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�áá«¥¤®¢ ë ®á®¡¥®áâ¨ ¢à¥¬ï-à §à¥è¥ëå á¯¥ªâà®¢ ä®â®«î¬¨¥áæ¥æ¨¨ ¯®à¨áâ®£® ªà¥¬¨ï,
áä®à¬¨à®¢ ®£® å¨¬¨ç¥áª¨¬ âà ¢«¥¨¥¬ ¬®®ªà¨áâ ««¨ç¥áª®£® ªà¥¬¨ï, ¯®¤¢¥à£ãâ®£® ¬®¤¨ä¨-
ª æ¨¨ « §¥àë¬ ¨§«ãç¥¨¥¬.�   ¬¯«¨âã¤ëå á¯¥ªâà å ªà®¬¥ ¯®«®áë á ¬ ªá¨¬ã¬®¬   ¤«¨¥ ¢®«ë
λmax ' 530 ¬ ®¡ àã¦¥  ¯®«®á  á λmax ' 420 ¬ ¢¤¢®¥ ¡®«ìè¥© ¨â¥á¨¢®áâ¨.�à¨¢ë¥ à¥« ªá æ¨¨
å à ªâ¥à¨§ãîâáï ¤¢ã¬ï £àã¯¯ ¬¨ ¢à¥¬¥: τ1 < 2 · 10−8 c ¨ 2 · 10−8 < τ2 < 2 · 10−4 c ¢ á¯¥ªâà «ìëå
¤¨ ¯ §® å 420÷700 ¨ 500÷850 ¬ á®®â¢¥âáâ¢¥®. � à®áâ®¬ ¯«®â®áâ¨ í¥à£¨¨ « §¥à®£® ®¡«ãç¥¨ï
®â ∼ 10 ¤® ∼ 40�¦ · á¬−2 ã¢¥«¨ç¨¢ îâáï ¨â¥á¨¢®áâì ä®â®«î¬¨¥áæ¥æ¨¨ ¨ ¢ª« ¤ ¡ëáâà®©

ª®¬¯®¥âë. �â«¨ç¨ï ¢ á¯¥ªâà å ä®â®«î¬¨¥áæ¥æ¨¨ ¯® áà ¢¥¨î á® á¯¥ªâà ¬¨ á«®¥¢ ¯®à¨áâ®£®

ªà¥¬¨ï, ¯®«ãç¥ëå í«¥ªâà®å¨¬¨ç¥áª¨¬ âà ¢«¥¨¥¬, á¢ï§ ë á® á¤¢¨£®¬ à á¯à¥¤¥«¥¨ï à §¬¥à®¢

 ®ªà¨áâ ««¨â®¢ ¢ áâ®à®ã ¬¥ìè¨å à §¬¥à®¢, á ã¢¥«¨ç¥¨¥¬ ¯®¢¥àå®áâ¨ à §¤¥«  ä § Si/SiOx.
�¥§ã«ìâ âë ¬®£ãâ ¡ëâì ®¡êïá¥ë ¢ à ¬ª å ª¢ â®¢®-à §¬¥à®© ¬®¤¥«¨, ¯à¨ íâ®¬ ¥ ¨áª«îç ¥âáï

¢ª« ¤ «®ª «ìëå æ¥âà®¢   £à ¨æ¥ ä § Si/SiOx. �¥¤«¥ ï ª®¬¯®¥â  à¥« ªá æ¨¨  ¯¯à®ªá¨-
¬¨àã¥âáï ”à áâïãâ®©” íªá¯®¥â®©. �à¥¤¯®« £ ¥âáï, çâ® ¬¥¤«¥ ï ª®¬¯®¥â  ª®âà®«¨àã¥âáï
â¥¬¯®¬ ãå®¤  ä®â®®á¨â¥«¥© ¨§ ª¢ â®¢®-à §¬¥àëå  ®ªà¨áâ ««¨â®¢ ¯ãâ¥¬ âã¥«¨à®¢ ¨ï

ç¥à¥§ ¡ àì¥àë Si/SiOx.

�¢¥¤¥¨¥

�â¥à¥á ª á«®ï¬ ¯®à¨áâ®£® ªà¥¬¨ï (��) á¢ï§ 
á  ¡«î¤ ¥¬®© ¢ ¨å ä®â®«î¬¨¥áæ¥æ¨¥© (��) ¢

¢¨¤¨¬®© ®¡« áâ¨ á¯¥ªâà  [1] ¨ ã¦¥ ¯¥à¢ë¬¨ ãá¯¥è-
ë¬¨ ¯®¯ëâª ¬¨ á®§¤ ¨ï   ¨å ®á®¢¥ í«¥ªâà®«î-
¬¨¥áæ¥âëå ¨áâ®ç¨ª®¢ ¨§«ãç¥¨ï. �à¥¤¯à¨ïâë¥
¬®£¨¬¨  ¢â®à ¬¨ ª®¬¯«¥ªáë¥ ¨áá«¥¤®¢ ¨ï ¢á¥

¥é¥ ¥ ¯®§¢®«ïîâ áç¨â âì ¯à¨à®¤ã �� �� ®ª®ç -
â¥«ì® ãáâ ®¢«¥®©, â¥¬ ¥ ¬¥¥¥ ¬®£¨¥ à¥§ã«ì-
â âë á¢¨¤¥â¥«ìáâ¢ãîâ ¢ ¯®«ì§ã ª¢ â®¢®-à §¬¥à®©
¬®¤¥«¨ [2–7].

�à ¤¨æ¨®® á«®¨ �� ¯®«ãç îâ í«¥ªâà®å¨¬¨ç¥-
áª¨¬ ¨ å¨¬¨ç¥áª¨¬ (®ªà è¨¢ îé¨¬) âà ¢«¥¨¥¬.
�à¥¤áâ ¢«ï¥â ¨â¥à¥á ¯®¨áª ®¢ëå á¯®á®¡®¢  ¯à -
¢«¥®£® ä®à¬¨à®¢ ¨ï á«®¥¢ �� § ¤ ®© â®¯®«®-
£¨¨ á ¯®¬®éìî « §¥à®£® ¢®§¤¥©áâ¢¨ï.

