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�à¨¢®¤ïâáï à¥§ã«ìâ âë ¨áá«¥¤®¢ ¨ï ®¡à §æ®¢, ¯®«ãç¥ëå ¯ãâ¥¬ ¢ëà è¨¢ ¨ï ¬¥â®¤®¬ ¦¨¤-
ª®ä §®© í¯¨â ªá¨¨ ¯«¥®ª MnxHg1−xTe   ¯®¤«®¦ª¥ Cd0.96Zn0.04Te. �®ª § ®, çâ® ¢ à¥§ã«ìâ â¥
¤¨ääã§¨¨ ª ¤¬¨ï ¨§ ¯®¤«®¦ª¨ ®¡à §ã¥âáï ¯«¥ª  CdxMnyHg1−x−yTe á ¢ à¨§®ë¬ á«®¥¬ ¢¡«¨§¨

¯®¢¥àå®áâ¨ à §¤¥«  〈 í¯¨â ªá¨ «ì ï ¯«¥ª  〉–¯®¤«®¦ª . �¡ àã¦¥® ¯à®ï¢«¥¨¥ íâ®© ¢ à¨§®-
®áâ¨ ¢ ï¢«¥¨ïå ¯¥à¥®á . �§ à¥§ã«ìâ â®¢ â¥®à¥â¨ç¥áª®£®   «¨§  â¥¬¯¥à âãàëå § ¢¨á¨¬®áâ¥©

ª®æ¥âà æ¨¨ á¢®¡®¤ëå ®á¨â¥«¥© ¨ ¨å ¯®¤¢¨¦®áâ¨ ®¯à¥¤¥«¥  â¥¬¯¥à âãà ï § ¢¨á¨¬®áâì

è¨à¨ë § ¯à¥é¥®© §®ë Eg(T ) ¢ «¨¥©®¬ ¯à¨¡«¨¦¥¨¨ ¯® T . �®ª § ® çâ® ¨á¯®«ì§®¢ ¨¥

ãáà¥¤¥¨ï ¯®«ãí¬¯¨à¨ç¥áª¨å § ¢¨á¨¬®áâ¥© ¤«ï ªà ©¨å ¯® á®áâ ¢ã âà®©ëå á®¥¤¨¥¨© ¢ à ¬ª å

¯à¨¡«¨¦¥¨ï ¢¨àâã «ì®£® ªà¨áâ ««  ¬®¦¥â ¯à¨¢®¤¨âì ª ¡®«ìè¨¬ ¯®£à¥è®áâï¬ ¯à¨ ®¯à¥¤¥«¥¨¨

Eg(T ) ¢ ª®ªà¥â®¬ ¯®«ã¯à®¢®¤¨ª¥.

�® áà ¢¥¨î á å®à®è® ¨§¢¥áâë¬¨ ¯®«ã¯à®¢®¤¨-
ª ¬¨ CdxHg1−xTe, ª®â®àë¥ è¨à®ª® ¨á¯®«ì§ãîâáï ¢

á®¢à¥¬¥®© ¬¨ªà®í«¥ªâà®¨ª¥, ¯®«ã¬ £¨âë¥ ¯®-
«ã¯à®¢®¤¨ª¨ á¨áâ¥¬ë MnxHg1−xTe (���) ®¡« ¤ îâ
àï¤®¬ ¯à¥¨¬ãé¥áâ¢. �à¨áâ ««ë ��� å à ªâ¥à¨§ã-
îâáï ®â®á¨â¥«ì® ¢ëá®ª®© áâ ¡¨«ì®áâìî ®¡ê¥¬-
ëå ¨ ¯®¢¥àå®áâëå á¢®©áâ¢. � «¨ç¨¥ ¢ à¥è¥âª¥

¬ £¨âëå ¨®®¢ Mn ¯®§¢®«ï¥â íää¥ªâ¨¢® ã¯à -
¢«ïâì §®ë¬¨ ¯ à ¬¥âà ¬¨ ¬ â¥à¨ «  ¯à¨ ¯®¬®é¨

¬ £¨â®£® ¯®«ï. �¤ ª® ¢  áâ®ïé¥¥ ¢à¥¬ï ¬®-
£¨¥ ¢®¯à®áë â¥å®«®£¨¨ ¨ ¨á¯®«ì§®¢ ¨ï í«¥¬¥â®©

¡ §ë   ®á®¢¥ ã§ª®é¥«¥¢ëå ¯®«ã¬ £¨âëå ¯®«ã-
¯à®¢®¤¨ª®¢ ¨§ãç¥ë ¥¤®áâ â®ç®. � â ª¨¬ ¢®¯à®-
á ¬, ¢ ç áâ®áâ¨, ®â®á¨âáï ¯à®¡«¥¬  ¢ëà é¨¢ ¨ï
¬¥â®¤®¬ ¦¨¤ª®ä §®© í¯¨â ªá¨¨ ¯«¥®ª ���  

è¨à®ª®§®®© ¯®¤«®¦ª¥. �¨â¥§ ¨¤¥ «ì®© (MnTe)
¯®¤«®¦ª¨ ¤«ï ¢ëà é¨¢ ¨ï â ª¨å ¯«¥®ª ®ª §ë¢ ¥â-
áï ¤®áâ â®ç® á«®¦®© § ¤ ç¥©. �®íâ®¬ã ¢ ª ç¥áâ¢¥
¯®¤«®¦¥ª ¨á¯®«ì§ãîâáï ¤àã£¨¥ ¬ â¥à¨ «ë, ®¡« ¤ -
îé¨¥  ¨¡®«¥¥ ®¯â¨¬ «ìë¬¨ ¤«ï íâ®© æ¥«¨ ¯ à -
¬¥âà ¬¨. � ª¨¬ ®¡à §®¬, ¤«ï ãá¯¥è®£® ¯à®£®§¨à®-
¢ ¨ï á¢®©áâ¢ ãª § ëå áâàãªâãà ¥®¡å®¤¨¬® ¢ëïá-
¥¨¥ áâ¥¯¥¨ ¢«¨ï¨ï

