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� §à ¡®â ­  ¬¥â®¤¨ª  ¨§£®â®¢«¥­¨ï ¬¥§®¯®à¨áâ®£® ªà¥¬­¨ï ­  ¯®¤«®¦ª å n-â¨¯  á ¤¢ã¬ï

¨­â¥­á¨¢­ë¬¨ ¯à¨ ª®¬­ â­®© â¥¬¯¥à âãà¥ ¯®«®á ¬¨ ä®â®- ¨ í«¥ªâà®«î¬¨­¥áæ¥­æ¨¨: ®á­®¢­®© ¢

¤¨ ¯ §®­¥ 1.4–1.8 í� ¨ ­¨§ª®í­¥à£¥â¨ç¥áª®© ¨­äà ªà á­®© ¢¡«¨§¨ 1–1.2 í�. �®ª § ­  ¢®§¬®¦­®áâì
ã¯à ¢«¥­¨ï ª ª ¯®«®¦¥­¨¥¬ ®á­®¢­®£® ¬ ªá¨¬ã¬  ¨§«ãç¥­¨ï, â ª ¨ ¨­â¥­á¨¢­®áâìî ¯®«®á. �¢®©-
áâ¢  ®á­®¢­®© ¯®«®áë ®¡êïá­ïîâáï ¢ à ¬ª å ª¢ ­â®¢®-à §¬¥à­®© ¬®¤¥«¨ ®¡à §®¢ ­¨ï ¯®à¨áâ®£®

ªà¥¬­¨ï,   ­¨§ª®í­¥à£¥â¨ç¥áª®©— ¨§«ãç â¥«ì­®© à¥ª®¬¡¨­ æ¨¥© ¢ ªàã¯­ëå ­¥ª¢ ­â®¢®-à §¬¥à­ëå
ªà¨áâ ««¨â å.

�¢¥¤¥­¨¥

� ¯®á«¥¤­¨¥ £®¤ë ¡®«ìè®¥ ¢­¨¬ ­¨¥ ã¤¥«ï¥âáï

¨áá«¥¤®¢ ­¨ï¬ ­®¢®£® ¯®«ã¯à®¢®¤­¨ª®¢®£® ¬ â¥à¨ -
«  — ¯®à¨áâ®£® ªà¥¬­¨ï. �£® ä®â®«î¬¨­¥áæ¥­æ¨ï

(��) ¢ ¢¨¤¨¬®© ®¡« áâ¨ á¯¥ªâà  — å®à®è® ¨§¢¥áâ­®¥

¨ ¨§ãç¥­­®¥ ï¢«¥­¨¥ [1–3]. �®«®¦¥­¨¥ ¯¨ª  ��

¯®à¨áâ®£® ªà¥¬­¨ï, ¨§£®â®¢«¥­­®£® ­  ¯®¤«®¦ª å p-
â¨¯ , ¤®áâ â®ç­® «¥£ª® á¬¥é ¥âáï ¢ è¨à®ª¨å ¯à¥-
¤¥« å — ®â á¨­¥-§¥«¥­®© ¤® â¥¬­®-ªà á­®© ¨ ��

®¡« áâ¨ á¯¥ªâà  ¢ àì¨à®¢ ­¨¥¬ ¢à¥¬¥­¨ ¨ ¯«®â­®áâ¨

â®ª   ­®¤¨§ æ¨¨ [4,5],   â ª¦¥ á ¯®¬®éìî ¤®¯®«­¨-
â¥«ì­®£® âà ¢«¥­¨ï ¯®á«¥ ¯à®æ¥áá   ­®¤¨§ æ¨¨ [6].

�® ¢á¥å á¯¥ªâà å �� ¯®¬¨¬® ¢¨¤¨¬®© ¨­â¥­á¨¢­®©

®á­®¢­®© ¯®«®áë ­ ¡«î¤ ¥âáï è¨à®ª ï á« ¡ ï ­¨§-
ª®í­¥à£¥â¨ç¥áª ï ¯®«®á  ¬¥¦¤ã 0.8 ¨ 1.2 í� £« ¢­ë¬

®¡à §®¬ ¯à¨ ­¨§ª®© â¥¬¯¥à âãà¥ [1,7]. �� ¯®«®á  ­ -
¡«î¤ « áì â ª¦¥ ¢ á¯¥ªâà å í«¥ªâà®«î¬¨­¥áæ¥­æ¨¨

(��) ®¡à §æ®¢ ¯®à¨áâ®£® ªà¥¬­¨ï n-â¨¯  ¢ ª®­â ªâ¥
á ¦¨¤ª¨¬ í«¥ªâà®«¨â®¬, ­® ã¦¥ ¯à¨ ª®¬­ â­®© â¥¬-
¯¥à âãà¥ [8].

�à¨à®¤  ¢®§­¨ª­®¢¥­¨ï �� ¯®«®áë �� ¨ á¢ï§ì ¥¥

á �� ¯®«®á®© �� ­¥ ïá­ë. �¥ ®¯¨á ­ë ¢ «¨â¥à âãà¥

¨ ¬¥â®¤ë ã¯à ¢«¥­¨ï ¯®«®¦¥­¨¥¬ ¨ ¨­â¥­á¨¢­®áâìî

íâ®© ¯®«®áë.

� ¤ ç  ¤ ­­®© à ¡®âë á®áâ®ï«  ¢ ¬®¤¥à­¨§ æ¨¨

â¥å­®«®£¨¨ ¨§£®â®¢«¥­¨ï ¯®à¨áâ®£® ªà¥¬­¨ï n-â¨¯ 
á æ¥«ìî ¯®«ãç¥­¨ï ¨­â¥­á¨¢­®© ­¨§ª®í­¥à£¥â¨ç¥áª®©

¯®«®áë ä®â®- ¨ í«¥ªâà®«î¬¨­¥áæ¥­æ¨¨ ¯à¨ ª®¬­ â-
­®© â¥¬¯¥à âãà¥.

