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�à®¢¥¤¥­  ­ «¨â¨ç¥áª¨© à áç¥â ¢ëá®ª®ç áâ®â­®© ¢®«ìâ-¥¬ª®áâ­®© å à ªâ¥à¨áâ¨ª¨ ¤«ï â®­ª®¯«¥-
­®ç­®© áâàãªâãàë ­  ®á­®¢¥ GaAs. �®ª § ­®, çâ® ®á®¡¥­­®áâ¨ íâ®© § ¢¨á¨¬®áâ¨ — à¥§ª®¥ ¯ ¤¥­¨¥

¨ ¢ëå®¤ ­  0 — ®¡ãá«®¢«¥­ë á¬ëª ­¨¥¬ ®¡« áâ¥© ®¡¥¤­¥­¨ï ¡ àì¥à  �®ââª¨ ¨ ¯¥à¥å®¤  ¯«¥­ª –
¯®¤«®¦ª ,   â ª¦¥ ¨­¥àæ¨®­­®áâìî ¯¥à¥§ àï¤ª¨ £«ã¡®ª¨å æ¥­âà®¢ ¢ ¯®¤«®¦ª¥.

�à®ï¢«¥­¨ï à®«¨ n−ν-¯¥à¥å®¤  ­  £à ­¨æ¥ ¯«¥­ª¨
á ¯®¤«®¦ª®© ¢ áâàãªâãà å ­  ®á­®¢¥ GaAs ¨¬¥îâ

¢¥áì¬  à §­®®¡à §­ë© å à ªâ¥à [1] ¨, ¢ ç áâ­®áâ¨,
­¥âà¨¢¨ «ì­® áª §ë¢ îâáï ­  à¥§ã«ìâ â å ­¨§ª®ç -
áâ®â­ëå C−V -¨§¬¥à¥­¨© [2]. �®á«¥¤­¨¥, ª ª ¨§¢¥áâ-
­®, ¯®§¢®«ïîâ ®¯à¥¤¥«ïâì ª®­æ¥­âà æ¨î ­¥§ ¯®«­¥­-
­ëå £«ã¡®ª¨å æ¥­âà®¢ ¢ ¯®¤«®¦ª¥ [3]. �¬¥îé¨¥áï

¯à¥¤áâ ¢«¥­¨ï ¤ îâ ¢¯®«­¥ ¤®áâ â®ç­ë¥ ®á­®¢ ­¨ï

®¦¨¤ âì áãé¥áâ¢¥­­®£® ¢«¨ï­¨ï n−ν-¯¥à¥å®¤  ¨ ­ 

à¥§ã«ìâ âë ¢ëá®ª®ç áâ®â­ëå ¢®«ìâ¥¬ª®áâ­ëå ¨§¬¥-
à¥­¨©, á«ã¦ é¨å ®á­®¢­ë¬ ¬¥â®¤®¬ ¯®«ãç¥­¨ï ¨­-
ä®à¬ æ¨¨ ® «¥£¨àãîé¥© ¯à¨¬¥á¨ ¢ áâàãªâãà¥. �¤­ -
ª®, ­¥á¬®âàï ­  ®ç¥¢¨¤­ãî  ªâã «ì­®áâì ¤ ­­®£® ¢®-
¯à®á , ¢ «¨â¥à âãà¥ ¯à ªâ¨ç¥áª¨ ®âáâãâáâ¢ãîâ á®®¡-
é¥­¨ï ¯® íâ®© â¥¬¥. �ë ­ ¤¥¥¬áï, çâ® ¤ ­­ ï à ¡®â ,
¯®á¢ïé¥­­ ï ¨áá«¥¤®¢ ­¨î ¢«¨ï­¨ï n−ν-¯¥à¥å®¤  ­ 
à¥§ã«ìâ âë ¢ëá®ª®ç áâ®â­ëå C−V -¨§¬¥à¥­¨©, á¬®-
¦¥â ¢ ­¥ª®â®à®© ¬¥à¥ § ¯®«­¨âì ãª § ­­ë© ¯à®¡¥«.
�«ï ¢ëï¢«¥­¨ï ¢«¨ï­¨ï n−ν-¯¥à¥å®¤  ­  à¥§ã«ì-

â âë ¢ëá®ª®ç áâ®â­ëå C−V -¨§¬¥à¥­¨© ¯à¥¦¤¥ ¢á¥£®
­¥®¡å®¤¨¬® ¯®«ãç¨âì  ­ «¨â¨ç¥áª®¥ ®¯¨á ­¨¥ ¢ëá®-
ª®ç áâ®â­®© ¡ àì¥à­®© ¥¬ª®áâ¨ C ¢ ãá«®¢¨ïå á¬ë-
ª ­¨ï ®¡« áâ¨ ®¡¥¤­¥­¨ï ¡ àì¥à  �®ââª¨ ¨ ®¡« áâ¨

