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� ®¡« áâ¨ â¥¬¯¥à âãà 360–400 K ¨áá«¥¤®¢ ­® ¢«¨ï­¨¥ ¢à¥¬¥­¨ ®á¢¥é¥­¨ï ­  à¥« ªá æ¨î ª®­-
æ¥­âà æ¨¨ á®§¤ ­­ëå á¢¥â®¬ ¬¥â áâ ¡¨«ì­ëå ¤¥ä¥ªâ®¢ ¢ «¥£¨à®¢ ­­ëå ¡®à®¬ ¯«¥­ª å a-Si : H.
�¥« ªá æ¨ï ª®­æ¥­âà æ¨¨ ¯à®¨áå®¤¨«  ¯® à áâï­ãâ®© íªá¯®­¥­â¥ (∼ exp(−(t/τr)

β)). � ®¡« áâ¨

¨áá«¥¤®¢ ­­ëå â¥¬¯¥à âãà ¨ ¢à¥¬¥­ ®á¢¥é¥­¨ï (0.1–7.0 á) ª®íää¨æ¨¥­â β = 0.55−0.65,   í­¥à£¨ï
 ªâ¨¢ æ¨¨ Ea â¥¬¯¥à âãà­®© § ¢¨á¨¬®áâ¨ íää¥ªâ¨¢­®£® ¢à¥¬¥­¨ τr á®áâ ¢«ï«  0.97–1.07 í�. �

à®áâ®¬ ®á¢¥é¥­¨ï ­ ¡«î¤ «®áì á« ¡®¥ ã¢¥«¨ç¥­¨¥ Ea ¨ β. �¥«¨ç¨­  τr ¢®§à áâ «  ¯à¨ ã¢¥«¨ç¥-
­¨¨ ¢à¥¬¥­¨ ®á¢¥é¥­¨ï ¢ á®®â¢¥âáâ¢¨¨ á § ¢¨á¨¬®áâìî, ¡«¨§ª®© ª «®£ à¨ä¬¨ç¥áª®©. �à®¢¥¤¥­®
á®¯®áâ ¢«¥­¨¥ ¯®«ãç¥­­ëå íªá¯¥à¨¬¥­â «ì­ëå à¥§ã«ìâ â®¢ á áãé¥áâ¢ãîé¨¬¨ ¬¨ªà®áª®¯¨ç¥áª¨¬¨

¬®¤¥«ï¬¨ ®¡à §®¢ ­¨ï ¨ ®â¦¨£  ¬¥â áâ ¡¨«ì­ëå ¤¥ä¥ªâ®¢ ¢ ¯«¥­ª å a-Si : H.

�§¢¥áâ­®, çâ® £¥­¥à æ¨ï ­¥à ¢­®¢¥á­ëå ­®á¨â¥«¥©
¢  ¬®àä­®¬ £¨¤à¨à®¢ ­­®¬ ªà¥¬­¨¨ (a-Si : H) ¯à¨¢®-
¤¨â ª ®¡à §®¢ ­¨î ¤¥ä¥ªâ®¢ â¨¯  ®¡®à¢ ­­ëå á¢ï-
§¥©, ª®â®àë¥ ¨áç¥§ îâ ¯®á«¥ ®â¦¨£  ¯à¨ â¥¬¯¥à -
âãà å 100–180K (¢ § ¢¨á¨¬®áâ¨ ®â â¨¯  ¨ ãà®¢­ï

«¥£¨à®¢ ­¨ï). �¥á¬®âàï ­  â®, çâ® ¬¥â áâ ¡¨«ì­ë¥

á®áâ®ï­¨ï ¢ a-Si : H ¨§ãç îâáï ¡®«¥¥ 15 «¥â, ®áâ îâáï
­¥ïá­ë¬¨ ¬¨ªà®áª®¯¨ç¥áª¨¥ ¯à®æ¥ááë, ¯à¨¢®¤ïé¨¥ ª
¨å ¯®ï¢«¥­¨î. � ­ áâ®ïé¥¥ ¢à¥¬ï ¯à¥¤«®¦¥­ë ¤¢ 

