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æ^ü�ÿþ�ªé���(�{��� Nd1−xAxMnO3 (A = Ba, Ca, Sr, x = 0—0.9) >b�¬>óÀp�>
{=C (EPIR) �AÚ I-V A5?1
ÿþ. (JL², � Nd0.7Sr0.3MnO3 ��, �ÓßÝ�,� Nd0.7Ba0.3MnO3

Ú Nd0.7Ca0.3MnO3 �¬�Upu­½�¿§ EPIR �A. ?�Úé Nd1−xSrxMnO3 X��¬� EPIR ïÄL², ù
«.¡�'� EPIR �A��¬¥>f½�Ç�,ßÝ���', 3��, (x = 0.5) NC, �¬�>4�>.¡U
pu­½� EPIR �A. ,
, ��,ßÝ�?�ÚO�½ü$, EPIR �AÅìÑy~f!Ø²w������L
§. �)ù«y���Ï�U���zÔ¥du�,ßÝ�É¤���.¡"�3ØÓ45óÀ-ye­#©Ù
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PACS: 73.40.–c, 73.20.–r
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{O�. 
 Baikalov � [19] K@�, N�A�.�4
zf�.éJ�N, ¦�ÏLé Ag/PCMO/YBCO
n²£(�?1ïÄ�, @�ù«=C�Au)
3 Ag/PCMO �.¡?, ¿�ÕÚ��mu)�
>zÆ�A´ EPIR �A����Ï. Sawa � [17]

ÏLé Ti/PCMO ïÄ�@� EPIR �A�´u)
3 Ti/PCMO .¡?, .¡��²é16f�ÓP
Úº�´pu EPIR �'�, ¿âdJÑ
.¡a
�AÄ³^�.. Shang � [20] ÏLé Ag/LCMO/Pt
n²£(��ïÄ, )º
 Ag/LCMO .¡ I-V �
�5!£¢ÚØé¡5��Ï, ¿lnØ�Ý&?

 EPIR ��NA5, JÑ EPIR ��)A8Ïu
a¬N��5Ñ$p��.¡�A. Aoyama � [21]

ÏLé PCMO ���1��Xê�ïÄ, ­#@
� PCMO ¥� EPIR �A¿�
u.¡, 
´�¬
���N�A. ��, é��zÔ¥� EPIR �A,
ÃØ´ÙÔn���´Ù¢S>fL§Ek�?
�ÚïÄ.

Ä u c Ï é > b � ¬ Nd0.7Sr0.3MnO3 � ï
Ä [22−26], ·�uyù« EPIR �Au)3>4 -
¬N�>�.¡?, ´�«.¡�A, 
��U
u)3>4 - ¬Nm�	.¡?, é�¬�S.
¡ (¬./�.) ��U�)��5 I-V , �ØUp
u EPIR. �?�Ú&?��zÔ.¡�' EPIR 1
�, �©¤k¢�þæ^ü�ÿþ�ª. Äké�
Ó�,ßÝ� Nd0.7Ba0.3MnO3 Ú Nd0.7Ca0.3MnO3

.¡ EPIR �A?1ïÄ, ?
éØÓ�,ßÝ
� Nd1−xSrxMnO3 X��¬?1&?, (JL²,
ÃØ´>f�, (x > 0.5) �´�Ç�, (x < 0.5),
�¬�>4 - ¬N�>.¡?ÑUpu EPIR �A,
¿� EPIR ­½5��¬16fßÝp$���
': 3��, (x = 0.5) �, �¬Upu­½� EPIR
1�, ,
, �wè�,ßÝ�O\½~$, EPIR �
AÅìÑy~f!Ø²w������A:.