¯¥à¥å®¤  ¯«¥­ª –¯®¤«®¦ª , â. ¥. ¢ á«ãç ¥, ª®£¤  ¢

­¥ª®â®à®© â®çª¥ ¯«¥­ª¨ xm ª®­æ¥­âà æ¨ï á¢®¡®¤-
­ëå í«¥ªâà®­®¢ ¤®áâ¨£ ¥â ¬ ªá¨¬ «ì­®£® §­ ç¥­¨ï

nm < N0, £¤¥ N0 — ª®­æ¥­âà æ¨ï «¥£¨àãîé¥© ¯à¨-
¬¥á¨ ¢ ¯«¥­ª¥.
�«ï ¤ «ì­¥©è¥£® à áá¬®âà¥­¨ï ¡ àì¥à­ãî ¥¬-

ª®áâì C ã¤®¡­® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥

C = εε0S
δEb

δV
, (1)

£¤¥ S — ¯«®é ¤ì ¡ àì¥à­®£® ª®­â ªâ , δEb — ¨§¬¥-
­¥­¨¥ í«¥ªâà¨ç¥áª®£® ¯®«ï Eb ­  £à ­¨æ¥ ¬¥â ««–
¯®«ã¯à®¢®¤­¨ª ¯à¨ ¨§¬¥­¥­¨¨ á¬¥é¥­¨ï ¡ àì¥à 

�®ââª¨ ­  ¢¥«¨ç¨­ã δV . � á«ãç ¥ á¬ëª ­¨ï

®¡« áâ¥© ®¡¥¤­¥­¨ï ¡ àì¥à  �®ââª¨ ¨ n−ν-¯¥à¥-
å®¤  ¯«¥­ª –¯®¤«®¦ª  ¢¥«¨ç¨­  δEb ®¯à¥¤¥«ï¥â-
áï, ­ àï¤ã á ¤àã£¨¬¨ ä ªâ®à ¬¨, ¨ ¨§¬¥­¥­¨-
¥¬ í«¥ªâà¨ç¥áª®£® ¯®«ï Ej ¢ ¯«®áª®áâ¨ n−ν-¯¥-
à¥å®¤ . � íâ®© á¢ï§¨ ¢¥áì¬  áãé¥áâ¢¥­­®© áâ ­®-
¢¨âáï å®à®è® ¨§¢¥áâ­ ï ®á®¡¥­­®áâì n−ν-¯¥à¥å®¤ 

â¨¯  ¯«¥­ª –〈¯®«ã¨§®«¨àãîé ï ª®¬¯¥­á¨à®¢ ­­ ï

¯®¤«®¦ª 〉, á®áâ®ïé ï ¢ â®¬, çâ® § àï¤ à á¯®«®¦¥­-
­®£® ¢ ¯®¤«®¦ª¥ á«®ï ­ ª®¯«¥­¨ï ®¡à §®¢ ­ ­®á¨â¥-
«ï¬¨, á¢ï§ ­­ë¬¨ ­  £«ã¡®ª¨å æ¥­âà å, ¯®áª®«ìªã
¢ ¯®¤«®¦ª¥ ª®­æ¥­âà æ¨ï ­¥§ ¯®«­¥­­ëå £«ã¡®ª¨å

æ¥­âà®¢ ­  5÷7 ¯®àï¤ª®¢ ¢ëè¥ ª®­æ¥­âà æ¨¨ á¢®¡®¤-
­ëå ­®á¨â¥«¥©. �®íâ®¬ã ¢ à áá¬ âà¨¢ ¥¬®¬ á«ãç ¥

¢ëá®ª®ç áâ®â­®© ¥¬ª®áâ¨ ¨§¬¥­¥­¨¥ á¬¥é¥­¨ï ¡ àì¥-
à  δV ­¥ ¯à¨¢®¤¨â ª ¨§¬¥­¥­¨î § àï¤  á«®ï ­ ª®¯«¥-
­¨ï n−ν-¯¥à¥å®¤ ,   á«¥¤®¢ â¥«ì­®, ¨ í«¥ªâà¨ç¥áª®£®
¯®«ï Ej , â. ¥.

δEj = 0. (2)

� ¨á¯®«ì§®¢ ­¨¥¬ á®®â­®è¥­¨© (1) ¨ (2) ¬¥â®¤®¬,
 ­ «®£¨ç­ë¬ ¨á¯®«ì§®¢ ­­®¬ã ¢ [3] ¤«ï à áç¥â  ­¨§-
ª®ç áâ®â­®© ¥¬ª®áâ¨, ¬®¦­® ¯®«ãç¨âì ¯ à ¬¥âà¨ç¥-
áª¨¥ ¢ëà ¦¥­¨¥ ¤«ï § ¢¨á¨¬®áâ¨ ¢ëá®ª®ç áâ®â­®©

¥¬ª®áâ¨ C ®â V (¯ à ¬¥âà®¬ á«ã¦¨â nm), á¯à ¢¥¤-
«¨¢®¥ ¯à¨ N0 > nm � nj , £¤¥ nj — ª®­æ¥­âà æ¨ï

á¢®¡®¤­ëå ­®á¨â¥«¥© ¢ ¯«®áª®áâ¨ n−ν-¯¥à¥å®¤ :
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t = 1− nm/N0.

