Fig. 1. SEM images of the InGaN layer obtained by selective area growth for 30 min, showing

hexagonal pyramid with height 5 mm.

Fig. 2. Cross-sectional SEM image of the InGaN layer with thickness 12 mm obtained by
selective area growth for 60 min.

Fig. 3. XPS spectrum for the SAG-InGaN layer grown by the mixed—source HVPE.
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Abstract InGaN layers on GaN templated sapphire (0001) substrates were grown by mixed—-source
hydride vapor phase epitaxy (HVPE) method. In order to get InGaN layers, Ga-mixed In metal and
NH3 gas were used as group |l and group V source materials, respectively. The InGaN material
was compounded from chemical reaction between NH3 and indium-gallium chloride formed by HCI
flowed over metallic In mixed with Ga. The grown layers were confirmed to be InGaN ternary
crystal alloys by X-ray photoelectron spectroscopy (XPS). In concentration of the InGaN layers
grown by selective area growth (SAG) method was investigated by the photoluminescence (PL) and
cathodoluminescence (CL) measurements. Indium concentration was estimated to be in the range 3 %.
Moreover, as a new attempt in obtaining InAlGaN layers, the growth of the thick InAlGaN layers
was performed by putting small amount of Ga and Al into the In source. We found the new results
that the metallic In mixed with Ga (and Al) as a group ||l source material could be used in the
growth process of the In(Al)GaN layers by the mixed-source HVPE method.
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2 & E§AA HWPE(hydride vapor phase epitaxy) 282 0/20l0 InGaN =2 GaN =0| &= Al
|

ool (0001) 21E 20l H&EGHUCH. InGaN &2 AEGHI| fdl 2% In0l Gag E&EoSIH 115 AA
Z 0|25t 2H VE AAZ= NH3E 0ISolUCH. InGaN &2 2= Inlll GaS E&& AAQ HCIS &
2 Bt238t In-Ga 320l CHAl NH32F BHS6IE 2 610 A EGIQUCH. XPS =S Soll S8 A A HVPE &
Hoz H&s 0| InGaN &S EHOIE £ JA/UCH. M &S |nGaN =2 In &HHl= PLI CLS
SolM BA4ot|CH. 1 Z0 In ZHHlE & 3 %2 BIIZUCH. £F+, 43 202! InAlGaN S &4 &
St IoH In 20 Galt AlIZ2 SE6HH |11E AAR AZ6ISL. 2 =20 A= 284 A HPE g
ol Sah 1115 AAZSEZ 2= In0ll Ga(Al)S E88 AAE 0120l In(Al)GaN S A& £ US
2 Folg £ U/UCH

1. M &

Z 2 GaN, InN, AINZ 22 [II-VH = Btedle =2 459 E8&E, & o8N 42 It
AN HEAHOIEO ES W2t BEHS EMS JIXD AL et S HED| N2 - s
HIIAX L LED (light emitting diode), LD(laser diode)2t 22 ZAX S0 =22 £ AW 1O S
2 20 e ZY<RASICH1-3]. Sol 3@ S&E2Q2 InGaN= In Z=4HI0l el 0.8 eVOlAM 3.4 eVIHA
o E2 HlUXgYEg JIXD AU S HEHMU Qoides s UAHdFHEe| 2AXY =2
AT S801 JIsoiCH4]. 8MHUl= InGaN &2 22401 250l I E¥F=4 LD 82 /s &84

E0Z de| 0|25 UCHS5].
InGaN Z A2 MOVPE(metalorganic vapor phase epitaxy), MBE(molecular beam epitaxy)
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Il &80 A2t Z2AX HEAl In 240l 2 InGaN &2 AHOOIH J1& 2 GaN HIHES e 2
AL 2HEgCe=z ool AKX 8450 Mot 8=z EYst 42 Jikle &Y InGaN 50| 27510 U2
=9 InGaN 282 €| ®loiAl= HVPESt 22 HS&F=0] #E 2-Ol 20610, InGaN 282 GaN2t

* (phase separation)dt ZO{LID| THE

InN ALOIS] 2 jjﬂ = XH0I2 Qlet 2 S (stress)t & =dl
Of In 20l 2 InGaN &2 &G 0 HECHE]. E£FF InGaN &2 ZHES &4&AIIII] RAGHA
|

