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¨§¬¥à¥¨© ¯®«ïà¨§ æ¨®ëå ¨¤¨ª âà¨á ä®â®â®ª , á¯¥ªâà «ìëå § ¢¨á¨¬®áâ¥© ª¢ â®¢®© íää¥ª-
â¨¢®áâ¨ ä®â®¯à¥®¡à §®¢ ¨ï ¨ ¥áâ¥áâ¢¥®£® ä®â®¯«¥®åà®¨§¬  £¥â¥à®¯¥à¥å®¤®¢. �®«ïà¨§ æ¨®ë¥
§ ¢¨á¨¬®áâ¨ ä®â®çã¢áâ¢¨â¥«ì®áâ¨ ¤ îâ ®á®¢ ¨ï áç¨â âì, çâ® ¢¥àå¥© ¢ «¥â®© §®®© ¢ CuInSe2

ï¢«ï¥âáï Γ7. �¡ àã¦¥ íää¥ªâ ®ª  ¢ ®â®è¥¨¨ ä®â®çã¢áâ¢¨â¥«ì®áâ¨ ¨ á¤¥«  ¢ë¢®¤

® ¢®§¬®¦®áâïå ¯à¨¬¥¥¨ï £¥â¥à®¯¥à¥å®¤®¢ ¢ ª ç¥áâ¢¥ ä®â®¯à¥®¡à §®¢ â¥«¥© ¨â¥á¨¢®áâ¨ ¨

¯®«ïà¨§ æ¨¨ ¨§«ãç¥¨ï.

�à®©®¥ á®¥¤¨¥¨¥ CuInSe2 ªà¨áâ ««¨§ã¥âáï ¢

áâàãªâãà¥ å «ìª®¯¨à¨â  ¨ ¯® á®¢®ªã¯®áâ¨ á¢®¨å

äã¤ ¬¥â «ìëå ¯ à ¬¥âà®¢ ¢  áâ®ïé¨© ¯¥à¨®¤

®¡à¥«® áâ âãá í«¨â®£® ¬ â¥à¨ «  ¤«ï á®§¤ ¨ï ¢ë-
á®ª®íää¥ªâ¨¢ëå ¨ ¤¥è¥¢ëå â®ª®¯«¥®çëå ä®-
â®¯à¥®¡à §®¢ â¥«¥© á®«¥ç®© í¥à£¨¨ ¢ í«¥ªâà¨ç¥-
áªãî [1,2]. �  ¥£® ®á®¢¥ ã¦¥ á®§¤ ë £¥â¥à®¯¥à¥å®¤-
ë¥ ä®â®¯à¥®¡à §®¢ â¥«¨ á ª®íää¨æ¨¥â®¬ ¯®«¥§®-
£® ¤¥©áâ¢¨ï (ª¯¤) ¤® 17 % [2–6]. �«ï ¯®«ãç¥¨ï â ª¨å
áâàãªâãà ¯à¨¬¥ïîâáï ¯à ªâ¨ç¥áª¨ ¢á¥ ¬¥â®¤ë, ª®-
â®àë¬¨ á¥©ç á à á¯®« £ ¥â ¯®«ã¯à®¢®¤¨ª®¢®¥ ¬ â¥-
à¨ «®¢¥¤¥¨¥ [1]. � à ««¥«ì® á íâ¨¬ ¥ ¯à¥ªà é -
¥âáï ¯®¨áª ®¢ëå ª®¬¯®¥â £¥â¥à®¯¥à¥å®¤    ®á®¢¥

CuInSe2, ª®â®àë¥ ¯®§¢®«¨«¨ ¡ë á¨§¨âì áâ®¨¬®áâì

ä®â®¯à¥®¡à §®¢ â¥«¥©, ã«ãçè¨âì ¨å íª®«®£¨ç¥áª¨¥

¯ à ¬¥âàë ¨ ¯®¤ïâì ª®íää¨æ¨¥â ¯®«¥§®£® ¤¥©-
áâ¢¨ï. � ªàã£ â ª¨å ¨áá«¥¤®¢ ¨©,  ¯à¨¬¥à, ¢®¢«¥-
ª îâáï ¥áâ¥áâ¢¥ë¥ ¬¨¥à «ë [7], ®¡áã¦¤ ¥âáï ¢®§-
¬®¦®áâì ”ã©â¨” ®â ¨á¯®«ì§®¢ ¨ï ª ¤¬¨ï, ª®â®àë©
¯à¨¬¥ï¥âáï ¢ áâàãªâãà å CuInSe2/CdS ¨ áç¨â ¥âáï

