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�à¥¤áâ ¢«¥­ë à¥§ã«ìâ âë íªá¯¥à¨¬¥­â «ì­ëå ¨áá«¥¤®¢ ­¨© ä®â®í«¥ªâà¨ç¥áª¨å á¢®©áâ¢ £¥â¥à®-
£à ­¨æë ¯®à¨áâ®£® ¨ ¬®­®ªà¨áâ ««¨ç¥áª®£® ªà¥¬­¨ï. �®«ãç¥­ë ¢ë¯àï¬«ïîé¨¥ £¥â¥à®áâàãªâãàë

á ä®â®çã¢áâ¢¨â¥«ì­®áâìî ¤® 1¬�/�â ¯à¨ 300 K ¢ ®¡« áâ¨ á¯¥ªâà  1.2÷2.3 í�. �¡­ àã¦¥­ë

®áæ¨««ïæ¨¨ ä®â®â®ª , ãª §ë¢ îé¨¥ ­  ¨­â¥àä¥à¥­æ¨î ¨§«ãç¥­¨ï ¢ á«®ïå ¯®à¨áâ®£® ªà¥¬­¨ï.
�æ¥­¥­ ¯®ª § â¥«ì ¯à¥«®¬«¥­¨ï ¯®à¨áâ®£® ªà¥¬­¨ï. �áá«¥¤®¢ ­  ¯®«ïà¨§ æ¨®­­ ï § ¢¨á¨¬®áâì

ä®â®çã¢áâ¢¨â¥«ì­®áâ¨ £¥â¥à®áâàãªâãàë.

�à®¡«¥¬  ¨áá«¥¤®¢ ­¨ï ä¨§¨ç¥áª¨å á¢®©áâ¢ ¯®à¨-
áâ®£® ªà¥¬­¨ï áâ «   ªâã «ì­®© ¢ á¢ï§¨ á ®¡­ àã-
¦¥­­®© ¢®§¬®¦­®áâìî ª à¤¨­ «ì­®© âà ­áä®à¬ æ¨¨

äã­¤ ¬¥­â «ì­ëå ¯ à ¬¥âà®¢ £« ¢­®£® ¬ â¥à¨ « 

¯®«ã¯à®¢®¤­¨ª®¢®© í«¥ªâà®­¨ª¨ — ªà¥¬­¨ï ¯ãâ¥¬

®â­®á¨â¥«ì­® ¯à®áâ®£® ¢®§¤¥©áâ¢¨ï ­  ­¥£® á ¯®¬®-
éìî  ­®¤­®£® âà ¢«¥­¨ï [1–5]. � ¤ ­­®© à ¡®â¥ ¤«ï

¨§ãç¥­¨ï ¯®à¨áâ®£® ªà¥¬­¨ï ¢¯¥à¢ë¥ ¯à¨¢«¥ª ¥âáï

¯®«ïà¨§ æ¨®­­ ï á¯¥ªâà®áª®¯¨ï ä®â® ªâ¨¢­®£® ¯®-
£«®é¥­¨ï [6] ¢ £¥â¥à®áâàãªâãà å, ¯à¥¤áâ ¢«ïîé¨å
á®¡®© ª®­â ªâ ¯®à¨áâ®£® ¨ ¬®­®ªà¨áâ ««¨ç¥áª®£®

ªà¥¬­¨ï.

�ªá¯¥à¨¬¥­â

�áá«¥¤®¢ ­­ë¥ ®¡à §æë ¯à¥¤áâ ¢«ï«¨ á®¡®© §¥à-
ª «ì­ë¥ á«®¨ ¯®à¨áâ®£® ªà¥¬­¨ï (��) ­  ¯®«¨à®-
¢ ­­®© ¯®¤«®¦ª¥ ¨§ ªà¥¬­¨ï p-â¨¯  ¯à®¢®¤¨¬®áâ¨

