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�«ï ®¯à¥¤¥«¥­¨ï ¯à®ä¨«ï ª®­æ¥­âà æ¨¨ £«ã¡®ª®ãà®¢­¥¢ëå æ¥­âà®¢ ¢ ¤¨í«¥ªâà¨ª¥ ­  £à ­¨æ¥

à §¤¥«  á ¯®«ã¯à®¢®¤­¨ª®¬ ¡ë« ¨á¯®«ì§®¢ ­ ¬¥â®¤ ¯®áâ®ï­­®© ¥¬ª®áâ¨ á ¤«¨â¥«ì­ë¬ ¨§¬¥à¥­¨¥¬

¢à¥¬¥­­®́© § ¢¨á¨¬®áâ¨ ­ ¯àï¦¥­¨ï, çâ® ¯®§¢®«¨«® ã¢¥«¨ç¨âì à §à¥è¥­¨¥ ¯® £«ã¡¨­¥. �§¬¥à¥­®
à á¯à¥¤¥«¥­¨¥ £«ã¡®ª®ãà®¢­¥¢ëå æ¥­âà®¢ ¢ ¤¢ã®ª¨á¨ ªà¥¬­¨ï ¢¡«¨§¨ £à ­¨æë à §¤¥«  á ä®áä¨¤®¬

¨­¤¨ï. �®ª § ­®, çâ® ¢ ¨­â¥à¢ «¥ 22÷27 Å ®â £à ­¨æë à §¤¥«  ª®­æ¥­âà æ¨ï £«ã¡®ª®ãà®¢­¥¢ëå

æ¥­âà®¢ ­¥ § ¢¨á¨â ®â ª®®à¤¨­ âë.

�«¨â¥«ì­ ï ¢à¥¬¥­­ ́ï ­¥áâ ¡¨«ì­®áâì £à ­¨æë

à §¤¥«  (��) ¤¨í«¥ªâà¨ª–á®¥¤¨­¥­¨¥ AIIIBV ï¢«ï-
¥âáï áãé¥áâ¢¥­­ë¬ ¯à¥¯ïâáâ¢¨¥¬ ¤«ï ¯à¨¬¥­¥­¨ï

íâ¨å áâàãªâãà. �¥áâ ¡¨«ì­®áâì ®¡ãá«®¢«¥­  ­ «¨ç¨-
¥¬ £«ã¡®ª®ãà®¢­¥¢ëå æ¥­âà®¢ (���) ¢¡«¨§¨ �� ¨

¨å à á¯à¥¤¥«¥­¨¥¬ ¯® £«ã¡¨­¥ ¤¨í«¥ªâà¨ª  Nt(z).
� ç¥áâ¢¥­­® ®æ¥­¨âì íâ® à á¯à¥¤¥«¥­¨¥ ¢®§¬®¦­®

¯® § ¢¨á¨¬®áâ¨ á¤¢¨£  ­ ¯àï¦¥­¨ï ¯«®áª¨å §®­ ®â

¢à¥¬¥­¨ ¢ë¤¥à¦ª¨ áâàãªâãàë ¬¥â ««–¤¨í«¥ªâà¨ª–
¯®«ã¯à®¢®¤­¨ª (���) ¯à¨ ®¡®£ é¥­¨¨ [1]. �à¨

¨á¯®«ì§®¢ ­¨¨ à¥« ªá æ¨®­­®© á¯¥ªâà®áª®¯¨¨ £«ã¡®-
ª¨å ãà®¢­¥© (DLTS) á ãç¥â®¬ âã­­¥«¨à®¢ ­¨ï [2] à §-
à¥è¥­¨¥ ¯® £«ã¡¨­¥ ®£à ­¨ç¨¢ ¥âáï ¤«¨â¥«ì­®áâìî

§ ¯®«­ïîé¨å ¨¬¯ã«ìá®¢ ¨/¨«¨ ¨å ¯¥à¨®¤®¬.
� ­ áâ®ïé¥© à ¡®â¥ ¤«ï ®¯à¥¤¥«¥­¨ï Nt(z) ¨á¯®«ì-

