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Abstract

A non-destructive method for measuring the physical thickness and y. ~p refractive index of individual layers
was proposed based on spectral-domain interferometry, which “*as realiz :d to achieve real-time measurements
using a mode-locked laser and an optical spectrum analyze- As ~ druble-stacked specimen, a microfluidic
channel mold composed of a SU-8 photoresist and a silicon w.*er was chosen. With areal scanning of the
sample, a physical thickness map and a representative grot ....u.cuve index value for each layer were obtained
at the same time. The sample was measured 30 times conse. *tively at pre-determined points to estimate the
repeatability of the physical thickness, for which the ...~-ard ueviation was less than 10 nm. Moreover, a
measurement comparison with two calibrated referes ~e instruments was conducted. According to the
comparative measurement results, physical thickne . value~ obtained by the proposed method and with each
comparative method were found to be in good agreement . “thin expanded uncertainty levels.

Keywords: physical thickness, refractive index, spc *ral-uumain interferometer, multi-layered structure

1. Introduction

In recent years, multi-layered strur .urec have been widely utilized to fabricate smart devices for a variety of
purposes. There are numerous applic.*ic s, s’ ch as stacked semiconductor devices, flexible display devices,
OLED or AMOLED display pane’., solar .~ .is, electronic paper, RFID and MEMS devices, and optical filters
[1-4]. Particularly, with regard © .~tical elements such as display panels and waveguides among these
applications, their performance ~2pabilities are sensitive to the physical thickness and refractive index of each
stacked layer [5, 6]. Therefo 2, fo optical elements having multiple layers, the quantities of both the physical
thickness and the refractive n..' x for each layer should be monitored and controlled to achieve the desired
performance outcomes.

An optical interferc. ~=t ¢ is -. well-established non-destructive method for measuring the optical thickness
given its advantages ~7 jJooa .~ :cision and traceability to length standards. In this case, the physical thickness
can only be determ 1ed fror the optical thickness when the refractive index of the medium is provided with
high precision [7-11, "91. T, circumvent this fundamental problem, several measurement methods have been
proposed and r¢ .nzed 1'sing several optical path differences obtained by inserting and removing the sample [12-
18], by rotating the san ple [20, 21], and by blocking some beam paths in the interferometer layout [22, 23].
However, most 0, =~ _¢ studies utilized only single-layered samples [13-23] or measured the total thickness of
multi-layere ¥ sa ..2.s [12]. An interferometric method to measure the refractive index and thickness of a
specific layer . «thin a multi-layered specimen was reported in the field of optical coherence tomography, but it
has practical limis when used to improve the measurement speed due to the estimation of the focus shift using
numerically corrected images [25].

In this paper, a non-destructive method which can be used to measure the physical thickness and group
refractive index of separate layers in a double-stacked sample is proposed based on spectral-domain
interferometry, which facilitates high-speed measurements through a straightforward analysis of the interference
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