ª« áá  ¬®¤¥«¥©, ®¡êïá­ïîé¨å ª¨­¥â¨ªã ¨§¬¥­¥­¨ï

ª®­æ¥­âà æ¨¨ ¤¥ä¥ªâ®¢ ¯à¨ ¨å ¢®§­¨ª­®¢¥­¨¨ ¨ ®â-
¦¨£¥. � á®®â¢¥âáâ¢¨¨ á ®¤­¨¬ ¨§ ­¨å [1] ¯à®æ¥áá®¬,
®¯à¥¤¥«ïîé¨¬ áª®à®áâì ¨§¬¥­¥­¨ï ª®­æ¥­âà æ¨¨ ¤¥-
ä¥ªâ®¢, ï¢«ï¥âáï ¤¨ääã§¨ï ¢®¤®à®¤ , ãç áâ¢ãîé¥-
£® ¢ ¯à®æ¥áá¥ ®¡à §®¢ ­¨ï ¨ ®â¦¨£  ¤¥ä¥ªâ®¢. �

¯®«ì§ã ¤ ­­®© ¬®¤¥«¨ á¢¨¤¥â¥«ìáâ¢ã¥â ª®àà¥«ïæ¨ï

ª®íää¨æ¨¥­â  ¤¨ääã§¨¨ ¨ áª®à®áâ¨ ¨§¬¥­¥­¨ï ª®­-
æ¥­âà æ¨¨ ¤¥ä¥ªâ®¢ ¢ ­¥«¥£¨à®¢ ­­ëå ¬ â¥à¨ « å

¨ ¬ â¥à¨ « å n- ¨ p-â¨¯  [2]. � á®®â¢¥âáâ¢¨¨ á

¤àã£¨¬ ª« áá®¬ ¬®¤¥«¥© á ¬¨ ¤¥ä¥ªâë, ¢ ç áâ­®áâ¨
à á¯à¥¤¥«¥­¨¥ í­¥à£¥â¨ç¥áª¨å ¡ àì¥à®¢, á®®â¢¥âáâ¢ã-
îé¨å ¨å ®¡à §®¢ ­¨î ¨ ®â¦¨£ã, ®¯à¥¤¥«ïîâ áª®à®áâì
¯¥àå®¤­ëå ¯à®æ¥áá®¢ [3]. �®£« á­® íâ¨¬ ¬®¤¥«ï¬ [3],
¯à¨ ®¡à §®¢ ­¨¨ ¤¥ä¥ªâ®¢ ¢ à¥§ã«ìâ â¥ ®á¢¥é¥­¨ï

¤®«¦­  ¢®§­¨ª âì § ¢¨á¨¬®áâì íää¥ªâ¨¢­®£® ¢à¥¬¥-
­¨ à¥« ªá æ¨¨ (¨«¨ ®â¦¨£ ) ª®­æ¥­âà æ¨¨ ¤¥ä¥ªâ®¢
τr ®â ¢à¥¬¥­¨ ®á¢¥é¥­¨ï (till). �«ï ¬®¤¥«¥©, ¢ ª®-
â®àëå áª®à®áâì ¯¥à¥å®¤­ëå ¯à®æ¥áá®¢ ®¯à¥¤¥«ï¥âáï

¤¨ääã§¨¥© ¢®¤®à®¤ , â ª ï § ¢¨á¨¬®áâì ­¥ ®¦¨¤ ¥â-
áï [3].
�¬¥îé¨¥áï ¤ ­­ë¥ ãª §ë¢ îâ ­  â®, çâ® ¡®«ìè¨¬

till á®®â¢¥âáâ¢ãîâ ¡®«ìè¨¥ §­ ç¥­¨ï τr [4–6], ®¤­ ª®
§ ¢¨á¨¬®áâì τr ®â till, ­ áª®«ìª® ­ ¬ ¨§¢¥áâ­®, ­¥
¨§ãç « áì.
� ª¨¥ ¨áá«¥¤®¢ ­¨ï ¡ë«¨ ¯à®¢¥¤¥­ë ¢ ­ áâ®ïé¥©

