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ABSTRACT The texture, macro–residual strain and graphite content in CVD free standing diamond
films were investigated by X ray diffraction. The Young�s modulus in different directions of the films
were calculated based on phenomenological theory and orientation distribution function (ODF). Results
show that the Young′s modulus and the residual strain in CVD diamond films are anisotropic because of
texture. The increase of methane concentration induces the variation of texture component density, which
increases the Young′s modulus, so the residual strain decreases; on the other hand, the increase of impurity
content enhances the residual strain in the films, but the effect of texture is dominating. The texture in
CVD diamond films could be adjusted by adjusting fabrication parameters of diamond films, so the residual
stress can be regulated.
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Fig.1 Macro–texture in diamond films (ODF ϕ2=45◦ section, density levels: 1, 2, 4; the density levels

in shadow regions are below one) (a) sample A, (b) sample B, (c) sites of orientation lines
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Fig.2 Average density distribution of macro–texture

components in diamond films
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Fig.3 Elastic strain distribution in different direc-

tions on diamond film surface
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Fig.4 Young′s modulus distribution in different di-

rections on diamond film surface
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Fig.5 Graphite diffraction spectrums in diamond films (thick line: sample A, thin line: sample B)

CVD ABD !���##$!�>+, ]D

&&QTI +j.�*�(nt [1],/-�*��
CmX,<�F �)-%/[\jkCC /-*
� [12,18].  !���' /-*�%<#=�01
�,+ 7�, ;#��' l (kl�A!oY

�i$b)!6o!�� [4,7,10,26] %%��88�H
m 7� [8,9]. )����&'', oY�i (HC

3.0 g/cm3)1�A (HC 2.4∼2.5 g/cm3) _�TI/
��$, a<(��a*� 671' [10]. Windis-

chman $ Bergman L ��:RO, ��' �A
(<(a*�l [8,26]. K 3 $K 5  bjWf, )�
�!�#$+�A�(<(/- a*�.

?98C\-2��'n !�i$b k1
\-, 122�� a*�c+ [8,9]. �Q, 6omt
(<(/-k*� [4,9]. ?98C \-:2��I
UpniÆ, <(��6fnoc+, `Z#6oH

C [6], 26omtM?`c [26], `Z#��' k
*�, 12mX#5a*� pqM?. K 3RO, -

?98C2EN/�#)X a*,, +X4rWD
a!��99<(. deK� (3),) !�6/'%
�61=�01,%�, 〈111〉 61$ 〈100〉 61.
Oa=�01Q+$QZ 61. {111} $ {112} 9
9kk)0 =�01)+ 61, R4;)- =

�01, {100} $ {011} 99kk)o =�01)
+ 61, R4;)X =�01 [14]. ?98C\

-2 {111} $ {211} 99CCcC (K 1, 2), {100}
$ {011}99CC`c, 342'*1=�01OW

E\ (K 4), !210)X =�*, (K 3). Fp,

995=�*, .#-"6omt$�AJ[<

( a*,.

3 $ (
%�?98C:@;��  !����(%

� 99. 99 *)2 CVD ABD !���=
�01$MI/-*,a4'1=�.����&'

'?98C \-2��' {111} $ {122} OP9
9CCcC, {100} $ {011} OP99CC`c, g
IqJ"��M7'*1=�01c+, /-*,1
`Z; ?98C\-s-l  8C, 34s-��

 /-a*�$/-*,.

u H � I
1 ZHANG Baojun, HUANG Suiyang, CANG Fengbo,

CHANG Jingyi, Growth of diamond films by lower pres-

sure phase, Chinese Journal of Materials Research, 4(3),

269(1990)

(vrp, utw, sÆt, uvx, �yquvv���, �
��	2Æ, 4(3), 269(1990))

2 J.Te.Nijenhuis, M.J.Fransen, J.H.A.Vasterink, Tex-

ture evolution in CVD–grown diamond analyzed by

micro–diffraction, Materials Science Forum, 408∼412,

1621(2002)

3 P.Hollman, A.Alahelisten, M.Olsson, S.Hogmark, Resid-

ual stress, Young′s modulus and fracture stress of

hot flame deposited diamond, Thin Solid Films, 270,

137(1996)

4 N.Shang, C.Lee, Instrinsic stress evolution in diamond

films prepared in a CH4–H2-NH3 hot filament chemical

vapor deposition system, Diamond and Related Materi-

als, 9, 1388(2000)

5 O.Durand, R.Bisaro, C.J.Brierley, Residual stresses in

chemical vapor deposition free–standing diamond films by

X–ray diffraction analyses, Materials Science and Engi-

neering, A288, 217(2000)



36 � � � � � � 21�36 � � � � � � 21�36 � � � � � � 21�

6 C.C.Chin, Y.Liou, Y.D.Juang, Elastic modulus and resid-

ual stresses in diamond films, Thin Solid Films, 260,

118(1995)

7 T.Anthony, Stresses generated by impurities in diamond,

Diamond and Related Materials, 4, 1346(1995)

8 H.Windischman, F.Glenn, Intrinsic stress and its relax-

ation in diamond film deposited by hot filament chemical

vapor deposition, J. Appl. Phys, 69(4), 2231(1991)

9 S.K.Choi, D.Y.Jung, Intrinsic stress in diamond film

growth by hot filament CVD, J. Vac. Sci. Technol, 14(1),

165(1996)

10 T.K.Cheng, R.L.Chii, Origins of the residual stress

in CVD diamond films, Thin Solid Films, 290∼291,

254(1996)

11 J.Michier, Y.Von Kasnel, J.Stiegler, E.Blank, Comple-

mentary application of electron microscopy and microra-

man spectroscopy for microstructure, stress, and bonding

defect investigation of heteroepitaxial chemical vapor de-

posited diamond films, J. Appl. Phys., 83(1), 187(1998)

12 ZHAO Nanfang, YANG Qiaoqin, ZHAO Lihua, LI Deyi,

XIAO Hanning, Intrinsic stress in diamond film growth by

hot filament CVD, Mining and Metallurgical Engineering,

18(3), 67(1998)

(zr�, {st, zuw, vw|, wxw, xx CVD y�
����y���y, z}�x, 18(3), 67(1998))

13 H.P.Feng, H.X.Zhu, W.M.Mao, L.Chen, F.X.Lü, Mi-
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