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�§ãç «®áì ¢«¨ï¨¥ â¥å®«®£¨ç¥áª¨å ¯ à ¬¥âà®¢   áâàãªâãà®¥ á®¢¥àè¥áâ¢® í¯¨â ªá¨ «ìëå

á«®¥¢ 3C-SiC, ¢ëà é¥ëå   ¯®¤«®¦ª å 6H-SiC ¬¥â®¤®¬ ¢ ªãã¬®© áã¡«¨¬ æ¨¨. �®ª § ®,
çâ® ¯à¨ ¯®áâ®ï®© â¥¬¯¥à âãà¥ ¨ ¨á¯®«ì§®¢ ¨¨ ¯à ªâ¨ç¥áª¨ ¥à §®à¨¥â¨à®¢ ëå ¯®¤«®¦¥ª

ã¬¥ìè¥¨¥ áª®à®áâ¨ à®áâ  ¢¥¤¥â ª ã¢¥«¨ç¥¨î à §¬¥à®¢ ¤¢®©¨ª®¢ëå ®¡« áâ¥© ¢ ¯«¥ª å ¨

ã¬¥ìè¥¨î ®¡é¥© ¤¥ä¥ªâ®áâ¨ áâàãªâãà 3C/6H. �®«ãç¥ë í¯¨â ªá¨ «ìë¥ á«®¨ 3C-SiC á

¯«®â®áâìî ¤¥ä¥ªâ®¢ 101÷102á¬−2 ¨ ¯«®é ¤ìî ¤¢®©¨ª®¢ ¤® 6¬¬2.

1. �¢¥¤¥¨¥

�ëá®ª ï ¯®¤¢¨¦®áâì (1000 á¬2/(�·á)) ¨ ¤à¥©ä®¢ ï
áª®à®áâì  áëé¥¨ï (2.7 · 107 á¬/á) í«¥ªâà®®¢, ¡®«ì-
è ï ¢¥«¨ç¨   ¯àï¦¥®áâ¨ í«¥ªâà¨ç¥áª®£® ¯®«ï

¯à®¡®ï (4 · 106�/á¬) [1,2] ¢ á®ç¥â ¨¨ á ¤®áâ â®ç®

¡®«ìè®© è¨à¨®© § ¯à¥é¥®© §®ë ®¡ãá«®¢«¨¢ îâ

¨â¥à¥á ª ¨á¯®«ì§®¢ ¨î ª à¡¨¤  ªà¥¬¨ï ªã¡¨ç¥-
áª®£® ¯®«¨â¨¯  ¤«ï ¨§£®â®¢«¥¨ï ¯®«ã¯à®¢®¤¨ª®-
¢ëå ¯à¨¡®à®¢ à §«¨ç®£®  § ç¥¨ï (¢ëá®ª®ç áâ®â-
ëå, á¨«®¢ëå, à ááç¨â ëå   ¢ëá®ª¨¥ â¥¬¯¥à âãàë
¨ ¤à.). �«ï à¥ «¨§ æ¨¨ ¢ëá®ª¨å ¯®â¥æ¨ «ìëå

¢®§¬®¦®áâ¥© íâ®£® ¬ â¥à¨ «  ¥®¡å®¤¨¬ë í¯¨â ª-
á¨ «ìë¥ á«®¨ (��) ã¤®¢«¥â¢®à¨â¥«ì®£® ª ç¥áâ¢ .
�àã¤®áâ¨ ¨å ¯®«ãç¥¨ï á¢ï§ ë á ¥®¡å®¤¨¬®áâìî

£¥â¥à®í¯¨â ªá¨ «ì®£® à®áâ , ª®â®àë© ®¡ëç® ®áã-
é¥áâ¢«ï¥âáï   ¯®¤«®¦ª å ¨§ ªà¥¬¨ï ¨«¨ ª à¡¨¤ 

ªà¥¬¨ï à §«¨çëå ¯®«¨â¨¯®¢ (ç é¥ ¢á¥£®  ¨¡®«¥¥
à á¯à®áâà ¥®£® ¯®«¨â¨¯  6H). �á¯®«ì§®¢ ¨¥

ªà¥¬¨¥¢ëå ¯®¤«®¦¥ª ¢¥¤¥â ª § ç¨â¥«ì®© ¤¥ä¥ªâ-
®áâ¨ ¯®«ãç ¥¬ëå �� ¢á«¥¤áâ¢¨¥ á¨«ì®£® à §«¨ç¨ï

¢ ¯®áâ®ïëå ªà¨áâ ««¨ç¥áª®© à¥è¥âª¨ (∼ 20%) ¨
¢ ª®íää¨æ¨¥â å â¥¯«®¢®£® à áè¨à¥¨ï (∼ 0.08%)
¬¥¦¤ã Si ¨ 3C-SiC [3,4].
� á«ãç ¥ à®áâ    ¯®¤«®¦ª å 6H-SiC áâàãªâãà-

®¥ ¥á®¢¥àè¥áâ¢® �� 3C-SiC ®¯à¥¤¥«ï¥âáï £« ¢-
ë¬ ®¡à §®¬  «¨ç¥¬ ¤¢®©¨ª®¢®© áâàãªâãàë [5–7]
¨ ®¡ëç® å à ªâ¥à¨§ã¥âáï ¯«®â®áâìî ¬¥¦¤¢®©¨-
ª®¢ëå £à ¨æ (DPB). �¥ª®â®à®¥ ã¬¥ìè¥¨¥ ¯«®â-
®áâ¨ DPB á ã¢¥«¨ç¥¨¥¬ â®«é¨ë í¯¨â ªá¨ «ì®-
£® á«®ï  ¡«î¤ «¨  ¢â®àë à ¡®â [6,7], ®¤ ª® ®®

á®¯à®¢®¦¤ «®áì ã¢¥«¨ç¥¨¥¬ ¯®¯¥à¥çëå à §¬¥à®¢

íâ¨å £à ¨æ. �®«®£® ¨áç¥§®¢¥¨ï DPB íªá¯¥à¨¬¥-
â «ì® ¥  ¡«î¤ «®áì.1 �®«¥¥ â®£®, ¢ ¥ª®â®àëå

á«ãç å à®áâ ¤®áâ â®ç® â®«áâëå á«®¥¢ ¯à¨¢®¤¨« ª

®¡à §®¢ ¨î ¯®«¨ªà¨áâ ««¨ç¥áª®© áâàãªâãàë [7]. �
à ¡®â¥ [9] ¯à¨ ¢ëà é¨¢ ¨¨ ¬¥â®¤®¬ ®á ¦¤¥¨ï ¨§

£ §®¢®© ä §ë ¡ë«¨ ¯®«ãç¥ë �� á ¬ ªá¨¬ «ì®©

¯«®é ¤ìî ¤¢®©¨ª®¢ ®ª®«® 1 ¬¬2.

