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Abstract

In this study, the optical properties of thick GaN films grown on
sapphire substrates using the HVPE (hydride vapor phase epitaxy)
method were investigated by photoluminescence (PL) measurement
at 300 K and 77 K. GaN was grown at different growth temperature
from 900 T to 1090 T for obtaining high quality GaN. At the
results of PL spectrum, bound exciton peak at 357.5 nm(3.46 eV)
with FWHM(full width at half maximum) of 17.7 meV and
DAP (donor—accepter pair)peak at 376.5 nm(3.29 eV) was observed
at 77 K. A peak was appeared at 80.5 meV below the bound exciton
peak. This peak might originate from the impurity—related peak

formed by diffusion of Oxygen impurities from sapphire substrates.



Therefore, we suggest that optimized growth temperature to obtain

high quality GaN crystal was 1050 TC.
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wEel/mlv Re] AxpAax 8 A Gl FF Aokl de
o] € 9t Sig Al 1A REEAZ B, A A-F2A g9
T B 910 GHzol 2] 173 Axazt wobs dwste] &
(InAlGa) (AsP) AlF ] TII-V= ke REeAl= Al 24 wr=Ae &
T AT v WAl AR5TF A Eeke 39l (100~650nm)
Aol FA7%3 100 GHz o143 159, 1%
2t yaA, AR, WA, dinbed 5o B -55 7lsaAt
2451 3= (InAlGa)N AG NMI-V A3E e A 9 SiC—C A9
IV-1V &35S A At e a4z E73 5 o [3].

GaN, AIN, InN F¢] [II-V= Asls WA §He wiids 2

Aoy W=7 (direct band gap) S ZH 3gE WIEAIZA, FHAR;



(optoelectronic) % & AX}AA (high temperature electronic
device) oA <¢ §&o] 7Fs3t =dolt} [4]. 53], InN(Eg = 1.9eV)

52 AIN(Eg = 6.2 eV) 99 alloyZ ©] &3 band gap? x2S E3l

Fz’l_',

ANBA Aojele] spgriel wato] ol Aed gLzt

=

=
©]% (band to band) W& A 8= #3atrt [5].

FHT GaNv dgao sl A4, =4 g4 LED (light emitting
diode) 7}t H A LEDS Ax7} 7F53stA Ho] ddA o3 =9 A%
ol TR A FES WA HAT olA/A = FA d FAat
AeZ I-VE 31859 ZnSe 9 SiCE F= o] €31 o, GaNE v}
gow st Asts AAF iR o] % V]E9] SiCE AR F A LEDY
Hls] 3% (brightness) 2} 4 (ife time) % W Aa& (internal
quantum efficiency)©] $8Fo] FA LED ¥4l ozl =HdAM tjA
Zeo], A%, Fu dA, 2F As A7, A5 (white bulb) Sl 2
Wes 7hA g [6]. 53] A LD (laser diode) 2] 44317} o] Fojx
ot DVD(digital video disk) & H]E3%F At 2T AR A v &),

wAY A 20 g ZRE, oA yaZEde] ol ¢8E8 7 s

<L
<

T 7Veds 7HA A v [7,8].
1932 Johnson et al. [9]°] 93] Aoz A FE GaN+= 19694
Maruska &} Tietjin®] Gao] ¥4 2+ boat °] HCIS ZgFo] AAHA

GaClz} NH;E o] €3 HVPEH O 2 GaNEZ Algtolo] (ALO3) 713 99



A& o2 GaN wreh F2be] Ad3stlct [10].
1991d S. Nakamura® TF-MOCVD (two flow— metalorganic

chemical vapor deposition)¥el 93] A& GaN ©@4d4 dHuke 3

=

)
LEDS} LDAIZS A& 7FeA S AAsEom, ojulFH GaNel st &
Aol ot EAAR A77E A FEIY. dA GaNE o] &3 ¥4 LED
= 83t Gl ol=Rlom, LD 8IS HF o A o]

