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�¥®à¥â¨ç¥áª¨ à áá¬®âà¥­ë ®á®¡¥­­®áâ¨ ä®â®í«¥ªâà¨ç¥áª®£® ãá¨«¥­¨ï ¢ à¨§®­­ëå ä®â®à¥§¨áâ®-
à®¢ á «¨­¥©­® ã¢¥«¨ç¨¢ îé¥©áï ª ª®­â ªâ ¬ è¨à¨­®© § ¯à¥é¥­­®© §®­ë. �®ª § ­®, çâ® ¢ â ª¨å
ä®â®à¥§¨áâ®à å à¥ «¨§ã¥âáï ­¥¬®­®â®­­ ï ¯®«¥¢ ï § ¢¨á¨¬®áâì ª®íää¨æ¨¥­â  ä®â®í«¥ªâà¨ç¥áª®£®

ãá¨«¥­¨ï, ¬ ªá¨¬ «ì­®¥ §­ ç¥­¨¥ ª®â®à®£® ã¢¥«¨ç¨¢ ¥âáï á à®áâ®¬ £à ¤¨¥­â  è¨à¨­ë § ¯à¥é¥­­®©

§®­ë ¨ ¬®¦¥â áãé¥áâ¢¥­­® ¯à¥¢ëè âì á®®â¢¥âáâ¢ãîé¥¥ §­ ç¥­¨¥ ¤«ï ®¤­®à®¤­ëå ®¡à §æ®¢.

�¤­®© ¨§ £« ¢­ëå ¯à¨ç¨­, ¯à¥¯ïâáâ¢ãîé¨å ¯®¢ë-
è¥­¨î çã¢áâ¢¨â¥«ì­®áâ¨ ¡¨¯®«ïà­ëå ä®â®à¥§¨áâ®-
à®¢ (��) á ¬ «ë¬¨ £¥®¬¥âà¨ç¥áª¨¬¨ à §¬¥à ¬¨ § 

áç¥â ã¢¥«¨ç¥­¨ï ­ ¯àï¦¥­­®áâ¨ á¬¥é¥­¨ï, ï¢«ï¥âáï
íää¥ªâ ¢ëâï£¨¢ ­¨ï (íªáª«î§¨¨) ­¥à ¢­®¢¥á­ëå ­®-
á¨â¥«¥© § àï¤  [1–3]. � ãá«®¢¨ïå ¯à®ï¢«¥­¨ï íää¥ª-
â  ¢ëâï£¨¢ ­¨ï ä®â®­®á¨â¥«¥© íää¥ªâ¨¢­®¥ ¢à¥¬ï

¦¨§­¨ ¯®á«¥¤­¨å τeff ã¬¥­ìè ¥âáï á à®áâ®¬ ¯à¨«®-
¦¥­­®£® ª �� ­ ¯àï¦¥­¨ï, çâ® ¢¥¤¥â ª ­ áëé¥­¨î

¢ á¨«ì­ëå í«¥ªâà¨ç¥áª¨å ¯®«ïå ª®íää¨æ¨¥­â  ä®â®-
í«¥ªâà¨ç¥áª®£® ãá¨«¥­¨ï (���) G, ¯à¨ç¥¬ ¢ á«ãç ¥

®¤­®à®¤­®£® ¯®«ã¯à®¢®¤­¨ª  n-â¨¯  ¬ ªá¨¬ «ì­®¥

§­ ç¥­¨¥ ��� Gmax
0 = (1 + b)/2, £¤¥ b = µn/µp —

®â­®è¥­¨¥ ¯®¤¢¨¦­®áâ¥© í«¥ªâà®­®¢ ¨ ¤ëà®ª [1].
�®íâ®¬ã ¯®¨áª ¯ãâ¥© ãáâà ­¥­¨ï ¨«¨ ã¬¥­ìè¥­¨ï

íää¥ªâ  ¢ëâï£¨¢ ­¨ï ä®â®­®á¨â¥«¥© ¯à¥¤áâ ¢«ï¥â

¢ ¦­ãî § ¤ çã ¯à¨ à §à ¡®âª¥ ��. � ­ áâ®ïé¥¬ã

¢à¥¬¥­¨ ¯à¥¤«®¦¥­ àï¤ á¯®á®¡®¢ ã¢¥«¨ç¥­¨ï ���

ä®â®à¥§¨áâ®à®¢, ¢ ç áâ­®áâ¨ á®§¤ ­¨¥ ¢®§«¥ ®¬¨ç¥-
áª®£® ª®­â ªâ  à¥§ª®£® ¨§®â¨¯­®£® £®¬®- ¨«¨ £¥â¥-
à®¯¥à¥å®¤  [4–6], á«®¨áâ®-­¥®¤­®à®¤­®¥ «¥£¨à®¢ ­¨¥
¯®«ã¯à®¢®¤­¨ª  [7,8]. � ¤ ­­®¬ á®®¡é¥­¨¨ â¥®à¥-
â¨ç¥áª¨ ¤®ª §ë¢ ¥âáï ¢®§¬®¦­®áâì ã¢¥«¨ç¥­¨ï ���

ä®â®à¥§¨áâ®à  §  áç¥â ­¥¬®­®â®­­®£® ª®®à¤¨­ â­®£®

¨§¬¥­¥­¨ï è¨à¨­ë § ¯à¥é¥­­®© §®­ë Eg.
� áá¬®âà¨¬ ¯à®áâãî ¬®¤¥«ì ¢ à¨§®­­®£® �� n-

â¨¯  ¯à®¢®¤¨¬®áâ¨, ¢ ª®â®à®¬ Eg(x) «¨­¥©­® ã¬¥­ì-
è ¥âáï ®â ª®­â ªâ®¢ (x = ±d) ª á¥à¥¤¨­¥ �� (x = 0),
¯à¨ç¥¬ Eg(−d) = Eg(d). �®®à¤¨­ â­®¥ à á¯à¥¤¥«¥-
­¨¥ ª®­æ¥­âà æ¨¨ ¨§¡ëâ®ç­ëå ¤ëà®ª ∆p ¨ í«¥ªâà®-
­®¢ ∆n (∆n ≈ ∆p), ãáâ ­ ¢«¨¢ îé¥¥áï ¢ ®á¢¥é¥­­®¬
�� ¯à¨ ¯à¨«®¦¥­­¨¨ ª ­¥¬ã ¢­¥è­¥£® í«¥ªâà¨ç¥áª®-
£® ¯®«ï E(Ex, 0, 0), ®¯¨áë¢ ¥âáï ãà ¢­¥­¨ï¬¨ [9,10]
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£¤¥ §­ ª¨ ”+” ¨ ”−” ®â­®áïâáï á®®â¢¥âáâ¢¥­­® ª

®¡« áâï¬ −d 6 x < 0 ¨ 0 < x 6 d, Lp — ¤¨ääã-
§¨®­­ ï ¤«¨­  ¤ëà®ª, τ — ¢à¥¬ï ¦¨§­¨ ­¥à ¢­®¢¥á-
­ëå ­®á¨â¥«¥© § àï¤  (τ , ª ª ¨ Lp, ¯à¨­¨¬ ¥âáï ­¥

§ ¢¨áïé¨¬ ®â ª®®à¤¨­ âë), g — äã­ªæ¨ï £¥­¥à æ¨¨

ä®â®­®á¨â¥«¥©, ª®â®àãî ¤«ï ¯à®áâ®âë ¡ã¤¥¬ áç¨â âì

¯®áâ®ï­­®© ¢ ®¡à §æ¥, T — â¥¬¯¥à âãà , e — ¬®¤ã«ì

§ àï¤  í«¥ªâà®­ , k — ¯®áâ®ï­­ ï �®«ìæ¬ ­ . �à¨
§ ¯¨á¨ (1) ¯à¥¤¯®« £ «®áì, çâ® ª®­æ¥­âà æ¨ï ä®â®-
­®á¨â¥«¥© ­ ¬­®£® ­¨¦¥ ª®­æ¥­âà æ¨¨ à ¢­®¢¥á­ëå

í«¥ªâà®­®¢.
�à ¢­¥­¨ï (1) ­¥®¡å®¤¨¬® ¤®¯®«­¨âì £à ­¨ç­ë¬¨

ãá«®¢¨ï¬¨

∆p (±d) = 0, (2)

á®®â¢¥âáâ¢ãîé¨¬¨ ®¬¨ç¥áª¨¬ ª®­â ªâ ¬,   â ª¦¥

ãá«®¢¨ï¬¨ ­¥¯à¥àë¢­®áâ¨ ª®­æ¥­âà æ¨¨ ä®â®­®á¨â¥-
«¥© ¨ ¨å ¯®â®ª®¢ ¢ â®çª¥ x = 0, £¤¥ ¯à®¨áå®¤¨â á¬¥­ 
§­ ª  dEg/dx:

∆p (−0) = ∆p (+0), (3)
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�¯à¥¤¥«¨¢ ¨§ (1)–(4) ª®®à¤¨­ â­ãî § ¢¨á¨¬®áâì