”
¥¨¤¥ «ì®áâ¨“¯®¤«®¦ª¨  

¯ à ¬¥âàë ¢ëà é¨¢ ¥¬®© í¯¨â ªá¨ «ì®© ¯«¥ª¨.
�¥è¥¨î íâ®© ¯à®¡«¥¬ë, ¢ ç áâ®¬ á«ãç ¥ ¯®¤«®¦ª¨
CdZnTe, ¯®á¢ïé¥   áâ®ïé ï à ¡®â .
�«®¨ ��� ¢ëà é¨¢ «¨áì ¬¥â®¤®¬ ¦¨¤ª®ä §-

®© í¯¨â ªá¨¨   å¨¬¨ª®-¬¥å ¨ç¥áª¨ ¯®«¨à®¢ ëå
¯®¤«®¦ª å Cd0.96Zn0.04Te (111)A. �®®ªà¨áâ ««ë

Cd0.96Zn0.04Te ¢ëà é¨¢ «¨áì ¢¥àâ¨ª «ìë¬ ¬¥â®¤®¬
�à¨¤¦¬¥ . �«®â®áâì ¤¨á«®ª æ¨© ¢ ¨å ¥ ¯à¥¢ë-
è «  5 · 105 á¬−2. �¯¨â ªá¨ «ìë¥ ¯«¥ª¨ ¢ëà é¨-
¢ «¨áì ¯à¨ â¥¬¯¥à âãà¥ 848 K á ¨â¥à¢ «®¬ ®å« -
¦¤¥¨ï 5 ÷ 15 K. � â¥¬ ¯«¥ª¨ ®â¦¨£ «¨áì ¢ ¯ à å

àâãâ¨ ¯à¨ â¥¬¯¥à âãà¥ 523 K ¢ â¥ç¥¨¥ 100ç. �®á«¥
®â¦¨£  í«¥ªâà® ï ª®æ¥âà æ¨ï ¯à¨ â¥¬¯¥à âãà¥

¦¨¤ª®£® £¥«¨ï á®áâ ¢«ï«  ¯à¨¬¥à® 1015 á¬−3. �§¬¥-
à¥¨ï ª®íää¨æ¨¥â  �®««  ¨ ã¤¥«ì®© ¯à®¢®¤¨¬®áâ¨

¯à®¢®¤¨«¨áì ¬¥â®¤®¬ � -¤¥à-� ã. �¥à¥¤ ¨§¬¥à¥¨-
ï¬¨ ¯®¢¥àå®áâì ¯«¥®ª ¯®¤¢¥à£ « áì âà ¢«¥¨î ¢

2%-à áâ¢®à¥ Br ¢ ¤¨¬¥â¨«ä®à¬ ¬¨¤¥. �¤®à®¤®áâì
¯® á®áâ ¢ã ª®âà®«¨à®¢ « áì à¥â£¥®¢áª¨¬ ¬¨ªà®-
  «¨§ â®à®¬ �������. �®«é¨  ¯«¥®ª ª®âà®-
«¨à®¢ « áì â ª¦¥ ¯à¨ ¯®¬®é¨ ¨â¥àä¥à¥æ¨®®£®

¬¨ªà®áª®¯  ���-4.
�áá«¥¤®¢ ¨ï ¯à®ä¨«¥© à á¯à¥¤¥«¥¨ï ª®¬¯®¥â

¯® â®«é¨¥ áâàãªâãàë ¯®ª § «®  «¨ç¨¥ ¢ í¯¨â ª-
á¨ «ì®© ¯«¥ª¥ ®¤®à®¤® à á¯à¥¤¥«¥®£® ª ¤¬¨ï.
�à¨ íâ®¬ ¯à®æ¥âë© á®áâ ¢ ª ¤¬¨ï ®ª §ë¢ ¥âáï

 áâ®«ìª® ¡®«ìè¨¬, çâ®, áâà®£® £®¢®àï, ¯®«ãç¥-
ë¥ ¯«¥ª¨ ¤®«¦ë à áá¬ âà¨¢ âìáï ª ª ç¥àëà¥å-
ª®¬¯®¥âë¥ â¢¥à¤ë¥ à áâ¢®àë CdxMnyHg1−x−yTe
(����). �  à¨á. 1 ¯®ª §  ¯à®ä¨«ì à á¯à¥¤¥«¥-
¨ï ª®¬¯®¥â ¢ ®¤®© ¨§ ¨áá«¥¤®¢ ëå áâàãªâãà

(x ≈ 0.04, y ≈ 0.07), ª®â®à ï ¡ã¤¥â ¨á¯®«ì§®¢ âì-
áï ¢ ¤ «ì¥©è¥¬ ¢ ª ç¥áâ¢¥ å à ªâ¥à®£® ¯à¨¬¥à .
�  ¯®¢¥àå®áâ¨ à §¤¥«  ¯®¤«®¦ª –¯«¥ª  ¨áá«¥¤ã¥-
¬ ï áâàãªâãà  á®¤¥à¦¨â ¯¥à¥å®¤®© á«®© â®«é¨®©