á ã¤¥«ì­ë¬ á®¯à®â¨¢«¥­¨¥¬ 2�¬ · á¬ ¨ ®à¨¥­â æ¨-
¥© (100), ¨§£®â®¢«¥­­®£® ¯® ®¡ëç­®© â¥å­®«®£¨¨ [2].
�®«é¨­  á«®ï �� d ª®­âà®«¨à®¢ « áì à¥¦¨¬®¬ âà -
¢«¥­¨ï, ¨§¬¥àï« áì ¯®¤ ¬¨ªà®áª®¯®¬ ­  ¢ëâà ¢«¥­-
­®¬ ¢ à áâ¢®à¥ ��� ãç áâª¥ ¨ á®áâ ¢«ï«  ®â 1 ¤®

10¬ª¬ ¤«ï à §­ëå ®¡à §æ®¢. �®ª®¯®¤¢®¤ë ¯à¨á®-
¥¤¨­ï«¨áì ª á«®î �� ¨ ª ªà¥¬­¨¥¢®© ¯« áâ¨­¥ á

¯®¬®éìî ªà âª®¢à¥¬¥­­®£® ¢¯« ¢«¥­¨ï ¨­¤¨ï.
�§¬¥à¥­¨¥ ä®â®çã¢áâ¢¨â¥«ì­®áâ¨ ®áãé¥áâ¢«ï«®áì

¯à¨ 300 K ¨ ¢®§¤¥©áâ¢¨¨ á® áâ®à®­ë á«®ï �� ª ª

¥áâ¥áâ¢¥­­ë¬, â ª ¨ ¯®«ïà¨§®¢ ­­ë¬ á¢¥â®¬.�á¯®«ì-
§®¢ «¨áì ¢®«ìäà ¬®¢ ï « ¬¯  ¨ ¬®­®åà®¬ â®à SPM-
2 á ª¢ àæ¥¢®© ¯à¨§¬®©. �à¨ ®á¢¥é¥­¨¨ ®¡à §æ®¢ á®

áâ®à®­ë ¨áå®¤­®£® ªà¥¬­¨ï ä®â®®â¢¥â ¯à ªâ¨ç¥áª¨

®âáãâáâ¢®¢ «.�§¬¥à¥­¨¥ ä®â®«î¬¨­¥áæ¥­æ¨¨ ®áãé¥-
áâ¢«ï«®áì  ­ «®£¨ç­® ®¯¨á ­­®¬ã ¢ [2].

�¥§ã«ìâ âë ¨ ¨å ®¡áã¦¤¥­¨¥

�áá«¥¤®¢ ­­ë¥ ®¡à §æë ¨¬¥«¨ ¢ë¯àï¬«ïîéãî

¢®«ìâ- ¬¯¥à­ãî å à ªâ¥à¨áâ¨ªã (���) á ¯à®¯ãáª-
­ë¬ ­ ¯à ¢«¥­¨¥¬, á®®â¢¥âáâ¢ãîé¨¬ ®âà¨æ â¥«ì-
­®¬ã ¯®â¥­æ¨ «ã ­  á«®¥ ��. ��� ¤«ï ®¤­®£® ¨§

®¡à §æ®¢ ¯à¨ 300 K ¯®ª § ­  ­  à¨á. 1. �à¨ ¯àï¬®¬
á¬¥é¥­¨¨ â®ª I «¨­¥©­® § ¢¨á¨â ®â ­ ¯àï¦¥­¨ï V ,

I = (V − Vc)/R,

á ­ ¯àï¦¥­¨¥¬ ®âá¥çª¨ Vc ' 1.5� ¨ ®áâ â®ç­ë¬ á®-
¯à®â¨¢«¥­¨¥¬ R ®â 2 ¤® 10�®¬. �®«¥¥ â®­ª¨¬ á«®ï¬

�� á®®â¢¥âáâ¢ã¥â ¬¥­ìè¥¥ R. �à®¡®© ­ áâã¯ ¥â ¯à¨
®¡à â­®¬ á¬¥é¥­¨¨ Vr, ¯à¥¢ëè îé¥¬ 300�. �®ª

