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Cекция 1.  
Характеризация полупроводниковых  

материалов и структур
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1. J.E. Bradby, S.O. Kucheyev, J.S. Williams, J. Wong-Leung, 
M.V. Swain,P. Munroe, G. Li, M.R. Philips, Appl. Phys. Lett., 
2002, 80, 383-385. 
2. U. Jahn, A. Trampert, T. Wagner, O. Brandt, K.H. Ploog, 
Phys. Status Solidi A, 2002, 192, 79-84. 
3. S.R. Jian, Appl. Surf. Sci., 2008, 254, 6749-6753. 
4. K. Maeda, K. Suzuki, M. Ichihara, S. Nishiguchi, K. Ono, 
Y. Mera, S. Takeuchi, Physica B, 1999, 273, 134-139. 
5. E.B. Yakimov, P.S. Vergeles, A. Y. Polyakov, I.-H. Lee, 
S.J. Pearton, Appl. Phys.Lett., 2015, 106, 132101. 
6. J. Huang, K. Xu, X.J. Gong, J.F. Wang, Y.M. Fan, J.Q. Liu, 
X.H. Zeng, G.Q. Ren, T.F. Zhou, H. Yang, Appl. Phys. Lett., 
2011, 98, 221906. 
7. I. Ratschinski, H.S. Leipner, F. Heyroth, W. Franzel, R. 
Hammer, M. Jurisch, Philos. Mag. Lett., 2010, 90, 565-571. 
8. O. Medvedev, O. Vyvenko, E. Ubyivovk, S. Shapenkov, A. 
Bondarenko, P. Saring, M. Seibt, J. Appl. Phys., 2018, 123, 
161427. 
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1. R.H. Wentorf, J.S. Kasper, New forms of silicon, Science 
139 (1963) 338. 
2.  S.Wippermann, Y. He, M. Voros, and G. Galli, Appl. Phys. 
Rev. 3, 040807 (2016). 
3. V.G. Eremenko, V.I. Nikitenko, Phys.Status Solidi A 14 
(1972) 317–330. 
4. A. Fissel, E. Bugiel , C.R. Wang , H.J. Osten. Mater. 
Sci.Eng. B.  (2006), 134, 138–141. 
5. Y. Qiu, H. BenderO. Richard , M.-S. Kim, E. Van Besien, I. 
Vos, M. de Broeck, D. Mocuta and W.Vandervorst, Sci. Rep. 
, 12692.! 

 

18



      SiO2  Si3N4  
    ,   

     
. . 1, . . 1, . . 1, . . 1, .A. 2, . . 2, 

. . 3, . . 3, . . 1 
1.     , .  

2.AO" - ", .  
3.  « », .  

 
      -

   -
,    -

   ,  
      , 

     
  .   

      
   -

.     -
    ,   

       
      

. 
      

     -
     -

 ,     -
 - .   -

  -   Al  Au 
     -

     . 
     

 -10   1   -
  n-   (  

 n ~ 2·1017 -3,   ~ 10 )  
    SiO2  -

  Si3N4  500  800 Å -
.  ,   

- ,   -
 n- . 

       
    

-   ( )   
  EG&G PAR-410   -

 1 .  
  ,  -

        
   ,     

.    3  
       
,       

500 / 2  1000 / 2,    
1500 / 2   .  
5         

. 
  -   [1] -

    –   -

      .  
   .  

    -
   -    

      -
-       .  

,       
     

    , 
      -

    1.5÷2.0·1012 -2 . 
,      -

 . ,   
   -    

     5·1012 -2,  
    

 - .   
,       

  .   -
      

 ,    
,   -
 . 

     ,  
,    -   

       
   .  ,  -

     -
,      
   .   

 ,     
    ,   

      
  .  

    
,      
   /  -

   (30-50 ),  
- ,    -

   - . ,   -
 -     

;      
  ,     

 ,      -
      -
 . 
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gy A Vacuum Surfaces and Films, (1991), 9(6), 3071 - 3077 
DOI: 10.1116/1.577175
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1. A.Y. Polyakov, N.B. Smirnov, I.V. Shchemerov, E.B Ya-
kimov, S.J. Pearton, F. Ren, A.V. Chernykh, D. Gogova, A.I. 
Kochkova. ECS J. Solid State Sci. Technol., 2019, 8, Q3019-
Q3023. 

2. A.Y. Polyakov, N.B. Smirnov, I.V. Schemerov, A.V. 
Chernykh, E.B. Yakimov, A.I. Kochkova, A.N. Tereshchenko, 
S.J. Pearton. ECS J. Solid State Sci. Technol., 2019, 8, 
Q3091-Q3096. 
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     -
, -     -
     -

      -
   ,  -

     .  
      

      
  Cu2ZnGeXSi1- Se4 [3-5]. 
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 Cu2ZnSiSe4 (   . 
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    -
    

  (  18 -243)  
    

(  _  18-58-00021). 

