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The Study on the Optical Properties of
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Abstract

In this study, high quality bulk GaN crystals have been grown on
sapphire substrates using the HVPE (hydride vapor phase epitaxy)
technique. Ammonia, nitrogen, metallic gallium, hydrogen chloride
were used as source materials. The effect of growth parameter such
as HCIl gas flow was investigated by PL (photoluminescence) and
optical microscope. Surface quality of samples was clean. As a result

of PL, GaN crystalline was improved in 10 sccm of HCI gas flow.
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2.1 GaN9 E4
2.1.1 GaN9 +%3F
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M-V HsE wmAds dubdgoz ek o phase’f
polytype & zincblend, wurtzite, rock salt® A7}A F7F9 AAT+x%
£ 7}dt} Zincblend %% diamond 7% X dE o=
unit O 2 o] Foj x| 4719 M5 Az} 4719 da AxE EEsi)
<29 2-1>3% o] fecc Aol M= AAES w1 AR
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Utk <OH 2-2>0M He AAHYE 7 AR 5o Aole =AY
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Abgloloie]l (0001) ol e H9-olA trigonal symmetryE 7FA &
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EA AIN GaN InN
A3 Fx Wurtzite Wurtzite Wurtzite
oL =] =78
6.2 3.39 1.89
[eV]
a=3.11 a= 3.189 a = 3.5446
ARG [A
c = 4.98 c =5.185 c =5.7034
A A %% A\ Lk Ada/a =5.59 dala =4
(107%/K) Ac/e =5.27 declc= 3.17 dc/ec =3
9% [g/cr] 3.255 6.10 6.81
dAEL
2 1.3 0.8 £ 0.2
[W/cmK]
A7AEE
1078 ~ 1071 6~12 200 ~ 300
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2.1.2 GaN 7|%
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GaNell digt AAZA A77 R&ayE FA 7o e 7B &
AR st GaNel Azp A W AWFAF FAbsE 71ko] glgltt
= Zlolth ogdt &Ale oA 7HA olo]dq @Rt GaNe| bulk A7 o]
Sl oI, AdTxet AT vluA ke ARE AEEIA AR
shAl Holth oy HAo el Apstole], SiC [19-21], Si [22-30],
GaAs [31—-33], GaP [34], ZnO [27, 35], MgAl,O, [20, 36], NdGaOs
[37] &o] 7|¥o 2 AZEHI AR @A §& 7Fedt AmE Abgtolo],
6H-SiC, H]g A2 GaN bulk 240 = A dtert £ Ao Alylo]
of 71#E ARSI EH Afgtolo]= 2 hexagonal symmetry®= 274
o WHdL GaNeb FU3ARE AzpEF  (16.09%), LHLAT
(25.5%) 7} AA trEaL 7|3 AEAQE glrh. Atgtolo] 73k 9o 7]9]
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(0001)®o] Ho] AF&% a1 o} [17]. 28t
c—plane (000D)W& AFEsHAl = H$  epitaxy A A=

[10-10]GaN // [1—120]Atgto]o] o] W AAE 7HA BE <1/ 2-3>3



A eAZ A
7% B4 A2 A5 (A)
(W/cm - K) (1075/K)
a = 3.189 a=5.59
GaN 1.3
c =5.185 c=3.17
a=23.112 a=4.2
AIN 2.0
c =4.982 c=05.3
a = 3.086 a=4.2
6H—-SiC 4.9
c=15117 c =4.68
a=1.758 a="7.5b
Sapphire 0.5
c=12.99 c =8.5
a= 3.252 a=29
Zn0O
c=05.213 c=4.75
Si a=5.430 1.5 a = 3.59
GaAs a=5.653 0.5 a=26.0
I 2-2> GaN 7|¢o 7 ol= xdel B4




