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Abstract

A new auto focusing micro imaging system was designed. The liquid lens was used to adjust the
focal length of the system’s tube lens to compensate the defocus of the objective distance without
moving the microscope or the image plane. This paper introduced the focusing method of the mi-
cro fluid lens. The relationship between the objective length and the focal length of the tube lens
was deduced. And the auto focusing micro imaging system was designed by ZEMAX optimization.
The numerical aperture of the 10x objective lens is equal to 0.25. And the tube lens includes one
liquid lens and four lenses. The spatial resolution of the optical system is less than 1.22 pm within
the scope of the object distance +0.5 mm. The system’s modulation transfer function (MTF) of all
fields at Nyquist frequency (72 lp/mm) is larger than 0.2. This optical system not only could com-
pensate the distance of the object, but also has the advantages of compact structure, no mechani-
cal moving parts, fast reaction speed etc.
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Figure 1. Scheme of the liquid lens
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Figure 2. The relationship between optical power and electrical current
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Figure 3. Schematic of two-liquid-lens zoom system
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Figure 4. Schematic of micro-imaging system
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Figure 5. The relationship between object distance and the focal length of tube lens at
different k value
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Figure 6. The design flow chart
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Figure 7. The micro-imaging system based on liquid lens
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Figure 8. The spot diagram with multi-configuration
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Figure 9. The MTF with multi-configuration
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Table 1. The table of main parameters
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Configuration Object distance (mm) Liquid lens curve (mm)
1 15.80 111.371
2 16.05 147.433
3 16.30 217.660
4 16.55 414.282
5 16.80 4143.090
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Figure 11. The spot diagram with multi-configuration with error
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