à ¡®â¥ ¤«ï ¯«¥­®ª a-Si : H p-â¨¯ , ¢ ª®â®àëå ­ -
¡«î¤ ¥âáï ­ ¨¡®«ìè ï áà¥¤¨ ­¥«¥£¨à®¢ ­­ëå ¯«¥­®ª

áª®à®áâì ¯¥à¥å®¤­ëå ¯à®æ¥áá®¢. �§¬¥à¥­¨ï ¯à®¢®¤¨-
«¨áì ­  ¯«¥­ª å a-Si : H, ¯®«ãç¥­­ëå à §«®¦¥­¨¥¬

á¬¥á¨ £ §®¢ ¬®­®á¨« ­  (SiH4) ¨ ¤¨¡®à ­  (B2H6) ¢

â«¥îé¥¬ à §àï¤¥ ¯à¨ â¥¬¯¥à âãà¥ ¯®¤«®¦ª¨ (ª¢ àæ)
250 ◦C. �¡ê¥¬­®¥ ®â­®è¥­¨¥ B2H6 ª SiH4 ¢ ª ¬¥à¥

à¥ ªâ®à  á®áâ ¢«ï«® k = 10−5. �¢¥â®¢ ï ¤¥£à ¤ æ¨ï
®¡à §æ®¢ ®áãé¥áâ¢«ï« áì ¨§«ãç¥­¨¥¬ « ¬¯ë ­ ª -
«¨¢ ­¨ï ç¥à¥§ â¥¯«®¢®© ä¨«ìâà á ¨­â¥­á¨¢­®áâìî

60¬�â/á¬2. �¥à¥¤ ¨§¬¥à¥­¨ï¬¨ ¯«¥­ª¨ ®â¦¨£ «¨áì

¢ ¢ ªãã¬¥ 10−3�  ¢ â¥ç¥­¨¥ 30¬¨­ ¯à¨ â¥¬¯¥à âãà¥
180 ◦C. �§¬¥­¥­¨ï ¯à®¢®¤¨¬®áâ¨ (σ) ¯®á«¥ ¢ëª«î-
ç¥­¨ï ®á¢¥é¥­¨ï à¥£¨áâà¨à®¢ «¨áì á ¯®¬®éìî § ¯®-
¬¨­ îé¥£® æ¨äà®¢®£® ®áæ¨««®£à ä  C9–8. �¬¯ã«ìá
®á¢¥é¥­¨ï ¢ ¯à¥¤¥« å 0.05–10á ä®à¬¨à®¢ «áï ä®â®-
§ â¢®à®¬.
�  à¨á. 1 ¯®ª § ­® ¢«¨ï­¨¥ ¢à¥¬¥­¨ ®á¢¥é¥­¨ï ¯à¨

à §«¨ç­ëå â¥¬¯¥à âãà å ­  ®â­®á¨â¥«ì­ãî ¢¥«¨ç¨­ã

¯à®¢®¤¨¬®áâ¨ σB/σA, £¤¥ σA ¨ σB — á®®â¢¥âáâ¢¥­­®

¯à®¢®¤¨¬®áâì ®â®¦¦¥­­®£® ®¡à §  ¨ ¯à®¢®¤¨¬®áâì

®¡à §æ  ¯®á«¥ ¥£® ®á¢¥é¥­¨ï.�§¬¥à¥­¨ï ¯à®¢®¤¨«¨áì
ç¥à¥§ 3 á ¯®á«¥ ¢ëª«îç¥­¨ï ®á¢¥é¥­¨ï. � ª ¢¨¤­®,
§ ¢¨á¨¬®áâì σB(till) ¨¬¥¥â ­¥¬®­®â®­­ë© å à ªâ¥à.
σB ã¬¥­ìè ¥âáï ¯à¨ ¬ «ëå ¢à¥¬¥­ å ¨ ¢®§à áâ ¥â

