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�¯¨â ªá¨ «ì­ë¥ á«®¨ ZnSe ­  GaAs (100) ¡ë«¨ ¢ëà é¥­ë ¬¥â®¤®¬ ä®â®áâ¨¬ã«¨à®¢ ­­®© £ -
§®ä §­®© í¯¨â ªá¨¨ á ¨á¯®«ì§®¢ ­¨¥¬ He–Cd-« §¥à  (¬®é­®áâì P ' 1¬�â/á¬2, hν = 2.807 í�)
¯à¨ â¥¬¯¥à âãà¥ ¯®¤«®¦ª¨ T = (175−300)◦C. �áá«¥¤®¢ ­ë â¥¬¯¥à âãà­ë¥ § ¢¨á¨¬®áâ¨ ¯®¤¢¨¦-
­®áâ¨ ®á­®¢­ëå ­®á¨â¥«¥© § àï¤  ¢ á«®ïå, «¥£¨à®¢ ­­ëå ¢ ¯à®æ¥áá¥ à®áâ  á ¯à¨¬¥­¥­¨¥¬ â ª¨å

¨áâ®ç­¨ª®¢, ª ª AlCl3, Zn, Al, Ga. �  ®á­®¢ ­¨¨  ­ «¨§  ªà¨¢ëå â¥à¬®áâ¨¬ã«¨à®¢ ­­®£® â®ª 

¨ â¥à¬®áâ¨¬ã«¨à®¢ ­­®© ¤¥¯®«ïà¨§ æ¨¨ ãáâ ­®¢«¥­ë ¯ à ¬¥âàë 7 £«ã¡®ª¨å «®ª «ì­ëå ãà®¢­¥©,
®ª §ë¢ îé¨å áãé¥áâ¢¥­­®¥ ¢«¨ï­¨¥ ­  í«¥ªâà¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ £¥â¥à®áâàãªâãà.

�¤¨­ ª®¢ ï ªà¨áâ ««¨ç¥áª ï áâàãªâãà  ¨ ¡«¨-
§®áâì ¯ à ¬¥âà®¢ à¥è¥â®ª á®¥¤¨­¥­¨© ZnSe ¨ GaAs
¤¥« îâ íâã ¯ àã ¯®«ã¯à®¢®¤­¨ª®¢ ¡«¨§ª®© ª ¨¤¥ «ì-
­®© ¤«ï á®§¤ ­¨ï £¥â¥à®áâàãªâãà, ª®â®àë¥ ã¦¥ á¥©-
ç á ­ å®¤ïâ è¨à®ª®¥ ¯à ªâ¨ç¥áª®¥ ¯à¨¬¥­¥­¨¥ ¢ ª -
ç¥áâ¢¥ ä®â®¯à¨¥¬­¨ª®¢ ¨ á®«­¥ç­ëå í«¥¬¥­â®¢ [1,2].
� «ì­¥©è¥¥ ã«ãçè¥­¨¥ å à ªâ¥à¨áâ¨ª ¯à¨¡®à®¢ ­ 

¡ §¥ £¥â¥à®áâàãªâãà ZnSe/GaAs á¢ï§ ­® á ¯®¨áª®¬

¤¥è¥¢®© ¨ íää¥ªâ¨¢­®© â¥å­®«®£¨¨, ª®â®à ï, á ®¤­®©
áâ®à®­ë, ¤®«¦­  ®¡¥á¯¥ç¨¢ âì íª®­®¬¨ç­®¥ ¬ áá®¢®¥
¯à®¨§¢®¤áâ¢®,   á ¤àã£®© — ã¤®¢«¥â¢®à¨âì á ¬ë¥

¢ëá®ª¨¥ âà¥¡®¢ ­¨ï ª ¨å ª ç¥áâ¢ã.

�­ «¨§ à¥§ã«ìâ â®¢ ¨áá«¥¤®¢ ­¨© £¥â¥à®áâàãªâãà

ZnSe/GaAs, ¯®«ãç¥­­ëå ¬¥â®¤ ¬¨ ¢ëá®ª®â¥¬¯¥à -
âãà­®© ¦¨¤ª®ä §­®© í¯¨â ªá¨¨ GaAs ­  ¯®¤«®¦ª¥

ZnSe; ®á ¦¤¥­¨¥¬ ZnSe ­  ¯®¤«®¦ªã GaAs ¢ § ¬ª­ã-
â®¬ ®¡ê¥¬¥ ¯à¨ T = (750−800)◦C; ®á ¦¤¥­¨¥¬ ZnSe
¨§ ¬¥â ««®®à£ ­¨ç¥áª¨å á®¥¤¨­¥­¨© ¯à¨ T = 450◦C ¨