AL ok [11].
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17132 9lk [12-13]. 283 (0001) Alfo]o}E 7)sto
2 olg3 A$ 1 o] AFE GaN AA T Almtolo] 7)gko] B ke

FR7] v o Aol o] 4 vk 1Al Afvtolo] V]

o
gL
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>

Ly

FA 9 GaNZE 97] Sl GaN ©kd4 7]sdo] 7p o] A}# o] x| ql,
ofAl g3} HA| ¢kof o] UIAT 4 e V] AU IAHIL
t} 1 o2 6H-SIC, Sio] &d 6H-SiC7 %2 =44 Aloj7}t 753t
o GaNAA ¥ 8ol ARt & B2 APE AL oy v
L il d 71e A717F FEv AYFAE Abgolo] 713hg AL

P& mET F4 X8k, GaNel Hlsf <&

o
o

g Alg7F Zol GaNujel
cracko] #AYSH7] 4 @o] Qlth [15].

ol| 7)wolete 747k Aekiol
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g 2 dqrelM AEse Sivls

32

= AR Si2 REEA ARR AS7hA 7P wol AREE AL $a

geA, wFAC slwe] AAEIL Ya £A4 Alel7k Hsskel Top-
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Down ¥24& WE F Sl 5 7€ 7Hy 7ol waa . 22y
Six tolobE = 2 (111) WS AFEbd wurtzite 7329 GaNE &
= 7 Aol 3 A o, AR A 498 A & Aol wEel
GaNell cracke] A7) 4&-d ol= Si 7|# o AT 4T
24 &3t 5 Stk [16].

e AR, ol "y AY 9 AaE FAE gler o]&
M AREARD GaNe] A 7les Assidla 438 9 AdelAs &
Aol A A &S HVPE A AEL] A Am 3 o] ZH]E ©] 83 GaNg]

A So g 7|<skiet. wek Fska EAS xAlel7] 913 PL A

a9l P4 % S 2elw ¥ Qo)A 4847 GaNe PL 54
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Properties Semiconductor materials
Si GaAs h—GaN 6H—-SiC
Bandgap(eV) at RT 1.1 1.4 3.39 2.9
Band transition type | Indirect Direct Direct Indirect
Crystal structure Diamond | Zincblende Wurzite Hexagonal
Lattice parameters a=5.431 a=5.653 a=3.189 a=3.08
(A) c=5.185 c=15.12
Melting Point (C) 1420 1240 2518 -
molecular weight 28.09 144.63 83.728 40.1
Density (g/cr) 2.32002 5.3176 6.10 3.211
Thermal expansion Aa/a Adala=6 Ada/a=5.59 | da/a=4.2
coefficient (107° /K) =3.59 Adc/c=3.17 | J/c=4.68
Thermal
.5 0.5 1.3 5
conductivity (W/cmK)
Electron mobility,
R 1400 8500 900 600
RT (emV ™ 's™ )
Hole mobility, RT
R 600 400 20 15-21
(ewV s )
Break—down field
6 0.3 0.4 4 5
(10°V/cm)
Saturated electron
1 2 2 2.7
drift velocity
(10" em/s)




# 2-2 M-VH 3ehae] dnbAQl 54
Properties InN GaN AIN
Bandgap(eV) at RT 1.9 3.4 6.2
Band transition type Direct Direct Direct
Crystal structure Diamond Zincblende Zincblende
Lattice parameters (A) a=3.547 a=3.189 a=3.112
c=5.760 c=5.185 c=4.982
Melting Point (C) 1373 2791 3273
molecular weight 28.09 144.63 100.695
Density (g/cm) 2.32002 5.3176 4.138
Thermal expansion dala Ada/a=6 Ada/a=5.5
coefficient (107% /K) =3.59 Adc/c=3.17
Thermal
1.5 0.5 0.8
conductivity (W/cmK)
Electron mobility,
- 1400 8500 350
RT (emV ™ 's™)
Hole mobility, RT
R 600 400 100
(ewV s )
Break—down field
5 0.3 0.4 -
(10°V/cm)
Saturated electron drift
velocity 1 2 -

