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|^ØÓõÇ�Ý� 10.6 µm(1fUþ� 0.12 eV) ëY-1Ëì
B�°Ý� 0.228 eV �1�.Iz�&ÿ
ì, ��
�± ��ØÓ�¢�y�. � 10.6 µm Åã	-1Ëì1�.&ÿì�, &ÿìáÂ-1Uþ�§Ý
,p. 3&ÿì�§,L§¥, �3��=C§Ý T0. �&ÿì�§Ý T < T0 �, 16fßÝÄ�ØC, [£Ç�
§Ý�,p¥ T−2.35 ª³eü, Úå&ÿì�>�Ç~�, >{O�, �AÑÑ>Ø,p; � T > T0 �, 9-u1
6fßÝ�§Ý�,p¥�êO�, >{:ìeü, �L
16f[£Çü$é>{�K�, �AÑÑ:ìeü. 1
>�&ÿì3�põÇ�ÝÅã	-1Ëìe��AA5´16f�ßÝÚ[£Ç3§ÝK�e�p�^�(J.

ùé?�Ú�õ��NS16fÑ$�.Jø
¢��â.

'�c: ��N&ÿì, Åã	-1, 1>�, [£Ç

PACS: 73.40.Lq, 73.50.Lw, 73.50. Pz

1 Ú ó

��N1>&ÿìduNÈ�, þ�, �A
�Ý¯, (¯Ýp, ´u�Ù¦��Nì�8¤, ®
²2�A^u�a!�ÿ!��!DýÚ°�ÿ
þ�Nõ+�. ��Ná��Ëì�A´��N�
«1>fA^�ÔnÄ:, Ï��É�<��'
5, ´��¹��ïÄ+� [1−7]. ��N�1>�
�A´�1ìÚå��Ná�>�ÇUC�y�,
ù«UC�±´>�Ç�O\, ��±´>�Ç�
~�. ��5`, ù´���)Ó�u)½ö�U
u)�A«ÔnL§�E,y�. ù
ÔnL§�
)1áÂÚ16f�-u!916fµþ!16
f�[£ÚEÜ� [8], Ï1>�y�Jø
ïÄ
��N�«k'Ôn5��Ãã.

CAc5, Åã	-1é��N&ÿì�Ëì
�A�5�Úå'5. 2003 c, IS��
3Å
ã	-1Ëìe1�.1>&ÿì�>Ø�A�
ÅãS-1��~>Ø�A�����y� [9]({
¡éÅã	-1Ëì���>Ø�Ay�). 1�
. CdS &ÿìéÅãSÚÅã	V1å|Ü-

1Ëì�Ä��A�¢�(J, ?�Úy¢
Å
ã	-1Ëì���>Ø�A�(J [10]. 1�
. HgCdTe 3Åã	-1Ëìe�ïÄ��Um
Ð, JÑ
��>Ø�A�Ån [11−14]. ®k�n
Ø�. [13,14] ÊH@�, 3ÅãS-1Ëìe, \�
-1�1fUþ�u��Ná��B�°Ý, �)
�m-u, 1-u16fßÝ×�O\, 16fß
ÝâC´Úu1>�Cz�Ì��Ï. 3Åã	-
1Ëìe, \�1f�Uþ�u��Ná��B�
°Ý, Øv±Úå>fld������[, ��
±Úågd16f3Ó��S�[, =gd16f
áÂ. gd16fáÂØUC16f�ê8, ´
ÏLUC16f�[£ÇÚu1>� [14].

3�C�¢�¥,·�æ^ 10.6 µm(1fUþ
� 0.12 eV) ëY-1Ëì
B�°Ý� 0.228 eV
�1�.Iz� (InSb) &ÿì, uy3�põÇ�
ÝÅã	-1Ëìe, ÙÑÑ>Ø3-1ËìL
§¥O�������Åì~�. ÏL©Û,·�
@�3�põÇ�ÝÅã	-1Ëìe, 3&ÿì
�§,L§¥, �3��=C§Ý T0. �&ÿì�
§Ý T < T0 �, 16fßÝÄ�ØC, [£Ç�
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§Ý�,peü, >{O�, �AÑÑ>Ø,p;
� T > T0 �, 9-u16fßÝ�§Ý�,p¥
�êO�, >{:ìeü, �L
16f[£Çü
$é>{�K�, �AÑÑ:ìeü. 1>�&ÿ
ì3�põÇ�ÝÅã	-1Ëìe��AA5
´16f�ßÝÚ[£Ç3§ÝK�e�p�^
�(J.