2.2 AR
2.2.1 234734

Epitaxy A& 7|&2+ 2 HVPE (hydride vapor phase epitaxy)
H. MOCVD (metal—organic chemical vapor deposition)¥, MBE
(molecular beam epitaxy)®©°] 2t} HVPEH S dAA o025 713 @

e Ao AEAR7E 29E WA E VR 1R SYuA A

7b w9 w23 FAeA Fl mrol A2 u Y (um) & FAE e AW
Hw4 FA €& 4 Aok w2k4 GaN bulkE A 4 &= GaN 7]
g AR FH5 B3 gt GaNE ARZE o IS Yd52&
GaCl ; GaCl;E o] &34 H+=dl reactor HellX Ga metal®} HCI gasE
WSAIA  GaCles  ABAAZI= BHS dnbdo=m Abgsta Sl
<I1¥ 2-4-(2)>9 HVPE #H] 71FEE 2w Ga—metalo] ¥oI%l
quartz tube 9Fell HCIS 327 3PH Ga metal?} HCI gas 7} HE&3F]
GaCle] A/d8ch BAE GaClo] tubed EX-EoA How $For &
2% NH3¢ wbgshe] 7]k 9lelA] GaN7F g€t HVPES A%
reactor =31 we} zto]= AARE 900 ~ 1150 CAFe]olA 2342

£ 242 22 5 ot on e £EY 49 defuA g pHo
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FaEd gWs 95 F gl olRy 12 12 Afole GaN
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TMG (trimethylgallium), TMA (trimethylaluminum)
i F2 NHE o]&3stt}h. REF7IE, Ad7d, AoQA Ax7td 59

WO AT V1B felA f71EES ARSSL NH % Wshes

&to] GaNE AAsk= 2ol 712 dejoltt <Id 2-4-(b)>AH thH-2
7% FolMwt 7hdstE g HVPEA® oy 719 &% 94 nddd
Fert ol FAACRE kgt Aol A5 ¥ AlolE VA
FUow stmg 1 Aojzk FolsiA 2 A sEEEN olyzl 3 dA,

4 QA e nEAl A T2 Ak sbaol we Ao s

W ARG A NH.e 53 &80 vmry] wiEe AFLwsl ok
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(PVD; physical vapor deposition)
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7= ARE e Aotk a8y, skellA 71 vhel o] dA7tA|
© bulk GaNOZEHFE dojA= GaN7|#o] §17] wjie] FApgh x4
S4s 7K ARE Ad9sier @tk (0001)9We] Aldtololel GaN+=
16.09%, Si¥ti= 17.7% GaAs¥i= 20.9%, 3C—SiCe+= 3.5%, ZnOL}+=
1.9%9] lattice mismatchE YWebATE SiCeke] F4 o] 7Hd A7+ 3
ANt 12333 7HAAQ SHe 1HE w Alglolojrh JRE A ghgh
GaNe] 715t Azolvy, ey Atabelofe] - GaNehz 16.09%9] &
5] & AAFAYE (lattice mismatch) & 7FA B2 o|2 Qs A7]= 2

S (defect density) & &°|= Ao] 27-¥t} o]yfst &

L:o
oX
=
1o
o

J1et¥l Zo] buffer layer®|th. Akasakiol 23] 2 E=9%¥ buffer

layer= A% 9is &0|3 44, B0 FH4, A4 Fotd 54=

1:,

Fol= AHE 7 Edl wek buffer layerZl lthd 3 AgAJo] Hde
A7) olFox Aol FA4 g2 AR
FHO o¥FE A B [39]. webA, AFE-E = buffer layers= 713

W T A S g W Y A AlFete] GaNuture] A4

o Ao FA gl & Abgkelo] Vs del GaNe| 3zl S =]

o
R

A1 400 ~ 500 T AE9] AZAl AINY GaNE 10 ~ 20 nm 4

T FAR AN olu %9 buffer layers B Zolu thA A 9
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VA arelA GaN A% A AAGHAG dadE dot [41).
=] AT GaNE A&A7Id d5e] AAHI O d5e] ¥%
Hof Ado]l AL e @ddAAdE dA Ak C= Apgke]o] e

buffer layer® AINZ A% A7 1 9 GaNE A7+

o
o
o

<™ 2-5>M YERRITE (@) oA Abgtolof flo AINZF S8/ & o
A5 (columnar) 02 AT A" 2 fo (b)), (09 2ol
GaN7F A8 & (AHE A (sland) 2 43S stoh. 283 vl
(e)oll Hebd 13 3ol lateral Aol AZtE o] Atthe]&E AAo] e
ok At s A0 AFE S5 o] mE S22 JAE= ol
c—Ho AFEEIF AU ez A7] uFolgtal Akasakis AR
olef gt Attt AL A5 sl AlttelE At W o] o] F
oz (DAH F=tek GaN& =t

