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Determination and nonlinearity study of instrument transfer

function of white light interferometer

Liu Qian, Yuan Daocheng, He Huabin, Ji Fang

(Institute of Machinery Manufacturing Technology, China Academy of Engineering Physics, Mianyang 621000, China)

Abstract: Instrument transfer function (ITF) of white light interferometer (WLI) influences the
measurement accuracy of power spectral density (PSD) for optical surfaces. To understand the nature of
ITF, WLI was treated as an incoherent optical system and a sinusoidal surface was the input signal.
Studying the Bessel function expansion of interference intensity spectrum of sinusoidal surface, the
theoretical analysis indicated that the low pass of optical system led to the surface height attenuation. The
nonlinearity of Bessel function resulted in the nonlinear response of WLI to height, and the response
approached linear when the height was much less than wavelength. Numerical simulations and
experiments validated the theoretical conclusions. Step-artefacts of 30 nm, 80 nm and 120 nm height were
employed to calibrate the ITF of a commercial WLI. The experimental result and the simulation result
match each other well. ITF rises when the surface height increases, which manifests obvious nonlinearity.
If the surface height is less than A/10, ITF nearly equals the modulation transfer function of WLI optical
system, in which case WLI is approximately linear to surface height. This paper has promotion for
understanding WLI transfer characteristic and enhancing PSD measurement accuracy.
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Fig.1 Interference intensity of sinusoidal surface before (a) and

after (b) passing the optical system
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Fig.2 Corresponding curve of attenuated spike spectrum
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Fig.3 Flowchart of sinusoidal surface measurement with WLI

in simulation
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Fig.6 Scheme of calculating ITF from measured step surface
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Fig.7 An example of ITF calibration with a 30 nm—height step
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