¢ëè¥, ¯à®¢¥¤¥­­ë© ¢ à ¡®â¥ [2], ¯®ª § «, çâ® ¢ëá®ª®-
â¥¬¯¥à âãà­ë¥ ¬¥â®¤¨ª¨ ¯®«ãç¥­¨ï £¥â¥à®áâàãªâãà

¯à¨¢®¤ïâ ª à §¬ë¢ ­¨î £à ­¨æë á«®©–¯®¤«®¦ª  ¢

à¥§ã«ìâ â¥ ¯à®æ¥áá®¢ ¤¨ääã§¨¨ ¨ ®¡à §®¢ ­¨ï ¯¥à¥-
å®¤­ëå á®¥¤¨­¥­¨©Ga2Se3·9ZnSe ¨ (ZnSe)x(GaAs)1−x,
£¤¥ ¢¥«¨ç¨­  x § ¢¨á¨â ®â ãá«®¢¨© ®á ¦¤¥­¨ï. �â¨
¤ ­­ë¥ ¯®§¢®«¨«¨ á¤¥« âì § ª«îç¥­¨¥ ® â®¬, çâ®
í«¥ªâà¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ £¥â¥à®áâàãªâãà áãé¥-
áâ¢¥­­ë¬ ®¡à §®¬ § ¢¨áïâ ®â â®«é¨­ë ¯¥à¥å®¤­®£®

á«®ï,   ®­  ¢ á¢®î ®ç¥à¥¤ì à áâ¥â á ã¢¥«¨ç¥­¨¥¬

â¥¬¯¥à âãàë ®á ¦¤¥­¨ï.

� à ¡®â¥ [2] £¥â¥à®áâàãªâãàë ZnSe/GaAs ¡ë«¨ ¯®-
«ãç¥­ë ®á ¦¤¥­¨¥¬ ZnSe ­  GaAs ¨§ ¬¥â ««®®à-
£ ­¨ç¥áª¨å á®¥¤¨­¥­¨© â ª¦¥ ¨ ¯à¨ ¡®«¥¥ ­¨§ª¨å

â¥¬¯¥à âãà å ¯®¤«®¦ª¨ T = (350−400)◦C. �¤­ ª®
¨ ¢ íâ®¬ á«ãç ¥ ­  £à ­¨æ¥ à §¤¥«  ­ ¡«î¤ «áï

¯¥à¥å®¤­®© á«®© â®«é¨­®© (0.1–0.2)¬ª¬ á ¢ëá®ª¨¬

ãà®¢­¥¬ «¥£¨à®¢ ­¨ï Ga. �à¨ç¨­ ¬¨ íâ®£® ¬®£ãâ

¡ëâì ª ª ¤¨ääã§¨ï Ga ¨§ ¯®¤«®¦ª¨ ¢ ¯à®æ¥áá¥ à®áâ ,
â ª ¨ ¯¥à¥­®á Ga  «ª¨«ì­ë¬¨ à ¤¨ª « ¬¨, ®¡à §ãî-
é¨¬¨áï ¯à¨ à §«®¦¥­¨¨ ¤¨íâ¨«æ¨­ª  ­  ­ ç «ì­ëå

áâ ¤¨ïå à®áâ  ¯«¥­ª¨.

�ãé¥áâ¢¥­­ë¥ ãá¯¥å¨ ¢ ã«ãçè¥­¨¨ ª ç¥áâ¢  £¥â¥-
à®áâàãªâãà ZnSe/GaAs ¤®áâ¨£­ãâë â ª¨¬¨ ¬¥â®¤¨-
ª ¬¨, ª ª ¬®«¥ªã«ïà­®-«ãç¥¢ ï í¯¨â ªá¨ï (MBE),
£ §®ä §­ ï í¯¨â ªá¨ï ¨§ ¬¥â ««®®à£ ­¨ç¥áª¨å á®¥¤¨-
­¥­¨© (MOCVD) ¨  â®¬ à­ ï ¯®á«®©­ ï í¯¨â ªá¨ï

(ALE) [3–6]. �  áç¥â ¢ëá®ª®© ç¨áâ®âë ¯à¨¬¥­ï-
¥¬ëå ¬ â¥à¨ «®¢, ­ ¤¥¦­®© á¨áâ¥¬ë ª®­âà®«ï § 

áâàãªâãà®© ¨ å¨¬¨ç¥áª¨¬ á®áâ ¢®¬ í¯¨â ªá¨ «ì­®£®

á«®ï, ­¨§ª®© â¥¬¯¥à âãàë ¯®¤«®¦ª¨ GaAs (T =
150−210◦C [4], T = 320◦C [5], T = 300◦C [6]) ¯®«ãç¥­ë
­¥ â®«ìª® ª ç¥áâ¢¥­­ë¥ ¬®­®ªà¨áâ ««¨ç¥áª¨¥ á«®¨

