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Analysis of Stress Gradient in Ceramic Film by X-Ray Method
Kenji SUZUK]I, Keisuke TANAKA and Yoshihisa SAKAIDA

The sin’® ¢ diagram taken from a specimen with steep stress gradients beneath the surface shows
nonlinearity because the X-ray penetration depth changes depending on the tilt angle. Stress
gradients can be determined from this nonlinearity. Since ceramic materials have a deep X -ray
penetration depth, the thickness of a thin ceramic film should have a significant effect on the
nonlinearity of the sin® ¢ method. In this paper, we propose a method of X-ray measurement of the
stress gradient which takes into account of the effect of the thickness of a film under the assumption
of linear stress gradients. The film made of silicon nitride was prepared. A 58 pm thick film specimen
was carefully polished with diamond slurry to obtain sharp profiles of the X-ray diffraction. To
apply the linear stress gradients, the specimen was bent on a cylinder. The stress distribution
estimated by the present method agreed well with the applied bending stress. From the present study,
stress gradients should be analyzed in terms of the weighted average stress on the basis of the whole
intensity of the diffracted X-rays from thin films, when the thickness is less than six times the
effective X-ray penetration depth.
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Table 1 Mechanical properties and size 20, RBEORBE X TO1L.THEOREL icwn
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Table 2 X-Ray conditions for stress measurement

Characteristic X-ray Cu-Ka;
Diffraction 323
Diffaction angle 26 141.260 deg
sin? ¢ 0.00 ~ 0.80
Tube voltage 40 kV
Tube current 30 mA
Filter Ni
Divergent angle 0.64 deg
Preset time 2 sec
Scanning speed 1 deg/min
Irradiated area 4 x 10mm?
Stress constant S —811 MPa/deg
X-Ray elastic constant E 339 GPa
X-Ray Poisson’s ratio v 0.285
Linear absorption factor u 136/cm
Y;:Test specimen

Fig.2 Bending jig for thin plate
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Fig.3 260-sin® ¢ diagram of bent thin plate
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Table 3 Analysis results of bent thin plate

Stress Applied Analyzed
distribution value value
o1 (MPa) 333 392
20 (MPa) 90.0 201
Ay MPa/um | -11.5 —14.2
Ay MPa/um -3.10 -3.91

T T Ty T

Cu-Ka 32 3, SiyN, (EC141)
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Fig. 4 Change in coefficient of weight with sin® ¢
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Fig.5 Effect of thickness of film on 20-sin* ¢ diagram
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Fig.6 Thin film with applied bending stresses
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