(107 cm/s)
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<19 2-1> Fo WA 249 ARpdse MER JuA Ans

M-V Asts RieAls dabgow A 7HA 9] dH7x5 7M1

Atk <Oy 2-2>o4 E & glxeo], 382 Zol:  phase’}

M

polytype©. 24 Wurtzite, Zincblende, Rock salt® T+%E& zt=t}.
Wurtzite 7%+ hexagonal unit<S 7FA P& 2709 Ax} A< a9 = 7}
A3 5 709 hexagonal closed packed T+%9] sublattices°] CHFOZE
5/8 WEel zolE Fi 7 FRY dAEe] AYH T xolvh
Zincblende %% cubic unit< 7FA 3, 4709 115 At 4709 A4
AAE st 9lom # dex diamond 7% 9+ #Th Rock salt
Z+ cubic unit= 7FA 3L, ZF ¥AF= 6709 nearest neighbor® 7%t}

[18].
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GaN, AIN, InN9 A%l Wurtzite 7-F7F 4z oz <kbgd+
TF-zolt}, std, Zincblende T3+ GaNeF InNe| Ao Si o]y MgO,
= GaAs® (00D)™ ol A4 of sttt delA vt ARk
A 0 % cubic(Zincblende) ¥} hexagonal (Wurtzite) 735 ©]F+ GaN,
AIN, InN9] polytype< tetrahedral A% 725 o|F1 A% Zo]% H
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Wurtzite 7% %} Zincblende 732 *}o]d-2 <19 2-3>04 HE& A
A9 7 g ol #olx= £A47F [0001] WFo = ABABABAB.....
Ql Zo] Wurtzite F-&°]al, [111] ®ake =z ABCABCABC...Q1 Zo]
Zincblende T-Z0|T}.

Juza®} Hahnoll &al|lAd Ao Z Wurtzite 735 7FA+= GaN9| Z
b a7 Rag ols® [19], Be Adso] e, 24 A,
AR, sl wepa] 254 Zole UAIRE A2olA strain©]
AR AEli= Maruska®l Tietjeno] W3st a = 3.189 A, ¢ = 5.185
A FEo] - HI Y [10]. of=d d B AlFe Ja/a = 559 X
10 ° K™, dc/e = 3.17 x 10 "° K™', Sichel?} Pankove’} 73 %
22X dHAEEE v = 1.3 Wem - K& ®uEr [20]. sFARE of
AL A4 A% =213 B, AEFA, v sk wbd E8F

_q]

Ox

o2
iy
o,
ol

s fleld = GaNol @24 &2 FAA A ofvFol
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to
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oF &= 9t} ¥ 2-32 AEZ7HA 4HF Wurtzite 729



GaN<9 545 veRin [21].

¥ 2-3 Wurtzite 725 zZtE= GaN9 &4

Bandgap energy Eg(300K) = 3.39eV
Eg(1.6K) = 3.5eV
&% o] w2 bandgap energy? W3 | dEg/dT = —6.0x10"" ev/K
ot o W= bandgap energy®] Wa# | dEg/dp = 4.2x10 % ev/K
A2 (300K) a=3.189 A
c=05.185 A
A9F A (300K) da/a=559 x 10 "K'
dc/e=3.17 x 10 °K™!
“AHE% (Thermal Conductivity) £ =13 W/cm - K
#7224 (Dielectric Constant) £9=95
€w =5.35
fa Az A= m#*, =0.2 my

54 Ao B2 =85S 71gola Qlth GaNe| 38ty 542 548
HIALE, 534, PL (photoluminescence), PR (photoreflectance), CL
(cathodoluminescence), EL (electroluminescence), Raman, Time-—
sesolved spectroscopy, photocapacitance, DLTS (deep Ilevel
transient spectroscopy), PLE (photoluminescence excitation) &=
Sl A o] FolA L T

