(& &) ¢IARYHA)
Korean Journal of Materials Research
Vol. 9, No. 12 (1999)

FAAZGYA ) 3 ALFF AT AT L
#2 GaN whet g7

254 - AEA - AR

EELUTE TR
YRR ATFY

Development of Atomic Nitrogen Source Based on a Dielectric Barrier Discharge and
Low Temperature Growth of GaN

Joosung Kim, Dongjin Byun® Jin-sang Kim* and Dong-Wha Kum*
Dept. of Materials Science and Engineering, Korea University, Seoul 136- 701
*Korea Institute of Science and Technology, Seoul 136- 791
#Contact author : dbyun@® kuccnx.korea.ac.kr

(1999 949 11 %2, 1999+ 104 22 HFFHE 0

£ B TMGast #&A e 7|28 A4E B4FE 01%8}04 (0001) Absteof 71ak el GaN =hzhg x-ofl4]
AR M-V A23p3hE R=A 9] ojswt gl slojA] dRYele #7134 stE il G744 2zl 7bg B3y
o A4 FTFLolv] FED ASTFE A 1000C o] e Aol %"14014 GaN wrebg w23 2|24 4A17]7] |
gto] Aa FFYR hR o} Al FAA AbAds ol gstalnh. FAA A e AFAbololl A AHE dAs] arcE
ZAg= WhHoln 4= 79t & fHIlAE UK 9 g—e.].zu}_. MAAFBR 7558 FAZT S P42 Rl of)g} 259t
do| 2717453 Ae) TAY U YA 202 F|RI WA ALEHEUE o)) dUch. GaN Wepe) 24T 29

o
rlo
oX.

Aex, $5Fol vt Wakstg e, 7007C 9 Zi%ﬂl*ii $4% (0001) wigFAde zbe GaN ghate A 5 glgich.

Abstract GaN films were deposited on sapphire [ ALO,(0001)] substrates at relatively low temperature by MOCVD
using N-atom source based on a Dielectric Barrier Discharged method. Ammonia gas(NH,) is commonly used as an N-
source to grow GaN films in.conventional MOCVD process, and heating to high temperature is required to provide suf-
ficient dissociation of NHi. We used a dielectric barrier discharge method instead of NH; to grow GaN film relatively
low temperature. DBD is a type of discharge, which have at least one dielectric material as a barrier between electrode.
DBD is a type of controlled microarc that can be operated at relatively high gas pressure. Crystallinity and surface mor-

phology depend on growth temperature and buffer layer growth. With the DBD-MOCVD method, wurtzite GaN

which is dominated by the (0001) reflection was successfully grown on sapphire substrate even at 700C.
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Table 1. Growth condmons of GaN by DBD- MOC\/D are summarized.
- T ~ Temperature(C) 500~ 560 7
- Time (min) o T 0.5~5 7
T e e
lst step GaN Buffer Growth zzz?lc:j; € L NiCarriergas) | 600~ 1000
NADBD) 400~ 600
T DED o ;ﬁ Frenquency(kHz) | 200~300
Power o 100~ 300W
N T Teﬁ)—peTature(Tl) ;4 - 700~900
W o ~ Time (min) /;’_v - 30~60
N ;lo_wbrate" T T™G ~ 0.09~0.18 B
2nd step GaN Film Growth (scemy b z(CgLr;%as) o ~_ 600~1000 -
L ~ N«DBD) 7 ~ 400~800
Frenquency(kHz) 200~300
) - DBD B i Power ) r i 100~ 300W
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Fig. 2. The calculated flow rate of N-atom and dissociation
efficiency of N, molecules were shown for 1L/min N. supply
and two different pressure (M) 100 Torr and (@) 200Torr. The
calculation was based on previous study ¥
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Fig. 3. The substrate damage was confirmed by measuring N,~
ion current with and without applied DC bias to susceptor. N,™
ion currents were measured using various power as a function
of DC bias applied at (a) Storr and (b) 12torr.
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Fig. 4. XRD spectra of GaN with various main growth
temperatures (a) 550°C, (b) 700°C, (c) 750, (d) 8007, (e) 850
‘€ and (f) 900C without buffer layer are presented. GaN
growths were carried out with 600sccm N: supply and 280W
(240kHs) power. GaN main growth were carried out at 700°C
with 600sccm N, supply and 300W(230-240kHs) power.
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Fig. 5. XRD spectra of GaN on sapphire with various buffer
growth temperature (a) 530C (b) 540C (c) 560°C are
presented. GaN main growth were carried out at 700°C with
600 sccm N supply and 300W(230-240kHs) power.