�¥â®¤¨ª  íªá¯¥à¨¬¥­â 

�á¥ ¨áá«¥¤®¢ ­­ë¥ ®¡à §æë ¯®à¨áâ®£® ªà¥¬­¨ï ¡ë-
«¨ ¨§£®â®¢«¥­ë ­  ¯®¤«®¦ª å n-â¨¯  ¯à®¢®¤¨¬®-
áâ¨ (ã¤¥«ì­®¥ á®¯à®â¨¢«¥­¨¥ 2–4�¬ · á¬, ®à¨¥­â æ¨ï
(100))  ­®¤¨§ æ¨¥© ¢ íâ ­®«ì­ëå à áâ¢®à å ¯« ¢¨-
ª®¢®© ª¨á«®âë ( 40% ¨«¨ 50% HF : Et = 1 : 1) ¢

â¥ç¥­¨¥ 10–180¬¨­ ¯à¨ ¯«®â­®áâ¨ â®ª  5–80¬�/á¬2

¨ ®á¢¥é¥­¨¨. �¡à §æë ®¡«ãç «¨áì 300-¢ ââ­®© £ -
«®£¥­®¢®© ¨«¨ ªá¥­®­®¢®© « ¬¯®© áª¢®§ì à §«¨ç­ë¥

ä¨«ìâàë. �®é­®áâì ®¡«ãç¥­¨ï ­ å®¤¨« áì ¢ ¯à¥¤¥-
« å 0.1−0.2�â/á¬2.

�«ï ¢®§¡ã¦¤¥­¨ï �� ¨á¯®«ì§®¢ «¨áì «¨­¨¨ 441 ¨
325­¬ He–Cd-« §¥à . �¯¥ªâà ¤¨á¯¥à£¨à®¢ «áï à¥è¥-
â®ç­ë¬ ¬®­®åà®¬ â®à®¬ SPEX-22 ¨ à¥£¨áâà¨à®¢ «áï
á ¯®¬®éìî ä®â®ã¬­®¦¨â¥«ï (Hamamatsu) ¨«¨ ®å« -
¦¤ ¥¬®£® £¥à¬ ­¨¥¢®£® ¤¥â¥ªâ®à  (North Coast).

�� ¢®§¡ã¦¤ « áì ¨¬¯ã«ìá ¬¨ â®ª  ¤«¨â¥«ì­®áâìî

0.5–10¬á ¨ ç áâ®â®© ¯®¢â®à¥­¨ï 10–100�æ. �¬¯«¨âã-
¤  ¨¬¯ã«ìá®¢ ¨§¬¥­ï« áì ®â 1¬�/á¬2 ¤® ­¥áª®«ìª¨å

á®â ¬�/á¬2. �¡à §æë ¯®¬¥é «¨áì ¢ í«¥ªâà®å¨¬¨ç¥-
áªãî ïç¥©ªã á ª¢ àæ¥¢ë¬ ®ª­®¬ ¨ ¯« â¨­®¢ë¬ ª®­âà-
í«¥ªâà®¤®¬. �á¯®«ì§®¢ «áï í«¥ªâà®«¨â ­  ®á­®¢¥

¯¥àáã«ìä â  ª «¨ï ¨«¨ ­ âà¨ï ¢ à áâ¢®à¥ 0.1M
D2SO4. �à¨¬¥­¥­¨¥ âï¦¥«®© ¢®¤ë ¢ í«¥ªâà®«¨â¥

á¢ï§ ­® á® §­ ç¨â¥«ì­ë¬ ¯®£«®é¥­¨¥¬ á¢¥â  ®¡ëç­®©

¢®¤®© ¯à¨ ¤«¨­ å ¢®«­, ¡®«ìè¨å 1200­¬, ¢ â® ¢à¥¬ï
ª ª D2O, ¯® ­ è¨¬ ¤ ­­ë¬, ¯à®§à ç­  ¯® ªà ©­¥©
¬¥à¥ ¤® 1500­¬.

�¥§ã«ìâ âë ¨ ®¡áã¦¤¥­¨¥

�®â®«î¬¨­¥áæ¥­æ¨ï. �à¨  ­®¤¨§ æ¨¨ ¯à¨¬¥­ï-
«¨áì ä¨«ìâàë, ¯®£«®é îé¨¥ ¢ëá®ª®í­¥à£¥â¨ç¥áªãî
ç áâì á¯¥ªâà  (low-pass), çâ® ¯®§¢®«ï«® ®£à ­¨ç¨-
¢ âì í­¥à£¨î ª¢ ­â®¢ á¢¥â , ¨á¯®«ì§®¢ ­­®£® ¤«ï

®¡«ãç¥­¨ï. �¦¨¤ «®áì, çâ® íâ® ¯à¨¢¥¤¥â ª ã¬¥­ì-
è¥­¨î í­¥à£¨¨ ä®â®£¥­¥à¨à®¢ ­­ëå ­®á¨â¥«¥© ¨,
ª ª á«¥¤áâ¢¨¥, ª ã¢¥«¨ç¥­¨î à §¬¥à®¢ ªà¨áâ ««¨-
â®¢ ¯®à¨áâ®£® ªà¥¬­¨ï. �â â¨áâ¨ç¥áª®¥ à á¯à¥¤¥«¥-
­¨¥ ªà¨áâ ««¨â®¢ ¯® à §¬¥à ¬ ¢ ®¡à §ãîé¥¬áï ¯®-
à¨áâ®¬ á«®¥ ¯à¨ ®¡«ãç¥­¨¨ ¡®«¥¥ ¤«¨­­®¢®«­®¢ë¬