Maruska2} Tietjen [10]e] <384 GaN<Q Ar2of4<9 direct




bandgap °lHA7} 3.39eVeta delxl -, A4 <] bandgap oA
T 3.50 eVE &#HA vt 18y 2% wE bandgap YA W3}
Fe A4 4% WY AR A webA B \AE Hol7] Wi
olAl & H XA ¢ Y} Monemarel] 2|4 1.6K=4 ¥ bandgap ©l
YA = 3.503£0.0005eVE %o wE bandgap °lUAe] W3h= A

(D3 2ol yerd = Ut [22]. <2H2-4>

Eg = 3.503+ (5.08 x107*T%)/(T-996) eV ........ (1
366
365
. 364
E 363
360
359 I

0 50 100 150 200 250 300

Temperature [°C]

<19 2—4> GaN9 2% wE bandgap oY A



1. 9dAl& AZAE (exciton recombination) [23]

GaN+&= 7|99 Fi7, 4430, A%, 435, [II-V ratio, A&
o] FA, 2eEY F7F 54 Aelel ¢ bandgap U2l wlAlg A}
ol& Holi glth.
1) A AAE (free exciton) 0]

M-V Ak weAgh g2 2dolA A AA =2 S o8
ANAgo] WAt ojuje] o=

By = Eg = Exvorvtannseresoneeeoresoososeereneseos e (2)

olty. A71A E, v AA=A ¥ ATZoUA=ZA a9l 2 (3)(4) s #

o] A

Bol &% olUAT 21 U <19 2-5>% FuHALe A% 4T

o A Af AAE HolE vk w4zt



@ Free electron

Conduction band

Valence band

® Free hole

<18 2-5> A A E AAg

2) 418k JAA1E (bound exciton) O]

gate] FawAE o]FRo] EoEC A&HT. Ao

o] D'BEZ XdH+ Z& o|23t8l EY(donor)oll A&H dA|E0]
AAdFstAA e 2ol DBEx: o4 =Y A&E dAlEo] &3
go] yehdt} E3L o3I AY A'BE T4 A°BE  o4lH
(accepter) o] A&H AA|Eo] FalEo] WS Yeldt} E3go] FHof g]

= dAoAe Y IAE Hole2 Ao W= ZAA 540

1o H

=43} oY A] (exciton localization energy)¢]™ E&E2] A3t A] E,
of dPAor oEst= Aow A QU

EBX =a+ bE] (rd', aﬂ‘ bTL_; /E}‘-{FO] E]’) ............. (6)



9 Conduction band
—@ f Donor band

Accepter band

C

Valence band

<71¥ 2-6> Donor bound exciton(DBE) 9} accepter bound exciton (ABE)

TEHY ol &7 Bel E > kT 270 Hd 450 345 74

e
=)
2

FAo 7 BT} ool Moo {x]=
hy =Eg=Ealor Ep)— 1/2kT oo, (7)
ojt}. o714 1/2kTx o) Wl i A e]E2] Aol olth,
4) wE (band—to band) k2] o]
AAIE WG AL, ATkl WEA AT #F5HAHL KT > E,

ol 2m7b Frbel weEl A =SS Ha AV 9Jste] B3y

0
m

Bde EAn F, old Al dARe A wE e Aol

rlr

Hgow Ty} o] AdErt. ol wzte] Hoje o g o



9 Conduction band

Donor band
l Band to band transition
7\
)

Accepter band

Valence band
<Z1¥ 2-7> Band to band exciton

5) DA Pair %o]

