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�áá«¥¤®¢ ë á¯¥ªâàë ¯à®¡®©®© í«¥ªâà®«î¬¨¥áæ¥æ¨¨ p−n-¯¥à¥å®¤®¢ á ®¤®à®¤ë¬ ¨ ¬¨ªà®-
¯« §¬¥ë¬ ¯à®¡®¥¬, ¨§£®â®¢«¥ëå   ªà¨áâ «« å ª à¡¨¤  ªà¥¬¨ï ªã¡¨ç¥áª®© ¬®¤¨ä¨ª æ¨¨

SiC–3C. � á¯¥ªâà å ¨§«ãç¥¨ï ®â¤¥«ìëå ¬¨ªà®¯« §¬ ®¡ àã¦¥  ¯à¨ ª®¬ â®© â¥¬¯¥à âãà¥ ï¢®
¢ëà ¦¥ ï ¯¥à¨®¤¨ç¥áª ï áâàãªâãà , ¨¬¥îé ï å à ªâ¥à ®áæ¨««ïæ¨© á ¯¥à¨®¤®¬ 0.1–0.5 í�. �¬-
¯«¨âã¤  ¯®«®á ¢®§à áâ ¥â á à®áâ®¬ ¯¥à¨®¤  ¨ ¯à¨ ¬ ªá¨¬ «ì®© ¥£® ¢¥«¨ç¨¥ ¯à¥¢ëè ¥â  ¬¯«¨âã¤ã

ä®®¢®£® ¨§«ãç¥¨ï. � «®£¨ç ï áâàãªâãà  ®¡ àã¦¥  â ª¦¥ ¢ á¯¥ªâà å ®â¤¥«ìëå ¬¨ªà®¯« §¬
  SiC–6H. �à¥¤¯®« £ ¥âáï, çâ® áâàãªâãà  ®¡ãá«®¢«¥  ¤¥©áâ¢¨¥¬ á¨«ì®£® í«¥ªâà¨ç¥áª®£® ¯®«ï ¢
®¡« áâ¨ ä®à¬¨à®¢ ¨ï ¨§«ãç¥¨ï.

�à®¡®© ï í«¥ªâà®«î¬¨¥áæ¥æ¨ï p−n-¯¥à¥å®¤®¢
  ª à¡¨¤¥ ªà¥¬¨ï ¨áá«¥¤ã¥âáï ã¦¥ ¢ â¥ç¥¨¥ ¬®-
£¨å «¥â ¢¢¨¤ã ¯¥àá¯¥ªâ¨¢®áâ¨ ¥¥ ¨á¯®«ì§®¢ ¨ï ¤«ï

á®§¤ ¨ï ¢ëá®ª®áâ ¡¨«ìëå è¨à®ª®¯®«®áëå ¨§«ã-
ç â¥«¥©. � â®¬ ç¨á«¥, ¤¥« «¨áì ¯®¯ëâª¨ ®¡êïá¨âì

á¯¥ªâà «ìë¥ ®á®¡¥®áâ¨ ¨§«ãç¥¨ï [1–3], ®¤ ª®

¥¤¨ ï â®çª  §à¥¨ï   ¬¥å ¨§¬ë ¯à®¡®©®£® ¨§«ã-
ç¥¨ï ª  áâ®ïé¥¬ã ¢à¥¬¥¨ ¥ ¢ëà ¡®â  . �à¥¤¨
¯à®ç¨å ¯à¨ç¨, íâ® á¢ï§ ®, ¯®-¢¨¤¨¬®¬ã, á ®âáãâ-
áâ¢¨¥¬  ¤¥¦® ãáâ ®¢«¥ëå ¯ à ¬¥âà®¢ §®®©

áâàãªâãàë ¤«ï  ¨¡®«¥¥ à á¯à®áâà ¥ëå ¯®«¨â¨-
¯®¢ ª à¡¨¤  ªà¥¬¨ï (SiC–6H, 15R). � â® ¦¥ ¢à¥¬ï

¤«ï ¬¥¥¥ à á¯à®áâà ¥®© ªã¡¨ç¥áª®© ¬®¤¨ä¨ª -
æ¨¨ SiC–3C, ¢¢¨¤ã ¥¥  ¨¡®«¥¥ ¯à®áâ®© ªà¨áâ «-
«¨ç¥áª®© áâàãªâãàë, ¯ à ¬¥âàë §®®© áâàãªâãàë

ãáâ ®¢«¥ë § ç¨â¥«ì® ¡®«¥¥  ¤¥¦®, çâ® ã¦¥

¯®§¢®«¨«® ¯à®¨â¥à¯à¥â¨à®¢ âì ®¤ã ¨§ ¯®«®á ¯à®-
¡®©®© í«¥ªâà®«î¬¨¥áæ¥æ¨¨ [1]. � á¢ï§¨ á íâ¨¬

¤«ï ãáâ ®¢«¥¨ï ¬¥å ¨§¬®¢ ¯à®¡®©®© í«¥ªâà®-
«î¬¨¥áæ¥æ¨¨ ¢ ª à¡¨¤¥ ªà¥¬¨ï ®á®¡ë© ¨â¥à¥á

¯à¥¤áâ ¢«ï¥â ¨áá«¥¤®¢ ¨¥ SiC–3C.

