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�¢¥¤¥¨¥

�á®¢®© ¥à¥è¥®© ¯à®¡«¥¬®© ä¨§¨ª¨ áâàãªâãà

£à ¨æë à §¤¥«  (��) ¤¨í«¥ªâà¨ª–á®¥¤¨¥¨ï AIIIBV

ï¢«ï¥âáï ¢à¥¬¥ ́ï ¥áâ ¡¨«ì®áâì ¥¥ ¯ à ¬¥âà®¢.

�  áâ®ïé¥¥ ¢à¥¬ï ¥â ¥¤¨®© ¬¥â®¤¨ª¨ ®æ¥-

ª¨ ¢à¥¬¥®́© ¥áâ ¡¨«ì®áâ¨ ��. �æ¥ª  ¯® ¥¬-

ª®áâë¬ á¢®©áâ¢ ¬ áâàãªâãàë ¬¥â ««–¤¨í«¥ªâà¨ª–

¯®«ã¯à®¢®¤¨ª (���) ¯à¥¤¯®çâ¨â¥«ì¥¥, ç¥¬ ®æ¥ª 

¯® ¤à¥©äã â®ª  ��� âà §¨áâ®à , â ª ª ª ¤«ï

á®§¤ ¨ï ��� áâàãªâãàë âà¥¡ã¥âáï ¬¥ìè¥ ¤®¯®«-

¨â¥«ìëå â¥å®«®£¨ç¥áª¨å ®¯¥à æ¨©, ¢«¨ïîé¨å  

¯ à ¬¥âàë ��; ªà®¬¥ â®£®, áâ ¡¨«ì®áâì ��� áâàãª-

âãàë ¥ § ¢¨á¨â ®â ¯®¤¢¨¦®áâ¨ ®á¨â¥«¥© â®ª .

�®íâ®¬ã ¢ àï¤¥ à ¡®â ¥áâ ¡¨«ì®áâì �� ¯à¨ïâ®

å à ªâ¥à¨§®¢ âì è¨à¨®© ¯¥â«¨ £¨áâ¥à¥§¨á  ¢®«ìâ-

ä à ¤ëå å à ªâ¥à¨áâ¨ª (���) ¨/¨«¨ á¤¢¨£®¬  -

¯àï¦¥¨ï ¯«®áª¨å §® ∆VFB [1–3],   â ª¦¥ á¨£ « -

¬¨ ¥áâ æ¨® à®© á¯¥ªâà®áª®¯¨¨ £«ã¡®ª¨å ãà®¢¥©

(DLTS) [4–6].

�¤ ª® å®¤, ��� áãé¥áâ¢¥® § ¢¨á¨â ®â á¯®á®¡ 

¨§¬¥à¥¨ï:  ç «ì®£® § ¯®«¥¨ï ¯®¢¥àå®áâëå á®-

áâ®ï¨© (��) ¨ £«ã¡®ª®ãà®¢¥¢ëå æ¥âà®¢ (���) ¢

¤¨í«¥ªâà¨ª¥,  ¬¯«¨âã¤ë  ¯àï¦¥¨ï,  ¯à ¢«¥¨ï ¨

áª®à®áâ¨ ¨§¬¥¥¨ï  ¯àï¦¥¨ï (á¬.,  ¯à¨¬¥à, [7]).

�¥§ã«ìâ âë ¨§¬¥à¥¨ï DLTS § ¢¨áïâ ®â  ç «ì®£®

§ ¯®«¥¨ï ���. �à¨ ¯¥à¨®¤¥ ¨ ¤«¨â¥«ì®áâ¨ § -

¯®«ïîé¨å ¨¬¯ã«ìá®¢, ¬¥ìè¨å ¨«¨ á®¨§¬¥à¨¬ëå

á® ¢à¥¬¥¥¬ âã¥«¨à®¢ ¨ï ®á¨â¥«¥©,  ç «ì®¥

§ ¯®«¥¨¥ ��� ¥ ®¤®§ ç®.

�®«¥¥ ¤®áâ®¢¥àë¬ ï¢«ï¥âáï   «¨§ ¢à¥¬¥®́© ¥-

áâ ¡¨«ì®áâ¨ �� ¬¥â®¤®¬ ¤«¨â¥«ì®© ¨§®â¥à¬¨ç¥-

áª®© à¥« ªá æ¨¨ ¥¬ª®áâ¨ (���) ¯®á«¥ ¯¥à¥ª«îç¥¨ï

��� áâàãªâãàë;  ¯à¨¬¥à, ¨§ à¥¦¨¬  ®¡®£ é¥¨ï ¢

à¥¦¨¬ ®¡¥¤¥¨ï (¯®á«¥ ¤«¨â¥«ì®© ¢ë¤¥à¦ª¨ ¯à¨

®¡®£ é¥¨¨). �  áâ®ïé¥© áâ âì¥ ¤  â ª®©   «¨§.