�¤¥áì h — â®«é¨­  ¯«¥­ª¨; Ns, Nt, ni — ª®­æ¥­âà -
æ¨¨ ¬¥«ª¨å ¤®­®à®¢, ª®¬¯¥­á¨àãîé¨å ¨å £«ã¡®ª¨å

æ¥­âà®¢ ¢ ¯®¤«®¦ª¥ ¨ á¢®¡®¤­ëå ­®á¨â¥«¥© ¢ £«ã-
¡¨­¥ ¯®¤«®¦ª¨; Nc — ¯«®â­®áâì á®áâ®ï­¨© ¢ §®­¥

¯à®¢®¤¨¬®áâ¨ ¯®«ã¯à®¢®¤­¨ª ; ϕb — ¢ëá®â  ¡ àì¥à 

á® áâ®à®­ë ¬¥â «« ; ld = kTεε0/q
2N0 — ¤¥¡ ¥¢áª ï

¤«¨­  ¢ ¯«¥­ª¥.

�­ «¨§ á®®â­®è¥­¨ï (3) ¯®ª §ë¢ ¥â, çâ® á ã¬¥­ì-
è¥­¨¥¬ ª®­æ¥­âà æ¨¨ C à¥§ª® ¯ ¤ ¥â ¨ áâà¥¬¨âáï ª

­ã«î ª ª nm/N0. �¤­ ª® ¯à¨ §­ ç¨â¥«ì­®¬ ã¬¥­ì-
è¥­¨¨ nm (ã¢¥«¨ç¥­¨¨ V ), ª®£¤  ¯¥à¥å®¤ ­ ç¨­ ¥â

¢ë¯®« ¦¨¢ âìáï, ­ àãè ¥âáï ãá«®¢¨¥ nm � nj , ®£à -
­¨ç¨¢ îé¥¥ ¯à¨¬¥­¨¬®áâì á®®â­®è¥­¨ï (3). �¥¬ ­¥

¬¥­¥¥ íâ  á¨âã æ¨ï ¬®¦¥â ¡ëâì à ááç¨â ­   ­ «¨â¨-
ç¥áª¨ á ¤®áâ â®ç­®© â®ç­®áâìî.
�¥«® ¢ â®¬, çâ® ¢ á¨«ã ¡®«ìè®£® §­ ç¥­¨ï N0/ni

¢ë¯®« ¦¨¢ ­¨¥ ¯¥à¥å®¤  ¬®¦¥â ­ ç âìáï â®«ìª® ¯à¨

nm � N0, â.¥. ¯à¨ ¯à ªâ¨ç¥áª¨ ¯®«­®¬ ®¡¥¤­¥-
­¨¨ ¯«¥­ª¨ á¢®¡®¤­ë¬¨ ­®á¨â¥«ï¬¨,   ¢ íâ®¬ á«ã-
ç ¥, ª ª ¡ã¤¥â ¯®ª § ­® ¤ «¥¥, ¢ëá®ª®ç áâ®â­ ï ¥¬-
ª®áâì C áâ ­®¢¨âáï à ¢­®© ­ã«î. �¥©áâ¢¨â¥«ì­®, ¯à¨
nm � N0 ¨§ ãà ¢­¥­¨ï �ã áá®­  á«¥¤ã¥â

Eb = Ej + (q/εε0)N0h, (4)

®âªã¤  ¢ á®®â¢¥âáâ¢¨¨ á (2), (1) ¨ ¢ëâ¥ª ¥â à ¢¥­áâ¢®
C ­ã«î (à¥§ª®¥ ¦¥ ¯ ¤¥­¨¥ C ¯¥à¥¤ ¢ëå®¤®¬ ­ 

0, ª®â®à®¥ ¤ îâ á®®â­®è¥­¨ï (3), ®ç¥¢¨¤­®, á®®â¢¥â-
áâ¢ã¥â á¨âã æ¨¨, ª®£¤  nm ¥é¥ ­¥ á«¨èª®¬ ¬ «® ¯®

áà ¢­¥­¨î á N0, ¨ δEb ®¯à¥¤¥«ï¥âáï ¢ â®¬ ç¨á«¥ ¨

¢ à¨ æ¨¥© á¢®¡®¤­®£® § àï¤  ¢ ¯«¥­ª¥). � ¬¥â¨¬, çâ®
ãá«®¢¨¥ (2) ®áâ ¥âáï á¯à ¢¥¤«¨¢ë¬ ¤® â¥å ¯®à, ¯®ª 
¯à®¤®«¦ ¥â áãé¥áâ¢®¢ âì á«®© ­ ª®¯«¥­¨ï ¯¥à¥å®¤ 