2 ¢�y�

�©¤¦^�1�. InSb &ÿì´dþ°E
âÔnïÄ¤Jø, -1þ!R�Ëì3&ÿì�
1¯¡þ. du&ÿìcàke¶(�, �µË�
é¢��K�®²���Ð��Ø. &ÿìµC3
���e�Ú�´S, ó�§Ý�� 77 K.

ã 1 CO2 -1ìËì InSb &ÿì¢�C�«¿ã

10.6 µm - 1 � 1 � � »� 5 mm, u Ñ �
� 5 mrad, ��ÑÑõÇ� 50 W, -1ì�ÑÑ
õÇ�±ÏLN!Ùó�>6ëYUC. ¢�¥&
ÿìó�3�6 �e (�6 Ø� 5 V), ���
u&ÿìV>{ (3190 Ω) �K1>{ (R = 30 kΩ)
Gé, æ^ð6ó��ª, ¢�C�Xã 1 ¤«. &
ÿìþ�à>ØCz��ÑÑ&Ò, �±�NÑ&
ÿì>{�Cz.

2.1 ��� $$$ õõõ ÇÇÇ ��� ÝÝÝ ëëë YYY CO2 --- 111 ËËË
ììì InSb &&&ÿÿÿììì���¢¢¢���yyy���

ã 2(a), (b) ©O� InSb &ÿì3õÇ�Ý
� 40 W/cm2 Ú 60 W/cm2CO2 -1Ëìe�>Ø
�A�, Ëì�m�� 2 s, éAuã 2 ¥� 5—
7 s. �±wÑ, 1�.&ÿìéÅã	-1k�A.

3-1ËìL§¥, &ÿì�>{k
²w�O�.
?�Ú�êâ?nL², 3-1méÚ'4]m,
�A��þa÷Úeü÷þ�Î¦þ?. ù�k
c�¢����� [11−13].

2.2 ��� ppp õõõ ÇÇÇ ��� ÝÝÝ ëëë YYY CO2 --- 111 ËËË
ììì InSb &&&ÿÿÿììì���¢¢¢���yyy���

ã 3� InSb &ÿì3ØÓõÇ�Ý CO2 -1
Ëìe�>Ø�A�, �X-1õÇ�Ý�UY
O�, 3-1ËìL§¥, &ÿì�ÑÑ>ØØ2
´��O�, ´O�������Åì~�. -
1Ê�Ëì�]m, ÑÑ>Øqé¯þ,, ,�×
�eü, 2?\9µþ�ã. O�����¤I�
mÚeü�ÌÝ�\�-1�õÇ�Ýk'.
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ã 2 InSb &ÿì3ØÓõÇ�Ý CO2 -1Ëìe�>Ø�A� (a) \�-1õÇ�Ý� 40 W/cm2; (b) \�-1õÇ�
Ý� 60 W/cm2
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ã 3 InSb &ÿì3ØÓõÇ�Ý CO2 -1Ëìe�>Ø�A� (a) \�-1õÇ�Ý� 102 W/cm2; (b) \�-1õÇ
�Ý� 129 W/cm2; (c) \�-1õÇ�Ý� 160 W/cm2; (d) \�-1õÇ�Ý� 190 W/cm2

3 ©Û�?Ø

&ÿìéØÓÅã!ØÓõÇ�Ý-1��
A´d��Ná�é-1�áÂû½�, ��N
�1áÂk��áÂ!,�áÂ!gd16f
áÂ!¬�áÂ!-fáÂÚõ1fáÂ�õ
«Ån [15].