­ áëé¥­¨ï á®áâ ¢«ï¥â (2÷6) · 10−8�. � ¯®­¨¦¥­¨¥¬

â®«é¨­ë á«®ï �� ­ ¡«î¤ ¥âáï ã¬¥­ìè¥­¨¥ R.
�à¨ ®á¢¥é¥­¨¨ áâàãªâãà á® áâ®à®­ë �� ­ ¡«î¤ -

¥âáï ä®â®¢®«ìâ ¨ç¥áª¨© íää¥ªâ á ®âà¨æ â¥«ì­ë¬ § -
àï¤®¬ ­  á«®¥ �� ¨ çã¢áâ¢¨â¥«ì­®áâìî ¯® ­ ¯àï¦¥-
­¨î Su = 20÷50�/�â ¨ ¯® â®ªã ª®à®âª®£® § ¬ëª ­¨ï
Si = 0.5÷1¬�/�â. �¥«¨ç¨­  íää¥ªâ  ­¥ § ¢¨á¨â ®â
à ááâ®ï­¨ï ¬¥¦¤ã ®á¢¥é¥­­ë¬ ãç áâª®¬ ¨ ª®­â ª-
â®¬, ¯®íâ®¬ã íää¥ªâ ¬®¦­® áç¨â âì ®¡ãá«®¢«¥­­ë¬

�¨á. 1. �â æ¨®­ à­ ï ¢®«ìâ- ¬¯¥à­ ï å à ªâ¥à¨áâ¨ª 

£à ­¨æë ¯®à¨áâ®£® ¨ ¬®­®ªà¨áâ ««¨ç¥áª®£® ªà¥¬­¨ï ¯à¨

300 K. d = 5¬ª¬.
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�¨á. 2. �¯¥ªâà «ì­ë¥ § ¢¨á¨¬®áâ¨ ¢ £¥â¥à®áâàãªâãà¥

ªà¥¬­¨©–¯®à¨áâë© ªà¥¬­¨©: 1 — ®â­®á¨â¥«ì­ ï ª¢ ­-
â®¢ ï íää¥ªâ¨¢­®áâì ä®â®¯à¥®¡à §®¢ ­¨ï η ¯à¨ 300 K,
­¥¯®«ïà¨§®¢ ­­®¬ ¨§ãç¥­¨¨, ã£«  ¯ ¤¥­¨ï 0◦, ®á¢¥é¥­¨¨
á® áâ®à®­ë ¯®à¨áâ®£® ªà¥¬­¨ï; 2 — ä®â®«î¬¨­¥áæ¥­æ¨ï

(IPL) ¯à¨ 300 K.

à §¤¥«¥­¨¥¬ ä®â®£¥­¥à¨à®¢ ­­ëå ­®á¨â¥«¥© § àï¤ 

¢ í«¥ªâà¨ç¥áª®¬ ¯®«¥ ­  £¥â¥à®£à ­¨æ¥ ªà¥¬­¨©–��.
�  à¨á. 2 ¯®ª § ­  â¨¯¨ç­ ï á¯¥ªâà «ì­ ï § ¢¨á¨-

¬®áâì ª¢ ­â®¢®© íää¥ªâ¨¢­®áâ¨ ä®â®®â¢¥â  η, ¯®«ã-
ç¥­­®© ª ª ®â­®è¥­¨¥ ä®â®â®ª  ª®à®âª®£® § ¬ëª -
­¨ï ª ç¨á«ã ¯ ¤ îé¨å ¢¤®«ì ­®à¬ «¨ ª ¯®¢¥àå­®áâ¨

�� ä®â®­®¢. �«¨­­®¢®«­®¢ ï £à ­¨æ  á¯¥ªâà  á®-
¢¯ ¤ ¥â á ªà ¥¬ ¯®£«®é¥­¨ï ªà¥¬­¨ï ¨ § ¢¨á¨¬®áâì

η ®â hν ¨¬¥¥â íªá¯®­¥­æ¨ «ì­ë© å à ªâ¥à. �®à®â-
ª®¢®«­®¢ ï £à ­¨æ  ®¡ãá«®¢«¥­ , ¯®-¢¨¤¨¬®¬ã, á®¡-
áâ¢¥­­ë¬ ¯®£«®é¥­¨¥¬ ¢ �� [5]. �«ï ¡®«¥¥ â®­ª¨å