¯«¥­ª –¯®¤«®¦ª , â. ¥. ¯à¨ nm > ni. �®íâ®¬ã, ¢®á-
¯®«ì§®¢ ¢è¨áì ¯®«ãç¥­­ë¬ ¢ [3] ¢ëà ¦¥­¨¥¬ ¤«ï V
¢ á«ãç ¥ nm � N0 ¤«ï ¢ë¯®« ¦¨¢ îé¥£®áï ¯¥à¥å®¤ 

¯à¨ ni < nm � N0, ¡ã¤¥¬ ¨¬¥âì

C = 0,

V =
kT

q

[
ln
N0

nj
+

1

2

(
h

ld

)2

−

√
2h

ld

×

(
nj − ni +Nt ln
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]
− ϕb, (5)

£¤¥ n1 = Nc exp(−Et/kT ) — ¯ à ¬¥âà �®ª«¨–�¨¤ ,
®¯à¥¤¥«ï¥¬ë© £«ã¡¨­®© § «¥£ ­¨ï æ¥­âà  Et.
� áç¥â ¯®ª §ë¢ ¥â, çâ® § ¢¨á¨¬®áâ¨ C(V ), ®¯à¥¤¥-

«ï¥¬ë¥ á®®â¢¥âáâ¢¥­­® (3) ¨ (5), ¯à ªâ¨ç¥áª¨ á®¢¯ -
¤ îâ ¤àã£ á ¤àã£®¬ ¢ § ¬¥â­®¬ ¨­â¥à¢ «¥ V , ¢ ª®â®-
à®¬ ®¤­®¢à¥¬¥­­® ¢ë¯®«­ïîâáï ãá«®¢¨ï nm � nj ¨
nm � N0, çâ® ¯®§¢®«ï¥â, ¯à®¨§¢¥¤ï áè¨¢ªã ¢ ãª § ­-
­®¬ ¨­â¥à¢ «¥, à ááç¨â âì § ¢¨á¨¬®áâì C(V ) ¢ è¨à®-
ª®¬ ¨­â¥à¢ «¥ V , á®®â¢¥âáâ¢ãîé¥¬ ni < nm < N0.

�à¨ ¤ «ì­¥©è¥¬ ã¢¥«¨ç¥­¨¨ ®¡à â­®£® á¬¥é¥­¨ï

V ¯¥à¥å®¤ ¯«¥­ª –¯®¤«®¦ª  ¢®®¡é¥ ¨áç¥§ ¥â ¨ ®áâ -
¥âáï â®«ìª® á«®© ®¡¥¤­¥­¨ï ¡ àì¥à  �®ââª¨, ª®â®-
àë© ®å¢ âë¢ ¥â ¢áî ¯«¥­ªã ¨ ¯à®­¨ª ¥â ¢ ¯®¤«®¦ªã.
�à¨ íâ®¬ ¤«ï ¢ëá®ª®ç áâ®â­®© ¡ àì¥à­®© ¥¬ª®áâ¨

áâ ­®¢¨âáï á¯à ¢¥¤«¨¢ë¬ ®¡é¥¯à¨­ïâ®¥ ¢ëà ¦¥­¨¥

C = εε0S/hb, (6)

£¤¥ hb — è¨à¨­  á«®ï ®¡¥¤­¥­¨ï ¡ àì¥à  �®ââª¨.
�®íâ®¬ã ¢ ¬®¬¥­â ¨áç¥§­®¢¥­¨ï ¯¥à¥å®¤  (nj = ni)
­  ªà¨¢®© C(V ) ¯®ï¢«ï¥âáï áª ç®ª ®â ­ã«ï ª ¥¬ª®áâ¨,
®¯à¥¤¥«ï¥¬®© (6). �¤¥áì ¢®§¬®¦­ë ¤¢  á«ãç ï.

1. �à®¢¥­ì �¥à¬¨ EF ¢ £«ã¡¨­¥ ¯®¤«®¦ª¨ «¥¦¨â

¢ëè¥ £«ã¡®ª®£® ãà®¢­ï Et, â. ¥. ni < n1. � â ª®©

á¨âã æ¨¨ § àï¤ á«®ï ®¡¥¤­¥­¨ï ¡ àì¥à  �®ââª¨ ¢

¯®¤«®¦ª¥ ®¯à¥¤¥«ï¥âáï â®«ìª® ¬¥«ª®© ¯à¨¬¥áìî Ns,
¯®áª®«ìªã ¢ íâ®¬ á«ãç ¥ ¯à¨ ãå®¤¥ á¢®¡®¤­ëå ­®-
á¨â¥«¥© ®âà¨æ â¥«ì­® § àï¦¥­­ë¥ § ¯®«­¥­­ë¥ £«ã-
¡®ª¨¥ æ¥­âàë áà §ã ¦¥ ®¯ãáâ®è îâáï ¨ áâ ­®¢ïâáï

