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�¯¨â ªá¨ «ì­ë¥ ¯«¥­ª¨ ZnSe ­  GaAs (100) ¡ë«¨ ¢ëà é¥­ë ¬¥â®¤®¬ à¥­â£¥­®áâ¨¬ã«¨à®¢ ­­®©

£ §®ä §­®© í¯¨â ªá¨¨ á ¨á¯®«ì§®¢ ­¨¥¬ ¨áâ®ç­¨ª  ���-55  (¨§«ãç¥­¨¥ CuKα; λ = 1.542 Å;
P ∼ 1−3¬�â/á¬2) ¨§ ¯®à®èª®¢®£® áëàìï ¢ â®ª¥ ®ç¨é¥­­®£® ¢®¤®à®¤ . �áá«¥¤®¢ ­ë à §«¨ç¨ï

¢ á¯¥ªâà å ä®â®«î¬¨­¥áæ¥­æ¨¨ ¨ íªá¨â®­­®£® ®âà ¦¥­¨ï ¬®­®ªà¨áâ ««¨ç¥áª¨å ¯«¥­®ª ZnSe
­  GaAs (100) ¯à¨ T = 4.5 K, ¨á¯ëâë¢ îé¨å ¤¥ä®à¬ æ¨î á¦ â¨ï ¨ ¢ëà é¥­­ëå ¬¥â®¤ ¬¨

à¥­â£¥­®áâ¨¬ã«¨à®¢ ­­®© £ §®ä §­®© í¯¨â ªá¨¨ ¨ ®¡ëç­®© £ §®ä §­®© í¯¨â ªá¨¨. �®«ãç¥­­ë¥
à¥§ã«ìâ âë ãª §ë¢ îâ ­  ã«ãçè¥­¨¥ ªà¨áâ ««¨ç¥áª®© áâàãªâãàë í¯¨â ªá¨ «ì­®£® á«®ï, ¯®«ãç¥­-
­®£® ¬¥â®¤®¬ à¥­â£¥­®áâ¨¬ã«¨à®¢ ­­®© £ §®ä §­®© í¯¨â ªá¨¨. �â® ¯®¤â¢¥à¦¤ ¥âáï ¨ ¤ ­­ë¬¨

à¥â£¥­®¤¨äà ªæ¨®­­®£®  ­ «¨§ . �¡­ àã¦¥­­ë¥ íää¥ªâë ®¡êïá­ïîâáï à¥­â£¥­® ªâ¨¢ æ¨®­­ë¬¨

¯à®æ¥áá ¬¨  ¤á®à¡æ¨¨ ¨ ¤¥á®à¡æ¨¨, ¨§¬¥­¥­¨¥¬ ¯à®¢¥àå­®áâ­®© ¯®¤¢¨¦­®áâ¨  ¤á®à¡¨à®¢ ­­ëå

 â®¬®¢.

� áá®¢®¥ ¯à®¨§¢®¤áâ¢® â®­ª®¯«¥­®ç­ëå ¯à¨¡®à®¢

¤«ï æ¥«¥© ¬¨ªà®- ¨ ®¯â®í«¥ªâà®­¨ª¨ áâ¨¬ã«¨àã¥â

¤ «ì­¥©è¥¥ á®¢¥àè¥­áâ¢®¢ ­¨¥ â¥å­®«®£¨© á¨­â¥§ 

¯®«ã¯à®¢®¤­¨ª®¢ëå ¯«¥­®ª á § ¤ ­­ë¬¨ ®¯â¨ç¥áª¨-
¬¨ á¢®©áâ¢ ¬¨. � á«ãç ¥ ¢ëà é¨¢ ­¨ï ¢ëá®ª®ª ç¥-
áâ¢¥­­ëå ¯«¥­®ª è¨à®ª®§®­­ëå á®¥¤¨­¥­¨© AIIBVI

