Accounting for Secondary Extinction in a Novel X-Ray Absorption Method Used for Thickness Measurements of Thin Foils 
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Thickness measurements by X-ray absorption [1(3] is one of the fundamental techniques carried out on thin foils mounted on polycrystalline substrates. The majority of methods to measure foil thickness are based on the formalism of the kinematic theory for X-ray diffraction whose validity is restricted to the case of samples with random orientation distribution of crystallites. However, such a distribution is not always the case. Due to the texture of the substrate, the measurement of the foil thickness by X-ray absorption could be completely compromised if methods based on kinematic theory are used to analyse the measured intensities which are always affected by extinction. The aim of this investigation is to develop a novel method accounting for secondary extinction (SE) in the foil thickness measurement by means of X-ray diffraction from textured substrate underlaying the foil. In this connection, an extended version of the single reflection method (SRM) is applied to correct for extinction [4]. Consider a foil of phase  mounted on a textured flat-plate substrate of phase β. To determine the foil thickness one needs integral intensities 
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 measured, respectively, from a reflection of a foil-free substrate, and from the same reflection of the substrate with a foil of thickness t mounted on it. Accounting for the extinction in terms of the SRM, a new formula is proposed for determination of the foil thickness
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where μ is the linear absorption coefficient of the foil, θ is the Bragg angle of the substrate reflection, μ is the linear absorption coefficient of the substrate, k is the empirical extinction coefficient of the reflection, and p = 1,2,… is the polarisation factor of the incident beam.
The model samples used in this investigation are textured Ni foils of a few microns thickness, mounted on vacuum-deposited Ag thin films representing substrates with sharp <111>-preferred orientation. The XRD measurements are carried out with conventional diffractometer aligned to work in Bragg-Brentano focussing geometry with CuK-radiation. 

The same formalism can be applied for measurements of thin films deposited on polycrystalline substrate.
Acknowledgements: This work was partially supported by the National Science Fund at the Ministry of Education and Science of Bulgaria (Contract No. X-1507/2005).

[1] H. Friedman and L. S. Birks: Rev. Sci. Instruments Vol. 17 (1946), p. 99.
[2] D. E. Anderson and W. J. Thomson: J. Appl. Cryst. Vol. 22 (1989) p. 150.

[3] J. Lhotka, R. Kuzel, G. Cappuccio and V. Valvoda: Mater. Sci. Forum 

Vol. 443(444 (2004), p. 115.
[4] I. Tomov, Z .f. Kristallogr- submitted.(Proceedings of the X European Powder Diffraction 

Conference (EPDIC10), 1(4 September 2006, Geneva, Switzerland).

_1233408474.unknown

_1233408997.unknown

_1233408465.unknown