­¥©âà «ì­ë¬¨. � ¢¨á¨¬®áâì C(V ) ¯à¨ íâ®¬ «¥£ª®

¯à¥¤áâ ¢«ï¥âáï ¢ á«¥¤ãîé¥¬ ¯ à ¬¥âà¨ç¥áª®¬ ¢¨¤¥

(¯ à ¬¥âà®¬ á«ã¦¨â nj ≤ ni):

C = εε0s/(h+ xs),

V =
kT

q

(
ln
Nc

nj
+

1

2

(
h

ld

)2

+
xsh

l2d

Ns

N0

)
− ϕb, (7)

£¤¥

xs =

[
2εε0kT ln(ni/nj)

q2Ns

]1/2

— è¨à¨­  á«®ï ®¡¥¤­¥­¨ï ¡ àì¥à �®ââª¨ ¢ ¯®¤«®¦-
ª¥.

2. EF < Et, â. ¥. ni > n1. � íâ®¬ á«ãç ¥ ¢ á«®¥

®¡¥¤­¥­¨ï ¡ àì¥à  ¢ ¯®¤«®¦ª¥ ¨¬¥¥âáï ç áâì, § àï¤
ª®â®à®© ®¯à¥¤¥«ï¥âáï â®«ìª® ãå®¤®¬ á¢®¡®¤­ëå ­®-
á¨â¥«¥© ¡¥§ à §àï¤ª¨ £«ã¡®ª¨å æ¥­âà®¢. �à¨ nj > n1

íâ  ç áâì à á¯à®áâà ­ï¥âáï ­  ¢¥áì á«®© ®¡¥¤­¥­¨ï ¢

¯®¤«®¦ª¥ ¨ ¤«ï § ¢¨á¨¬®áâ¨ C(V ) ¡ã¤¥¬ ¨¬¥âì

C = εε0S/(h+ xs),

V =
kT

q

(
ln
Nc

nj
+

1

2

(
h

ld

)2

+
xsh

l2d

ni

N0

)
− ϕb, (8)

£¤¥ â¥¯¥àì

xs =

[
2εε0kT ln(ni/nj)

q2ni

]1/2

.

�à¨ nj < n1 á«®© ®¡¥¤­¥­¨ï ¢ ¯®¤«®¦ª¥ á®áâ®¨â

ª ª ¨§ ç áâ¨, § àï¤ ª®â®à®© ®¯à¥¤¥«ï¥âáï â®«ìª®

ãå®¤®¬ á¢®¡®¤­ëå ­®á¨â¥«¥© ¡¥§ à §àï¤ª¨ £«ã¡®ª¨å

æ¥­âà®¢ (n1 < n < ni), â ª ¨ ç áâ¨, § àï¤ ª®â®à®©

®¯à¥¤¥«ï¥âáï ¬¥«ª®© ¯à¨¬¥áìî (nj < n < n1). �

íâ®¬ á«ãç ¥ § ¢¨á¨¬®áâì C(V ) ¡ã¤¥â ®¯à¥¤¥«ïâìáï

¢ëà ¦¥­¨ï¬¨

C = εε0S/(h+ xs1 + xs2),

V =
kT

q

[
ln
Nc

nj
+

1

2

(
h

ld
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+
h

l2dN0
(xs1ni + xs2Ns)

]
−ϕb,

(9)
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98 �.�. �®à¥¢, �.�. � ª à®¢ , �.�. �à®å®à®¢, �.�. �ª®«®¢, �.�. �¯¯¥«ì

�¨á. 1. � ¢¨á¨¬®áâì ¢ëá®ª®ç áâ®â­®© ¡ àì¥à­®© ¥¬ª®áâ¨ C ®â § ¯¨à îé¥£® ­ ¯àï¦¥­¨ï V ­  ¡ àì¥à¥ �®ââª¨,
à ááç¨â ­­ ï ¯à¨ ¯ à ¬¥âà å: ϕb = 0.8 í�, h = 0.2¬ª¬, S = 300¬ª¬2, T = 300 K, N0 = 1017 á¬−3, ns = 109 á¬−3,
Nt = 5 · 1016 á¬−3; §­ ç¥­¨ï n1, á¬

−3 : a — 5 · 108, b — 4.9 · 1010.

£¤¥

xs1 =

[
2εε0kT ln(ni/n1)

q2ni

]1/2

,

xs2 = −
xs1

2
+

[
x2
s1

4
+

2εε0kT ln n1

nj

q2Ns

]1/2

.