íª®«®£¨ç¥áª¨ ®¯ áë¬ í«¥¬¥â®¬. �«ï ã¯®¬ïãâ®©

áâàãªâãàë, ¢ ª®â®à®© à¥ «¨§®¢  ¬ ªá¨¬ «ìë© ª¯¤,
®¡ àã¦¥  â ª¦¥ ¨â¥à¤¨ääã§¨ï ¬¥¤¨ ¢ CdS, çâ®
¢ë§ë¢ ¥â ¯®¨¦¥¨¥ ª¢ â®¢®© íää¥ªâ¨¢®áâ¨ ä®-
â®¯à¥®¡à §®¢ ¨ï ¢ ®¡« áâ¨ ä®â® ªâ¨¢®£® ¯®£«®é¥-
¨ï ¢ CuInSe2 [8]. � íâ®© á¢ï§¨ ¢ ¤ ®© à ¡®â¥

¡ë«® ¯à¥¤¯à¨ïâ® ¨áá«¥¤®¢ ¨¥ ¢®§¬®¦®áâ¨ ¯à¨-
¬¥¥¨ï ¢ ª ç¥áâ¢¥ è¨à®ª®§®®© ª®¬¯®¥âë ¤«ï

£¥â¥à®¯¥à¥å®¤®¢   ®á®¢¥ CuInSe2 §¥«¥ëå «¨áâì¥¢,
  ¢®§¬®¦®áâì ¨á¯®«ì§®¢ ¨ï ª®â®àëå ¢ ä®â®¯à¥-
®¡à §®¢ â¥«ïå ¡ë«® ãª § ® ¢ à ¡®â¥ [9]. �ç¥¢¨¤®,
çâ® ¯à¨¬¥¥¨¥ § «¥ëå «¨áâì¥¢ ¢ ä®â®¯à¥®¡à §®-
¢ â¥«ïå ¯®§¢®«¨â à¥è¨âì ª ª íª®«®£¨ç¥áª¨©, â ª ¨

íª®®¬¨ç¥áª¨©  á¯¥ªâë íâ®© ¯à®¡«¥¬ë.
�«ï á®§¤ ¨ï £¥â¥à®¯¥à¥å®¤®¢ ¯à¨¬¥ï«¨áì í«¥ª-

âà¨ç¥áª¨ ®¤®à®¤ë¥ ¬®®ªà¨áâ ««ë CuInSe2 p-â¨¯ 
¯à®¢®¤¨¬®áâ¨ á ª®æ¥âà æ¨¥© á¢®¡®¤ëå ¤ëà®ª

p ' 5 · 1016 á¬−3 ¯à¨ T = 300 K, ¢ëà é¥ë¥ ¬¥â®¤®¬
 ¯à ¢«¥®© ªà¨áâ ««¨§ æ¨¨ ¡«¨§ª®£® ª áâ¥å¨®¬¥-
âà¨¨ CuInSe2 à á¯« ¢ . � àï¤¥ á«ãç ¥¢ ¯à¨¬¥ï«¨áì

¯« áâ¨ë á ®à¨¥â æ¨ï¬¨ (100) ¨ (001) ¯à¨ áà¥¤¨å

à §¬¥à å 5 × 5 × 1¬¬3. �®¢¥àå®áâì ¯« áâ¨ ¯®¤-
¢¥à£ « áì ¬¥å ¨ç¥áª®©,   § â¥¬ å¨¬¨ç¥áª®© ¯®«¨-
à®¢ª¥. � ª ç¥áâ¢¥ ®¬¨ç¥áª®£® ª®â ªâ  ¨á¯®«ì§®¢ -
«¨áì ¯®«ãç¥ë¥ â¥à¬¨ç¥áª¨¬  ¯ë«¥¨¥¬ ¢ ¢ ªãã¬¥

á«®¨ §®«®â , ª ª®â®àë¬ ¯®áà¥¤áâ¢®¬ ¯ ©ª¨ ç¨áâë¬

¨¤¨¥¬ ªà¥¯¨«¨áì â®ª®¢ë¥ ¯à®¢®¤¨ª¨. � ª ç¥áâ¢¥

§¥«¥ëå «¨áâì¥¢ ®¡ëç® ¯à¨¬¥ï«¨áì «¨áâìï Syringa
L., ª®â®àë¥ ¤«ï ªà âª®áâ¨ ®¡®§ ç¨¬ L. �¥â¥à®¯¥à¥-
å®¤ á®§¤ ¢ «áï  «®¦¥¨¥¬ «¨áâ  L   ¯®¢¥àå®áâì

CuInSe2. � ª ç¥áâ¢¥ ®¬¨ç¥áª®£® ª®â ªâ  ª «¨áâã

¯à¨¬¥ï«áï ¯®«ã¯à®§à çë© á«®© ¬¥â ««  (Mo, Ni,
Au),  ¥á¥ë©   ¯®¢¥àå®áâì áâ¥ª«ï®© ¯« -
áâ¨ª¨. �¤®¢à¥¬¥® á í«¥ªâà¨ç¥áª¨¬ ª®â ªâ®¬