¨§-§  ¦¥áâª¨å âà¥¡®¢ ­¨© ª å¨¬¨ç¥áª®© ç¨áâ®â¥ ¨

áâàãªâãà­®¬ã á®¢¥àè¥­áâ¢ã á«®¥¢ ç¨á«® ¯à¨¥¬«¥¬ëå

â¥å­®«®£¨© à¥§ª® áã¦ ¥âáï. � ­¨¬ ¬®¦­® ®â­¥áâ¨

¬®«¥ªã«ïà­®-«ãç¥¢ãî í¯¨â ªá¨î, ®á ¦¤¥­¨¥ ¨§ £ -
§®¢®© ä §ë á ¯à¨¬¥­¥­¨¥¬ ¬¥â ««®®à£ ­¨ç¥áª¨å á®-
¥¤¨­¥­¨©,  â®¬ à­ãî ¯®á«®©­ãî í¯¨â ªá¨î ¨ £ §®-
ä §­ãî í¯¨â ªá¨î [1–5]. � íâ®© á¢ï§¨ ®á®¡®¥ ¬¥áâ®

§ ­¨¬ îâ â ª¨¥ à®áâ®¢ë¥ ¬¥â®¤¨ª¨, ª®â®àë¥ ¯®§¢®-
«ïîâ ª®àà¥ªâ¨à®¢ âì á¢®©áâ¢  ¯«¥­ª¨ ¢ ¯à®æ¥áá¥

à®áâ  ¯ãâ¥¬ ¢®§¤¥©áâ¢¨ï ­  ¥¥ ¯®¢¥àå­®áâì « §¥à­®£®

¨§«ãç¥­¨ï, ¯« §¬ë ¨ â.¯. [4–8].
�¥«ì ­ áâ®ïé¥© à ¡®âë — áà ¢­¥­¨¥ á¢®©áâ¢ ¯«¥-

­®ª ZnSe ­  GaAs (100), ¢ëà é¥­­ëå ¬¥â®¤ ¬¨ £ §®-
ä §­®© (���) ¨ à¥­â£¥­®áâ¨¬ã«¨à®¢ ­­®© £ §®ä §-
­®© í¯¨â ªá¨¨ (����).
�¥â¥à®áâàãªâãàë ZnSe/GaAs (100) ¢ëà é¨¢ «¨áì

¨§ ¯®à®èª®¢®£® ¨áâ®ç­¨ª  ä¨à¬ë ”Merck” ¢ â®ª¥

®ç¨é¥­­®£® ¢®¤®à®¤ . �¥å­®«®£¨ç¥áª¨¥ ¯ à ¬¥âàë

á¨­â¥§  á«®¥¢ ¨ ®¯¨á ­¨¥ à®áâ®¢®© ãáâ ­®¢ª¨ ¯®¤à®¡-
­® ¨§«®¦¥­ë ¢ [9,10]. �«ï à¥­â£¥­®¢áª®© áâ¨¬ã«ïæ¨¨
¯à®æ¥áá  í¯¨â ªá¨¨ ¨á¯®«ì§®¢ «¨áì ­¨§ª¨¥ ¬®é­®-
áâ¨ ¨§«ãç¥­¨ï, ­¥ ¯à¨¢®¤ïé¨¥ ª ¯àï¬®© ¤¥á®à¡æ¨¨,
á«¥¤áâ¢¨¥¬ ª®â®à®© ï¢«ï¥âáï ãåã¤è¥­¨¥ ¬®àä®«®-
£¨¨ ¯®¢¥àå­®áâ¨ í¯¨â ªá¨ «ì­®£® á«®ï. �¥­â£¥­®¢-
áª®¥ ¨§«ãç¥­¨¥ (¨áâ®ç­¨ª ���-55 , ¨§«ãç¥­¨¥ CuKα,
λ = 1.542 Å, P = 1−3¬�â/á¬2) ¯®¯ ¤ «® ¢ ª¢ àæ¥¢ë©
à®áâ®¢®© à¥ ªâ®à ç¥à¥§ á¯¥æ¨ «ì­®¥ ¡¥à¨««¨¥¢®¥ ®ª-
­® ¨ ­ ¯à ¢«ï«®áì ­  ¯®¤«®¦ªã GaAs (100).
� ª ç¥áâ¢¥ ®¡ê¥ªâ®¢ ¨áá«¥¤®¢ ­¨ï ¢ë¡à ­ë ¤¢ 

®¡à §æ , ï¢«ïîé¨¥áï â¨¯¨ç­ë¬¨ ¢ á¥à¨¨ ¬­®£®-
ªà â­® ¯®¢â®à¥­­ëå íªá¯¥à¨¬¥­â®¢. �¥à¢ë© ®¡à -