�®®â­®è¥­¨ï (3), (5), (7)–(9) ¯®§¢®«ïîâ à ááç¨-
â âì § ¢¨á¨¬®áâì C(V ) ¢ ¢¥áì¬  è¨à®ª®¬ ¤¨ ¯ §®­¥

¨§¬¥­¥­¨ï V . �¨¯¨ç­ë¥ à¥§ã«ìâ âë à áç¥â  ¯à¨-
¢¥¤¥­ë ­  à¨á. 1 (à¨á. 1, a á®®â¢¥âáâ¢ã¥â á«ãç î

ni > n1,   à¨á. 1, b — á«ãç î ni < n1). �  íâ¨å

£à ä¨ª å å®à®è® ¢¨¤­ë ®â¬¥ç¥­­ë¥ ¢ëè¥ ®á®¡¥­-
­®áâ¨ ¢ëá®ª®ç áâ®â­®© § ¢¨á¨¬®áâ¨ C(V ): à¥§ª®¥

¯ ¤¥­¨¥ á ¢ëå®¤®¬ ­  0, ®¡ãá«®¢«¥­­®¥ á®ç¥â ­¨¥¬
®¡¥¤­¥­¨ï ¯«¥­ª¨ á¢®¡®¤­ë¬¨ ­®á¨â¥«ï¬¨ ¨ ­ã«¥¢®©

¢ à¨ æ¨¨ § àï¤  á«®ï ­ ª®¯«¥­¨ï ¯¥à¥å®¤  ¯«¥­ª –
¯®¤«®¦ª , ¨ ¯®á«¥¤ãîé¨© áª ç®ª ¥¬ª®áâ¨ ¢¢¥àå,
®¡ãá«®¢«¥­­ë© á­ïâ¨¥¬ ¯¥à¥å®¤  ¯«¥­ª –¯®¤«®¦ª 
®¡à â­ë¬ á¬¥é¥­¨¥¬ ¡ àì¥à  �®ââª¨. � ¬¥â¨¬, çâ®
¢ á«ãç ¥ ni > n1 íâ®â áª ç®ª ä ªâ¨ç¥áª¨ ¯à®ï¢«ï¥âáï

¢ ¢¨¤¥ ¢ë¡à®á  ¢¢¥àå ®¤­®© â®çª¨, á®®â¢¥âáâ¢ãîé¥©
¬®¬¥­âã á­ïâ¨ï ¯¥à¥å®¤  ¯«¥­ª –¯®¤«®¦ª , â.¥. ¤®-
áâ¨¦¥­¨î ª®­æ¥­âà æ¨¥© nj §­ ç¥­¨ï ni, ¯®áª®«ìªã á
¤ «ì­¥©è¨¬ ã¢¥«¨ç¥­¨¥¬ V § ¢¨á¨¬®áâì C(V ), ®¯à¥-
¤¥«ï¥¬ ï (8) ¨ (9), ®ç¥­ì ¡ëáâà® á¯ ¤ ¥â ª 0 ¢ á¨«ã

¬ «®áâ¨ ni. � áç¥â ¯®ª §ë¢ ¥â, çâ® ¯à¨ â¨¯¨ç­ëå

§­ ç¥­¨ïå ¯ à ¬¥âà  áâàãªâãàë ¯«¥­ª –¯®¤«®¦ª 
è¨à¨­  íâ®£® á¯ ¤  ¯® §­ ç¥­¨ï¬ V á®áâ ¢«ï¥â ¢¥-
«¨ç¨­ã ¯®àï¤ª  10−4 B.
�ã¬¬¨àãï à¥§ã«ìâ âë â¥®à¥â¨ç¥áª®£®  ­ «¨§ , ®â-

¬¥â¨¬ ¤¢¥ ®á­®¢­ë¥ ®á®¡¥­­®áâ¨ ¢ëá®ª®ç áâ®â­®©

¡ àì¥à­®© ¥¬ª®áâ¨ à áá¬®âà¥­­®© áâàãªâãàë — ¯ -
¤¥­¨¥ ¥¬ª®áâ¨ ¤® ­ã«ï, ®¡ãá«®¢«¥­­®¥ ®âáãâáâ¢¨¥¬
à¥ ªæ¯¨¨ ®âà¨æ â¥«ì­®£® § àï¤  ¯¥à¥å®¤  ­  ¯¥à¥-
¬¥­­®¥ ­ ¯àï¦¥­¨¥, ¨ áª ç®ª ¥¬ª®áâ¨ ¢á«¥¤áâ¢¨¥

¯®«­®£® á­ïâ¨ï ¯¥à¥å®¤  á ¯®á«¥¤ãîé¨¬ ¡®«¥¥ ¨«¨

¬¥­¥¥ ¡ëáâàë¬ ¯ ¤¥­¨¥¬ ¤® ­ã«ï ¢ á¨«ã à áè¨à¥­¨ï

®¡« áâ¨ ®¡ê¥¬­®£® § àï¤  ¢ £«ã¡ì ­¨§ª®«¥£¨à®¢ ­­®©

¯®¤«®¦ª¨. �à¨ íâ®¬ è¨à¨­  áª çª  á¢ï§ ­  £« ¢­ë¬
®¡à §®¬ á á®®â­®è¥­¨¥¬ ¬¥¦¤ã ¢¥«¨ç¨­ ¬¨ n1 ¨ ni
¨ ¯à¨ n1 < ni á®áâ ¢«ï¥â áâ®«ì ¬ «ãî ¢¥«¨ç¨­ã,
çâ® íªá¯¥à¨¬¥­â «ì­ ï à¥£¨áâà æ¨ï áª çª  ¥¬ª®áâ¨

