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Fig. 1. Schematic of the experimental setup.
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Fig. 2. Experimental results for testing the systemic stability: (a) Results measured with common-path; results obtained

by averaging five points and ten points of (a) are shown in (b) and (c), respectively; (d) results measured using separated

reference and probe arms; (e) histogram of the data in (a);

FRATT I L W B K R AL R B AL, T
i RGN, Ve PTA 7] P-260 49K 206 %
R R &, P-620 7 F & AR PR 5 M £1 nm,
LR EARE T, ZRGHABKELME AN £2 nm.
B3 (a) K HEALRS G B BR AL RS FO DI 5 ) i Bk
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BEEKE N +2 nm, AZ TP S £2 nm W EE M
Frdy, Ut B 4 B 42 nm 1K IE L BRI T 1%
JEHAB G, B3 (b) N KR ERITHESE R (T &

(f) histogram of the data in (d).

R TR0 £UFY), BEARBR R IR R ALES & 1)
B K e R E 1, N 530 nm, 55—80 nm, 110—
130 nm, ZKHAA5 nm, BEFREXR R EHE, B
R RN AR, 4B 2R RN 21 (0 7 HER s I B 45
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HHAEEGHRFEE, WRsRARGHEME. 1
PAF tH, BEE M7 AR S E e 255, W
AR RNV A 1 B K 22 4 2.08 nm, A U&= )
P4 225 0.62 nm.
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Fig. 3. (color online) Experimental results for testing the systemic accuracy: (a) Measured results of step displace-

ments of a nanoscale Piezo stage; (b) measured step heights, where the black circles, the blue stars and the red line

denote the preset value, the measured results and the fitted results, respectively.
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Fig. 4. Detection of the vibrations of a Piezo stage: (a) Results of a triangular wave with a amplitude of 20 nm and

a frequency of 3 Hz; results of a sine wave with an amplitude of 800 nm and a frequency of 3 Hz calculated (b) by

the present method and (c) by the traditional method
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Fig. 5. (color online) Surface topography of an optical resolution test target: (a) Topographic height map using a
4x objective and a scanning step of 3.3 pm; (b) three dimensional-rendering image of (a); (¢) wrapped image of (a)
calculated by the traditional method; (d) topographic map of the area in the red box shown in (a), measured with
a 4X objective and a scanning step of 1.44 pm; (e) topographic map of the area in the yellow box shown in (a),

measured with a 20x objective and a scanning step of 0.46 pm.
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Fig. 6. (color online) Surface topography of a rough-

ness comparison specimen.
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Abstract

Microscopic surface topography plays an important role in studying the functions and properties of materials.
Microscopic surface topography measurement has been widely used in many areas, such as machine manufacturing,
electronic industry and biotechnology. Optical interferometry is a popular technique for surface topography measurement
with an axial resolution up to nanoscale. However, the application of this technique is hampered by phase wrapping, which
results in a limited measurement range for this technique. Various digital algorithms for phase unwrapping have been
proposed based on the phase continuity between two adjacent points. However, several significant challenges still exist in
recovering correct phase with this technique. Optical coherence tomography (OCT) is a non-contact three-dimensional
imaging modality with high spatial resolution, and it has been widely used for imaging the biological tissues. In this paper,
we demonstrate a method for nanoscale imaging of surface topography by using common-path phase-resolved spectral
domain OCT to reduce the influence of phase wrapping. The system includes a superluminescent diode with a central
wavelength of 1310 nm and a spectral bandwidth of 62 nm, an optical fiber circulator, a home-made spectrometer, and a
reference arm and a sample arm in common-path arrangement. The reference mirror and the sample under investigation
are positioned on a same stage in order to further reduce the influence of ambient vibration. The phase difference between
two adjacent points is calculated by performing Fourier transform on the measured interferometric spectrum. The phase
difference distribution of the surface is obtained first. And then, the surface topography of the sample is constructed
by integrating the phase difference distribution. In the traditional methods, phase wrapping occurs if the absolute value
of the measured phase is greater than . However, in the present method, phase wrapping occurs if the absolute value
of the phase difference between two adjacent points is greater than m. The maximal detectable absolute value of the
phase difference between two adjacent points increases from m for the traditional methods to 2m for the present method.
The experimental results indicate that the present system has a high stability and the maximum fluctuation is less than
0.3 nm without averaging. The accuracy of the system is tested with a piezo stage, and the mean absolute deviation of
the measured results is 0.62 nm. The performance of the present system is also demonstrated by the surface topography
imaging of an optical resolution test target and a roughness comparison specimen. The experimental result shows that

the present system is a potential powerful tool for surface topography imaging with an axial resolution better than 1 nm.

Keywords: spectral domain optical coherence tomography, phase-resolved, surface topography, phase
wrapping

PACS: 42.25.Kb, 42.30.-d, 42.25.Hz, 42.30.Rx DOI: 10.7498/aps.66.154202
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