2 ¢��{

�ó�¤�9� Nd1−xAxMnO3 (A = Sr, Ca,
Ba, x = 0—0.9) > b � ¬ þ d � � � ( { �
�. �(�ÿþO(, kò SrCO3(CaCO3, BaCO3)
Ú Nd2O3 ©O3 400 ◦C Ú 900 ◦C ó� 4 h, ±Ø
�Ù¥��í, ,�òzÆOþ� SrCO3 (CaCO3

½ BaCO3)!Nd2O3 Ú MnO2 þ!ï� (V\·þ
¯U). �â©z [27—31] ��, ÀJÜ·��(§

ÝÚ�§�m¿?1õgï�!Ø¡9�(, ��
�¤� × ° × p�� 7.0 mm×3.8 mm×2.4 mm �
¡G�¬±BÑ$ÿþ. ^ X ��û�¤ (XRD,
DRON-3 ., Cr-K (α) Ë�) uÿ�¬¬N(�Ú
�XÝ, Ø
 x = 0.6, 0.7, 0.9 �¤©Ã{�½	,
Ù¦>b�¬þäkéÐ�ü�5, (���á
�½��(�. ^¿��A©Û¤ HL5500PC Hall
(=I Accent Optical) ÿþ�¬¿�XêÚ16f
ßÝ. �¦�U~�¢�¥Ñy�Ø�, ·�3Ó
��¬�Ó�L¡©O���Ó¡È�Õ�>4,
^�Ý�C�Ô���Ú�, ^ Keithley 2400 �^
Lÿþü��ªe� EPIR Ú I-V A5.

3 (J�?Ø

c Ï é � � z Ô EPIR � ï Ä, Ì � 8 ¥
3 R0.7A0.3MnO3 (R = D è � �, A = w è
7 á) � � Ç � , þ, X LCMO[32], LSMO[33],
PCMO[14], NSMO[23−26,34] �. � ï Ä � Ó � ,
ßÝ� Nd0.7Ca0.3MnO3 Ú Nd0.7Ba0.3MnO3 ´Ä
� U p u EPIR � A, · � Ä k é § � ? 1 

� � Ú ÿ Á, Ù XRD © Û (X ã 1) L ² � ö
þ � X �, � B u ' �, · � � � Ñ 
 Ó 1 g
� ( � Nd0.7Sr0.3MnO3 � ¬ XRD Ì (ã 1(a)).
ã 2 ´ Nd0.7Ba0.3MnO3 Ú Nd0.7Ca0.3MnO3 �¬
� EPIR Ú I-V ÿÁ(J. ��yÿþ^��c
ÏïÄ�Ó, >Ø×£�Çþ�� 0.1 V/s. l I-V
× £ ( J � ± w �, Ã Ø ´ Nd0.7Ba0.3MnO3 �
´ Nd0.7Ca0.3MnO3, I-V ­�þÑy��51�,
¿Ñ�3£¢. EPIR ÿÁ(JL², ��Ó�,ß
Ý� NSMO ��, �	1óÀ45�Cz, ùü«

� � � � � � � �� ��� 	
��
 � � � � � � � � � � � � � � �� � � � � � � � � � � � � �� � � � � � � � � � � � � �� � � �  !
ã 1 >b�¬ XRD Ì
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�¬>{ÑÑyp${�aC� EPIR 1�. ùL
², ��zÔ¥� EPIR �A��¬S´Ä�3S

�>f�©lÃ', §´>4 - ¬N.¡¤p��
�«.¡�A, Ø´á��S�á5.

� � � � � � �� � � � � �� � � � � ��� � � � �� � � � ���� 	 
 � � � � � � � �� � � � �� � � � 
�� � � 
� � � ���� 	 
 �
� � � � � � � � � � � � ��� �� �� �
 �� ��� � � � � � � � �

� � � � � �
� � � � � � � � � � � � ��� �� �� �
 � � � �� � � � � � � � �  ! " � # $ ! % � � � � � $� � � �&' (

) � * + , - � * + . / 0 1 .
) � * + , - � * + . / 0 1 .

) � * + , 2 � * + . / 0 1 .
) � * + , 2 � * + . / 0 1 .� � � � � � � � �  ! " � # $ ! % � � � � � $

ã 2 >b�¬¿§ I-V Ú EPIR ÿÁ(J

z Ü Ô Nd0.7Ba0.3MnO3 Ú Nd0.7Ca0.3MnO3

�©z��� LCMO, PCMO, LSMO ±9 NSMO
�äk�Ó�zÆ�,ßÝ, ¿§e, §��16
fßÝ�C, ÑUpu.¡ EPIR 1�. �?�Ú
ïÄ EPIR �A�16fßÝ´Ä�', ·�^�
Ó�ÿþ^� (X>Ø×£�Ç!óÀÌ!óÀ
°9 Ø�) é Nd1−xSrxMnO3 (x = 0—0.9) X�
�¬?1
ÿþ. Xã 3 ¤«, é�Ç�,X��
¬ (x < 0.5), 3$�, x = 0.1 �, Ùü�>{��,
3 2 � 1 KóÀe-e, ¿�Ñy EPIR 1�. ��
,ßÝ x = 0.2 �, ��¿Ø²w� EPIR �AÑy