¯®àï¤ª  30¬ª¬ á ¡®«ìè¨¬ £à ¤¨¥â®¬ ¯® á®áâ ¢ã.
�à¨ íâ®¬ ¨§¬¥¥¨¥ ¯à®æ¥â®£® á®¤¥à¦ ¨ï Cd
ª ç¥áâ¢¥® ®âà ¦ ¥â ¨§¬¥¥¨¥ è¨à¨ë § ¯à¥é¥-
®© §®ë ¯® â®«é¨¥ áâàãªâãàë. � ª¨¬ ®¡à §®¬,
¢ ®â«¨ç¨¥ ®â ®¡ê¥¬ëå ªà¨áâ ««®¢, ¢ ¨áá«¥¤ã¥¬ëå

í¯¨â ªá¨ «ìëå ¯«¥ª å è¨à¨  § ¯à¥é¥®© §®ë

Eg (í¥à£¥â¨ç¥áª¨© § §®à ¬¥¦¤ã íªáâà¥¬ã¬ ¬¨ §®

Γ6 ¨ Γ8) ï¢«ï¥âáï äãªæ¨¥© ¥ â®«ìª® á®áâ ¢  ¨

â¥¬¯¥à âãàë, ® ¨ â®«é¨ë.
A priori âàã¤® ¯à¥¤ã£ ¤ âì, ¢ ª ª®© ¬¥à¥  «¨ç¨¥

¢ à¨§®®£® á«®ï ¯à®ï¢¨âáï ¢ ï¢«¥¨ïå ¯¥à¥®á 

¯à¨ â¥¬¯¥à âãà å,  ªâã «ìëå ¤«ï ¨á¯®«ì§®¢ ¨ï

¯à¨¡®à®¢   ®á®¢¥ ����. �®íâ®¬ã ¯®á«¥ ¨§¬¥à¥¨©
®â®¦¦¥ëå áâàãªâãà ¯®¤«®¦ª  ã¤ «ï« áì å¨¬¨ª®-
¤¨ ¬¨ç¥áª¨¬ ¯®«¨à®¢ ¨¥¬ ¤® â®«é¨ë ¯«¥ª¨ ¯®-
àï¤ª  10¬ª¬ á â¥¬, çâ®¡ë ¨áª«îç¨âì ¢®§¬®¦®¥

¢«¨ï¨¥ ¯¥à¥å®¤®£® á«®ï ¯«¥ª –¯®¤«®¦ª    ¨§¬¥-
àï¥¬ë¥ ¢¥«¨ç¨ë. �ë«® ®¡ àã¦¥®, çâ® ¢ ®¡« áâ¨
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�¨á. 1. � á¯à¥¤¥«¥¨¥ á®¤¥à¦ ¨ï C ª®¬¯®¥â â¢¥à¤®£®

à áâ¢®à  ¯® â®«é¨¥ áâàãªâãàë. �®¬¯®¥âë: 1 — Te,
2 — Mn, 3 — Cd, 4 — Hg; x — à ááâ®ï¨¥ ®â ¯®¢¥àå®áâ¨.

â¥¬¯¥à âãà T > 70 K â¥¬¯¥à âãàë¥ § ¢¨á¨¬®áâ¨

å®««®¢áª®© ª®æ¥âà æ¨¨ n(T ), ¨§¬¥à¥ë¥   ¯«¥-
ª å á ¢ à¨§®ë¬ á«®¥¬ ¨ ¡¥§ ¥£®, § ¬¥â® ®â«¨ç -
îâáï (à¨á. 2). � «®£¨çë¥ ®â«¨ç¨ï  ¡«î¤ îâáï

â ª¦¥ ¨   â¥¬¯¥à âãàëå § ¢¨á¨¬®áâïå å®««®¢áª®©

¯®¤¢¨¦®áâ¨ µ(T ) (à¨á. 3). �à¨ ¡®«¥¥ ¨§ª¨å â¥¬¯¥-
à âãà å ®¡¥ § ¢¨á¨¬®áâ¨ ¯à ªâ¨ç¥áª¨ á®¢¯ ¤ îâ.
� ¡«î¤ ¥¬ë¥ ®â«¨ç¨ï § ¢¨á¨¬®áâ¥© n(T ) ¬®¦®

ª ç¥áâ¢¥® ®¡êïá¨âì á«¥¤ãîé¨¬ ®¡à §®¬. �à¨ ¨§-
ª®© â¥¬¯¥à âãà¥ ãà®¢¥ì �¥à¬¨  å®¤¨âáï ¢¡«¨§¨

¤  §®ë ¯à®¢®¤¨¬®áâ¨ ¨, á«¥¤®¢ â¥«ì®, íää¥ªâ¨¢-
 ï ¤®¡ ¢ª  ª ¯«®â®áâ¨ í«¥ªâà®ëå á®áâ®ï¨©,
¢ë§¢  ï  «¨ç¨¥¬ ¢ à¨§®®£® á«®ï, ®ª §ë¢ ¥âáï
¯à¥¥¡à¥¦¨¬® ¬ «®©. � ¯®¢ëè¥¨¥¬ â¥¬¯¥à âãàë

