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Abstract — Crystal properties of wurtzite GaN films grown on AlLO,(0001) substrates under various ni-
trogen pressure and plasma power by electron cyclotron resonance molecular beam epitaxy were in-
vestigated by full width at half maximum of X-ray diffraction peak and scanning electron microscope. It
was found that the nitrogen pressure has a large effect on the FWHM value of XRD, and the GaN film
grown under the optimum nitrogen pressure contains high density of dislocations. These results suggest that
the crystal quality is sensitive to the plasma source conditions and that the relaxation of stress depends on V/
I ratio. However, substrate-surface nitridation has little effect on the relaxation of misfit stress.
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Fig. 1. XRD pattern of a GaN film grown on sapphire
(0001) substrate.
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Fig. 2. Variation of FWHM of XRD and lattice constant
of GaN films with nitrogen pressure.
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Fig. 3. Scanning electron microscope of GaN surface.
The GaN was etched by NaOH:H,0:H,0, (5:20:5) solu-
tion for 25 min at R. T..
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Fig. 4. Plot of etch pit density as a function of nitrogen
pressure during growth.
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Fig. 5. FWHM value of XRD patterns of GaN film as a
function of plasma output power during growth.

Aupohis dh] Fepzul ol st} Ariet @ﬂﬁ
o 8 4 gloinh gulg o g A Zalzohlofis

7]% A Zo]elol] oF 30~40eVe] LEA A E = 2
2ol &o] Eaghta Wk glow, 1ed o] 25
o] damage B3} To& AFHLe AYHE A
ek gejx] ook 2R AT olefd o] eEe AEF
ghstol] 7o dake v ¥5-S U4 Ak ol
A T2 of7)gl A4} dislocation 8 Aol Bois}
Ao, Eepzul selo) F7hE meud o] 2%

& Z7IA A Aol 58 m a4 point defect
7

.
/

ri”-‘i

Rl

4

ox

o Avke QJae v A w Qleka & 5 olek.
ARp ol 2 S ofslghalol 4 W o H

o Sl olvl of<litel | 4l v Qe 25

Azl glof AN Bz 4 a4 -

oft oft
oX

Y,

f
-

kA A A AL g ;..Li} A A==
2 ol 3+l slod, id F alo] &k a|(coalescence)
of <) 73”“““’10] BENHE Fo 2vidAlelA #
Fas 4BE SOl slo] AAL BHIIE
k8- 'csh:} A 2hrh12-13] & Ao A3 Aljo)

o] 73] nitridatione] A& &8l & A A
Absfelof 1gg da Felxubo] wE Az Ay
© % nitridation ¥4 & Abspe]of 71Fhf o) AbA v A
okel zbu) wpEo R AINS Advn %A g
[14]. Fig. 62 A3 mtndatmn A 7hE gl A
st 2+-& xl/ko} XRD"] Hh2) 9 WolFEn 9lr} Ni-
8] 60 W, 7|#HE & 700°C,
PaO]‘}iL}. 108 A %9] nitridations
4ag dEArdis ~EYAY 2Elyo

A ek ax10”

Aa F

Journal of the Korean Vacuum Society Vol. 6, No. 4, 1997



358 Z43 - 7
14
<
£
2 4
s 1
s
2
[V
10 = —*
0 20 40 60

Nitridation time (min)

Fig. 6. FWHM value of XRD patterns as a function of
initial nitridation time.

x| o] FobA| 2| vk nitridation A] 7H&: @ 23R -+
zEd 2 g3l 2R At AdEde 2E
cell &% 950°C, AAHE 4x 107 Pa, Tekxn} 349] 60
W, A% 700°Col itk 105-0)4} nitridation g 33}
DE A Arolxo mEHE Ate] dojy YRR
ol % o) e3lel dAghe

23 JloluR|o] 259
FHAIA 2~EgQgEte] 2 9gS HAR] geglet
ArEFth, Nitridatione] HAAI7EE 713 T 700°Co
A ek 10 RS dith

4. 4

=
—

2 Atk NYvelE 2EH Q) 2hshol] 3

o, AL FHoM Az AR

744 F9A etch pit density7} 7} =

S ok =, J&8 2AA = dislocation©)

w3 PAlof olefst A5l o3l misfit straino] ¢
*

XRD #bx]Eo] &ivkn m@E ) £33, A7

A AAD FARG 4 AT misfit strain 2]

FalgstslAl, A6, Al43, 1997

#21%
dao) ol 9l it A Eehxuhyel Bt
o) F7)s Eehznl B9 2l g Aow
AR 250) dFAL AR A Y
9%n, 59| dislocation FAol= A Aol
H #¢ Atk MOCVD % ohjeh Febzol o]
MBE: 1EA 2HA2E AReE 18 43
2 skt
anes

1. S. Nakamura, T. Mukai and M. Senoh, Appl. Phys.
Lett. 64, 1687 (1994).

2. S. Nakamura, M. Senoh and T. Mukai, Jpn. J. Appl.
Phys. 30, L1708 (1991).

3. T. D. Moustakas and R. J. Molnar, Mater. Res. Soc.
Symp. Proc. 281, 753 (1993).

4. T. Lei, M. Fanciulli, R. J. Molnar, T. D. Moustakas,
R. J. Graham and J. Scanlon, Appl. Phys. Lett. 59,
944 (1991).

5. M. L. Lin, B. Sverdlov, G. L. Zhou and H. Morkoc,
Appl. Phys. Lett. 62, 3479 (1993).

6. A. Ohtani, K.S. Stevens, M. Kinniburgh and R.
Beresford, J. Cryst. Growth 150, 902 (1995).

7. S. H. Cho, T. Maruyama and K. Akimoto, Jpn. J.
Appl. Phys. 34, L1575 (1995).

8. S. H. Cho, U. Tanaka, K. Hata, T. Maruyama and K.
Akimoto, Jpn. J. Appl. Phys. 35, L644 (1996).

9. C. Kim, I. K. Robinson, J. Myoung, K. Shim, M.

Yoo and K. Kim, Appl. Phys. Lett. 69, 2358 (1996).

M. L. Lin, B. N. Sverdlov and H. Morkoc, J. Appl.

Phys. 74, 5038 (1993).

S. H. Cho, K. Hata, U. Tanaka, T. Maruyama and K.

Akimoto, J. Cryst. Growth 174, (1997, in press).

I. Akasaki, H. Amano, Y. Koike, K. Hiramatsu and

N. Sawaki, J. Cryst. Growth 98, 209 (1989).

S. Yoshida, M. Misawa and S. Gonda, Appl. Phys.

Lett. 42, 427 (1983).

T. D. Moustakas, T. Lei and R. J. Molnar, Physica

B185, 36 (1993).

10.

11.

12.

13.

14.