, Ùp!${��.��
, �Ø­½, Xã 3(f)
¤«. �X�,ßÝ?�ÚO�, X� x = 0.3, 0.4
�, Ñy
²w� EPIR �A. d	, ¤k�Ç�,
�¬� I-V ×£ÑÑy��51�, Xã 3(a)—(d).
éu>f�,X��¬ (x > 0.5), Ù I-V Ú EPIR
ÿþ(JXã 4 ¤«. Ó�/, ·��*	�a
q�Cz5Æ: �X�dwè+�,�?�Ú,
p, EPIR �AÅìÑy~f!Ø²w����A
:. X�+�, x = 0.6 ½ 0.7 �, U�Ù/*	

� EPIR �A, ��,ßÝ x = 0.8 �, p${��
óÀ45Czm©C��
, ��,ßÝ�� 0.9
�, EPIR �AK����
.

AO/, é��,�¬ Nd0.5Sr0.5MnO3 Ú�
�,1��¬ NdMnO3 ��
�qÿÁ, Xã 5
¤«. éu��,�>b�¬, ·�*	���
I-V £ ¢ Ú ­ ½ � EPIR � A, ¿ § e Ù EPIR
� � L 
 100% (EPIR = (Rh–Rl)/Rl×100%),
Xã 5(c). 
éu��,�¬, �,Ù I-V ­��
� � , � ¬ � q, � ´ ¿ v k EPIR � A u ),
Xã 5(d).

lù
ÿþ(J·��±wÑ, éu��z
Ô, ÃØ´>f�,�´�Ç�,, 3ü�ÿþ�
ªe, ÑÑy��5 I-V 1�, 
�Ù>6×£
£´���q. ,	, ÃØ´>f�,�´�Ç
�,Ñ�pu.¡�' EPIR �A, 
��,a.
Ã'. Ó�, �Ø´¤k� NSMO >b�¬ÑU
u)­½� EPIR 1�, Ù­½5��¬¥�d+
��,ßÝk', �p½�$��,ÑØ|up
u EPIR�A.
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� � � � � � � � � � � � � � � � � � � � � �� � � � �� � � � �� � � � � �� � � �� � � �� � � � � 	 � 
 � � � 
 ���� � � �
� � � � � � � � � �� � � �� � � �� � � ��� � �� � �� � � � � �� � � � � ���� � � �

� � � � � � �� � � � �� � � � � �� � � �� � � � � � �� 	 � 
 � ���� � � �
� � � � � � � � � � �� � � � ��� � � �� � � � �  ! " # $ � % ���� � � � & 
 ' ( ) * + ' ( , - . / 0

& 
 ' ( 1 * + ' ( 2 - . / 0
& 
 ' ( 3 * + ' ( 0 - . / 0

& 
 ' ( 4 * + ' ( 5 - . / 0

� � � � � � �� � �� � �� � �� � �� � �� � ��� �
�� � �� �

�� �	 
 � � � � � � � � � ��� �� �� �� �
 �
 � 	 � �
� � � � � � � � � � ��� �� �
 �� � 	 � � � � � � � � ����� �� � 	 � �

� � � � � �� � � � �� � � � � � � � � �  ! " # � � � � �� � � � � � � � � �� � � � � �� � � � $ � � � � %  ! " #
& ' ( ) * + , - . / ( * 0 . 1 ' ( + 2 ) 0 � � � � � �� � � � 3 � � � � 4  ! " #& ' ( ) * + , - . / ( * 0 . 1 ' ( + 2 ) 0

& ' ( ) * + , - . / ( * 0 . 1 ' ( + 2 ) 0� � � � 5 � � � � #  ! " #& ' ( ) * + , - . / ( * 0 . 1 ' ( + 2 ) 0� 6 7 8 9 �
ã 3 ü�ÿþ�ªe, �Ç�,�¬ Nd1−xSrxMnO3 (x = 0.1—0.4) �¿§ I-V (a, b, c, d) Ú EPIR (e, f, g, h) ÿÁ(J (+1/–1
�L 1 ��óÀ� 1 �KóÀ, +2/–1 �L 2 ��óÀ� 1 �KóÀ)
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� � � � � � �� � � �� � � � �� � �� � � � � 	
 � � � � 
��� � � � � � � � � � � � � � � � � � �� � � �� � � �� � � ��� � �� � �� � � � � 	� � � � � ���� � � �
� � �  ! " # �  $ % & ' !� � �  ( " # �  ) % & ' !