� §¥à®¥ ®¡«ãç¥¨¥ ¯®à¨áâëå á«®¥¢ Si ¢ ¡®«ìè¨-
áâ¢¥ à ¡®â ¤® á¨å ¯®à ¨á¯®«ì§®¢ «®áì ¤«ï áâ¨¬ã«ïæ¨¨

å¨¬¨ç¥áª®£® âà ¢«¥¨ï ¬®®ªà¨áâ ««®¢ Si ¢ ¯à®æ¥áá¥
¯®à®®¡à §®¢ ¨ï,   â ª¦¥ ¤«ï  ¡«î¤¥¨ï íää¥ªâ 
á¢¥â®¨¤ãæ¨à®¢ ®© ¤¥£à ¤ æ¨¨ �� [8–10]. � â®

¦¥ ¢à¥¬ï ¨§¢¥áâ®, çâ® ¨â¥á¨¢®áâì å¨¬¨ç¥áª¨å

¯à®æ¥áá®¢ âà ¢«¥¨ï áãé¥áâ¢¥® § ¢¨á¨â ®â áâ¥¯¥¨

¤¥ä¥ªâ®áâ¨ ¨ â¨¯  ¨áå®¤®© áâàãªâãàë. �  è¥©

¯à¥¤ë¤ãé¥© à ¡®â¥ [11] ¡ë«® ¯à¥¤«®¦¥® ¨á¯®«ì§®-
¢ âì « §¥à®¥ ®¡«ãç¥¨¥ ¯¥à¥¤ ®ªà è¨¢ îé¨¬ âà -
¢«¥¨¥¬ ¤«ï ä®à¬¨à®¢ ¨ï á«®¥¢ �� á  ®ªà¨-
áâ ««¨ç¥áª®© áâàãªâãà®© § ¤ ®£® à¨áãª . � ®á®-
¢ã ¡ë«  ¯®«®¦¥  ¨¤¥ï ã¢¥«¨ç¥¨ï íää¥ªâ¨¢®áâ¨

âà ¢«¥¨ï ãç áâª®¢ á«®¥¢ ªà¥¬¨ï á ¢ëá®ª®© áâ¥¯¥-

ìî à §ã¯®àï¤®ç¥®áâ¨ ªà¨áâ ««¨ç¥áª®© à¥è¥âª¨,
®¡ãá«®¢«¥®© ¯®¢ëè¥®© ª®æ¥âà æ¨¥© ¤¥ä¥ªâ®¢.

� ¤ ®© à ¡®â¥ ¬ë ¯à®¤®«¦¨«¨ ¨áá«¥¤®¢ ¨ï

¢à¥¬ï-à §à¥è¥ëå á¯¥ªâà®¢ �� á«®¥¢ ��, ¯®«ãç¥-
ëå á ¯®¬®éìî « §¥à®© ¬®¤¨ä¨ª æ¨¨ Si, á æ¥«ìî
  «¨§ , á®¯®áâ ¢«¥¨ï ¨å á® á¯¥ªâà ¬¨ �� ��,
¯®«ãç¥®£® ¯® ¤àã£¨¬ â¥å®«®£¨ï¬, ¨ ¯®¨áª  ®¢ëå
 à£ã¬¥â®¢ ¢ ¯®«ì§ã â®© ¨«¨ ¨®© ¬®¤¥«¨.

�¥â®¤¨ª  ¨ à¥§ã«ìâ âë íªá¯¥à¨¬¥â 

�®®ªà¨áâ ««ë p-Si á ã¤¥«ìë¬ á®¯à®â¨¢«¥¨¥¬

ρ = 10�¬ · á¬ ®¡à ¡ âë¢ «¨áì ¨¬¯ã«ìá ¬¨ YAG-
« §¥à , à ¡®â îé¥£® ¢ à¥¦¨¬¥ á¢®¡®¤®© £¥¥à æ¨¨
(¤«¨  ¢®«ë ¨§«ãç¥¨ï λ = 1.06¬ª¬, í¥à£¨ï ¢

¨¬¯ã«ìá¥ Ei = 0.3�¦, ¤«¨â¥«ì®áâì ¨¬¯ã«ìá  ti =
2·10−4 á).�ãç « §¥à  ä®ªãá¨à®¢ «áï ®¯â¨ç¥áª¨¬ ¡«®-
ª®¬ ���-1 ¨ ¯¥à¥¬¥é «áï ¯® ¯®¢¥àå®áâ¨ ªà¥¬¨¥-
¢®© ¯« áâ¨ë, ®¡¥á¯¥ç¨¢ ï § ¤ ë¥ ¯«®â®áâì ¬®é-
®áâ¨ ¨ áâ¥¯¥ì ¯¥à¥ªàëâ¨ï ¯®¢¥àå®áâ¨ « §¥àë¬

¯ïâ®¬. � â¥¬ ®¡à §æë ®¡à ¡ âë¢ «¨áì ¢ ®ªà è¨¢ -
îé¥¬ âà ¢¨â¥«¥ á®áâ ¢  HF : HNO3 : H2O = 1 : 3 : 5 ¢

â¥ç¥¨¥ 3÷10¬¨ ¯à¨ ª®¬ â®© â¥¬¯¥à âãà¥. �¥« ª-
á æ¨®ë¥ á¯¥ªâàë �� ¨§¬¥àï«¨áì ¯à¨ ¢®§¡ã¦¤¥¨¨

¨¬¯ã«ìáë¬  §®âë¬ « §¥à®¬ ���-21 (λ = 0.34¬ª¬,
ti = 7 · 10−9 á, Ei = 2 · 10−5�¦)   ãáâ ®¢ª¥, á®-
¡à ®©   ®á®¢¥ á¯¥ªâà®¬¥âà  ���-12, á ¯®¬®éìî
®å« ¦¤ ¥¬®£® ¨¬¯ã«ìá®£® ä®â®ã¬®¦¨â¥«ï ���-83
(á¯¥ªâà «ìë© ¤¨ ¯ §® λ = 0.3÷1.2¬ª¬). �áâ ®¢ª 
®¡¥á¯¥ç¨¢ «  à¥£¨áâà æ¨î  ¬¯«¨âã¤ëå (¢ à¥¦¨¬¥

¤¥â¥ªâ¨à®¢ ¨ï ¯¨ª®¢ëå § ç¥¨©) ¨ ¨â¥£à «ìëå
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�¨á. 1. �¯¥ªâàë �� á«®¥¢ ��, ¯®«ãç¥ëå á ¯®¬®éìî
« §¥à®© ¬®¤¨ä¨ª æ¨¨. (1–3 ) —  ¬¯«¨âã¤ë¥, (1 ′–3 ′) —
¨â¥£à «ìë¥ ¢® ¢à¥¬¥¨ á¯¥ªâàë ��. �«®â®áâì í¥à-
£¨¨ ¯à¨ « §¥à®© ®¡à ¡®âª¥ W , �¦ · á¬−2: 1 , 1 ′ — 11.5;
2 , 2 ′ — 20.0; 3 , 3 ′ — 33.5. �¥àå¨© àï¤ ªà¨¢ëå — á¯ ¤

�� ¤«ï à §«¨çëå ¤«¨ ¢®«.