1 �áª«îç¥¨¥ á®áâ ¢«ï¥â à ¡®â  [8], ¢ ª®â®à®© á®®¡é ¥âáï ®

¯®«ãç¥¨¨ áã¡«¨¬ æ¨®ë¬ ¬¥â®¤®¬ ®¡ê¥¬ëå ¬®®ªà¨áâ «-
«®¢ 3C-SiC, ª®â®àë¥ å à ªâ¥à¨§®¢ «¨áì ®âáãâáâ¢¨¥¬ DPB  

à®áâ®¢®© ¯®¢¥àå®áâ¨, ®¤ ª® «¨¥©ë¥ à §¬¥àë ¥ ãª § ë.

�¬¥ìè¥¨¥ ¯«®â®áâ¨ DPB ¬®¦¥â ¡ëâì â ª¦¥

¤®áâ¨£ãâ® ¯à¨ ¨á¯®«ì§®¢ ¨¨ ¯®¤«®¦¥ª 15R-SiC [6],
®¤ ª® íâ®â ¯®«¨â¨¯, ª ª ¨ 3C, ®â®á¨âáï ª à¥¤ª¨¬.
�«ï â®£® çâ®¡ë ¨§¡¥¦ âì ®¡à §®¢ ¨ï DPB ¢ ��

3C-SiC  ¢â®àë [10,11] ¯à¥¤« £ îâ ¤àã£®©, áà ¢¨-
â¥«ì® á«®¦ë© ¬¥â®¤ —  à é¨¢ ¨¥ á«®¥¢  

¯®¤«®¦ª å 6H-SiC ¨ 4H-SiC á® á¯¥æ¨ «ì® ¢ë¡à -
®© ®à¨¥â æ¨¥© ¯®¢¥àå®áâ¨ — (011̄4)6H ¨ (011̄3)4H

á®®â¢¥âáâ¢¥®.
�  áâ®ïé¥© à ¡®â¥ ¨áá«¥¤®¢ « áì áâ¥¯¥ì áâàãª-

âãà®£® á®¢¥àè¥áâ¢  í¯¨â ªá¨ «ìëå á«®¥¢ 3C-SiC,
¢ëà é¨¢ ¥¬ëå ¬¥â®¤®¬ ¢ ªãã¬®© áã¡«¨¬ æ¨¨  

¯®¤«®¦ª å ª à¡¨¤  ªà¥¬¨ï ¯®«¨â¨¯  6H, á æ¥«ìî
®¯à¥¤¥«¥¨ï ¢«¨ï¨ï â¥å®«®£¨ç¥áª¨å ãá«®¢¨©  

à §¬¥à ¤¢®©¨ª®¢ëå ®¡à §®¢ ¨© ¢ �� ¨   ¯«®â-
®áâì ¤¥ä¥ªâ®¢, ä®à¬¨àãîé¨åáï   £¥â¥à®£à ¨æ¥

áâàãªâãà 3C-SiC/6H-SiC. �«¥¤ã¥â ®â¬¥â¨âì, çâ® ¢

¡®«ìè¨áâ¢¥ à ¡®â ¢®¯à®áë ¨áá«¥¤®¢ ¨ï ¯¥à¥å®¤-
ëå á«®¥¢   £¥â¥à®£à ¨æ¥ ¨ áâàãªâãà®£® á®¢¥àè¥-
áâ¢  ¨â¥àä¥©á  áâàãªâãà SiC-3C/SiC-6H ¯à ªâ¨ç¥-
áª¨ ¥ § âà £¨¢ «¨áì.

2. �¥å®«®£¨ï à®áâ  í¯¨â ªá¨ «ìëå

á«®¥¢ 3C-SiC

�®áâ í¯¨â ªá¨ «ìëå á«®¥¢ ¯à®¢®¤¨«áï ¯à¨ â¥¬-
¯¥à âãà å 1800 ÷ 1900◦C ¬¥â®¤®¬ ¢ ªãã¬®© áã¡-
«¨¬ æ¨¨ ¢ ®âªàëâ®© à®áâ®¢®© á¨áâ¥¬¥ [12,13]  

(0001)Si-£à ¨ ¯®¤«®¦¥ª, ¯®«ãç¥ëå ¬¥â®¤®¬ �¥«¨.
�£®« à §®à¨¥â æ¨¨ ¨å ¯®¢¥àå®áâ¨ ®â®á¨â¥«ì®

¡ §¨á®© ¯«®áª®áâ¨ ¥ ¯à¥¢ëè « 10 ÷ 20′′. �¥¯®-
áà¥¤áâ¢¥® ¯¥à¥¤ à®áâ®¬ ®áãé¥áâ¢«ï«®áì áã¡«¨¬ -
æ¨®®¥ âà ¢«¥¨¥ ¯®¤«®¦ª¨ in situ ¤«ï ã¤ «¥¨ï

 àãè¥®£® ¬¥å ¨ç¥áª®© ¯®«¨à®¢ª®© á«®ï ¨ ®ç¨áâ-
ª¨ ¯®¢¥àå®áâ¨ ¯®¤«®¦ª¨. �à áä®à¬ æ¨ï ¯®«¨â¨¯ 
6H → 3C ¤®áâ¨£ « áì ¤¢ã¬ï á¯®á®¡ ¬¨: 1) §  áç¥â