2.2.3 ELO (epitaxial lateral overgrowth)

Aol A 43743t buffer layerd A& &3l cracke WS Alofst
AA Aol AL FHe AASE I F ke sty GaN 24 Fol
T B 10° ~10" ar °f AFAFe] =AY o] FAE AAs] §
& o]€% 7]%o] ELO (epitaxial lateral overgrowth) 2} &&= W o]
th o] Mol E 71 el AFe GaN flel Si0, 7 AU
maskE FA st MOCVDHY = HVPEWS o8& A& F3l A

ok, A4 o] X E= FF window it RS ARYAT o] 1



2 YA mask 2 SHAA sl dFggo] o] FoAA R
AdsLs Al =9 + vk XA IH F9 BrHEIEFE SO,

mask$l el 738t GaNeo|lA & AlWo=2RE SHo| Haxa dAo=
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cFol 2= Zl=olA 3= Aol ¥HEsH il window FEE SO
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2 AAZAE A7|= GaNg AR = 27 7€ Zow A=
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Aok Zo] whEolX GaNAl WE=A|9} 71 35EoA= Si, GaAs &

o] AR vlaaEfA oA vl W& AAAZo] EAst TS 3=
249 EddAdol ST o] AT E=E Hrlsta AR 9
A, 7k process, 22 S #AE W3] st A GaNA
HE=A o] R el wi-- S sk Aol "Huh w3t AY)A 54, FstA 54
oto] #AAE HEF3] st A AAFTAY, TF

Ao x e8] sk Zlol| fste] ARl - Faate] 54
< A 7t Ale®E mlS Fost dojrt. Ao FxEIMYH R
SEM (scanning electron microscopy), TEM (tunneling electron
microscopy), STM (scanning tunneling microscopy), XRD (X—ray
diffraction), AFM (atomic force microscopy) ¢ % AF&% 11 Ut}
MBE A &34 2] #=ojA = RHEEDS©] AF£%¥ 1 strain, phonons 2]
Frtel= et E3wo]l AREgH o vk Columnar, Expol=74de] A4

Feh ERe] MY 5 FE SEME ol g4 BrhEm vAg Eu

ola® %9 7} screw dislocation, edge dislocation, mixed

ofN

dislocation, 59 Zt+ Ao el = TEM=S AM&s] +EE 4+ Q).
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3.1 GaN ZARA#
3.1.1 HVPE (Hydride Vapor Phase Epitaxy)

2 A¥gM= a9 3-1>3 22 +3H3E (horizontal reactor)
HVPE A& o]&3te] GaN A2 Adatqltt. HVPE R GaCls gl

NHyE meold drd) shol WeA7 GaNg FAT=E 4 gEol

M

Aol £2 GaNE @<= F slu [42-45]. dA & AdAelA

=
.

Bkl 3l HVPE AHl= A7 ZFEdawia, s 78, AR

of Ar gHlel 9

=
A7k gPdlel = 9184 7FAQl HCI#F NH;9)

<
]
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<1¥3-2>9} 7t}

[an

B¥ska Zhzke] v Fa 7tk e
ZF2 AoH-2] MFC (mass flow controller) 2 Z4 ¥
I Wigk EES <O¥ 3-2-(o>° vEide 2 Al
HVPEGH| &= <IZ¥ 3-3>"4d MOCVDS} 7Iss o] 371 18l 7k~
sjke] MEE wHEolx glEdl TMG, TMAE “dX3gtal MOCVD7|&&
ARE-EE W= HVPE AH|2 AFES wfje] WHE 73 MOCVD source
o} AdH ZpAujEE AFESIESE ekt S f%t dREE 1
59 HCI gas (6N) ¢ NH; gas (5N), Ga metalS AF&-sta #97] 7}