du InSb �B�°Ý�uü� CO2 -11f
Uþ�oÚ, éu&ÿì3ËìL§¥>{â,ü
$, LyÑ�3ÅãS-1Ëìe�ÓA5�y�,
ék�U´dV1fáÂÅnÚå�. =�Xì�
§Ý�,p, ÙB�°Ý¬k�½§Ý�Cz [16],
�B�°Ý÷v�½^��, V1fáÂXê:
ìO� [17], l��
ì�é CO2 -1�áÂO
r, LyÑ�ÅãS-1Ëìe�Ó�y�. �V
1fáÂ¤I�\�-1�óÀ-1�õÇ�Ý
Ñ3 MW/cm2 þ? [18], ¢�¥¤^��ëY-1
�õÇ�Ý� 100 W/cm2, ��$uù�IO, Ø÷
vV1fáÂ�^�. ��ó, ,�áÂ'��
f [19], �&ÿì®²äk�p�Ð©ó�>ØÚ
ó�§Ý, @�,�®��>l, �±�ÑÙé&

ÿì1>��K�. -fáÂ-1Uþ�/¤�´
>¥5�p�éX3�å�>f - �Çé, §��
±3NS$Ä, �´é>�Çvk�z, Ï��
ØUÚå1>��A [8].

3Åã	-1Ëìe, \�1f�Uþ�u�
�Ná��B�°Ý, Øv±Úå>fld���
���[ (=���[), ��±Úågd16f3
Ó��S�[, =gd16fáÂ. gd16fá
ÂØUC16f�ê8, ´ÏLUC16f�[
£ÇÚu1>�. Ä���N¥gd16f�
1áÂ�¡��, Ïùa1>�3Ä���N¥
�N´�*	� [8]. Ï~@�gd16fáÂ´
Åã	-1Úu1�.&ÿì1>��A�Ì�
�Ï. dugd16fáÂÚå�´16f�S�
[, ù«1>��¡��S1>�, ®�2�A^
u�ù	Åã�Ë�&ÿ¥. 0 - 2xzÜÔ�á
Â1Ì3�ù	Åã�3�½�áÂ�, ùÒ´¬
�áÂ [19]. 1fUþ�áÂ���=z�¬��
�ÄÄU, �ªÚå¬��§,. ¬�§Ý,p�
�½§Ý�, Úu&ÿìÜ©ëê�Cz, UK
�&ÿì��AÑÑ. nÜ±þ©Û, �±@�1
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�. InSb &ÿìéÅã	 CO2 -1��AÌ�´
dgd16fáÂÚ¬�áÂÚå�.

�$õÇ�ÝëY CO2 -1Ëì InSb &ÿ
ì�¢�y��kc�¢����� [11−14], ©
z [14] ò1�&ÿì3Åã	-1Ëìe>{�
×�O���Ï8(�gd16fáÂ��>f
§Ý,pÚå�[£Çeü. 3Åã	-1Ëì
e, ��NSgd16fáÂ-1Uþ, ��Sp
U��[, ½ö (Ì�´>f) ��p������
�[ (U�mÑ�), Ó�áÂ½u���(f, >
f§Ý]m,p, /¤>f�¬�Ø�§�]m�
�, >f-E\ì, [£Çü$.

3�põÇ�ÝÅã	-1Ëìe, &ÿì
�§Ý¬k'�²w�Cz, UÚu�«y�.
�X-1Ëì�m�O�, ì��§ÝUYþ,,
��-u×�O\, �þ��16f��)��
�L[£Çü$é>{�K�, ��&ÿì�>
{�§Ý�,peü, lÑÑ>ØÅì~�.
nÜü«�¹, �ò1�.&ÿì3Åã	-1
Ëìe�Ä��A5Æo(Xe: 3&ÿì�§

,L§¥, �3��=C§Ý T0. �&ÿì�§
Ý T < T0 �, ��-u�ØwÍ, 16fÌ�d
,�>lJø. du&ÿìäk�p�Ð©ÑÑ>
Ø (� 460 mV) �ó�3 77K, �±@�,�®²
�Ü>l, ù�16f�Ý��u�,ßÝ ND, Ä
�Ø�§ÝCz, [£Ç�§Ý�,peü,
Úå&ÿì�>�Ç~�, >{O�, �AÑÑ>
Ø,p; � T > T0 �, ��-u×�O\, 9-u
16fßÝ�§Ý�,p¥�êO�, �þ��1
6f��)���L
16f[£Çü$é>{
�K�, >{×�~�, �AÑÑ>Ø:ìeü.
�
�yù��ä, ·��O¢�\±�y.