§¥æ ¡ë« ¢ëà é¥­ ¬¥â®¤®¬ ��� ¯à¨ â¥¬¯¥à âãà¥

T = 256◦C, à áå®¤ £ § –­®á¨â¥«ï ∼ 0.2«/¬¨­, áª®-
à®áâì à®áâ  ∼ 1.7¬ª¬/ç, â®«é¨­  í¯¨â ªá¨ «ì­®£®

á«®ï ∼ 0.5¬ª¬. �â®à®© ®¡à §¥æ ¡ë« ¯®«ãç¥­ ¯à¨

â¥å ¦¥ â¥å­®«®£¨ç¥áª¨å ¯ à ¬¥âà å à®áâ , á â®© ¦¥
â®«é¨­®© í¯¨â ªá¨ «ì­®£® á«®ï, ­® ¬¥â®¤®¬ ����.
� ¤ «ì­¥©è¥¬ ¤«ï ªà âª®áâ¨ ¨§«®¦¥­¨ï ®â®¡à ­­ë¥

®¡à §æë ¡ã¤¥â ­ §ë¢ âì 1 ¨ 2 á®®â¢¥âáâ¢¥­­®.
� ­­ë¥ à¥­â£¥­®¤¨äà ªæ¨®­­®£®  ­ «¨§  (à¨á. 1)

á¢¨¤¥â¥«ìáâ¢ãîâ ® ¢ëá®ª®¬ ªà¨áâ ««®£à ä¨ç¥áª®¬

á®¢¥àè¥­áâ¢¥ ®¡à §æ , ¢ëà é¥­­®£® ¬¥â®¤®¬ ����.
�  íâ® ãª §ë¢ ¥â ¨§¬¥­¥­¨¥ ¯ à ¬¥âà®¢ ¤¨äà ª-
æ¨®­­®£® ¯¨ª  ®âà ¦¥­¨ï ®â ¯«®áª®áâ¨ 400β ZnSe
¢ íâ®¬ ®¡à §æ¥ ¯® áà ¢­¥­¨î á á®®â¢¥âáâ¢ãîé¨¬¨

¯ à ¬¥âà ¬¨ íâ®£® ¯¨ª  ¢ ®¡à §æ¥ 1 : ¡®«ìè ï ¨­-
â¥­á¨¢­®áâì (á®®â­®è¥­¨¥ ¨­â¥­á¨¢­®áâ¥© á®áâ ¢«ï¥â
¢¥«¨ç¨­ã 3.97) ¨ ¬¥­ìè ï ¯®«ãè¨à¨­  (4−6′ ¤«ï
®¡à §æ  2 ¨ 6−9′ ¤«ï ®¡à §æ  1). �  ã«ãçè¥-
­¨¥ ªà¨áâ ««¨ç¥áª®£® ª ç¥áâ¢  ®¡à §æ  2 ãª §ë¢ îâ
¨ à¥§ã«ìâ âë  ­ «¨§  á¯¥ªâà®¢ íªá¨â®­­®© ä®â®-
«î¬¨­¥áæ¥­æ¨¨ (��), ¢®§¡ã¦¤¥­­ëå He–Cd-« §¥à®¬
(hν = 3.814 í�). �®¬¨¬® á¢®¡®¤­®£® íªá¨â®­  Ex
(hν = 2.8042 í�), ¢ ¨áá«¥¤ã¥¬ëå ®¡à §æ å ­ ¡«î-
¤ «¨áì á«¥¤ãîé¨¥ «¨­¨¨ ��, á¢ï§ ­­ë¥ á ¬¥«ª¨¬¨
¤®­®à ¬¨ (à¨á. 2) : I2 (hν = 2.7990í�, í­¥à£¨ï

á¢ï§¨ ∆E = 5.2¬í�) — íªá¨â®­, á¢ï§ ­­ë© ­ 

¬¥«ª®¬ ¤®­®à¥, ®ç¥¢¨¤­®, Ga; I3 (hν = 2.7961 í�,
∆E = 8.1¬í�) — íªá¨â®­, á¢ï§ ­­ë© ­  ¨®­¨§¨à®-
¢ ­­®¬ ¤®­®à¥, — Ga+. �à¥¤¯®«®¦¥­¨¥ ® â®¬, çâ®
ã¯®¬ï­ãâë¥ «¨­¨¨ �� á¢ï§ ­ë á ¬¥«ª¨¬ ¤®­®à®¬Ga,
¯®¤â¢¥à¦¤ îâ ¤ ­­ë¥ ®¡§®à  [1],   â ª¦¥ ¤®¯®«­¨-
â¥«ì­® ¯à®¢¥¤¥­­ë¥ ­ ¬¨ ¨áá«¥¤®¢ ­¨ï, ãáâ ­®¢¨¢-
è¨¥ ã¢¥«¨ç¥­¨¥ ¨­â¥­á¨¢­®áâ¨ ¯®«®á I2 ¨ I3 ¢ í¯¨â ª-
á¨ «ì­ëå ¯«¥­ª å ZnSe, á¯¥æ¨ «ì­® «¥£¨à®¢ ­­ëå

