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(����}� �����~ 430074)u p Io�$���x (1-x)La0.67Ca0.33MnO3(LCMO)/xMgO Ok5d3`	9X�p2<uE>WtO (Ts1) V� LCMO \.uOkhz	�8+�� MgO u[u` LCMO uE>WtO�5d3`u��h`[�,}COg�uFr	� Ts1=1100◦C u%5�-mX LCMO ` x=1mol% u5d%5�S4OApG`3*��'	�� Ts1=900◦C u%5�m x=7mol% u5d%5�rS4OApG`3*��'�A/h{D[�, (H=0.3T) `X LCMO u 5% s�p 27%. SEM ��+[+� MgO [us�x LCMO E>WtO}>
�5d3`� LCMO Ok��up#	�j	hI(��o)U}b��� #V/�x0�	E M =Ok$'}C�{D[�,�(��o)U�jp#ybARGTM 271 dh:\UA

Electrical Transport and Magnetoresistance in La0.67Ca0.33MnO3/MgO

Composites
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Abstract: A La0.67Ca0.33MnO3(LCMO)/MgO granular composite system was fabricated by a chem-

ical route. The grain size of the parent LCMO powders can be altered by controlling the initial sin-

tering temperature. It shows that electrical transport and magetoresistive properties of the composite

system strongly depend on the MgO content and initial sintering temperatures. For the samples with

Ts1=1100◦C, the insulator-metal transition can be observed only in pure LCMO and the x=1mol% com-

posite. However, For the samples with Ts1=900◦C, the insulator-metal transition can still be observed

in the x=7mol% composite in which the maximal low field magnetoresistance (H=0.3T) is enhanced

from 5% in pure LCMO to 27%. SEM analysis shows that linking between LCMO grains is weakened

with increasing MgO content or elevating the initial sintering temperature. The experimental results

were discussed in terms of the spin polarized tunneling mechanism.
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716 U } 8 z � � 22 D�MRj�&:YPl%(v(v℄�{*��p*V�ACv�Pl%(vWÆ$I�j�&(v℄v�(℄?�?℄�Pl%(1�KpSdT59py_\�-�0P~v&��Ah��p�G�|;6YPl6e:|�\��JC�:|1Ly_6e4a�v��p��ZHa4#pZ�,�:|�\
:|5�(4:|y [5−12].nGsPl%(~Dv��?#��Pl��vq$
��M�(v� Wang y\�:�jn
La0.67Ca0.33MnO3 �4:|���Pkq$vPl%(4a;T5n WvPÆ"J'vs iv|E\�-~D [13]. y�(�MRbHq$Pl%(p"�nkq$Pl%(4a�Pl�v\7e k�?℄��( {v\E<T5�sPl�v\ALw9�.~�a�ty\�&np�7\Pl��v*V����-�{�?�T5vs iv|E\�-~D� G1J.�1�v&6�G7eGy LCMO/MgO �46e4a��q
MgO1L6e4a�v��p�MR MgO v4�$Ib4�LeT LCMO  !3��s MgO  e98$n LCMO Pl,� [14]; �D�MgO vb� ?�[Q�
 ^�3e9T LCMO �{!D��:, �MgO vAh h}�ky LCMO Pl��vq$
�a�tHy|E\�-~D�=�s�j LCMO ℄/vPlLe�Pl��vq$
+PiivGs�
2 oWx8s[n&6�,l51��

(1) J� - ,�*Æ�Yu�� LCMO /$�J?Yv La2O3 � CaCO3 b MnO2 1LN�℄|��!=p�!D	 1/3La2O3+1/3CaCO3+

MnO2 →La2/3Ca1/3MnO3 1�0|�h�vvx$��#�bSa&��BM,%�Hte,�h+�$�[�+�$FU%�G,�eZ�Xlh2�W[/���G,��	�[��,z</�{*Æ�Yu�℄��G1"!gfoK4/$��/$5YM,�"l
450◦C .� 4h SQB�=�v H � N yP�ZG,�k.^�"ln3=vF?XuPÆ (Ts1) e4u 12h�G3=PlLev LCMO ℄/�Ts1,.L 900 � 1000 b 1100◦C.

(2) J�U�� (1−x)LCMO b xMgO vteZ�� x ,.L 1% � 3% � 5% � 7% � 10%

b 20% v#�"h�F?�^v LCMO ℄/b
Mg(NO3)2 ,te�'h 100◦Cv�US���z<�Xl 500◦C �P 4h � Mg(NO3)2 ,%G MgO,y&�v MgO Pl {�PgR MgO �3n
LCMO Pl�J�

(3) �r�G7Sdsqv/$n 10MPav�ne�G φ1cm v^3�nl?u$PÆ (Ts2) ,.L 1000b 1200◦Ceu$ 2h�G LCMO/MgO6e4a�&6v X wn�wA<J)g: XPERT�w1?v�&6vI$I��<J Sirion 200 SEM PB�&6v�-�?v<J)"v�An��\�-<J Quantum Design PPMS 1�?v�
3 [nNFI_TA 1 L Ts1=900◦C � Ts2=1000◦C e�v
(1−x)LCMO/xMgO &6v X wn�wA<� x,.L 0 � 7% b 20%. a XRD ,\T5MP�
x=0 vY LCMO &6�jpvi&;6Y$I�TY LCMO p"�6e&6v LCMO 1{2/�PM0��I'$6evvt�n 2θ = 43.23◦ b
62.75◦ SPjsB2��D MgO vsBH2�y, n6e&6� MgO �P1h LCMO Pl'7v4����i&v MgO pTi&�;6Y$Iv
LCMO pH�A 2 L (1−x)LCMO/xMgO &6��vE �wn��7Au�A 2(a) � 2(b) b 2(c) �D
Ts1=1100◦C � Ts2=1000◦C e�v&6� x ,.L 0 � 7% b 20%. aA�T5MPY LCMO Pl��vq$0L
��PlLebL 1µm, '6evvt�Pl��vq$���k�n x=20%