 � � � � 
 � � � � � �� � �  * " # �  + % & ' !� � �  , " # �  - % & ' !� � � � � � � � � � � � � � �� � � �� � � �� � � ��� � �� � �� � � � . 	��� � � � � � � � � � �� � � � �� � � � ��� � � �� � � � � � 	��� � � �
� � � � � � � ��� �� �� �� � � � 	 
 ��
 � �
 �� � �� � � � � � � � � � � � � � � � � � � � � �� � �� � �� � �� � � � � � � ! " �# $ � % � &' ( ) * + , - ) * . / 0 1 +2 3 4 5 6 7 8 9 : ; 4 6 < : = 3 4 7 > 5 <

�
 ��
 � � � � � ? � � � � @ � � � � # $ � % � &2 3 4 5 6 7 8 9 : ; 4 6 < : = 3 4 7 > 5 < 2 3 4 5 6 7 8 9 : ; 4 6 < : = 3 4 7 > 5 <� � � � � � �� � �� � �� � �� � �� � �A � �  � ! " �� B � � � � � � � �� �� %� �� �� �� �  � ! " � � C �
D E F G H I J K L M N O P L Q R N S T U PV W X E Y Z

' ( ) * [ , - ) * \ / 0 1 + ] ^ _ ` a b
ã 4 ü�ÿþ�ªe, >f�,�¬ Nd1−xSrxMnO3 (x = 0.6—0.9) �¿§ I-V (a, b, c, d) Ú EPIR (e, f, g, h) ÿÁ(J (+2/–1
�L 2 ��óÀ� 1 �KóÀ)
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� � � � � � � � � � � �� � � � �� � � � �� � � � ��� � � �� � � �� � � � � 	 
 � � 
� � � � � � � � ������� � � �
� � � � � � � � � �� � �� � � �� � � �� � � �� � � ��� � � � �� 	 
 � � 
 � � � � � � !   "   # $    #   $   % & '() * � � � � � � �� � � �� � � � �� � �� � � � + �� � � �

� � � �� � �
� 	 , - . / 0 , - . 
 � � 


� 	 , - . / 0 , - . 
 � � 
 1 2 3 4 5 6 7 8 9 : 3 5 ;
, < 2 3 6 = 4 ;1 2 3 4 5 6 7 8 9 : 3 5 ; 9 < 2 3 6 = 4 ;

ã 5 ü�ÿþe, Nd1−xSrxMnO3 (x = 0.5, 0.0) I-V A5 (a, b) Ú EPIR �A (c, d)

L 1 Nd1−xSrxMnO3 �¬16fßÝÿþ� (n1) ÚnØ� (n2) 9ü�Õ>4ÿÁe� I-V Ú EPIR A5

(ÎÒ “—” L«vk�'©z��)

A5
>f�, x > 0.5 ��, �Ç�, x < 0.5 ��,

x = 0.9 x = 0.8 x = 0.7 x = 0.6 x = 0.5 x = 0.4 x = 0.3 x = 0.2 x = 0.1 x = 0

n1/1020 cm−3 0.046 1.6 3.9 7.2 5.3 4.9 6.6 2.3 0.19 0.00075

n2/1020 cm−3 — 9.0 — — 21 18 13 8.1 4.3 0.0000005

I-V ��5 ´ ´ ´ ´ ´ ´ ´ ´ ´ ´

I-V £¢5 k k k k k k k k k k

EPIR A5 Ã Ø²w k k k k k Ø²w Ã Ã

éu�,��N, ¿§e, ý�Ü©�,��
>l, �,ßÝCq�uÔ��16fßÝ. �(
y EPIR ��¬16fßÝ´Ä�3'é, ·�^
¿��A©Û¤©Oÿþ
 Nd1−xSrxMnO3 (x =
0, 0.1—0.9) X��¬¿§16fßÝ. �âcÏï
Ä [25] Ú��NnØ [35] ±9©z���¬�(�
Ú¬�ëê [27−31], ØJO�,��,zÜÔ�n
Ø16fßÝ, òù
��ÿ�� I-V , EPIR (J
�¿�uL 1. lL 1 �±wÑ: �´éu��,�

1��¬ NdMnO3, äk�$�16fßÝ, Ùÿ
þ�� 1016 cm−3 þ?. éu>f½�Ç�,��
¬, ��d+�,�$½�p�, Ù16fßÝ�
Ñ�$, X x = 0.1 Ú 0.9 �, 16fßÝÿþ�©
O� 1019 cm−3 Ú 1018 cm−3 þ?, ��,ßÝ�
��,�C, �¬�16fßÝÅìO�, X� x =
0.3 Ú 0.7 �, Ù16fßÝ©O� 6.6×1020 cm−3

Ú 3.9×1020 cm−3, ù
ÿþ��Cz�nØ�C
zª³�Ó (Ø x = 0.6, 0.7, 0.9 �¬Ø�Ù¬N(
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�	); �´ EPIR �­½5��,ßÝCzäk²
w�5Æ5, ��, x = 0.5 ´pu EPIR �A��
Z�,ßÝ, ¿±d�¥%, �X�,ßÝ�Åì
O\½ü$, EPIR �AÅìÑy~f!�
!ú
ú���A:, ~X��,ßÝ x = 0.3 Ú 0.7 �,
Uw�­½� EPIR �A, � x = 0.2 Ú x = 0.8 �,
�¬� EPIR Åì�
, UYü$½O�+��,

ßÝ, EPIR �AK��, X x = 0.1 Ú x = 0.9 �
�¬; n´¤k�¬3ü�ÿþ�ªeÑÑy��
5 I-V A5, `²>4�¬N�.¡?�3�>³
^, �`² I-V ��5�´pu EPIR �7�
�
¿©^�. �Xã 5(b) ¤«, 1��¬ NdMnO3 �
>4 - ¬N.¡�U�)��5 I-V , �ÃØXÛ
ÑØUpu EPIR �A.
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� � � �� �� � � �� �
� � � � 	 � � 
 �
ã 6 NSMO ¬N - Õ��>.¡ EPIR �A«¿ã

l��þù, Ô��>Æ5UÌ��ûu�¤
Ô��>�â�©ÙÚ�>âf3>|¥�$Ä.
éþ!Ô�
ó, >{
u¬�9�Ä ((f) Ú,
�lf�Ñ�, I-V Ly�î0�55Æ. �éu
�þ!Ô�
ó, AO´�¬S�3S�>|��
m>Ö��, �>âf�$ÄÉS�>|�K�

Ñy��5 I-V 1�, ù�´3ü�ÿþ�~~Ñ
y��5 I-V Ú.¡>{�Ì��Ï [25]. Ød�
	, �m>Ö«S�G� (X�âþ!5, >Ö©Ù
�) é.¡Ñ$�k­�K�. 'X��m>Ö�
�3�U?"��, .¡Ñ$òC��E,, ¿k
�Up��) EPIR �A. 3·��c�>4 - ¬
N�>.¡?, Ø�;�/�3�«"�, X`k
 Û�,�lf!�� !mY�f!�«]!
�±9dw�(� (X¬NL¡���!�Y9A