= JU20AM S&oi0F otX2H D20A 483 BR0le =2 In ZdHIE 2= InGaN 5= 2J1Jt O
gCH7, 8].
%_H_ﬂ, 232 HE = Jfdot)l Potl =2 dHHHEFLYHO0 B0l OIS=He0, 88 4882 Si02 0tA

Jb J|Eto22Ho Z2& MI2 Xcot)| W20 28 22X (dislocation density)E &0 Z2&3E S

H/\‘U\IE £ Qe Y-HOICHI, 10]. JI=2 HWPE HHHEHOZ InGaN &= HA&Eol)| oAM= In 251 Ga
= A=z O2 /X0 HF26t0 HCIU BtSAIHAAM InCl3 & GaCl3E2 4ot 02 L2LI0HY ¢

%Mﬁ SEoIE2 2Yst In8 42 H= FHE InGaN &2 &0l &= Egt &Yt ﬂ?}OID#
DH_?_ gxks} [:|»I-|O| O|E|.
(et 2 AU AME 0lefs SHES HZok)]
ESIAZAH, HAUHM Gall HFXNZE XlGa
SHO HH = HCI =Ed L2LI0F JtA L
stef=2 Ad&EoH | = In 250 Gadt Al €0 In—Ga—AI =g 2
Z010 7*8 gHoz SHEOIUCH., SHEHEE InGaN S InAIGaN
tron spectroscopy), SEM(scanning electron microscopy), CL(cathodoluminescence)
ot 22 11 S84 EIIotS L.
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JbXI D O'EHH] A I 99999 %) 0l Ga(99.9999 %)=
LH Of T|X|}\|9:‘[:|' == as EEst AAE= 9000CHAM S HEA
O InGaN & H&0 AtE8st =28 SHUHA Gall %XPE—%(XIGa)% 0.252 o}SUL.
OHAL OIIIENAl S&B(LPE : liquid phase epitaxy)UlAl 20| 0I2HEs Az 2 =20 A
et Gaol |XEES HAMGIHCH. el IHAZ N2E AIESoIUCH. 28 H&0 AFEE JIHS
IOl (0001) 0 MOCVDONl 2lai GaN =0 | 2mm & SFE JIEHZ2 0IZ20tACH. InGaN & Al0l Bt
OZ EHFE NH3 HCICl JtAZE 2F2F 500 scem, 10 scemlZ ol HA&E2== 9900C=Z o Ch.
InGaN =2 M8 HEZ2 o5t0 AFE8H Si022f2 RF sputterZ 2600 ?A T2l SHE ZS=o6IQUCH. &=
A& IHE2 Sit2 0tA3 <0 ZE S L &4 ol 3822 dot 2 stripe HHES FAHSACH. &
A0l 3 mmOl2 F=JI1JF 7 mm@! dot INE B} window Z<=H0l 3 mme 5 mmOl2 =J[JF 10 mm@! stripe IMHE
0|20l CH. 2 =R0lM= 8 HPE 2EHOZ 42 sIstE22 A&ot)| ol In 250 Galt AlS
O 6000COIlAl ESIAEHE EAHS = 9900CH A InAlGaN =2 &2 AIZolRUCH. OIEH H&=E &2F
XPS =& 1} AFM(atomic force microscope) Z&E S E6t0 In(
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Fig. 12 JI& 22 dot WE S0 0= s M5 H&st InGaN 52 SEM ALXE 20 =10 UACH At
TOAet 20l Ot JHREH e HEHS B0H=F10 UCH Hexagonal 22| HIetOIE InGaN &2 =0

== [e)}
- S e AN
= dot HEOMA 5 mPS =elg = JAR/UCH. 2l OH0IE 222 nGaN E2 BXE R20A=
&2 80| 2=FCRUCEH.
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Fig. 2= stripe window 90l 602 =0Ct A& H&SH InGaN 2 &0 SEM AtEIE BEWHECH. 28 A
A HVPE B0 2ol & & InGaN S92 #&' gtet 4% SH= 12 mm0ld =8 2e & SHeE 6 mm
2ds =olg = U EP MetAd 2 =20 AMde GaNl &0] A&= A0l D12 20 &8 AA HVPE &
BHoz 48 InGaN 52 =&Usr) =5 ekl et S8 E2 Hle 42 32 & = UL
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g. 4= HEHEEE InGaN &2 Z&HE EHEZ2 20IEJ| ®g PL AHEZH =& ZM0ICH. 362
(3.42 eV)OIA LHEHLFE main I3 2 382 nm(3. 27 VIOIA <t T3 HECUACEH. Main peaks= Al
010 J1E 20l &= GaN =0l 28t I3 THHTH 382 nmel 8+ Il3E= InGaN &0 28 212
THEEEICH. Vegardll B2 0180t In ZHHIE TAtol 2 20 & 3% 3% &= A2 =08 £
RS0 0l el bowing parameter= 1.43 eVE ol CH12].