¢® ¢à¥¬¥¨ § ç¥¨© ¨â¥á¨¢®áâ¨ �� (Ipl), áâà®-
¡¨à®¢ ¨¥ à¥« ªá æ¨®ëå á¯¥ªâà®¢ ¢ à¥¦¨¬¥ áç¥â 

ä®â®®¢ á ¢à¥¬¥ë¬ à §à¥è¥¨¥¬ 10−8 á,  ª®¯«¥-
¨¥ ¨ ®¡à ¡®âªã ¨ä®à¬ æ¨¨   ���.
�  à¨á. 1 ¯à¨¢¥¤¥ë á¯¥ªâàë ¯¨ª®¢®£® § ç¥¨ï

¨â¥á¨¢®áâ¨ �� (ªà¨¢ë¥ 1–3 ) ¨ ¥¥ ¨â¥£à «ì-
®© ¢® ¢à¥¬¥¨ ¢¥«¨ç¨ë (ªà¨¢ë¥ 1 ′–3 ′) ¯à¨ à §-
«¨çëå ¯«®â®áâïå í¥à£¨¨ ¨§«ãç¥¨ï YAG-« §¥à 
(W ). �¨¤®, çâ® á à®áâ®¬ W ¢®§à áâ ¥â ¨â¥-
á¨¢®áâì á¯¥ªâà®¢ ¯¨ª®¢®£® § ç¥¨ï �� á ¬ ªá¨-
¬ã¬®¬ λmax ' 420¬ ¨ ¥¥ ¨â¥£à «ì®© ¯® ¢à¥¬¥¨

¢¥«¨ç¨ë. � ¡®«¥¥ ¤«¨®¢®«®¢®© ®¡« áâ¨ (¢¡«¨§¨
λ = 540¬)  ¡«î¤ ¥âáï ¤¥ä®à¬ æ¨ï  ¬¯«¨âã¤®£®
á¯¥ªâà  §  áç¥â ã¢¥«¨ç¥¨ï ®â®á¨â¥«ì®£® ¢ª« ¤ 

ª®à®âª®¦¨¢ãé¥© ª®¬¯®¥âë á ¢®§à áâ ¨¥¬ ¨â¥-
á¨¢®áâ¨ « §¥à®© ®¡à ¡®âª¨. �¥« ªá æ¨®ë¥ á¯¥ª-
âàë, ª ª ¢¨¤® ¨§ ¢áâ ¢®ª   à¨á. 1, å à ªâ¥à¨§ãîâáï
¤¢ã¬ï ãç áâª ¬¨ á¯ ¤  �� á ¤¢ã¬ï £àã¯¯ ¬¨ ¢à¥¬¥

à¥« ªá æ¨¨ — ¡ëáâàë© á¯ ¤ (τ1 < 20á) ¨ ¬¥¤«¥ë©
(20á< τ2 <200¬ªá), ¯à¨ç¥¬ ®¡  ®¨ ¯à¨áãâáâ¢ãîâ

¢ ¡®«ìè¥© ç áâ¨ á¯¥ªâà «ì®£® ¤¨ ¯ §® . �à¨ íâ®¬
á®®â®è¥¨¥  ¬¯«¨âã¤ ¤¢ãå ª®¬¯®¥â ¨§¬¥ï¥âáï ¢

è¨à®ª¨å ¯à¥¤¥« å ®â ¨áç¥§®¢¥¨ï ¬¥¤«¥®© ª®¬¯®-
¥âë ¯à¨ ¤«¨ å ¢®« ¬¥¥¥ 510¬ ¤® ¨áç¥§®¢¥¨ï

¡ëáâà®© ª®¬¯®¥âë ¯à¨ ¤«¨ å ¢®« ¡®«¥¥ 700¬.
�®®â¢¥âáâ¢¥®, ¬ ªá¨¬ã¬ á¯¥ªâà  �� á® ¢à¥¬¥¥¬

á¤¢¨£ ¥âáï ¢ áâ®à®ã ¡®́«ìè¨å ¤«¨ ¢®«,   ä®à¬ 

á¯¥ªâà  ¨á¯ëâë¢ ¥â ¢à¥¬¥ã́î âà áä®à¬ æ¨î, ¯®-
¤®¡®  ¡«î¤ ¥¬®© ¢ [12].
�¨¯¨çë¥ à¥« ªá æ¨®ë¥ ªà¨¢ë¥ ¥áâ æ¨® à®©

�� ¤«ï ¯ïâ¨ ¤«¨ ¢®« ¨§®¡à ¦¥ë   à¨á. 2. �¨¤®,

çâ® ªà¨¢ë¥ à¥« ªá æ¨¨ �� ¢® ¢á¥¬ á¯¥ªâà «ì®¬

¤¨ ¯ §®¥ ¥ ®¯¨áë¢ îâáï ®¤®© íªá¯®¥â®© ®â

¢à¥¬¥¨ t. �à¥¬¥  à¥« ªá æ¨¨ ¢® ¢á¥¬ ¤¨ ¯ §®¥

¥áâ æ¨® àëå á¯¥ªâà®¢ �� ¥ § ¢¨áïâ ®â ¨â¥-
á¨¢®áâ¨ ¢®§¡ã¦¤¥¨ï I ¨§«ãç¥¨¥¬  §®â®£® « §¥à 

¯® ªà ©¥© ¬¥à¥ ¢ ¯à¥¤¥« å I = 1÷ 103 �â · á¬−2.

�¡áã¦¤¥¨¥ à¥§ã«ìâ â®¢

1. �ëáâà ï ª®¬¯®¥â . �  á¯¥ªâà å ¯¨ª®¢®£®

§ ç¥¨ï �� ®¡à é ¥â   á¥¡ï ¢¨¬ ¨¥ á¨«ì ï

”£®«ã¡ ï” ¯®«®á . �¥ ¬ ªá¨¬ã¬ (λmax ' 420¬)
¢ ®â«¨ç¨¥ ®â  ¡«î¤ ¥¬®£® ¢ á¯¥ªâà å �� á«®¥¢

��, ¯®«ãç¥ëå ¬¥â®¤®¬ í«¥ªâà®å¨¬¨ç¥áª®£® âà -
¢«¥¨ï [12], (λmax ' 500¬) á¤¢¨ãâ ¢ ª®à®âª®¢®«®-
¢ãî ®¡« áâì á¯¥ªâà ,   ®â®è¥¨¥  ¬¯«¨âã¤ ¨â¥-
á¨¢®áâ¥© ”£®«ã¡®©” ¨ ”ªà á®©” ¯®«®á ¢  è¥¬ á«ã-
ç ¥ ¡®«¥¥ ç¥¬ ¢ 2 à §  ¯à¥¢ëè ¥â  ¡«î¤ ¥¬®¥ ¢ [12]
¯à¨ à ¢ëå ¢à¥¬¥ëå § ¤¥à¦ª å áâà®¡¨àãîé¥£®