§ ç¨â¥«ìëå áª®à®áâ¥© à®áâ  (vg > 3÷ 4 ¬ª¬/¬¨);
2) §  áç¥â áãé¥áâ¢®¢¥®£® ®¡®£ é¥¨ï ¯ à®¢®© ä -
§ë ªà¥¬¨¥¬ (â.¥. ¯à¨ ¤ ¢«¥¨ïå ¯ à®¢ ªà¥¬¨ï ¢

à®áâ®¢®© ïç¥©ª¥, á®®â¢¥âáâ¢ãîé¨å ¥£® à ¢®¢¥á®¬ã
¤ ¢«¥¨î  ¤ à á¯« ¢®¬ ªà¥¬¨ï) ¯à¨ ¬ «ëå § ç¥-
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¨ïå vg (0.4 ÷ 0.8 ¬ª¬/¬¨). �¢¥«¨ç¥¨¥ ¨«¨ ã¬¥ì-
è¥¨¥ áª®à®áâ¨ à®áâ  ®áãé¥áâ¢«ï«®áì ¯®áà¥¤áâ¢®¬

¨§¬¥¥¨ï £à ¤¨¥â  â¥¬¯¥à âãà ¬¥¦¤ã ¨áâ®ç¨ª®¬

¯ à®¢ ¨ ¯®¤«®¦ª®© [14] ¨ á®áâ ¢  ¯ à®¢®© ä §ë ¢

à®áâ®¢®© ïç¥©ª¥ [15,16].

3. �¥â®¤ë ¨áá«¥¤®¢ ¨ï áâàãªâãàë

í¯¨â ªá¨ «ìëå á«®¥¢ 3C-SiC

� ¡®«ìè¨áâ¢¥ à ¡®â, á¢ï§ ëå á à®áâ®¬ ��

3C-SiC ¤«ï ¢ëï¢«¥¨ï DPB ¨ ¤àã£¨å ¤¥ä¥ªâ®¢ ¨á-
¯®«ì§ãîâáï ¨«¨ âà ¢«¥¨¥ ¢ à á¯« ¢¥ é¥«®ç¨ [6–8]
¨«¨ ®ª¨á«¥¨¥ [17], ®¡¥á¯¥ç¨¢ îé¨¥ ¢®§¬®¦®áâì

¨å  ¡«î¤¥¨ï ¬¥â®¤ ¬¨ ®¯â¨ç¥áª®© ¬¨ªà®áª®¯¨¨.
�à¨¬¥¥¨¥ íâ¨å ¬¥â®¤¨ª ¯®§¢®«ï¥â ¯®«ãç âì ¨ä®à-
¬ æ¨î ® à á¯à¥¤¥«¥¨¨ ¤¢®©¨ª®¢ëå ®¡à §®¢ ¨©

â®«ìª®   ¯®¢¥àå®áâ¨ í¯¨â ªá¨ «ìëå á«®¥¢.
�áá«¥¤®¢ ¨¥ áâ¥¯¥¨ áâàãªâãà®£® á®¢¥àè¥áâ¢ 

¢ëà é¥ëå í¯¨â ªá¨ «ìëå á«®¥¢ ¢  áâ®ïé¥© à -
¡®â¥ ¯à®¢®¤¨«¨áì ¬¥â®¤ ¬¨ à¥â£¥®¢áª®© â®¯®£à -
ä¨¨ ª ª ¢ £¥®¬¥âà¨¨ � ãí — ¬¥â®¤®¬ � £  á

¨á¯®«ì§®¢ ¨¥¬ MoKα1-¨§«ãç¥¨ï ¨ ¬¥â®¤®¬  ®-
¬ «ì®£® ¯à®å®¦¤¥¨ï à¥£¥®¢áª¨å «ãç¥© (����)
á ¨á¯®«ì§®¢ ¨¥¬ CuKα-¨§«ãç¥¨ï, â ª ¨ ¢ £¥®¬¥-
âà¨¨ �àí££  — ¬¥â®¤®¬ ª®á®á¨¬¬¥âà¨çëå ®âà -
¦¥¨© � à¥ââ –�ìîª¨àª  ¢ CuKα1-¨§«ãç¥¨¨. �®-
«¨ç¥áâ¢¥ë¥ å à ªâ¥à¨áâ¨ª¨ áâ¥¯¥¨ á®¢¥àè¥áâ¢ 

áâàãªâãà 3C/6H ®¯à¥¤¥«ï«¨áì ¯® § ç¥¨ï¬ ¯®«ã-
è¨à¨ ¤¢ãåªà¨áâ «ìëå ªà¨¢ëå ª  ç ¨ï á®®â¢¥â-
áâ¢¥® ¢ ®âà ¦¥¨ïå (111)3C ¨ (0006)6H   CuKα1 -
¨§«ãç¥¨¨.
�«ï ¢ëï¢«¥¨ï ¤¢®©¨ª®¢®© áâàãªâãàë   â®¯®-

£à ¬¬ å ¨á¯®«ì§®¢ «¨áì ª®á®á¨¬¬¥âà¨çë¥ à¥ä«¥ª-
áë â¨¯  (113)3C ¢ £¥®¬¥âà¨¨ �àí££ . �«ï ¨å å -
à ªâ¥à®, çâ® ãá«®¢¨ï ¤¨äà ªæ¨¨, á®®â¢¥âáâ¢ãîé¨¥
¬ ªá¨¬ã¬ã ¨â¥á¨¢®áâ¨ à¥ä«¥ªá , ¥ ¬®£ãâ ®¤-
®¢à¥¬¥® ¢ë¯®«ïâìáï ¤«ï ¤¢®©¨ª®¢ à §«¨ç®£®

â¨¯ , ¨ ¤¨äà ªæ¨®®¥ ¨§®¡à ¦¥¨¥ ä®à¬¨àã¥âáï

â®«ìª® §  áç¥â ®¤®â¨¯ëå ¤¢®©¨ª®¢ëå ®¡« áâ¥©.
�á«¥¤áâ¢¨¥ íâ®£®   â®¯®£à ¬¬ å  ¡«î¤ îâáï ®¡« -
áâ¨ ç¥à®£® ¨ ¡¥«®£® ª®âà áâ , ª®â®àë¥ á®®â¢¥â-
áâ¢ãîâ ¤¢ã¬ ¢®§¬®¦ë¬ â¨¯ ¬ ¤¢®©¨ª®¢. �¥ «¨§ -
æ¨ï íâ¨å ãá«®¢¨© ¤«ï ¤¢®©¨ª®¢ëå ®¡« áâ¥© ¤àã£®£®