=Uek B 7E A4 dlell EAstE DA%l €lgk xol7k BE E+
C—A Holrth AM&A Yeldch Ho] ofyxl= 19 2-83 o] F
o xtt. o 7] A (input power intensity) 2] T7Fell webA emission
BE7F S7bsk=tl ol emissione gt Aste] AjAZ ] HQsh A
Astel Ux F7ke] st Zolm emission® blue shift¥ input power

intensity ¥ 3}2} donor—acceptor pair(DAP)o] 23t #o]o #AA=E A

W3k 5 Qltk. BE DAPE dojeof ##¥ emission energys T4 S
2 Fojzint [24]
hy =E,— (Ea+Ep)— e/ er —E, querovoeeiiieieiannnn, (9)

A7IM E, & WMEA oyx]olal ( Ey + Ep )& donor$t acceptor]
binding oly=le]™ e*er & AEIFS] HA re] ogk o] &5® DA%
o] ZFEWHAEoll E,sw= van der waals ZAgroltl. e A$
compensate ¥ HFEA| o4 += input power intensity’} 7S 919

Ao webA  Coulomb interaction energy (Ec)2 7k ulahA



emission peaks F2 oY Xx] 290 F blue shiftES 3t}

Conduction band

Donor band

DAP

Q

Accepter band

Valence band

<Z1¥ 2-8> Donor accepter pair (DAP)

2. Yellow Luminescence

QHFA 07 wide bandgap HFEA] EZoA YEUSE GaN A
midgap® el A vellow—green emissionS KHQlth o]8d yellow
emission< LEDE W& W blue emissione saturationA|# 3479
&5 "ol=/h GaNelAl= A 2.2~2.3 eV (560 nm~540 nm) <
o] Yo oo AZ yellow emission band”’} YERATE ©] yellow
emission®] g YL ofA WEopA| ko AW A WHIE A
ol AL BE AlmAA yEebdTh Esk o] oA ol AM7]el wEkA
vellow emission band® PL A|7]7} AgA o7 WH3stA =t} o7}
AL ole] digh AN FAs] HEAA 4 oy A= native
defect&¥ residual impurity5°] #A3F1 o] shallow donor? deep

acceptor AFe]2] Holo o3t Zolgl= Zlo] AubA ot}



2.2 GaN¢ 7|&

GaN A4& AdAste=d oA 7H & EAHS GaNe| ARt
o} ABZATIE vd 7ido] gloke Aolvk. A HI-VSH Ast=E v
EA1 GaN, AIN, InNG 722802 Atgto]o] 7|3k Qo A7
otk w3 Si olu GaAs, SiC, ZnO , MgO 5% 7]|#o & 201 it}
M-V Asts v eAdle A% gt 83472 2ol &sta
FE Apgolo]E 7]do® AREStaL Ql=H], 1 ol Abutelolrt GaN

7} Zk= hexagonal symmetry®} H] 238t trigonal symmetry & 2t Q)

3, A% 4% A cleaning®] 4™ IZL (~1000C) M E <tg37] w
ol [21].

GaN Z74 3o 20l (0001) ®e] Atsto]o] (Al,Oz) & GaN
(0001)H¥} FPet7] wsmell B2 AF7F 1 Ut Atgholols AbA
AAHOV 9 dFRE AAAPDE o]FoA it Alvtoleie]l (0001)
A 9o A AT Qe AdE ol Aola, uiE flo HA Fo] Zold
A Wurtzite 7325 o] FA =l ARgkolo] (0001)™ 3 GaNel + #A
e asol 307 ®wWE EolA AA e Aol oF 16% HEH <1
g 2-9>¢] Bl

da = (2 agancos 30° — agy) /asw, = 0.16
kA Abgtele]  (000D)W fol AFEHE GaNt  4E$E