Ga ¢ ¯à®æ¥áá¥ à®áâ  á ¯®¬®éìî ¤®¯®«­¨â¥«ì­®£®

¨áâ®ç­¨ª , à á¯®«®¦¥­­®£® ¢ ª¢ àæ¥¢®¬ à¥ ªâ®à¥. �
á¯¥ªâà å ä®â®«î¬¨­¥áæ¥­æ¨¨ ¨áá«¥¤ã¥¬ëå ®¡à §æ®¢
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�¨á. 1. �¨äà ªâ®£à ¬¬ë £¥â¥à®áâàãªâãà ZnSe/GaAs (100), ¢ëà é¥­­ëå ¬¥â®¤ ¬¨ ���� (a) ¨ ��� (b). 1 — (400)β
ZnSe, 2 — (400)β GaAs.

�¨á. 2. �¯¥ªâàë �� ¯«¥­®ª ZnSe ­  GaAs (100), ¢ëà é¥­­ëå ¬¥â®¤ ¬¨ ���� (a) ¨ ��� (b). T = 4.5 K.

­ ¡«î¤ «¨áì â ª¦¥ «¨­¨¨ ��, á¢ï§ ­­ë¥ á ¬¥«ª¨¬¨
 ªæ¥¯â®à ¬¨: Iy1 (hν = 2.7935í�; ∆E = 10.7¬í�) —
íªá¨â®­, á¢ï§ ­­ë© ­  ¬¥«ª®¬  ªæ¥¯â®à¥, ¢¥à®ïâ­®,
Na; Ix1 (hν = 2.7890 í�, ∆E = 15.2¬í�) — íªá¨â®­,
á¢ï§ ­­ë© ­  ¬¥«ª®¬  ªæ¥¯â®à¥ — Li; I1 (hν =
2.7804í�, ∆E = 23.8¬í�) — íªá¨â®­, á¢ï§ ­­ë©
­  ¬¥«ª®¬  ªæ¥¯â®à¥, ®¡ãá«®¢«¥­­®¬ áâàãªâãà­ë¬

¤¥ä¥ªâ®¬, — VZn. � ª¨¥ ¦¥ «¨­¨¨ �� à¥£¨áâà¨à®-
¢ «¨áì ¨ ¢ ®¡à §æ¥ 1. �à¨  ­ «¨§¥ ¯à¨à®¤ë ¯®«®á

�� ¬ë ®¯¨à «¨áì ­  à¥§ã«ìâ âë ­ è¨å ¯à¥¤¢ à¨-
â¥«ì­ëå ¨áá«¥¤®¢ ­¨© [5], à¥§ã«ìâ âë á¯¥ªâà «ì­®£®

 ­ «¨§ ,   â ª¦¥ ­  ¤ ­­ë¥ ®¡§®à  [1]. �¨­¨ï Iv
(hν = 2.7743 í�), ¯® ¤ ­­ë¬ à ¡®â [11,12], ï¢«ï¥âáï
à¥§ã«ìâ â®¬ ­¥íªá¨â®­­®© à¥ª®¬¡¨­ æ¨¨ ­  «®ª «ì-
­®¬ ¤¥ä¥ªâ¥, ¢®§¬®¦­®, ­  ¬¥áâ¥ Se. �«ãçè¥­¨¥

ªà¨áâ ««¨ç¥áª®£® ª ç¥áâ¢  ®¡à §æ  2 ¯à®ï¢«ï¥âáï ¢

¡®«ìè¥© ¨­â¥­á¨¢­®áâ¨ «¨­¨¨ á¢®¡®¤­ëå íªá¨â®­®¢

Ex, ¡®«¥¥ ç¥âª®¬ ¯à®ï¢«¥­¨¨ â ª¨å ¯®«®á �� ª ª

I2, I3, Iy1 , Ix1 ,   â ª¦¥ ¢ ã¬¥­ìè¥­¨¨ ¨­â¥£à «ì­®©

¨­â¥­á¨¢­®áâ¨ ¯®«®á ¨§«ãç¥­¨ï, á¢ï§ ­­ëå á® áâàãª-
âãà­ë¬¨ ¤¥ä¥ªâ ¬¨, â. ¥. «¨­¨© I1 ¨ Iv.