â¨¯  ¤®áâ¨£ ¥âáï ¯®¢®à®â®¬ ¨áá«¥¤ã¥¬®£® ®¡à §æ 

  60% ®â®á¨â¥«ì®  ¯à ¢«¥¨ï [111]3C (ª®â®à®¥
á®®â¢¥âáâ¢ã¥â [0001]6H), çâ® ¯à¨¢®¤¨â ª ¨§¬¥¥¨î

ª®âà áâ  ¨§®¡à ¦¥¨ï ¤¢®©¨ª®¢ëå ®¡« áâ¥©  

¯à®â¨¢®¯®«®¦ë©.
�«ï ¨áá«¥¤®¢ ¨ï áâ¥¯¥¨ áâàãªâãà®£® á®¢¥à-

è¥áâ¢  ¨â¥àä¥©á  í¯¨â ªá¨ «ìë© á«®©–¯®¤«®¦ª 
¨á¯®«ì§®¢ «¨áì ¡àí££®¢áª¨¥ ®âà ¦¥¨ï (1.0.1̄.15)6H .
�âà ¦¥¨ï ®â ¯«®áª®áâ¥© á â ª¨¬¨ ¨¤¥ªá ¬¨ ¥ ¨¬¥-
îâ   «®£®¢ ¤«ï ªã¡¨ç¥áª®© à¥è¥âª¨ SiC, çâ® ¯®§¢®-
«ï¥â ¯®«ãç âì ¤¨äà ªæ¨®®¥ ¨§®¡à ¦¥¨¥ á«®¥¢ ¥-
ªã¡¨ç¥áª®© áâàãªâãàë,  å®¤ïè¨åáï ¥¯®áà¥¤áâ¢¥-
® ¯®¤ í¯¨â ªá¨ «ì®© ¯«¥ª®© 3C-SiC. �â¬¥â¨¬, çâ®
  â ª¨å â®¯®£à ¬¬ å á®åà ïîâáï ®ç¥àâ ¨ï DPB
¯® ¢á¥© â®«é¨¥ ��.

4. �¥§ã«ìâ âë ¨ ®¡áã¦¤¥¨¥

�à®¢¥¤¥ë¥ ¨áá«¥¤®¢ ¨ï ¢ëï¢¨«¨  «¨ç¨¥ ¤¢®©-
¨ª®¢ëå ®¡« áâ¥© ¢® ¢á¥å ¢ëà é¥ëå �� 3C-SiC,
® ¢ § ¢¨á¨¬®áâ¨ ®â ãá«®¢¨© à®áâ  ¨å à §¬¥àë § ç¨-
â¥«ì® ¨§¬¥ï«¨áì (à¨á. 1–3). �â¥¯¥ì áâàãªâãà®£®
á®¢¥àè¥áâ¢  ¯¥à¥å®¤ëå á«®¥¢, ®¡à §ãîé¨åáï  

£à ¨æ¥ í¯¨â ªá¨ «ìë© á«®©–¯®¤«®¦ª , â ª¦¥ ¡ë-
«  áãé¥áâ¢¥® à §«¨ç®©. � ª ¢¨¤® ¨§ â®¯®£à ¬¬,
¯à¨¢¥¤¥ëå   à¨á. 1,b, 3,b, ¤¥ä¥ªâ ï áâàãªâãà 

¯¥à¥å®¤®£® á«®ï ¢ ®á®¢®¬ ®¯à¥¤¥«ï¥âáï  «¨ç¨¥¬

¤¥ä¥ªâ®¢ ã¯ ª®¢ª¨ (stacking faults), ª®â®àë¥ ä®à¬¨-
àãîâáï ¢¤®«ì £à ¥© ¯¨à ¬¨¤ à®áâ , ¢®§¨ª îé¨å
   ç «ì®© áâ ¤¨¨ à®áâ    ¯®¢¥àå®áâ¨ ¯®¤«®¦-
ª¨ ¨§ ®â¤¥«ìëå § à®¤ëè¥© ªã¡¨ç¥áª®© ä §ë 3C.
�à¨ £¥â¥à®í¯¨â ªá¨ «ì®¬ à®áâ¥ ®á®¢®© ¯à¨ç¨-
®© ®¡à §®¢ ¨ï â ª¨å ¤¥ä¥ªâ®¢ ï¢«ï¥âáï à §«¨ç¨¥

¯ à ¬¥âà®¢ ªà¨áâ ««¨ç¥áª®© à¥è¥âª¨ ¯®¤«®¦ª¨ ¨

��. �  â®¯®£à ¬¬ å ¤¥ä¥ªâë ã¯ ª®¢ª¨ ¢ëï¢«ïîâáï

¢ ¢¨¤¥ å à ªâ¥àëå âà¥ã£®«ì¨ª®¢ ¨«¨ í«¥¬¥â®¢,
á®®â¢¥âáâ¢ãîé¨å á¥ç¥¨ï¬ £à ¥© ¯¨à ¬¨¤ à®áâ 

¯«®áª®áâìî (111)3C . �¨à ¬¨¤ë à®áâ , à §¢¥àãâë¥
¤àã£ ª ¤àã£ã   60◦ ®â®á¨â¥«ì®  ¯à ¢«¥¨ï [111]3C
ä®à¬¨àãîâ ¤¢®©¨ª¨ à §«¨ç®£® â¨¯  (à¨á. 4), çâ®
¢¨¤®   â®¯®£à ¬¬ å ¯®   «®£¨ç®© ®à¨¥â æ¨¨