1. �¥®à¨ï

(A) �®áâ ®¢ª  § ¤ ç¨

�®«é¨  ¤¨í«¥ªâà¨ª  d ¯à¥¢ëè ¥â ¥áª®«ìª®

á®â  £áâà¥¬, áª¢®§ë¬ âã¥«¨à®¢ ¨¥¬ ç¥à¥§ ¤¨-
í«¥ªâà¨ª ¬®¦® ¯à¥¥¡à¥çì. �¬¥¥âáï  àãè¥ë©

á«®© â®«é¨®© ¯®àï¤ª  ¥áª®«ìª® ¤¥áïâª®¢  £áâà¥¬

¢¡«¨§¨ �� ¤¨í«¥ªâà¨ª–¯®«ã¯à®¢®¤¨ª ¨  àãè¥ë©
á«®© ¢¡«¨§¨ �� ¬¥â ««–¤¨í«¥ªâà¨ª. �à¨ ¨â¥£à¨-
à®¢ ¨¨ ãà ¢¥¨ï �ã áá®  ¯«®â®áâì ®¡ê¥¬®£®

§ àï¤  ¢ ¤¨í«¥ªâà¨ª¥ ã¬®¦ ¥âáï   à ááâ®ï¨¥ ®â

§ àï¤  ¤® í«¥ªâà®¤    ¤¨í«¥ªâà¨ª¥. �®íâ®¬ã ¯à¨

ª®æ¥âà æ¨ïå ��� ¢ ®¡®¨å á«®ïå ®¤®£® ¯®àï¤ª 

¢â®à®© á«®© ¢«¨ï¥â   ¥¬ª®áâì ��� áâàãªâãàë

£®à §¤® á« ¡¥¥, ç¥¬ ¯¥à¢ë©. � ¤ «ì¥©è¥¬ ¡ã¤¥¬

à áá¬ âà¨¢ âì â®«ìª® ¯¥à¢ë©  àãè¥ë© á«®©,  
¢«¨ï¨¥¬ ¢â®à®£®   ¥¬ª®áâì ��� áâàãªâãàë ¯à¥¥-
¡à¥¦¥¬.�à¨¬¥¬, çâ® ¢  àãè¥®¬ á«®¥ ¤¨í«¥ªâà¨ª 
��� ®¡¬¥¨¢ îâáï ®á¨â¥«ï¬¨ § àï¤  â®«ìª® á ¯®-
¢¥àå®áâìî ¯®«ã¯à®¢®¤¨ª  ¯ãâ¥¬ âã¥«¨à®¢ ¨ï,
® ¥â âã¥«¨à®¢ ¨ï ¬¥¦¤ã ���. �«ï ®¯à¥¤¥«¥-
®áâ¨ à áç¥â ¢ë¯®«¥ ¤«ï ¯®«ã¯à®¢®¤¨ª  n-â¨¯ .

(B) �á®¢ë¥ á®®â®è¥¨ï

� ¤ ¤¨¬ ¤«¨â¥«ìãî ¢ë¤¥à¦ªã ��� áâàãªâãàë

¯à¨ V = V1 (à¨á. 1, a), ¯à¨ç¥¬ ¢à¥¬ï ¢ë¤¥à¦ª¨

¯à¥¢ëè ¥â ¢à¥¬ï ¯®á«¥¤ãîé¥£® ¨§¬¥à¥¨ï ¯¥à¥å®¤-
®£® ¯à®æ¥áá  ¡®«¥¥, ç¥¬   ¯®àï¤®ª. �� á í¥à£¨ï¬¨
E < Fn § ¯®«¥ë í«¥ªâà® ¬¨, á �� í«¥ªâà®ë âã-
¥«¨àãîâ ¢ £«ã¡ì ¤¨í«¥ªâà¨ª  á ¯®áâ®ï®© ¢à¥¬¥¨

τT , ®¯à¥¤¥«ï¥¬®© ¨§ ¯à¨¡«¨¦¥®© ä®à¬ã«ë [6,8]

τT = α−1 exp
[
z (bΦ)1/2

]
, (1)

£¤¥ z — £«ã¡¨  âã¥«¨à®¢ ¨ï (¢  £áâà¥¬ å); b —
®â®è¥¨¥ íää¥ªâ¨¢®© ¬ ááë í«¥ªâà®  ¢ ¤¨í«¥ª-
âà¨ª¥ ª ¬ áá¥ á¢®¡®¤®£® í«¥ªâà® ; Φ — ¢ëá®â 
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�¨á. 1. � ¯®«¥¨¥ í«¥ªâà® ¬¨ ¯®¢¥àå®áâëå á®áâ®ï-
¨© ¨ £«ã¡®ª®ãà®¢¥¢ëå æ¥âà®¢ ¢ ¤¨í«¥ªâà¨ª¥: a — ¯à¨

®¡®£ é¥¨¨, V = V1; b — ¯à¨ ®¡¥¤¥¨¨,V = V2. Fn —
ãà®¢¥ì �¥à¬¨ ¢ ¯®«ã¯à®¢®¤¨ª¥; En — í¥à£¨ï í«¥ªâà®-
 ; Ec — í¥à£¨ï ¨¦¥£® ªà ï §®ë ¯à®¢®¤¨¬®áâ¨; Ecs —
§ ç¥¨¥ Ec   ¯®¢¥àå®áâ¨ ¯®«ã¯à®¢®¤¨ª .

¯®â¥æ¨ «ì®£® ¡ àì¥à  (¢ í«¥ªâà®¢®«ìâ å); α —
¯à¥¤íªá¯®¥æ¨ «ìë© ¬®¦¨â¥«ì, § ¢¨áïé¨© ®â Φ
¨ z,   â ª¦¥ ®â ¯ à ¬¥âà®¢ ¤¨í«¥ªâà¨ª  (á¬. à¨á. 4
à ¡®âë [6]).