á¢¥â®¬ ¤®«¦­® á¬¥é âìáï ¢ áâ®à®­ã ¡®«¥¥ ªàã¯­ëå

ªà¨áâ ««¨â®¢. �â® á¢ï§ ­® á â¥¬, çâ® ¢ ¬¨ªà®ªà¨-
áâ ««¨â å, íää¥ªâ¨¢­ ï è¨à¨­  § ¯à¥é¥­­®© §®­ë

ª®â®àëå ¯à¥¢ëè ¥â í­¥à£¨î ª¢ ­â®¢ ®¡«ãç îé¥£®

á¢¥â , ­¥ £¥­¥à¨àãîâáï í«¥ªâà®­­®-¤ëà®ç­ë¥ ¯ àë,
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366 �.�®«¨ááª¨©, �.�.�à¥á¥«¨, �.�.�­¤à¨ ­®¢, �.�®å

�¨á. 1. �¯¥ªâàë ä®â®«î¬¨­¥áæ¥­æ¨¨ ®¡à §æ®¢ ¯à¨ ª®¬­ â­®© â¥¬¯¥à âãà¥. Eex = 3.81 í�. �­®¤¨§ æ¨ï ¯à¨ ®¡«ãç¥­¨¨
ª¢ ­â ¬¨ á¢¥â  à §«¨ç­®© í­¥à£¨¨, í�: 1 — < 1.12, 2 — < 1.77, 3 — < 2.06, 4 — < 2.38. �  ¢áâ ¢ª¥ —
­¨§ª®í­¥à£¥â¨ç¥áª ï ¯®«®á  íâ¨å ¦¥ ®¡à §æ®¢ ¢ ¯®«ã«®£ à¨ä¬¨ç¥áª®¬ ¬ áèâ ¡¥.

¨ íâ¨ ªà¨áâ ««¨âë ã¦¥ ­¥ ¯à¨­¨¬ îâ ãç áâ¨ï ¢

¤ «ì­¥©è¥¬ à áâ¢®à¥­¨¨. � ª¨¬ ®¡à §®¬, ®£à ­¨ç¥-
­¨¥ í­¥à£¨¨ ®¡«ãç îé¥£® á¢¥â  á ¢ëá®ª®ç áâ®â­®©

áâ®à®­ë ¤®«¦­® ¯à¨¢®¤¨âì ª ”ªà á­®¬ã” á¬¥é¥­¨î
¬ ªá¨¬ã¬  �� ¯®à¨áâ®£® á«®ï.

�  à¨á. 1 ¯à¥¤áâ ¢«¥­ë á¯¥ªâàë �� ®¡à §æ®¢

¯®à¨áâ®£® ªà¥¬­¨ï. �¥©áâ¢¨â¥«ì­®, ¯à¨ ¨á¯®«ì§®-
¢ ­¨¨ ¡®«¥¥ ¤«¨­­®¢®«­®¢®© ¯®¤á¢¥âª¨ ¢ ¯à®æ¥áá¥

âà ¢«¥­¨ï ¬ ªá¨¬ã¬ �� á¤¢¨£ ¥âáï ¢ ­¨§ª®í­¥à£¥-
â¨ç¥áªãî ®¡« áâì. � ªá¨¬ «ì­®¥ á¬¥é¥­¨¥ ®á­®¢-
­®£® ¯¨ª  �� — ¤® 1.38 í� — ¯®«ãç¥­® ¯à¨ ®¡-
«ãç¥­¨¨ áª¢®§ì ªà¥¬­¨¥¢ë© ä¨«ìâà (E < 1.12 í�),
â. ¥. ª¢ ­â ¬¨ á¢¥â , ¡«¨§ª¨¬¨ ¯® í­¥à£¨¨ ª è¨à¨­¥

§ ¯à¥é¥­­®© §®­ë ªà¥¬­¨ï (à¨á. 1, ªà¨¢ ï 1 ). � ¤®
®â¬¥â¨âì, çâ® ¨­â¥­á¨¢­®áâì ¯¨ª  �� ¯à¨ íâ®¬ ¬¥-
­ï¥âáï ­¥§­ ç¨â¥«ì­®. �­â¥­á¨¢­®áâì �� ®¡à §æ®¢

¯®à¨áâ®£® ªà¥¬­¨ï, ¯®«ãç¥­­ëå ¯à¨ ®á¢¥é¥­¨¨ ç¥à¥§
ªà¥¬­¨¥¢ë© ä¨«ìâà, á¨«ì­® § ¢¨á¨â ®â á®¤¥à¦ ­¨ï
¢®¤ë ¢ í«¥ªâà®«¨â¥ ¨ ¬¨­¨¬ «ì­  ¯à¨ ¨á¯®«ì§®¢ ­¨¨

í«¥ªâà®«¨â  50% HF:Et = 1:1.

� ª ¢¨¤­® ¨§ à¨á. 1, ®¤­®¢à¥¬¥­­® á® á¤¢¨£®¬

®á­®¢­®© ¯®«®áë �� ¢ ¤«¨­­®¢®«­®¢ãî ®¡« áâì á¯¥ª-
âà  ¢®§à áâ ¥â ¨­â¥­á¨¢­®áâì ­¨§ª®í­¥à£¥â¨ç¥áª®©

¯®«®áë. �à¨ íâ®¬ ¯®«®¦¥­¨¥ ¥¥ ¯à ªâ¨ç¥áª¨ ­¥ ¬¥-
­ï¥âáï. � ª®¥ ¯®¢¥¤¥­¨¥ ®â«¨ç­® ®â ¯®¢¥¤¥­¨ï ��

¯®«®áë, ­ ¡«î¤ ¢è¥©áï ¯à¨ ­¨§ª¨å â¥¬¯¥à âãà å ¨
á¢ï§ ­­®© á ®¡®à¢ ­­ë¬¨ á¢ï§ ¬¨ (dangling bonds).
� ª ¨§¢¥áâ­®, ¯®á«¥¤­ïï ¯à¨ ¨§¬¥­¥­¨¨ ãá«®¢¨© ¯à¨-
£®â®¢«¥­¨ï ¯®à¨áâ®£® ªà¥¬­¨ï á¬¥é ¥âáï á¨¬¡ â­®