� áâ®ïé ï à ¡®â  ¯®á¢ïé¥  ¨áá«¥¤®¢ ¨î á¯¥ª-
âà®¢ ¯à®¡®©®© í«¥ªâà®«î¬¨¥áæ¥æ¨¨ ®¤®à®¤®£®

¨ ¬¨ªà®¯« §¬¥®£® ¯à®¡®ï ¢ áâàãªâãà å   ®á®¢¥

SiC–3C ¨ ®¡ àã¦¥ëå ¯à¨ íâ®¬ ®¢ëå ï¢«¥¨©,
ª®â®àë¥ ¢ëï¢«¥ë â ª¦¥ ¢ SiC–6H.

�áá«¥¤®¢ «¨áì p−n-¯¥à¥å®¤ë, ¯®«ãç¥ë¥ ¢¯« -
¢«¥¨¥¬ á¨«ã¬¨  ¢ B-£à ì ªà¨áâ ««®¢ SiC–3C,
¢ëà é¥ëå ¬¥â®¤®¬ â¥à¬¨ç¥áª®£® à §«®¦¥¨ï ¬¥-
â¨«âà¨å«®àá¨«  , «¥£¨à®¢ ëå  §®â®¬ ¢ ¯à®æ¥á-
á¥ à®áâ . p−n-¯¥à¥å®¤ë ¨¬¥«¨ ¯«®é ¤ì ¯®àï¤ª 

10−2 á¬2. �ë¡¨à «¨áì ®¡à §æë á ¯à®¡¨¢ë¬  ¯àï-
¦¥¨¥¬ 6–30 �.

� ¡®«ìè¨áâ¢  p−n-¯¥à¥å®¤®¢  ¡«î¤ «áï ¬¨ªà®-
¯« §¬¥ë© ¯à®¡®©, ®¤ ª® ã àï¤  ®¡à §æ®¢ ¯à¨

¯®¢ëè¥¨¨ â®ª  ¢áï ¯«®áª®áâì p−n-¯¥à¥å®¤®¢ § -
¯®«ï« áì á¢¥ç¥¨¥¬, ª®â®à®¥ ¯à¨  ¡«î¤¥¨¨ ¯®¤

¬¨ªà®áª®¯®¬ á ã¢¥«¨ç¥¨¥¬ ®ª®«® 100 ¢®á¯à¨¨¬ -

«®áì á®¢¥àè¥® ®¤®à®¤ë¬. �¥ª®â®àë¥ ®¡à §æë

¨§«ãç «¨ ®¤®à®¤®, ¡¥§ ¬¨ªà®¯« §¬.

�à¨ ¨áá«¥¤®¢ ¨¨ ¨§«ãç¥¨ï ®¡à §æ®¢ á ¬¨ªà®-
¯« §¬¥ë¬ ¯à®¡®¥¬ ®¡ àã¦¥®, çâ®  àï¤ã á ®¯¨-
á ë¬¨ ¢ «¨â¥à âãà¥ á¢®©áâ¢ ¬¨ á¯¥ªâàë å à ª-
â¥à¨§ãîâáï ¤®¯®«¨â¥«ìë¬¨ ®á®¡¥®áâï¬¨. �«ï

¨§ãç¥¨ï íâ¨å ®á®¡¥®áâ¥© ¯®âà¥¡®¢ «®áì ¢ë¤¥«ïâì

¨§«ãç¥¨¥ ¬ «ëå ãç áâª®¢ p−n-¯¥à¥å®¤  (á à §¬¥-
à ¬¨ ¬¥¥¥ 50 ¬ª¬), á®¤¥à¦ é¨å ¥¤¨¨çãî ¬¨ªà®-
¯« §¬ã, ¨«¨ ®¡« áâì ®¤®à®¤®£® á¢¥ç¥¨ï. �«ï íâ®£®
¢¥áì ªà¨áâ ««, ªà®¬¥ ¨§¬¥àï¥¬®£® ãç áâª , ¯®ªàë-
¢ «áï á¢¥â®¯®£«®é îé¥© ªà áª®©.

�«ï à¥£¨áâà æ¨¨ á¯¥ªâà®¢ á« ¡ëå ¯®â®ª®¢ ¨§«ã-
ç¥¨ï (á ¨â¥£à «ì®© ¬®é®áâìî 10−10−10−9 �â)
®â ¨§¬¥àï¥¬ëå ®¡à §æ®¢ ¨á¯®«ì§®¢ «áï á¢¥â®á¨«ìë©

¬®®åà®¬ â®à ���-3. �à¨¥¬¨ª®¬ á«ã¦¨« á¯¥æ¨-
 «ì® ®â®¡à ë© ���-79, ¨á¯®«ì§ã¥¬ë© ¢ ®¤®-
í«¥ªâà®®¬ à¥¦¨¬¥. � æ¥«ìî ®¡¥á¯¥ç¥¨ï ¬ ªá¨-
¬ «ì®© çã¢áâ¢¨â¥«ì®áâ¨ ¯à¨ ¤®áâ â®ç® ¢ëá®ª®¬

á¯¥ªâà «ì®¬ à §à¥è¥¨¨ ¨§¬¥àï¥¬ë© ®¡à §¥æ ¯®-
¬¥é «áï ¥¯®áà¥¤áâ¢¥® ¢ ¯«®áª®áâì ¢å®¤®© é¥-
«¨ ¬®®åà®¬ â®à . �â â¨áâ¨ç¥áª ï ¯®£à¥è®áâì à¥-
£¨áâà æ¨¨ á¨£ «  ¢ ¯à¥¤¥« å à ¡®ç¥£® ¤¨ ¯ §® 

í¥à£¨¨ ä®â®  (1.8–4.0 í�) á ¤®¢¥à¨â¥«ì®© ¢¥à®-
ïâ®áâìî 0.99 ¥ ¯à¥¢ëè «  1%   ª®æ å á¯¥ªâà 

¨ 0.5% ¢ ¥£® æ¥âà «ì®© ç áâ¨. �¥«¨ç¨  ¥áâ -
¡¨«ì®áâ¨ çã¢áâ¢¨â¥«ì®áâ¨ ä®â®¯à¨¥¬®£® âà ªâ 

¥ ¯à¥¢ëè «  1% ¢ ç á. �§¬¥à¥¨¥ ¢¥«¨ç¨ë á¨£ « 

¯à®¨§¢®¤¨«®áì á è £®¬ 0.02 í�.

