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Holographic microscopy detection method of microfluidic chip channel

Xu Jianan, Kong Ming, Liu Wei’, Wang Daodang, Xie Zhongsi
(College of Metrology and Measurement Engineering, China Jiliang University, Hangzhou 310018, China)

Abstract: Aiming at the detection requirements of the microfluidic chip channel and defect detection, a set of
reflective image-plane digital holographic microscopic system based on the pre-amplified off-axis optical path
was designed and constructed. In the digital holographic microscopy measurement, the phase distortion correction
method of the low-spatial frequency objects whose lateral size occupies a relatively large field of view was
discussed, and the two-step phase subtraction method was proposed to be more suitable for the phase distortion
correction of this type of object. The phase distortion correction effects of two-step phase subtraction method,
general polynomials surface fitting method and Zernike high-order polynomials surface fitting method were
compared and analyzed through the experiment of a micro-step standard sample with a width of 55 um and a
height of 65 nm. The analysis results show that the relative error of the average height of the micro-step after the
distortion is corrected by the two-step phase subtraction method is 1.1%, which is smaller than other methods and
has a better distortion correction effect. In addition, the microfluidic chip with a channel width of 80 um was used

as the sample to detect the three-dimensional shape of the micro-channel, the fracture defect and defective defect
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on the surface of the channel. The quantitative results show that the width of the fracture defect is 14.1 pm and the

depth is 431.7 nm. The defective defect has a width of 33.6 um and a depth of 295.1 nm. The experimental results

show the image-plane digital holographic microscopic system provides a new way for the rapid and non-

destructive measurement of microfluidic chip microchannels and surface defects, which is of great significance

for the quality evaluation of microfluidic experimental systems.

Key words: holographic microscopy;

microfluidic chip;  defect detection
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Fig.1 Schematic diagram of system coordinates
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Fig.2 Schematic of the experimental system of reflective off-axis
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Fig.3 Correction results of surface fitting method for different polynomials. (a) 6-term quadratic polynomial; (b) 9-term quadratic polynomial;

(c) Zernike higher order polynomial
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Fig.4 Experimental results of two-step phase subtraction method for micro-step. (a) Backgroud area hologram; (b) Micro-step hologram;
(c) Reconstructed amplitude of background area; (d) Reconstructed amplitude of micro-step; (e) Unwrapped phase of backgroud area;

(f) Unwrapped phase of micro-step; (g) Height distribution of micro-step; (h) 3D diagram of micro-step
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Tab.1 Comparison of micro-step height errors by each phase distortion correction method

Algorithm Two-step phase subtraction 6-term quadratic polynomial 9-term quadratic polynomial Zernike polynomial
Measured value/nm 64.3 46.4 43.9
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Fig.5 Comparison of experimental results of two-step phase subtraction
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Fig.6 Experimental results of the microfluidic chip channel. (a) Background area hologram; (b) Channel hologram; (c) Reproducted amplitude of

background area; (d) Reproducted amplitude of channel; (¢) Unwrapped phase of background area; (f) Unwrapped phase of channel; (g) Depth of

channel; (h) 3D diagram of channel
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Fig.7 Experimental results of fractured surface defect. (a) Reproducted amplitude of channel and defect; (b) Magnified view of defect’s reproducted

amplitude; (c) Depth of defect; (d) Depth distribution of the horizontal line in (c); (¢) 3D diagram of defect
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Fig.8 Experimental results of defective surface defect. (a) Reproducted amplitude of channel and defect; (b) Magnified view of defect’s reproducted

amplitude; (c) Depth of channel and defect ; (d) Depth distribution of the horizontal line in (c); (d) 3D diagram of defect
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