¯à¨ ¡®ìè¨å ¢à¥¬¥­ å ®á¢¥é¥­¨ï. �à¥¬ï tm, á®®â¢¥â-
áâ¢ãîé¥¥ ¬¨­¨¬ «ì­®¬ã §­ ç¥­¨î σB, ã¬¥­ìè ¥âáï
á à®áâ®¬ â¥¬¯¥à âãàë. �®¤®¡­ ï § ¢¨á¨¬®áâì ãª -
§ë¢ ¥â ­  ¢®§¬®¦­áâì ª®­ªãà¥­æ¨¨ ¤¢ãå ¯à®æ¥áá®¢,
®¯à¥¤¥«ïîé¨å ¨§¬¥­¥­¨¥ σB . �¥à¢ë© ¯à®æ¥áá, ®¯à¥-
¤¥«ïîé¨© ã¬¥­ìè¥­¨¥ σB ¯à¨ ¬ «ëå ¢à¥¬¥­ å, á¢ï-
§ë¢ îâ á ã¢¥«¨ç¥­¨¥¬ ª®­æ¥­âà æ¨¨ ¤¥ä¥ªâ®¢ ¨ á¬¥-
é¥­¨¥¬ ãà®¢­ï �¥à¬¨ (EF ) ª á¥à¥¤¨­¥ é¥«¨ ¯®¤¢¨¦-
­®áâ¨ [7,8]. �â­®á¨â¥«ì­® ¯à®æ¥áá , ¯à¨¢®¤ïé¥£® ª

ã¢¥«¨ç¥­¨î σB , ¥¤¨­ ï â®çª  §à¥­¨ï ®âáãâáâ¢ã¥â. �®
¬­¥­¨î  ¢â®à®¢ [7], ã¢¥«¨ç¥­¨¥ σB á¢ï§ ­® á à®áâ®¬

ª®­æ¥­âà æ¨¨ í«¥ªâà¨ç¥áª¨  ªâ¨¢­ëå  â®¬®¢ ¡®à 

¯®¤ ¢«¨ï­¨¥¬ ®á¢¥é¥­¨ï. � â® ¦¥ ¢à¥¬ï ¢ à ¡®â¥ [8]
ã¢¥«¨ç¥­¨¥ σB ®¡êïá­ïîâ ®¡à §®¢ ­¨¥¬ ¢ à¥§ã«ìâ â¥

®á¢¥é¥­¨ï ¤¥ä¥ªâ®¢ ¢ á«®¥ ®ª¨á«  ­  ¯®¢¥àå­®áâ¨

¯«¥­ª¨, ¯à¨¢®¤ïé¥¬ ª ¨§£¨¡ã §®­ ¢¡«¨§¨ ¯®¢¥àå­®áâ¨
¯«¥­ª¨ ¨ á®§¤ ­¨î ®¡®£ é¥­­®£® ­®á¨â¥«ï¬¨ á«®ï.
� ª ¢¨¤­® ¨§ à¨á. 1, ¤«ï ª®àà¥ªâ­®£® ¨áá«¥¤®¢­¨ï

¢«¨ï­¨ï till ­  τr ¢ ãá«®¢¨ïå á®§¤ ­¨ï «¨èì ®¡®-
à¢ ­­ëå á¢ï§¥© ­¥®¡å®¤¨¬® ¯à®¢®¤¨âì ¨§¬¥à¥­¨ï ¯à¨

till < tm.