¢ª« ¤ ¢ à¨§®®© ç áâ¨ ¢®§à áâ ¥â ª ª §  áç¥â ¯®-
¢ëè¥¨ï ãà®¢ï �¥à¬¨, â ª ¨ §  áç¥â ¡®«¥¥ ¡ëáâà®£®
à®áâ  ¢¥«¨ç¨ë Eg ¢ ã§ª®§®®© ç áâ¨ áâàãªâãàë [1].
�  § ¢¨á¨¬®áâ¨ n(T ) íâ® ¯à®ï¢«ï¥âáï ¢ ¢¨¤¥ ã¢¥-
«¨ç¥¨ï  ª«®  ¢ ®¡« áâ¨ á®¡áâ¢¥®© ¯à®¢®¤¨¬®-
áâ¨, ®âà ¦ ï â®â ä ªâ, çâ® ¯«®â®áâì í«¥ªâà®ëå
á®áâ®ï¨© ¢ §®¥ ¯à®¢®¤¨¬®áâ¨ â ª®© ¢ à¨§®®©

áâàãªâãàë ã¢¥«¨ç¨¢ ¥âáï ¡ëáâà¥¥ ç¥¬ ¢ ®¡ëç®¬

¯®«ã¯à®¢®¤¨ª¥.
�â® ãâ¢¥à¦¤¥¨¥ ¬®¦® ¯à®¨««îáâà¨à®¢ âì, ¨á-

¯®«ì§ãï á ¬®á®£« á®¢ ë© ¯®¤å®¤ ª á®¢¬¥áâ®¬ã

®¯¨á ¨î § ¢¨á¨¬®áâ¥© n(T ) ¨ µ(T ). � ¦¥ ¢ ®¡ì¥¬-
ëå ®¡à §æ å ���� â ª ï § ¤ ç  ï¢«ï¥âáï ¥âà¨¢¨-
 «ì®©, çâ® á¢ï§ ® £« ¢ë¬ ®¡à §®¬ á âàã¤®áâï¬¨ ¢
®¯à¥¤¥«¥¨¨ § ¢¨á¨¬®áâ¨ Eg(T ). � ª ¡ã¤¥â ¯®ª § ®
¤ «¥¥, ¨á¯®«ì§®¢ ¨¥ ¤«ï íâ¨å æ¥«¥© ¨§¢¥áâ®© ¯à®-
æ¥¤ãàë ãáà¥¤¥¨ï ¨¬¥îé¨åáï ¯®«ãí¬¯¨à¨ç¥áª¨å

§ ¢¨á¨¬®áâ¥© ¤«ï âà®©ëå á®áâ ¢®¢ [2] ¬®¦¥â ¯à¨¢®-
¤¨âì ª ¤®áâ â®ç® ¡®«ìè¨¬ ¯®£à¥è®áâï¬. �®íâ®¬ã
¤«ï à¥è¥¨ï íâ®© § ¤ ç¨ ¬ë ¨á¯®«ì§®¢ «¨ ¯®¤å®¤,
®¯¨á ë© ¢ [3], £¤¥ â¥¬¯¥à âãà ï § ¢¨á¨¬®áâì í¥à-
£¥â¨ç¥áª®£® § §®à 

Eg = Ek=0
Γ6
−Ek=0

Γ8

®¯à¥¤¥«ï¥âáï ¨§ ¨§¬¥à¥¨© n(T )   ¤ ®¬ ªà¨áâ «-
«¥. � â¥¬ ¯®«ãç¥ ï § ¢¨á¨¬®áâì ¨á¯®«ì§ã¥âáï ¯à¨

â¥®à¥â¨ç¥áª®¬ ®¯¨á ¨¨ ¯®¤¢¨¦®áâ¨. �  áâ®ïé¥¬ã

¢à¥¬¥¨ [3–6] ¬®¦® áç¨â âì ãáâ ®¢«¥ë¬, çâ®

¯à¨ à áç¥â¥ µ ¢ ¤¨ ¯ §®¥ 4 K 6 T 6 300 K ¤«ï

¯®«ã¯à®¢®¤¨ª®¢ ¤ ®£® ª« áá  ¤®áâ â®ç® ãç¥áâì

âà¨ ®á®¢ëå ¬¥å ¨§¬  à áá¥ï¨ï: à áá¥ï¨¥   ¨®-
¨§®¢ ëå ¯à¨¬¥áïå ¨   ¤ëàª å,   ¯®â¥æ¨ «¥ à -
§ã¯®àï¤®ç¥¨ï ¨ ¥ã¯àã£®¥ à áá¥ï¨¥   ®¯â¨ç¥áª¨å

ä®® å. �®áª®«ìªã ¯à¨ ª ¦¤®© â¥¬¯¥à âãà¥ ¯«®â-
®áâì í«¥ªâà®ëå á®áâ®ï¨© ¢ §®¥ ¯à®¢®¤¨¬®áâ¨

áãé¥áâ¢¥®, å®âï ¨ à §«¨çë¬ ®¡à §®¬, ¢«¨ï¥â  
íää¥ªâ¨¢®áâì ãª § ëå ¬¥å ¨§¬®¢, á®¢¯ ¤¥¨¥

â¥®à¥â¨ç¥áª¨ à ááç¨â ®© ªà¨¢®© á íªá¯¥à¨¬¥â®¬

á«ã¦¨â å®à®è¨¬ ªà¨â¥à¨¥¬ ª®àà¥ªâ®áâ¨ ®¯à¥¤¥«¥-
ëå â ª¨¬ ®¡à §®¬ § ç¥¨© Eg(T ).
�¥â «¨ ¯à®¢®¤¨¬®£® ¢ à¨ æ¨®ë¬ ¬¥â®¤®¬ à á-

