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БГУ – столетняя история успеха

Manufacturing of samples
Samples of a light-sensitive material based on the layers CGS were manufactured by successive thermal 

vacuum deposition of a metal layer and a chalcogenide glassy-semiconductor layer onto the glass substrate. 
The system used VUP-4 offered the rate of As2S3 deposition about 0.2 nm/s at the residual pressure 2.3 ⋅ 10−3 
and 2.7 ⋅ 10−3 Pa for CGS and Cr, respectively. 

It should be noted that a glass substrate may be bent (most often concave), keeping from variations in thick-
ness of the material over the area. A thickness of a CGS layer is chosen to guarantee the required modulation 
depth (ordinary d

Λ


 0.3– 0.4, where d – thickness of a CGS layer, Λ – grating period [1]). The thickness of 

a layer of CGS in the case under study is d = 1 µm. The thickness of a layer of Cr metal comes to a few tens 
of nanometres. 

Recording of holographic gratings
Holographic gratings were recorded according to the Leith – Upatnieks scheme on a vibration-isolated holo-

graphic table (Standa, Lithuania). Schematically, hologram recording is demonstrated in fig. 1. Argon laser 1 
is used as a source of laser radiation. A spectral line of generation at the wave length λ = 488 nm is split out 
by prism 2 and diaphragm 3. Beam splitting cube 4 and mirrors 5 and 6 form two beams, brought together on 
sample 7. The interference pattern period is Λ = 2 µm, in line with d

Λ
= 0 5. , offering recording of a grating at 

the spatial frequency 500 lines per millimeter.
To select an optimum exposure range, the formation kinetics of thin transmission phase holograms in 

metal-CGS structures has been studied. Radiation of a helium-neon laser (λ = 632.8 nm), used as a reading 
beam, is directed by mirrors 9 and 10 to the area of overlapping beams which are recording a diffraction gra-
ting. As the grating is formed, the first- and second-order diffraction beams appear. Intensity of the beams 
passing in the direction of diffraction maxima are registered by photodetectors 12 and 13, for the first- and 
second-order diffraction, respectively. Photodetector 11 is registering radiation of an argon laser transmitted 
through the sample. Signals from the photodetectors are fed into the channels of a С8-46/4 digital oscilloscope. 
Amplification factors are selected so that three signals can be recorded simultaneously. Figure 2 shows an os-
cillogram of the holographic grating recording kinetics.

Analysis of the diffraction grating formation kinetics points to the fact that the first-order diffraction is 
observed when exposure time is about 10 s and the second-order diffraction appears when exposure time is 
about 30 s. Note that the diffraction efficiency in the direction of the first maximum reaches plateau when 
exposure time comes to ∼ 50 – 80 s. This temporal range has determined the hologram exposure time for the 
following parameters: power of the beams recording a diffraction grating, 3.5 mW each; exposed area is 
S ∼ 0.04 cm2.

Surface morphology of the recorded grating has been studied by means of atomic-force microscopy (AFM). 
Figure 3 shows the typical surface structure of a sample. As seen, the surface relief during recording of a gra-
ting is developed weakly. The scale of the observed relief-phase grating over the surface area is on the order of 
6 – 8 nm, whereas the scale of the surface roughness comes to ∼1–2 nm.

Figure 4 shows a diffraction pattern of He – Ne laser radiation on the phase grating under study.

Fig. 1. Optical scheme of an experimental setup: 1 – argon laser; 2 – prism;  
3 – diaphragm; 4 – beam splitting cube; 5, 6, 9, 10 – totally reflecting mirrors;  

7 – sample; 8 – He – Ne laser; 11–13 – photodetectors