347
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�¨á. 1. � ¢¨á¨¬®áâì ®â­®á¨â¥«ì­®© ¯à®¢®¤¨¬®áâ¨

(σB/σA) ¯«¥­ª¨ a-Si : H, «¥£¨à®¢ ­­®© ¡®à®¬, ®â ¢à¥¬¥-
­¨ ®á¢¥é¥­¨ï (till) ¯à¨ à §«¨ç­ëå â¥¬¯¥à âãà å T , K:
1 — 360, 2 — 380, 3 — 400.

�  ¢áâ ¢ª¥ à¨á. 2 ¯®ª § ­  à¥« ªá æ¨ï ¯à®¢®¤¨-
¬®áâ¨ ¯®á«¥ ®á¢¥é¥­¨ï ¯«¥­ª¨ ¢ â¥ç¥­¨¥ ¢à¥¬¥­¨

till. �®á«¥ ¢ëª«îç¥­¨ï á¢¥â  ­ ¡«î¤ ¥âáï ã¬¥­ì-
è¥­¨¥ σ, á¢ï§ ­­®¥ á à¥« ªá æ¨¥© ä®â®¯à®¢®¤¨¬®-
áâ¨, ¤® §­ ç¥­¨©, ¬¥­ìè¨å σA. � â¥¬ σ ¢®§à áâ -
¥â áâà¥¬ïáì ª σA, çâ® á¢ï§ ­® á ®â¦¨£®¬ ¤¥ä¥ª-
â®¢, á®§¤ ­­ëå á¢¥â®¬, ¨ á®®â¢¥âáâ¢¥­­® á¬¥é¥­¨-
¥¬ ãà®¢­ï �¥à¬¨ ª ªà î ¢ «¥­â­®© §®­ë. �¬¥é¥-
­¨¥ ãà®¢­ï �¥à¬¨ ®â­®á¨â¥«ì­® ¥£® ¯®«®¦­¨ï ¢

®â®¦¦¥­­®¬ ®¡à §æ¥ (EAF ) ®¯à¥¤¥«ï¥âáï ¢ëà ¦¥­¨¥¬
∆EF = EBF − EAF = kT · ln(σA/σB). �  à¨á. 2
¯®ª § ­  à¥« ªá æ¨ï ∆EF , á®®â¢¥âáâ¢ãîé ï ®¡« -
áâ¨ ã¢¥«¨ç¥­¨ï σ (®¡« áâ¨ ®â¦¨£  ¤¥ä¥ªâ®¢), ¯®á«¥
®á¢¥é¥­¨ï ¯«¥­ª¨ ¢ â¥ç¥­¨¥ à §«¨ç­®£® ¢à¥¬¥­¨.�«ï
till = 0.52 á ¯®ª § ­ â ª¦¥ ãç áâ®ª ¨§¬¥­¥­¨ï ∆EF ,
á®®â¢¥âáâ¢ãîé¨© à¥« ªá æ¨¨ ä®â®¯à®¢®¤¨¬®áâ¨.

� ¯à¥¤¯®«®¦¥­¨¨ ­¥§ ¢¨á¨¬®áâ¨ ¯«®â­®áâ¨ á®áâ®-
ï­¨© ®â í­¥à£¨¨ ¢ ®¡« áâ¨ á¬¥é¥­¨ï EF ¬®¦­®

áç¨â âì, çâ® ∆N ∼ ∆EF , £¤¥ ∆N — ¨§¬¥­¥­¨¥

ª®­æ¥­âà æ¨¨ ¤¥ä¥ªâ®¢, ¯à¨¢®¤ïé¥¥ ª á¬¥é¥­¨î EF .
� ª¨¬ ®¡à §®¬, à¥« ªá æ¨ï ∆EF ¢ ®¡« áâ¨ ã¢¥«¨ç¥-
­¨ï σ ¤®«¦­  ®âà ¦ âì à¥« ªá æ¨î ª®­æ¥­âà æ¨¨

á®§¤ ­­ëå á¢¥â®¬ ¤¥ä¥ªâ®¢.