ZnSe [3], ­® ¨ à §¬¥à­®-ª¢ ­â®¢ ­­ë¥ áâàãªâãàë â¨¯ 
®¤¨­®ç­ ï ª¢ ­â®¢ ï ï¬  [4] ¨ á¢¥àåà¥è¥âª  [5,6],
¤«ï ª®â®àëå ­ «¨ç¨¥ à¥§ª®© £à ­¨æë à §¤¥«  á«®©–
¯®¤«®¦ª  ï¢«ï¥âáï ¯à¨­æ¨¯¨ «ì­ë¬ ãá«®¢¨¥¬.
�à¥¤¨ ¯¥àá¯¥ªâ¨¢­ëå â¥å­®«®£¨© ®á®¡®¥ ¬¥áâ® § -

­¨¬ ¥â ­¨§ª®â¥¬¯¥à âãà­ ï â¥å­®«®£¨ï ä®â®áâ¨¬ã-
«¨à®¢ ­­®© £ §®ä §­®© í¯¨â ªá¨¨ (����) [7–9]. �®
íª®­®¬¨ç¥áª¨¬ § âà â ¬ ���� áãé¥áâ¢¥­­® ¤¥è¥¢«¥

¯® áà ¢­¥­¨î á â¥å­®«®£¨ï¬¨ MBE, MOCVD ¨ ALE.
�¤­ ª® ®­  â ª¦¥ ¯®§¢®«ï¥â ¯®«ãç âì ¢ëá®ª®ª ç¥-
áâ¢¥­­ë¥ ¬®­®ªà¨áâ ««¨ç¥áª¨¥ ¯«¥­ª¨ ZnSe ­  GaAs
¡¥§ ¯¥à¥å®¤­ëå á«®¥¢ á ®¯â¨ç¥áª¨¬¨ å à ªâ¥à¨áâ¨-
ª ¬¨, ­¥ãáâã¯ îé¨¬¨  ­ «®£¨ç­ë¬ á«®ï¬, ¢ëà é¥­-
­ë¬ ¬¥â®¤®¬ MBE [7]. � ¢ëá®ª¨å ¯®â¥­æ¨ «ì­ëå

¢®§¬®¦­®áâïå íâ®© â¥å­®«®£¨¨ £®¢®à¨â ¨ â®â ä ªâ,
çâ® á ¥¥ ¯®¬®éìî ­ ¬ â ª¦¥ ã¤ «®áì á¨­â¥§¨à®¢ âì

à §¬¥à­®-ª¢ ­â®¢ ­­ë¥ áâàãªâãàë â¨¯  ®¤¨­®ç­ ï

ª¢ ­â®¢ ï ï¬  ¨ á¢¥åà¥è¥âª  [8]. �¨§ª ï â¥¬¯¥-
à âãà  ¯®¤«®¦ª¨ T = (175−300)◦C, ®¡¥á¯¥ç¥­­ ï

¯à¨­ã¤¨â¥«ì­ë¬ ¢®¤ï­ë¬ ®å« ¦¤¥­¨¥¬ §®­ë à®áâ ,
¢ á®ç¥â ­¨¨ á ¢ëá®ª®© ¬¨£à æ¨®­­®© á¯®á®¡­®áâìî

 ¤á®à¡¨à®¢ ­­ëå  â®¬®¢ ­  ¯®¢¥àå­®áâ¨, ®¡ãá«®¢«¥­-
­®© ®á« ¡«¥­¨¥¬ ¨®­­®© á¢ï§¨ §  áç¥â ¢®§¬ãé¥­¨ï

sp3-ª®­ä¨£ãà æ¨¨  â®¬®¢ à¥§®­ ­á­ë¬ ¢®§¡ã¦¤¥­¨-
¥¬ à áâãé¥£® á«®ï ZnSe ¨§«ãç¥­¨¥¬ He–Cd-« §¥à 
(¬®é­®áâì P ' 1¬�â/á¬2, hν = 2.807 í�), ¯®-
§¢®«¨«¨ ¯®«ãç¨âì ¬®­®ªà¨áâ ««¨ç¥áª¨¥ §¥àª «ì­®-
£« ¤ª¨¥ ¯«¥­ª¨ ZnSe. �å ®¯â¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨
¯®¤à®¡­® à áá¬®âà¥­ë ¢ [9],   ®¯â¨¬ «ì­ë¥ â¥å­®«®-
£¨ç¥áª¨¥ ¯ à ¬¥âàë à®áâ  ¢ [10,11].
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12 �.�.�®¢ «¥­ª®