�¨¯¨çë¥ á¯¥ªâàë ¨§«ãç¥¨ï p−n-¯¥à¥å®¤®¢ á ®¤-
®à®¤ë¬ á¢¥ç¥¨¥¬, à §«¨ç îé¨¥áï ¢¥«¨ç¨®© à -
¡®ç¥£®  ¯àï¦¥¨ï ®¡à §æ ,   â ª¦¥ ãà®¢¥¬ ¢®§-
¡ã¦¤¥¨ï, ¨§¬¥à¥ë¥ ¯à¨ ª®¬ â®© â¥¬¯¥à âãà¥,
¯à¥¤áâ ¢«¥ë   à¨á. 1. � ª ¢¨¤® ¨§ à¨áãª , á¯¥ªâà
®¡à §æ®¢ á ®¤®à®¤®© ¯à®¡®©®© í«¥ªâà®«î¬¨¥á-
æ¥æ¨¥© á®¤¥à¦¨â ¯®«®áã á ¬ ªá¨¬ã¬®¬ ®ª®«® 3.1 í�
  ä®¥ è¨à®ª®¯®«®á®£® ¨§«ãç¥¨ï.

�¨à®ª®¯®«®áë© ä® ®ç¥ì á« ¡® ¢ëà ¦¥ ¢ á¯¥ª-
âà å ¨§ª®¢®«ìâëå p−n-¯¥à¥å®¤®¢ á ¯à®¡¨¢ë¬  -
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�¨á. 1. �¯¥ªâàë ¯à®¡®©®© í«¥ªâà®«î¬¨¥áæ¥æ¨¨ p−n-
¯¥à¥å®¤®¢   SiC–3C á ®¤®à®¤ë¬ á¢¥ç¥¨¥¬. �¡à §æë:
1 — (3), 2 — (16–2), 3 — (9), 4, 5 — (16–1). �¥¦¨¬ ¯¨â ¨ï:
1 — 30 ¬�, 30�; 2 — 100 ¬�, 9.6�; 3 — 100 ¬�, 8.3�;
4 — 15 ¬�, 8.25�; 5 — 60 ¬�, 10�.

¯àï¦¥¨¥¬ ¬¥¥¥ 10�, ¢ ®â«¨ç¨¥ ®â p−n-¯¥à¥å®¤®¢ á
 ¯àï¦¥¨¥¬ ¯à®¡®ï, ¯à¥¢ëè îé¨¬ 20�, ¤«ï ª®â®-
àëå è¨à®ª®¯®«®áë© ä® ¢®á¨â ®á®¢®© ¢ª« ¤ ¢

¨§«ãç¥¨¥. �®§à áâ ¨¥ ¤®«¨ è¨à®ª®¯®«®á®£® ä® 
¯à®¨áå®¤¨â â ª¦¥ ¯à¨ ¯®¢ëè¥¨¨ ãà®¢ï ¢®§¡ã¦¤¥-
¨ï. �áâ ®¢«¥®, çâ® § ¢¨á¨¬®áâì ä®à¬ë á¯¥ªâà  ®â

ãà®¢ï ¢®§¡ã¦¤¥¨ï ¢ëà ¦¥  § ç¨â¥«ì® á¨«ì¥¥

ã ®¡à §æ®¢ á ¨§ª®¢®«ìâë¬ ¯à®¡®¥¬.
�¡é¥¯à¨ïâ ï ¨â¥à¯à¥â æ¨ï ¯®«®áë 3.1 í�, ª ª

¨§«ãç¥¨ï, á¢ï§ ®£® á ¯àï¬ë¬¨ ¯¥à¥å®¤ ¬¨ £®àï-
ç¨å í«¥ªâà®®¢ ¢ §®¥ ¯à®¢®¤¨¬®áâ¨ (X3c−X1c) [1], ¥
¯à®â¨¢®à¥ç¨â ¯®á«¥¤¨¬ ¤ ë¬ ¯® í¥à£¥â¨ç¥áª®©

§®®© áâàãªâãà¥ SiC–3C [4,5]. �à®¢¥¤¥¨¥ ¤¥â «ì®-
£®   «¨§  ä®à¬ë á¯¥ªâà , ãç¨âë¢ îé¥£® à §«¨çë¥
â¨¯ë í«¥ªâà®ëå ¯¥à¥å®¤®¢ (¢ë¯®«¥®£®,  ¯à¨-
¬¥à, ¤«ï Si [6]), ¯à¥¤áâ ¢«ï¥âáï ¢  áâ®ïé¥¥ ¢à¥¬ï

¥¢®§¬®¦ë¬ ¨§-§  ®âáãâáâ¢¨ï  ¤¥¦® ãáâ ®¢«¥-
ëå ª®«¨ç¥áâ¢¥ëå ¯ à ¬¥âà®¢ §®®© áâàãªâãàë