�§ à¨á. 2 ¢¨¤­®, çâ® ­  ªà¨¢®© à¥« ªá æ¨¨ ∆EF
(á®®â¢¥âáâ¢ãîé¥© ®¡« áâ¨ ã¢¥«¨ç¥­¨ï σ) ¬®¦­® ¢ë-
¤¥«¨âì ¤¢  ãç áâª  — ãç áâ®ª ¡ëáâà®£® á¯ ¤  ∆EF
¨ ãç áâ®ª ¨§¬¥­¥­¨ï ∆EF , ª®â®àë© ¬®¦­® ®¯¨á âì

à áâï­ãâ®© íªá¯®­¥­â®© (∆EFF ∼ exp(−(t/τr)
β)).

� áç¥â­ë¥ ªà¨¢ë¥ ¤«ï ¢â®à®£® ãç áâª  ¯®ª § ­ë ­ 

à¨á. 2. �® ¬¥à¥ ã¢¥«¨ç¥­¨ï ¢à¥¬¥­¨ ®á¢¥é¥­¨ï ¢ª« ¤
¯¥à¢®£® ãç áâª  ¢ à¥« ªá æ¨î ∆EF ã¬¥­ìè ¥âáï.
� ¬¥â¨¬, çâ® ¢ à ¡®â å [9,10] á ¯®¬®éìî ¨§¬¥à¥­¨ï

¯¥à¥å®¤­®© ¥¬ª®áâ¨ ¢ p − n-áâàãªâãà å ­  ®á­®¢¥ a-
Si : H ¨áá«¥¤®¢ « áì à¥« ªá æ¨ï ª®­æ¥­âà æ¨¨ ¤¥ä¥ª-

â®¢ ¢ a-Si : H p-â¨¯ , á®§¤ ¢ ¥¬ëå ¢ à¥§ã«ìâ â¥ ¨­¦¥ª-
æ¨¨ ­®á¨â¥«¥© ¨¬¯ã«ìá ¬¨ ­ ¯àï¦¥­¨ï à §«¨ç­®©

¤«¨â¥«ì­®áâ¨ (τi). �¢â®àë [9,10] â ª¦¥ ­ ¡«î¤ «¨
¤¢  å à ªâ¥à­ëå ãç áâª  ­  ªà¨¢®© à¥« ªá æ¨¨, ¯¥à-
¢®© ¨§ ª®â®àëå ®¯¨áë¢ ¥âáï áâ¥¯¥­­®© § ¢¨á¨¬®áâìî

¨ ¨áç¥§ ¥â ¯à¨ ã¢¥«¨ç¥­¨¨ ¤«¨â¥«ì­®áâ¨ ¨¬¯ã«ìá 

¨­¦¥ªæ¨¨,   ¢â®à®© ã¤®¢«¥â¢®à¨â¥«ì­® ®¯¨áë¢ ¥âáï
à áâï­ãâ®© íªá¯®­¥­â®©.�á¯®«ì§ãï ¬®¤¥«ì ®¡à §®¢ -
­¨ï ¤¥ä¥ªâ®¢ �¤«¥à  [11],  ¢â®àë [9,10] ®¡êïá­ïîâ
­ «¨ç¨¥ ¯¥à¢®£® ãç áâª  ¯à®¨áå®¤ïé¨¬ ¯à¨ ®¡à §®-
¢ ­¨¨ ¬¥â áâ ¡¨«ì­®£® ¤¥ä¥ªâ  ¨§¬¥­¥­¨¥¬ ª®­ä¨-
£ãà æ¨¨. �â®à®© ãç áâ®ª à¥« ªá æ¨¨ á¢ï§ë¢ ¥âáï á