¨¬¯ã«ìá  ®â®á¨â¥«ì® ¨¬¯ã«ìá  ¢®§¡ã¦¤¥¨ï. �â 
¯®«®á , á¢ï§  ï á ¯à¥å®¤ ¬¨ ¬¥¦¤ã  ¨¡®«¥¥ ¢ëá®-
ª®í¥à£¥â¨çë¬¨ ãà®¢ï¬¨ á ¬ «ë¬¨ ¢à¥¬¥ ¬¨ à¥-
« ªá æ¨¨, τ1 < 20á, ¬®¦¥â ¡ëâì ®¡ãá«®¢«¥ : ¡«¨§-
¥æ®¢®© à¥ª®¬¡¨ æ¨¥© ä®â®®á¨â¥«¥© á å à ªâ¥à-
ë¬ ¢à¥¬¥¥¬ à §¡¥£ ¨ï   ¤«¨ã ¡®à®¢áª®£® à ¤¨-
ãá  [13], ¨§«ãç â¥«ìë¬¨ ª¢ §¨¯àï¬ë¬¨ ¯¥à¥å®¤ ¬¨
¬¥¦¤ã ®¡ê¥¬ë¬¨ ª¢ â®¢ ë¬¨ á®áâ®ï¨ï¬¨ [3],
íªá¨â®®© à¥ª®¬¡¨ æ¨¥©,   â ª¦¥ ¨§«ãç â¥«ìë-
¬¨ æ¥âà ¬¨ ¢ á¨«®ªá¥¥, ¯®«¨á¨« ¥ [4], ®ªá¨¤¥

ªà¥¬¨ï [14]. � ç¨â¥«ì®¥ ¯à¥¢ëè¥¨¥  ¬¯«¨âã¤ë

íâ®© ¯®«®áë ®â®á¨â¥«ì® ªà á®© ¯® áà ¢¥¨î á®

á¯¥ªâà ¬¨ �� ®¡à §æ®¢, ¯®«ãç¥ëå ¯® ¤àã£¨¬ â¥å-
®«®£¨ï¬, [12] ¬ë á¢ï§ë¢ ¥¬ á ¨â¥á¨¢®© « §¥à®-
áâ¨¬ã«¨à®¢ ®© £¥¥à æ¨¥© áâàãªâãàëå ¤¥ä¥ªâ®¢

¢ ¬®®ªà¨áâ ««¨ç¥áª®¬ Si ¢ ¯à®æ¥áá¥ « §¥à®© ®¡à -
¡®âª¨ [15]. � á ¬®¬ ¤¥«¥, ¤ ¦¥ ¯à¨ áà ¢¨â¥«ì® ã¬¥-
à¥ëå ãà®¢ïå ¨å ª®æ¥âà æ¨¨ (1018 á¬−3) áà¥¤¥¥
à ááâ®ï¨¥ ¬¥¦¤ã ¤¥ä¥ªâ ¬¨ ª ª ¯®â¥æ¨ «ìë¬¨

æ¥âà ¬¨ âà ¢«¥¨ï á®áâ ¢«ï¥â ∼ 10¬. � àï¤ã á

á®ªà é¥¨¥¬ ¢à¥¬¥¨ âà ¢«¥¨ï íâ® ®£à ¨ç¨¢ ¥â

¬ ªá¨¬ «ìë¥ à §¬¥àë  ®ªà¨áâ ««¨â®¢, á¬¥é ï
¬ ªá¨¬ã¬ ¨å à á¯à¥¤¥«¥¨ï ¢ áâ®à®ã ¬ «ëå à §-
¬¥à®¢. � á®®â¢¥âáâ¢¨¨ á ª¢ â®¢®-à §¬¥à®© ¬®¤¥-
«ìî íâ® ã¢¥«¨ç¨¢ ¥â í¥à£¥â¨ç¥áª¨© § §®à Eg ¬¥¦¤ã
ª¢ â®¢ë¬¨ ãà®¢ï¬¨, á¬¥é ï £®«ã¡ãî ¯®«®áã ¢

ª®à®âª®¢®«®¢ãî ®¡« áâì. � â® ¦¥ ¢à¥¬ï á à®áâ®¬

ª®æ¥âà æ¨¨ ç áâ¨æ ¬ «®£® à §¬¥à  ¢®§à áâ ¥â ¨

íää¥ªâ¨¢ ï ¯«®é ¤ì ¯®¢¥àå®áâ¨ ¯®à¨áâ®£® á«®ï,
  á«¥¤®¢ â¥«ì®, ¨ ª®æ¥âà æ¨ï ¢®§¬®¦ëå ¨§«ãç -
â¥«ìëå æ¥âà®¢,  ¯à¨¬¥à ¢ ®ª¨á«¥ [14]. � §ã¬®

¤®¯ãáâ¨âì, çâ® ¢ ¯®«®á¥ á λmax ' 420¬ ¢  è¥¬

á«ãç ¥ à¥ «¨§ã¥âáï ¯ à ««¥«ì®¥ ¢ª«îç¥¨¥ ª®-
ªãà¨àãîé¨å à¥ª®¬¡¨ æ¨®ëå ª  «®¢: ¡¨¬®«¥ªã-
«ïà®£® (¡«¨§¥æ®¢®© à¥ª®¬¡¨ æ¨¨, â ª ª ª íªá¨-
â® ï, á®£« á® â¥®à¥â¨ç¥áª¨¬ ®æ¥ª ¬ [13], ¤ ¥â

§ ç¨â¥«ì® ¡®́«ìè¨¥ ¢¥«¨ç¨ë ¢à¥¬¥ à¥« ªá æ¨¨,
τ > 100á) ¨ ¬®®¬®«¥ªã«ïà®£® ( ¯à¨¬¥à, ç¥à¥§

�¨§¨ª  ¨ â¥å¨ª  ¯®«ã¯à®¢®¤¨ª®¢, 1997, â®¬ 31, ò 1
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�¨á. 2. �®à¬¨à®¢ ë© á¯ ¤ ¬¥¤«¥®© ª®¬¯®¥âë �� á«®ï �� (â®çª¨) ¨  ¯¯à®ªá¨¬ æ¨ï íªá¯¥à¨¬¥â «ìëå

à¥§ã«ìâ â®¢ (á¯«®èë¥ «¨¨) ”à áâïãâ®©” íªá¯®¥â®© á®£« á® (2) ¤«ï à §«¨çëå í¥à£¨© «î¬¨¥áæ¥â®£®

¨§«ãç¥¨ï.