SiC–3C. �¤ ª® á¢ï§ì ¨§«ãç¥¨ï ¢ ¯®«®á¥ 3.1 í�
á ¯¥à¥å®¤ ¬¨ í«¥ªâà®®¢ ¯à ªâ¨ç¥áª¨ ¥ ¢ë§ë¢ ¥â

á®¬¥¨©. � á¢ï§¨ á íâ¨¬ áãé¥áâ¢¥®¥ à §«¨ç¨¥ ¢

¯®¢¥¤¥¨¨ ¯®«®áë 3.1 í� ¨ è¨à®ª®¯®«®á®£® ä® 

¯à¨ ¨§¬¥¥¨¨ ãá«®¢¨© ¢®§¡ã¦¤¥¨ï ¯à®¡®©®© í«¥ª-
âà®«î¬¨¥áæ¥æ¨¨ ¯®§¢®«ï¥â ¯à¥¤¯®«®¦¨âì ãç áâ¨¥

¯¥à¥å®¤®¢ ¤ëà®ª ¢ ä®à¬¨à®¢ ¨¨ è¨à®ª®¯®«®á®£®

¨§«ãç¥¨ï. � ¡«î¤ ¥âáï ª ç¥áâ¢¥ ï ª®àà¥«ïæ¨ï

¤®«¨ è¨à®ª®¯®«®á®£® ¨§«ãç¥¨ï á ¢¥à®ïâë¬ ¨§-
¬¥¥¨¥¬¨ ª®«¨ç¥áâ¢  á¢®¡®¤ëå ¤ëà®ª ¢ ®¡« áâ¨

p−n-¯¥à¥å®¤ .� «®£¨çë¥ § ª®®¬¥à®áâ¨ ®¯¨á ë
à ¥¥ ¢ [2,3].
� á¯¥ªâà å ¥ª®â®àëå p−n- ¯¥à¥å®¤®¢ á ¬¨ªà®¯« §-

¬¥ë¬ ¯à®¡®¥¬, å à ªâ¥à¨§ãîé¨åáï áà ¢¨â¥«ì®

¨§ª¨¬¨ ¢¥«¨ç¨ ¬¨ à ¡®ç¥£® ¢ëà ¦¥¨ï (¢ ¡®«ì-
è¨áâ¢¥ á«ãç ¥¢ ¬¥¥¥ 18 �), ¯à¨ ª®¬ â®© â¥¬-
¯¥à âãà¥ ®¡ àã¦¥  ï¢® ¢ëà ¦¥ ï áâàãªâãà ,

¨¬¥îé ï å à ªâ¥à ®áæ¨««ïæ¨©,  ª« ¤ë¢ îé¨åáï
  ®¡ëçë© á¯¥ªâà. �¬¯«¨âã¤  ¨ í¥à£¥â¨ç¥áª®¥

¯®«®¦¥¨¥ ®áæ¨««ïæ¨© § ç¨â¥«ì® à §«¨ç «¨áì ®â

®¡à §æ  ª ®¡à §æã. �ª §  ï áâàãªâãà  á« ¡® § ¢¨-
á¥«  ®â â¥¬¯¥à âãàë ®¡à §æ  ¢ ¤¨ ¯ §®¥ 77–400 K.
�à¨ ¨§¬¥¥¨¨ ãà®¢ï ¢®§¡ã¦¤¥¨ï á®®â®è¥¨¥

¯®«®á ¨§¬¥ï«®áì á«®¦ë¬ ®¡à §®¬. �®¯ëâª  ¢ë-
ï¢¨âì ®¡« áâ¨ á¢¥ç¥¨ï p−n-¯¥à¥å®¤ , ®â¢¥âáâ¢¥ë¥
§  ¯à®ï¢«¥¨¥ áâàãªâãàë, ¯à¨¢¥«  ª ¥®¡å®¤¨¬®áâ¨

¢ë¤¥«¥¨ï ¬ «ëå ãç áâª®¢ ¯¥à¥å®¤ ,   ª®â®àëå, ¯®
¢¨§ã «ì®© ®æ¥ª¥, ¯à¨áãâáâ¢®¢ «® ¨§«ãç¥¨¥ ®¤®©
á¢¥âïé¥©áï ”â®çª®©” (ãá«®¢® ¬ë ¡ã¤¥¬  §ë¢ âì â -
ª®© ®¡ê¥ªâ ®â¤¥«ì®© ¬¨ªà®¯« §¬®©). �¯¥ªâàë â ª¨å
ãç áâª®¢ ¨¬¥«¨  ¨¡®«¥¥ ¯à®áâ®© å à ªâ¥à.

�ï¤ â¨¯¨çëå á¯¥ªâà®¢ ®â¤¥«ìëå ¬¨ªà®¯« §¬ ¯à¨

ª®¬ â®© â¥¬¯¥à âãà¥ ¯à¥¤áâ ¢«¥   à¨á. 2,a. �«ï
¤®¯®«¨â¥«ì®£®   «¨§  ®áæ¨««¨àãîé¥© áâàãªâãàë

¯à®¨§¢®¤¨«®áì ¤¨ää¥à¥æ¨à®¢ ¨¥ á¯¥ªâà®¢ á è £®¬

0.02 í�. �«ï ª ¦¤®© í¥à£¨¨ ä®â®  ®¯à¥¤¥«ï-
« áì ®â®á¨â¥«ì ï ¢¥«¨ç¨  ¨§¬¥¥¨ï á¯¥ªâà «ì-
®© ¯«®â®áâ¨ ¨§«ãç¥¨ï. �®®â¢¥âáâ¢ãîé¨¥ § ¢¨á¨-
¬®áâ¨ ¯à¥¤áâ ¢«¥ë   à¨á. 2,b.