29} FE7F (carrier gas) 25 Nyo7F AREE T wES# 32 HVPE
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Al Btk 1AIRE 59 baking #4 % 30% ®¢2 HCI 1 scem=
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ARG EE 7EAS e 3 3-1o FEskgith ol e Main N,9} Back
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23t DI water® 5%7F cleaningd ¥ N,% blowingst®] wafers 7
ZAZY 2o Al Abske AAE S8kl HEG- el 127 etchingdt
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3.2 GaN¢ 383 54 (Photoluminescence, PL)

B S4= dotry] flske] g2 TTKA PL
=78+ sh3lth PL< GaN®| bandgap WA ETH & A S 7HA = H
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conduction band® °17] Hti7} o= FELE "WojxwA FAE A4
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Euy7]  (chopper)®t lock—in <3717} A3d A-wz HAE7]
(phase—sensitive detector) & AFg-stth, Evhf|7]o] 3 Almo @
o B Al Ad ME2E wheo] KHz99e] Asrs Wi,

Lock—in <3%7]+ chopperol 9d4% #HA=7|25H 4%

Ak AE A9 Fety EAS ooln ] 95le] 919 system¥t
& PL FAAE o]gsiglty. AA AMEE PL System® JEEE
]_

B0 g7 AL GaN<Q bandgapoU A7} ¢k 3.5 eVE 7IAE=E

Olt

<1¥ 3-6>°] YERUIth w3 A 2= 3| A AR (grating) & AR

olit & oUAE 7FAek sh7] witel 325nme EF¥Ho] 100mWH =
7FA&= KIMMON ELECTRONIC CO. LTD. €] IK Series He—Cd laser
£ AREstSlaL ol Aol 9 H = AlZIE 248 flske] #HolA Sk
FHo] Ho]glE attenuatorE AX|ata A|717F 2HE HolA We UH

% 3|48z chopperE AY A= (LDE S8l 3 Hof A
To FAIEL A8 FE#Ho % ¥ sample holdero] H2&sk=d] o]uj
= 7

= ¥ 182 (vacuum grease) & A5 7R Y £ A HERAI7]

ot oA doz Qs WAEE= AR AT FHOER o= A9



ofel Abgo® HAEE o]F collimate W= (L2)Z FFsta thA
L3ollA Azdgato] &g7]ol Ak Aldvk. s d5tas A8ty 715
AT E A7) 9alA ul= SRS (Stanford Research Systems)$] SR830
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85Hz3th. | AAAE @3t f 9o Al7]= PM tube detector® 1
A71E S43t1 PM tubeolA] Ye+= A%+ Lock—in amplifier® S$%
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4, AP A3 4 u&

A717F = 1lem x lemo] GaN7F 2 mm A% A&E (0001) AFat

olo] 71%+ $Jo] HVPE #AXZ o] &3te] GaN= A A3ttt A
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F=l A

1

= pgAE 7 2gRERY o FAA4 AFEE edge crown @S K

9
=

o
rlr

g o)7L wafer edge°olA dojye Aoz 1 FEAMw
source gas® dlF&do]l dou} 7tATF edge FawolA o

=
F2A Hol Adidez Aol H "ol <doju= otk [47].

20 sccml 2 A GaNv& AAZAQ 11 A AL 7L sHA R ARzl
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o AR FA
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@2 PL A EYolt, 4% A8 HCIE f3°] 10 scem¥d W <]
ZAog PL =4 A 3¢9 laser? powers 11 mWth A 59 o3&
< 29" dEA o= 37H4 (P1, P2, P3) peak?} YeElU=dl Pl
9] peak energy+ 3.48 eV (356 nm)©]al, P2+ 3.4 eV (365 nm), P3
+ 3.3 eV (375.5 nm)°|il peak Zt7}e] FWHM<=> Plo] 5.35 meV
(1.57 nm)°]3L P27} 8.18 meV (1.95 nm)°]™ P32 2.04 meV (2.5
nm) ©]t}. P12 bound exiton [48], P2+ impuritye} #FAE peak=

