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�, ïÄ
��31p��^e�>{CzA5. ¢�(JL²T��3��ÿþ§Ý��SLyÑ
��N.�
>A5. |^C§a��.[Ü>{§Ý'X��, Ù>ÖkS�=C§Ý� 70 K. -1�^�¦��>{~�, �
-1õÇÝ� 40 mW/mm2 �, ��1�>{�éCz��� 99.8%, �3 8 s ��mS��
²ï�,§ÝéÙK
�é�; �-1õÇÝ� 6 mW/mm2 �, ¼����1�>{�éCz�� 44%, ��m~ê�§Ý�,pO
�, ùÌ�´du1p�Ú96Ä�Ó�^�(J.
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1 Ú ó

ä k W v ¶ ( � � D è � , � � z
Ô R1−xAxMnO3(Ù¥ R �Dè��, A �wè
��) glþV 90 c�uyA�^>{ (colossal
magnetoresistance, CMR) �A±5 [1,2], ��¤�
�I�Æ[�'5ÚïÄ��:, ¿�X<�é
Wv¶(��zÔù�r>f'éNX@£Ún
)�Øä�\, íÄ
��Ï#��Æ —– g^
>fÆ��)ÚuÐ. ïÄL²Dè�,Wv¶
(���zÔäk´L��ãÚ�¯ØÓ�>^
5U, Ó�§�´>Ö!g^!;�Ú¬��g
dÝr�ÍÜ�NX, ù
gdÝ�m�Ä�²
ï��á�NXÑy�A��ÚÔnA5. éu
Ä�YDè�,��zÔ, �Ù�,'~� 0.5 �,
NXòÑy>ÖkS�, ù´��é��Ôn
y�, ��´và�ÔnïÄ+�¥�9:¯K
��, <�Ï~@�Ùu·Üd Mn3+ Ú Mn4+

lf3¢�m�±Ïü�, �  ���X;
�kSÚ�c^=C�Ñy, cÙ´��,'~
� 0.45 �, Dè�,��zÔNXäk�é½

�>Ö/;�kS�, ù�NX?u�.G�, �
3>Ö - ;�kSý�N�ÚV���^|±�
c^7á�ü��m��p¿�, �\?Û��
Ôn|, 'X^|, ¬�.UCNX¥��gdÝ
�m�²ï, lUCNX��ÚÔn5U [3−5].
,��¡, 1p��^Ø=�±UCNX�16
fßÝ, ���UÚåNX¥16fg^��
UC, p�1�ò^�A [6,7]. Cc5IS	Æ
öéDè�,Wv¶(���zÔNX�1p
��A?1
2��ïÄ. 'X Takubo �< [8,9]

3 Pr1−xCa1−ySry−xMnO3 X���¥uy
±È
��¡E�1p�ý� — 7á=CÚ7á — ý�
=C. Matsubara �< [10] ïÄ
 Gd0.55Sr0.45MnO3

¥�¯1p��g^Ú>ÖÄåL§. Beyreuther
�< [11] ïÄ
�"� La0.7Ce0.3MnO3−σ ���
1p�A5, L²��1Ëì�¦��lý�N
=C�7á�. Hu �< [12] ïÄ
 Pr0.5Sr0.5MnO3

���1>��A, (JL²3ü§L§¥, �
¬LyÑ]�1>��A, 3,§L§¥, �
¬KLyÑ±È1>��A. Hu �< [13] ïÄ

 Si Ä¡þ)�� La7/8Sr1/8MnO3 ��3^|
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Ú1�^e�>Ñ$A5, L²��1Ëì�±
N�Ù�C§Ý. �uDè�,Wv¶(���
zÔ1p��A�\�ÔnSºÚd3�A^
cµ, �©±>Ö - ;�kS���zÔõ¬�
� Gd0.55Sr0.45MnO3(GSMO) �ïÄé�, éÙ3
ëY1�^e�>{CzA5ÚµþL§?1

�\�©ÛÚ&?.