®â¦¨£®¬ ¬¥â áâ ¡¨«ì­ëå ¤¥ä¥ªâ®¢.
� ¨áá«¥¤®¢ ­­®© ®¡« áâ¨ â¥¬¯¥à âãà 360–400K

¨ ¤«¨â¥«ì­®áâ¥© ®á¢¥é¥­¨ï 0.1–7 c ª®íää¨æ¨¥­â

β = 0.55−0.65,   í­¥à£¨ï  ªâ¨¢ æ¨¨ Ea â¥¬¯¥à âãà-
­®© § ¢¨á¨¬®áâ¨ τr á®áâ ¢«ï«  0.97–1.07í�, çâ® á®-
®â¢¥âáâ¢ã¥â í­¥à£¨ï¬  ªâ¨¢ æ¨¨ ®â¦¨£  ¤¥ä¥ªâ®¢,
¯®«ãç¥­­ë¬ ¢ ¤àã£¨å à ¡®â å [3]. � à®áâ®¬ till
­ ¡«î¤ «®áì á« ¡®¥ ã¢¥«¨ç¥­¨¥ Ea ¨ β.
�  à¨á. 3 ¯®ª § ­ë § ¢¨á¨¬®áâ¨ τr ®â till, ¯®-

«ãç¥­­ë¥ ¨§  ­ «¨§  ¢â®à®£® ãç áâª  ªà¨¢ëå à¥-
« ªá æ¨¨ ∆EF ¤«ï à §«¨ç­ëå â¥¬¯¥à âãà. �  íâ®¬
¦¥ à¨áã­ª¥ ¤«ï áà ¢­¥­¨ï ¯à¥¤áâ ¢«¥­  § ¢¨á¨¬®áâì

τr ®â ti, ¯®«ãç¥­­ ï ¯à¨ T = 439 K ¢ à ¡®â¥ [10]
¤«ï á« ¡®«¥£¨à®¢ ­­®£® a-Si : H p-â¨¯ . �®£« á­® [10],
τr ∼ ln(ti). � è¨ ¤ ­­ë¥ ¤«ï τr â ª¦¥ ã¤®¢«¥-
â¢®à¨â¥«ì­® ®¯¨áë¢ îâáï «®£ à¨ä¬¨ç¥áª®© § ¢¨á¨-
¬®áâìî ®â till (á¬. à¨á. 3). �®«ãç¥­­ ï ­ ¬¨ § ¢¨-
á¨¬®áâì τr(till) ®ª § « áì áãé¥áâ¥­­® á« ¡¥¥ § ¢¨á¨-
¬®áâ¨, ¯à¥¤áª §ë¢ ¥¬®© â¥®à¨¥© (τr ∼ till), à §¢¨-
â®© ¢ à ¡®â¥ [3] ¢ ¯à¥¤¯®«®¦¥­¨¨ íªá¯®­¥­æ¨ «ì­®£®
à á¯à¥¤¥«¥­¨ï ª®­æ¥­âà æ¨¨ ¤¥ä¥ªâ®¢ ¯® í­¥à£¨ï¬

¨å ®¡à §®¢ ­¨ï. � ¡«î¤ ¥¬®¥ ®â«¨ç¨¥ ¬®¦¥â ¡ëâì

á¢ï§ ­® á ¡®«¥¥ á« ¡®© § ¢¨á¨¬®áâìî ª®­æ¥­âà æ¨¨

�¨á. 2. �¥« ªá æ¨ï á¬¥é¥­¨ï ãà®¢­ï �¥à¬¨ (∆EF ) ¯®á«¥
®á¢¥é¥­¨ï ¯«¥­ª¨ ¯à¨ T = 360 K ¢ â¥ç¥­¨¥ à §«¨ç­®£®

¢à¥¬¥­¨. �¯«®è­ë¥ ªà¨¢ë¥ ¯®«ãç¥­ë ¬¥â®¤®¬ ­¥«¨­¥©-
­®© à¥£à¥áá¨¨ ¤«ï à áâï­ãâëå íªá¯®­¥­â. till, á: 1 — 0.14,
2 — 0.52, 3 — 1.1, 4 — 3.3.
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�¨á. 3. � ¢¨á¨¬®áâ¨ ¢à¥¬¥­¨ à¥« ªá æ¨¨ τr ®â ¢à¥¬¥­¨