�¤¥áì á«¥¤ã¥â ¯®¤ç¥àª­ãâì, çâ® ¨§-§  ¢­ãâà¥­­¨å

¤¥ä®à¬ æ¨®­­ëå ­ ¯àï¦¥­¨©, áãé¥áâ¢ãîé¨å ¢ £¥-
â¥à®í¯¨â ªá¨ «ì­®© áâàãªâãà¥ ZnSe/GaAs (100), ¢ë-
à®¦¤¥­­ ï ¢ â®çª¥ Γ ¢ «¥­â­ ï §®­  ®¡ê¥¬­®£®

ZnSe ¢ í¯¨â ªá¨ «ì­®¬ á«®¥ à áé¥¯«ï¥âáï ­  ¯®¤-
§®­ë ”«¥£ª¨å” (Elh) ¨ ”âï¦¥«ëå” (Ehh) ¤ëà®ª. �
¯«¥­ª å á d0 < 0.15¬ª¬ ¯à¥®¡« ¤ ¥â ¤¥ä®à¬ æ¨ï

á¦ â¨ï, ®¡ãá«®¢«¥­­ ï à áá®£« á®¢ ­¨¥¬ ¯ à ¬¥âà®¢
ªà¨áâ ««¨ç¥áª¨å à¥è¥â®ª í¯¨â ªá¨ «ì­®£® á«®ï ¨

¯®¤«®¦ª¨. �à¨ íâ®¬ à áé¥¯«¥­­ë¥ Elh ¨ Ehh ¯®¤§®-
­ë ­¥ ¯¥à¥á¥ª îâáï, ¯®¤§®­  Ehh ­ å®¤¨âáï ¡«¨¦¥ ª
§®­¥ ¯à®¢®¤¨¬®áâ¨,   è¨à¨­  § ¯à¥é¥­­®© §®­ë ZnSe
ã¢¥«¨ç¨¢ ¥âáï. � ¯àï¦¥­¨¥ á¦ â¨ï ã¬¥­ìè ¥âáï ¢

¤¨ ¯ §®­¥ â®«é¨­ ¯«¥­ª¨ d0 < d < dc = 0.88¬ª¬
§  áç¥â ¯®ï¢«¥­¨ï ¤¨á«®ª æ¨© ­¥á®®â¢¥âáâ¢¨ï.�áá«¥-
¤ã¥¬ë¥ ®¡à §æë á â®«é¨­®© í¯¨â ªá¨ «ì­®£® á«®ï

d = 0.5¬ª¬ ¨á¯ëâë¢ îâ ¤¥ä®à¬ æ¨î á¦ â¨ï (áå¥-

�¨§¨ª  ¨ â¥å­¨ª  ¯®«ã¯à®¢®¤­¨ª®¢, 1997, â®¬ 31, ò 1
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�¨á. 3. �¯¥ªâàë �� (1 ) ¨ à¥§®­ ­á­®© �� (2 ) ¯«¥­®ª
ZnSe ­  GaAs (100), ¢ëà é¥­­ëå ¬¥â®¤ ¬¨ ���� (a) ¨
��� (b). T = 4.5 K. �  ¢áâ ¢ª¥ áå¥¬ â¨ç¥áª®¥ ¯à¥¤-
áâ ¢«¥­¨¥ íªá¨â®­­ëå §®­ í¯¨â ªá¨ «ì­®£® á«®ï ZnSe,
¨á¯ëâë¢ îé¥£® ¤¥ä®à¬ æ¨î á¦ â¨ï.