ç¥â  ¯®¤¢¨¦®áâ¨ [4,7],   â ª¦¥ à áç¥â  ®á®¢ëå

í¥à£¥â¨ç¥áª¨å ¯ à ¬¥âà®¢ ¯à¨¢¥¤¥ë ¢ à ¡®â¥ [3].
�á¯®«ì§®¢ ë¥ ¯ à ¬¥âàë ¬ â¥à¨ «®¢ ¨ à¥§ã«ì-
â âë à áç¥â®¢ ¯à¨¢¥¤¥ë ¢ â ¡«¨æ¥. �à¨ à áç¥â¥

¯®¤¢¨¦®áâ¨ ¬ë ãç«¨ âà¥å¬®¤®¢ë© å à ªâ¥à ä®®-
®£® á¯¥ªâà ,   â ª¦¥ â¥¬¯¥à âãàãî § ¢¨á¨¬®áâì

¢ª« ¤  ¢ ¢ëá®ª®ç áâ®âãî ç áâì ¤¨í«¥ªâà¨ç¥áª®©

äãªæ¨¨ ®â ¢¨àâã «ìëå ¬¥¦§®ëå ¯¥à¥å®¤®¢ ¯®

¢á¥© §®¥ �à¨««îí  [8], κBG = 10.4 − 10.37y − 3x
¯à¨ T < 100 K ¨ κBG = 6.24 + 0.017 (300− T ) ¢ ¤¨ -
¯ §®¥ 100 K 6 T 6 300 K, ¯®« £ ï ¤«ï MnfHg1−fTe

κBG = 10.4− 10.37f [9]. � áâ®âë ω
(i)
LO ≈ ω

(i)
LO(kF ), £¤¥

kF — ¢®«®¢®© ¢¥ªâ®à í«¥ªâà®®¢   ãà®¢¥ �¥à-
¬¨. � áç¥â íää¥ªâ¨¢®áâ¨ à áá¥ï¨ï   ¯®â¥æ¨ «¥
à §ã¯®àï¤®ç¥¨ï ¯à®¢®¤¨«áï ¢ à ¬ª å ¯à¨¡«¨¦¥¨ï

ª®£¥à¥âëå ä § [5] á ¨á¯®«ì§®¢ ¨¥¬ ãáà¥¤¥¨ï

µdis = W
[
xyd2

1 + xzd2
2 + yzd2

3

]−1
,

£¤¥W — ¥ª®â®à ï äãªæ¨ï, § ¢¨áïé ï ®â í¥à£¥â¨-
ç¥áª¨å ¯ à ¬¥âà®¢ ªà¨áâ ««  [5]; di — § ç¥¨ï ¯®-
â¥æ¨ «®¢ à §ã¯®àï¤®ç¥¨ï ¤«ï â¢¥à¤ëå à áâ¢®à®¢

CdMnTe (i = 1), CdHgTe (i = 2) ¨ MnHgTe (i = 3);

�¨á. 2. �¥¬¯¥à âãàë¥ § ¢¨á¨¬®áâ¨ ª®æ¥âà æ¨¨ í«¥ª-
âà®®¢ ¯à®¢®¤¨¬®áâ¨ n ¢ ¢ à¨§®®© áâàãªâãà¥ (èâà¨å®-
¢ ï ªà¨¢ ï) ¨ ¢ í¯¨â ªá¨ «ì®© ¯«¥ª¥ ¯®á«¥ ã¤ «¥¨ï

¯®¤«®¦ª¨ ¢¬¥áâ¥ á ¢ à¨§®ë¬ á«®¥¬ (á¯«®è ï ªà¨¢ ï).

�¨§¨ª  ¨ â¥å¨ª  ¯®«ã¯à®¢®¤¨ª®¢, 1997, â®¬ 31, ò 3
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�á¯®«ì§®¢ ë¥ ¯ à ¬¥âàë ¬ â¥à¨ «®¢

� à ¬¥âà à¥è¥âª¨, 10−8 á¬ a0 = (6.4605x + 6.3300y + 6.4820z) [9],[14]

� âà¨çë© í«¥¬¥â ª¥©®¢áª®© ¬®¤¥«¨, í�·á¬ P = 8.1 · 10−8 [2]

�¥«¨ç¨  á¯¨-®à¡¨â «ì®£® à áé¥¯«¥¨ï,�¢ ∆ = 1.08 [4]

� à ¬¥âàë � ââ¨¦¥à  γ1 = 2; γ2 = γ3 = 0

CdTe: 17.3 + 1.1 (1− x), [4]

~ω(i)
TO,¬í� MnTe: 23.1, [6]

HgTe: 14.5 + 1.5x [4]

�¨í«¥ªâà¨ç¥áª¨¥ CdTe: 3.1x [4]
¯®áâ®ïë¥ à¥è¥âª¨ MnTe: 4.5y [15]

HgTe: 4.7 (1− x− y) [4]

�®â¥æ¨ «ë d1 = d3 − d2 = 1.9
à §ã¯®àï¤®ç¥¨ï, í� d2 = 1.6 [5]

d3 = 3.5 [6]

�®áâ âë ¥¯®«ïà®£® p0 = 29.3 [4]
¤¥ä®à¬ æ¨®®£® ¯®â¥æ¨ « , í� p1 = 5

� ááç¨â ë¥ ¯ à ¬¥âàë

�¡à §¥æ ¡¥§ ¢ à¨§®®£® á«®ï � à¨§® ï áâàãªâãà 

Eg(T ) = 0.010819 + 2.41569e − 4xT , í� Eg(T ) = 0.023324 + 9.187e − 5xT , í�
ND = 2.53 · 1015 á¬−3 ND = 2.1 · 1015 á¬−3

NA = 1.27 · 1015 á¬−3 NA = 0.9 · 1015 á¬−3

z = 1−x−y; µdis — ¯®¤¢¨¦®áâì í«¥ªâà®®¢, ®£à ¨-
ç¥ ï à áá¥ï¨¥¬   ¯®â¥æ¨ «¥ à §ã¯®àï¤®ç¥¨ï.