§ã¥âáï ¬¥â®¤ ¯®áâ®ï­­®© ¥¬ª®áâ¨ [3,4] á ¤«¨â¥«ì­ë¬
¨§¬¥à¥­¨¥¬, ¢à¥¬¥­­®́© § ¢¨á¨¬®áâ¨ ­ ¯àï¦¥­¨ï, çâ®
¯®§¢®«ï¥â ã¢¥«¨ç¨âì à §à¥è¥­¨¥ ¯® £«ã¡¨­¥. �¥®à¨ï
¬¥â®¤  ¨§«®¦¥­  ¢ à ¡®â¥ [5]. � ç «ì­®¥ § ¯®«­¥-
­¨¥ ��� ­®á¨â¥«ï¬¨ § àï¤  § ¤ ¥âáï ¯ãâ¥¬ ¤«¨-
â¥«ì­®© ¢ë¤¥à¦ª¨ ��� áâàãªâãàë, ­ ¯à¨¬¥à ¯à¨

®¡®£ é¥­¨¨, â ª, çâ® ¢à¥¬ï ¢ë¤¥à¦ª¨ ¬­®£® ¡®«ìè¥
¢à¥¬¥­¨ ¯®á«¥¤ãîé¥£® ¨§¬¥à¥­¨ï. �à¨ t = 0 ���

áâàãªâãà  ¯¥à¥ª«îç ¥âáï ¨§ à¥¦¨¬  ®¡®£ é¥­¨ï ¢

à¥¦¨¬ ®¡¥¤­¥­¨ï. � ¢¨á¨¬®áâì Nt(z) § ¯¨è¥¬ ¢ ¢¨¤¥

Nt(z) = Nt(0)f(z), £¤¥ Nt(0) — ª®­æ¥­âà æ¨ï ���

­  ��, z — à ááâ®ï­¨¥ ®â ��. �à¨¬¥¬, çâ® f(z) ­¥
§ ¢¨á¨â ®â í­¥à£¨¨ E. �à¨ ¢ëá®â¥ ¯®â¥­æ¨ «ì­®£®

¡ àì¥à  ­¥áª®«ìª® í� ¨ ã§ª®¬ ¨­â¥à¢ «¥ í­¥à£¨©

¬®¦­® ¯à¨­ïâì, çâ® z ­¥ § ¢¨á¨â ®â E. �®£¤  ¯®á«¥
¯¥à¥ª«îç¥­¨ï ¨§¬¥­¥­¨¥ § àï¤  ��� ¢¡«¨§¨ �� ∆Qt
®¯¨áë¢ ¥âáï ¢ëà ¦¥­¨¥¬

∆Qt(t) = qN̄t(0)∆Ez∗, (1)

£¤¥ z∗ =
z∫
0

f(y)dy, q — § àï¤ í«¥ªâà®­ , N̄t(0) —

áà¥¤­¥¥ §­ ç¥­¨¥ Nt(0) ¢ ¨­â¥à¢ «¥ í­¥à£¨© ∆E, z —
£«ã¡¨­  âã­­¥«¨à®¢ ­¨ï §  ¢à¥¬ï t. �­â¥à¢ «∆E § -
¤ ¥âáï ¢ë¡®à®¬ à¥¦¨¬  ¯¥à¥ª«îç¥­¨ï. � ¢¨á¨¬®áâì
∆Qt(t) ®¯à¥¤¥«ï¥âáï ¯ãâ¥¬ ®¡à ¡®âª¨ à¥§ã«ìâ â®¢

íªá¯¥à¨¬¥­â  [5].

�¨ää¥à¥­æ¨àãï (1) ¯® ¢à¥¬¥­¨, ¯®«ãç ¥¬

d

dt
(∆Qt) = qN̄t(0)∆Ef(z)

dz

dt
. (2)

� ¢¨á¨¬®áâ¨ z(t) ¨ dz/dt ¢ëç¨á«ïîâáï á®£« á­® â¥-
®à¨¨ ¢ à ¡®â å [2,6]. �®£¤  ¯à®ä¨«ì ª®­æ¥­âà æ¨¨

��� ®¯à¥¤¥«ï¥âáï ¨§ ¢ëà ¦¥­¨ï

N̄t(0)f(z) =
d(∆Qt)/dt

q∆Edz/dt
. (3)

�¡à §æë ¡ë«¨ ¨§£®â®¢«¥­ë ¨§ n-InP (111), Nd =
2 · 1016 á¬−3. �«®© SiO2 ¡ë« ­ ­¥á¥­ å¨¬¨ç¥áª¨¬