¬ â¨ç¥áª®¥ ¯à¥¤áâ ¢«¥­¨¥ íªá¨â®­­ëå §®­ ¤«ï íâ®£®

á«ãç ï ¯à¨¢¥¤¥­® ­  ¢áâ ¢ª¥ à¨á. 3). �à¨ d > dc
¢ ¯«¥­ª¥ ¯à¥®¡« ¤ ¥â ¤¥ä®à¬ æ¨ï à áâï¦¥­¨ï, ®¡-
ãá«®¢«¥­­ ï à §«¨ç¨¥¬ ª®íää¨æ¨¥­â®¢ â¥à¬¨ç¥áª®-
£® à áè¨à¥­¨ï ¤«ï ZnSe ¨ GaAs. � íâ®¬ á«ãç ¥ ¯®¤-
§®­ë Eln ¨ Ehh ¯¥à¥á¥ª îâáï, ¯®¤§®­  Eln ­ å®¤¨âáï
¡«¨¦¥ ª §®­¥ ¯à®¢®¤¨¬®áâ¨,   è¨à¨­  § ¯à¥é¥­­®©
§®­ë ZnSe ã¬¥­ìè ¥âáï. �«¨ï­¨¥ ¤¥ä®à¬ æ¨®­­ëå

­ ¯àï¦¥­¨© ­  ¯®«®¦¥­¨¥ ¯®«®á �� ¢ £¥â¥à®áâàãª-
âãà å ZnSe/GaAs (100) á à §«¨ç­®© â®«é¨­®© í¯¨â ª-
á¨ «ì­®£® á«®ï ¯®¤à®¡­® ¯à® ­ «¨§¨à®¢ ­® ¢ [5].

�«ï ãáâ ­®¢«¥­¨ï â¥à¬®¤¨­ ¬¨ç¥áª®£® à ¢­®¢¥á¨ï

¢ á¨áâ¥¬¥ ”«¥£ª¨¥”–”âï¦¥«ë¥” íªá¨â®­ë  ªâã «ì­ë-
¬¨ ï¢«ïîâáï ¯à®æ¥ááë à áá¥ï­¨ï ­  ­¥á®¢¥àè¥­áâ¢ å

ªà¨áâ ««¨ç¥áª®© áâàãªâãàë ¯«¥­ª¨ ZnSe ¨  ªãáâ¨ç¥-
áª¨å ä®­®­ å. �®«ì ¯¥à¢ëå ¯à®æ¥áá®¢ ã¬¥­ìè ¥âáï

á ã«ãçè¥­¨¥¬ ª ç¥áâ¢  í¯¨â ªá¨ «ì­®£® á«®ï, à®«ì

¢â®àëå — á ¯à¨¡«¨¦¥­¨¥¬ ¢®§¡ã¦¤ îé¥© ç áâ®âë

ª íªá¨â®­­®¬ã à¥§®­ ­áã [13]. � ¯«¥­ª å ¯«®å®£®

ª ç¥áâ¢  ¯à¨ íâ®¬ ­ ¡«î¤ ¥âáï «¨èì ¨§«ãç¥­¨¥ âï-
¦¥«ëå íªá¨â®­®¢. �¥à ¢­®¢¥á­®¥ § ¯®«­¥­¨¥ §®­ë

«¥£ª¨å íªá¨â®­®¢ ¢ â®­ª¨å í¯¨â ªá¨ «ì­ëå á«®ïå

ZnSe ¬®¦­® ­ ¡«î¤ âì ¢ ãá«®¢¨ïå à¥§®­ ­á­®£® ¢®§-
¡ã¦¤¥­¨ï �� He–Cd-« §¥à®¬ (hν = 2.807 í�). � íâ®¬

á«ãç ¥ ¢ á¯¥ªâà å �� (à¨á. 3) ®âç¥â«¨¢® ­ ¡«î¤ ¥âáï
¨§«ãç¥­¨¥ á¢®¡®¤­ëå íªá¨â®­®¢, á¢ï§ ­­ëå á «¥£ª¨¬¨
Eln (hν = 2.8048í�) ¨ âï¦¥«ë¬¨ Ehh (hν = 2.8034 í�)
¤ëàª ¬¨. � áé¥¯«¥­¨¥ íªá¨â®­­ëå §®­ ¢ á¢®î ®ç¥-
à¥¤ì ¯à¨¢®¤¨â ª à áé¥¯«¥­¨î á¢ï§ ­­®£® íªá¨â®­  ­ 