¢�y�´3�põÇ�Ý-1Ëìeuy�,·
�òÙ8(�16f[£ÇÚ��16fßÝ3
§ÝK�e�Ó�^�(J. @o, knd@�, 3
�$õÇ�Ý-1Ëìe, �XËì�m�O�,
��&ÿì�§Ý��
 T0, Ó��y�´�±
Ñy�. �d, ò-1õÇ�ÝN�� 60 W/cm2,
Ëì�m©O��� 2s, 5s, 8s, 10s, ¢��X
ã 4¤«.

700

500

300

100

700

500

300

100

700

500

300

100

700

500

300

100

/s

/
m
V

/s

/
m
V

(a)
(b)

/s

/
m
V

(c)

/s

/
m
V

(d)

0 8 16 24 320 8 16 24 32

0 8 16 24 32 0 8 16 24 32

ã 4 InSb &ÿì3õÇ�Ý� 60 W/cm2 CO2 -1Ëìe�>Ø�A� (a) Ëì�m 2s; (b) Ëì�m 5s; (c) Ëì�
m 8s; (d) Ëì�m 10s
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ã 4(a) ´á�mËì�(J, &ÿì�§Ý�
vk�� T0, Ï>{¥��O��ª³. �XË
ì�m�ò�, &ÿì�§Ýpu T0 �, >{¥y
~��ª³, Xã 4(b), (c), (d) ¤«. T0 =éAu
ã 4(b), (c), (d) ¥-1ËìL§¥�>Ø�A��
���§Ý. �±w�, -1õÇ�Ý���¿Ø
´�)ù�y�����Ï. =¦3·�@��õ
Ç�Ý�é�$�-1Ëìe, ��Ëì�mv

�, 9�A���½§Ý�È\, &ÿì�§Ý�
�
 T0, E,�±����põÇ�Ý-1Ëìe
�aq�y�.
·��±{ü���e T0 ���. InSb �

B�°Ý Eg �§Ý�Cz�d Varshni �§£
ã [15]:

Eg(T ) = Eg(0) − αT 2

T + β
, (1)

Ù¥, E
(
g0) � T = 0 K ��B�°Ý, α Ú β ¡

� Varshni ëê. é InSb ó, Eg(0) = 0.235 eV,
α = 2.7 × 10−4 eV /K, β = 106 K[20].

� � N � � 1 6 f � ß Ý ni � d e ª �
Ñ [19]:

ni =
[2(2πk0T

3/2)(m∗
pm∗

n)3/4

h3

]
exp

(
− Eg

2k0T

)
,

(2)
Ù¥ k0 = 1.38 × 10−23 J/K, h = 6.625 × 10−34 J·s,
é InSb, � m∗

p = 0.44m0, m∗
n = 0.0118m

[19]
0 .

ò (1) ª�\ (2) ª�±¦� InSb 3�½§Ý
����16fßÝ.

éu�{¿��N, ���¥�>f�Ü©5
u�Ü>l�,�, �Ü©d��-uJø�,
Ù��¥�>fßÝ n0 �deª�Ñ [19]:

n0 =
ND + (N2

D + 4n2
i )

1/2

2
. (3)

¢�¥¦^�&ÿìá���,ßÝ ND d
þ°EâÔnïÄ¤Jø, �� 1014 cm−3. éu
é InSb k [17]

un ≈ 105T−2.35cm2 · V−1 · s−1. (4)

Ì��Äõê16f�K�, �@�á��>
�Ç� [19]

σ = n0qun, (5)