�  ¢à¥¬ï ¢ë¤¥à¦ª¨ ¯à¨ V = V1 ��� ¢ ¤¨í«¥ªâà¨ª¥

á í¥à£¨ï¬¨ E < Fn § ¯®«ïîâáï í«¥ªâà® ¬¨ ¢ á«®¥
0÷ z1.

�à¨ V = V1 ¢ë¯®«ï¥âáï á®®â®è¥¨¥

V1 − Vbi = Ψs1 − C
−1
i [Qsc1 +Qss1 +Qi eff] , (2)

£¤¥ V1 − Vbi — à §®áâì à ¡®â ¢ëå®¤  ¨§ ¬¥â «-
«  ¨ ¯®«ã¯à®¢¤¨ª , q — § àï¤ í«¥ªâà® , Ψs1 —
¯®â¥æ¨ « ¯®¢¥àå®áâ¨, Ci — ¥¬ª®áâì ¤¨í«¥ªâà¨ª ,
Qsc1 — § àï¤ ¢ ®¡« áâ¨ ®¡ê¥¬®£® § àï¤  (���)
¯®«ã¯à®¢®¤¨ª , Qss1 — § àï¤ �� ¨ ��� ¢ á«®¥

δ ¤¨í«¥ªâà¨ª , Qi eff — íää¥ªâ¨¢ë© (ãáà¥¤¥ë©)
§ àï¤ ¢ ¤¨í«¥ªâà¨ª¥, ®¯à¥¤¥«ï¥¬ë© ¨§ ¢ëà ¦¥¨ï

Qi eff = (d− δ)−1

d−δ∫
0

xρ(x) dx, (3)

δ — â®«é¨  á«®ï (¯®àï¤ª  ¤¥áïâª®¢  £áâà¥¬), ¢
ª®â®à®¬ §  ¢à¥¬ï ¨§¬¥à¥¨ï ¯à®¨áå®¤¨â ®¡¬¥ ®á¨-
â¥«ï¬¨ § àï¤  ¬¥¦¤ã ¤¨í«¥ªâà¨ª®¬ ¨ ¯®«ã¯à®¢®¤¨-
ª®¬, ρ — ¯«®â®áâì ®¡ê¥¬®£® § àï¤ , ª®®à¤¨ â  x
®âáç¨âë¢ ¥âáï ®â ¬¥â ««  (¥¬ª®áâ¨ ¨ § àï¤ë ¤ ë

  ¥¤¨¨æã ¯«®é ¤¨).
�à¨ t = 0 ¯¥à¥ª«îç¨¬ áâàãªâãàã ®â V1 ¤® V2

(®â ®¡®£ é¥¨ï ª ®¡¥¤¥¨î — á¬. à¨á. 1). �®á«¥

¯¥à¥ª«îç¥¨ï ¨¤¥â â¥à¬®í¬¨áá¨ï í«¥ªâà®®¢ á �� ¢

§®ã ¯à®¢®¤¨¬®áâ¨ á ¯®áâ®ï®© ¢à¥¬¥¨ τth, ®¯à¥-
¤¥«ï¥¬®© ¨§ ¨§¢¥áâëå á®®â®è¥¨© [9,10]. �®á«¥

â¥à¬®í¬¨áá¨¨ á �� á í¥à£¨ï¬¨ E > E(ξ)   íâ¨

�� âã¥«¨àãîâ í«¥ªâà®ë á ��� ¢ ¤¨í«¥ªâà¨ª¥ á

¯®áâ®ï®© ¢à¥¬¥¨ τT , ®¯à¥¤¥«ï¥¬®© ¨§ (1); § â¥¬
¨¤¥â â¥à¬®í¬¨áá¨ï íâ¨å í«¥ªâà®®¢ á �� ¢ §®ã

¯à®¢®¤¨¬®áâ¨. �«®©, ¨§ ª®â®à®£® ãè«¨ í«¥ªâà®ë,
¯®ª §    à¨á. 1, b £®à¨§®â «ì®© èâà¨å®¢ª®©.
�à¨ V = V2 ¢ë¯®«ï¥âáï á®®â®è¥¨¥

V2 − Vbi = Ψs2 − C
−1
i

× [Qsc2 +Qss1 + ∆Qss +Qi eff + ∆Qi eff] , (4)

£¤¥ ∆Qss — ¨§¬¥¥¨¥ § àï¤  �� ¨ ��� ¢ á«®¥ δ
¯®á«¥ ¯¥à¥ª«îç¥¨ï, ¢ ¤ «ì¥©è¥¬ ¡ã¤¥¬ à áá¬ âà¨-
¢ âì íâ¨ ¤¢  ¢§ ¨¬®¤¥©áâ¢ãîé¨å § àï¤  ª ª ¥¤¨ë©