oxideZ} &¥o] = Aow FAHTE [49]. Oxide’} HA7FE 7F4 & 9]

flo

e 4 N1#o® A8 GaN/ALL0zS] PL ~A#EH| % P2l 7
H37F EAE=E o]Z o E Kol ojn Ad H | AA|e] EAEE
oxide o] HVPE #H]E o]&st 1050 € 22 w27]0lA Ad73o]
REPFQl GaNoll H7bHeol g3k =z Zlo=w dAddEv. J81 P3
peak?] A& Lolr 7] SJ&)A 15 scemold AF3 AFRE AEshe]

77 Kol PLAAERS SAsA=d 54 A

g SAAINE <I9 4—-4—-(a)>° HEFT} Input power intensity”7} #
A5 blue shift k= S Holal Qlth oA <I¥ 4-4-(b)>
12 P39 9}#o] input power intensityel] wg} @A WHE=7E
Bl 2 E S8 AAS] & ¢ Stk JgZelq P32 we gpgo R

o]Fslal +=d olH 3 Ay ZFHE P3E DAP peak® It} [50].
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<19 4-5>¢ HCl #% W3l n& A3y d3E 77 KA PLESA s
Zolth, A 89 FA = AHglo] BE A 8oA] yellow band emission

S A& F Yded FAVF FALSFE yellow band emission®] AR

e,
o
20,
5

o

|3& NH398 =t #A7F Qlt}. yellow band emission]
getet o= ofA Aets] dvd vyl AN NHp9| & S7H 7 2
A7F FHS 2 AHE A5 yellow band emission®] Al7]7} 2
obxlttil st AFANIE Aot [38]. # AIAxAE NH:9 %S
S7HA 71 A = AT A o2 HCIO FFS d4d £ 22 adE
2 JAEFE F3cd HCIY %29 20 scemd @ yellow band
emission® PL intensity’} 7} =2 UEST o]25E yellow band
emission® N vacancy® ©o]= A% #H#o] gty #ITFHCT}E Yellow
band emission 542 A&t AGHE Al AN S Lotrr] $3)
A5 Z}ZF°] main peak wavelength (P1)<¢} FWHM (full width of half
maximum) & FAFEY] <18 4-6-(a)>8 <18 4-6—(b)>° YE
Atk (@& () E FAlel a=aiE w HCIE 3ol A4 AAE 7271
FAAA Aol Fobd Zlojgta F=5uu AA AP@S HCIY 7%
o] AA && A 3dtar @A main peak wavelength7} ZAU
FWHMo| ZAY 3kA] ¢t 7825 ¥yl HCl #%°] 10 sccm¥ o
main peak wavelength7} 7}F& 23, FWHME Zit} o] A2 HCIS] f

o] A& A% 42R GaNe| T gk ARAT] wol AL W



Hefl, HCLE 3ol e A% 77 543 A4 7183 344
GaN A% WA strain =& stress® FFS wol 99} 2 Ar}
e oz dddnt. meba, 1o d3E F83 & wl yellow band
emission® @31 GaN &3 9 main peak wavelength® Z o™ FWHM

L %2 HCIOl 10 scemd wi7F 71 28] =dolgt & 4 Ak
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PL 574 sti<d A5 df-FoA ZA 37FA<  (P1, P2, P3)
peak”’} WERATH P1& 3.48 eV (356 nm), P2+ 3.4 eV (365 nm) 1
23 P3+ 3.3 eV (375.5 nm)©°|il peak ZH7te] FWHM< Plo] 5.35
meV (1.57 nm)e]al P27} 8.18 meV (1.95 nm)o]™ P32 2.04 meV
(2.5 nm) o]t} P12 bound exciton, P2+ impurity 2} #71€ peak= 3l
J impurity:= oxide®= FAHG. & 7|#HOS=Z ARE-sE GaN/Al,039
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