�¨á. 1. �¥¬¯¥à âãà­ë¥ § ¢¨á¨¬®áâ¨ ¯®¤¢¨¦­®áâ¨ ®á­®¢-
­ëå ­®á¨â¥«¥© § àï¤  ¢ ¯«¥­ª å ZnSe ­  GaAs á ®à¨¥­â -
æ¨¥© (100), «¥£¨à®¢ ­­ëå ¢ ¯à®æ¥áá¥ à®áâ  á ¯à¨¬¥­¥­¨¥¬
¨áâ®ç­¨ª®¢ AlCl3 (1 ), Zn (2 ), Al (3 ), Ga (4 ).

�®­áâàãªæ¨ï à¥ ªâ®à  ¨ ¬¥â®¤¨ª  à®áâ  ¯«¥­ª¨

ZnSe ¯à¨ ���� ¯®§¢®«ï¥â ¯®«ãç¨âì ¢á¥ à §­®¢¨¤-
­®áâ¨ £¥â¥à®áâàãªâãà ZnSe (n, p)/GaAs (n, p). � ª

ª ª ¨á¯®«ì§ã¥¬ë¥ ¯®¤«®¦ª¨ GaAs á ®à¨¥­â æ¨¥©

(100) ¬®£ãâ ¡ëâì ª ª n-, â ª ¨ p-â¨¯  ¯à®¢®¤¨¬®-
áâ¨, áãé¥áâ¢¥­­ë¬ ¬®¬¥­â®¬ ¢ ¤ ­­®¬ á«ãç ¥ ï¢«ï-
¥âáï ã¯à ¢«¥­¨¥ í«¥ªâà¨ç¥áª¨¬¨ å à ªâ¥à¨áâ¨ª ¬¨

í¯¨â ªá¨ «ì­®£® á«®ï. �â ­¤ àâ­ ï â¥å­®«®£¨ï à®-
áâ  [10,11] ¯®§¢®«ï¥â ¯®«ãç¨âì ¬®­®ªà¨áâ ««¨ç¥áª¨¥
í¯¨â ªá¨ «ì­ë¥ á«®¨ n-â¨¯  ¯à®¢®¤¨¬®áâ¨. �§¬¥à¥-
­¨ï ¨å í«¥ªâà¨ç¥áª¨å å à ªâ¥à¨áâ¨ª, ¯à®¢¥¤¥­­ë¥ ¯®
¬¥â®¤¨ª¥ � ­-¤¥à-� ã, ãª § «¨ ­  ­¨§ª®¥ ã¤¥«ì­®¥

á®¯à®â¨¢«¥­¨¥ (ρ = (0.5−102)�¬ · á¬), ¡®«ìèãî

ª®­æ¥­âà æ¨î (n = (1015−1018) á¬−3 ) ¨ ®â­®á¨â¥«ì-
­® ¢ëá®ªãî ¯®¤¢¨¦­®áâì (µ = (110−130) á¬2/� · á)
®á­®¢­ëå ­®á¨â¥«¥© § àï¤ , å à ªâ¥à­ãî ¤«ï ª ç¥-
áâ¢¥­­ëå ¬®­®ªà¨áâ ««®¢ ZnSe. �à®¢®¤¨¬®áâì n-
â¨¯  áâ ¡¨«¨§¨àã¥âáï ¯à¨ ¢ëà é¨¢ ­¨¨ ¯«¥­®ª ZnSe
¢ ãá«®¢¨ïå á¢¥àå¤ ¢«¥­¨ï ¯ à®¢ Zn,   â ª¦¥ ¯à¨

«¥£¨à®¢ ­¨¨ ¯«¥­ª¨ ¢ ¯à®æ¥áá¥ à®áâ  á ¯à¨¬¥­¥­¨¥¬

â ª¨å ¨áâ®ç­¨ª®¢, ª ª Al, AlCl3, Ga. �¥¬¯¥à -
âãà­ë¥ § ¢¨á¨¬®áâ¨ ¯®¤¢¨¦­®áâ¨ ­®á¨â¥«¥© § àï¤ 

¢ â ª¨å ®¡à §æ å ¨¬¥îâ ¯®å®¦¨© ¢¨¤, ¯à®å®¤ï ¢

®¡« áâ¨ â¥¬¯¥à âãà T = (210−280) K ç¥à¥§ ç¥âª®

¢ëà ¦¥­­ë© ¬ ªá¨¬ã¬ (à¨á. 1), ®¡ãá«®¢«¥­­ë© ¯¥-
à¥à á¯à¥¤¥«¥­¨¥¬ ¬¥å ­¨§¬®¢ à áá¥ï­¨ï. � ®¡« áâ¨