®á ¦¤¥­¨¥¬ ¨§ ¯ à®¢®© ä §ë ¯à¨ T = 350◦C.
�§¬¥à¥­¨ï ¢ë¯®«­ï«¨áì ­  ãáâ ­®¢ª¥, ®¯¨á ­­®©

¢ à ¡®â¥ [7], ¯à¨ T ≈ 300 K. �¬ª®áâì ®¡à §æ  ¯®¤¤¥à-
¦¨¢ « áì ¯®áâ®ï­­®© ¯à¨ ¯®¬®é¨ æ¥¯¨ ®âà¨æ â¥«ì-
­®© ®¡à â­®© á¢ï§¨: ­ ¯àï¦¥­¨¥ á ¢ëå®¤  ä §®¢®£®
¤¥â¥ªâ®à  ¬®áâ  ���-12 �� ¯®¤ ¢ «®áì ç¥à¥§ ®¯¥-
à æ¨®­­ë© ãá¨«¨â¥«ì ­  ®¡à §¥æ ¯®á«¥¤®¢ â¥«ì­® á

¯¥à¢®­ ç «ì­ë¬ ¯®áâ®ï­­ë¬ ­ ¯àï¦¥­¨¥¬.
�  à¨á. 1 ¯à¨¢¥¤¥­  â¨¯¨ç­ ï § ¢¨á¨¬®áâì

N̄t(0)f(z) ®â z ¢ í­¥à£¥â¨ç¥áª®¬ ¨­â¥à¢ «¥ Ec —
(0.4÷0.6) í�. � ¨­â¥à¢ «¥ z = 22÷27 Å ª®­æ¥­âà æ¨ï

��� ¯®çâ¨ ­¥ § ¢¨á¨â ®â ª®®à¤¨­ âë, â. ¥. ¨¬¥¥¬
f(z) ≈ 1 ¨ z = z∗. �  à¨á. 2 ¯à¨¢¥¤¥­  ¢à¥¬¥­­ ́ï

§ ¢¨á¨¬®áâì N̄(0)f(z)z, ®¡ãá«®¢«¥­­ ï à áè¨à¥­¨¥¬

�¨á. 1. � ¢¨á¨¬®áâì ª®­æ¥­âà æ¨¨ £«ã¡®ª®ãà®¢­¥¢ëå

æ¥­âà®¢ ®â ª®®à¤¨­ âë.
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�¨á. 2. � ¢¨á¨¬®áâì íää¥ªâ¨¢­®© ¯«®â­®áâ¨ ¯®¢¥àå­®áâ-
­ëå á®áâ®ï­¨© ®â ¢à¥¬¥­¨.

á«®ï ¤¨í«¥ªâà¨ª , ¢ ª®â®à®¬ í«¥ªâà®­ë ãè«¨ á ���

­  ¯®¢¥àå­®áâì ¯®«ã¯à®¢®¤­¨ª .

� «ì­¥©è¥© § ¤ ç¥© ï¢«ï¥âáï ¨áá«¥¤®¢ ­¨¥ § ¢¨-
á¨¬®áâ¨ Nt(z) ¯à¨ à §«¨ç­ëå á¯®á®¡ å ­ ­¥á¥­¨ï

¤¨í«¥ªâà¨ª ,   â ª¦¥ ¢ à §«¨ç­ëå í­¥à£¥â¨ç¥áª¨å

¨­â¥à¢ « å; ®­® ¯®§¢®«¨â ¯®«ãç¨âì ­®¢ãî ¨­ä®à¬ -
æ¨î ® ä¨§¨ç¥áª®© ¯à¨à®¤¥ ­¥áâ ¡¨«ì­®áâ¨ £à ­¨æë

à §¤¥«  ¯®«ã¯à®¢®¤­¨ª–¤¨í«¥ªâà¨ª á £«ã¡®ª®ãà®¢­¥-
¢ë¬¨ æ¥­âà ¬¨.

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

� ¡®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 N NU 2300).
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Depth distribution of deep level centers in
silicon dioxide near an indium phosphide
interface
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Abstract Concentration profile of deep level centers in in-

sulator at the insulator-semiconductor interface has been

determined by the method of constant capacitance using the

long-term measurements of voltage-time dependence which

allowed to increase the depth resolution. Depth distribution

of deep level centers in silicon dioxide at the indium phospide

interface has been measured. Within the depth of 22–27 Å

the deep level center concentration does not depend on the

coordinate.
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