� ª ¢¨¤® ¨§ à¨áãª®¢, ¯®«®áë ®áæ¨««¨àãîé¥©

áâàãªâãàë ®å¢ âë¢ îâ ¯à ªâ¨ç¥áª¨ ¢¥áì á¯¥ªâà «ì-
ë© ¤¨ ¯ §®, ¯®çâ¨ íª¢¨¤¨áâ âë ¯® í¥à£¨¨, ¯¥-
à¨®¤ áâàãªâãàë ¢ à §«¨çëå ¬¨ªà®¯« §¬ å á¨«ì®

à §«¨ç ¥âáï (0.1–0.5 í�). �¬¯«¨âã¤  ®áæ¨««ïæ¨© ¯®
®â®è¥¨î ª ä®®¢®¬ã ¨§«ãç¥¨î ¯à¨¡«¨§¨â¥«ì®

®¤¨ ª®¢  ¢® ¢á¥å ãç áâª å á¯¥ªâà . � ¡«î¤ ¥âáï
ª®àà¥«ïæ¨ï ¬¥¦¤ã ¢¥«¨ç¨®© ¯¥à¨®¤  ¨ áà¥¤¥©

 ¬¯«¨âã¤®© ¯®«®á, ª®â®à ï § ç¨â¥«ì® ¢®§à áâ ¥â

á à®áâ®¬ ¯®á«¥¤¥©. �¯¥ªâàë ¨§«ãç¥¨ï á ¡®«ìè¨¬

¯¥à¨®¤®¬ ®áæ¨««ïæ¨© ¢á¥£¤  å à ªâ¥à¨§ãîâáï ¯à¥®¡-
« ¤ îé¨¬ ¢ª« ¤®¬ ¯®«®áë 3.1 í�   ä®¥ á« ¡®£®

è¨à®ª®¯®«®á®£® ¨§«ãç¥¨ï.

�¥âª ï ª®àà¥«ïæ¨ï ¬¥¦¤ã ¯¥à¨®¤®¬ áâàãªâãàë

¨ ¢¥«¨ç¨®© à ¡®ç¥£®  ¯àï¦¥¨ï p−n-¯¥à¥å®¤  ¥
¢ëï¢«¥ . � ¯à¨¬¥à,   à¨á. 2 (ªà¨¢ë¥ 1, 2 ) ¯à¨¢¥-
¤¥ë á¯¥ªâàë ¬¨ªà®« §¬, ¯à¨áãâáâ¢ãîé¨å   ®¤®¬
p−n-¯¥à¥å®¤¥, ¯à¨ ®¤®¬ ¨ â®¬ ¦¥ à¥¦¨¬¥ ¯¨â ¨ï

®¡à §æ . �¤ ª® ®â¬¥ç¥®, çâ®  «¨ç¨¥ áâàãªâãàë á

¬ ªá¨¬ «ìë¬ ¯¥à¨®¤®¬ ¨  ¬¯«¨âã¤®© ¡®«¥¥ ¢¥à®-
ïâ® ¤«ï ®¡à §æ®¢, ¯®«ãç¥ëå   ªà¨áâ «« å á ¡®-
«¥¥ ¢ëá®ª¨¬ ãà®¢¥¬ «¥£¨à®¢ ¨ï ¨, á®®â¢¥âáâ¢¥®,
¡®«¥¥ ¨§ª®¢®«ìâë¬ ¯à®¡®¥¬. �«ï â ª¨å ®¡à §æ®¢

¬®¦® ®¦¨¤ âì ¡®«¥¥ ¢ëá®ª®©  ¯àï¦¥®áâ¨ í«¥ª-
âà¨ç¥áª®£® ¯®«ï ¢ ¬¨ªà®¯« §¬ å.

�à¨ ¨§¬¥¥¨¨ ãà®¢ï ¢®§¡ã¦¤¥¨ï p−n-¯¥à¥å®¤ ,
¥á¬®âàï   áãé¥áâ¢¥®¥ ¨§¬¥¥¨¥ ®¡é¥£® å à ªâ¥-
à  á¯¥ªâà , í¥à£¥â¨ç¥áª¨© á¤¢¨£ ¯®«®á ®áæ¨««¨àãî-
é¥© áâàãªâãàë ¯à ªâ¨ç¥áª¨ ¥  ¡«î¤ ¥âáï (à¨á. 2,
ªà¨¢ë¥ 3, 4 ).

�®«®áë ®áæ¨««¨àãîé¥© áâàãªâãàë ¯®¤¢¥à¦¥ë

§ ç¨â¥«ì®©, ¢¥áì¬  ¡ëáâà®© ¤¥£à ¤ æ¨¨ (áãé¥-
áâ¢¥ ï ¤¥£à ¤ æ¨ï  ¡«î¤ ¥âáï §  ¢à¥¬ï  à ¡®â-
ª¨, ¨áç¨á«ï¥¬®¥ ç á ¬¨). �¥£à ¤ æ¨ï ¬ ªá¨¬ «ì 
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�¨á. 2. �¯¥ªâàë ¨§«ãç¥¨ï ®â¤¥«ìëå ¬¨ªà®¯« §¬ ¢

p−n-¯¥à¥å®¤ å   SiC–3C (a), ¯à®¤¨ää¥à¥æ¨à®¢ ë¥
á¯¥ªâàë (b). �¡à §æë: 1 — (135–1), 2 — (135–2), 3, 4 —
(11–4), 5, 6 — (11–10), 7 — (11–6). � ¯àï¦¥¨¥   ®¡à §æ¥,
�: 1, 2 — 18, 3 — 11.83, 4 — 6.64, 5, 6 — 14.3, 7 — 18.
�à¥¬ï  à ¡®âª¨ ®¡à §æ , ç: 5 — 0, 6 — 8.