g. b= &8 H&FHE InGaN =2 ©H SEM AFEI D OFEON [OE 230 KHAML CL &2 B0d=F=10 UL
g. 5(a)= InGaN =9 &3 SEM AFXIOIM Fig. 5(b)= &M IHEY 1S CL Aoz & HEAS0AM &
CleE AE 8 £ YD 5(c)= OHEO0l 360 nm & M CL A2 Z GaN ES0AN =2 ¢ HEs= 2HE 2
QUCH. Fig. 5(d)= TH&EO0l 380 nm & MHel CL A2 LIEIW Aoz M SHE |nGaN S0A =2
ZES AEE £ QACH 0 ZUZ2H In ZAH0] 2&F 3 %2 1S 018 4= QQUCH. SEM ANz =
o 20 &8 &= InGaN =0| 2x 2oz HEOIH H&= AE BEHFXL CL Aldes A28 E
InGaN £ 229 ¢ HAH0| 226t UEHLE 2HE 2 2= U=0l 0l InGaN &9 A& 2erl

ch In Zd80F Ealot)| 2l 22z EEEC

=20 M= InAlGaN = d&ot)| ?IotH In-Ga-Al EFEHS MESIAL2M 0 e Ine EXE

(XI'In)2t AlS] &XHEE(XIA1)2 202 0.331 0.1322 GtALH. AL 25 = 6000C 22l12 9900COl
b AR 2

SHOIRACE. Fig. 62 InAlGaN =2 5x5 mm2 SEH CHst ARM AFRIE BWF10 AL 8& FHe
3 mm AEZ0l12 RMS(root mean square) roughness gt 0.76 nmZ O MRS HOHES d=2 &= UA
42 SIEE9 HR 229 ZTAHS L= InAlGaN S22 HIZ oliEe R SRE Az &6l
ACD AKX REHEO0 2 2 H&0| MM Hel2 AHez 2HM UL JHU 2 =20 AHe L
S35t A N SUsS Sols &=

EQOSILIDJEZEHI!OFMEFEENE%OETIT;QI-HJE% _—”-IUS’N}

22 HASH XPS =& Z Al 40| 14 %, In =&0| 3 %2 InAlGa =
Ct. 292 XRD(X-ray diffraction) SEHS Sol 2AX EXs L E HIlotD X St

4. 2 2

2 UM HOGHE ME2 2r#ol SAA HWPEN 2Iof In(Al)GaN S2 SFGHUCH. In 250 Ga
OILt Al 352 AT =0 LHst SCHA ESFAIH HAUAMN 22U ATSSS HEIGIACH, 012
3 28 2% 290 B 92 HIZ 22 A2LI0H JtAL BESAIH In(Al)GaN B2 HFots @S
S B,

TE MEMRYS S610 4TE InGaN 50 ZF 4% HHES IAIGIACSN Sol Wl Tt $EtE
MO HEE SEM AKD CL 42 S50 BEE = U/AD, XPSYU PLE S80I BELA HPE o
o/ HFE InGaN S| In T&H0| 3% BE S =Hol B £ YYCH L3 22 YHOZ InAlGaN B
S HFE 4 AU
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Fig. 4. Typical PL spectrum of SAG-InGaN layer grown by the mixed-source HVPE method.
Fig. 5. (a) Cross—sectional SEM image of InGaN layer grown (XIGa = 0.25) by the mixed-source
HVPE method, and its CL intensity images measured at the peak wavelength of

(b) panchromatic, (c) 360 nm, and (d) 380 nm at 230 K.
Fig. 6. AFM image (5 ?5 mm2) of InAlGaN layer grown by the mixed-source HVPE.