� ª ¢¨¤® ¨§ à¨á. 3, ¢ ®¡à §æ¥ ¡¥§ ¢ à¨§®®£® á«®ï
â¥®à¨ï ¤®áâ â®ç® å®à®è® ®¯¨áë¢ ¥â íªá¯¥à¨¬¥â,
¢ â® ¢à¥¬ï ª ª ¢ ¢ à¨§®®© áâàãªâãà¥ ®â¬¥ç ¥âáï

áãé¥áâ¢¥®¥ à áå®¦¤¥¨¥, ã¢¥«¨ç¨¢ îé¥¥áï á â¥¬-
¯¥à âãà®©. � ª®¥ à áå®¦¤¥¨¥ å®à®è® ¯®¤â¢¥à¦¤ ¥â
¢ëáª § ë¥ ¢ëè¥ ª ç¥áâ¢¥ë¥ á®®¡à ¦¥¨ï, ¯®-
áª®«ìªã ®®  ¡«î¤ ¥âáï ¢ ¤¨ ¯ §®¥ â¥¬¯¥à âãà,

�¨á. 3. �¥¬¯¥à âãàë¥ § ¢¨á¨¬®áâ¨ å®««®¢áª®© ¨ à á-
áç¨â ®© ¯®¤¢¨¦®áâ¥© í«¥ªâà®®¢ ¯à®¢®¤¨¬®áâ¨ á®-
®â¢¥âáâ¢¥® ¢ ¢ à¨§®®© áâàãªâãà¥ (âà¥ã£®«ì¨ª¨ ¨

èâà¨å®¢ ï ªà¨¢ ï) ¨ ¢ í¯¨â ªá¨ «ì®© ¯«¥ª¥ ¯®á«¥ ã¤ -
«¥¨ï ¯®¤«®¦ª¨ ¢¬¥áâ¥ á ¢ à¨§®ë¬ á«®¥¬ (ª¢ ¤à âë ¨

á¯«®è ï ªà¨¢ ï).

£¤¥ ¤®¬¨à¨àãîé¨¬ ï¢«ï¥âáï à áá¥ï¨¥   ®¯â¨ç¥-
áª¨å ä®® å, ¯à¨ à áç¥â¥ ª®â®à®£® ª®àà¥ªâë© ãç¥â
§ ¢¨á¨¬®áâ¨ Eg(T ) ï¢«ï¥âáï ®¯à¥¤¥«ïîé¨¬ ä ªâ®-
à®¬. �®áª®«ìªã ¢ ®¡®¨å á«ãç ïå ¯à¨ à áç¥â¥ Eg(T )
¨á¯®«ì§®¢ « áì âà¥å§® ï ¬®¤¥«ì �¥© , ¢ ª®â®à®©
§ ¢¨á¨¬®áâì è¨à¨ë § ¯à¥é¥®© §®ë ®â ª®®à¤¨ -
âë ¥ ãç¨âë¢ « áì, ¬®¦® ãâ¢¥à¦¤ âì, çâ® ãª § -
®¥ à áå®¦¤¥¨¥ á¢ï§ ® á ¯à®ï¢«¥¨¥¬ ¢ à¨§®®£®

á«®ï ¢ ï¢«¥¨ïå ¯¥à¥®á .
�«¥¤ã¥â ®â¬¥â¨âì, çâ® ¢ ®¡« áâ¨ â¥¬¯¥à âãà

T < 70 K ¤«ï ¢ à¨§®®© áâàãªâãàë ã¤ ¥âáï ¤®-
áâ¨çì á®£« á®¢ ¨ï íªá¯¥à¨¬¥â «ì®© ¨ â¥®à¥â¨ç¥-
áª¨ à ááç¨â ®© ¯®¤¢¨¦®áâ¥© ¯à®áâ®© ¯®¤£®ª®©

áã¬¬ à®© ª®æ¥âà æ¨¨ ¨®¨§¨à®¢ ëå ¤®®à®¢

ND− ¨  ªæ¥¯â®à®¢ NA+ . �¤ ª® ®è¨¡ª  ¢ ®¯à¥¤¥-
«¥¨¨ Eg(T ) ¯à¨¢®¤¨â ª â®¬ã, çâ® íâ  ª®æ¥âà æ¨ï
®ª §ë¢ ¥âáï ¯à¨¬¥à®   25% ¬¥ìè¥, ç¥¬ ª®æ¥-
âà æ¨ï ¨®¨§¨à®¢ ëå ¯à¨¬¥á¥©, à ááç¨â  ï ¤«ï
í¯¨â ªá¨ «ì®© ¯«¥ª¨ ¡¥§ ¢ à¨§®®£® á«®ï.
�  à¨á. 4 ¨§®¡à ¦¥  â¥¬¯¥à âãà ï § ¢¨á¨¬®áâì

