 839 7HA13d3 =
9 FHe W e 4L F Utk gE He e Y EHdE+ ZnSe
o 22 NI-NVAZE et ol AgHo] ofsta F4aAE AHEE A5
270 RS S8717F oH - @xel At nitrideAl o] 71H e g2+ SiC
¢} sapphires At&3st=Hl, SIC 7] GaNe} Al HASo] a1 dis
=7F & AFol AR 7HE AA o] w8 Abgtolo] Z]o] ol AE
dAch. Absolo] 7% glo] GaNE AAsW Ax S X7 AM GaNe]
T2 A3 457t dutdo® =4 AAEHEH, 0 BEAY A5
22 A3 4d=7F S7ekH WA E&(emission efficiency)o] wrobA
A2 A9 FHo] GEE= A= D, nitrideAl s Afole FE2H
3 W=7} Folx: WA &80 £1 HlwE o] At dHA
o]A{ nitrideAle] WL A thell AX £L& F &S 2] wEo
LD/LED 59| #4x2 o] &3] @ata, olel uwlebA nitride o] st

72 Ao B Bl JFHAT

GaNol| A& Fa3F M= o] 37 Hol= Brillouin ¥4 Sdl g F
& A= Wz} Ho 7bdAl e Afole] AH Hololth, O¥ 2.1.32
Brillouin 949 = ARe

AR A7) A (crystal fieldd 2~ A= A
(spin-orbit coupling)el]l ¢js Al /AE A=, old 3= A A3 Wl
= Aol(interband transition)E o|UA|7} @*& =AHFE Z+Z A, B, C&tx

#7113 WAL A~ E-b(reflectivity spectrum)oll A= o] A|Aol]7} BEF:



et 33 Zo)ydlal2 23 E F(photoluminescence spectrum)ol] A& o]
of X% Adole} #FHHF Hr)AF Hol(excitonic

ok o 7] A exciton) &  AHelectron)@t g -g-(hole)
o] F& A& Z&(coulomb interaction)ol] o] A= AL ZA, o]
et FF SRl glv AvET o7|A Ad Al A (binding energy)
= ZHel A EHe=E, ol o 7|ArE EE(mpurity)ol] &6t

Hol Ad=Ae] ofFol WA Ai 7] ZHfree exciton), &2 £HME o
71ZHbound exciton)e]gtal Sttt HE =g o] =713kl wta] AF o7
kel wjel &HME A7) 2TE Al UEUH, A2oA dRor 2EE
=g wet AYA7E A7) EEEY A AR BT ARA Ho
A A7 A7E A ez AsAl yYEelhdt GaNet Abstolo] 7] Aol
o Ax FATH? dFF Al Aolol s GaNe= dF W3
(compressive strain)< A S=d I MZAH =l o3 A, B, CHole}
A5 FFojy XA 2/ukAL I S(reflectivity peak) olU A7} &S wHA
o =3 = A5y olsx T% FFrUAE v KXok AdaA
Hol=d, ol WMy ooz ESE/ZATY ddd FAd A
(potential fluctuation), &-& Wiz 72| }ej(band-tail state)7} FFw]d]
2 3 YA FEFS F7] WZolgtal AZhE v{22-23].
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Band Structure of Wurzite GaN
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¥ 2. Properties of AIN, GaN and InN &3} Wt=A2] EA4.
AIN GaN InN
Bamdgap Enerpy [eV] 6.20 3.39 0.7
_— - - 5
Latice Constant (41 27000 21000+l osee-sm
Bond Energy [=V/bond] 2,58 220 1.88
Bond Length [A] 1.89 1.94 215
Thermal Expansion Coefficient  Aafa = 4,2 Aafa = 0509 Aafa= 27737
[107%K1] Adfe = 5.3 Acic = 317 Acfe = 34757
Theopdl Coodici 280 130 0
Pulk Modulus [GPal 199 176 122
Malting Point [K] 3487 2781 2148
Index of Refraction 215 2,33 2.9
Dielectric Constant [e.] B.B 8.5 20 (estimated)
Hectron Effective Maszs [mo] 0.20 0.11
Al = B32
TO = 66 El =
Phonon Modes [em™] E2 = &5: E2 = :g TLE: :::
LO = 910 Al = 710
El = 741
AIN re  GaN re
SAW velocity [m/s] L':’;E” ;.';::”
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2.2 A4 GaN o3 4% I

Hol 1FHEY AslE RIEAE o] &dt FaA B HI|LAE &
st7] flsiA A EL W EC] Wol MdEHAA L Yok A BAY 7=
o] ZHEAE BT B AAATES TAAIY old uwep &7
Aol AstdEnh ol#d EAE siEstr] fsiA AAE ol
ELOG(Epitaxial Lateral Overgrowth) 4% 7|<, Pendeo-epitaxy 24 ~
<, SAG(Selective Area Growth) A% 7]<, GaN homoepitaxy 37 7]
e]lar F+toll LEPS(Lateral Epitaxy on a Patterned Substrate) 43 %7]
o] AAE I ATH24-301.

op

p—)

=
=

2.2.1 ELOG A% 7=

ELOG 7l&< 3gt= Wit=A| 24 A AoA &4 AH8%+= SAG B4
Zles W8S VIeEA O9 2219 Kol AAH oln] ZAAH oF 1-2
me GaN o] BEFo =& gke S§i0,, SiNy 52 & Y (patterning)st<
27147 dANA At Moo F2 HuE e ot dEHY
T WSR2 A GAl AASA AHwindow) F-EolA AAEE= AA] SO,

= 1F4E AAo] "éo%x] A #Htt olHg W
"oz *}%—H% Atatoloj ot o] AR AFgrel AW AA T Aol Aste]
Z(Threading Dislocation : TD) Eo¢] 249 AALsS wet
1Y stA ==t oluf U}iﬂ z(masking layen) 2.2 TDe #HolE xtet3}
A "o AT ELOG 2444 W A= A9 =7 =& 9
o] Huiow A Exsta H WF FAsHA AAHo] misA 3
Aol THEE T o & 2 7HA EAAE

2.2.2 Pendeo-epitaxy A& 7€
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