á¢ï§ ëå á ¨¬¨ ¤¥ä¥ªâ®¢ ã¯ ª®¢ª¨ ( ¯à¨¬¥à, A
¨ B   à¨á. 2,b). � á¯à¥¤¥«¥¨¥ ¨ à §¬¥àë ¤¢®©-
¨ª®¢ëå ®¡« áâ¥© ¢ ¯®«ãç¥ëå �� 3C-SiC ¢ ®á®¢-
®¬ á®®â¢¥âáâ¢ãîâ ¤¥ä¥ªâ®© áâàãªâãà¥ ¯¥à¥å®¤®£®

á«®ï, çâ® á¢¨¤¥â¥«ìáâ¢ã¥â ®¡ ®¯à¥¤¥«ïîé¥© à®«¨

¢®¨ª îé¨å   ¯®¢¥àå®áâ¨ ¯®¤«®¦ª¨ æ¥âà®¢ à®áâ :
ã¬¥ìè¥¨¥ ª®«¨ç¥áâ¢  â ª¨å æ¥âà®¢ á¯®á®¡áâ¢ã¥â

ä®à¬¨à®¢ ¨î �� á ®â®á¨â¥«ì® ¡®«ìè¨¬¨ ¤¢®©¨-
ª ¬¨. � ª¨¬ ®¡à §®¬, ¢®§¤¥©áâ¢ãï   ¯à®æ¥ááë § à®-
¤ëè¥®¡à §®¢ ¨ï, ¬®¦® ¯à¥¤®¯à¥¤¥«ïâì å à ªâ¥à

¤¢®©¨ª®¢®© áâàãªâãàë ¨, á®®â¢¥âáâ¢¥®, áâ¥¯¥ì
áâàãªâãà®£® á®¢¥àè¥áâ¢  à áâãé¨å ��.

�¤¨¬ ¨§ ¯ à ¬¥âà®¢, ª®â®àë¥ ¬®£ãâ áãé¥áâ¢¥®
¢«¨ïâì   íâ¨ ¯à®æ¥ááë, ï¢«ï¥âáï áª®à®áâì à®áâ .
�áå®¤ï ¨§ íâ®£® ¡ë« ¯à®¢¥¤¥ àï¤ íªá¯¥à¨¬¥â®¢ á

æ¥«ìî ®¯â¨¬¨§ æ¨¨ ãá«®¢¨© à®áâ  �� 3C-SiC. �à¨
¢ëá®ª¨å áª®à®áâïå à®áâ , ®¡ãá«®¢«¥ëå ª ª ã¢¥«¨-
ç¥¨¥¬ £à ¤¨¥â  â¥¬¯¥à âãàë ¬¥¦¤ã ¨áâ®ç¨ª®¬

¯ à®¢ ¨ ¯®¤«®¦ª®©, â ª ¨ ®¡¥¤¥¨¥¬ ¯ à®¢®© ä §ë

¢ à®áâ®¢®© ïç¥©ª¥ ªà¥¬¨¥¬, ä®à¬¨à®¢ «¨áì �� á

¢ëá®ª®© ¯«®â®áâìî DPB ¨, á®®â¢¥âáâ¢¥®, á ¤¢®©-
¨ª ¬¨ ¬ «ëå à §¬¥à®¢. �®«ãç¥ë¥ ¢ íâ¨å ãá«®-
¢¨ïå áâàãªâãàë 3C/6H ¨¬¥«¨ ¢ëá®ªãî ¯«®â®áâì

¤¥ä¥ªâ®¢   £¥â¥à®£à ¨æ¥. �¨¯¨çë¥ â®¯®£à ¬¬ë

â ª¨å áâàãªâãà ¯à¨¢¥¤¥ë   à¨á. 1,a, b. �¯«®âì

¤® ¬ ªá¨¬ «ìëå â®«é¨ �� (35 ÷ 40 ¬ª¬) § ¬¥â-
®£® ã¬¥ìè¥¨ï ¯«®â®áâ¨ DPB ¥  ¡«î¤ «®áì.
�å § ç¨â¥«ìãî ¤¥ä¥ªâ®áâì ¯®¤â¢¥à¦¤ îâ ¤ ë¥

à¥â£¥®¢áª®© ¤¨äà ªâ®¬¥âà¨¨: ¨§¬¥à¥ë¥ ¯®«ãè¨-
à¨ë ªà¨¢ëå ª ç ¨ï (ωθB) ¤«ï à §«¨çëå ®¡à §æ®¢
á®áâ ¢¨«¨ 40÷ 90′′.
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�¨á. 1. �¥â£¥®¢áª¨¥ â®¯®£à ¬¬ë áâàãªâãàë 3C/6H (vg = 3.2 ¬ª¬/¬¨) ¢ £¥®¬¥âà¨¨ �àí££ . �§«ãç¥¨¥ CuKα;
®âà ¦¥¨¥: a — (113)3C , b — (1.0.1̄.15)6H .

�¨á. 2. �¥â£¥®¢áª¨¥ â®¯®£à ¬¬ë áâàãªâãàë 3C/6H (vg = 0.9 ¬ª¬/¬¨), ¯®«ãç¥ë¥: a — ¢ £¥®¬¥âà¨¨ �àí££ , ¨§«ã-
ç¥¨¥ CuKα, ®âà ¦¥¨¥ (331)3C ; b — ¬¥â®¤®¬ � £ , ¨§«ãç¥¨¥ MoKα1, ®âà ¦¥¨¥ (1.1.2̄.0)6H . 1 — ¬¥¦¤¢®©¨ª®¢ë¥

£à ¨æë, 2 — ¤¨á«®ª æ¨® ï áâàãªâãà  ¨áå®¤®© ¯®¤«®¦ª¨ 6H-SiC.

