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Table 1 Technical parameters and characteristics of typical optical measurement methods for surface profile

L Vertical Lateral Vertical o
Method Principle . . Characteristics
resolution |resolution range
. Higher vertical and lateral resolution; higher suppression
Scanning confocal ) . .
. 10nm 0.35um of scattered light. Larger measurable inclination angle;
micros copy ; . . .
But the resolution limited by the pinhole’s size
. . Higher vertical resolution; Higher stability; But smaller
Astigmatic Inm lpm .
linear range
Optical . - - - — -
. Critical Higher resolution; Higher stability: But smaller linear
probe Defocus < Inm 0. 65um 3um - .
angle range; Difficult adjustable
error
. Foucault High vertical resolution; But small linear range: But
detection . Inm 1um o
knife smaller measurable inclination angle
Simpler configuration; Larger work distance; But resolution
Skew beam o . .
limited by surface quality; Larger nonlinear error
Dividual Higher resolution; No mechanical scanner; But sensitive
T OPO 0. Inm 0. 35um . .
path to ex terior disturbance
Higher resolution; No mechanical scanner; insensitive to
Nomarski [ 0. Inm Lum 4pum exterior disturbance; But result affected by surface
Interfero— inclination angle and position of prism
metric Common Higher resolution; insensitive to exterior disturbance; But
Heterodyne| 0.3%mm | 0.73um [% 0.5mm .
path larger nonlinear error
Common-mode rejection; Insensitive to vibration and
Double . . . .
¢ 0. Inm 1um environment; Higher resolution; But error from the size
ocus
of the reference optical pattern
Projection Light-section 300nm 2um Simple structure, but lower vertical resolution
Scatter . No mechanical scanner; But micro-surface variet
Light beam scatter 0. 6nm 0. 6um o o Y
meter expressed by statistic characteristic
Scanning near-field High resolution; But larger area irradiation and more rigid
Near— . . 20nm 20nm . . . .
field optical microscopy requirement for the size and quality of the probe tip
ie
. Photon scanning Higher resolution; But larger area irradiation; Signal
optics . . Inm 10nm e X . . . )
tunnelling micr os copy influenced by scattering light of attenuation field
: 2000-02-21; : 2000-04-24
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Fig-1 The principle of confocal microscopy
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Methods of high resolution optical measurement for surface profile

WANG Fu-sheng, TAN Jiu-bin

(Dep artment f A utomated Test Measurement and Control,
H arbin Institute of T echnology, Harbin 150001, China)

Abstract: The methods of optical measurement for surface profiles with high resolution even sub-
nanometer are presented generally. In the paper, three optical methods for measuring surface profile,
optical probe, interferometric method and near-ield optics method, are mainly described. Optical
probes include scanning confocal microscopy and defocus error detection. Interferometric methods
include TOPO interferometric profilometer, Nomarski microscope, Heterodyne profilometry, double
focus profilometer and coaxial profilometer. Nearfield optics methods include scanning near<ield
optical microscopy and photo scanning optical microscopy. By reviewing and contrasting the
principles, characteristics and problems with these methods, the trends of high resolution optical

measurement for surface profiles are described.
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