íâ  ¯« áâ¨  ¯®§¢®«ï«  ®áãé¥áâ¢¨âì à ¢®¬¥àë©

¯® ¯«®é ¤¨ §¥«¥®£® «¨áâ  ¬¥å ¨ç¥áª¨© ª®â ªâ

p-CuInSe2/L. � ª á«¥¤ã¥â ¨§ áâ æ¨® à®© ¢®«ìâ-
 ¬¯¥à®© å à ªâ¥à¨áâ¨ª¨,   â ª¨å áâàãªâãà å ¢®á-
¯à®¨§¢®¤¨¬® ®¡ àã¦¨¢ ¥âáï ¢ë¯àï¬«¥¨¥ á ª®íä-
ä¨æ¨¥â®¬ 2 ÷ 3 ¯à¨ á¬¥é¥¨ïå 2 ÷ 5�, ª®â®à®¥ ¢
®¡« áâ¨ ¨á¯®«ì§®¢ ëå ¬¥å ¨ç¥áª¨å  ¯àï¦¥¨©

¯à¨¦¨¬  ª®â ªâ¨àãîé¨å áà¥¤ ¥ áª §ë¢ «®áì  

í«¥ªâà¨ç¥áª¨å ¯ à ¬¥âà å ª®â ªâ CuInSe2/L. �à®-
¯ãáª®¥  ¯à ¢«¥¨¥ íâ¨å áâàãªâãà ®â¢¥ç «® ®âà¨æ -
â¥«ì®© ¯®«ïà®áâ¨ ¢¥è¥£® á¬¥é¥¨ï   «¨áâ¥.
�à¨ ®á¢¥é¥¨¨ áâàãªâãà CuInSe2/L ¢®§¨ª «® ä®-

â® ¯àï¦¥¨¥, ¯à¨ç¥¬ «¨áâ § àï¦ «áï ®âà¨æ â¥«ì®
®â®á¨â¥«ì® CuInSe2,   ¯®«ïà®áâì ¥ ¨§¬¥ï« áì

¯à¨ ¨§¬¥¥¨¨ ¤«¨ë ¢®«ë ¨§«ãç¥¨ï ¨ ¯à¨ «®ª -
«¨§ æ¨¨ á¢¥â®¢®£® §®¤    á ¬®© áâàãªâãà¥. �â® ®¡-
áâ®ïâ¥«ìáâ¢® ¯®§¢®«ï¥â áç¨â âì, çâ® ¢ ¯à®æ¥áá¥ à §-
¤¥«¥¨ï ä®â®£¥¥à¨à®¢ ëå ®á¨â¥«¥© ãç áâ¢ã¥â

â®«ìª® ®¤¨ í¥à£¥â¨ç¥áª¨© ¡ àì¥à, ª®â®àë© ¢®§¨-
ª ¥â ¢ à¥§ã«ìâ â¥ ¯à¨¢¥¤¥¨ï ¢ ª®â ªâ ¯®¢¥àå®áâ¥©

CuInSe2 ¨ §¥«¥®£® «¨áâ . �«¥¤®¢ â¥«ì®, §¥«¥ë©
«¨áâ ¬®¦¥â ¡ëâì ¯®¤®¡® CdS, í«¥ªâà®«¨â ¬ ¨ â. ¯.
¨á¯®«ì§®¢  ¯à¨ á®§¤ ¨¨ í¥à£¥â¨ç¥áª®£® ¡ àì¥à 

  CuInSe2 [1,10,11].
�¨¯¨ç ï á¯¥ªâà «ì ï § ¢¨á¨¬®áâì ®â®á¨â¥«ì-

®© ª¢ â®¢®© íää¥ªâ¨¢®áâ¨ η £¥â¥à®áâàãªâãàë
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�¨á. 1. �¯¥ªâà «ìë¥ § ¢¨á¨¬®áâ¨ ®â®á¨â¥«ì®© ª¢ -
â®¢®© íää¥ªâ¨¢®áâ¨ η £¥â¥à®ª®â ªâ  p-CuInSe2/L (1 )
¨ ª®íää¨æ¨¥â  ®¯â¨ç¥áª®£® ¯à®¯ãáª ¨ï T ∗ §¥«¥®£®

«¨áâ  (2 ), ¨á¯®«ì§®¢ ®£® ¯à¨ á®§¤ ¨¨ £¥â¥à®ª®â ªâ ,
¢ ¥¯®«ïà¨§®¢ ®¬ ¨§«ãç¥¨¨. T = 300 K, ®á¢¥é¥¨¥ á®
áâ®à®ë §¥«¥®£® «¨áâ .