1. G. Yao, H. Shen, E. Honig, R. Kershaw, K. Dwight, A. 
Wold. Solid State Ionics 1987, 24, 249-256. 
2. O.V. Parasyuk, L.D. Gulay, Y.E. Romanyuk. Journal of 
Alloys and Compounds, 2001, 329, 202-207. 
3. H. Matsushita, T. Ichikawa, A. Katsui. J. Mater. Sci., 2005, 
40, 2003 2005. 
4. Dongguo Chen, N.M. Ravindra. J. Alloys Compounds, 
2013, 579, 468–472. 
5. G. Gurieva, S. Levcenko, V. Kravtsov, Ch. Victor, A. Nate-
prov, E. Irran, E. Arushanov, S. Schorr. Zeitschrift für Kristal-
lographie - Crystalline Materials, 2015, 230, 507-512. 
6. . . , . . , . . , . . , 

. . , . . .   , . 
- . , 2018, 54, 229-233. 
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ga,  Electrochimica Acta, (2018), 260, 557-563. 
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Cекция 2.  
Характеризация материалов и структур  
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Cu2SnS3 (CTS) due to its direct band gap energies of 

0.93–1.77 eV depending of crystal structure and an ab-
sorption coefficient on the order of 104 cm 1 is a prom-
ising material for environmentally compatible, low-cost, 
nontoxic solar cells [1]. The theoretically predicted effi-
ciency of CTS solar cells can reach 30% [2].  

This work is devoted to the analysis of CTS thin 
films structural properties formed by sulfurization of 
electrochemically deposited Cu and Sn thin films. The 
set of Cu-Sn precursor with Cu/Sn ratio =1.1/0.63 were 
deposited onto Mo-coated glass substrates. 

The Cu layers were deposited from aqueous solution 
containing 0.02  uSO4 and 0.25  sodium citrate 
with pH= 6.3. The Sn layers were deposited from aque-
ous solution of 0.02  SnSO4 and 0.25  sodium cit-
rate with pH =6.3. The pH of solutions was adjusted 
with H2SO4. 

Sulfurization of Cu-Sn precursors placed in a graph-
ite container with a solid-state sulfur source was carried 
out in a closed tube furnace in Ar atmosphere. At first, 
the temperature was raised with a rate 20 deg/min to a 
temperature of 200 C and held for a period of 20-30 
min. Then the temperature slowly increased to recrystal-
lization temperature Ts = 520 C with a rate 4 deg/min 
and thereafter held for 20 min. After sulfurization films 
were naturally cooled inside the furnace. 

The bulk composition and surface morphology of 
the films were investigated using wavelength disper-
sive X-ray (WDX) analysis using a CAMECA SX-100 
and JEOL 6400 SEM apparatus. Depth profiling was 
carried out by Auger electron spectroscopy (AES) us-
ing a Perkin Elmer Physical Electronics model 590. 

XRD structural analysis of grown CTS films with dif-
ferent Cu/Sn ratio =1.59/2.35 revealed a heterogeneous 
mixture up to four phases: Cu2SnS3 (monoclinic - # 01-
070-63380), Cu2SnS4 (cubic -# 01-089-2877), Cu4SnS4 
(orthorhombic - 00-029-0584) and CuxS (# 00-023-0960). 

 
. XRD spectrum for CTS samples sulfurized at 520 C. 

The main distinction between the phase composition 
of CTS films with different Cu/Sn ratio was the amount 
of monoclinic Cu2SnS3 phase, which was predominant in 
Cu-poor films with Cu/Sn=1.59-1.81 and Cu-
stoichiometric (Cu/Sn = 2) films. With the copper content 
increasing (to Cu/Sn = 2.35) Cu2SnS4 and Cu4SnS4 phas-
es amount increases. In all cases CuxS phase was present. 

The morphology of the CTS absorber layer has a rela-
tively compact structure with large grains of CuxS on the 
film surface. To remove CuxS phase some of the Cu-rich 
CTS films were etched in a 5% aqueous solution of KCN 
for 5 min. Fig. 2 shows surface (a) and cross-sectional 
images (b) of CTS film after etching. 

 

 
Top-view (a) and corresponding (b) cross section SEM 

image of CTS film with predominant monoclinic Cu2SnS3 
phase. 

 
The cross-sectional image of the CTS films reveals 

uniform growth of adherent film with thickness of 1.77 
m and voids due to the evaporation of unreacted tin.  

A clear boundary between CTS and Mo layer indicates 
the absence of MoSx phase at the interface. From EDS 
analysis was found that the Cu/Sn ratio was reduced from 
2.08 to 1.82 after KCN etching. The S content was less 
than 50% in the as-grown film and slightly increased after 
KCN etching. 

It was shown that proposed sulfurization method al-
lows to synthesize CTS absorbers with composition and 
compact microstructure desired for solar cell application. 
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Cекция 4.  
Сканирующая зондовая микроскопия,  

зондовая нанолитография  
и спектроскопия
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Cекция 6.  
Электронно - лучевые технологии:  
создание микро- и наноструктур,  

3D печать, электронно-лучевая сварка, 
электронно-лучевая плавка
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Cекция 7.  
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