¬¥«ª®¬ ¤®­®à¥ I2 ­  ¤¢¥ ª®¬¯®­¥­âë, ®¡ãá«®¢«¥­­ë¥
«¥£ª¨¬¨ ¨ âï¦¥«ë¬¨ ¤ëàª ¬¨: I ln20 (hν = 2.7998 í�,
∆E = 5.0¬í�) ¨ Ihh20 (hν = 2.7988 í�, ∆E = 4.6¬í�)
á®®â¢¥âáâ¢¥­­®. � ¯à¥¤áâ ¢«¥­­®¬ á¯¥ªâà¥ �� ®¡à §-
æ  2 á«¥¤ã¥â ®â¬¥â¨âì ¡®«ìèãî ¨­â¥­á¨¢­®áâì «¨-
­¨© á¢®¡®¤­ëå íªá¨â®­®¢, çâ®, ª ª ã¦¥ ®â¬¥ç «®áì,
á¢¨¤¥â¥«ìáâ¢ã¥â ® «ãçè¥¬ ªà¨áâ ««¨ç¥áª®¬ ª ç¥áâ¢¥

í¯¨â ªá¨ «ì­®£® á«®ï. �¡ íâ®¬ á¢¨¤¥â¥«ìáâ¢ãîâ ¨

á¯¥ªâàë íªá¨â®­­®£® ®âà ¦¥­¨ï (��) ¨áá«¥¤ã¥¬ëå

®¡à §æ®¢ (à¨á. 3). � ª, ¢ á¯¥ªâà¥ �� ®¡à §æ  2
à¥£¨áâà¨àã¥âáï íªá¨â®­­®¥ á®áâ®ï­¨¥ á ª¢ ­â®¢ë¬

ç¨á«®¬ n = 2 (hν = 2.815 í�),   íªá¨â®­­®¥ á®áâ®ï­¨¥
á ª¢ ­â®¢ë¬ ç¨á«®¬ n = 1 å à ªâ¥à¨§ã¥âáï ¡®«¥¥ ç¥â-
ª¨¬¨ ¨ ¨­â¥­á¨¢­ë¬¨ «¨­¨ï¬¨. �­¥à£¨¨ á¢®¡®¤­ëå

íªá¨â®­®¢ Elh ¨ Ehh, ®¯à¥¤¥«¥­­ë¥ ¯® á¯¥ªâà ¬ ��

¨ ��, á®¢¯ ¤ îâ.
�¥à¥ç¨á«¥­­ë¥ à §«¨ç¨ï ¢ á¯¥ªâà å �� ¨ ��

®¡à §æ®¢ 1 ¨ 2 ã¤®¢«¥â¢®à¨â¥«ì­® ®¡êïá­ïîâáï á«¥-
¤ãîé¥© ¬®¤¥«ìî à®áâ . �®£«®é¥­¨¥ à¥­â£¥­®¢áª®£®
¨§«ãç¥­¨ï à áâãé¨¬ á«®¥¬ ZnSe á ®¡à §®¢ ­¨¥¬ á¢®-
¡®¤­ëå (e−h) ¯ à ®á« ¡«ï¥â ¨®­­ãî á¢ï§ì, ¯¥à¥à á-
¯à¥¤¥«ï¥â ¯«®â­®áâì í«¥ªâà®­­ëå á®áâ®ï­¨© ¨ ¢®§-
¬ãé ¥â sp3-ª®­ä¨£ãà æ¨î, çâ® ¯®à®¦¤ ¥â ¬¥â áâ -
¡¨«ì­®¥ á®áâ®ï­¨¥. �à¨ ­¥¡®«ìè¨å ¬®é­®áâïå ¢®§¡ã-
¦¤¥­¨ï ¯àï¬ ï ¤¥á®à¡æ¨ï ­¥ ­ áâã¯ ¥â,   à¥« ªá æ¨ï
¨§ ¬¥â áâ ¡¨«ì­®£® á®áâ®ï­¨ï ®áãé¥áâ¢«ï¥âáï ç¥à¥§

à¥ª®¬¡¨­ æ¨î á ãç áâ¨¥¬ £«ã¡®ª¨å æ¥­âà®¢. �ëá¢®-
¡®¦¤ ¥¬ ï í­¥à£¨ï ¯à¨ íâ®¬ ¯¥à¥¤ ¥âáï ¯à¨¯®¢¥àå-
­®áâ­®¬ã á«®î ZnSe, çâ® ¯à¨¢®¤¨â ª á­¨¦¥­¨î â¥¯«®-
âë  ¤á®à¡æ¨¨, ãá¨«¥­¨î ¯à®æ¥áá  ¬¨£à æ¨¨  ¤á®à-
¡¨à®¢ ­­ëå  â®¬®¢ ¯® ¯®¢¥àå­®áâ¨ ¨ ã¯®àï¤®ç¥­¨î