CuInSe2/L,  ¡«î¤ ¥¬ ï ¯à¨ ¥¥ ®á¢¥é¥¨¨ á® áâ®à®-
ë §¥«¥®£® «¨áâ , ¯à¨¢¥¤¥    à¨á. 1. �â  § ¢¨-
á¨¬®áâì ¨¬¥¥â å à ªâ¥àë© ¤«ï ¯®«ã¯à®¢®¤¨ª®¢ëå

£¥â¥à®¯¥à¥å®¤®¢ ¢¨¤. �«¨®¢®«®¢ë© ªà © ä®â®-
çã¢áâ¢¨â¥«ì®áâ¨ ¯®«ãç¥ëå £¥â¥à®¯¥à¥å®¤®¢ íªá-
¯®¥æ¨ «¥ ¨ å à ªâ¥à¨§ã¥âáï ªàãâ¨§®© ∼ 40 í�−1.
�§«®¬ ¢ á¯¥ªâà¥ η ¯à¨ ~ω = 1.02 í� ¨ á¯¥ªâà «ì®¥

¯®«®¦¥¨¥ ¤«¨®¢®«®¢®£® ªà ï ä®â®çã¢áâ¢¨â¥«ì-
®áâ¨ ¯®§¢®«ïîâ ®â¥áâ¨ íâ¨ ®á®¡¥®áâ¨ ª ä®â®-
 ªâ¨¢®¬ã ¯®£«®é¥¨î ¢ CuInSe2. � íâ®¬ á«ãç ¥

ªàãâ¨§  ¤«¨®¢®«®¢®£® ªà ï ä®â®çã¢áâ¢¨â¥«ì®-
áâ¨ £¥â¥à®¯¥à¥å®¤   å®¤¨âáï ¢ á®®â¢¥âáâ¢¨¨ á ¯àï-
¬ë¬ ¬¥¦§®ë¬ ¯¥à¥å®¤®¬ ¤«ï CuInSe2. �«¨®-
¢®«®¢ë© á¯ ¤ ä®â®çã¢áâ¢¨â¥«ì®áâ¨ £¥â¥à®¯¥à¥å®¤ 

CuInSe2/L, ª®â®àë© ¯à®ï¢¨«áï ¯à¨ ~ω & 1.65 í�,  
â ª¦¥ ¯®¤ê¥¬ ä®â®çã¢áâ¢¨â¥«ì®áâ¨ ¯à¨ ~ω > 1.8 í�
 å®¤ïâáï ¢ ª ç¥áâ¢¥®¬ á®®â¢¥âáâ¢¨¨ á® á¯¥ªâà «ì-
®© § ¢¨á¨¬®áâìî ª®íää¨æ¨¥â  ®¯â¨ç¥áª®£® ¯à®-
¯ãáª ¨ï §¥«¥®£® «¨áâ  (à¨á. 1). �® íâ®© ¯à¨ç¨¥

ª®à®âª®¢®«®¢ë© á¯ ¤ η ¬®¦® á¢ï§ âì á ¯®£«®é¥-
¨¥¬ ¨§«ãç¥¨ï ¢ è¨à®ª®§®®© ª®¬¯®¥â¥ £¥â¥-
à®¯¥à¥å®¤ , ç¥à¥§ ª®â®àãî ¨§«ãç¥¨¥ ¯®áâã¯ ¥â ¢

 ªâ¨¢ãî ®¡« áâì áâàãªâãàë. � ¤¨ ¯ §®¥ ¬¥¦¤ã

í¥à£¨ï¬¨ ¯®£«®é ¥¬ëå ä®â®®¢ 1.02÷ 1.85 í� ª¢ -
â®¢ ï íää¥ªâ¨¢®áâì £¥â¥à®¯¥à¥å®¤  ®áâ ¥âáï ¯à ª-
â¨ç¥áª¨ ¥¨§¬¥®©, çâ® ãª §ë¢ ¥â   ¤®áâ â®ç® íä-
ä¥ªâ¨¢ë© ¯à®æ¥áá à §¤¥«¥¨ï ä®â®£¥¥à¨à®¢ ëå

¯ à ¢ á®§¤ ëå áâàãªâãà å. �à¨ ®á¢¥é¥¨¨ â ª¨å

£¥â¥à®¯¥à¥å®¤®¢ á® áâ®à®ë ã§ª®§®®© ª®¬¯®¥âë

CuInSe2 íää¥ªâ¨¢®áâì ä®â®¯à¥®¡à §®¢ ¨ï áãé¥-
áâ¢¥® ¯ ¤ ¥â ¨ ¨¬¥¥â ã§ª®á¥«¥ªâ¨¢ë© å à ªâ¥à