®á¢¥é¥­¨ï till ¯à¨ à §«¨ç­ëå â¥¬¯¥à âãà å (1–3 ), ¯®«ã-
ç¥­­ë¥ ¢ ­ áâ®ïé¥© à ¡®â¥, ¨ ®â ¢à¥¬¥­¨ ¨­¦¥ªæ¨¨ (ti)
¯à¨ T = 439 K, ¯®«ãç¥­­ë¥ ¢ à ¡®â¥ [4]. �âà¨å®¢ë¥

ªà¨¢ë¥ á®®â¢¥âáâ¢ãîâ «®£ à¨ä¬¨ç¥áª®© § ¢¨á¨¬®áâ¨. T ,
K: 1 — 360, 2 — 380, 3 — 400.

¤¥ä¥ªâ®¢ ®â í­¥à£¨¨ ¨å ®¡à §®¢ ­¨ï ¯® áà ¢­¥­¨î

á íªá¯®­¥­æ¨ «ì­®©. �¥¬ ­¥ ¬¥­¥¥ ¯®«ãç¥­­ë¥ à¥-
§ã«ìâ âë ãª §ë¢ îâ ­  â®, çâ® áª®à®áâì ®¡à §®¢ ­¨ï
¨ ®â¦¨£  ¬¥â áâ ¡¨«ì­ëå ¤¥ä¥ªâ®¢ ¢ §­ ç¨â¥«ì­®©

áâ¥¯¥­¨ á¢ï§ ­  ­¥¯®áà¥¤áâ¢¥­­® á á ¬¨¬¨ ¤¥ä¥ª-
â ¬¨ ¨ ®¯à¥¤¥«ï¥âáï ¤¢ãåáâã¯¥­ç âë¬ ¯à®æ¥áá®¬,
á®áâ®ïé¨¬ ¨§ § å¢ â  ­®á¨â¥«ï ­  á®áâï­¨¥, ï¢«ïî-
é¥¥áï ¨áâ®ç­¨ª®¬ ¢®§­¨ª­®¢¥­¨ï ®¡®à¢ ­­®© á¢ï§¨,
¨ § â¥¬ à §àë¢®¬ á¢ï§¨.

�¢â®à ¢ëà ¦ ¥â ¨áªà¥­­îî ¡« £®¤ à­®áâì

¯à®ä. �. �ãáã ¨ ¤-àã �. �¥««ã §  ¯à¥¤®áâ ¢«¥­¨¥

¯«¥­®ª a-Si : H p-â¨¯ .

� ¡®â  ¢ë¯®«­¥­  ¯à¨ ä¨­ ­á®¢®© ¯®¤¤¥à¦ª¥ �®á-
ª®¬¢ã§  �� (£à ­â N 95-0-7.I-153) ¨ INTAS (£à ­â
N 93-1916).
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The influence of illumination time on
annealing light–induced metastable defects
in a p-type a-Si : H

A.G. Kazanskii

Moscow State University,
119899 Moscow, Russia

Abstract The influence of illumination time on relaxation of

light–induced defect densiti in a boron-doped a-Si : H has been

studied in the 360–400 K temperature range. Decay kinetics

for these light–induced defects is expressed by an extended

exponential function (exp(−(t/τr)
β)). The activation energy

Ea of the temperature dependence of the characteristic time

τr is 0.97–1.07 eV and parameter β is 0.55–0.65 within the in-

vestigated temperature range and 0.1–7.0 s illumination time.

The values of Ea and β increase slightly when the illumination

time increases. The increase of τr with the illumination time

exhibits a logarithmic dependence. Experimental results are

discussed in the framework of existing microscopic models of

metastable defects in a-Si : H.
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