á® á¬¥é¥­¨¥¬ ®á­®¢­®© ¯®«®áë �� [9]. �  à¨á. 2
¯à¨¢¥¤¥­ë á¯¥ªâàë �� ®¡à §æ  ­  ¯®¤«®¦ª¥ n-â¨¯ ,
¯®«ãç¥­­®£® ¯® ®¯¨á ­­®© ¢ëè¥ ¬¥â®¤¨ª¥ (¢ ¤ «ì-
­¥©è¥¬ — ®¡à §¥æ n-â¨¯ ) ¨ ¬¥§®¯®à¨áâ®£® ªà¥¬-
­¨ï, ¯à¨£®â®¢«¥­­®£® ­  p+-¯®¤«®¦ª¥. �à¨ ­¥¯«®å®¬

á®¢¯ ¤¥­¨¨ ¯®«®¦¥­¨ï ¨ ¨­â¥­á¨¢­®áâ¨ ®á­®¢­ëå

¯®«®á �� ­¨§ª®í­¥à£¥â¨ç¥áª¨¥ ¯®«®áë ª à¤¨­ «ì­®

à §«¨ç îâáï. �¡à §¥æ n-â¨¯  å à ªâ¥à¨§ã¥âáï ïàª®
¢ëà ¦¥­­®© è¨à®ª®© ¯®«®á®© á ¬ ªá¨¬ã¬®¬ ®ª®«®

1 í� ¨ ¨­â¥­á¨¢­®áâìî, ¡®«¥¥ ç¥¬ ­  2 ¯®àï¤ª  ¯à¥-
¢ëè îé¥© ¨­â¥­á¨¢­®áâì �� ¬¥§®¯®à¨áâ®£® ®¡à §æ 

­  p+-Si ¢ íâ®© ®¡« áâ¨ á¯¥ªâà .

�  à¨á. 3 ¯à¥¤áâ ¢«¥­ë â¥¬¯¥à âãà­ë¥ § ¢¨á¨-
¬®áâ¨ ®¡¥¨å ¯®«®á �� ¯®à¨áâ®£® ªà¥¬­¨ï n-â¨¯ .
� à ªâ¥à â¥¬¯¥à âãà­®© § ¢¨á¨¬®áâ¨ ¨­â¥­á¨¢­®áâ¨

�¨á. 2. �¯¥ªâàë ä®â®«î¬¨­¥áæ¥­æ¨¨ ¬¥§®¯®à¨áâëå

®¡à §æ®¢ ¯à¨ ª®¬­ â­®© â¥¬¯¥à âãà¥. 1 — ­  ¯®¤«®¦ª¥

n-â¨¯ , ¯®«ãç¥­­ë©  ­®¤¨§ æ¨¥© ¯à¨ ®¡«ãç¥­¨¨ ª¢ ­â ¬¨
á í­¥à£¨¥© < 1.12 í�; 2 — ­  ¯®¤«®¦ª¥ p+-â¨¯  ( ­®¤¨§ -
æ¨ï ¢ â¥¬­®â¥).

�¨§¨ª  ¨ â¥å­¨ª  ¯®«ã¯à®¢®¤­¨ª®¢, 1997, â®¬ 31, ò 3
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­¨§ª®í­¥à£¥â¨ç¥áª®© ¯®«®áë ­¥¬®­®â®­­ë© ¨  ­ «®-
£¨ç¥­ â¥¬¯¥à âãà­®© § ¢¨á¨¬®áâ¨ ¨­â¥­á¨¢­®áâ¨ ¢ë-
á®ª®í­¥à£¥â¨ç¥áª®© ¯®«®áë. �¥¬¯¥à âãàë ¬ ªá¨¬ã-
¬®¢ ªà¨¢ëå á®¢¯ ¤ îâ, å®âï ¨ ¨§¬¥­ïîâáï ®â ®¡à §æ 
ª ®¡à §æã (®¡à §æë A ¨ B ­  à¨á. 3). �¥¬¯¥à âãà ,
¯à¨ ª®â®à®© ¤®áâ¨£ ¥âáï ¬ ªá¨¬ «ì­ ï ¨­â¥­á¨¢-
­®áâì, ­¨¦¥ ã ®¡à §æ®¢ á ¡®«¥¥ á« ¡®© ¨­â¥­á¨¢­®-
áâìî �� ¯à¨ ª®¬­ â­®© â¥¬¯¥à âãà¥.

�«¥ªâà®«î¬¨­¥áæ¥­æ¨ï. �  à¨á. 4 ¯®ª § ­ë á¯¥ª-
âàë �� ®¡à §æ®¢ ¯®à¨áâ®£® ªà¥¬­¨ï n-â¨¯  ¢ ª®­â ª-
â¥ á ¦¨¤ª¨¬ í«¥ªâà®«¨â®¬ ¯à¨ ª â®¤­®¬ á¬¥é¥­¨¨

(¬¨­ãá ­  ¯®«ã¯à®¢®¤­¨ª¥). �¡à §¥æ 1 ¯®«ãç¥­ á

¨á¯®«ì§®¢ ­¨¥¬ ªà á­®£® ä¨«ìâà  (E < 1.77 í�) ¢

¯à®æ¥áá¥  ­®¤¨§ æ¨¨,   ®¡à §¥æ 2 ®á¢¥é «áï ¡¥«ë¬

á¢¥â®¬ ¯® ¬¥â®¤¨ª¥, ®¯¨á ­­®© ¢ [8]. �§¬¥­¥­¨ï ¢

á¯¥ªâà å ��, ¢®§­¨ª îé¨¥ ¯à¨ ¨§¬¥­¥­¨¨ ãá«®¢¨©

 ­®¤¨§ æ¨¨, ª®àà¥«¨àãîâ á ¨§¬¥­¥­¨ï¬¨ ¢ á¯¥ªâà å
��. �­â¥­á¨¢­®áâì �� ¯®«®áë ¯® ®â­®è¥­¨î ª