�«ï ¡®«ìè¨áâ¢  ��, ¯®«ãç¥ëå ¯à¨ ã¬¥ìè¥-

¨¨ áª®à®áâ¨ à®áâ  ¤® vg = 0.4 ÷ 0.8 ¬ª¬/¬¨,

¡ë«¨ å à ªâ¥àë áà ¢¨â¥«ì® ªàã¯ë¥ ¤¢®©¨ª¨

(à¨á. 2,a, 3,a) ¨ ¬¥ìè ï ¯«®â®áâì ¤¥ä¥ªâ®¢ ¢ ¯¥-

à¥å®¤®¬ á«®¥ (à¨á. 2,b). �à¨ vg < 0.6 ¬ª¬/¬¨

¯«®é ¤ì ¤¢®©¨ª®¢ ¢ ¯®«ãç¥ëå ¯«¥ª å ¤®áâ¨£ -

«  5 ÷ 6¬¬2. �â¬¥â¨¬, çâ® ã¢¥«¨ç¥¨¥ ¯«®é ¤¨

¤¢®©¨ª®¢ ¢ àï¤¥ á«ãç ¥¢ á¢ï§ ® á ¯à®æ¥áá ¬¨ ¨å

§ à é¨¢ ¨ï. � ª,  ¯à¨¬¥à, ¨§ áà ¢¥¨ï â®¯®-

£à ¬¬, ¯à¥¤áâ ¢«¥ëå   à¨á. 3,a, b, ¢¨¤®, çâ® ¢
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288 �.�. �¤à¥¥¢, �.�. �¬¨à®¢ , �.�. �à¥£ã¡®¢ , �.�. �¥£«®¢, �.�. �¥«®ª®¢

�¨á. 3. �¥â£¥®¢áª¨¥ â®¯®£à ¬¬ë áâàãªâãàë 3C/6H (vg = 0.6 ¬ª¬/¬¨) ¢ £¥®¬¥âà¨¨ �àí££ . �§«ãç¥¨¥ CuKα.
a — ®âà ¦¥¨¥ (113)3C ; ®¡« áâ¨, á®®â¢¥âáâ¢ãîé¨¥ ¤¢®©¨ª ¬ à §«¨ç®£® â¨¯  (A ¨ B) ¬¥ïîâ ª®áâà áâ  

¯à®â¨¢®¯®«®¦ë© ¯à¨ ¯®¢®à®â¥ ªà¨áâ ««    180◦ ®â®á¨â¥«ì® ®á¨ C. b — ®âà ¦¥¨¥ (1.0.1̄.15)6H . A,B,C — ¤¥ä¥ªâë

ã¯ ª®¢ª¨; 1 — ¬¥¦¤¢®©¨ª®¢ë¥ £à ¨æë; 2 — ¬¥áâ® à á¯®«®¦¥¨ï áâã¯¥ìª¨   ¯¥à¨ä¥à¨¨ ®¡à §æ , ®¡à §®¢ ¢è¥©áï
¯à¨ ¯à¥¤¢ à¨â¥«ì®¬ áã¡«¨¬ æ¨®®¬ âà ¢«¥¨¨.

â® ¢à¥¬ï ª ª ¢ ¯¥à¥å®¤®¬ á«®¥  ¡«î¤ îâáï ¤¥-
ä¥ªâë ã¯ ª®¢ª¨, á®®â¢¥âáâ¢ãîé¨¥ ¯¨à ¬¨¤ ¬ à®áâ 

¤¢®©¨ª®¢ à §«¨ç®£® â¨¯  (A ¨ C),   ¯®¢¥àå®áâ¨
��   â®¬ ¦¥ ãç áâª¥ ¯à¨áãâáâ¢ã¥â «¨èì ®¤¨ ¤¢®©-
¨ª.

�¢¥«¨ç¥¨¥ à §¬¥à®¢ ¤¢®©¨ª®¢ëå ®¡« áâ¥© ®¡-
ãá«®¢¨«® § ç¨â¥«ì®¥ ¯®¢ëè¥¨¥ áâàãªâãà®£® á®-
¢¥àè¥áâ¢  �� ¢ æ¥«®¬, çâ® ¯®¤â¢¥à¦¤ ¥âáï à¥â-
£¥®¢áª¨¬¨ â®¯®£à ¬¬ ¬¨, ¯®«ãç¥ë¬¨ ¬¥â®¤ ¬¨

� £  ¨ ����. �«®â®áâì ¤¥ä¥ªâ®¢ ¢ â ª¨å í¯¨â ª-
á¨ «ìëå ¯«¥ª å á®áâ ¢«ï«  101÷ 102 á¬−2, ¯à¨ç¥¬
¤¥ä¥ªâë ã¯ ª®¢ª¨ (  ¥ DBP) ï¢«ï«¨áì ¯à¥®¡« ¤ -
îé¨¬¨. �  â®¯®£à ¬¬¥, ¯à¨¢¥¤¥®©   à¨á. 2,b, ¯®¤
�� 3C-SiC å®à®è® ¢¨¤  ¤¨á«®ª æ¨® ï áâàãªâãà 

¨áå®¤®© ¯®¤«®¦ª¨ 6H-SiC, çâ® á¢¨¤¥â¥«ìáâ¢ã¥â ®

¢ëá®ª®© áâ¥¯¥¨ á®¢¥àè¥áâ¢  ¨â¥àä¥©á  áâàãªâãà

3C/6H, ¯®«ãç¥ëå ¯à¨ ¬ «ëå vg. �â¨ áâàãªâãàë

å à ªâ¥à¨§®¢ «¨áì ¬ «ë¬¨ ¢¥«¨ç¨ ¬¨ ¯®«ãè¨à¨

ªà¨¢ëå ª ç ¨ï (14÷ 30′′).

� â¥å ¦¥ ãá«®¢¨ïå ¢ àï¤¥ á«ãç ¥¢ ¡ë«¨ ¯®«ãç¥ë

¨ ¬¥¥¥ á®¢¥àè¥ë¥ ¯«¥ª¨, çâ® ãª §ë¢ ¥â    «¨-
ç¨¥ ¤®¯®«¨â¥«ìëå ä ªâ®à®¢, ¢«¨ïîé¨å   ¯à®æ¥á-
áë § à®¤ëè¥®¡à §®¢ ¨ï. �¤¨¬ ¨§ â ª¨å ä ªâ®à®¢

¬®¦¥â á«ã¦¨âì ª®ªà¥â® á®áâ®ï¨¥ ¯®¢¥àå®áâ¨,
â. ¥.  «¨ç¨¥ á«¥¤®¢ ¬¥å ¨ç¥áª®© ¯®«¨à®¢ª¨ (æ à -
¯¨) ¯®á«¥ ¥¤®áâ â®ç® £«ã¡®ª®£® áã¡«¨¬ æ¨®®£®
âà ¢«¥¨ï, à¥«ì¥ä  ¨«¨ ¢ëå®¤ïé¨å   ¯®¢¥àå®áâì