ª®­æ¥­âà æ¨¨ ä®â®­®á¨â¥«¥©, ¬®¦­® à ááç¨â âì

��� ¢ à¨§®­­®£® �� (à ¢­®£®, ¯® ®¯à¥¤¥«¥­¨î, ç¨-
á«ã ¯à®â¥ª îé¨å ¢® ¢­¥è­¥© æ¥¯¨ í«¥ªâà®­®¢, ¯à¨-
å®¤ïé¨åáï ­  ®¤¨­ ¯®£«®é¥­­ë© ä®â®­):
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k1, 2 =Ē+δ±
√

(Ē + δ)2+1, k′1, 2 =Ē−δ±
√

(Ē − δ)2+1,

α1, 2 = exp(−k1, 2d̄), α′1, 2 = exp(k′1, 2d̄).

�¢¨¤ã á¨¬¬¥âà¨ç­®áâ¨ à áá¬ âà¨¢ ¥¬ëå ��, ¤®-
áâ â®ç­® ¯à® ­ «¨§¨à®¢ âì ®á®¡¥­­®áâ¨ ��� ¤«ï

®¤­®£® ­ ¯à ¢«¥­¨ï í«¥ªâà¨ç¥áª®£® â®ª ; ¤«ï ª®­-
ªà¥â­®áâ¨ ¡ã¤¥¬ áç¨â âì, çâ® Ē > 0. �§ (5) á«¥¤ã¥â,
çâ® ¯à¨ Ē � δ ��� ¯à®¯®àæ¨ ­ «¥­ ¯à¨«®¦¥­­®¬ã

­ ¯àï¦¥­¨î, ¯à¨ç¥¬ ¯à¨ δ � 1, d̄−1

G =
2Ē

d̄2
Gmax

0

[
d̄− 4δ3 exp (−2δd̄)

]
. (6)

� ®â«¨ç¨¥ ®â ®¤­®à®¤­ëå ��, ¢ ª®â®àëå § ¢¨á¨-
¬®áâì G(Ē) «¨­¥©­  «¨èì ¢ á« ¡ëå í«¥ªâà¨ç¥áª¨å

¯®«ïå (Ē � 1) [1], ¢ ¢ à¨§®­­ëå �� á ¡®«ìè¨¬¨

£à ¤¨¥­â ¬¨ Eg (δ � 1, d̄−1) «¨­¥©­ë© ãç áâ®ª

G(Ē) ¨¬¥¥â áãé¥áâ¢¥­­® ¡®́«ìèãî ¯à®âï¦¥­­®áâì;
¯à¨ íâ®¬, ¢¢¨¤ã ¬ «®áâ¨ ¢â®à®£® á« £ ¥¬®£® ¢ (6),
­ ª«®­ ¯®«¥¢®© § ¢¨á¨¬®áâ¨ ��� ®¡à â­® ¯à®¯®àæ¨-
 ­ «¥­ d̄ ¨ ¯à ªâ¨ç¥áª¨ ­¥ § ¢¨á¨â ®â δ.
�«ï á«ãç ï á¨«ì­ëå í«¥ªâà¨ç¥áª¨å ¯®«¥© Ē � δ,

d̄−1 ¨§ (5) ¬®¦­® ¯®«ãç¨âì á â®ç­®áâìî ¤® ç«¥­®¢

¯®àï¤ª  δ/Ē á«¥¤ãîé¥¥ ¢ëà ¦¥­¨¥ ¤«ï ���:

G = Gmax
0

[
1 +

(1

2
−
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) δ

Ē

]
, (7)

¨§ ª®â®à®£® á«¥¤ã¥â, çâ® ¢ á¨«ì­ëå í«¥ªâà¨ç¥áª¨å

¯®«ïå G(Ē)  á¨¬¯â®â¨ç¥áª¨ ¯à¨¡«¨¦ ¥âáï ª Gmax
0 ,

ã¬¥­ìè ïáì á à®áâ®¬ Ē ¯à¨ δ > 2d̄/3. �â® ®§­ ç ¥â,
çâ® ¯®«¥¢ë¥ § ¢¨á¨¬®áâ¨ ��� ¢ à¨§®­­ëå �� ¬®-
£ãâ ¨¬¥âì ­¥¬®­®â®­­ë© å à ªâ¥à á ¬ ªá¨¬ «ì­ë¬

§­ ç¥­¨¥¬ ��� Gmax, ¯à¥¢ëè îé¨¬ ¬ ªá¨¬ «ì­®¥

§­ ç¥­¨¥ ��� ®¤­®à®¤­ëå �� Gmax
0 . � áç¥âë ¯®

ä®à¬ã«¥ (5) ¯®ª §ë¢ îâ, çâ® á à®áâ®¬ δ ª®íää¨æ¨¥­â
Gmax ã¢¥«¨ç¨¢ ¥âáï,   ¯®«®¦¥­¨¥ ¬ ªá¨¬ã¬  § ¢¨-
á¨¬®áâ¨ G(Ē) á¤¢¨£ ¥âáï ¢ áâ®à®­ã ¡®́«ìè¨å ¯®«¥©

(à¨á. 1 ¨ 2, a).

