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БГУ – столетняя история успеха

Note that the k-order diffraction efficiency of a thin phase hologram with a sinusoidal profile is given by the 
following expression [4]:
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where Jk – k-order Bessel function; λ – wave length of diffracted radiation; d – holographic layer thickness; 
∆ n – refractive index modulation. 

Figure 5 presents the dependences between the diffraction efficiency of a thin phase hologram and the phase 
incursion, calculated by formula (1) for different diffraction orders.

In terms of the phase incursion 
2π
λ
d n∆  corresponding to the experimental diffraction efficiencies for the 

first- and second-order diffraction, the authors have estimated modulation depths of the averaged refractive 
index, coming to ∆ n ≈ 0.04 in the formed grating. 

To improve the diffraction efficiency, it is necessary to increase modulation of the refractive index ∆ n, that 
is possible when a stable surface relief is formed within the layers of CGS due to selective etching. A relief on 
the hologram surface is resultant from the photoinduced changes is solubility of the irradiated and uniradiated 
areas. This effect is revealed in the presence of the adequate selective etchant that differently influences the 
radiation-exposed and radiation-unexposed areas of films. Such solvents for CGS films are alkali solutions 
(NaOH, KOH, NH4OH) and solutions on the basis of the amines. One of the important parameters characte
rising the possibility to use a photosensitive layer for the formation of a relief image is the solution selectivity γ 
representing a ratio between the solution rates of irradiated and uniradiated areas of a layer. According to the 
data from [1], the solution selectivity for the layers of arsenic sulfide in the case of etching with KOH alkali 
comes to γ ≈ 2. Selectivity is not high, imposing limits on a minimal thickness of the CGS layer. In the case 
under study a minimal thickness should be approximately three times higher than the required profile depth of 
a grating. Proceeding from the results of [5], the authors have used an etchant based on NaOH with isopropanol 
and deionised water, which for unexposed arsenic sulfide results in the etching rate 10 nm/s. Proportion of the 
components NaOH : isopropanol : water is 1 : 25 : 50. The etching process duration is controlled visually by 
maximal diffraction on the grating. In the case under study the etching time was short enough, being on the 
order of 10 s. The efforts to increase the etching time by lowering the alkali concentration, for more precise 
control of the relief depth, have resulted in flaking of a CGS film from the substrate – it seems that the etching 
type is changing from negative to positive.

The results obtained in studies (by means of atomic-force microscopy) of the surface morphology for the 
recorded grating after the etching process are given in fig. 6.

As seen in fig. 6, etching makes it possible to form on the sample surface a relief transforming a purely 
quasi-phase diffraction structure to the relief-phase hologram. A depth of the formed relief h comes to about 
200 nm.

Fig. 5. Diffraction efficiency of a thin phase grating as a function  
of the phase incursion for the zero-, first-, second- and third-order diffraction