¢¨¤¨¬®© ¢®§à áâ ¥â ¡®«¥¥ ç¥¬ ­  ¯®àï¤®ª ¢ ®¡à §æ å,
¯à¨£®â®¢«¥­­ëå ¨ ¨á¯®«ì§®¢ ­¨¥¬ ªà á­ëå ä¨«ì-
âà®¢ (à¨á. 4, ªà¨¢ ï 1 ), ¯® áà ¢­¥­¨î á ¨­â¥­á¨¢­®-
áâìî ¯®«®á ¢ ®¡à §æ å, ®¡«ãç¥­­ëå ¯à¨  ­®¤¨§ æ¨¨

¡¥«ë¬ á¢¥â®¬ (ªà¨¢ ï 2 ).

�  à¨á. 5 ¯à¥¤áâ ¢«¥­ë á¯¥ªâàë �� (ªà¨¢ë¥ 1, 2 )
¨ �� (ªà¨¢ ï 3 ) ®¡à §æ  ¯®à¨áâ®£® ªà¥¬­¨ï n-â¨¯ .
�®«®¦¥­¨¥ ¢¨¤¨¬®© ¯®«®áë �� ¢ ¨áá«¥¤®¢ ­­ëå

®¡à §æ å ®¡ëç­® á¤¢¨­ãâ® ¢ ­¨§ª®í­¥à£¥â¨ç¥áªãî

®¡« áâì ¯® áà ¢­¥­¨î á ¯®«®¦¥­¨¥¬ ¯®«®áë ��. �

á®®â¢¥âáâ¢¨¨ á ª®­æ¥¯æ¨¥© �§¨§¨ [10] â ª®© á¤¢¨£

¬®¦­® ®¡êïá­¨âì ¬ «ë¬¨ ¯à¨«®¦¥­­ë¬¨ ­ ¯àï¦¥-

�¨á. 3. �¥¬¯¥à âãà­ë¥ § ¢¨á¨¬®áâ¨ �� ®¡à §æ®¢ ¯®à¨-
áâ®£® ªà¥¬­¨ï n-â¨¯ . �­®¤¨§ æ¨ï ¯à¨ ®¡«ãç¥­¨¨¨ ª¢ ­-
â ¬¨ á í­¥à£¨¥© < 1.12 í� ¢ à §­ëå à áâ¢®à å: ®¡à §¥æ
A (1 ¨ 2 ) — 40% HF + íâ ­®« (1 : 1); ®¡à §¥æ B (3 ¨

4 ) — 50%HF + íâ ­®« (1 : 1). 1, 3 — ¯®«®¦¥­¨¥ ¬ ªá¨¬ã¬ 

®á­®¢­®© ¯®«®áë ®¡à §æ®¢ A ¨ B, 2, 4 — ¯®«®¦¥­¨¥ ¬ ª-
á¨¬ã¬  ­¨§ª®í­¥à£¥â¨ç¥áª®© ¯®«®áë íâ¨å ¦¥ ®¡à §æ®¢.
� áèâ ¡: 1 — ×1, 3 — ×2, 2, 4 — ×100.

�¨á. 4. �¯¥ªâàë í«¥ªâà®«î¬¨­¥áæ¥­æ¨¨ ®¡à §æ®¢ ¯®à¨-
áâ®£® ªà¥¬­¨ï n-â¨¯ . �­®¤¨§ æ¨ï ¯à¨ ®¡«ãç¥­¨¨ ª¢ ­-
â ¬¨ á í­¥à£¨¥© < 1.77 í� (1 ) ¨ ¯à¨ ®¡«ãç¥­¨¨ ¡¥«ë¬

á¢¥â®¬ (2 ). �«®â­®áâì â®ª  ¢ ¨¬¯ã«ìá¥ i = 40¬�/á¬2,
τ = 5¬á, f = 40�æ.

­¨ï¬¨ ¨ â®ª ¬¨ ¢ ïç¥©ª¥. � ­ è¨å íªá¯¥à¨¬¥­â å

¬ë â ª¦¥ ­ ¡«î¤ «¨ á¬¥é¥­¨¥ ¯®«®áë �� ¢ § -
¢¨á¨¬®áâ¨ ®â ¢¥«¨ç¨­ë â®ª  (áà. ªà¨¢ë¥ 1 ¨ 2 ­ 

à¨á. 5), ®¤­ ª® ®­¨ áãé¥áâ¢¥­­® ¬¥­ìè¥ à §­¨æë

¬¥¦¤ã ¬ ªá¨¬ã¬ ¬¨ �� ¨ ��.
�¨à®ª ï ­¨§ª®í­¥à£¥â¨ç¥áª ï ¯®«®á  ¢ á¯¥ªâà¥

�� ¨¬¥¥â á«®¦­ãî áâàãªâãàã; ­  à §­ëå ®¡à §æ å

¥¥ ¬ ªá¨¬ã¬ ¬®¦¥â à á¯®« £ âìáï ¢ ¨­â¥à¢ «¥ ®â 1
¤® 1.2 í�. �ã¦­® ®â¬¥â¨âì, çâ® ¯®ª  âàã¤­® áã¤¨âì,
çâ® ã¯à ¢«ï¥â íâ¨¬¨ á¬¥é¥­¨ï¬¨. � â® ¦¥ ¢à¥¬ï

�� ¯®«¨à®¢ ­­®© ¯®¤«®¦ª¨ n-Si ¢ ª®­â ªâ¥ á â¥¬

¦¥ í«¥ªâà®«¨â®¬ å à ªâ¥à¨§ã¥âáï §­ ç¨â¥«ì­® ¡®«¥¥

á« ¡ë¬ ¨ ã§ª¨¬ ¯¨ª®¬ á ¬ ªá¨¬ã¬®¬ ¯à¨ 1.1 í�.

