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Advances of Confocal Microscopy in Three-Dimensional Surface
Topography Measurement
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Abstract With the rapid development of precision instrument manufacturing and semiconductor processing industry, the
observation and measurement of micro-structure surface profile has become an important orientation of scientific research.
Laser scanning confocal microscopy becomes popular in three-dimensional (3D) surface topography because of its high
resolution, high signal-to-noise ratio, and excellent optical sectioning ability. In this paper, we first introduce the basic
principle of the confocal microscopy. Further, various confocal microscopic methods used in 3D surface topography
measurement are reviewed , including different scanning methods, different detection methods, and different spectral-based
confocal imaging methods. Finally, the future developments of confocal microscopy are also prospected.
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Fig. 1 TImaging schematic of wide field microscope and confocal microscope. (a) Wide field microscope; (b) confocal microscope
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Fig. 3 Different confocal scanning methods and scanning schematic on the sample plane. (a) (e) Single point scanning confocal
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Table 1 Comparison of different confocal methods for 3D topography measurement
Strategy Technique Advantage Limitation Reference
Point scanning confocal High light efficiency,
) & 'g & ) y Slow frame rate [5,13]
microscopy variable scanning range
Scanning Parallel scanning Low light efficiency, (17,20,
. Fast frame rate . . .
method confocal microscopy fixed field of view 23,25]
Line scanning confocal Fast frame rate,no fast-axis Low light efficiency, fixed scanning [32-34]
microscopy scanning device needed range, poor fast-axis resolution
Laser differential Fast frame rate, high axial resolution,  Low detection efficiency, limited axial [37.45]
,45
b . confocal microscopy no axial scanning device needed localization range with high resolution
etection
) Fast frame rate, simple data ) o
method Dual-detection confocal ) ) ) . Low detection efficiency, -
) processing, no axial scanning device ) ) [49-50]
microscopy poor axial resolution
needed
Spectrally encoded No fast-axis scanning . _
) ) Slow frame rate [53,55]
MmICroscopy device needed
Spectral . . .
. . High axial resolution,
based method Chromatic confocal . L . o
large axial localization range, Slow frame rate [57-59]

microscopy

no axial scanning device needed
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