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Highly Oriented Textured Diamond Films on Si Substrate though 2-step Growth Method
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Abstract Two-step growth method is suggested to enhance the alignment of highly oriented diamond films. (100) Si
wafers are pretreated with negative biasing of - 200 V at 850°C for 20 min with 4 % methane in hydrogen plasma.
The pretreated wafers are grown under the 1st-step growth conditions{2 % CH, in H,, 810°C) from 2 hr to 35 hr, in
order to obtain <100> textured films. The 2nd-step growth(2 % CH, in H,, 8507C) is carried out to make diamond
films having (100) growth planes, which are parallel to the substrate. The alignment of the films after the 1lst-step
growth, has been analyzed by {111} X-ray pole figure, which is improved abruptly with increasing film thickness.
However, the pyramidal surface morphology is inevitable. These morphology is flattened after the 2nd-step growth by
developing the (100) facets paralle] to the substrate. The alignment of the highly oriented textured films after the two
-step growth depends on the thickness of the 1st-step growth film.
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Fig. 1. (a) Idiomorphic crystal shapes for different values of the
growth parameter ¢ (b) Schematic diagram of side view of
the octahedron shaped(a ~ 3) diamond and the truncated octa-
hedral shaped(e ~ 2.5) diamond. The arrows show the direc-
tion of fastest growth.
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Fig. 2. Surface morphologies of the diamond film grown for 4 h at different temperatures:
(a) 810°C, (b) 8307, (c) 850°C and (d) 8807C.
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Fig. 3. Surface morphologies of the highly oriented diamond film grown (a) just after Ist-step growth(2% [CH.], 810C),
(b) after 2nd-step growth(2% [ CH.], 850°C) followed by (a), and (c) shows the cross-sectional image obtained from (b).
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Fig. 4. Surface morphologies of the highly oriented diamond film with octahedral shape grown for different growth time:
(a) 2 h, (b) 4 h, (c) 12 h and (d) 35 h, show the enhancement of the alignment with thickness.
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Fig. 5. Thickness dependence of the polar(dy) and the azi-
muthal(de) directional FWHM values of the maxima in the
measured {111} pole figures, which are obtained from the octa-
hedral shaped and truncated octahedral shaped diamond films.
And the evolution of the polar and azimuthal orientation distri-
bution of the diamond films obtained using 2-step growth
method, which shows the more increased orientation distribu-
tion with respect to the case of the truncated octahedral shaped
diamond films.
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(b)

Fig. 6. {111} X-ray pole figures obtained from the highly ori-
ented diamond films grown (a) for the condition(2% [CH.], 850
°c) with 39.5 im thickness and (b) using 2-step growth method
with 38.5 /m thickness.

1.7 Liwncaet-oon 2 2%HA W02 A28 2He) 397} o
o AR =9le-g BodFoh =3 Zhzhe) polar, azimuth-
al uhake) MiypE e 3¥o He|%o] whEd] truncated-
octa ZAoNA AAE A (dx= 3.44° , Jp= 4.36° )
Br} 29tA AAe F8 4 =t A (dy= 3017,
do= 387" YA 7" AAE BeiFth 11 6.4a)
FAEE TAE %7149 peakE2 {111} A" A
9 4AE oJujgict, o]2id #7124l peak el {111} peak
o gk Al =7)e it {111) 4A Aol A
2 AL Ry 1 oA AR EAB10T, a ~ 3) A
10 m7A) 33220 39 ¥7hH Q) peak ) (111} peakol
gk Ao ¥ L = 0.1 Innh2o2 At Ho 2 &
e BojAuk, 2 whA S a8 oA =) A9 L
= 5EX107° I,hE FASHA Zadta, 28 6.(h o4 B
o]So] o]eigt ¥r}Aal peake Ao FAHA otk F
A7 2L AP g4 AGERA 44 T3 Ao s
& B 3F). geb] o7 29A A7) chelolE et
¢} {111} X-ray pole figure W7}Z) 7haek {111}
poled] A% Z712 B8, TAEAA o) v Ay
e 154 AARFZ A q17b5} A o3gke wke-g oF 4= g}

4. & =2

= [

ZAFG A A tholel &=t "“{n‘é Fol7] $18to,
<100> Az Azl 1<hA A3} (100) 8 425
% oA e skt o]E Eslo] A3tz et
T7} Q53 AR TAAEA S A sk

m =
oA e TAEAA ) AR 19 A BT
A Aol &

og%_g_ B&g}u}-. 1\:‘J_r7:“ Hz})\] zhg-/ﬁg 7;1]
o wet F7hsted 15}%% 7haa, Had l Zagahd
15t Aol Bege & & At F, 1
& WIAEE Fogssta 22A Ate
4 cholohzset G40l ZFEstRAL,

Bol A% ofd BlagAE P8 AR DE A
o2 Bersigh.

HAtel 2

o] =&

}71 8 FAATY Ao Ao g £

tlo

o*

o2

1. B.R. Stoner, G.-H. Ma, S.D. Wolter and J.T. Glass,
Phys. Rev., B 45, 11067 (1992).

2. X. Jiang, R. Six, C.-P. Klages, R. Zachai, M.
Hartweg and H.-J. Fuber, Diam. Relat. Mater., 2,
407 (1992).

3. X. Jiang and C.-P. Klages, Diam. Relat. Mater,, 2,
1112 (1993).

4. B.R. Stoner, S.R. Sahaida and J.P. Bade, J. Mater.
Res., 8, 1334 (1993).

5. S.D. Wolter, T.H. Borst, A. Vescan and E. Kohn,
Appl. Phys. Lett., 68, 3558 (1996).

6. C. Wild, P. Koidl, W. Muller-Sebert, H. Walcher, R.
Kohl, N. Herres, R. Locher, R. Samlenski and R.
Brenn, Diam. Relat. Mater., 2, 158 (1993).

7. Young-Joon Baik and Kwang Young Eun,
Advances in New Diam. Sci. and Tech.,, 231
(1994) .

8. C.N rg rd and A. Mattews, Diam. Relat. Mater., 5,
332 (1996).

9. H. Kawarada, T. Suesada and H. Nagasawa, Appl.
Phys. Lett., 66, 583 (1995).

10. H. Kawarada, C. Wild, N. Herres, R. Locher, P.
Koidl and H. Nagasawa, J. Appl. Phys., 81, 3490
(1997).

11. T.-Y. Seong, D.G. Kim, K.X. Choi and Y.J. Balik,
Appl. Phys. Lett., 70, 3368 (1997).

12. D.G. Kim, T.-Y. Seong and Y.J.
Electrochem. Soc., 145, 2095 (1998).

13. Young-Joon Baik and Kwang Young Eun, Thin
Solid Films, 212, 156 (1992).

14. Young-Joon Baik and Kwang Young Eun, J. Kor.
Ceramic Soc. 31, 457 (1994).

15. R. Hessmer, M. Schreck, S. Geier, B. Rauschenbach
and B. Stritzker, Diam. Relat. Mater., 4, 410
(1995) .

16. M. Schreck and B. Stritzker, Phys. Stat. Sol. (a)
154, 197 (1996).

17. Y. von Kaenel, J. Stiegler, E. Blank, O. Chauvet,
Ch. Hellwig and K. Plamann, Phys. Stat. Sol. (a)
154, 219 (1996).

18. Young-Joon Baik, Kwang Young Eun and Andrze)
Badzian, 2nd Inter. Conf. on the Appl. of Diam.
Films and Relat. Mater., ADC'93,, 709 (1993).

Baik, J.