§ àï¤ ��� á ª®æ¥âà æ¨¥© Nt; ∆Qi eff — ¨§¬¥¥¨¥

§ àï¤  ¢ ¤¨í«¥ªâà¨ª¥ ¢ á¨«ìëå ¯®«ïå (« ¢¨ ï ¨-
¦¥ªæ¨ï ¨/¨«¨ íää¥ªâ � ã«¥à–�®à¤å¥©¬ ). �áâ «ì-
ë¥ ®¡®§ ç¥¨ï ¨¬¥îâ â®â ¦¥ á¬ëá«, çâ® ¨ ¢ (2),
¨¤¥ªáë 2 á®®â¢¥âáâ¢ãîâ V = V2.
�®á«¥ ã¢¥«¨ç¥¨ï Ψs2 (ã¬¥ìè¥¨ï ¨§£¨¡  §®) ¤®

¥ª®â®à®£® § ç¥¨ï Ψ∗s2, § àï¤ ∆Qi eff ¥ ¨§¬¥ï¥âáï.
�à¨¬¥¬, çâ® ¯®á«¥ ¯¥à¥ª«îç¥¨ï ®â V1 ¤® V2 ¢

â¥ç¥¨¥ ¢á¥£® ¯¥à¥å®¤®£® ¯à®æ¥áá  ¨¬¥¥¬ Ψs2 > Ψ∗s2,
â®£¤  ¬®¦® ¯à¥¥¡à¥çì ∆Qi eff.

(C) �¥è¥¨¥

�ëç¨â ï (4) ¨§ (2), ¯®«ãç ¥¬

V1 − V2 = Ψs1 −Ψs2 − C
−1
i [Qsc1 −Qsc2 −∆Qss] . (5)

a — � ¤ ¤¨¬ V1 â ª, çâ®¡ë ¢ë¯®«ï«®áì ¥à ¢¥-
áâ¢® Csc1 � Css1, £¤¥ Csc1 ¨ Css1 — ¥¬ª®áâì ��� ¨

¥¬ª®áâì �� á®®â¢¥âáâ¢¥®, ¯à¨ V = V1;1 ¢ë¯®«¥¨¥
íâ®£® ¥à ¢¥áâ¢  ¢®§¬®¦® ¯à¨ ®¡®£ é¥¨¨. �®£¤ 
¨¬¥¥¬

Csc1 = [C (V1)−1 − C−1
i ]−1, (6)

£¤¥ C (V1) — ¥¬ª®áâì ��� áâàãªâãàë ¯à¨ V = V1.
Csc1 ¬®¦¥â ¡ëâì ¢ëç¨á«¥  ¨§ (6) ¯® ¨§¢¥áâë¬ § -
ç¥¨ï¬ C (V1) ¨ Ci. Csc ¨ Qsc ï¢«ïîâáï ¨§¢¥áâë¬¨
äãªæ¨ï¬¨ Ψs [9,10]; á«¥¤®¢ â¥«ì®, Ψs1 ¨ Qsc1 ¬®£ãâ
¡ëâì ¢ëç¨á«¥ë ¯® ¨§¢¥áâ®¬ã § ç¥¨î Csc1.

1
� ¤ ®© § ¤ ç¥ ¥¬ª®áâìî ¯®¢¥àå®áâëå á®áâ®ï© ï¢«ï-

¥âáï ¥¬ª®áâì â¥å ���   ¯®¢¥àå®áâ¨ ¨ ¡«¨§¨ ¥¥, § ¯®«¥¨¥
ª®â®àëå ãá¯¥¢ ¥â á«¥¤®¢ âì §  ¯¥à¥¬¥ë¬  ¯àï¦¥¨¥¬ á

ç áâ®â®©,   ª®â®à®© ¨§¬¥àï¥âáï ¥¬ª®áâì.
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b — � ¤ ¤¨¬ V1 â ª, çâ®¡ë ¢ë¯®«ï«®áì ¥à ¢¥-
áâ¢® Ψs1 < Ψs cr, £¤¥ Ψs cr ®¯à¥¤¥«ï¥âáï ¨§ ãá«®¢¨ï:

2πfτth (Ψs cr) = 1, (7)

£¤¥ τth(Ψs cr) — ¢à¥¬ï â¥à¬®í¬¨áá¨¨ á ãà®¢ï E = Fn
¯à¨ Ψs = Ψs cr; â. ¥. V = V1 ¨§¬¥àï¥âáï ¢ëá®ª®ç áâ®â-
 ï ¥¬ª®áâì (á¬. â ª¦¥ [11]). �®£¤  Csc1, Qsc1 ¨ Ψs1

¬®¦® ¢ëç¨á«¨âì â ª ¦¥, ª ª ¨ ¢ á«ãç ¥ (a).
�à¨¬¥¬, çâ® ¯®á«¥ ¯¥à¥ª«îç¥¨ï ¢ë¯®«ï¥âáï ¥-

à ¢¥áâ¢® Ψs2 < Ψs cr. �à¨¬¥¬ â ª¦¥, çâ® ���

áâàãªâãà  ®áâ ¥âáï ¢ ®¡¥¤¥¨¨ (¥ ®¡à §ã¥âáï ¨-
¢¥àá¨®®£® á«®ï). �®£¤  ¯à¨ V = V2 § ç¥¨ï Csc2,
Qsc2 ¨ Ψs2 ¬®¦® ¢ëç¨á«¨âì â ª ¦¥, ª ª ¨ ¯à¨ V =
V1, â. ¥. ¯® íªá¯¥à¨¬¥â «ìë¬ § ç¥¨ï¬ ¨§¬¥à¥®©
¥¬ª®áâ¨. �«¥¤®¢ â¥«ì®, ∆Qss(t) ¬®¦® ®¯à¥¤¥«¨âì
¨§ (5).
� áá¬®âà¨¬ ¯à¥¤¥«ìë¥ á«ãç ¨.
a — �¥à ¢¥áâ¢® τT � τth ¢ë¯®«ï¥âáï ¯à¨ δ