2 ¢ �

| ^ D Ú � � � A { � � 
 GSMO õ ¬
� ¬, U ì z Æ O þ � ' ò ©ÛX � Gd2O5,
SrO Ú MnO2 ·Ü, ¿?1
¿©�ï�, ,�
3 1350 ◦C �§Ýe�í�¸¥Y�ng, zg
� 20 h, �ª�(¤¤I�qá. æ^óÀ-1�
È��{3ü¬ LaAlO3(LAO)(100) Ä¡þ��

�A����¬. ¤^ KrF O©fóÀ-1ì�Å
�� 248 nm, Uþ� 135 mJ, ªÇ� 2 Hz, �µý�
Ý`u 5 × 10−5 Pa, �ÈL§¥�íØr� 10 Pa,
�.§Ý� 700 ◦C. �
Jp����þÚ�Ø
S3�Aå, ò¤�����3 800 ◦C �í¥ò
» 2 h. |^ SpecEI-2000-VIS .ý�1Ìÿþ¤ÿ
þ
���þÝ��´ 110 nm. |^Ö=øB�ú
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ã 1 GSMO qáÚ��� XRD û�ãÌ (a)�qá; (b)�
��

i� X’Pert Pro . X ��û�¤ÿ½
��Ú¬á
�¬N(�. ò���\ Janis �eÅ�§C��
$§�¬�½à, ÙÿÁ§Ý��� 20—300 K. �
¬�1p�>{ÿþXÚ®3©z [14] ¥?1

�[�Qã. -y��¤^-1d LD Ä$ Nd:

YV04 ëY-1Jø, Å�� 532 nm, ²þõÇ�
Ý� 6 Ú 40 mW/mm2, �
¦XÚ��9²ïG
�, üØ9�A�K�, 3ÿþL§¥, zü�êâ
:�æ8�mm���� 10 min.

3 (J9©Û

ã 1� GSMO qáÚ��� X ��û�ãÌ.
òã¥�û�¸ ±9�érÝ�IO X ��û
�� PDF k¡?1é'�±wÑ, GSMO qá�
ü����Wv¶(�, äk Pbnm ��m+. X
ã 1(b) ¤«, Ø�. LAO(100) ¡Ú (200) ¡�û�
¸	, GSMO ��Ì�Ñy
 (220), (400) Ú (422)
�¬¡û�¸, �����õ¬(�.
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ã 3 ØÓõÇ�Ý-1�^e�>{ -§Ý'X� (�ã
�1p�>{�éCz�§ÝCz�'X�)

ã� GSMO ���3Ã	|�^e�>
{ - §Ý'X�. dã��, 3��ÿÁ§Ý«
m, �X§Ý�ü$���¬�>{Åì,p, L
yÑ��N.��>A5, ��§Ý$u 70 K �,
>{×�O�, L²NX�UÑy
>ÖkS�.
éuDè�,��zÔNX>ÖkS��=C, Ï
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~��?�C, Ï���>{§Ý'X��±
|^C§a��.5£ã, ÙLãúª [14]�

R = Ri0 exp(T0/T )1/(d+1), (1)

Ù¥ Ri0 �c�Ïf, T0 �A�§Ý, d ��¬�
�Ý. 3ùp, du�¬´��á�, áu��NX,
Ïd� d �� 2. Xã 2 �ã¤«, �%�¬ë�
�¢�êâ:, o¢��|^C§a��.[Ü�
�. dã��, 3§Ý$u 70 K �, lnR � T−1/3

¤éÐ��5'X, �§Ýpu 70 K �[Ü�
 l
¢�êâë�, ?�Úy¢
ù�§Ý:�
>ÖkS��=C:. �§Ýpu 70 K �, du
9-¹�A, eg >f�±3 Mn3+-O-Mn4+ �ma
�, �ÏLV���^/¤c^5g^Þá; �§
Ý$u 70 K �, NX?\
>ÖkS�, du Jahn-
Teller �AÛ, eg >f�È(, dÑi5C�Û�
z, Ó�lc^5g^Þá=C��c^5g^Þ
á, Ï>{×�O�.