á«®¥¢ �� íâ  £à ­¨æ  á¤¢¨­ãâ  ¢ áâ®à®­ã ¡®«ìè¨å

í­¥à£¨© ä®â®­®¢ (¤® ∼ 3 í� ¤«ï â®«é¨­ d ' 1¬ª¬).
� ®¡« áâ¨ ¢ëá®ª®£® ãà®¢­ï ä®â®®â¢¥â  ¢ á¯¥ªâà¥

­ ¡«î¤ ¥âáï ®ª®«® 20 ¬ ªá¨¬ã¬®¢ ¨ ¬¨­¨¬ã¬®¢ η.
�à¥¤­¥¥ à ááâ®ï­¨¥ ¬¥¦¤ã á®á¥¤­¨¬¨ ¬ ªá¨¬ã¬ ¬¨

¤«ï á«®ï â®«é¨­®© 5¬ª¬ à ¢­® ∼ 90¬í�. �æ¥­ª  ¯®-
ª § â¥«ï ¯à¥«®¬«¥­¨ï n ®áãé¥áâ¢«ï« áì ¯® ä®à¬ã«¥
n = λmλm−1/2d(λm − λm−1), £¤¥ λm — ¤«¨­  ¢®«­ë

á¢¥â , á®®â¢¥âáâ¢ãîé ï ¬ ªá¨¬ã¬ã ä®â®®â¢¥â ,m —
¯®àï¤®ª ¨­â¥àä¥à¥­æ¨¨. �®«ãç¥­­ë¥ ¤«ï à §­ëå

®¡à §æ®¢ ¢¥«¨ç¨­ë ¯®ª § â¥«ï ¯à¥«®¬«¥­¨ï «¥¦ â ¢

¯à¥¤¥« å 1.6÷1.8, çâ® á®®â¢¥âáâ¢ã¥â ¨§¢¥áâ­ë¬ §­ -
ç¥­¨ï¬ [7,8]. � «¨ç¨¥ ¡®£ â®© ¨­â¥àä¥à¥­æ¨®­­®©

ª àâ¨­ë ¢ á¯¥ªâà å ä®â®çã¢áâ¢¨â¥«ì­®áâ¨ £¥â¥à®-
áâàãªâãà ªà¥¬­¨©–�� á¢¨¤¥â¥«ìáâ¢ã¥â ® ¢ëá®ª®©

®¤­®à®¤­®áâ¨ á«®¥¢ ��.
�  à¨á. 2 ªà®¬¥ á¯¥ªâà  ä®â®çã¢áâ¢¨â¥«ì­®áâ¨

¯®ª § ­ á¯¥ªâà ä®â®«î¬¨­¥áæ¥­æ¨¨ (��) â®£® ¦¥

®¡à §æ .� ª ¢¨¤­®, �� ­ ¡«î¤ ¥âáï ¢ á¯¥ªâà «ì­®¬

¤¨ ¯ §®­¥ ¬ ªá¨¬ «ì­®© ä®â®çã¢áâ¢¨â¥«ì­®áâ¨.�à¨
300 K ¢ á¯¥ªâà¥ �� ­ ¡«î¤ îâáï ­¥ ®áæ¨««ïæ¨¨,  
â®«ìª® áâã¯¥­ìª¨, ¯®«®¦¥­¨¥ ª®â®àëå ­¥ á®¢¯ ¤ -
¥â á íªáâà¥¬ã¬ ¬¨ ¢ á¯¥ªâà¥ ä®â®çã¢áâ¢¨â¥«ì­®áâ¨.
�â® á¢¨¤¥â¥«ìáâ¢ã¥â ® ­¥¨­â¥àä¥à¥­æ¨®­­®© ¯à¨à®¤¥

â®­ª®© áâàãªâãàë ¢ á¯¥ªâà å �� ¯®à¨áâ®£® ªà¥¬-
­¨ï [9,10].
�à¨ ®á¢¥é¥­¨¨ â¥å ¦¥ £¥â¥à®áâàãªâãà «¨­¥©­® ¯®-