Û²�Ý) �Úå��«"�. ù
"�U
�â
g��A5ÓP16f
/¤¤¢� “�²”, ?u
ØÓ�Ý�U? � [20], Ù­½5� “�²” �U
?�ÝÚ	.§Ýk', ¿Ny3 “�²” U?º
�>f�Ç�¯úþ. ~X3$§�, � “�²” Ð
¼�>f½�Ç¬�3 “�²”  ��ã�m, Ù
�m��á�ûu	.é§�-u, X	\>^
|!1ì!b	Ë��. p§�, � “�²” Ó¼
�>f½�Çé¯�º�¿ë��>, ù
�·�
3 Nd0.7Sr0.3MnO3 �¬þ*	��¢�y���
�. ,	, duù
 “�²” �>, ¤±	.ØÓ45
�>óÀUK�§��©Ù. Xã 6 ¤«, 3��
\óÀ�, ù
ØÓ>5� “�²” ±�½�'~�
3¿,ÏÃÙ, NX?u9²ïG�, ���¬Ú
.¡¥>Ö¥5, Xã 6(a) ¤«; ��\�½ªÇ
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ÚÌÝ��óÀ�, ù
.¡¥��> “�²” â
fB3óÀ�-yeu)�� £$Ä, ¿¢y­
#©Ù, /¤����m>Ö«S>|����>
| (��uü$
�5�Sï>|). d�, e^�
 Ø5ÿþ, Ù.¡>{��${�, Xã 6(b) ¤
«; ��\��45�óÀ�, ù
 “�²” lfq
­#©Ù¿/¤�Sï>|���Ó��>| (�
�u,p
�5�Sï>|), d�.¡�>{�p
{�, Xã 6(c) ¤«. ,
, 7L�Ñ, “�²” ßÝ
p$��,ßÝ���'. �¢��$ßÝ�,�,
“�²” �ßÝ��$, 3	.óÀ-ye�)�d
�K “�²” /¤�>|���, ¤±, 3ØÓ45
�	óÀ-y�, �¬�.¡>{Czé�, $�
ØCz. ��, XJ “�²” �ßÝ��,ßÝ�,
p
����v
����, ØÓ>5 “�²” 3�
KóÀ-y�¤�)�>|����, ¿U
¢y
Or½~f�5�Sï>|
ÑyXc¤ã�p
${��óÀ45�Cz. 3pu EPIR �L§¥,
du�5�Sï>|´ØÓ�>lf¢3.¡ü
ýk5Æ©Ù/¤, Ïd, >óÀé�5>Ö«S
ï>|�K�é�. ,	,  Ø��éSï>|�

kK�, ��O� Ø��, Sï>|BÉ Ø�
K�¦�5­½� EPIR C�Ø­½$��� [24],
ù�´·�3?Ø Øé EPIR ­½5K��¤r
N� Ø7L���>|��Ï.

4 ( Ø

ÏLé���(�{��� Nd0.7Ca0.3MnO3

Ú Nd0.7Ba0.3MnO3 �¬ EPIR 1�Ú I-V A5
�ïÄ, uyùü«zÜÔ�zÆ�,ßÝ�Ó
� Nd0.7Sr0.3MnO3 ��äk��5 I-V , ¿Ñy­
½� EPIR �A. ?�Úé Nd1−xSrxMnO3 X��
¬�ïÄuy, EPIR �A�­½5�zÆ�,ß
Ýk'. 3��,NC, Upu­½� EPIR �A,
��,ßÝ�?�Ú,p½ü$, EPIR �AKÅ
ìÑy~f!�
������Cz5Æ. ù
y
��L², ÃØ��zÔ´>f�,�´�Ç�,,
�ÃØ´Ä�3S�>f�©l, ÑUpu.¡�
'� EPIR �A, ù�(J�·�c¡�ïÄ(Ø
�Î, ´écÏó��ÿÐÚ�\.
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Effect of doping concentration on electric-pulse-
induced resistance in Nd1−xSrxMnO3 ceramics∗
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Abstract

Electric-pulse-induced resistances (EPIRs) and I-V characteristics of polycrystalline Nd1−xAxMnO3 (A = Ca, Ba, Sr, x =

0–0.9) ceramics synthesized by solid state reaction are investigated. The results show that similar to Nd0.7Sr0.3MnO3, compounds

Nd0.7Ba0.3MnO3 and Nd0.7Ca0.3MnO3, with the same doped concentration as that of Nd0.7Sr0.3MnO3, each can also exhibit a

nonlinear I-V behaviour and a stable EPIR effect at room temperature. Further studies on the Nd1−xSrxMnO3 series indicate that the

stability of EPIR is closely correlated with the Sr doped concentration. Around the half doping x = 0.5, the EPIR effect can be observed

stably. With Sr concentration increasing or decreasing, however, the EPIR becomes weaker gradually and disappears completely if Sr

concentration further increases or decreases. The redistribution of various defects between the electrode and bulk interface with polar

pulses is proposed to explain the unique transport behaviour.

Keywords: electric-pulse-induced resistance, deep-level trap defects, manganite, I-V nonlinearity
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