ã 3 ����¬3-1�^e�>{ - §
Ý'X�, -1�õÇ�Ý©O� 6 mW/mm2

Ú 40 mW/mm2, �ã�1�>{�éCz��
§Ý C z � ' X  �. � % � ¬ ë ��Ã- 1
� ^ e � > {§Ý  �, � % � ë � ´ 3 õ Ç
�Ý� 6 mW/mm2 �-1�^e�>{Ú1�
>{�éCz��§ÝCz�'X�, ¢%�
¬ ë ��3 õ Ç � Ý� 40 mW/mm2 � - 1 �
^e�>{Ú1�>{�éCz��§ÝCz
�'X�. 3ùp, ½Â1�>{�éCz�
�

∆R

R0
= R0−RL

R0
× 100%, Ù¥ R0 ´Ã-1�^

e���>{�, RL ´-1�^e���>{�.
3��ÿþ§Ý��S, -1Ëì�¦���¬�
>{~�, �-1õÇ�Ý� 6 mW/mm2 �, ��
�¬>{Cz�é��, �´�-1UþõÇ�
Ý� 40 mW/mm2 �, -1�^¦��>{�)

ã��Cz. d1�>{�éCz��§Ý�'
X��±wÑ, 3 20 K �§Ýe, �-1�õ
Ç�Ý� 6 mW/mm2 �, ���1�>{�éC
z�� 44%, �õÇ�Ý� 40 mW/mm2 �, Ù1
�>{�éCz�� 99.8%; �1�>{�éCz
��X§Ý�,pÅì~�. 3Dè�,��
zÔNX¥, eg �16fü>fU�°Ý´��
�Ï�, ÙÌ��6u Mn-O-Mn ������
Ú Mn—O ���� [15]. �Xü>fU�°Ý�
ü$, du R Ú A ØÓlf�»Úå�¬�Æ
C¦|»ÃSÝJp, ��c^�Ø½, l

Ñy
á§>Ö - ;�ÃS. éu GSMO NX, �
�,'~� 0.45 �, �éu 0.5 �,'~�á�ò
õ{ 5%�>f, ù�;�¬#©Ù, ¦�>Ö -
;�kS��é½. 1>�¢�L² GSMO ´
��>Ö�Y�� 0.5 eV �ý�N, �3 1.4 eV
Ú 4 eV �Ñy
��áÂ¸, 3 1.4 eV �áÂ
¸éAX Mn3+ lf d3x2−r2 Ú d3y2−r2 þ�>
f�[��C� Mn4+ lf, 3 4 eV KéAX
� Mn3d-O2p �>Ö-u�[¥% [16]. 3¢�¥-
1�1fUþ� 2.34 eV, �uÙ�[�Y 1.4 eV, Ï
1p��)>Ö¿-u>Öl Mn3+ lf�[
� Mn4+ lf, l¦>ÖkSòÛ�z. �
?
�Ú@£1p�>ÖkS��LzL§,·�P¹

3-1ËìL§¥��>{���m�CzL
§. 3§Ý� 20 K, 40 K Ú 60 K �, -1õÇ�Ý
� 6 Ú 40 mW/mm2 ��1�>{�éCz���
müC�'X�Xã 4 ¤«. dã��, �-1
�õÇ�Ý� 6 mW/mm2 �, -1�^3ØÓ§Ý

0 50 100 150 200

0

20

40

60

80

100

0 50 100 150 200

0

10

20

30

40

50

时间/s

时间/s

20 K

40 K

60 K

(a)

laser on

laser off

(b)

 

laser on

laser off 

20 K

40 K

60 K

(¢
R
/
R

)/
%

(¢
R
/
R

)/
%

ã 4 3§Ý� 20 K, 40 K Ú 60 K ��1p�>{�éCz
��m�'X� (a) -1õÇ�Ý� 6 mW/mm2; (b) -1
õÇ�Ý� 40 mW/mm2
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eLyÑØÓ�µþL§, 3�$�§Ýe, 1�
>{�éCz��¯���
²ï�, §Ý,p
K3�é�ú��mS��²ïG�. �-1�õ
Ç�Ý� 40 mW/mm2 �,ÃØ§Ýp$, ��-1
�^����¬þ, 1�>{�éCz�3C 8s �
�mSÒ��
²ï�, �Ò´-1�^��¦>
ÖkS�òÛ�z, �§ÝéÙµþ�mÚ1�
>{�éCz�K�é�. éu 6 mW/mm2 -1õ
Ç�Ý�^e�1�>{�éCz���m�'
X�, �±|^úª