¤«ï ¬¨ªà®¯« §¬ á ¡®«ìè¨¬ ¯¥à¨®¤®¬ ¨ ¨â¥á¨¢-
®áâìî ¯®«®á. �¬¥áâ¥ á ¯®«®á ¬¨ ®áæ¨««¨àãîé¥©

áâàãªâãàë, ® ¡®«¥¥ ¬¥¤«¥®, £ á¥â ä®®¢®¥ ¨§-
«ãç¥¨¥. �¨åà®® á ã¬¥ìè¥¨¥¬ ª¢ â®¢®£® ¢ë-
å®¤  ¨§«ãç¥¨ï ã¬¥ìè ¥âáï ¯à¨ ¯®áâ®ï®¬ â®ª¥

 ¯àï¦¥¨¥   p−n-¯¥à¥å®¤¥. �ª®à®áâì ¤¥£à ¤ æ¨¨,
ª ª ¯à ¢¨«®, § ç¨â¥«ì® ã¬¥ìè ¥âáï ¯à¨ ¯¨â -
¨¨ ®¡à §æ®¢ ¢ à¥¦¨¬¥ áâ ¡¨«¨§ æ¨¨ ¥ â®ª ,  

 ¯àï¦¥¨ï. �¨¯¨çë© å à ªâ¥à ¨§¬¥¥¨ï á¯¥ª-
âà  ¨§«ãç¥¨ï ¬¨ªà®¯« §¬ë ¢ ¯à®æ¥áá¥  à ¡®âª¨

¯à¥¤áâ ¢«¥   à¨á. 2 (ªà¨¢ë¥ 5, 6 ). �áâà¥ç îâáï

â ª¦¥ ¡®«¥¥ á«®¦ë¥ á«ãç ¨ ¨§¬¥¥¨ï áâàãªâãàë

á¯¥ªâà  ¢ ¯à®æ¥áá¥ à ¡®âë p−n-¯¥à¥å®¤ , å à ªâ¥à-
ë¥ ¤«ï ¬¨ªà®¯« §¬ á ¡®«ìè¨¬ ¯¥à¨®¤®¬ áâàãªâãàë.
� íâ¨å á«ãç ïå  ¡«î¤ ¥âáï ¨§¬¥¥¨¥ í¥à£¥â¨ç¥-
áª®£® ¯®«®¦¥¨ï ¨ ¯¥à¥à á¯à¥¤¥«¥¨¥ ®â®á¨â¥«ì®©

¨â¥á¨¢®áâ¨ ¯®«®á. �¥£à ¤ æ¨ï ¢ ¯¥à¨®¤ åà ¥¨ï
®¡à §æ®¢ ¯à ªâ¨ç¥áª¨ ®âáãâáâ¢ã¥â.
�«¥¤ã¥â ®â¬¥â¨âì, çâ® ¯¥à¨®¤¨ç¥áª ï áâàãªâãà 

á¯¥ªâà®¢ ¯à®¡®©®© í«¥ªâà®«î¬¨¥áæ¥æ¨¨  ¡«î-
¤ « áì  ¬¨ â®«ìª® ¢ ¨§«ãç¥¨¨ ¥ª®â®àëå ¨§-
ª®¢®«ìâëå ¬¨ªà®¯« §¬. �®£®ç¨á«¥ë¥ ¯®¯ëâª¨
®¡ àã¦¨âì ¯à®ï¢«¥¨¥ ãª § ®© áâàãªâãàë ¢ ¨§«ã-
ç¥¨¨ p−n-¯¥à¥å®¤®¢ á ®¤®à®¤ë¬ á¢¥ç¥¨¥¬, ¢ â®¬
ç¨á«¥ ¨ ¯à¨ ¯«®â®áâ¨ â®ª , ¯à¥¢ëè îé¥© 105�/á¬2,
¯à¨ ¯¨â ¨¨ ®¡à §æ  ¢ ¨¬¯ã«ìá®¬ à¥¦¨¬¥,   â ª¦¥ ¢
¨§«ãç¥¨¨ ¬¨ªà®¯« §¬ á ¯à®¡¨¢ë¬¨  ¯àï¦¥¨ï¬¨

¡®«¥¥ 20 � ª ãá¯¥åã ¥ ¯à¨¢¥«¨.
� ¦ë¬ ¯à¥¤áâ ¢«ï¥âáï  ¡«î¤¥¨¥   «®£¨ç®©

¯¥à¨®¤¨ç¥áª®© áâàãªâãàë ¢ á¯¥ªâà å p−n-¯¥à¥å®¤®¢,
¨§£®â®¢«¥ëå   ®á®¢¥ ¤àã£¨å ¯®«¨â¨¯®¢ SiC. � -
¬¨ ®¡ àã¦¥  ãª §  ï áâàãªâãà  ¢ á¯¥ªâà å ¨§-
«ãç¥¨ï ®â¤¥«ìëå ¬¨ªà®¯« §¬ ¢ á¯« ¢ëå p−n-
¯¥à¥å®¤ å   ®á®¢¥ SiC–6H. �«ï á®§¤ ¨ï ®¡à §-
æ®¢ ¨á¯®«ì§®¢ «¨áì ¯« áâ¨ë SiC–6H, ¢ëà ¦¥ë¥
¯® ¬¥â®¤ã �¥«¨, «¥£¨à®¢ ë¥  §®â®¬ ¢ ¯à®æ¥áá¥