á ¬ ªá¨¬ã¬®¬ ¢¡«¨§¨ è¨à¨ë § ¯à¥é¥®© §®ë

CuInSe2. �â® ®¡êïáï¥áâï ¯®£«®é¥¨¥¬ ¨§«ãç¥¨ï ¢

¯à¨¯®¢¥àå®áâ®¬ á«®¥ ªà¨áâ «« .
�à¨ ¢®§¤¥©áâ¢¨¨   £¥â¥à®¯¥à¥å®¤ë, ¯à¥¤áâ -

¢«ïîé¨¥ á®¡®© ª®â ªâ ®à¨¥â¨à®¢ ëå ¯« áâ¨

CuInSe2 á §¥«¥ë¬¨ «¨áâìï¬¨, «¨¥©® ¯®«ïà¨§®-
¢ ë¬ á¢¥â®¬ ä®â®çã¢áâ¢¨â¥«ì®áâì ®¡ àã¦¨¢ -
¥â å à ªâ¥àë¥ ¤«ï ®¤®®á®© áà¥¤ë ®á®¡¥®áâ¨.
� ª, ¯à¨ ®à¨¥â æ¨¨ ¯« áâ¨ë CuInSe2 ¢ ¯«®áª®-
áâ¨ (100) (à¨á. 2, ªà¨¢ ï 1 ) ¯®«ïà¨§ æ¨® ï ¨-
¤¨ª âà¨á  ä®â®â®ª  á«¥¤ã¥â ¯¥à¨®¤¨ç¥áª®¬ã § ª®ã

i = i‖ cos2 ϕ + i⊥ sin2 ϕ, £¤¥ i‖ ¨ i⊥ — ä®â®â®ª¨,
ª®£¤  í«¥ªâà¨ç¥áª¨© ¢¥ªâ®à á¢¥â®¢®© ¢®«ë E á®®â-
¢¥âáâ¢¥® ¯ à ««¥«¥ ¨«¨ ¯¥à¯¥¤¨ªã«ïà¥ â¥âà -
£® «ì®© ®á¨ ªà¨áâ ««  C,   ϕ —  §¨¬ãâ «ìë©

ã£®« ¬¥¦¤ã E ¨ C, ¯à¨ç¥¬ ϕ = 0◦ ¢ á«ãç ¥ E ‖ C.
� ¦® ¯®¤ç¥àªãâì, çâ® ¯®«ïà¨§ æ¨®®¥ ®â®è¥¨¥
i‖/i⊥ > 1, ¨ íâ® ¯®§¢®«ï¥â áç¨â âì, çâ® ¢¥àåïï

¢ «¥â ï §®  ¢ CuInSe2 ¨¬¥¥â á¨¬¬¥âà¨î Γ7, ¨

¯®íâ®¬ã ¯àï¬ë¥ A-¯¥à¥å®¤ë á  ¨¬¥ìè¥© í¥à£¨¥©

¯à¥¨¬ãé¥áâ¢¥® à §à¥è¥ë ¢ ¯®«ïà¨§ æ¨¨ E ‖ C,
ª ª ¢ á«ãç ¥ â¥âà £® «ì® á¦ âëå ¯®«ã¯à®¢®¤¨ª®¢

[12]. �«ï £¥â¥à®¯¥à¥å®¤®¢   ®á®¢¥ ®à¨¥â¨à®¢ -
ëå ¢ ¯«®áª®áâ¨ (001) ¯« áâ¨ CuInSe2 ¯®«ïà¨§ æ¨-
®ë¥ ¨¤¨ª âà¨áë ¢ëà®¦¤ îâáï ¢ ¯àï¬ãî (à¨á. 2,
ªà¨¢ ï 2 ), çâ® ¨ ¤®«¦® ¡ëâì ¯à¨ à á¯à®áâà ¥¨¨
¨§«ãç¥¨ï ¢¤®«ì â¥âà £® «ì®© ®á¨ C.
�®«ïà¨§ æ¨®ë¥ ¨¤¨ª âà¨áë ä®â®â®ª  £¥â¥à®-

¯¥à¥å®¤  ®ª § «¨áì â ª¨¬¨ ¦¥, ª ª ¨ ¤«ï ¬®®ªà¨-
áâ ««®¢ CuInSe2. �«¥¤®¢ â¥«ì®,  «¨ç¨¥ ”è¨à®ª®-
§®®©” ª®¬¯®¥âë ¢ £¥â¥à®¯¥à¥å®¤¥ ¥ ¢«¨ï¥â  