æ¥âàë ¢ ®ª¨á«¥). �å ¨¤¥â¨ä¨ª æ¨ï âà¥¡ã¥â ¤ «ì-
¥©è¨å ¨áá«¥¤®¢ ¨© ¥áâ æ¨® àëå á¯¥ªâà®¢ ��

á  ®á¥ªã¤ë¬ ¨ áã¡ ®á¥ªã¤ë¬ ¢à¥¬¥ë¬

à §à¥è¥¨¥¬.
�«¥¤ã¥â ®â¬¥â¨âì, çâ® ¯®¤®¡ ï £®«ã¡ ï ¯®«®á  ¡ë-

«  ®¡ àã¦¥  â ª¦¥ ¢ á¯¥ªâà å �� ¤¨á¯¥à£¨à®¢ -
ëå   ª¢ àæ¥¢®© ¯®¤«®¦ª¥ äà £¬¥â®¢ ¯®à¨áâ®£®

ªà¥¬¨ï [16].
� ªâ ¯à¨áãâáâ¢¨ï ¡ëáâà®© ª®¬¯®¥âë (τ1 < 20á)

¢ ¡®«ìè¥© ç áâ¨ á¯¥ªâà «ì®£® ¤¨ ¯ §®  (420 < λ <
700¬) á¢¨¤¥â¥«ìáâ¢ã¥â ® ¡ëáâà®¬ à §¬¥¥ í¥à£¨¨

ä®â®®á¨â¥«¥©   § ç¨â¥«ìãî ¢¥«¨ç¨ã (2.9−1.8 =
1.1 í�). �â® áª®à¥¥ ¢á¥£® ®§ ç ¥â ¯à¥®¡« ¤ ¨¥

à¥ª®¬¡¨ æ¨®®£® ¯à®æ¥áá , ®¡é¥£® ¤«ï ãª § ®£®
á¯¥ªâà «ì®£® ¤¨ ¯ §® . � ¨¡®«¥¥ ¢¥à®ïâë¬ ¯à¥¤-
áâ ¢«ï¥âáï ¬¥å ¨§¬ ¡«¨§¥æ®¢®© à¥ª®¬¡¨ æ¨¨ ¢

ª¢ â®¢®-à §¬¥à®© ¬®¤¥«¨  ®ªà¨áâ ««¨â®¢ Si ¢
¢¨¤¥ ®âà¥§ª®¢ ¨â¥© ¯¥à¥¬¥®£® á¥ç¥¨ï (¨ á®®â¢¥â-
áâ¢¥® ¯¥à¥¬¥®£® Eg) [1]. � ª ï ¬®¤¥«ì ¤®¯ãáª ¥â
âà á¯®àâ ä®â®®á¨â¥«¥© ¢¤®«ì ª¢ â®¢®£® äà £¬¥-
â  á ¯®á«¥¤ãîé¥© �� ¢ ¡®«¥¥ ¤«¨®¢®«®¢®© ®¡« -
áâ¨ á¯¥ªâà . �®§¡ã¦¤¥¨¥ ®¡ê¥¬  ®¤®£® â ª®£® ªà¨-
áâ ««¨â  ¬®¦¥â ®¡¥á¯¥ç¨¢ âì �� ¢ ¯à¥¤¥« å ¢á¥£®

á¯¥ªâà «ì®£® ¤¨ ¯ §® . � á ¬®¬ ¤¥«¥, ¯¥à¥®á ä®-
â®®á¨â¥«¥© ¨§ ®¡ê¥¬   ®ªà¨áâ ««¨â  ª ¥£® ¯®¢¥àå-
®áâ¨ ¯à¨¢®¤¨â ¯à¥¨¬ãé¥áâ¢¥® ª ¡¥§ë§«ãç â¥«ì-
®© à¥ª®¬¡¨ æ¨¨ [6] (çâ® á®£« áã¥âáï á ¬ «®áâìî

ª¢ â®¢®£® ¢ëå®¤  ¢ ��). �à¨ íâ®¬  ªâ ¨§«ãç â¥«ì-
®© à¥ª®¬¡¨ æ¨¨ ¢ ®¡ê¥¬¥  ®ªà¨áâ ««¨â  ¤«¨®©

10¬ ¤®«¦¥ ãá¯¥âì ¯à®¨§®©â¨ §  ¢à¥¬ï âà á¯®àâ 

ä®â®®á¨â¥«¥© ¢¤®«ì â ª®£® äà £¬¥â  ttr � 10−12 á

(¤«¨  á¢®¡®¤®£® ¯à®¡¥£  ¢ Si ¯à¨ T = 300 K
ltr > 150¬), â. ¥. ¯à ªâ¨ç¥áª¨ ¬£®¢¥® ¢ ¬ áèâ ¡¥

 ¡«î¤ ¥¬ëå  ¬¨ ¢à¥¬¥. � ãá«®¢¨ïå ¡ ««¨áâ¨ç¥-
áª®£® ¯¥à¥®á   ¨¡®«¥¥ ¢¥à®ïâë¬ ¯à¥¤áâ ¢«ï¥âáï

¬¥å ¨§¬ à¥ª®¬¡¨ æ¨¨ ä®â®®á¨â¥«¥©   à ááâ®-
ï¨¨ ¨å à §¡¥£ ¨ï   ¤«¨ã ¡®à®¢áª®£® à ¤¨ãá ,
¯®¤®¡ë©  ¡«î¤ ¥¬®¬ã ¢  ¬®àä®¬ Si. �â®«ì è¨à®-
ª¨© á¯¥ªâà ¡ëáâà®© ª®¬¯®¥âë �� ¯à¥¤áâ ¢«ï¥âáï

¬¥¥¥ ¢¥à®ïâë¬ ¢ ¬®¤¥«¨ ¨§«ãç â¥«ìëå æ¥âà®¢ ¢

®ª¨á«¥ SiOx ¨«¨ æ¥âà®¢ ¬®«¥ªã«ïà®© ¯à¨à®¤ë.
2. �¥¤«¥ ï ª®¬¯®¥â . �â®à ï £àã¯¯  ¢à¥¬¥

(20á< τ2 <200¬ªá) å à ªâ¥à¨§ã¥â à¥« ªá æ¨î, ª®-
â®à ï ¥ ®¯¨áë¢ ¥âáï ®¤®© íªá¯®¥â®© ¨ ¯®¤®¡ 