�¨á. 1. �®«¥¢ ï § ¢¨á¨¬®áâì ª®íää¨æ¨¥­â  ä®â®í«¥ª-
âà¨ç¥áª®£® ãá¨«¥­¨ï ¢ à¨§®­­ëå (á¯«®è­ë¥ «¨­¨¨) ¨

®¤­®à®¤­ëå (èâà¨å®¢ ï ªà¨¢ ï) ä®â®à¥§¨áâ®à®¢. �®à¬¨-
à®¢ ­­ ï ¤«¨­  d̄ = 1; §­ ç¥­¨ï ¯ à ¬¥âà  δ: 1 — 5,
2 — 7, 3 — 10.

�¨á. 2. � ¢¨á¨¬®áâì ¬ ªá¨¬ «ì­®£® §­ ç¥­¨ï ª®íää¨-
æ¨¥­â  ä®â®í«¥ªâà¨ç¥áª®£® ãá¨«¥­¨ï ¢ à¨§®­­ëå ä®â®-
à¥§¨áâ®à®¢ ®â £à ¤¨¥­â  è¨à¨­ë § ¯à¥é¥­­®© §®­ë (a)
¨ à ááâ®ï­¨ï ¬¥¦¤ã ª®­â ªâ ¬¨ (b). � à ¬¥âàë à áç¥â 

¯à¨­¨¬ îâ §­ ç¥­¨ï d̄ (à¨á. a): 1 — 0.5, 2 — 1, 3 — 2;
δ (à¨á. b): 1 — 5, 2 — 10, 3 — 15.

�®¢ëè¥­¨¥ ä®â®çã¢áâ¢¨â¥«ì­®áâ¨ à áá¬ âà¨¢ ¥-
¬ëå ¢ à¨§®­­ëå �� ¯® áà ¢­¥­¨î á ®¤­®à®¤­ë¬¨

®¡ãá«®¢«¥­® ¯à¨áãâáâ¢¨¥¬ ¢ ¯¥à¢ëå ¢­ãâà¥­­¥£® ª¢ -
§¨í«¥ªâà¨ç¥áª®£® ¯®«ï [9], ª®â®à®¥ ®ââï£¨¢ ¥â ä®-
â®­®á¨â¥«¨ ª á¥à¥¤¨­¥ ¢ à¨§®­­®© áâàãªâãàë, ¯à¥-
¯ïâáâ¢ãï â ª¨¬ ®¡à §®¬ ¨å ¤¨ääã§¨®­­®¬ã,   â ª¦¥
¤à¥©ä®¢®¬ã (¢® ¢­¥è­¥¬ í«¥ªâà¨ç¥áª®¬ ¯®«¥) á¬¥-
é¥­¨î ª ®¬¨ç¥áª¨¬ ª®­â ªâ ¬. �¨ääã§¨®­­ë© ãå®¤
ä®â®­®á¨â¥«¥© ¢ ª®­â ªâë, ª®â®àë© ¢¥¤¥â ª ã¬¥­ì-
è¥­¨î τeff, ¢®§à áâ ¥â á ã¬¥­ìè¥­¨¥¬ à ááâ®ï­¨ï

¬¥¦¤ã ª®­â ªâ ¬¨, ®á®¡¥­­® ¯à¨ d̄ . 1. �®íâ®¬ã

¤«ï íää¥ªâ¨¢­®£® ¯à®â¨¢®¤¥©áâ¢¨ï ¤¨ääã§¨¨ ä®â®-
­®á¨â¥«¥© á ã¬¥­ìè¥­¨¥¬ d̄ ¤®«¦¥­ ã¢¥«¨ç¨¢ âìáï

|∇Eg|. �®¯®áâ ¢«ïï ¢à¥¬¥­  ¤¨ääã§¨¨ ¨ ¤à¥©ä 

¢ ª¢ §¨í«¥ªâà¨ç¥áª®¬ ¯®«¥ ­  à ááâ®ï­¨¥ d̄, «¥£ª®
¯®ª § âì, çâ® ¢ á«ãç ¥ â®­ª¨å ®¡à §æ®¢ á d̄ < 1 ¢ à¨-
§®­­®áâì § ¬¥â­® áª §ë¢ ¥âáï ­  ä®â®çã¢áâ¢¨â¥«ì-
­®áâ¨ �� (ã¢¥«¨ç¨¢ ï ¥¥ ¢ 2 ¨ ¡®«¥¥ à § ¯à¨ ¬ «ëå