% 45 ARLE) B E GaN/a-ALOs e X-A 313
A g BoiF 3 gic}. 7129 MOCVD 33 B} @ 2
99N wurtzite+29 GaN Fate] GaN(0001) /e
-ALO:(0001) 9 W BAZ FAgeh, 2] 4=
Aol AP GaNutate] A4 ZF hexagonal 2=
ARS8 FUE F ot

AALE7}F 700C o)4al A$-olle (0001) o-AlDOs 71
Bl c-& WEe 2 GaNe| AAEHUEE & & ey
AAeErt 600C olEE ¥ Zfd= GaN(0002)
peak ) intensity7} o}-$ zFew] (0002) peakelejel (10
11) $9] o} peak ¢ I 5 3t} o124 700CE=
v aH AT EAT DY) $4¢ GaN 2
£ 9€ F e el a3ty DBD-MOCVD F
Ao g 700Ce:= vy ¥ LEAE wurtzite +Z
olm, XRD ZAAA] $-4¢ %42 GaN (0001)/a-AlLO;
(0001) & ARt

23 5o AE EFo] GaNdFAAe vl Jike
A7) 43 A2 oE ey 4535 ARAIR F
700°CoAl A et Qg GaN-2tete) AARAE vz A
o2 530C ¥5% AR ¥ g RtE ¥ A4 GaN
(0002) peak °19joll (1120) peake] #A=H 560°C <
$39) 79l (1120) & ¥4 (1013) 59 peake] A%
Fich 19 6ollAe 53 A ARk 92 X-A B
Helo 2, 45S5 A2 A)7te] 30secet 2mingl -9+ 7
7} GaN (1011) Peake] &5 %€ ¥ objz} Intensity
=g o ¢ 2te Ao 2 {AFHK. & APl GaN-
435 ARAFIE HY AL 540ColA 1222 &
Fxlgdch 29 794 E 540CAlM 1min 433 A% F
700°ColA 143 438 GaN 4hete] SEM AHilE B
Z3 gl 7

2.3 82 700°Col4 AAEte] SEM o E HFg EHol
}5 3 GaN-ubzte] g (1010) F 7By A4 @
¢ TEM +HHe2 obg Algle] FEX¥H DBD-
MOCVD F&el4 GaNol (0001) W3Fo 2 FAYe 2
AArslar olojA SH AAo] ojF-oixlc). IR column
o] X HA & Fofl (SEMOoE FTEEHX s e
49} pit7} Aot AARER RokolE 2-D A% (Lateral



1220
- _
GaN(O002) o
/
-~ . ALO, (008)
3
£ !
%’ iGaN (1071
2 . © GaN (0004)
E Ax .
I (®) \
A - - Ao |
_J\ JL \ @ .
) )

Angle (26)

Fig. 6. XRD spectra of GaN on sapphire with buffer layer
grown at 540°C for various buffer growth time (a) 30sec., (b)
1min. and (c) 2min. were presented. GaN main growth were
carried out at 700°C with 600sccm N supply and 300W(230-
240k Hs) power.

Fig. 7. Surface morphology of GaN grown at 700°C with buffer
layer grown at 540°C for 1 minute was characterized by SEM
and presented.

Fig. 8. The cross-sectional bright field micrograph of DBD-~
MOCVD grown GaN was shown.
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Fig. 9. PL spectrum of DBD-MOCVD grown GaN shown in
Figure 7 was presented.
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Fig. 10. Impurity distribution in DBD-MOCVD grown GaN was
characterized by AES and presented.
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