(compressive stress) < A H&=d], A3 o3t GaN o352 +






7F 2 Zlolth 3 2—4+% ol 7kA V1EA RS ol wHd Azl #
e SAS yEhd Zlojth

Al,05(0001) ¢} GaN¥= 16.09%, Sizh= 17.7%, GaAsI= 20.9%,
3C-SiCs+= 3.5%, ZnOs= 1.9%2 A F43s et SiCee
Az FAQ 7ol A7l= sHARE dAZEA] 1FEA SIC 7|HA X7 o2
2 AlO3 (000D 7F 7k Askst GaN& 7|#Ho=z AFgEH1 QU
Al,05(0001) 8} GaNi= 16.09%°] 93] & A #+43s 7HA3 gl
o]z ols] A7|= AUE (defect density) =S sA3d= Aol oH}
F3 ALO3;(0001) 9} SiIC + 7|9 BAE 53 o0z defA A
7tAo]l v ER 43 2 GaNE o] &3 2] 714 Qldte]| oo
ATH E AL,O3(0001) flell GaNE d#std S FER0]E Fx2 4

FeE =, o] FxRe A Az lofM oy wol vk weEbd W

(cubic) T%9 GaN4gol Ao @l Az HARES X oled 2
Fo ¥gEE 2ol Si, GaAss A 20w AZAT Zn09 A A%



71gke] AZtE gRI} sbsshe

& vhorer a4t 9 B 84 A

@0 Qrk. welA SiZlg 9ol GaNg

44

= AIN, ZnO, SiC &2 ¢55= A3 Fo GaNE 4%

staizp sk AT 7F @s] W Fel Aok [27-29]
® 2-4 7|How 2ol B4 54 [25]
Substrate Symmetry Lattice Coefficient of Lattice
parameters thermal mismatch
expansion
Wurtzite GaN | Hexagonal | a= 3.189A | 5.59 x 10 K™
¢ =5.185A |3.17 x 10 °K™
Zincblende GaN Cubic a= 4.52A
Wurtzite AIN Hexagonal | a= 3.112A 492 x 10 K 2.4%
c=4982A | 53 x 10 °K™!
a— Al,O; Hexagonal | a= 4.758A | 7.5 x 10 °K™ | 16.09%
c=12.99A |8.57 x 10 °K™
Si Cubic a=5.430A | 359 x 10 °K™'| 17.7%
GaAs Cubic a= 5.653A | 6.00 x 10 K| 20.9%
6H—-SiC Hexagonal | a= 3.08A 3.4%
c=15.12A
3C-SiC Cubic a= 4.36A 3.5%
InP Cubic a=5.869A | 4.5 x 10 °K™' | 22.99%
GaP Cubic a=5.451A |4.65 x 10 "K' | 17.1%
MgO Cubic a=4.216A |4.65 x 10 "K' | 6.73%
Zn0 Hexagonal | a= 3.252A | 2.9 x 10 °K™' 1.9%
c=5.213A | 475 x 10 °K™!




2.3 4% o9 " A| (epitaxy) A
GaNZ= A #Asl7] 93t W oZE MOVPE (metalorganic vapor

phase epitaxy), MBE (molecular beam epitaxy) 18|31 HVPE&©°| 3

ow 7z} Aol thale] wlwdt (% 2-5) ¢ MEFE(KIH2-10>)
= yeldg HVPEHS dAd o= 71 egld AWy o2 Hydride
Vapor Phase EpitaxyE 2v|sta, 15 Y9422 F59 halogen 33E&
S AHgsta vk GaN A& A9 115 982 GaCl,GaCl; 55 ol &
AT 712 o] Ga¥delr Ga 98¢ HCl 7IAE w-8A1A GaCl
£ A8k Aol dutF o]t o] dA AW GaCldt NH; 7tAE A4
A7k Hjol 1000~1100TC oAl Algfolo] 7] Abef epitaxy 4 7A]
21tk HVPEW 9] 542 3ol vh-& MOCVDS} vlwa|A dd& =7t v
S w23 FA~F mlo]la g o] FAE zhe Btehs Hlnd f4A 4
A= Aot

MOVPEWH oA 1IIF i+ SIS FAAQLALE 3 712535

+

% (TMGa, TMGa) & AF€3t1 V= 9425 F& NH;E o] &3tk RF

7, AF 7hd, A9 lamp?] 7hE SO W o® ZFAE T]a Sl A
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