­ ¯àï¦¥­¨ïå á¬¥é¥­¨ï) ¯à¨ ¢ë¯®«­¥­¨¨ ãá«®¢¨ï

δ > d̄−1. �â¬¥â¨¬, çâ® íâ® ­¥à ¢¥­áâ¢®, á®¢¬¥áâ¨¬®¥ á
­¥à ¢¥­áâ¢®¬ δ > 2d̄/3, ®¯à¥¤¥«ï¥â ®¡« áâì §­ ç¥­¨©
|∇Eg|, ¯à¨ ª®â®àëå Gmax > Gmax

0 .

�à¨ ä¨ªá¨à®¢ ­­®¬ §­ ç¥­¨¨ |∇Eg| § ¢¨á¨¬®áâì
Gmax(d̄) ï¢«ï¥âáï ­¥¬®­®â®­­®© (à¨á. 2, b). �­ ç «¥

à®áâ d̄ ¯à¨¢®¤¨â ª ¢®§à áâ ­¨î Gmax, çâ® á¢ï§ ­® á
ã¢¥«¨ç¥­¨¥¬ τeff ¢ à¥§ã«ìâ â¥ ¢®§à áâ ­¨ï ¢à¥¬¥­¨
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¤¨ääã§¨®­­®-¤à¥©ä®¢®£® á¬¥é¥­¨ï ä®â®­®á¨â¥«¥© ª
ª®­â ªâ ¬.� ¯à¨¡«¨¦¥­¨¥¬ τeff ª ®¡ê¥¬­®¬ã ¢à¥¬¥­¨

¦¨§­¨ τ § ¢¨á¨¬®áâì Gmax(d̄) ∼ τeff(d̄)/τE(d̄) ®¯à¥¤¥-
«ï¥âáï £« ¢­ë¬ ®¡à §®¬ ¢à¥¬¥­¥¬ ¯à®«¥â  ä®â®­®-
á¨â¥«¥© ¢® ¢­¥è­¥¬ í«¥ªâà¨ç¥áª®¬ ¯®«¥ τE = τd̄/Ē,
â. ¥. ã¬¥­ìè ¥âáï á ã¢¥«¨ç¥­¨¥¬ d̄.
� § ª«îç¥­¨¥ ®æ¥­¨¬ ¢«¨ï­¨¥ ¢ à¨§®­­®áâ¨ ­ 

��� ä®â®à¥§¨áâ®à , ¨§£®â®¢«¥­­®£® ­  ®á­®¢¥ í¯¨-
â ªá¨ «ì­ëå á«®¥¢ CdHgTe n-â¨¯  ¯à®¢®¤¨¬®áâ¨.
�á«¨ ¯à¨­ïâì T = 77 K, d = Lp = 17¬ª¬ [5,6],
â® ¯à¨ Eg(0) = 0.1 í�, Eg(d) = 0.3 í� (çâ® á®®â-
¢¥âáâ¢ã¥â δ = 15) ¬ ªá¨¬ «ì­®¥ §­ ç¥­¨¥ ª®íää¨æ¨-
¥­â  ä®â®í«¥ªâà¨ç¥áª®£® ãá¨«¥­¨ï, ¤®áâ¨£ ¥¬®¥ ¯à¨
Ex = 90�/á¬, ¢ 20 à § ¡®«ìè¥, ç¥¬ ¢ á«ãç ¥ ®¤­®à®¤-
­ëå ®¡à §æ®¢.
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On photoelectric amplification
of variband photoresistors

V.G. Savitsky, B.S. Sokolovsky

I. Franko State University,
290602 Lvov, Ukraine

Abstract Characteristic features of the photoelectric ampli-

fication of variband photoresistors, the energy gap of which

increases linearly towards contacts have been considered

theoretically. It has been shown that non–monotonic field

dependence of the photoelectric amplification coefficient is

peculiar to such photoresistors. A maximum value of the

photoelectric amplification coefficient increasing with the

energy gap gradient can be considerably greater than that

for homogeneneous samples.
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