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Abstract We investigated the growth characteristics of thick GaN on the sapphire substrate using Hydride Vapor
Phase Epitaxy. As the growth temperature increased from 1000°C to 11007, the growth rate remained almost con-
stant of 50~60um/hr but, the surface morphology and crystallinity improved. The GaN grown at 1100C showed the
FWHM of 451 arcsec in Double crystal X-ray diffraction and the FWHM of 19meV in Photoluminescence at 10K. The
change in Ga source temperature from 770°C to 930°C did not make any effect on the growth rate, but the surface mor-
phology improved at 770°C. As the flow rate of HC! increased from Ssccm to 20 scem, the growth rate increased linear-

ly and the surface morphology enhanced.

1M =

GaN¥E 3.39eVe] A He|y Wiz g 7FA = Foiut
=3 (wide bandgap semiconductor) 4] 70t 2*-g
A ks 225 v ER bkt FAHARbe; Baubet 5o
S48 Foq AFHAgw FA2A'Y, dE Nichia
chemical#} Nakamura 2%l 2]a] 1992do] A4 LED
7F, 199530 LD} 7itte] Byl o]F MAH oz it
A dFErgles 743 ™ot Y. GaN& InN(Eg
=1.92eV)u} AIN(Eg=6.2¢V)et 2 M-V A 2dE
i Ao} od4-z o] 2 4EE PR InyGa, - XN} Gay
Al N 72 AIA AR E e 4AE FAAste, olF
A AR o] efe 2 e} 1X g2 WEs}r]
wZol], o]F M-V AstE] HAHYY gl ozt A4y
o 2pejdel A 7PAlGS FHE TREE L, $H 4
g Az 5 ot

GaNE olggt AHA4sAe] Fax)

Azel pue

rlr

GaAs 2 InPA) 3495 WEAE o) &g 547 A4 F2
Ao} g7 tjaZalo)e] 2RAM E sbeA sHed, o)
o] 4% thokgh WA}7)7)9) Alv)gs} e odareduty] W o
B gl Bohol e S4RobE FhAlTh. wF 21 B
ted AuEATe) Azt Brhelute) SR Qg B
42k Yuel W Y Ao e o] te eTEE A
B £ Fofold GaNE o83 F4 2 a19j4l dede)
Shapg ke A oMz} ALg A%, BAR He) 4o
2A 2hAZ $7} Qlen YRFA Hopel] JoIE L&
o] o} Zrh. o] 4o} ool x GaNit £§Ho|
T setdo & bAsly] BeldoR e ARE sAm
2 1eEAe a7 A%A 2 3T dAA s
A Aol B4E 4 Qlon, T HEPO R lsted HALY
(radiation) o] T3t o] Fola, YHEAE 47 2
FAsA RERo R A FEL 5 Tk

olo} Zo] §& S8FoFE AT e GaNwhathe] A
A g o]E o] 47 axte] ATINLE 2 T2 Aol o)

o

K

— 492 —



olAdE - FAY - WEH - FF3

%

3] QAslo] Agsiol Fout, b} GaN sotg 3
A1 % gicke BAZ Qste] 2w st
o) GaN %ot 42g fsl4E 2ES) GaN 237 7)
o] FaFHd], GaNt §Ho] 2400°C AHxo]x, 5F A
o o] 35uc} Y4l 27) Wl GaN 2H 7|
47A1717) SAAE 2} 40,0007k 8] A 3Heo]
shthx Mo, webd @A) Sielt GaAs, InPs} 2
vhe A SAA AR tE Ve GaN @A
27} $7159122 GaN B2 7|99 $u} #ohs
2ok ohjeh GaNs} 5@ Axbgset AWHAGE 2
P8 FAol EARA ol 27 Ae dT ¥ B
A ulet QAT o] & o) &gt A} side] o]yt

At 719 £ BAZ IT GaN oz 47 o o] %
o] &gk &at Al yigdel FAHE 23] s GaN 7]
TS Azst A GaNet f-AE AAbdot dggA S
zh= BaAlo) st #E A7) ol Ay MX]“&, I
FoMe wE AAEEE 2k o g RS o835l o]
3 71 sl 94 GaN& A &, o|F 71%E A A}
of A GaN 71#& Alxbsteie A ofF 71w o
o] aha-5h2] k& AHx o F7 GaN(200~300/m) & A
Aen 2 ol 22HE ARt wle] A, dFEHT
ek,

Fob GaNo) 422 ol 484 27) o)g szt
( >100um/hr) <21z HVPE(Hydride Vapor Phase
Epitaxy) & o]43} o]Foid 4 e, HVPE A3
W W oy HAEE o]9joE uhub M| RSE k
E7b ol e TeE dBEe AL S Jom, B
=] A)zto] MOCVD({Metalorganic Chemical Vapor Depo-
sition) o]4*} MBE(Molecular Beam Epitaxy) % Xt} A+
YHo 2 Zdstehs AHE AT 3

B Ao M 9 GaNE o] 437 GaN 7)o &3 g
FFol w44 (homoepitaxy) & 7]2e] A&
HVPEE Ap4-3le] £ GaNe| 4R EAE 24t
HVPEE o] 4% GaN 434 4Aex, Ga 3399 &&=
9§k, V/I vle} 722 "3"0“\"34‘—7} GaN<e} 42t E4e
o3k e o|x|B g o 5

o}.

wfo
ox

o
O

r@:érwroMo» s

ZHow

mln
)-.
3
>
)
of
03‘1_:
wjo
Py
>
A
22
L
b4

9 GaN o] Axg 98 2 d7-ol|4 A4-3 HVPE 4]
28 AA Azbg ez 1¥
& (a) 7 whg7) HH-(b)7F A
HVPE A|~®]& 7h2Fql 3, wig-7] 9l L%ﬂ/‘ el
%)9] 3R o8 FAE ged], 7haFdF-= HCI3 Ga
F49) ubgof s ME(Ga) THYoR A5 GaCl
7\Hel FEE T §7) akoll A Ga BE

o
|o
fru
b
%
_E

of NH;& A4 4% 4 e NH, 2elo 2 ;LHEM 9]
th B AgeAE Nyoll 34% 10% HCIE A-83)sict.
NH,2} HCl 7} 2 o] sjoll N, & wbg-7]2 Fglstdd=d] N,

Hydride Vapor Phase Epitaxy &

o}]-&-gt Sapphire 712 Abefl GaN--- 493

(a)

1. Mass Flow Controlier
3. Pressure Gauge

5. Furnace

7. Rotary Pump

2. Check Valve

4. Quartz Reactor
6. Thermocouple
8. Scrubber

(b)

\‘ Guider

substrate holder

Fig. 1. Schematic diagram of HVPE system:(a) Overall
view, (b) reactor
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Fig. 2. Effects of growth temperature on surface morphology and growth rate of GaN : (a) 10007, (b) 1030, (c) 1050°C, (d) 1100C
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Fig. 3. Effects of growth temperature on crystal quality of
GaN:(a) 11007, (b) 10507C, (c) 1000°C
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Fig. 4. Optical property of GaN film grown on sapphire under
the condition : HCI(10%) : 200sccm, NH;: 1000scem, Ni: 2.5slm
Growth time:20min, Ga boat temperature:930°C, Growth
temperature : 1100C
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(a) (b)

Fig. 5. Effects of Ga boat temperature on surface morphology and growth rate of GaN :(a) 830C, (b) 770TC

Fig. 6. Effects of flow rate on surface morphology and growth rate of GaN:(a) 5sccm, (b) 8scem, (¢) 10scem, (d) 20sccm.
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