¯à¨ á­ïâ¨¨ ¯¥à¥å®¤  ¯«¥­ª –¯®¤«®¦ª  ¯à ªâ¨ç¥áª¨
­¥¢®§¬®¦­ . �¤­ ª® ¨¬¥­­® â ª®¬ã á®®â­®è¥­¨î

¬¥¦¤ã n1 ¨ ni ã¤®¢«¥â¢®àïîâ à¥ «ì­ë¥ ¯®¤«®¦ª¨,
¯®áª®«ìªã ª®¬¯¥­á¨àãîé¥© ¯à¨¬¥áìî §¤¥áì ï¢«ï¥âáï

«¨¡® åà®¬, «¨¡® áâàãªâãà­ë¥ ¤¥ä¥ªâë, ¤ îé¨¥ ãà®-
¢¥­ìEL2, £«ã¡¨­  ª®â®àëå ¢ ®¡®¨å á«ãç ïå á®áâ ¢«ï-
¥â ¢¥«¨ç¨­ã 0.5 ÷ 0.6 í�, çâ® ¤ ¦¥ ¯à¨ ni ' 109 á¬−3

®¯à¥¤¥«ï¥â ­¥à ¢¥­áâ¢® n1 < ni. �®íâ®¬ã íªá¯¥-
à¨¬¥­â «ì­ë¥ ªà¨¢ë¥, â¨¯¨ç­ë© ¯à¨¬¥à ª®â®àëå

¯à¨¢¥¤¥­ ­  à¨á. 2, ¨¬¥îâ ¢¯®«­¥ £« ¤ª¨© å à ª-
â¥à. �§ £à ä¨ª  ¢¨¤­®, çâ® ¯®¢¥¤¥­¨¥ íªá¯¥à¨¬¥­-
â «ì­®© ªà¨¢®©  ­ «®£¨ç­® à áç¥â­®© § ¢¨á¨¬®áâ¨

(à¨á. 1, a) á â¥¬, ®¤­ ª®, ¨áª«îç¥­¨¥¬, çâ® á à®áâ®¬

�¨á. 2. �ªá¯¥à¨¬¥­â «ì­ ï § ¢¨á¨¬®áâì ¢ëá®ª®ç áâ®â-
­®© ¡ àì¥à­®© ¥¬ª®áâ¨ C ®â § ¯¨à îé¥£® ­ ¯àï¦¥-
­¨ï V ­  ¡ àì¥à¥ �®ââª¨; ç áâ®â  ¨§¬¥à¥­¨ï 1��æ,
N0 ' 1017 á¬−3.
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V íªá¯¥à¨¬¥­â «ì­ ï ªà¨¢ ï ¢ëå®¤¨â ­¥ ­  0,  

­  ­¥ª®â®àãî ª®­áâ ­âã. �¤¥áì ã¬¥áâ­® ­ ¯®¬­¨âì,
çâ® ¢ëè¥¯à¨¢¥¤¥­­ë© à áç¥â ®â­®á¨âáï â®«ìª® ª

¡ àì¥à­®© ¥¬ª®áâ¨, ®¯à¥¤¥«ï¥¬®© ®¡ê¥¬­ë¬ § àï¤®¬
¢ ¯®«ã¯à®¢®¤­¨ª¥, ¨, ¥áâ¥áâ¢¥­­®, ­¥ ¢ª«îç ¥â £¥®-
¬¥âà¨ç¥áªãî ¬¥¦í«¥ªâà®¤­ãî ¥¬ª®áâì, ¨áª«îç¥­¨¥
ª®â®à®© ¨§ à¥§ã«ìâ â®¢ ¨§¬¥à¥­¨© ¬®¦¥â ¡ëâì ­¥âà¨-
¢¨ «ì­®© § ¤ ç¥© ¨ ¯à ªâ¨ç¥áª¨ ­¥¢®§¬®¦­® ¢ á«ã-
ç ¥ ¨á¯®«ì§®¢ ­¨ï ­ ¯ë«¥­­ëå ª®­â ªâ®¢ á«®¦­®©

ä®à¬ë. �§¬¥à¥­­ë¥ ­ ¬¨ § ¢¨á¨¬®áâ¨ C−V á­ïâë

¨¬¥­­® ¢ â ª®© á¨âã æ¨¨. �«¥¤®¢ â¥«ì­®, ª®­áâ ­â ,
­  ª®â®àãî ¢ëå®¤¨â ªà¨¢ ï ­  à¨á. 2, ¯à¥¤áâ ¢«ï¥â
á®¡®© ¬¥¦í«¥ªâà®¤­ãî ¥¬ª®áâì ­ ¯ë«¥­­ëå ª®­â ª-
â®¢, ª®â®à ï, ª ª ¢¨¤­® ¨§ £à ä¨ª , ¬®¦¥â ¡ëâì

áà ¢­¨¬  ¯® ¢¥«¨ç¨­¥ á ¡ àì¥à­®© ¥¬ª®áâìî.