¯®¤«®¦ª¨ ¤¨á«®ª æ¨©. �«¨ï¨¥ â ª®£® à®¤  ¤¥ä¥ª-
â®¢   ¯à®æ¥ááë § à®¤ëè¥®¡à §®¢ ¨ï ¯à¨ à®áâ¥ ��

3C-SiC ¨áá«¥¤®¢ «®áì ¢ [17]. � à ªâ¥àë¬ ¯à¨¬¥-

à®¬ ¢«¨ï¨ï à¥«ì¥ä  ï¢«ï¥âáï  «¨ç¨¥ ¡®«¥¥ ¬¥«-
ª¨å ¤¢®©¨ª®¢ ¨ ¡®«ìè ï ¤¥ä¥ªâ®áâì ¯¥à¥å®¤®£®

á«®ï ¢¡«¨§¨ áâã¯¥ìª¨, ®¡à §ãîé¥©áï   ¯¥à¨ä¥à¨¨
¯®¤«®¦ª¨ ¯®á«¥ ¯à¥¤¢ à¨â¥«ì®£® áã¡«¨¬ æ¨®®£®

âà ¢«¥¨ï (á¬.  ¯à¨¬¥à, à¨á. 2).2

� á®®â¢¥âáâ¢¨¨ á ¬®¤¥«ìî, ¯à¥¤«®¦¥®© ¢ [18], ¯à¨
£®¬®í¯¨â ªá¨ «ì®¬ à®áâ¥ ª®«¨ç¥áâ¢® ¢®§¨ª îé¨å

  ¯®¢¥àå®áâ¨ ¯®¤«®¦ª¨ æ¥âà®¢ à®áâ  ®¯à¥¤¥«ï¥â-
áï á®¢®ªã¯®áâìî § ç¥¨© ¯ à ¬¥âà®¢: â¥¬¯¥à âã-
àë, áª®à®áâ¨ à®áâ , áâ¥¯¥¨ à §®à¨¥â æ¨¨ ¯®¢¥àå®-
áâ¨ ¯®¤«®¦ª¨ [18]. �à¨ íâ®¬ ¢ § ¢¨á¨¬®áâ¨ ®â á®-
®â®è¥¨ï ãª § ëå ¯ à ¬¥âà®¢ ¯à®æ¥áá à®áâ  ª®-
âà®«¨àã¥âáï ¨«¨ ¢áâà ¨¢ ¨¥¬  ¤ â®¬®¢ ¢ ªà¨áâ «-
«¨ç¥áªãî áâàãªâãàã   â¥àà á å, ª®«¨ç¥áâ¢® ¨ à §-
¬¥àë ª®â®àëå ®¯à¥¤¥«ïîâáï áâ¥¯¥ìî à §®à¨¥â -
æ¨¨ ¯®¤«®¦ª¨ (à¥¦¨¬ ”step-flow controlled epitaxy”)
¨«¨ ¯à®æ¥áá ¬¨ á«ãç ©®£® ”¤¢ã¬¥à®£® § à®¤ëè¥-
®¡à §®¢ ¨ï”. � ¯¥à¢®¬ á«ãç ¥ áâàãªâãà®¥ á®¢¥à-
è¥áâ¢® ¯®«ãç¥ëå �� ¢ëè¥, çâ® ¯®¤â¢¥à¦¤ îâ

¨áá«¥¤®¢ ¨ï ¯à®æ¥áá®¢ £®¬®í¯¨â ªá¨ «ì®£® à®áâ 

ª à¡¨¤  ªà¥¬¨ï [19–21]. �à¨ ¯à®ç¨å à ¢ëå ãá«®-
¢¨ïå ã¢¥«¨ç¥¨¥ áª®à®áâ¨ à®áâ  ¢¥¤¥â ª ãá¨«¥¨î

¢«¨ï¨ï ¥ª®âà®«¨àã¥¬®£® § à®¤ëè¥®¡à §®¢ ¨ï.
� «ë¥ áª®à®áâ¨ à®áâ  ¯à¨ ¢ëá®ª¨å â¥¬¯¥à âãà å,
 ®¡®à®â, á¨¦ îâ ¥£® ¢¥à®ïâ®áâì. � á®®â¢¥âáâ¢¨¨ á

íâ¨¬ ¢  è¨å íªá¯¥à¨¬¥â å ¯à¨ ¢ëà é¨¢ ¨¨ á«®¥¢

¢ à¥¦¨¬¥ ¡®«ìè¨å vg ¡ë«¨ ¯®«ãç¥ë áâàãªâãàë,

2 �®áâ®¢ ï ïç¥©ª  ãáâà®¥  â ª¨¬ ®¡à §®¬, çâ® ¯à®æ¥ááë

âà ¢«¥¨ï ¨ à®áâ  ¯à®¨áå®¤ïâ ¥   ¢á¥© ¯®¢¥àå®áâ¨ ¯®¤-
«®¦ª¨, â ª ª ª ¥¥ ¯¥à¨ä¥à¨© ï ç áâì § ªàëâ  ¤¥â «ï¬¨

£à ä¨â®¢®©  à¬ âãàë.
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�¨á. 4. �å¥¬  ®¡à §®¢ ¨ï ¤¢®©¨ª®¢ à §«¨ç®£® â¨¯ .
� ¯à ¢«¥¨¥ [111]3C ¯¥à¯¥¤¨ªã«ïà® ¯«®áª®áâ¨ à¨áã-
ª .