∆R

R0
= a + b exp(−t/τ) (2)

?1[Ü, ª¥ a �3-1�^e�mªuÃ¡
���1�>{�éCz�, τ ��m~ê. |^
ù�úªé¢�(J?1[Ü, Xã 5 ¤«, o¢
��Ù[Ü�, ��|^ù�úª�±�Ð�[
Ü¢�êâ. d[Ü(J��, 3§Ý� 20 K �,
a �� 44.22, �m~ê τ = 12.58 s, 3 40K �, a

�� 42.23, �m~ê τ = 15.60 s, 3 60 K �, a �
� 35.65, �m~ê τ = 17.01 s, L²�X§Ý�,
p, 1�>{�éCz�~�, �m~êKO�.
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ã 5 3õÇ�Ý� 6 mW/mm2 �-1�^e��1�>{C
z���m�'X. o¢�´|^ (2) ª[Ü�(J

�m~ê´L�	|�^µþL§���ëê, 3
��zÔNX�^zÚg^Àæ�¥��3aq
�Ôny� [17], 3ùpL«1p�>ÖkS�ò
Û�z�L§. �m~ê�X§Ý�,pO�Ì
�´du1p�Ú96Ä�Ó�^�(J. 3$§
��S, (f�Ä~f, �¦-1é�¬ eg >fò
Û�z�^�r, =-1äk�é�r�6Ä�^,
ÏÙ�m~ê��, �Ò´3-1�^e>{�
éCz�3�¯��mS��
²ï�; �X§Ý
�,p, (f�ÄOr, 96Ä�^\r, K-1�
�^�é~f, Ù�m~êO\, Ï~�
1p
��µþL§. ÏL|^õÇ�Ý���-1p�
T���¬¤��(J?�Úy¢
ù�)º. �
æ^õÇ�Ý���-1p����¬�, du1
p��^ér, ��³�
96Ä�A, Ïd3 8 s
��mS�¦>Ö - ;�kSòÛ�z��²ï
�, �§Ýéù�L§K�é�.

4 ( Ø

o�, |^óÀ-1�È�{��
>Ö - ;
�kS� Gd0.55Sr0.45MnO3 õ¬��, ïÄ
T�
�3-1�^e�>{CzA5. >{§Ý'X
�L²T��äk��NÑ$A5, �>ÖkS
=C§Ý� 70 K. -1p��¦��>{~�, Ì
�´du>ÖkS�òÛ�zÚå�. �-1�
ËìõÇ�Ý� 40 mW/mm2 �, ��3 8 s ��
mS��1�>{�éCz� 99.8%, �§ÝéÙ
K�é�. ¢�(JL²>Ö - ;�kS�Dè�
,��zÔNXäkã��1p�>{CzA5
Úd3�A^cµ,�daNX31>m'ì��
ïÄÚmu��¡Jø#�ë�, ¿�¢SA^C
½
Ä:.
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Photoinduced change in resistance of charge-ordering
Gd0.55Sr0.45MnO3 thin film∗
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Abstract
The compound and the film of the critical charge-ordering Gd0.55Sr0.45MnO3 thin film are prepared using the solid state reaction

technique and the pulsed laser deposition method respectively. The properties of the photoinduced relative change in the resistance of
the film are investigated. Experimental results indicate that the film exhibits the semiconductive conduction and the charge-ordering
temperature is about 70 K from the fitting of a variable-range hopping model. The maximum value of the photoinduced relative change
in resistance is about 99.8% when the laser with a power density of 40 mW/mm2 irradiates the film, and the rise time is about 8s
independent of temperature. The maximum value of the photoinduced relative change in resistance is about 44% at T = 20 K when
the laser with a power density of 6 mW/mm2 irradiates the film. The time constant is increased with the increase of temperature, which
is attributed to the competition between photoinduced effect and thermal fluctuation.

Keywords: charge-orbital ordering state, transport properties, photoinduced effect
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