ªà¨áâ ««¨ç¥áª®© áâàãªâãàë à áâãé¥£® á«®ï. �¥­â£¥-
­®¢áª®¥ ¨§«ãç¥­¨¥ ¬®¦¥â ¢ë§¢ âì ¨ á¥«¥ªâ¨¢­ãî ¤¥-
á®à¡æ¨î Se á ¯®¢¥àå­®áâ¨ ¯«¥­ª¨. �®¤®¡­®¥ ï¢«¥­¨¥
­ ¡«î¤ «®áì ¯à¨ « §¥à-áâ¨¬ã«¨à®¢ ­­®© ��� [5].
�â® ¯à¥¤®â¢à é ¥â ¢®§¬®¦­®áâì ”§ ¡àë§£¨¢ ­¨ï”
à áâãé¥© ¯®¢¥àå­®áâ¨ ¯«¥­ª¨ ¬®«¥ªã« ¬¨ Se2, ®¡à -
§ãîé¨¬¨áï ¢ à¥§ã«ìâ â¥ å¨¬¨ç¥áª¨å à¥ ªæ¨© ¢ £ §®-
¢®© ä §¥, ¨ ®¡à §®¢ ­¨ï VZn, ã«ãçè ¥â ªà¨áâ ««¨-
ç¥áªãî áâàãªâãàã á«®ï ¨ ¯à®ï¢«ï¥âáï ¢ ¯®¤ ¢«¥­¨¨

¨­â¥£à «ì­®© ïàª®áâ¨ «î¬¨­¥áæ¥­æ¨¨ ¯®«®á I1 ¨ Iv.
� ª¨¬ ®¡à §®¬, ¤ ­­ë¥ à¥­â£¥­®¤¨äà ªæ¨®­­®£®

 ­ «¨§ , à¥§ã«ìâ âë ¨áá«¥¤®¢ ­¨ï á¯¥ªâà®¢ �� ¨

�� ®¡à §æ®¢, ¢ëà é¥­­ëå ¬¥â®¤ ¬¨ ��� ¨ ����,
á¢¨¤¥â¥«ìáâ¢ãîâ ® â®¬, çâ® ¢®§¤¥©áâ¢¨¥ à¥­â£¥­®¢-

3 �¨§¨ª  ¨ â¥å­¨ª  ¯®«ã¯à®¢®¤­¨ª®¢, 1997, â®¬ 31, ò 1
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áª®£® ¨§«ãç¥­¨ï ­  ¯®¢¥àå­®áâì ¬®­®ªà¨áâ «¨ç¥áª®©

¯«¥­ª¨ ZnSe ¢® ¢à¥¬ï ¥¥ à®áâ  ­  GaAs (100) ã«ãçè -
¥â ªà¨áâ ««¨ç¥áª®¥ ª ç¥áâ¢® í¯¨â ªá¨ «ì­®£® á«®ï.
�®«ãç¥­­ë¥ à¥§ã«ìâ âë âà ªâãîâáï ­  ®á­®¢¥ ª ç¥-
áâ¢¥­­®© ¬®¤¥«¨ ¯à®æ¥áá®¢, ¯à®¨áå®¤ïé¨å ¯à¨ ����.

� § ª«îç¥­¨¥  ¢â®à ¡« £®¤ à¨â �.�. �¨é¥­ª®,
�.�. �®­¤ àï, �.�. � âª®¢  ¨ �.�. �¥ª¥ª¥çª® § 

¯®¬®éì ¢ à ¡®â¥ ¨ ¯®«¥§­ë¥ ¤¨áªãáá¨¨.
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ZnSe on GaAs (100) grown by X-ray-assisted
vapour phase epitaxy

A.V. Kovalenko

Dnepropetrovsk State University,
320625 Dnepropetrovsk, the Ukraine

Abstract Reflection and photoluminecence spectra of the

ZnSe/GaAs (100) heterostructures by X-ray-assisted vapour

phase epitaxy and conventional vapour phase epitaxy have

been studied at T = 4.5 K. These results and the results of the

investigation of X-ray diffraction analysis show that X-ray-

assisted vapour phase epitaxy gives good results in extremely

pure and high quality ZnSe layers on GaAs (100).
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