¢ëá®ª¨å â¥¬¯¥à âãà µ ∼ T−3/2, çâ® á¢¨¤¥â¥«ìáâ¢ã¥â
® ¯à¥¨¬ãé¥áâ¢¥­­®¬ à¥è¥â®ç­®¬ à áá¥ï­¨¨ ­®á¨â¥-
«¥© § àï¤ . �à¨ ­¨§ª¨å â¥¬¯¥à âãà å ¤®¬¨­¨àã¥â

à áá¥ï­¨¥ ­®á¨â¥«¥© § àï¤  ­  ¯à¨¬¥á­ëå æ¥­âà å,
¯à¨ íâ®¬ µ ∼ T 3/2. �â®â â¨¯ à áá¥ï­¨ï ­ ª« -
¤ë¢ ¥â ®£à ­¨ç¥­¨¥ ¨ ­  ¢¥«¨ç¨­ã ¯®¤¢¨¦­®áâ¨ ¢

®¡« áâ¨ íªáâà¥¬ã¬ , à ¢­ãî µ = 130÷ 150 á¬2/� · á.
�«¥­ª¨ ZnSe n-â¨¯  ¯à®¢®¤¨¬®áâ¨ å à ªâ¥à¨§®¢ -
«¨áì ¢ëá®ª®© ª®­æ¥­âà æ¨¥© ®á­®¢­ëå ­®á¨â¥«¥©

§ àï¤  (n ' (1017−1019) á¬−3) ¨ ­¨§ª¨¬ §­ ç¥­¨¥¬

ã¤¥«ì­®£® á®¯à®â¨¢«¥­¨ï (ρ ∼ (5 · 10−3−1)�¬ · á¬)
í¯¨â ªá¨ «ì­®£® á«®ï. �®á«¥¤­¥¥ ¢¥áì¬  ¢ ¦­® ¤«ï
ã¬¥­ìè¥­¨ï áã¬¬ à­®£® ¯®á«¥¤®¢ â¥«ì­®£® á®¯à®â¨-
¢«¥­¨ï £¥â¥à®áâàãªâãà, ¯à¨¬¥­ï¥¬ëå ¢ ª ç¥áâ¢¥ á®«-

­¥ç­ëå í«¥¬¥­â®¢. �«ï ¢á¥å ¢¨¤®¢ ®¡à §æ®¢ n-â¨¯ 
¯à®¢®¤¨¬®áâ¨ í­¥à£¨ï ¨®­¨§ æ¨¨ ¬¥«ª¨å ¤®­®à­ëå

ãà®¢­¥© «¥¦ «  ¢ ¤¨ ¯ §®­¥ §­ ç¥­¨© (10–23)¬í�.

�ëà é¨¢ ­¨¥ í¯¨â ªá¨ «ì­®© ¯«¥­ª¨ ZnSe ¢ ãá«®-
¢¨ïå á¢¥àå¤ ¢«¥­¨ï Se ã¢¥«¨ç¨¢ ¥â ¨å ã¤¥«ì­®¥ á®-
¯à®â¨¢«¥­¨¥ (ρ ∼ (109−1012)�¬ · á¬), ã¬¥­ìè ¥â ¢¥-
«¨ç¨­ã ¯®¤¢¨¦­®áâ¨ ¨ §­ ç¥­¨¥ ª®­æ¥­âà æ¨¨ ­®á¨-
â¥«¥© § àï¤ . �§¬¥­¥­¨¥ áâ¥å¨®¬¥âà¨¨ ¯«¥­ª¨ ZnSe
¢ áâ®à®­ã ¨§¡ëâª  Se ¬®¦¥â ¯à¨¢¥áâ¨ ª ¨­¢¥àá¨¨

â¨¯  ¯à®¢®¤¨¬®áâ¨. �®¤®¡­®¥ ­ ¡«î¤ «®áì ­ ¬¨ ¨

­  ®¡ê¥¬­ëå ªà¨áâ «« å ZnSe [12]. � ¯®«ãç¥­¨î

í¯¨â ªá¨ «ì­®£® á«®ï ZnSe p-â¨¯  ¯à®¢®¤¨¬®áâ¨ ¯à¨-
¢®¤¨â â ª¦¥ «¥£¨à®¢ ­¨¥ ¯«¥­ª¨ ¢ ¯à®æ¥áá¥ à®áâ 

â ª®©  ªæ¥¯â®à­®© ¯à¨¬¥áìî, ª ª Li. �®­âà®«ì­ë¥

¤ ­­ë¥ ® ¢­¥¤à¥­¨¨  ªæ¥¯â®à­ëå ¨ ¤®­®à­ëå ¯à¨-
¬¥á¥© ¢ ªà¨áâ ««¨ç¥áªãî à¥è¥âªã ¬ë ¯®«ãç «¨ ¨§

 ­ «¨§  ¤ ­­ëå ® ¯à¨à®¤¥ ¯®«®á ä®â®«î¬¨­¥áæ¥­æ¨¨

¯«¥­ª¨ ZnSe [9].