«ïà¨§®¢ ­­ë¬ ¨§«ãç¥­¨¥¬ ª¢ ­â®¢ ï íää¥ªâ¨¢­®áâì

ä®â®®â¢¥â  ­¥ § ¢¨á¥«  ®â ­ ¯à ¢«¥­¨ï ¯®«ïà¨§ æ¨¨

á¢¥â  ®â­®á¨â¥«ì­® £« ¢­ëå ªà¨áâ ««®£à ä¨ç¥áª¨å

®á¥© ¯®¤«®¦ª¨ £¥â¥à®áâàãªâãàë ¢® ¢á¥© ®¡« áâ¨ ä®-
â®çã¢áâ¢¨â¥«ì­®áâ¨ ¯à¨ ­®à¬ «ì­®¬ ¯ ¤¥­¨¨ á¢¥â 

­  ¯®¢¥àå­®áâì á«®ï. �à¨ ­ ª«®­­®¬ ¯ ¤¥­¨¨ á¢¥â 

­  á«®© �� ä®â®®â¢¥â ¤«ï á¢¥â  á í«¥ªâà¨ç¥áª¨¬

¢¥ªâ®à®¬ E, á®¢¯ ¤ îé¨¬ á ¯«®áª®áâìî ¯ ¤¥­¨ï, (ip)
¯à¥¢ëè ¥â ä®â®®â¢¥â, á®®â¢¥âáâ¢ãîé¨© E, ¯¥à¯¥­-
¤¨ªã«ïà­®¬ã ¯«®áª®áâ¨ ¯ ¤¥­¨ï, (is). �  à¨á. 3
¯®ª § ­ë á¯¥ªâà «ì­ë¥ § ¢¨á¨¬®áâ¨ ä®â®®â¢¥â  ¤«ï

®¡¥¨å ¯®«ïà¨§ æ¨© á¢¥â , ¯ ¤ îé¥£® ¯®¤ ã£«®¬ 75◦.
� ª ¢¨¤­® ¨§ à¨á. 3, ¨­â¥àä¥à¥­æ¨®­­ ï ª àâ¨­  ¨

á¯¥ªâà «ì­ë© ¤¨ ¯ §®­ ä®â®çã¢áâ¢¨â¥«ì­®áâ¨ ¡«¨§-
ª¨ ª â ª®¢ë¬ ¢ á«ãç ¥ ®á¢¥é¥­¨ï áâàãªâãà ­¥¯®«ïà¨-
§®¢ ­­ë¬ á¢¥â®¬. � §«¨ç¨¥ ¢ ¢¥«¨ç¨­ å ä®â®®â¢¥â 
¯à¨ à §«¨ç­ëå ¯®«ïà¨§ æ¨ïå ­ å®¤¨âáï ¢ ¯à¥¤¥« å

à §«¨ç¨ï ¢ ¨­â¥­á¨¢­®áâïå á¢¥â , ¯à®è¥¤è¥£® ¢ ®¡à -

�¨á. 3. �¯¥ªâà «ì­ë¥ § ¢¨á¨¬®áâ¨ ä®â®â®ª®¢ ip ¨ is ¤«ï
£¥â¥à®£à ­¨æë ªà¥¬­¨©–¯®à¨áâë© ªà¥¬­¨© ¯à¨ ¯ ¤¥­¨¨

á¢¥â  ¯®¤ ã£«®¬ 75◦ ¯à¨ 300 K. �  ¢áâ ¢ª¥ — § ¢¨á¨¬®áâ¨

ª®íää¨æ¨¥­â®¢ ®âà ¦¥­¨ï (rp, rs) ­  £à ­¨æ¥ ¢®§¤ãå–��
¤«ï ¤¢ãå ¯®«ïà¨§ æ¨© ®â ã£«  ¯ ¤¥­¨ï θ.
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§¥æ, ¨ ®¡ãá«®¢«¥­® à §­ë¬¨ ª®íää¨æ¨¥­â ¬¨ ®âà -
¦¥­¨ï. �  ¢áâ ¢ª¥ ª à¨á. 3 ¯®ª § ­ë ã£«®¢ë¥ § ¢¨á¨-
¬®áâ¨ ª®íää¨æ¨¥­â®¢ ®âà ¦¥­¨ï rp ¨ rs ­  £à ­¨æ¥
¢®§¤ãå–�� ¤«ï ¤¢ãå ¯®«ïà¨§ æ¨© ¯à¨ ¯®ª § â¥«¥

