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X-Ray Stress Measurement of Textured TiCN Films Using Crystallite Orientation
Distribution Function

Shouichi Eprt ¥, Masahide Goron **, Toshihiko Sasaki *** and Yukio Hirose ***

The X-ray stress measurement is an effective method of nondestructive inspection for the residual stress in the
surface layer of steel materials. However, the sin?y method, which is commonly used as X-ray stress measurement, is
inapplicable to such anisotropic materials as textured materials because the theory supposes isotropic elastic poly-

crystalline materials as sample.

The applicable X-ray stress measurement to textured materials was investigated on the assumption that infor-
mation about each crystallite orientation was deduced by crystallite orientation distribution (ODF). Applied to mea-
sure the stress of the titanium carbide nitride (TiCN) film with the <111> preferred orientation, the residual stress
value was determined from the measured lattice strain. The strong compressive stress value was observed in the
film. Compared with methods of other models, the result indicated a small difference from the <111> ideal fiber tex-
ture model and was situated between the texture model and sin?y method.

Key words : TiCN films, X-ray stress measurement, Crystallite orientation distribution function, Fiber

texture, Arc ion plating
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Fig. 1. Definitions of sample and laboratory coordinate
system.
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Fig. 2. Relation among three coordinate systems and
their orthogonal tensors.

Fig. 3. Rotation matrix n}lj from sample coordinate
system (S) to crystal coordinate system (C) by the
angles (¥, ©, ®).

Fig. 4. Rotation matrix @; from sample coordinate
system (S) to laboratory coordinate system (L) by
the angles (¢, v, 0).
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Table 1. Conditions of film preparation.

Bias voltage -150V
Arc current 80 A
Processing time 1.8 ksec
Process gas N,;, CH,4
Vacuum 1.33Pa
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10 |
[} -
4 —£N°
. ¢ =60
2 T
7]
| ¢ =30°
5§°[ LS , E—
R= ¢=0°
PO P T T [T B B
0
50 100 150
20 ,deg

Fig. 5. Diffraction pattern of TiCN film.

Table [I. Conditions of pole figure measurement.

Characteristic X-ray CuKa

Tube voltage 40kV

Tube current 200 mA
Monochromator Graphite (0002)
Scan speed 180 deg/min
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Table . Conditions of X-ray stress measurement.

X-ray tube Co-Ka

Tube voltage 30kV

Tube current 20mA

Diffraction plane TiCN420

Diffraction angle 141.14 deg

Scanning method Fixed ¢ method

¢ angle (deg) 0

¢ angle (deg) 35, 37, 39, 41, 43
71, 73, 75, 77, 19

Peak determination Gaussian fitting
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Fig. 8. ¢2 = 45" section of ODF for TIiCN film.
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Fig. 9. Distribution of diffraction angle and intensity
for y.
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Fig. 10. 2@sin®y diagram for TICN420 diffractions.
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Fig. 11. Relative distribution of the ODF for rotation
angle y of TICN420.
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Table IV. Residual stress value ¢° in TiCN film.

Residual stress 05, GPa
sin’y method -6.42
<111> Fiber model -5.94 )
Present method -6.01
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