� æ¥«ìî ¯®«ãç¥­¨ï ¨­ä®à¬ æ¨¨ ® £«ã¡®ª¨å ãà®¢-
­ïå § å¢ â  ­®á¨â¥«¥© § àï¤  ¢ £¥â¥à®áâàãªâãà¥

ZnSe/GaAs ­ ¬¨ ¯à® ­ «¨§¨à®¢ ­ë ªà¨¢ë¥ â¥à¬®-
áâ¨¬ã«¨à®¢ ­­®£® â®ª  (���) (à¨á. 2) ¨ â¥à¬®áâ¨¬ã-
«¨à®¢ ­­®© ¤¥¯®«ïà¨§ æ¨¨ (���) (à¨á. 3). �áá«¥-
¤®¢ ­¨ï ¯à®¢®¤¨«¨áì ­  £¥â¥à®áâàãªâãà å á â®«é¨-
­®© í¯¨â ªá¨ «ì­®£® á«®ï 1¬ª¬, â®«é¨­®© ¯®¤«®¦-
ª¨ 300¬ª¬, ¯«®é ¤ìî ®¡à §æ  10 × 10¬¬2. �« -
â¨­®¢ë¥ í«¥ªâà®¤ë ­ ­®á¨«¨áì ¬¥â®¤®¬ ª â®¤­®£®

à á¯ë«¥­¨ï. �­ ç «¥ ®¡à §¥æ ¯à¨ T = 300 K ¯®¬¥-
é «¨ ­  3¬¨­ ¢® ¢­¥è­¥¥ ¯®«ïà¨§ãîé¥¥ í«¥ªâà¨-
ç¥áª®¥ ¯®«¥ ­ ¯àï¦¥­­®áâìî U = 100�, á®§¤ îé¥¥
¯à®áâà ­áâ¢¥­­® ­¥®¤­®à®¤­®¥ à á¯à¥¤¥«¥­¨¥ ­®á¨â¥-
«¥© § àï¤  (¯®«ïà¨§ æ¨ï � ªá¢¥«« –� £­¥à ). �«ï
ã¢¥«¨ç¥­¨ï áâ¥¯¥­¨ § ¯®«­¥­¨ï «®ª «ì­ëå æ¥­âà®¢

�¨á. 2. �¯¥ªâàë â¥à¬®áâ¨¬ã«¨à®¢ ­­®£® â®ª  ¤«ï £¥â¥-
à®áâàãªâãàë ZnSe/GaAs á ®à¨¥­â æ¨¥© (100), ¨§¬¥à¥­­ë¥
¯à¨ à §«¨ç­ëå áª®à®áâïå ­ £à¥¢ , £à ¤/¬¨­: 1 — 2.7,
2 — 1.05.

�¨§¨ª  ¨ â¥å­¨ª  ¯®«ã¯à®¢®¤­¨ª®¢, 1997, â®¬ 31, ò 1
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� à ¬¥âàë ¨­¤¨¢¨¤ã «ì­ëå £ ãáá®¢ëå ¯®«®á ¢ á¯¥ªâà å â¥à¬®áâ¨¬ã«¨à®¢ ­­®© ¤¥¯®«ïà¨§ æ¨¨ £¥â¥à®áâàãªâãà

ZnSe/GaAs á ®à¨¥­â æ¨¥© (100) ¨ å à ªâ¥à¨áâ¨ª¨ á®®â¢¥âáâ¢ãîé¨å ¨¬ «®ª «ì­ëå æ¥­âà®¢