�®¤¥«ì

�à¨ ®¡êïá­¥­¨¨ ¯®«ãç¥­­ëå à¥§ã«ìâ â®¢ ¬ë ¯®-
« £ «¨, çâ® ¯®«®¦¥­¨¥ ¯¨ª  �� ®¯à¥¤¥«ï¥âáï à §-
¬¥à ¬¨ ªà¨áâ ««¨â®¢ [1],   ¨­â¥­á¨¢­®áâì �� áã-
é¥áâ¢¥­­® § ¢¨á¨â ®â á®®â­®è¥­¨ï ¨§«ãç â¥«ì­®£® ¨

¡¥§ë§«ãç â¥«ì­®£® ª ­ «®¢ à¥ª®¬¡¨­ æ¨¨ ¢ ®¡ê¥¬¥ ¨

­  ¯®¢¥àå­®áâ¨ ªà¨áâ ««¨â®¢.
�®§­¨ª­®¢¥­¨¥ ¯à¨ âà ¢«¥­¨¨ ªà¥¬­¨ï ª¢ ­â®¢®-

à §¬¥à­ëå ªà¨áâ ««¨â®¢ (­ ­®ªà¨áâ ««¨â®¢) ®á« -
¡«ï¥â ®¡ê¥¬­ãî ¡¥§ë§«ãç â¥«ì­ãî à¥ª®¬¡¨­ æ¨î,
â ª ª ª ¢®§à áâ ¥â ç¨á«® ¡¥§¤¥ä¥ªâ­ëå ¨ ”­¥«¥-
£¨à®¢ ­­ëå” ªà¨áâ ««¨â®¢, ¢ ª®â®àëå ¯à ªâ¨ç¥áª¨

®âáãâáâ¢ãîâ  â®¬ë ¯à¨¬¥á¨.
�  ¨­â¥­á¨¢­®áâì �� ¢«¨ï¥â â ª¦¥ áâ¥¯¥­ì ¯ áá¨-

¢ æ¨¨ ¯®¢¥àå­®áâ¨ ¯®à¨áâ®£® ªà¥¬­¨ï, ª®â®à ï § ¢¨-
á¨â ®â á®áâ ¢  âà ¢¨â¥«ï ¨ ãá«®¢¨©  ­®¤¨§ æ¨¨. �§
à¨á. 3 ¢¨¤­®, çâ® ¯à¨ ¨á¯®«ì§®¢ ­¨¨ í«¥ªâà®«¨â  á
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�¨á. 5. �¯¥ªâàë �� (1, 2 ) ¨ �� (3 ) ®¤­®£® ¨ â®£®

¦¥ ®¡à §æ . �®§¡ã¦¤¥­¨¥ �� ¯à¨ Eex = 3.81 í�, �� —
τ = 5 á¬, f = 20�æ; ¯«®â­®áâì â®ª  ¢ ¨¬¯ã«ìá¥, ¬�/á¬2:
1 — 30, 2 — 40.

ã¢¥«¨ç¥­­ë¬ ª®«¨ç¥áâ¢®¬ ¢®¤ë ¨­â¥­á¨¢­®áâì ��

¯à¨ ª®¬­ â­®© â¥¬¯¥à âãà¥ ¢®§à áâ ¥â ¢ ­¥áª®«ìª®

à §. �® ¤ ­­ë¬ à ¡®âë [11] íâ® ®¡êïá­ï¥âáï ã«ãç-
è¥­¨¥¬ ¯ áá¨¢ æ¨¨ ¯®¢¥àå­®áâ¨ ¯®à¨áâ®£® ªà¥¬­¨ï

¡« £®¤ àï ®¡à §®¢ ­¨î à áâï­ãâëå (stretching) á¢ï-
§¥© Si–O–Si, ¯à¨áãâáâ¢¨¥ ª®â®àëå ¢ ­¥¡®«ìè®¬ ª®-
«¨ç¥áâ¢¥ ãá¨«¨¢ ¥â ®¡ëç­ãî £¨¤à¨¤­ãî ¯ áá¨¢ æ¨î

¯®à¨áâ®£® ªà¥¬­¨ï.
�¤¢¨£ ®á­®¢­®£® ¯¨ª  �� ¢ ­¨§ª®í­¥à£¥â¨ç¥áªãî

áâ®à®­ã ®¡êïá­ï¥âáï ã¢¥«¨ç¥­¨¥¬ à §¬¥à®¢ ­ ­®-
ªà¨áâ ««¨â®¢. �â® ¯®¤â¢¥à¦¤ ¥â ¨áå®¤­®¥ ¯à¥¤¯®«®-
¦¥­¨¥ ® â®¬, çâ® ã¬¥­ìè¥­¨¥ í­¥à£¨¨ í«¥ªâà®­­®-
¤ëà®ç­ëå ¯ à, £¥­¥à¨àã¥¬ëå á¢¥â®¬ ¢® ¢à¥¬ï  ­®-
¤¨§ æ¨¨, ¯à¨¢®¤¨â ª ã¢¥«¨ç¥­¨î à §¬¥à®¢ ªà¨áâ «-
«¨â®¢. �¨á«® ¨å ¯à¨ íâ®¬, ¥áâ¥áâ¢¥­­®, ã¬¥­ìè ¥âáï,
¯à¨¢®¤ï ª ã¬¥­ìè¥­¨î ¨­â¥­á¨¢­®áâ¨ ®á­®¢­®£® ¯¨ª 