à®áâ  ¤® ª®æ¥âà æ¨¨ ¥áª®¬¯¥á¨à®¢ ëå ¤®®-
à®¢, ¯à¥¢ëè îé¥© 1019 á¬−3. p−n-¯¥à¥å®¤ë á®§¤ -
¢ «¨áì   £à ïå, ¯¥à¯¥¤¨ªã«ïàëå ªà¨áâ ««®£à -
ä¨ç¥áª®© ®á¨ C. �à®¡¨¢®¥  ¯àï¦¥¨¥ ®¡à §æ®¢

¥ ¯à¥¢ëè «® 10 � ¨ á®®â¢¥âáâ¢®¢ «®, ¯®-¢¨¤¨¬®¬ã,
®¡« áâ¨ âã¥«ì®£® ¯à®¡®ï [7].
�¯¥ªâàë ¤¢ãå ¬¨ªà®¯« §¬ ¢ p−n-¯¥à¥å®¤ å  

®á®¢¥ SiC–6H, à §«¨ç îé¨åáï ¢¥«¨ç¨®© ¯¥à¨®¤ 

áâàãªâãàë, ¨§¬¥à¥ëå ¯à¨ ª®¬ â®© â¥¬¯¥à âãà¥,
¯à¥¤áâ ¢«¥ë   à¨á. 3. � ª ¢¨¤® ¨§ à¨áãª ,
®á®¢ë¥ ç¥àâë áâàãªâãàë ¢ SiC–6H ¨ SiC–3C   -
«®£¨çë.
� ¬ ¥ ¨§¢¥áâë ¯à¨¬¥àë ¯à®ï¢«¥¨ï ¢ á¯¥ª-

âà å ¨§«ãç¥¨ï ¯®«ã¯à®¢®¤¨ª®¢ëå áâàãªâãà ®áæ¨«-
«ïæ¨©, ¯®¤®¡ëå  ¡«î¤ ¥¬ëå  ¬¨. �® àï¤ã ª -
ç¥áâ¢¥ëå ®á®¡¥®áâ¥© — á« ¡®© â¥¬¯¥à âãà®©

§ ¢¨á¨¬®áâ¨, ¯¥à¨®¤¨ç®áâ¨ ¯® í¥à£¨¨, ª®àà¥«ïæ¨¨
¬¥¦¤ã ¯¥à¨®¤®¬ ¨  ¬¯«¨âã¤®© — íâ¨ ®áæ¨««ïæ¨¨

 ¨¡®«¥¥ áå®¤ë á â¥¬¨, çâ®  ¡«î¤ «¨áì ¢ á¯¥ªâà å
¯®£«®é¥¨ï ¢¡«¨§¨ ªà ï ¢ ¯à¨áãâáâ¢¨¨ ®¤®à®¤®£®

í«¥ªâà¨ç¥áª®£® ¯®«ï ¢ CdS [8] ¨ GaAs [9,10]. �à¨

íâ®¬ ®¡áã¦¤ « áì ¢®§¬®¦®áâì ¨å ¨â¥à¯à¥â æ¨¨,
ª ª ¯à®ï¢«¥¨ï ãà®¢¥© � ì¥–�â àª . �®¯à®á ®

¯à¨à®¤¥ íâ¨å ®áæ¨««ïæ¨©, ¯®-¢¨¤¨¬®¬ã, ®áâ «áï ®â-
ªàëâë¬, ¢ â® ¢à¥¬ï ª ª ¡®«¥¥ ¯®§¤¨¥ â¥®à¥â¨ç¥-
áª¨¥ ¨ íªá¯¥à¨¬¥â «ìë¥ ¨áá«¥¤®¢ ¨ï ¯à®ï¢«¥¨ï

ãà®¢¥© � ì¥–�â àª  á¢ï§ ë £« ¢ë¬ ®¡à §®¬ á

¨ááªãáâ¢¥ë¬¨ ¯¥à¨®¤¨ç¥áª¨¬¨ áâàãªâãà ¬¨ ( -
¯à¨¬¥à, [11,12]).
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�¨á. 3. �¯¥ªâàë ¨§«ãç¥¨ï ®â¤¥«ìëå ¬¨ªà®¯« §¬ ¢

p−n-¯¥à¥å®¤ å   SiC–6H (a), ¯à®¤¨ää¥à¥æ¨à®¢ ë¥
á¯¥ªâàë (b). �¡à §æë: 1 — (209), 2 — (107). � ¯àï¦¥¨¥
  ®¡à §æ¥, �: 1 — 14.3, 2 — 8.8.

�à¨ ®â¬¥ç¥®¬ ª ç¥áâ¢¥®¬ áå®¤áâ¢¥  ¡«î¤ ¥-
¬ë¥  ¬¨ ®áæ¨««ïæ¨¨ ¨¬¥îâ ¯à¨æ¨¯¨ «ìë¥ ª®«¨-

ç¥áâ¢¥ë¥ ®â«¨ç¨ï —   ¯®àï¤ª¨ ¡®«ìè¨¥ ¯¥à¨®¤ë

¨  ¬¯«¨âã¤ã,   £« ¢®¥, ®¨ ®å¢ âë¢ îâ ®ç¥ì è¨à®-

ª¨© á¯¥ªâà «ìë© ¤¨ ¯ §®.