ª®â®àë¥ å à ªâ¥à¨§®¢ «¨áì ¢ëá®ª®© ¯«®â®áâìî ¤¥-
ä¥ªâ®¢ ¢ ¯¥à¥å®¤®¬ á«®¥, â®£¤  ª ª ¯à¨ ¨§¡ëâª¥

ªà¥¬¨ï ¢ à®áâ®¢®© ïç¥©ª¥ ¨å § ç¨â¥«ì® ¬¥ìè¥,
¨, ª ª á«¥¤áâ¢¨¥, ¯®«ãç¥ë �� 3C-SiC á ¤¢®©¨ª -
¬¨ ¡®«ìè¨å à §¬¥à®¢. � ª¨¬ ®¡à §®¬, ¯®«ãç¥ë¥
à¥§ã«ìâ âë ª ç¥áâ¢¥® á®£« áãîâáï á ®¯¨á ë¬¨

¬®¤¥«ìë¬¨ ¯à¥¤áâ ¢«¥¨ï¬¨.

�«¥¤ã¥â ®â¬¥â¨âì, çâ®, ¯®-¢¨¤¨¬®¬ã, íâ  ¬®¤¥«ì

¬®¦¥â ¡ëâì á¯à ¢¥¤«¨¢  â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨
à®áâ ®áãé¥áâ¢«ï¥âáï   ¤®áâ â®ç® á®¢¥àè¥®© (á
¨§ª®© ¯«®â®áâìî áâàãªâãàëå ¤¥ä¥ªâ®¢) ¯«  à-
®© ¯®¢¥àå®áâ¨, á ª®â®à®© ¯à¥¤¢ à¨â¥«ì® ã¤ «¥ë
¢®§¬®¦ë¥ § £àï§¥¨ï. � ¯à®â¨¢®¬ á«ãç ¥ ¢¡«¨§¨

¥®¤®à®¤®áâ¥© à §«¨ç®£® å à ªâ¥à , ¢®-¯¥à¢ëå,
¢®§¨ª îâ ¤®¯®«¨â¥«ìë¥ íää¥ªâ¨¢ë¥ æ¥âàë § -
à®¤ëè¥®¡à §®¢ ¨ï; ¢®-¢â®àëå, ¯à®¨áå®¤¨â áàë¢ à®-
áâ  ¢  ¯à ¢«¥¨¨, ¯ à ««¥«ì®¬ ¯®¢¥àå®áâ¨ ¯®¤-
«®¦ª¨ [17]. �â¨ ¯à®æ¥ááë ¥¨§¡¥¦® ¢¥¤ãâ ª ã¢¥«¨-
ç¥¨î ¯«®â®áâ¨ DPB ¢ �� 3C-SiC. � ª¨¬ ®¡à §®¬,
ª ä ªâ®à ¬, áãé¥áâ¢¥ë¬ ¤«ï ¯®«ãç¥¨ï áà ¢¨-
â¥«ì® á®¢¥àè¥ëå áâàãªâãà 3C-SiC/6H-SiC ¢  -
è¨å íªá¯¥à¨¬¥â å, ¥®¡å®¤¨¬® ®â¥áâ¨: ¢®-¯¥à¢ëå,
¨á¯®«ì§®¢ ¨¥ ¯®¤«®¦¥ª, ¯®«ãç¥ëå ¬¥â®¤®¬ �¥«¨,
ª®â®àë¥ ¤® á¨å ¯®à ®¡« ¤ îâ  ¨¡®«¥¥ á®¢¥àè¥®©

áâàãªâãà®©, ¢®-¢â®àëå, ¯à¨¬¥¥¨¥ ¤®áâ â®ç® £«ã-
¡®ª®£® ¯®«¨àãîé¥£® áã¡«¨¬ æ¨®®£® âà ¢«¥¨ï in
situ ¥¯®áà¥¤áâ¢¥® ¯¥à¥¤ à®áâ®¬ �� 3C-SiC.

5. � ª«îç¥¨¥

�  ®á®¢ ¨¨ ¨§ â®£®, çâ® å à ªâ¥àë¥ ®á®¡¥®-
áâ¨ ¤¢®©¨ª®¢®© áâàãªâãàë �� 3C-SiC, ¢®§¨ª îé¥©
¯à¨ ¨å à®áâ¥   ¯®¤«®¦ª å 6H-SiC, ®¯à¥¤¥«ïîâ-
áï ¯à®æ¥áá ¬¨¢ § à®¤ëè¥®¡à §®¢ ¨ï    ç «ì®¬

íâ ¯¥ à®áâ , á¤¥«   ¯®¯ëâª  ®¯â¨¬¨§ æ¨¨ ãá«®¢¨©

à®áâ . �®ª § ®, çâ® ¯à¨ ¯®áâ®ï®© â¥¬¯¥à âãà¥

¨ ¨á¯®«ì§®¢ ¨¨ ¯à ªâ¨ç¥áª¨ ¥à §®à¨¥â¨à®¢ ëå

¯®¤«®¦¥ª ã¬¥ìè¥¨¥ áª®à®áâ¨ à®áâ  �� ¢¥¤¥â ª ã¢¥-
«¨ç¥¨î ¯«®é ¤¨ ¤¢®©¨ª®¢ëå ®¡« áâ¥© ¨ ã¬¥ìè¥-
¨î ®¡é¥© ¤¥ä¥ªâ®áâ¨ áâàãªâãà. � à¥§ã«ìâ â¥ ¯à¨

¬ «ëå áª®à®áâïå à®áâ  (0.4÷ 0.8 ¬ª¬/¬¨) ¯®«ãç¥ë
�� ª à¡¨¤  ªà¥¬¨ï ªã¡¨ç¥áª®£® ¯®«¨â¨¯  á ¨§ª®©

¯«®â®áâìî ¤¥ä¥ªâ®¢ (101 ÷ 102 á¬−2) ¨ ¯«®é ¤ìî

¤¢®©¨ª®¢ ¤® 6 ¬¬2.

� ¡®â  ¢ë¯®«ï« áì ¯à¨ ç áâ¨ç®© ¯®¤¤¥à¦ª¥

�à¨§®áª®£® ã¨¢¥àá¨â¥â  (���).
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Abstract The influence of technological parameters on struc-

tural perfection of 3C-SiC epitaxial layers grown by vacuum

sublimation has been studied. It is shown that decrease

in growth rate at the constant growth temperature led to

increase of size of twin areas in the films and to decrease

in total number of defects. The 3C-SiC epitaxial layers with

defect density 101−102 cm−2 and 6 mm2 double position twins

were obtained.
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