¯®àï¤ª  ¥áª®«ìª¨å  £áâà¥¬. �¥â®¤ë ®¯à¥¤¥«¥¨ï

í¥à£¥â¨ç¥áª®£® á¯¥ªâà  �� Nss(E) ¤«ï íâ®£® á«ãç ï
¤¥â «ì® à §à ¡®â ë [9,10,12].

b — τT � τth. � íâ®¬ á«ãç ¥ £«ã¡¨  âã¥«¨à®-
¢ ¨ï z ¢ëç¨á«ï¥âáï ¨§ (1) ¢® ¢á¥¬ í¥à£¥â¨ç¥áª®¬

¨â¥à¢ «¥ E(0) < E < E1, £¤¥ E1 = Fn ¯à¨ V = V1,
E(0) = Fn ¯à¨ V = V2 ¨ t = 0. � ¤ «ì¥©è¥¬

®£à ¨ç¨¬áï à áá¬®âà¥¨¥¬ á«ãç ï b.
� áá¬®âà¨¬ ¤¢  ¬¥â®¤    «¨§  ¯¥à¥å®¤ëå ¯à®-

æ¥áá®¢.
1. �¥â®¤ ¯®áâ®ï®© ¥¬ª®áâ¨. �®á«¥ ¯¥à¥ª«îç¥-

¨ï  ¯àï¦¥¨ï V2(t) ¨§¬¥ï¥âáï â ª, çâ® ¥¬ª®áâì
áâàãªâãàë ¯®¤¤¥à¦¨¢ ¥âáï ¯®áâ®ï®©, â. ¥. ¨¬¥¥¬
Ψs2 = const ¨ Qsc2 = const. ∆Qss(t) ®¯à¥¤¥«ï¥âáï
¨§ (5) ¯® íªá¯¥à¨¬¥â «ì®© § ¢¨á¨¬®áâ¨ V2(t).
� ¤àã£®© áâ®à®ë, ∆Qss(t) ¢ëç¨á«ï¥âáï ¨§ ¢ëà -

¦¥¨ï

q−1∆Qss(t) =

z(t,E)∫
0

E1∫
E(0)

Nt(E, y)dE dy, (8)

£¤¥ E1 ¨ E(0) ®¯à¥¤¥«ïîâáï ¨§ ¢ëà ¦¥¨©

Ecs −E1 = Ec − Fn − qΨs1, (9)

Ecs −E(0) = Ec − Fn − qΨs2(0) (10)

(á¬. à¨á. 1). �§ (9) ¨ (10) á«¥¤ã¥â á®®â®è¥¨¥

E1 −E(0) = q [Ψs1 −Ψs2(0)], (11)

£¤¥ Ψs2(0) — § ç¥¨¥ Ψs2 ¯à¨ t = 0.
�«ï áâàãªâãà n-InP/SiO2 ¨ n-Si/SiO2 ¨¬¥¥¬

Φ ≈ 3 í�. �à¨ Φ ≈ 3 í� ¨ E1 −E(0) ¯®àï¤ª  ¥áª®«ì-
ª¨å ¤¥áïâëå í� ¬®¦® ¯à¥¥¡à¥çì § ¢¨á¨¬®áâìî z ®â
E; ªà®¬¥ â®£®, ¢ á«®¥ δ � d ¬®¦® ¯à¨ïâì Φ = const.
�®íâ®¬ã ¢ ¤ «ì¥©è¥¬ ¯à¨¨¬ ¥¬ z, ¥ § ¢¨áïé¨¬
®â E.

� áá¬®âà¨¬ ç áâë© á«ãç ©: Nt(E, z) ã¬¥ìè ¥âáï
¢ £«ã¡ì ¤¨í«¥ªâà¨ª  ª ª

Nt(E, z) = Nt(E, 0) exp(−βz) (12)

¨ β ¥ § ¢¨á¨â ®â E. �®£¤  ¢ëà ¦¥¨¥ (8) ¯¥à¥å®¤¨â
¢

q−1∆Qss(t) =z∗N̄t(0) [E1 −E(0)]

=z∗N̄t(0)q [Ψs1 −Ψs2(0)], (13)

£¤¥

N̄t(0) [E1 −E(0)] =

E1∫
E(0)

Nt(E, 0) dE,

z∗ =
{

1− exp [−βz(t) ]
}/

β, (14)