ª ª ä®â®-, â ª ¨ í«¥ªâà®«î¬¨­¥áæ¥­æ¨¨.
�ë ¯à¥¤¯®« £ ¥¬, çâ® ­¨§ª®í­¥à£¥â¨ç¥áª ï ¯®«®á 

�� à áá¬ âà¨¢ ¥¬ëå ®¡à §æ®¢ ®¯à¥¤¥«ï¥âáï ¨§«ã-
ç â¥«ì­®© à¥ª®¬¡¨­ æ¨¥© ¢ ­¥ª¢ ­â®¢®-à §¬¥à­ëå
ªà¨áâ ««¨â å. �ãé¥áâ¢®¢ ­¨¥ ¨§«ãç â¥«ì­®© à¥ª®¬-
¡¨­ æ¨¨ ¢ ­¥ª¢ ­â®¢®-à §¬¥à­ëå ªà¨áâ ««¨â å ªà¥¬-
­¨ï ¯à¨ ª®¬­ â­®© â¥¬¯¥à âãà¥ ¬®¦¥â ¡ëâì ®¡êïá-
­¥­® ä«ãªâã æ¨ï¬¨ ¯®â¥­æ¨ «  ­  á¨«ì­® à §¢¨â®©

¯®¢¥àå­®áâ¨ ¯®á«¥¤­¨å, ¯à¨¢®¤ïé¨¬¨ ª «®ª «¨§ æ¨¨
­®á¨â¥«¥©. � ­ è¥¬ á«ãç ¥ §­ ç¨â¥«ì­®¥ ã¢¥«¨ç¥-
­¨¥ ¨­â¥­á¨¢­®áâ¨ ­¨§ª®í­¥à£¥â¨ç¥áª®© ¯®«®áë ��

®¯à¥¤¥«ï¥âáï á«ã¤ãîé¨¬¨ ä ªâ®à ¬¨: ã¢¥«¨ç¥­¨¥¬
ª®«¨ç¥áâ¢  ­¥ª¢ ­â®¢®-à §¬¥à­ëå ªà¨áâ ««¨â®¢, ¨«¨
ã¬¥­ìè¥­¨¥¬ ¯®à¨áâ®áâ¨; ­¨§ª®© áâ¥¯¥­ìî «¥£¨à®¢ -
­¨ï ¨áå®¤­®£® ªà¥¬­¨ï, çâ® ¯®§¢®«ï¥â ¯à¥¤¯®« £ âì
áãé¥áâ¢®¢ ­¨¥ ¡®«ìè¥£® ç¨á«  ”­¥«¥£¨à®¢ ­­ëå” ¨

¡¥§¤¥ä¥ªâ­ëå ªà¨áâ ««¨â®¢, ç¥¬ ¢ ¯®à¨áâ®¬ ªà¥¬-

­¨¨, ¯®«ãç¥­­®¬ ­  á¨«ì­® «¥£¨à®¢ ­­ëå ¯®¤«®¦ª å,
  â ª¦¥ ¢ëá®ª®© áâ¥¯¥­ìî ¯ áá¨¢ æ¨¨ ¯®¢¥àå­®áâ¨.

�ää¥ªâ ­¨§ª®í­¥à£¥â¨ç¥áª®© ¯®¤á¢¥âª¨, ã¢¥«¨ç¨-
¢ ï à §¬¥àë ªà¨áâ ««¨â®¢, ®¤­®¢à¥¬¥­­® ã¢¥«¨ç¨¢ -
¥â ª®«¨ç¥áâ¢® ­¥ª¢ ­â®¢®-à §¬¥à­ëå, á®åà ­ïîé¨å
á¢®©áâ¢  ®¡ê¥¬­®£® Si, ªà¨áâ ««¨â®¢. �®«¨ç¥áâ¢® â -
ª¨å ªà¨áâ ««¨â®¢ ¢®§à áâ ¥â ­¥ â®«ìª® ¢ á ¬®¬ ¯®à¨-
áâ®¬ ªà¥¬­¨¨, ª®â®àë© áâ ­®¢¨âáï ¯à ªâ¨ç¥áª¨ ¬¥-
§®¯®à¨áâë¬, ­® ¨ ¢ ¬ ªà®¯®à¨áâ®¬ ¯®¤á«®¥ n-Si [12],
â®«é¨­  ª®â®à®£® áâ ­®¢¨âáï ¡®«ìè¥ ¯à¨ ã¢¥«¨ç¥-
­¨¨ £«ã¡¨­ë ¯®£«®é¥­¨ï á¢¥â , ¨á¯®«ì§ã¥¬®£® ¯à¨

 ­®¤¨§ æ¨¨. �â¬¥â¨¬ â ª¦¥, çâ® ¯à¨ ¨á¯®«ì§®¢ ­¨¨
¡®«¥¥ ¤«¨­­®¢®«­®¢®£® « §¥à  ¤«ï ¢®§¡ã¦¤¥­¨ï ��

(0.441­¬ ¢¬¥áâ® 0.325­¬) ¨­â¥­á¨¢­®áâì ­¨§ª®í­¥à-
£¥â¨ç¥áª®© ¯®«®áë ¢®§à áâ ¥â á¨«ì­¥¥, ç¥¬ ¨­â¥­-
á¨¢­®áâì ¢ëá®ª®í­¥à£¥â¨ç¥áª®©. �â® ¯®¤â¢¥à¦¤ ¥â

áãé¥áâ¢®¢ ­¨¥ ¬ ªà®¯®¤á«®ï ¢ ¯®à¨áâ®¬ ªà¥¬­¨¨ n-
â¨¯ , ¤ îé¥£® ¢ª« ¤ ¢ ¨§«ãç¥­¨¥ ­¨§ª®í­¥à£¥â¨ç¥-
áª®© ¯®«®áë.