 ¡«î¤ ¥¬®© ¢ ®¡à §æ å, ¯®«ãç¥ëå ¤àã£¨¬¨ ¬¥â®-
¤ ¬¨,  ¯à¨¬¥à, ¬¥â®¤®¬  ®¤¨à®¢ ¨ï [17]. � è¨-
ë©   «¨§ à¥« ªá æ¨®ëå á¯¥ªâà®¢, ¨§¬¥à¥ëå
¢ à¥¦¨¬¥ áç¥â  ä®â®®¢ ¢ ¤¨ ¯ §®¥ ¡®«¥¥ 3-å ¯®-
àï¤ª®¢ ¯® ¨â¥á¨¢®áâ¨, ¯®ª § «, çâ® á¯¥ªâàë å®-
à®è®  ¯¯à®ªá¨¬¨àãîâáï ”à áâïãâ®©” íªá¯®¥â®©,
¯à¨¬¥ï¥¬®© ¤«ï ®¯¨á ¨ï ¥ã¯®àï¤®ç¥ëå á¨áâ¥¬

á å à ªâ¥àë¬ ¨â¥£à «ìë¬ ¢à¥¬¥¥¬ [18]

τpl =
1

Ipl(0)

T∫
0

Ipl(t)dt = τ0β
−1Γ(β−1), (1)

Ipl(t) = Ipl(0) exp
[
−(t/τ0)β

]
, (2)

£¤¥ β — ¯ à ¬¥âà ¤¨á¯¥àá¨¨.
�àã£¨¥  ¯¯à®ªá¨¬ æ¨¨, ¨á¯®«ì§®¢ ë¥ à ¥¥ ¤«ï

®¯¨á ¨ï ª¨¥â¨ª¨ á¯¥ªâà®¢ �� ( ¯à¨¬¥à, ¢ ¬®¤¥-
«ïå, ãç¨âë¢ îé¨å ¯¥à¥¨§«ãç¥¨¥ (ä®â®ë© ¯¥à¥-
®á) á¢®¡®¤ëå í«¥ªâà®®¢ ¨ ¤ëà®ª [19], ¢ 3-ãà®¢-
¥¢®© ¬®¤¥«¨ [20],   â ª¦¥ ¢ ¬®¤¥«¨, à §¢¨â®© ¤«ï

®¯¨á ¨ï ¤«¨®¢à¥¬¥®© à¥« ªá æ¨¨ ä®â®®â¢¥â  ¢
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�¨á. 3. �¯¥ªâà «ì ï § ¢¨á¨¬®áâì áà¥¤¥£® ¢à¥¬¥¨

á¯ ¤  ¬¥¤«¥®© ª®¬¯®¥âë �� á«®ï ��.

¥®¤®à®¤ëå ¡ àì¥àëå ¯®«ã¯à®¢®¤¨ª®¢ëå áâàãª-
âãà å [21,22]), ¢  è¥¬ á«ãç ¥ ®ª § «¨áì ¥¯à¨¬¥¨-
¬ë¬¨.
�áà¥¤¥®¥ ¢à¥¬ï å à ªâ¥à¨§ã¥âáï á¯ ¤ îé¥© á

í¥à£¨¥© ª¢ â  E á¯¥ªâà «ì®© § ¢¨á¨¬®áâìî, ¡«¨§-
ª®© ª íªá¯®¥æ¨ «ì®©, [23]

τ̃pl(E) ∼ A exp
(
−E [í�]/0.27

)
(3)

¢ ¤¨ ¯ §®¥ 1.47÷ 2.48 í� (à¨á. 3). � ãç¥â®¬ ¥§ ¢¨-
á¨¬®áâ¨ ª¨¥â¨ª¨ �� ®â ¨â¥á¨¢®áâ¨ ¢®§¡ã¦¤¥¨ï

¯® ¢á¥¬ã á¯¥ªâàã ¥¥  ¡«î¤¥¨ï íâ®â ä ªâ á¢¨¤¥â¥«ì-
áâ¢ã¥â ¢ ¯®«ì§ã ”âã¥«ì®£®” ¬¥å ¨§¬  à¥ª®¬¡¨ -
æ¨¨ [14], á®£« á® ª®â®à®¬ã ¥¥ â¥¬¯ ª®âà®«¨àã¥âáï
âã¥«¨à®¢ ¨¥¬ ®á¨â¥«¥© áª¢®§ì ¯®â¥æ¨ «ìë¥

¡ àì¥àë, ®¡à §ã¥¬ë¥ á«®¥¬ ®ª¨á« , ¯®ªàë¢ îé¥£®
¯®¢¥àå®áâì ªà¨áâ ««¨â®¢. � ¬ ¯à®æ¥áá à¥ª®¬¡¨ -
æ¨¨ ¬®¦¥â ¡ëâì á¢ï§  ª ª á ¨§«ãç â¥«ìë¬¨ ¯¥à¥-
å®¤ ¬¨ á¢®¡®¤ëå í«¥ªâà®®¢ ¨ ¤ëà®ª («¨¡® íªá¨-
â®ë¬¨ ¯¥à¥å®¤ ¬¨) ¬¥¦¤ã ®¡ê¥¬ë¬¨ ª¢ â®¢ë-
¬¨ ãà®¢ï¬¨, â ª ¨ (á ãç¥â®¬ ¬ «®áâ¨ ª¢ â®¢®£®

¢ëå®¤  ¢ �� η < 3% [14,17]) á ¡¥§ë§«ãç â¥«ìë¬¨
¯¥à¥å®¤ ¬¨   ®¡ê¥¬ëå æ¥âà å [14],   ¯®¢¥àå®-
áâ¨ [19] ¨«¨   £à ¨æ¥ Si/SiOx [24]. �à¨ íâ®¬ ¢¯®«-
¥ ¢¥à®ïâ® â ª¦¥ âã¥«¨à®¢ ¨¥ ®á¨â¥«¥© ç¥à¥§

á«®© ®ª¨á«  ¬¥¦¤ã á®á¥¤¨¬¨ ªà¨áâ ««¨â ¬¨. � ¯®-
á«¥¤¥¬ á«ãç ¥ à¥§ã«ìâ¨àãîé¨© â¥¬¯ à¥ª®¬¡¨ æ¨¨

ã¦¥ ¥ ¡ã¤¥â ¯à®¯®àæ¨® «¥ áã¬¬¥ ¢¥à®ïâ®áâ¥©

à¥ª®¬¡¨ æ¨®ëå ¯à®æ¥áá®¢ WΣ = 1/τr + 1/τnr,
£¤¥ τr, τnr — ¢à¥¬¥  ¦¨§¨ ®á¨â¥«¥© ®â®á¨â¥«ì®