N̄t(0) — áà¥¤¥¥ § ç¥¨¥ Nt(0) ¢ ¨â¥à¢ «¥

Ψs1÷Ψs2(0), N̄t(0)z∗ — áà¥¤¥¥ § ç¥¨¥ íää¥ªâ¨¢-
®© ¯«®â®áâ¨ �� ¢ ¨â¥à¢ «¥ Ψs1÷Ψs2(0), z∗ — íä-
ä¥ªâ¨¢ ï â®«é¨   àãè¥®£® á«®ï (íâ® ¯®ïâ¨¥
æ¥«¥á®®¡à §® ¨á¯®«ì§®¢ âì ¨ ¢ â¥å á«ãç ïå, ª®£¤ 
ã¬¥ìè¥¨¥ Nt ¢ £«ã¡ì ¤¨í«¥ªâà¨ª  ¥ ®¯¨áë¢ ¥âáï
¢ëà ¦¥¨¥¬ (12)).
� ª¨¬ ®¡à §®¬, ®¯à¥¤¥«¨¢ ∆Qss ¨§ (5), ¤ «¥¥ ¨§

(13) ¢ëç¨á«ï¥¬ áà¥¤¥¥ § ç¥¨¥ íää¥ªâ¨¢®© ¯«®â-
®áâ¨ �� ¢ ¨â¥à¢ «¥ Ψs1 ÷ Ψs2(0). �«¨â¥«ì®¥

¨§¬¥¥¨¥ § àï¤  ∆Qss â ª¦¥ ï¢«ï¥âáï ªà¨â¥à¨¥¬

¢à¥¬¥®́© ¥áâ ¡¨«ì®áâ¨ ��.
�ë¡®à®¬ § ç¥¨© V1 ¨ V2 ¬®¦® ®¡¥á¯¥ç¨âì ã§ª¨©

¨â¥à¢ « Ψs1 ÷Ψs2(0) ¨, â ª¨¬ ®¡à §®¬, ®¯à¥¤¥«¨âì
Nt(0)z∗ ¢ ã§ª®¬ ¨â¥à¢ «¥ í¥à£¨©.
�¯à¥¤¥«¥¨¥ § ¢¨á¨¬®áâ¨ Nt(0)z∗ ®â E ¢®§¬®¦®

â ª¦¥ ¯ãâ¥¬ ¯¥à¥ª«îç¥¨ï ®â V1 ¤® à §«¨çëå § -
ç¥¨© V2; íâ® ¯¥à¥ª«îç¥¨¥ ¯®§¢®«ï¥â ®¯à¥¤¥«¨âì

N̄t(0)z∗ ¢ à §«¨çëå í¥à£¥â¨ç¥áª¨å ¨â¥à¢ « å, ®
¢ ®¤®¬ ¢à¥¬¥®́¬ ¨â¥à¢ «¥, â. ¥. ¯à¨ ®¤¨ ª®-
¢ëå § ç¥¨ïå z∗. �à ¢¨¢ ï N̄t(0)z∗ ¢ ¨â¥à¢ -
« å Ψs1 ÷Ψs2(0) ¨ Ψs1 ÷ Ψs2(0) + ∆Ψs2, ®¯à¥¤¥«ï¥¬

�¨á. 2. � ¢¨á¨¬®áâì íää¥ªâ¨¢®© ¯«®â®áâ¨ á®áâ®ï¨©

®â í¥à£¨¨.
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Nt(0)z∗ ¢ ã§ª®¬ ¨â¥à¢ «¥ í¥à£¨© ∆Ψs2. �®á«¥ àï¤ 
¯¥à¥ª«îç¥¨© ®¯à¥¤¥«ï¥¬ § ¢¨á¨¬®áâì Nt(0)z∗ ®â E.

2. �¥â®¤ ¯®áâ®ï®£®  ¯àï¦¥¨ï. �®á«¥ ¯¥à¥ª«î-
ç¥¨ï ¨¬¥¥¬ V2 = const; Ψs2, Qsc2 ¨ ∆Qsc § ¢¨áïâ ®â
¢à¥¬¥¨. �ã¥«¨à®¢ ¨¥ í«¥ªâà®®¢ ¨§ ¤¨í«¥ªâà¨ª 
  �� ¨ ¨å â¥à¬®í¬¨áá¨ï ¢ §®ã ¯à®¢®¤¨¬®áâ¨ ¯à¨¢®-
¤ïâ ª ã¬¥ìè¥¨î ¨§£¨¡  §® ¨ ¢®§à áâ ¨î ¥¬ª®áâ¨

áâàãªâãàë, ãà®¢¨ á í¥à£¨ï¬¨ E(0) < E < Fn á®¢ 
§ ¯®«ïîâáï í«¥ªâà® ¬¨ (  à¨á. 1, b íâ®â á«®©

¯®ª §  ¢¥àâ¨ª «ì®© èâà¨å®¢ª®©). �à¨¬¥¬, çâ® ¯à¨
E < Fn ¢á¥ ��� ¢ á«®¥ 0–z § ¯®«¥ë í«¥ªâà® ¬¨;
â ª®¥ ¤®¯ãé¥¨¥ ®¯à ¢¤ ® ¢á«¥¤áâ¢¨¥ «®£ à¨ä-
¬¨ç¥áª®© § ¢¨á¨¬®áâ¨ z ®â τT . �®£¤  N̄t(0)z∗ ¢

¨â¥à¢ «¥ Ψs1 ÷ Ψs2(t), ¬®¦¥â ¡ëâì ¢ëç¨á«¥  ¨§

(13) ¯ãâ¥¬ § ¬¥ë Ψs2(0)   Ψs2(t). � ¢¨á¨¬®áâì

Nt(0)z∗ ®â E ¬®¦¥â ¡ëâì ®¯à¥¤¥«¥  â ª ¦¥, ª ª ¨
¯à¨ ¨á¯®«ì§®¢ ¨¨ ¬¥â®¤  ¯®áâ®ï®© ¥¬ª®áâ¨.

