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Abstract. The adaptive phase-contrast method with nonlinear (photothermal) and linear 

Zernike filters was investigated. Liquid and polymer media partially absorbing radiation served 

as photothermal Zernike filters. Efficient visualization and inversion of images of small-scale 

model objects were demonstrated experimentally. Growth-sector boundary in a nonlinear 

crystal was visualized. 

1. Introduction 

The phase-contrast method is widely used for visualizing small-scale weak (phase φ<1) objects [1-3]. 

To transform the phase modulation induced by the studied object into the illuminating beam to the 

amplitude modulation, a phase screen (Zernike filter) is placed in the focal plane of the lens (Fourier 

plane). The Zernike filter introduces a selective shift θZ=±π/2 (for objects with phase φ<<1) between 

the zero and higher spatial frequencies participating in imaging the object. The phase-contrast method 

proposed by Frits Zernike in 1934 was initially used mainly in microscopy. Later its application was 

extended to plasma physics (measurement of weak fluctuations), acoustic waves, gas flows, and so on. 

This work concerns investigation of the phase-contrast method using nonlinear Zernike filters [2,4-

25], when spatial frequency phase shift occurs in a cubic nonlinear medium (nonlinear Zernike filter) 

situated in the Fourier plane where the spatial harmonics are separated. As compared to the schemes 

with linear Zernike cells, the nonlinear schemes are more flexible adaptive systems where a needed 

phase shift is attained by selecting appropriate light intensity in the nonlinear medium. Phase objects 

are visualized in phase-contrast schemes with Zernike filters using the following types of nonlinearity: 

Kerr [4-7], bacteriorhodopsin [8,9], photorefractive [10], orientational liquid crystal [11-16], 

thermocapillary [17], supersaturation nonlinearity [18], and others (see, e.g., [19,20]). In the present 

work photothermal filters [9,21-25] based on the thermal mechanism of nonlinearity were used in the 

phase-contrast scheme. This mechanism is the most low-threshold one for cw and quasi-cw laser 

generation in simple available media.  

2. Experimental study 

The optical schemes used in experiments are shown in fig. 1 (solid line – direct light, dash line – 

diffracted wave on the object). A green laser module SLM-417 with wavelength λ=530 nm was used 

as a radiation source.  
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Figure 1. Optical schemes used in experiment. 

 

The source power did not exceed P≤10 mW. Object 2 was located in the object plane ОР. The 

object was exposed to laser radiation focused by lens 3 on a cell with absorbing liquid (5,a) or on a 

linear filter with a 265 nm high step (5,b) located in the Fourier plane FP. The obtained image was 

recorded by a CMOS-camera situated in the image plane IP. 

The results of phase object visualization are presented in fig. 2. It follows from this figure that the 

visualization is efficient, which is important for constructing schemes for measuring weak medium 

absorption [18]. It is also seen that acceptable image quality persists at the initial stage of thermal self-

action (fig. 2 b,c,d) and further deteriorates due to a strong thermal lens. 

 

 
Figure 2. Visualization of transparent object with phase shift λ/2 using a liquid cell (alcohol doped 

with iodine) as a function of power of laser radiation. Circle diameter d = 150 µm.  

 

Visualization of a phase object (grating) by means of a linear filter with a step 265 nm high in the 

Fourier-plane of the lens is depicted in fig. 3. Structures for measurements were formed by the method 

of electron-beam lithography from thin PMMA 950 films deposited on fused silica or glass substrates. 

The structure was exposed on the SUPRA 50VP (Carl Zeiss) electron microscope equipped with a 

system for electron lithography ELPHY PLUS. At the finishing stage, the required relief depth 

(PMMA film thickness) was obtained by means of dry etching in oxygen plasma.  

The relief depth was controlled either by an atomic force microscope or by the optical interference 

microscope Talysurf CCI 2000. As follows from fig. 3, the image obtained with a photothermal filter 

is free from false structures caused, in particular, by boundary effects arising during alignment of a 

Zernike phase disk with a diameter of 150 µm.  
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Figure 3. Visualization of a phase object by means of linear and a photothermal filters: а) without 

filters, b) linear filter (Zernike disk) placed in the Fourier-plane, c) photothermal filter also placed in 

the Fourier-plane. 

 

Direct and inverted microimages of the abbreviated names of the institutions with which the 

authors of the paper are affiliated are presented in fig. 5. The height of the letters is 30 µm. The images 

were obtained on a 2 mm thick polymer plate used as phototermal filter. 

 

 
Figure 5. Direct and inverted microimages of the name of the institutions. Letter size 30 µm. 

 

The visualized image of the growth-sector boundary in a nonlinear KDP crystal is shown in fig. 6. 

Such a boundary was earlier recorded by the schlieren method and by the fluorescence technique in 

the works [26, 27]. 

 

 
Figure 6. Image of growth-sector boundary in KDP crystal. 

3. Conclusion 

To conclude, we have registered good-quality images of transparent objects and structures and also 

inverted images of nontransparent objects using a simple phase-contrast technique. Model objects as 

well as an intersectorial boundary in a nonlinear KDP crystal have been visualized.  

The structures were prepared and studied using the equipment of the Multiple-access Center “The 

Physics and Technology of Micro- and Nanostructures”. The authors appreciate the support obtained 

from the Russian Foundation for Basic Research (grant No. 15-02-08212). 
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