� ª¨¬ ®¡à §®¬, ®¯à¥¤¥«¥­¨¥ ¬¥¦í«¥ªâà®¤­®© ¥¬-
ª®áâ¨, ­¥®¡å®¤¨¬®¥ ¤«ï ¯®«ãç¥­¨ï ª®àà¥ªâ­ëå à¥-
§ã«ìâ â®¢ C−V -¨§¬¥à¥­¨© ¨ â¥¬ ¡®«¥¥ ­¥®¡å®¤¨¬¥¥,
¥á«¨ à¥§ã«ìâ âë íâ¨å ¨§¬¥à¥­¨© ¨á¯®«ì§ãîâáï ¤«ï

®¯à¥¤¥«¥­¨ï ¯à®ä¨«ï «¥£¨à®¢ ­¨ï, ¬®¦¥â ¯à®¢®-
¤¨âìáï ­  ®á­®¢¥ ¨§¬¥à¥­¨ï §­ ç¥­¨ï ­ áëé¥­¨ï

¢ëá®ª®ç áâ®â­®© § ¢¨á¨¬®áâ¨ C−V .

� § ª«îç¥­¨¥ ®â¬¥â¨¬, çâ® ­ã«¥¢®© ãà®¢¥­ì ¢ -
à¨ æ¨¨ á¢ï§ ­­®£® § àï¤ , ®¯à¥¤¥«ïîé¨© ­ã«¥¢®¥

§­ ç¥­¨¥ ¥¬ª®áâ¨ ¯à¨ £«ã¡®ª®¬ á¬ëª ­¨¨, ­¨ª ª ­¥
á¢ï§ ­ á å à ªâ¥à®¬ «¥£¨à®¢ ­¨ï ¯«¥­ª¨. �âáî¤ 

á«¥¤ã¥â, çâ® ãáâ ­®¢«¥­­ë© ¢ à ¬ª å ¯à¥¤¯®«®¦¥­¨ï
® ¯®áâ®ï­áâ¢¥ ¯à®ä¨«ï «¥£¨à®¢ ­¨ï ä ªâ ¯ ¤¥­¨ï

¢ëá®ª®ç áâ®â­®© ¥¬ª®áâ¨ ª 0 ¨­¢ à¨ ­â¥­ ¯® ®â­®-
è¥­¨î ª ãà®¢­î ¨ å à ªâ¥àã ¯à®ä¨«ï «¥£¨à®¢ ­¨ï

¯«¥­ª¨.

� ­­ ï à ¡®â  ¢ë¯®«­¥­  ¢ à ¬ª å ¯à®¥ªâ  ”� §-
à ¡®âª  ­®¢ëå ¬¥â®¤®¢ ¨§¬¥à¥­¨ï í«¥ªâà®ä¨§¨ç¥-
áª¨å ¯ à ¬¥âà®¢ â®­ª®¯«¥­®ç­ëå áâàãªâãà á®¥¤¨­¥-
­¨© AIIIBV”, ä¨­ ­á¨àã¥¬®£® �®áã¤ àáâ¢¥­­ë¬ ª®-
¬¨â¥â®¬ �ªà ¨­ë ¯® ¢®¯à®á ¬ ­ ãª¨ ¨ â¥å­®«®£¨©.

�¯¨á®ª «¨â¥à âãàë

[1] �.�. �®áâë«¥¢, �.�. �à®å®à®¢, �.�. �ª®«®¢. �¢«¥-
­¨ï â®ª®¯¥à¥­®á  ¢ â®­ª®¯«¥­®ç­ëå  àá¥­¨¤£ ««¨¥-
¢ëå áâàãªâãà å (�¨¥¢, � ãª. ¤ã¬ª , 1990).

[2] �.�. �®à¥¢, �.�. �®áâë«¥¢, �.�. � ª à®¢ , �.�. �à®-
å®à®¢, �.�. �ª®«®¢. ���, 23, 357 (1989).

[3] �.�. �®à¥¢, �.�. � ª à®¢ , �.�. �®áâë«¥¢, �.�. �à®-
å®à®¢, �.�. �ª®«®¢. ���, 26, 861 (1992).

�¥¤ ªâ®à �.�. �®«ï­áª ï

High–frequency capacitance–voltage
characteristic of GaAs thin–film structures

N.B. Gorev, T.V. Makarova, E.F. Prokhorov,
A.T. Ukolov, V.I. Eppel’

Abstract An analytical calculation of high–frequency

capacitance–voltage characteristic of a GaAs thin–film struc-

ture is carried out. It is shown that the specific of this

characteristic, namely an abrupt drop to zero, is due to the

merging of depletion regions of the Schottky barrier and the

film–substrate junction and to the lag in variation of charge

on deep levels in the substrate.
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