�®, çâ® ­¨§ª®í­¥à£¥â¨ç¥áª ï ¯®«®á  ®¡ãá«®¢«¥­ 

¨§«ãç â¥«ì­®© à¥ª®¬¡¨­ æ¨¥© ¢ ¬ ªà®ªà¨áâ ««¨â å,
¯®¤â¢¥à¦¤ ¥âáï ¨ ­ ¡«î¤ ¥¬ë¬¨ ­ ¬¨ â¥¬¯¥à âãà-
­ë¬¨ § ¢¨á¨¬®áâï¬¨ �� íâ®© ¯®«®áë, ª®â®àë¥ áãé¥-
áâ¢¥­­® ®â«¨ç îâáï ®â ¨§¢¥áâ­ëå ¨§ «¨â¥à âãàë [13],
  â ª¦¥ ¨¤¥­â¨ç­ë¬ á ®á­®¢­®© ¯®«®á®© �� â¥¬¯¥-
à âãà­ë¬ å®¤®¬.

�á®¡¥­­®áâ¨ ¯®«ãç¥­­®© �� ®¡êïá­ïîâáï  ­ «®-
£¨ç­® ®á®¡¥­­®áâï¬ ��. �¤¢¨£ ¬ ªá¨¬ã¬  ¢ëá®ª®-
í­¥à£¥â¨ç¥áª®© ¯®«®áë �� ¢ ¤«¨­­®¢®«­®¢ãî áâ®-
à®­ã ®â­®á¨â¥«ì­® ¯¨ª  �� (à¨á. 5) ¬ë ¯à¨¯¨áë¢ -
¥¬ à §­ë¬ á¯®á®¡ ¬ ¢®§¡ã¦¤¥­¨ï «î¬¨­¥áæ¥­æ¨¨. �
á«ãç ¥ �� ­¥®¤­®à®¤­®áâì ªà¨áâ ««¨â®¢ ¯à¨¢®¤¨â ª

­¥®¤­®à®¤­®¬ã à á¯à¥¤¥«¥­¨î â®ª  ¢ á«®¥ ¯®à¨áâ®£®

ªà¥¬­¨ï, ¯à¨ç¥¬, ¥áâ¥áâ¢¥­­®, ¡®«ìè¨© â®ª ¨¤¥â ç¥-
à¥§ ¡®«¥¥ ªàã¯­ë¥ ªà¨áâ ««¨âë, ¢ë§ë¢ ï ãá¨«¥­¨¥

¨­â¥­á¨¢­®áâ¨ �� ¨ á¤¢¨£ ï ¯®«®áã �� ¢ ¤«¨­­®¢®«-
­®¢ãî áâ®à®­ã. �à®¨áå®¦¤¥­¨¥ ­¨§ª®í­¥à£¥â¨ç¥áª®©
¯®«®áë �� á¢ï§ ­®, ª ª ¨ ¢ á«ãç ¥ ��, á ¨§«ãç â¥«ì-
­®© à¥ª®¬¡¨­ æ¨¥© ¢ ¬ ªà®ªà¨áâ ««¨â å.

� ª¨¬ ®¡à §®¬, ­ ¬¨ à §à ¡®â ­  ¬¥â®¤¨ª  ¨§£®â®-
¢«¥­¨ï ¬¥§®¯®à¨áâ®£® ªà¥¬­¨ï ­  ¯®¤«®¦ª å n-â¨¯ 
á ¤¢ã¬ï ¨­â¥­á¨¢­ë¬¨ ¯à¨ ª®¬­ â­®© â¥¬¯¥à âãà¥

¯®«®á ¬¨ ä®â®- ¨ í«¥ªâà®«î¬¨­¥áæ¥­æ¨¨: ®á­®¢­®© ¢
¤¨ ¯ §®­¥ 1.4–1.6í� ¨ ­¨§ª®í­¥à£¥â¨ç¥áª®© �� ¢¡«¨-
§¨ 1–1.2 í�. �®ª § ­  ¢®§¬®¦­®áâì ã¯à ¢«¥­¨ï ª ª

¯®«®¦¥­¨¥¬ ®á­®¢­®£® ¬ ªá¨¬ã¬  ¨§«ãç¥­¨ï, â ª

¨ ¨­â¥­á¨¢­®áâìî ¯®«®á. �¢®©áâ¢  ®á­®¢­®© ¯®«®áë
®¡êïá­ïîâáï ¢ à ¬ª å ª¢ ­â®¢®-à §¬¥à­®© ¬®¤¥«¨

®¡à §®¢ ­¨ï ¯®à¨áâ®£® ªà¥¬­¨ï,   ­¨§ª®í­¥à£¥â¨ç¥-
áª®© — ¨§«ãç â¥«ì­®© à¥ª®¬¡¨­ æ¨¥© ¢ ªàã¯­ëå

­¥ª¢ ­â®¢®-à §¬¥à­ëå ªà¨áâ ««¨â å.

� ¡®â  ¢ë¯®«­¥­  ¯à¨ ä¨­ ­á®¢®© ¯®¤¤¥à¦ª¥

INTAS (£à ­â N 93-3325). �.�. �à¥á¥«¨ ¨ �.�. �­¤à¨-
 ­®¢ ¢ëà ¦ îâ â ª¦¥ ¡« £®¤ à­®áâì §  ¯®¤¤¥à¦ªã

���� (£à ­â N 96-02-17903),    ¢â®àë �. �®«¨ááª¨©
¨ �. �®å — ����.
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Infrared luminescence of porous silicon at
room temperature
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Abstract We have proposed a new technique of the meso-

porous silicon preparation on the n-type substrates. Both

photo- and electroluminescence spectra of mesoporous layers

at room temperature exhibit two intensive bands: the main

band and the low–energy infrared one peaked at 1.0–1.2 eV.

The peak position of the main band is varied from 1.4 to

1.8 eV. The intensities of the both bands can be controlled.

The features of the main band are explained in terms of

quantum–size effects and those of the low–energy band are

attributed to radiative recombination in large crystallites.
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