í«¥ªâà®®© ¯®¤¢¨¦®áâ¨ ¢® ¢á¥¬ ¨áá«¥¤®¢ ®¬ ¨-
â¥à¢ «¥ â¥¬¯¥à âãà ¤«ï á«ãç ï, ª®£¤  ¢ à¨§®ë©

á«®© ®âáãâáâ¢ã¥â. � ª ¨ ¯à¥¤¯®« £ «®áì, ¤«ï ®¡à §-
æ®¢ ¤ ®£® á®áâ ¢  ¤®áâ â®ç® ãç¥áâì à áá¥ï¨¥  

§ àï¦¥ëå æ¥âà å, ¯®â¥æ¨ «¥ à §ã¯®àï¤®ç¥¨ï ¨
¯®«ïàëå ®¯â¨ç¥áª¨å ä®® å. �®¢¯ ¤¥¨¥ â¥®à¨¨

¨ íªá¯¥à¨¬¥â  ¢ ¤ ®¬ á«ãç ¥ á¢¨¤¥â¥«ìáâ¢ã¥â

â ª¦¥ ®¡ ®âáãâáâ¢¨¨ £«ã¡®ª®£® à¥§® á®£®  ªæ¥¯-
â®à®£® æ¥âà , á¯®á®¡®£® ¢«¨ïâì    ¡«î¤ ¥¬ë¥
¢¥«¨ç¨ë. � ª¨¬ ®¡à §®¬, ¨á¯®«ì§ã¥¬ë© ¯®¤å®¤ ¯®-
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�¨á. 4. �ªá¯¥à¨¬¥â «ì ï (ª¢ ¤à âë) ¨ â¥®à¥â¨ç¥áª¨

à ááç¨â  ï (á¯«®è ï «¨¨ï ¡¥§ ®¡®§ ç¥¨©) § ¢¨á¨-
¬®áâ¨ µ(T ) ¢ ¯«¥ª¥ ¡¥§ ¢ à¨§®®£® á«®ï. �à¨ à áç¥â¥

ãç¨âë¢ «®áì à áá¥ï¨¥   § àï¦¥ëå ¯à¨¬¥áïå ¨ ¤ëà-
ª å (èâà¨å®¢ ï ªà¨¢ ï), ¯®â¥æ¨ «¥ à §ã¯®àï¤®ç¥¨ï

(dis), ¯®«ïàëå (PO) ¨ ¥¯®«ïàëå (NPO) ®¯â¨ç¥áª¨å

ä®® å. �  ¢áâ ¢ª¥ ¯à¨¢¥¤¥  § ¢¨á¨¬®áâì n(T ), ¨á¯®«ì-
§ã¥¬ ï ¯à¨ à áç¥â¥.

§¢®«ï¥â ¥ â®«ìª® ®¯¨á âì  ¡®à íªá¯¥à¨¬¥â «ìëå

¤ ëå, ® ¨ ãáâ ®¢¨âì â¥¬¯¥à âãàãî § ¢¨á¨¬®áâì

¯ à ¬¥âà  Eg.

�  à¨á. 5 ¯®ª § ®, çâ® ¢¥«¨ç¨ë Eg(x, y, T ), à á-
áç¨â ë¥ ¯® à §«¨çë¬ ¯®«ãí¬¯¨à¨ç¥áª¨¬ § ¢¨á¨-
¬®áâï¬ ¢ ¯à¨¡«¨¦¥¨¨ ¢¨àâã «ì®£® ªà¨áâ «« , áã-
é¥áâ¢¥® ®â«¨ç îâáï ª ª ¬¥¦¤ã á®¡®© (èâà¨å®¢ ï
¨ èâà¨å¯ãªâ¨à ï ¯àï¬ë¥), â ª ¨ ®â ¯®«ãç¥®©

 ¬¨ § ¢¨á¨¬®áâ¨ (á¯«®è ï «¨¨ï). � ¢¨á¨¬®áâì,
¨§®¡à ¦¥ ï   à¨áãª¥ èâà¨å¯ãªâ¨à®© ¯àï¬®©,
¯®«ãç¥  á ¨á¯®«ì§®¢ ¨¥¬ ä®à¬ã« ¤«ï ªà ©¨å

�¨á. 5. � ¢¨á¨¬®áâ¨ Eg(T ): á¯«®è ï «¨¨ï — ¯®«ã-
ç¥  ¢ ¤ ®© à ¡®â¥; èâà¨å¯ãªâ¨à ï ¨ èâà¨å®¢ ï —
à ááç¨â ë ¢ ¯à¨¡«¨¦¥¨¨ ¢¨àâã «ì®£® ªà¨áâ ««  (á¬.
â¥ªáâ).

âà®©ëå á®¥¤¨¥¨©, ¯à¨¢¥¤¥ëå ¢ à ¡®â¥ [2]. � -
ç¥¨ï Eg(x, y, T ), ¨§®¡à ¦¥ë¥ èâà¨å®¢®© ¯àï-
¬®©, ¯®«ãç¥ë á ¨á¯®«ì§®¢ ¨¥¬ ¤ ëå à ¡®â [10]
¤«ï CdHgTe, [11] ¤«ï MnHgTe ¨ [12] ¤«ï CdMnTe.
�à¨ ®¯à¥¤¥«¥¨¨ ¯®«ãí¬¯¨à¨ç¥áª¨å § ¢¨á¨¬®áâ¥© Eg
®â á®áâ ¢  ¨ â¥¬¯¥à âãàë ¨á¯®«ì§ãîâáï à §«¨çë¥

