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Abstract : Residual stresses present in diamond films produced by the CVD process often cause cracking and
bowing of films, and then degrade product quality. To discuss the causes of bowing and cracking, the
measurement and mechanical analyses of residual stresses are very important in diamond film research. Of
the residual stresses, the intrinsic stress is one of the most important research topics because its effect on
bowing of a free standing diamond film is strong even for its small magnitude. Quantification of the intrinsic
stress is limited because high-temperature plastic deformation of Si substrate enlarges the substrate bending.
In this study, an analytical model is proposed to obtain the initial intrinsic stress without contribution of the
plastic deformation of the substrate. This new model in which the plastic deformation of Si is considered was
developed using elastoplastic beam theory and diamond etching technology. In the model, the plastic
deformation of Si is given by plastic curvature of substrate measured after removing the diamond film. The
experiment is performed on diamond films deposited by microwave plasma assisted CVD. The results show that
the overestimated intrinsic stress can be compensated successfully through the new model, which is consistent
with that by Raman spectroscopy. The effects of film thickness and deposition temperature on residual stress

is discussed in terms of microstructural change of diamond film.
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Fig. 1. Experimental evidence of bowing of CVD-processed
diamond wafer.
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Fig. 2. Effect of plastic deformation on in-plane stress state during substrate bending; (a) initial residual stress state (tensile residual
stress of film), (b) bending strain and stress, (c) stress state before plastic deformation and (d) after plastic deformation.



3tE4 - AR A A8 A 12E (2000 129) 1677

£ = €Ky ¥))

ol} Ze FY WYE FYE o] &3std 27 2d)olA
VERd vhatat 7)ghe] SHAHE SAAIRY £93) 27
TFEHY FHOE o 4 ) 2ol YERAUL o],
A ¢ 2L Mg WIEES s dsie F3T
Al9) 7|#e] Zgo] Yastee wu Az ¥ 249 7%
9 8L AR FE(x,)OIEL BBl ol§ o83
oz, 2R 25 W 3 488 9% 9y
o] TFH ghol7] W&o, F&ol] 9% 7R FEL 1
Aok gk, A=, $BEeE 719UEe HEEE,), 718
o] FEAE (o) 2B 7] 2 AF-3H (Gmpd PIXE
2 o]FR 4 ) ol F2stdrh

0(y) = Eile,— (Kpp—Ki)Y)+Ginies  d<y<d+t (3a)

-Gy, b<y<d
0¥ =| Eileo=(Ky-Ka)y]-Opiig  3<y<b
Oy O<y<a (3b)

71He] &gy e R $Eo] AdlEe 99 a9t be U
Q'% :q';g% %?_SH 80, oys’ qinit.f"o" g-f,:i '?'011]-9-,% '%7]'
A vAFEAY 48 e ¥eth

= t

Gs(a) = ES[EO—(Kap_Kﬂ:)a] "Ginit,fa = cys (4&)
= t

0's(b) = Es[so_ (Kap— Kth)b] -oinit, fa = _Gys (4b)

I8 2dE HEHE o G)rlH B8 SHYH 2T H
7189 2AHHEAE WA 2719 TR CmoE €71
AN E &, Oy, O] PIAIFA T EE F3loqol
g FeE o R WYL EEFort 9 e
€ 73he Ao] 7kttt WA e HEAL 4 3)¢
S 3 WY AR ERE HY NS A
717t AESLEN A& 4 Aok wetN 7z § B
I RUE FPL2REH 4 9% 62 €& T A%

d d+t

[omay+[ “odyiay=0 ®
d d+t

IOGS(y)ydy+ Id o(y)ydy =0 ©

g E e wAAE 4] SiEiA diee] AAE
T8 719 2PAge] A7)0 tid ZAo] Yasit. et
€ AASE 28 3pF AAA 93P wdE BY
o] 7jiA7] wEel, 7182 w&F WA FUFES 43P}
dojdnt. ojgh 22 A e WA FHI L KA 9%
7188 £53 ol 71He] FUFE 43Pt dAHez o
ojdtx HYFe 2N £ &

wed= " By (K= Ky )+ O 1y = 0 @

a

-

(a) (b)

Fig. 3. Stress state (a) limited by plastic deformation of substrate
and (b) changed by film etching.
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Fig. 4. Thermal stress applied to film and substrate.
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Fig, 6. Variations of three curvatures Ky, K, K (a) with film
thickness and (b) with deposition temperature.
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Fig. 10. Variation of yield stress of Si substrate calculated by
the proposed model.
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Fig. 11. Variation of nondiamond carbon concentration with
film thickness. This was obtained through Raman spectroscopy.
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