á®â®ï¨¥ «¨¥©® ¯®«ïà¨§®¢ ®£® ¨§«ãç¥¨ï, ¯à®-

�¨á. 2. �®«ïà¨§ æ¨® ï ¨¤¨ª âà¨á  ä®â®â®ª  ª®à®â-
ª®£® § ¬ëª ¨ï £¥â¥à®ª®â ªâ  p-CuInSe2/L. T = 300 K;
®á¢¥é¥¨¥ á® áâ®à®ë §¥«¥®£® «¨áâ ; ~ω = 1.02 í�; ϕ = 0◦

¯à¨ E ‖ C; ªà¨áâ ««®£à ä¨ç¥áª ï ®à¨¥â æ¨ï ¯« áâ¨ë
CuInSe2: 1 — (100), 2 — (001).
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�¨á. 3. �¯¥ªâà «ì ï § ¢¨á¨¬®áâì ª®íää¨æ¨¥â  ¥áâ¥-
áâ¢¥®£® ä®â®¯«¥®åà®¨§¬  £¥â¥à®ª®â ªâ  p-CuInSe2/L.
T = 300 K; ®á¢¥é¥¨¥ á® áâ®à®ë §¥«¥®£® «¨áâ ; ¯« áâ¨ 
®à¨¥â¨à®¢   ¢ ¯«®áª®áâ¨ (100).

¨ª îé¥£® ¢  ªâ¨¢ãî ®¡« áâì â ª¨å áâàãªâãà ç¥à¥§

á«®© «¨áâ .
�  à¨á. 3 ¯à¨¢¥¤¥  â¨¯¨ç ï á¯¥ªâà «ì ï § ¢¨-

á¨¬®áâì ª®íää¨æ¨¥â  ¥áâ¥áâ¢¥®£® ä®â®¯«¥®åà®-
¨§¬  PNi = (i‖ − i⊥)/(i‖ + i⊥) £¥â¥à®áâàãªâãàë  

®á®¢¥ ®à¨¥â¨à®¢ ®© ¢ ¯«®áª®áâ¨ (100) ¯« áâ¨ë
p-CuInSe2. �®«®¦¨â¥«ìë© § ª ¨ ¢¥«¨ç¨  ª®íä-
ä¨æ¨¥â   å®¤ïâáï ¢ á®®â¢¥âáâ¢¨¨ á ¯®«ãç¥ë¬¨

¤«ï £¥¬®¯¥à¥å®¤®¢ n−p-CuInSe2 [13]. � ªá¨¬ã¬ ¯®-
«®¦¨â¥«ì®£® ª®íää¨æ¨¥â  ä®â®¯«¥®åà®¨§¬  à¥ -
«¨§ã¥âáï ¯à¨ í¥à£¨¨ A-¯¥à¥å®¤ , â®£¤  ª ª ¨§ª®¥

§ ç¥¨¥ ®¡ãá«®¢«¥® á« ¡®© â¥âà £® «ì®© ¤¥ä®à-
¬ æ¨¥© ªà¨áâ ««¨ç¥cª®© à¥è¥âª¨ CuInSe2. �«¥¤ã¥â

¯®¤ç¥àªãâì ¯à¨ íâ®¬, çâ® ¯®«®¦¨â¥«ìë© § ª ª®-
íää¨æ¨¥â  ¥áâ¥áâ¢¥®£® ä®â®¯«¥®åà®¨§¬  ¥ ®â¢¥-
ç ¥â ¯à¥¤áª §ë¢ ¥¬®¬ã   ®á®¢¥ ª¢ §¨ªã¡¨ç¥áª®©

¬®¤¥«¨ [12] á ãç¥â®¬ à áâï¦¥¨ï ªà¨áâ ««¨ç¥áª®©

à¥è¥âª¨ CuInSe2 ¢¤®«ì  ¯à ¢«¥¨ï [001]. �®á«¥¤¥¥
¬®¦¥â ¡ëâì ®¡ãá«®¢«¥® â¥¬, çâ® ¢«¨ï¨¥ ¤àã£¨å

ª®¬¯®¥â ¥ªã¡¨ç¥áª®£® ¯®â¥æ¨ « , ª ª,  ¯à¨¬¥à,
á¬¥é¥¨¥  ¨® , ¢ ¤ ®¬ á«ãç ¥ ¨£à ¥â ®¯à¥¤¥«ïî-
éãî à®«ì, ¨ ¯®íâ®¬ã ¯à ¢¨«  ®â¡®à  ¤«ï ¬¥¦§®ëå
¯¥à¥å®¤®¢ ®áâ îâáï â ª¨¬¨ ¦¥, ª ª ¨ ¢ á¦ âëå