¨§«ãç â¥«ì®© ¨ ¡¥§ë§«ãç â¥«ì®© à¥ª®¬¡¨ æ¨¨ á®-
®â¢¥âáâ¢¥®,   ¬®¦¥â ¡ëâì ®¯¨á  ¯®á«¥¤®¢ â¥«ì®-
¯ à ««¥«ì®© áå¥¬®© ¢ª«îç¥¨ï ª  «®¢ âà á¯®à-
â  ¨ à¥ª®¬¡¨ æ¨¨ á ¥ª¨¬ íää¥ªâ¨¢ë¬ ¢à¥¬¥¥¬

τΣ eff = τtun+1/WΣ, £¤¥ τtun — ¢à¥¬ï âã¥«¨à®¢ ¨ï.
� «î¡®¬ á«ãç ¥ à¥ª®¬¡¨ æ¨ï ¡ã¤¥â ¯à®¨áå®¤¨âì

¢ ®¡« áâïå, ®â¤¥«¥ëå ®â ®¡« áâ¥© ¢®§¨ª®¢¥¨ï

®á¨â¥«¥© âã¥«ìë¬¨ ¡ àì¥à ¬¨. �¨á¯¥àá¨ï å -
à ªâ¥àëå ¢à¥¬¥, ®¯à¥¤¥«ïîé ï ¥¬®®íªá¯®¥-
æ¨ «ì®áâì ªà¨¢ëå ª¨¥â¨ª¨ ��   ¤ ®© ¤«¨¥

¢®«ë λ, ¬®¦¥â ¡ëâì ®¡ãá«®¢«¥  à §¡à®á®¬ â®«é¨

¡ àì¥à®¢ x, ª®â®à ï ®¯à¥¤¥«ï¥â ¨å ¯à®§à ç®áâì T ,

T = T0 exp
[
−(4π/h)

δ∫
0

(2m∗∆U)1/2dx
]
, (4)

£¤¥ m∗ — ¯à¨¢¥¤¥ ï íää¥ªâ¨¢ ï ¬ áá  ä®â®®-
á¨â¥«¥©, ∆U — ¢ëá®â , δ — ¬ ªá¨¬ «ì ï â®«é¨ 

¡ àì¥à .
�®¯®«¨â¥«ìë¬  à£ã¬¥â®¬ ¢ ¯®«ì§ã ¬®¤¥«¨ âã-

¥«ì®© à¥ª®¬¡¨ æ¨¨ ï¢«ï¥âáï  ¡«î¤ ¥¬ ï  ¬¨

¢®á¯à®¨§¢®¤¨¬®áâì  ª«®  § ¢¨á¨¬®áâ¨ τpl(E) ¯à¨

T = 77 K.
� à ¬¥âà ¤¨á¯¥àá¨¨ β â ª¦¥ ï¢«ï¥âáï á¯¥ªâ-

à «ì®-§ ¢¨á¨¬ë¬ á ¬ ªá¨¬ã¬®¬ ¢ ®¡« áâ¨ Eg =
1.9 í� (à¨á. 4), ª®â®àë© á®®â¢¥âáâ¢ã¥â  ¨¬¥ìè¥-
¬ã à §¡à®áã å à ªâ¥àëå ¢à¥¬¥ (¨«¨  ¨¡®«ìè¥©

¯«®â®áâ¨ á®áâ®ï¨©), çâ®  å®¤¨âáï ¢ á®£« á¨¨ á

¯®«®¦¥¨¥¬ ¬ ªá¨¬ã¬  ¯®«®áë ¨â¥£à «ì®© ��

(λmax ' 650¬) (à¨á. 1).
� ª¨¬ ®¡à §®¬,   «¨§ à¥§ã«ìâ â®¢ ¨áá«¥¤®¢ ¨ï

¢à¥¬ï-à §à¥è¥ëå á¯¥ªâà®¢ �� á«®¥¢ ��, áä®à¬¨-
à®¢ ëå á ¨á¯®«ì§®¢ ¨¥¬ ¬®¤¨ä¨ª æ¨¨ ªà¥¬¨ï

« §¥àë¬ ¨§«ãç¥¨¥¬ ¨ ®ªà è¨¢ îé¥£® âà ¢«¥¨ï,
¯®§¢®«ï¥â ¯à¥¤¯®«®¦¨âì, çâ® ¡ëáâà ï ª®¬¯®¥â 

�� ®¡ãá«®¢«¥  ¯¥à¥å®¤ ¬¨ ¬¥¦¤ã ª¢ â®¢ë¬¨ ®¡ê-
¥¬ë¬¨ á®áâ®ï¨ï¬¨ ¢  ®ªà¨áâ ««¨â å ¯¥à¥¬¥®-
£® á¥ç¥¨ï (¡«¨§¥æ®¢ ï à¥ª®¬¡¨ æ¨ï),   ¢ ¯®«®á¥

λmax ' 420¬ ¢®§¬®¦® ¯à®ï¢«¥¨¥ ª ª ª¢ â®¢®-
à §¬¥à®© ¯à¨à®¤ë, â ª ¨ «®ª «ìëå æ¥âà®¢. �¥-
¤«¥ ï ª®¬¯®¥â  ª®âà®«¨àã¥âáï â¥¬¯®¬ âã¥-
«¨à®¢ ¨ï ®á¨â¥«¥© áª¢®§ì í¥à£¥â¨ç¥áª¨¥ ¡ àì¥-
àë Si/SiOx, çâ® á¢¨¤¥â¥«ìáâ¢ã¥â ¢ ¯®«ì§ã ª¢ â®¢®-
à §¬¥à®© ¬®¤¥«¨.
�à¥¤«®¦¥ë© ¬¥â®¤ ä®à¬¨à®¢ ¨ï á«®¥¢ �� á

¨á¯®«ì§®¢ ¨¥¬ « §¥à®© ¬®¤¨ä¨ª æ¨¨ ¢ á®ç¥â ¨¨

á ¨§¡¨à â¥«ìë¬ å¨¬¨ç¥áª¨¬ âà ¢«¥¨¥¬ Si ¬®¦¥â
¡ëâì ¯®«¥§ë¬ ª ª  «ìâ¥à â¨¢  ¬¥â®¤ ¬, ¯à¨¬¥ï-
îé¨¬ ä®â®à¥§¨áâ ¨ ¨®ãî ¨¬¯« â æ¨î ¤«ï ¯®«ã-
ç¥¨ï § ¤ ®£® à¨áãª  [25].