2. �ªá¯¥à¨¬¥â

�¡à §æë ¨§£®â®¢«¥ë ¨§ n-InP (111), Nd = 2 ×
1016 á¬−3. �«®© SiO2  ¥á¥ å¨¬¨ç¥áª¨¬ ®á ¦¤¥¨-
¥¬ ¨§ ¯ à®¢®© ä §ë (CVD) ¯à¨ 350◦C. �«®© Al  -
¥á¥   SiO2  ¯ë«¥¨¥¬ ¢ ¢ ªãã¬¥ ¯à¨ ª®¬ â®©

â¥¬¯¥à âãà¥. �¬¨ç¥áª¨© ª®â ªâ ª InP á®§¤ ¢ «áï

 ¯ë«¥¨¥¬ Au+Ge ¯® ®¡é¥¯à¨ïâ®© â¥å®«®£¨¨.

�¥§ã«ìâ âë ¨§¬¥à¥¨©. �à¨ ¨§¬¥¥¨¨  ¯àï¦¥-
¨ï ®â −3� ¤® +3� I < 10−12�/á¬2. �§®â¥à¬¨-
ç¥áª ï à¥« ªá æ¨ï ¥¬ª®áâ¨ (���) ¨§¬¥àï« áì  

ãáâ ®¢ª¥, ®¯¨á ®© ¢ [13]. �á¯®«ì§®¢ «áï ¬¥â®¤

¯®áâ®ï®£®  ¯àï¦¥¨ï, â ª ª ª ® ¯®§¢®«ï¥â ¨§¬¥-
à¨âì ¡®«¥¥ ¡ëáâàë¥ ¯¥à¥å®¤ë¥ ¯à®æ¥ááë, ç¥¬ ¬¥â®¤

¯®áâ®ï®© ¥¬ª®áâ¨. �®á«¥ ¯¥à¥ª«îç¥¨ï ®¡à §æ®¢

®â ®¡®£ é¥¨ï ¤® £à ¨æë ¬¥¦¤ã ®¡¥¤¥¨¥¬ ¨ á« -
¡®© ¨¢¥àá¨¥© ®â®á¨â¥«ì®¥ ¢®§à áâ ¨¥ ¥¬ª®áâ¨ ¢

¨â¥à¢ «¥ 0.1–1300á ∆C/C = 0.05−0.06.

� ç¥¨¥ N̄t(0)z∗ ¨ § ¢¨á¨¬®áâì Nt(0)z∗ ®â E ®¯à¥-
¤¥«ï«¨áì ¯ãâ¥¬ ¯¥à¥ª«îç¥¨ï ®â V1 ¤® à §«¨çëå

V2. � ¢¨á¨¬®áâì Nt(0)z∗ ®â E ¯à¨¢¥¤¥    à¨á. 2;
¢ ¬¨¨¬ã¬¥ Nt(0)z∗min = 5 · 10−11 á¬−2 · í�−1. �

¨â¥à¢ «¥ Ec = −(0.28÷0.80)í� ¤«ï íâ®£® ¦¥ ®¡à §æ 
N̄t(0)z∗ = 2.4 · 1012 á¬−2 · í�−1.

�ë«® â ª¦¥ ¯à®¢¥¤¥® áà ¢¥¨¥ è¨à¨ë ¯¥-
â«¨ £¨áâ¥à¥§¨á  á  ¬¯«¨âã¤®© ¤«¨â¥«ì®© ¨§®â¥à-
¬¨ç¥áª®© à¥« ªá æ¨¨ ¥¬ª®áâ¨ ¤«ï  è¨å ®¡à §æ®¢

n-InP–SiO2–Al ¨ ¤«ï ª®âà®«ìëå ®¡à §æ®¢ n-Si —
¨§ª®â¥¬¯¥à âãàë© SiO2. �¥§ã«ìâ âë íªá¯¥à¨¬¥â 

¯®ª § «¨, çâ® ¬¥¦¤ã íâ¨¬¨ ¢¥«¨ç¨ ¬¨ ¥ ®¡ àã-
¦¥® ª®àà¥«ïæ¨¨.

3. � ª«îç¥¨¥

�§ ¯à¨¢¥¤¥®£®   «¨§  á«¥¤ã¥â, çâ® ®¯à¥¤¥«¨âì
í¥à£¥â¨ç¥áª¨© á¯¥ªâà íää¥ªâ¨¢®© ¯«®â®áâ¨ ¯®-
¢¥àå®áâëå á®áâ®ï¨© ¬®¦® ¯ãâ¥¬ ¯¥à¥ª«îç¥¨ï

��� áâàãªâãàë ¨§ à¥¦¨¬  ®¡®£ é¥¨ï ¢ à¥¦¨¬

®¡¥¤¥¨ï ¨«¨ ®â ®¡¥¤¥¨ï ¤® ¡®́«ìè¥£® ®¡¥¤¥¨ï:
1) ¬¥â®¤®¬ ¯®áâ®ï®© ¥¬ª®áâ¨, ¨á¯®«ì§ãï íªá¯¥à¨-