¢¤®«ì  ¯à ¢«¥¨ï [001] ¯®«ã¯à®¢®¤¨ª å á à¥è¥âª®©
å «ìª®¯¨à¨â  [14].
� ª¨¬ ®¡à §®¬,   ®á®¢ ¨¨ ¢ë¯®«¥ëå ¨áá«¥-

¤®¢ ¨© ®¡ àã¦¥®, çâ® ª®â ªâ CuInSe2 á §¥«¥-
ë¬¨ «¨áâìï¬¨ ¬®¦¥â ¯à¨¬¥ïâìáï ¯à¨ á®§¤ ¨¨

è¨à®ª®¯®«®áëå ä®â®¯à¥®¡à §®¢ â¥«¥© ¥áâ¥áâ¢¥®-
£® ¨ «¨¥©® ¯®«ïà¨§®¢ ®£® ¨§«ãç¥¨ï. �  ®á®-
¢ ¨¨ á®¯®áâ ¢«¥¨ï á¯¥ªâà «ìëå § ¢¨á¨¬®áâ¥© á

¨§¢¥áâë¬¨ ¤«ï ª®â ªâ  CuInSe2/¦¨¤ª¨© í«¥ªâà®-
«¨â [10] ¬®¦® ¯®« £ âì, çâ® §¥«¥ë© «¨áâ ¢ ¨§ãç¥-
ëå áâàãªâãà å ¨£à ¥â à®«ì ¦¨¤ª®£® í«¥ªâà®«¨â .
�«¥¤ã¥â ¯®¤ç¥àªãâì, çâ® ¢ á«ãç ¥ £¥â¥à®¯¥à¥å®¤®¢
CuInSe2/L ®â¯ ¤ ¥â ¥®¡å®¤¨¬®áâì ¢ á®§¤ ¨¨ ªî-
¢¥âë ¤«ï ã¤¥à¦ ¨ï ¦¨¤ª®áâ¨. � ª ¯®ª § «¨  è¨
¨§¬¥à¥¨ï, ¤«ï áâàãªâãàë CuInSe2/L íää¥ªâë ¤¥-
£à ¤ æ¨¨ ä®â®â®ª  ¥  ¡«î¤ «¨áì ¢ â¥ç¥¨¥ 2 ÷ 3
áãâ®ª ¤«ï ®â¤¥«¥®£® ®â à áâ¥¨ï «¨áâ , ¯à¨¦ -

â®£® ª ¯®¢¥àå®áâ¨ CuInSe2 áâ¥ª«®¬. �ç¥¢¨¤®, çâ®
¥á«¨ áä®à¬¨à®¢ âì â ª®© £¥â¥à®¯¥à¥å®¤   «¨áâ¥,
ª®â®àë©  å®¤¨âáï   à áâ¥¨¨, ¯à®æ¥áá ä®â®¯à¥-
®¡à §®¢ ¨ï ¢® ¢à¥¬¥¨ ¡ã¤¥â ®¯à¥¤¥«ïâìáï â®«ìª®

¦¨§¥ë¬¨ ¯à®æ¥áá ¬¨ ¢ à áâ¥¨¨, ¨ ¤¥£à ¤ æ¨ï

¡ã¤¥â ¨áª«îç¥ . �áá«¥¤®¢ ¨ï â ª¦¥ ¯®ª § «¨, çâ®
á¢®©áâ¢  £¥â¥à®¯¥à¥å®¤®¢ ¥çã¢áâ¢¨â¥«ìë ª â®¬ã,
ª ª ï ¯®¢¥àå®áâì «¨áâ  ª á ¥âáï ªà¨áâ «« : ¢¥àå-
ïï ¨«¨ ¨¦ïï. �®íâ®¬ã ¥á«¨ ¢ ª ç¥áâ¢¥ £¥â¥à®-
£à ¨æë ¢§ïâì ¨¦îî ¯®¢¥àå®áâì «¨áâ , â®£¤ 

¥£® ¢¥èïï ¯®¢¥àå®áâì ¡ã¤¥â ®à¨¥â¨à®¢ âìáï à -
áâ¥¨¥¬   ¨áâ®ç¨ª á¢¥â  (á®«æ¥, « ¬¯  ¨ â.¯.),
¨ ®â¯ ¤ ¥â ¥®¡å®¤¨¬®áâì ¢ á®§¤ ¨¨ á¯¥æ¨ «ìëå

á¨áâ¥¬, ®à¨¥â¨àãîé¨å ä®â®¯à¨¥¬ãî ¯®¢¥àå®áâì

ä®â®¯à¥®¡à §®¢ â¥«ï   ¨áâ®ç¨ª á¢¥â®¢®© í¥à£¨¨.
�â  ¯®á«¥¤ïï ®á®¡¥®áâì ®¢®£® ä®â®¯à¥®¡à §®¢ -
â¥«ï, ¢®§¨ª îé¥£®   ª®â ªâ¥ á¨â¥â¨ç¥áª®£® ¢¥-
é¥áâ¢  á ãç áâ¢ãîé¨¬ ¢ ¯à®æ¥áá¥ ¦¨§¥¤¥ïâ¥«ì®áâ¨

¡¨®«®£¨ç¥áª¨¬ ®¡ê¥ªâ®¬ (§¥«¥ë¬ «¨áâ®¬), ¬®¦¥â
áë£à âì ¢ ®¯à¥¤¥«¥ëå ãá«®¢¨ïå à¥è îéãî à®«ì.