�¥¬ ¥ ¬¥¥¥ ¯®«¥§® ®æ¥¨âì ¢¥«¨ç¨ã í«¥ªâà¨-
ç¥áª®£® ¯®«ï, ª®â®à®¥ á®®â¢¥âáâ¢®¢ «® ¡ë ¢ ¬®¤¥-

«¨ � ì¥–�â àª   ¡«î¤ ¥¬ë¬ ®áæ¨««ïæ¨ï¬. � -
¯àï¦¥®áâì í«¥ªâà¨ç¥áª®£® ¯®«ï E = ∆hν/a, £¤¥
∆hν — ¯¥à¨®¤ ®áæ¨««ïæ©, a — ¯®áâ®ïë¥ à¥è¥âª¨,

¤®«¦  ¡ë«  ¡ë ¤®áâ¨£ âì § ç¥¨© (2−10) ·106 �/á¬
¢ SiC–3C ¨ (3−7) · 106 �/á¬ ¢ SiC–6H. �ç¨âë¢ ï

¤ ë¥ ® ¢¥«¨ç¨¥ Emax ¢ SiC–6H [13], â ª¨¥ ¯®«ï
¯à¥¤áâ ¢«ïîâáï à¥ «ìë¬¨. �®§¬®¦® ®¡êïá¨âì ¢
íâ®¬ á«ãç ¥ ¨ ¡ëáâàãî ¤¥£à ¤ æ¨î ¯¥à¥å®¤  ¢ ¬¨-

ªà®¯« §¬ å á  ¨¡®«ìè¨¬¨ ¯¥à¨®¤ ¬¨ ®áæ¨««ïæ¨©,
  § ç¨â, ¨ á ¬ ªá¨¬ «ìë¬¨ ¯®«ï¬¨.

�¤ ª® â ª ï ¬®¤¥«ì ¤®«¦  ¡ §¨à®¢ âìáï  

¯à¥¤¯®«®¦¥¨¨, çâ® ¢á¥ ¨§«ãç¥¨¥ ä®à¬¨àã¥âáï ¢

®¡« áâ¨ ¯®çâ¨ ®¤®à®¤®£® ¯®«ï, çâ® ¯à¥¤áâ ¢«ï¥âáï

¬ «®¢¥à®ïâë¬. � ¬® ¦¥ ¯® á¥¡¥ ¯à¥¤¯®«®¦¥¨¥ ®

¢«¨ï¨¨ á¨«ì®£® í«¥ªâà¨ç¥áª®£® ¯®«ï ¢ ®¡« áâ¨

ä®à¬¨à®¢ ¨ï ¨§«ãç¥¨ï   áâàãªâãàã á®áâ®ï¨©, á
 è¥© â®çª¨ §à¥¨ï, ¥«ì§ï ®â¡à áë¢ âì, â¥¬ ¡®«¥¥,
çâ® ¯®«ï ¢ ®¡« áâ¨ ¯¥à¥å®¤  ¢ SiC ¤®áâ¨£ îâ ¢¥-

«¨ç¨,   ¯®àï¤ª¨ ¯à¥¢ëè îé¨å â¥, çâ® ¤®áâ¨¦¨-
¬ë ¢ ¨§¢¥áâëå íªá¯¥à¨¬¥â å ¯® í«¥ªâà®¯®£«®é¥-

¨î ¨ í«¥ªâà®®âà ¦¥¨î, £¤¥ â ª®¥ ¢«¨ï¨¥ å®à®è®

¨§¢¥áâ® (íää¥ªâ �à æ –�¥«¤ëè , ãà®¢¨ � ì¥-
�â àª ).
� «î¡®¬ á«ãç ¥ ®ç¥¢¨¤®, çâ® ¨áá«¥¤®¢ ¨¥ á¯¥ª-

âà®¢ ¨§«ãç¥¨ï ®â¤¥«ìëå ¬¨ªà®¯« §¬ ¨, ¢ â®¬ ç¨-
á«¥, ®¡ àã¦¥®© ¢ ¨å ®áæ¨««¨àãîé¥© áâàãªâã-
àë ¯à¥¤áâ ¢«ï¥â á ¬®áâ®ïâ¥«ìë© ¨â¥à¥á,   â ª¦¥
¬®¦¥â ¤ âì ®¢ãî ¨ä®à¬ æ¨î ª ª ® áâàãªâãà¥

¯¥à¥å®¤®¢, â ª ¨ ® ¬¥å ¨§¬ å ¯à®¡®©®£® ¨§«ãç¥¨ï.
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Breakdown electroluminescence spectra of
silicon carbide p−n-junctions

M.V.Belous, A.M.Genkin, V.K.Genkina, O.A.Guseva

Kiev Polytechnical Institute,
252056 Kiev, Ukraine

Abstract Breakdown electroluminescence spectra of SiC–

3C p−n-junctions with both homogeneuos and microplasma

breakdowns have been investigated. A pronounced periodic

structure has been found in radiation spectra of isolated

microplasmas at room temperature. This structure has the

form of oscillations with a period of 0.1–0.5 eV. Amplitudes

of bands increase as the period increases and exceed the

amplitude of the background radiation at the period maximal

value. A similar structure has been also discovered in

spectra of isolated microplasmas in SiC–6H. The structure

is assumed to be caused by an action of a high electric field

within the emitting region of the junction.
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