¯à¥«®¬«¥­¨ï 1.8 [11]. �§ ¢áâ ¢ª¨ ¢¨¤­®, çâ® ®â«¨ç¨¥
rp ¨ rs ¯à¨ 75◦ ¤®áâ â®ç­® ¢¥«¨ª®, çâ®¡ë ®¡êïá­¨âì

à §«¨ç¨¥ ¢ ¢¥«¨ç¨­ å ä®â®®â¢¥â . � ª¨¬ ®¡à §®¬, ¢
®â«¨ç¨¥ ®â ä®â®«î¬¨­¥áæ¥­æ¨¨ ¯®à¨áâ®£® ªà¥¬­¨ï,
¯à®ï¢«ïîé¥© ç áâ¨ç­ãî ¯®«ïà¨§ æ¨î [12,13], ä®â®-
 ªâ¨¢­®¥ ¯®£«®é¥­¨¥ ï¢«ï¥âáï ¨§®âà®¯­ë¬.

� ª«îç¥­¨¥

�áá«¥¤®¢ ­¨¥ á¯¥ªâà  ä®â®çã¢áâ¢¨â¥«ì­®áâ¨ £¥â¥-
à®áâàãªâãàë ¯®à¨áâë© ªà¥¬­¨©–ªà¥¬­¨©, ¢ë¯®«­¥­-
­®¥ ¢ à ¡®â¥, ¯®ª §ë¢ ¥â, çâ® ä®â®çã¢áâ¢¨â¥«ì­®áâì
áâàãªâãàë á¢ï§ ­  á à §¤¥«¥­¨¥¬ ä®â®£¥­¥à¨à®¢ ­-
­ëå ­®á¨â¥«¥© § àï¤  ­  £à ­¨æ¥ ªà¥¬­¨©–¯®à¨áâë©
ªà¥¬­¨©. �ëá®ª ï ä®â®çã¢áâ¢¨â¥«ì­®áâì ­ ¡«î¤ -
¥âáï ¢ ®ª­¥ ¬¥¦¤ã ªà ï¬¨ ¯®£«®é¥­¨ï ªà¥¬­¨ï ¨

¯®à¨áâ®£® ªà¥¬­¨ï. �®­ª ï áâàãªâãà  á¯¥ªâà  ä®-
â®çã¢áâ¢¨â¥«ì­®áâ¨ á¢ï§ë¢ ¥âáï á ¨­â¥àä¥à¥­æ¨¥©

á¢¥â . �¯à¥¤¥«¥­ ¯®ª § â¥«ì ¯à¥«®¬«¥­¨ï «î¬¨­¥á-
æ¨àãîé¥£® ¯®à¨áâ®£® ªà¥¬­¨ï. �§ ¯®«ïà¨§ æ¨®­­ëå
¨§¬¥à¥­¨© ¤¥« ¥âáï ¢ë¢®¤ ®¡ ¨§®âà®¯­®¬ å à ªâ¥à¥

ä®â® ªâ¨¢­®£® ¯®£«®é¥­¨ï ¨áá«¥¤ã¥¬®© áâàãªâãàë.
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Abstract The experimental studies of photoelectric proper-

ties of silicon–porous silicon heterostructures are presented.

The rectifiing heterostructures with the photosensitivity up

1 mA/W in voltage range 1.2–2.3 eV at 300 K are produced.

The photocurrent oscillations due to light interference in

porous silicon layers are found. Polarization dependence of

photosensitivity of heterostructures is studied.
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