�¨á. 4. �¯¥ªâà «ì ï § ¢¨á¨¬®áâì ¯ à ¬¥âà  ¤¨á¯¥àá¨¨
β ¤«ï á«®ï ��.

�¨§¨ª  ¨ â¥å¨ª  ¯®«ã¯à®¢®¤¨ª®¢, 1997, â®¬ 31, ò 1



10 �.�. �¥¤®à¥ª®, �.�. � à¤ à«ë, �.�. � £ ®¢¨ç, �.�. �¢¥ç¨ª®¢, �.�. �¨ª¨©, �.�. � à ¥æ

� ¡®â  ¢ë¯®«¥  ç áâ¨ç® ¯à¨ ¯®¤¤¥à¦ª¥ £à -
â®¬ �¥¦¤ã à®¤®£®  ãç®£® ä®¤  �®à®á .

�¯¨á®ª «¨â¥à âãàë

[1] L.T. Canham. Appl. Phys. Lett., 57, 1046 (1990).
[2] G.D. Sanders, Yia-Chung Chang. Appl. Phys. Lett., 60,

2525 (1992).
[3] Chin Yu Yeh, S.B. Zhang, Alex Zunger. Appl. Phys.

Lett., 63, 3455 (1993).
[4] E. Bustarret, M.E. Ligeon, L. Ortega. Sol. St. Commun.,

83, 461 (1992).
[5] M.S. Brandt, H.D. Fuchs, M. Stutsmann, J. Weber,

M. Cardona. Sol. St. Commun., 81, 307 (1992).
[6] J.C. Vial, S. Billat, A. Bsiesy, G. Fishman, F. Gaspard,

R. Herino, M. Ligeon, F. Madeore, I. Mihalcescu,
F. Muller, R. Romestain. Physics B, 185, 593 (1993).

[7] F. Koch, V. Petrova-Koch, T. Muschik, A. Nikolov,
V. Gavrilenko. Mater. Res. Soc. Symp. Proc., 283, 197
(1993).

[8] S. Shih, K.H. Jung, D.L. Kwong. Appl. Phys. Lett., 62,
12 (1993).

[9] H. Nishitani, H. Nakota. Japan. J. Appl. Phys., 31,
L1577 (1992).

[10] S. Shih, K.H. Jung, J. Yan, D.L. Kwong, M. Kovar,
J.M. White, T. George, S. Kim. Appl. Phys. Lett., 63,
3306 (1993).

[11] �.�. �¢¥ç¨ª®¢, �.�. �¥¤®à¥ª®, �.�. � £ ®¢¨ç,
�.�. � à¤ à«ë, �.�. �¨ª¨©, �.�. � à ¥æ. ���, 39,
704 (1994).

[12] �.�. �¤¨à¨ ®¢, �.�. �®¢ «¥¢, �.�. �ã¬ ,
�.�. �à®è¥æª¨©. �¨áì¬  ����, 56, 242 (1992).

[13] �.�. �à¥á«¥à, �.�. �áá¨¥¢¨ç. ���, 27, 871 (1993).
[14] A.J. Kontkiewicz, A.M. Kontkiewicz, J. Siejka, S. Sen,

G. Nowak, A.M. Hoff, P. Sakthivel, K. Ahmed,
P. Mukherjee, S. Witanachchi, J. Lagowski. Appl. Phys.
Lett., 65, 1436 (1994).

[15] �.�. � ¨è¥¢, �.�. �®¢¨ª®¢ . �¨§. å¨¬. ®¡à ¡. ¬ â¥-
à¨ «®¢, 5, 55 (1992).

[16] �.�. �®¬¯ , �.�. � ¡ ®¢. ���, 36, 125 (1994).
[17] L. Pavesi, M. Geschini, F. Rossi. J. Luminescence, 57,

131 (1993).
[18] H. Sher, M.F. Shlesinger, J.T. Bendler. Physics Today,

1, 26 (1991).
[19] S. Finkbeiner, J. Weber, M. Rosenbauer, M. Stutzman.

J. Luminescence, 57, 231 (1993).
[20] R. Laiho, A. Pavlov, O. Hovi. Appl. Phys. Lett., 63, 275

(1993).
[21] �.�. �¥©ª¬ , �.�. � àª¥¢¨ç, �.�. �¢®áâ®¢. ���,

5, 1904 (1971).
[22] �.�. �¨ª, �.�. �ã«ì. ���, 8, 1675 (1974).
[23] Y. Kanemitsu, T. Ogawa, K. Shiraishi, K. Takeda. J.

Luminescence, 60/61, 337 (1994).
[24] S. Gardelis, J.S. Rimmer, P. Dawson, B. Hamilton,

R.A. Kubiak, T.E. Whall, E.H.C. Parker. Appl. Phys.
Lett., 59, 2118 (1991).

[25] A.J. Steckl, J. Xu, H.C. Mogul, S. Morgen, Appl. Phys.
Lett., 62, 1982 (1993).

�¥¤ ªâ®à �.�. � à®®¢ 

Time-resolved photoluminescence
spectroscopy of porous silicon produced by
stain etching of laser-modificated silicon

L.L. Fedorenko, A.D. Sardarly, E.B. Kaganovich,
S.V. Svechnikov, S.P. Dikiy, S.V. Baranetz

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

Abstract The peculiarities of the time resolved photolumi-

nescence spectra of porous silicon formed by stain etching of

monocrystalline silicon which was previosly subjected to the

laser stimulated recrystallization and defect reconstruction

processes were investigated. Exept for the ”red” band with

maximum wavelength λmax
∼= 530 nm in photoluminescence

spectra it was revealed the ”blue” band λmax
∼= 420 nm

with intensity a double amount of the ”red” one. The

photoluminescence decay is characterised by two groops

of lifetimes: fast τ1 < 2 · 10−8 s and slow 2 · 10−8 <

τ2 < 2 · 10−4 s in the wide spectral bands 420÷700 and

500÷850 nm accordingly. The photoluminescence intensity

and contributions from the fast component are growing with

increasing of the laser energy density. The distinctions of

the photoluminescence spectra of our porous silicon layers as

compared with photoluminescence spectra of porous silicon

produced by electrochemical etching are connected with the

shift of the distribution maximum of the nanocrystallites sizes

into smaller ones and with increasing of the interface Si/SiOx

surface due to growing of the etching effeciency of the laser-

modificated Si. The results may be explained in terms of

quantum confinement model. It is suggested that the slow

part of photoluminescence decay is controlled by escape of

photocarriers from quantum dimension nanocrystallites due

to tunneling through the Si/SiOx barriers.
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