íªá¯¥à¨¬¥â «ìë¥ ¬¥â®¤ë (á¬.,  ¯à¨¬¥à, ®¡§®-
àë [10,13]), çã¢áâ¢¨â¥«ì®áâì ª®â®àëå ç áâ® § ¢¨á¨â
®â â¥¬¯¥à âãàë ¨ ¯ à ¬¥âà®¢ ª®ªà¥âëå ®¡à §æ®¢.
� ¤àã£®© áâ®à®ë, íâ¨ ä®à¬ã«ë, ª ª ¯à ¢¨«®, ¥
ï¢«ïîâáï ã¨¢¥àá «ìë¬¨ ¯® ®â®è¥¨î ª á®áâ ¢ã.
�®íâ®¬ã ¥ ã¤¨¢¨â¥«ì®, çâ® ãáà¥¤¥¨¥ â ª¨å § ¢¨-
á¨¬®áâ¥© ¯® ¬¥â®¤ã ¢¨àâã «ì®£® ªà¨áâ ««  ¬®¦¥â

¯à¨¢®¤¨âì ª § ç¨â¥«ìë¬ ¯®£à¥è®áâï¬ ¯à¨ ¯®¯ëâ-
ª¥ ®¯à¥¤¥«¨âì Eg(T ) ¢ à¥ «ì®¬ ¯®«ã¯à®¢®¤¨ª¥.

�¥§ã«ìâ âë  áâ®ïé¥© à ¡®âë ¯®§¢®«ïîâ á¤¥« âì

á«¥¤ãîé¨¥ ¢ë¢®¤ë.

1. � à¥§ã«ìâ â¥ ¤¨ääã§¨¨ Cd ¯à¨ ¢ëà é¨¢ ¨¨ ¬¥-
â®¤®¬ ¦¨¤ª®ä §®© í¯¨â ªá¨¨ ¯«¥®ª MnxHg1−xTe
  ¯®¤«®¦ª®å â¨¯  CdTe ®¡à §ãîâáï ç¥âëà¥åª®¬¯®-
¥âë¥ í¯¨â ªá¨ «ìë¥ ¯«¥ª¨ CdxMnyHg1−x−yTe.

2. � ®¡« áâ¨ â¥¬¯¥à âãà, £¤¥ ¤®¬¨¨àã¥â á®¡áâ¢¥-
 ï ¯à®¢®¤¨¬®áâì,  «¨ç¨¥ ¢ à¨§®®£® á«®ï ¢¡«¨-
§¨ ¯®¢¥àå®áâ¨ à §¤¥«  〈í¯¨â ªá¨ «ì ï ¯«¥ª 〉–
¯®¤«®¦ª  ¯à®ï¢«ï¥âáï ¢ ï¢«¥¨ïå ¯¥à¥®á . �â®

®¡áâ®ïâ¥«ìáâ¢® ¥®¡å®¤¨¬® ãç¨âë¢ âì ¯à¨ à áç¥â¥

í¥à£¥â¨ç¥áª¨å ¯ à ¬¥âà®¢ áâàãªâãàë.

3. � ¦¥ ¢ ®âáãâáâ¢¨¥ ¢ à¨§®®£® á«®ï â¥¬¯¥à âãà-
 ï § ¢¨á¨¬®áâì ¯ à ¬¥âà Eg ¢ ã§ª®§®ëå ¯®«ã¯à®-
¢®¤¨ª å n-CdxMnyHg1−x−yTe ¤®«¦  ®¯à¥¤¥«ïâìáï
¢ ª ¦¤®¬ ª®ªà¥â®¬ á«ãç ¥ á ¬®á®£« á®¢ ® ¨§

íªá¯¥à¨¬¥â «ìëå ¤ ëå, â ª ª ª ¨á¯®«ì§®¢ ¨¥

¤«ï íâ¨å æ¥«¥© ãáà¥¤¥¨ï ¨§¢¥áâëå ¯®«ãí¬¯¨à¨ç¥-
áª¨å § ¢¨á¨¬®áâ¥© ¤«ï âà®©ëå á®¥¤¨¥¨© ¢ à ¬ª å

¯à¨¡«¨¦¥¨ï ¢¨àâã «ì®£® ªà¨áâ ««  ¬®¦¥â ¯à¨¢®-
¤¨âì ª ¡®«ìè¨¬ ¯®£à¥è®áâï¬.
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Peculiarities of transport phenomena in
n-MnxHg1−xTe/Cd0.96Zn0.04Te epitaxial
films

G.V. Beketov, A.E. Belyaev, A.A. Vitusevich,
S.V. Kavertsev, S.M. Komirenko

Institute of Semiconductor Physics,
Ukrainian Academy of Sciences,
252028 Kiev, the Ukraine

Abstract In the paper the findings of investigation of the

samples resulting from liquid phase epitaxy growth of the

MnxHg1−xTe layers on Cd0.96Zn0.04Te substrate are pre-

sented. It is shown that the CdxMnyHd1−x−yTe film with

a varying-dap layer near the epitaxial film-substrate interface

arises as a result of cadmium diffusion from the substrate.

The manifestation of gap variation in transport phenomena

is detected. The temperature dependence of forbidden gap

width (Eg(T )) in a linear T approximation is obtained from

the results of theoretical analysis of temperature dependencies

of the concentration of free carries and their mobility. It is

demonstrated that the averaging of semiempirical formulas for

extreme ternary compounds in the framework of virtual crys-

tal approximation may lead to great errors when determining

EG(T ) in a particular semiconductor.
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