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Fig. 1 Single-layer manufacturing process flow chart in the main manufacturing process of semiconductor chips
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Fig. 3 Diagram of surface texture on high pressure seals
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Fig. 4 Diagram of micro-structure on super—lens element
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Fig. 5 Harmful micro-structure diagram
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Fig. 18 The diagram of W/3 metrology rule in ISO5436-1: 2000 (E) and simulation results of coupling distance of groove
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(b) Reflection mode

(a) Transmission mode
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Fig. 19 Two different modes of Linnik interference microscope
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Table 1 Measurement results of spectral-inversion and through—focus scanning method
Parameter
Method
CD/pm Depth/pm
Spectral-inversion and through—focus scanning method 89.3 124.46
SEM method 89 125
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Fig. 20 Results of CD and its error between the TSOM combined with machine-learning and SEM for six samples
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Fig. 21  Comparison of comb tooth groove structure tomography of a silicon MEMS sensor between SEM and self=developed instrument
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Fig. 22 Comparison of equal—cycle grating structure tomography between SEM and self-developed instrument
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Fig. 23 The photo of reflective nondestructive measuring system instrument with near-infrared Linnik—type interferometric microscope
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Fig. 24 Images of single-groove on silicon-base with 200 pm depth imaged by Linnik—type interferometric microscope
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Non-destructive Test Methods of Microstructures by Optical
Microscopy (Invited)

GAO Zhishan, YUAN Qun, SUN Yifeng, MA Jianqiu, GUO Zhenyan, ZHU Dan,
ZHAO Yuqging, HUO Xiao, WANG Shumin, ZHANG Jiale, ZHOU Xing,
WU Chunxia, FAN Xiaoxin

(Institute of Electronic Engineering and Optoelectronic Technology, Nanjing University of Science and Technology,
Nanjing 210094, China)

Abstract: The micro and nano scale microstructure can modulate the light field and increase the sensitivity
of the sensor, is an important structure widely used in a new generation of functional devices or sensor
devices. With the rapid development of advanced manufacturing technology including micromachining,
laser direct writing and lithography, there is an urgent demand for nondestructive measurement technology
of various types of micro and nano scale microstructure. In order to show much more knowledge about
metrology of micro—structure as far as possible, this paper reviews the types of micro—structure in the
development of industry in China and abroad. Focusing on the optical microscopy technology with the
characteristics of high—precision nondestructive testing, this paper reviews four major methods of
microstructure nondestructive testing that are still developing in China and abroad: dark—field microscopy
with machine vision, confocal axial scanning microscopy, coherence spectral inversion combined with
through—focus scanning optical microscopy, and low—coherence interferometric microscopy. This paper
reviews the technical characteristics of these four methods, the test results of typical samples with these
methods are individually given, some of which are published for the first time. These nondestructive testing
methods are based on the diffraction-limited imaging principle of the optical microscope. The theoretical
model of imaging can be unified, and the light intensity distribution function of the image field is given in
this paper. The optical configurations of four major optical microscopes are all shown in the paper. The
results show that the dark field microscopic imaging method is an effective method to detect harmful
microstructures such as intensity—type particles, pits and scratches. Through the two-dimensional rapid
scanning of the sample in the sample plane perpendicular to the optical axis, the rapid detection of large—
scale samples can be realized, some measurement maps of large-scale fused silica flat and thin film
transistor display screen are given in this paper; Confocal microscopic imaging and low coherence
microscopic interferometry are the best detection methods of phase—type microstructure. They both need to
make relative motion between the optical microscope and the sample to complete the vertical scanning,
which can obtain the three—dimensional tomography of the microstructure sample. Three dimensional
topography detection results of two-type gratings by confocal microscopy are provided and three
dimensional topography of super—lens by white light low—coherence interferometric microscope is also
given. We also review the theoretical reason of the bat effect on step type microstructure result. If the near—
infrared light source is used with penetration ability to silicon—based materials instead of white light source,
and in the meantime, the active compensator is used to compensate for the modulation aberration of
detection beam induced by microstructure, the silicon—based microstructure with a high aspect ratio can be
detected. By the way, some maps of three-dimensional tomography of MEMs microstructure on Si-
substrate are given. The combination method of coherence spectral inversion and through—focus scanning
optical microscopy is also effective on the measurement of high aspect ratio microstructure. The coherence
spectral inversion method is used to obtain the height of the microstructure with a low numerical aperture
microscope. In the meantime, the through—focus scanning method is used to obtain the critical dimension
with a large numerical aperture microscope. Coherence spectral inversion combined with through—focus
scanning optical microscopy and near—infrared interferometric microscopy is new methods developed to
meet the needs of nondestructive testing of high aspect ratio microstructure. The former can quickly
measure the linewidth and depth, and the latter can measure the three—dimensional tomography of high

aspect ratio microstructure in the field of view of the objective lens. They can verify and supplement each
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other. In this paper, we describe the advantage and disadvantage of the above four major methods of
microstructure nondestructive testing in detail from the multi angle of view, and discuss the new variability
from the four major methods.

Key words: Nondestructive testing; Optical microscopy; Tomography of microstructure; Vertical

scanning; LL.ow coherence
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