¬¥â «ìãî ¢à¥¬¥ã́î § ¢¨á¨¬®áâì  ¯àï¦¥¨ï  

®¡à §æ¥;
2) ¬¥â®¤®¬ ¯®áâ®ï®£®  ¯àï¦¥¨ï, ¨á¯®«ì§ãï

¢à¥¬¥ã́î § ¢¨á¨¬®áâì ¥¬ª®áâ¨.
�à®¬¥ â®£®, ¯à®áâë¬ ªà¨â¥à¨¥¬ áâ ¡¨«ì®áâ¨ £à -

¨æë à §¤¥«  ¯®«ã¯à®¢®¤¨ª–¤¨í«¥ªâà¨ª ï¢«ï¥âáï

¢¥«¨ç¨  ®â®á¨â¥«ì®£® ¨§¬¥¥¨ï ¥¬ª®áâ¨ ¢ § ¤ -
®¬ ¢à¥¬¥®́¬ ¨â¥à¢ «¥ ¯®á«¥ ãª § ®£® ¯¥à¥ª«î-
ç¥¨ï.

�¢â®à ¢ëà ¦ ¥â ¡« £®¤ à®áâì �.�. �«ïçª¨ã § 
¨§£®â®¢«¥¨¥ ®¡à §æ®¢,   â ª¦¥ �.�. �¬¨¤â §  ¯®-
«¥§ë¥ ®¡áã¦¤¥¨ï.

� ¡®â  ¢ë¯®«¥  ¯à¨ ä¨ á®¢®© ¯®¤¤¥à¦ª¥ �¥-
¦¤ã à®¤®£®  ãç®£® ä®¤ , �¨¨áâ¥àáâ¢   ãª¨
¨ â¥å¨ç¥áª®© ¯®«¨â¨ª¨ �®áá¨©áª®© �¥¤¥à æ¨¨ ¨

�®áá¨©áª®£® ä®¤  äã¤ ¬¥â «ìëå ¨áá«¥¤®¢ ¨©

(£à â ò NU2300).

�¯¨á®ª «¨â¥à âãàë

[1] J. Tardy, I. Thomas, P. Viktorovich, M. Gendry,
J.L. Perrossier, C. Santinelli, M.P. Besland, P. Lous,
G. Post. Appl. Surf. Sci., 50, 383 (1991).

[2] �.�. � ªè¨, �.�. �¬¥«ìï®¢, �.�. �¥ìè¨ª®¢,
�.�. �®àâ®¢, �.�. �ä¨¬æ¥¢. �«¥ªâà®. â¥å., �¥à. 3,
�¨ªà®í«¥ªâà®¨ª , 1, 32 (1990).

[3] �.�. � ªè¨, �.�. �¬¥«ìï®¢, �.�. �®àâ®¢,
�.�. � ¬á®®¢. �«¥ªâà® ï ¯à®¬ëè«¥®áâì, 6/92,
2 (1992).

[4] P.V. Staa, H. Rombach, R. Kassing. J. Appl. Phys., 54,
4014 (1983).

[5] D. Vuilaume, J.C. Bourgoin, M. Lanoo. Phys. Rev. B,
34, 1171 (1986).

[6] H. Lakhadri, D. Vuilaume, J.C. Bourgoin, M. Lanoo.
Phys. Rev. B, 38, 13 124 (1988).

[7] H. Hasegawa, Li He, H. Ohno, T. Sawada, T. Haga,
Y. Abe, H. Takahashi. J. Vac. Sci. Techn. B, 5, 1097
(1987).

[8] V. Kumar, W.E. Dahlke. Sol. St. Electron., 20, 143
(1977).

[9] �. �¨. �¨§¨ª  ¯®«ã¯à®¢®¤¨ª®¢ëå ¯à¨¡®à®¢ [�¥à. á
 £«.] (�., �¨à, 1984) â. 1, £«. 7, á. 456.

[10] E.H. Niccollian, J.R. Brews. Mos (Metal–Oxide–
Semiconductor). Physics and Technolohy (N. Y., 1982)
p. 972.

[11] �.�. �¥à¬ , �.�. �à¥å®¢, �.�. � à¨¬®¢, �.�. �áâà®-
ã¬®¢ . ���, 27, 917 (1993).

[12] K. Yamasaki, M. Yoshida, T. Sugano. Jpn. J. Appl.
Phys., 18, 113 (1979).

[13] �.�. �¥à¬ , �.�. �¥¬¥îª, �.�. �®«áâ®¡à®¢. �à¥-
¯à¨â ���, N 974 (�., 1985) á. 25.

�¥¤ ªâ®à �.�. � «¤ëè¥¢

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



82 �.�. �¥à¬ 

Analysis of time instability of insulator —
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Abstract The available techniques of time instability diag-

nostics of semiconductor–insulator interface properties with

deep-level center have been discussed. The method has been

proposed to determine the time instability by measuring

long-term isothermal capacitance transient in MIS-structure.

The surface state density distribution has been determined

in n-InP–SiO2–Al — structures obtained by chemical vapor

deposition. The capacitance change, during the long-term

isothemal capacitance transient, is criterion of the time

instablility of insulator– semiconductor interface.
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