òæ¥­âà  Imax,� Tmax, K ∆E, í� Q,�« N , á¬−3

1 2.79 · 10−11 342 0.30 1.49 · 10−9 9.34 · 1013

2 3.43 · 10−11 353 0.41 2.16 · 10−9 1.35 · 1014

3 7.07 · 10−11 378 0.65 7.63 · 10−9 4.76 · 1014

4 1.51 · 10−10 396 0.68 1.75 · 10−8 1.09 · 1015

5 6.52 · 10−10 410 0.70 6.81 · 10−8 4.25 · 1015

6 3.04 · 10−10 425 0.73 1.99 · 10−8 1.24 · 1015

7 5.71 · 10−10 435 0.75 4.51 · 10−8 2.81 · 1015

£¥â¥à®áâàãªâãà  ¢ íâ®â ¯¥à¨®¤ ®á¢¥é « áì á¢¥â®¬

á ¤«¨­®© ¢®«­ë λ = 0.66¬ª¬. �®á«¥ á­ïâ¨ï í«¥ª-
âà¨ç¥áª®£® ¯®«ï ¢ ®¡à §æ¥ ãáâ ­ ¢«¨¢ ¥âáï ¬¥â áâ -
¡¨«ì­®¥ á®áâ®ï­¨¥. �®á«¥¤ãîé¨© ¯à®£à¥¢ ª®à®âª®§ -
¬ª­ãâ®£® ®¡à §æ  á®¯à®¢®¦¤ ¥âáï ¯®ï¢«¥­¨¥¬ ���

¢® ¢­¥è­¥© æ¥¯¨ [13]. �à¨¢ë¥ ��� ¯à¨ âï­ãé¥¬ ¯®«¥

U = 1�, ¨§¬¥à¥­­ë¥ ¯à¨ à §­ëå áª®à®áâïå ­ £à¥¢ 

(à¨á. 2), ãª §ë¢ îâ ­  ­ «¨ç¨¥ ­¥áª®«ìª¨å «®ª «ì-
­ëå æ¥­âà®¢. �¥à¬®£à ¬¬ , á­ïâ ï ¯à¨ ¡®́«ìè¥© áª®-
à®áâ¨ ­ £à¥¢ , ­ å®¤¨âáï ¢ ®¡« áâ¨ ¡®«ìè¨å â®ª®¢

¨ ­  ­¥© ¬®¦­® ¢ë¤¥«¨âì ¢á¥£® 4 íªáâà¥¬ã¬ . �à¨
¬¥­ìè¥© áª®à®áâ¨ ¯à®£à¥¢  ªà¨¢ ï ��� á¬¥é ¥âáï ¢

®¡« áâì ¬¥­ìè¨å â®ª®¢, ­® ­  ­¥© ¬®¦­® ¢ë¤¥«¨âì ¯®
ªà ©­¥© ¬¥à¥ 6 íªáâà¥¬ã¬®¢. � ¬¥â®¤¥ ��� ¬¨£à æ¨ï

­®á¨â¥«¥© § àï¤  ¯à®¨áå®¤¨â ¢ ¯®áâ®ï­­®¬ ¢­¥è­¥¬

í«¥ªâà¨ç¥áª®¬ ¯®«¥, çâ® ¯à¨¢®¤¨â ª áãé¥áâ¢¥­­®¬ã

á­¨¦¥­¨î çã¢áâ¢¨â¥«ì­®áâ¨. � ®â«¨ç¨¥ ®â ¬¥â®¤ 

���, ¬¨£à æ¨ï ­®á¨â¥«¥© § àï¤  ¯à¨ ��� ¯à®¨áå®-
¤¨â ¢® ¢­ãâà¥­­®¬, á ¬®á®£« á®¢ ­­® ¨§¬¥­ïîé¥¬áï
¯à¨ ­ £à¥¢  ®¡à §æ  í«¥ªâà¨ç¥áª®¬ ¯®«¥. �á¥ íâ®

¯à¨¢®¤¨â ª ã¢¥«¨ç¥­¨î à §à¥è îé¥© á¯®á®¡­®áâ¨, ¨
­  ªà¨¢®© ��� (à¨á. 3) ¬®¦­® ã¢¥à¥­­® ¢ë¤¥«¨âì

�¨á. 3. �¯¥ªâà â¥à¬®áâ¨¬ã«¨à®¢ ­­®© ¤¥¯®«ïà¨§ æ¨¨

¤«ï £¥â¥à®áâàãªâãàë ZnSe/GaAs á ®à¨¥­â æ¨¥© (100).