Ù¥>f>þ q = 1.602 × 10−19 C, ò�'ëê�
\ (3), (4) Ú (5) ª, O���¢�^ InSb á�>�
Ç�§ÝCz�, Xã 5 ¤«. T0 =éAuã 5
¥>�Ç������§Ý, �� 147 K.
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ã 5 ¢�^ InSb á�>�Ç�§ÝCz� (O��)

700

500

300

100
0            8           16          24          32

/s

/
m

V

ã 6 InSb &ÿì3õÇ�Ý� 40W/cm2 CO2 -1Ëìe�
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ã 7 InSb &ÿì3õÇ�Ý� 210 W/cm2 CO2 -1Ëìe
�>Ø�A�

�,, ù«y�´3Ú�´�e��Ç�u
Åã	-1é&ÿì\9��Ç��¹eâU
Ñy. ·�Ó�?1
 InSb &ÿì3õÇ�Ý
� 40 W/cm2 CO2 -1Ëìe, Ëì�m� 10s �
¢�, éAuã 6 ¥� 5—15s. �±w�, 3-1
ËìL§¥, ÑÑ>ØO������Òªu
½, vk~��ª³. ù`², �-1õÇ�Ý$
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u 40 W/cm2 �, Ú�´�e��Ç�uÅã	-
1é&ÿì\9��Ç, &ÿì�§Ý,pÌÝØ
�, $u T0, ��-u�Ø�©wÍ, ÏÑÑ>Ø
vk²w~��ª³.

ã 7 � Ñ 
 InSb & ÿ ì 3 õ Ç � Ý
� 210 W/cm2 CO2 -1Ëìe�>Ø�A�,
�
;��ú&ÿì, ·� á
Ëì�m, �æ
8
 3.2s �êâ, ¿ò�A�©� 4 �fL§.
fL§ 1 ´du-1mé]m, &ÿì�Â��1
r×�O\, &ÿì§Ý,p, >f-EVÇO�,
[£ÇeüÚå&ÿì�{�O�. fL§ 2 ´
&ÿì�§Ý,p, ����-u:ìO\, �þ
��16f��)�L
[£Çeüé{��K
�, �&ÿì�>{×�eü. fL§ 3 ´Ï�
-1'4]m, &ÿì�§Ýeü, ��-u~f,
��16f×�~����{�O�. fL§ 4

K´�X&ÿì§Ý�eü, 16f[£ÇO�
��&ÿì{��~�.

4 ( Ø

1�.&ÿìéÅã	-1��AÌ�´d
ugd16fáÂÚ¬�áÂÚå���N>�
Ç�UC. &ÿìá�áÂÅã	-1Uþ�§Ý
,p, 3§,L§¥, �3��=C§Ý T0. �&ÿ
ì§Ý$u T0 �, d,�>l�)�16f�[
£Ç�UCé&ÿì1>�åÌ��^; �&ÿì
§Ýpu T0 �, 9-u��16f�ßÝé1>
��CzåÌ��^. T0 ���Ì�d��Ná�
��,ßÝû½. 1�.&ÿìéÅã	-1Ëì
e�Ä��A´16f[£ÇÚßÝ3��Nì
�§ÝCz�K�e�Ó�^�(J.
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Abstract

A new phenomenon is observed when a photoconductive InSb detector with 0.228eV band gap is irradiated by 10.6 µm laser,

whose photon energy is 0.12 eV. The detector is heated by this out-band laser, due to the absorption of laser energy. However, a

transformation temperature T0 exists in this process. When the temperature of the detector, T , is lower than T0, the number of carriers

remains constant but the conductivity changes because of a change in mobility. The mobility decreases with the increase of temperature

and varies as T−2.35. At T > T0, the concentration of thermally-activated carrier increases with temperature, which is proportional to

exp (−Eg/2k0T ). As a result, the influence of carrier concentration becomes more and more important. As a result, the output of the

detector decreases. In a word, the output voltage of photoconductive detector results from the temperature dependence of mobility and

concentration of carriers. This work provides an experimental basis for improving the carrier transport model.
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