�¢â®àë ¯à¨§ â¥«ìë ¯à®ä¥áá®àã �.-�. �®ªã ¨

ãç áâ¨ª ¬ á¥¬¨ à  INTAS (Stuttgart, 26.10.95) § 
®¡áã¦¤¥¨¥ ¨ ¨â¥à¥á ª ¤ ®© à ¡®â¥.

� ¡®â  ¢ë¯®«¥  ¯à¨ ä¨ á®¢®© ¯®¤¤¥à¦ª¥ ¢

à ¬ª å ¯à®¥ªâ  INTAS-94-3998.

�¯¨á®ª «¨â¥à âãàë

[1] Copper Indium Diselenide for Photovoltaic Applications,
ed. by T.J. Coutts, L.L. Kazmerskii, S. Wagner (Elsevier,
Amsterdam, 1986).

[2] J. Hedstrom, H. Olsen, M. Bodegard, A. Kylner, L. Stolt,
D. Hariskos, M. Ruckh, H.W. Schock. Proc. 23rd IEEE
Photovoltaic Specialists Conf. (1993) p. 364.

[3] N.Kohara, T. Negami, N. Nishitani, T. Wada. Japan. J.
Appl. Phys., 34, L1141 (1995).

[4] T. Wada. Book Abstr. ICTMC-10 (Stuttgart, 1995) p. 4.
[5] L. Stolt. Book Abstr. ICTMC-10 (Stuttgart, 1995) p. 5.
[6] T. Walter, M. Ruckh, K.O. Velthaus, H.W. Schock.

Proc. 11th Photovoltaic Solar Energy Conf. (Nontreux,
Switzerland, 1992) p. 124.

[7] H. Dittrich, D.J. Vanghan, R.A. Pattric, S. Graeser,
E. Makovicky, M. Lux-Steiner, R. Kunst, D. Lincol. Book
Abstr. ICTMC-10 (Stuttgart, 1995) p. 10.

[8] N.N. Konstantinova, Yu.V. Rud’, T.N. Ushakova. Book
Abstr. ICTMC-10 (Stuttgart, 1995).

[9] �.�. �ã¤ì, �.�. �ã¤ì, �.�. �¯ãâ. ���, 29, 438
(1995).

[10] �.�. �®áâ â¨®¢ , �.�. � £®¬¥¤®¢, �.�. �ã¤ì,
�.�. �ã¤ì. ���, 26, 558 (1992).

[11] �.�. �®áâ â¨®¢ , �.�. �à®çãå , �.�. �ã¤ì,
�.�. � ¨à®¢. ���, 22, 3584 (1988).

[12] J.L. Shay, J.H. Wernick. Ternary Chalcopyrite Semicon-
ductors (Pergamon Press, N.Y., 1975) p. 244.

[13] �.�. �®¤ àì, �.�. � ©¯®«¨, �.�. �ã¤ì, �.�. �ã¤ì.
���, 28, 1322 (1994).

[14] Yu.V. Rud’. Japan. J. Appl. Phys., 30, 512 (1994).

�¥¤ ªâ®à �.�. � à®®¢ 

1∗ �¨§¨ª  ¨ â¥å¨ª  ¯®«ã¯à®¢®¤¨ª®¢, 1997, â®¬ 31, ò 2



132 �.�. �ã¤ì, �.�. �ã¤ì, �.�. �¯ãâ

Photovoltaic effect of a p-CuInSe2/green
leaf heterocontact

V.Yu. Rud’
1)

, Yu.V. Rud’, V.Kh. Shpunt

A.F. Ioffe Physicotechnical Institute,
Russian Academy of Sciences
194021 St. Petersburg, Russia
1) State Technical University,
195251 St. Petersburg, Russia

Abstract A review is given on fabrications and investigations

of photosensitive p-CuInSe2/green leaf structures. Some

pecularities of this heterocontact are discussed. Their optical

and photoelectrical properties in linearly polarized light have

been considered. The effect of optical anisotropy of CuInSe2

single crystals on the photosensitivity of the type structures

was analyzed. The ways of further investigation of the

photoconversion of this contact are suggested.
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