7 íªáâà¥¬ã¬®¢. �«ï ®¡à ¡®âª¨ ªà¨¢®© ��� ¡ë« ¨á-
¯®«ì§®¢ ­ à §¢¨âë© ¢ [14] ¬¥â®¤  ­ «¨§  ¯à¨à é¥­¨©
äã­ªæ¨¨ I = f(T ), ®¡¥á¯¥ç¨¢ îé¨© ¯®«ãç¥­¨¥ â®ç-
­®£® ç¨á«  ¨­¤¨¢¨¤ã «ì­ëå ¯®«®á ¨ ¯à¨¡«¨¦¥­­ãî

®æ¥­ªã â ª¨å ¯ à ¬¥âà®¢ æ¥­âà , ª ª í­¥à£¨ï  ªâ¨-
¢ æ¨¨ «®ª «ì­®£® æ¥­âà  ∆E, áã¬¬ à­®¥ ª®«¨ç¥áâ¢®
§ àï¤  Q, ®á¢®¡®¦¤¥­­®¥ á «®ª «ì­®£® æ¥­âà  ¯à¨

¯à®£à¥¢¥ ®¡à §æ , ª®­æ¥­âà æ¨ï æ¥­âà®¢ N . � â¥-
¬ â¨ç¥áª ï ®¡à ¡®âª  ªà¨¢®© ��� ¯à®¢®¤¨« áì ¢

¯à¥¤¯®«®¦¥­¨¨, çâ® í«¥¬¥­â à­ë© íªáâà¥¬ã¬ ®¯¨-
áë¢ ¥âáï £ ãáá®¢ë¬ ª®­âãà®¬. �æ¥­ª  í­¥à£¨¨  ªâ¨-
¢ æ¨¨ ®áãé¥áâ¢«ï« áì á¯®á®¡®¬ ­ ç «ì­®£® ¯®¤ê¥¬ 

(á¯®á®¡ � à«¨ª –�¨¡á®­ ).�á­®¢­ë¥ å à ªâ¥à¨áâ¨ª¨
¨­¤¨¢¨¤ã «ì­ëå ¯®«®á £ ãáá®¢®£® á¯¥ªâà  (Imax —
§­ ç¥­¨¥ ¢¥«¨ç¨­ë â®ª  ¢ ®¡« áâ¨ íªáâà¥¬ã¬  á¯¥ª-
âà  ���, Tmax — §­ ç¥­¨¥ â¥¬¯¥à âãàë, ¯à¨ ª®â®à®©
­ ¡«î¤ ¥âáï íªáâà¥¬ã¬ ¢ á¯¥ªâà¥ ���) ¨ á®®â¢¥â-
áâ¢ãîé¨¥ ¨¬ ¯ à ¬¥âàë «®ª «ì­ëå æ¥­âà®¢ (∆E, Q,
N) ¯à¨¢¥¤¥­ë ¢ â ¡«¨æ¥.

�¯à¥¤¥«¥­­ãî á«®¦­®áâì ¢ë§ë¢ ¥â ¢®¯à®á ® ¯à®-
áâà ­áâ¢¥­­®© «®ª «¨§ æ¨¨ ¢ëï¢«¥­­ëå æ¥­âà®¢, ª®-
â®àë¥ ¬®£ãâ ­ å®¤¨âìáï ¢ á«®ïå ZnSe, GaAs,   â ª¦¥
­¥¯®áà¥¤áâ¢¥­­® ­  ¬¥¦ä §­®© £à ­¨æ¥ à §¤¥« . �®-
¯®áâ ¢«¥­¨¥ ¯®«ãç¥­­ëå à¥§ã«ìâ â®¢ á ¤ ­­ë¬¨ [12],
£¤¥ ¡ë«¨ ãáâ ­®¢«¥­ë ¯ à ¬¥âàë «®ª «ì­ëå æ¥­âà®¢

¢ ®¡ê¥¬­ëå ªà¨áâ «« å ZnSe, ¯®§¢®«ï¥â á¤¥« âì § -
ª«îç¥­¨¥, çâ® æ¥­âàë, ®â¬¥ç¥­­ë¥ ¢ â ¡«¨æ¥ ¯®¤

­®¬¥à ¬¨ 1, 2, 7, ­ å®¤ïâáï ¢ á«®¥ ZnSe.

� § ª«îç¥­¨¥  ¢â®à ¢ëà ¦ ¥â ¡« £®¤ à­®áâì

�.�. �¥ª¥ª¥çª® ¨ �.�. �­¥¦­®¬ã §  ¯®¬®éì ¢ à ¡®â¥
¨ ¯®«¥§­ë¥ ¤¨áªãáá¨¨.
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Electrical properties of ZnSe/GaAs (100)
heterostructures grown by photo-assisted
vapour phase epitaxy

A.V. Kovalenko

Dnepropetrovsk State University,
320625 Dnepropetrovsk, Ukraine

Abstract ZnSe/GaAs (100) heterostructures were prepared

by photo-assisted vapour phase epitaxy with the help of He–

Cd laser (P = 1.0 mW/cm2, hν = 2.807 eV) for a substrate

temperature of 175−300◦C. We have investigated temper-

ature dependence of mobility and spectra of temperature-

stimulated current and temperature-stimulated depolariza-

tion. Parameters of seven deep levels have been studied.
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