� 1 Ts1=900◦C � Ts2=1000◦C d��u
(1−x)LCMO/xMgO %5u X vm�v�;
Fig. 1 XRD patterns of the (1−x)LCMO/xMgO

samples prepared at Ts1=900◦C and Ts2=1000◦C
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� 2 Ts2=1000◦C d��u (1−x)LCMO/xMgO %5��uD�vm��6w2
Fig. 2 FESEM images for the (1−x)LCMO/xMgO sam-

ples prepared at Ts2=1000◦C

(a) x=0, Ts1=1100◦C; (b) x=7%, Ts1=1100◦C; (c) x=20%,

Ts1=1100◦C; (d) x=7%, Ts1=900◦Cv & 6 � �( J J ℄ } P B q � o  w �Le {v MgO PlIf},4nLe iv LCMO Pl,�yPl���A 2(d) �D
Ts1=900◦C�Ts2=1000◦Ce�v x=7%v&6�b Ts1=1100◦C�Ts2=1000◦C e�v&6p"�yBF?PÆ Ts1 |�v&6PlLe({s��bL 300nm, �IPl��vq$(p�
�

.��y, np=vl?u$PÆe�6e&6Pl��vq$
TF?XuPÆPM�F?XuPÆd?� LCMO PlvLedi�u$lPl��vq$
dk�&6v�-�'PÆ�|v(pQnfA 3,��A 3(a) �3(b) b 3(c) �DF?XuPÆ Ts1 ,.L 900�1000b 1100◦C�v&6�l?u$PÆ Ts2 L 1000◦C. aA�T5MP�� Ts1=900◦Cv&6�n x <10% ��T5PBqHa4,� (�' MgOv\v xti�Ha4,� (PÆ Tp�|�2��-t�n x tq 10% ��n|B?vPN (300∼77K)&6�,jPHa4��i�L�� dR/dT <0. ' Ts1v~?�MgO vAh�6e&6��ivGsELC��� Ts1=1000◦C v&6�n xtq 5%��&6<,jLHa4��i�L�n Ts1~?q 1100◦C��.nY LCMOb
x=1%v6e&6�T5PBqHa4,� (�=�S�sT5�;q�Y LCMO &6�n3=vF?XuPÆe�Tp | �J3(�bL 256K.y, ���ivC�(pCE�1Jv� MgOvAh�A 3(d) �D Ts1=1000◦C �Ts2=1200◦C e�v&6�aA�T5MP�n,P.,v&6��T5PBqHa4,� (��I' MgO \v x vt� Tp w|P0��2��-ti�

� 3 2<3tOd��u (1−x)LCMO/xMgO %5u�,
&O�{u'oPm
Fig. 3 Temperature dependences of resistivity of the (1−x)LCMO/xMgO samples prepared

at different sintering temperatures



Jo
ur

na
l o

f I
no

rg
an

ic

    
    

M
ate

ria
ls

718 U } 8 z � � 22 D-�_K�l6ZNj_>ÆblrAZ�& [15], -Æl=eN� Tc Rt�ZoF�Zt�&�lxA�&��Nj&6�&K6ZN�kNj~�aVÆZTt��ÆlF_2)��&N� Tp RtF�Zo6Zt�&�lxA�&��Nj~�*K��&K6ZN�mNj~�KGo"� Tp = Tc, mNj~�Kio"��
Tp _ Tc *`��zoDztN��lR���t
(1−x)LCMO/xMgO42_Æ�% MgOZttr��Nj~�to"��i�+3F�Zo6Zt�&�ylDztN�� Tp �z�LQl Tp N�3q��+	%N�t�z3Z�uw�-t#�H��r��+30��+B�r���C�D=VsN� Ts1_k=s"N� Ts2�Njto"�*Nf�tEq� Ts1 =� LCMO [-tNjKdg��yZt MgO t�g;R3�Njto"�&rDi�	� Tp �oDztN��x�&KF_2��g�K�� Ts2 �Nj~�to"�tEq}℄o � Ts2 =�Njs"rD℄�Nj~�to"�rG��� MgO tZtfo 20% aVR3N�oF_2)��&�? 4(a) _ 4(b) *-K (1 − x)LCMO/xMgO 42_$4tzCZ�+ (H=0.3T)_=CZ�+
(H=3T) %N��zt&nOl�Z�+ MR �<

� 4 %5u{D[�, (H=0.3T) `>D[�,
(H=3T) &O�{u'oPm
Fig. 4 Temperature dependences of MR measured

at 0.3T and 3T magnetic fields of the (1−x)LCMO/

xMgO samples

K 100%∗(R(0)−R(H))/R(0), �Æ R(0) _ R(H) *-*
�C_C�ZC H �>r$4t�+�_?ÆR3LO�lo;tF65��% MgO Zttr��lzQ Tp tNM�$4tZ�+f�r��Z�+tr��'*ilrA#��-ÆzNMtZ�+r���Æ0�Z�+f�r���C�R�qR3�:o��o; MgO Zt x=3%t$4�D=VsN� Ts1�Z�+*NhgtEq� Ts1=1000◦C t$4lzNMtZ�+_0�Z�+	! Ts1=900◦C$4'=��zNMtzCZ�+x�! x=7%�Ts1=900◦C t$4q'=�-�_K�6Z�z:5X"nXNj_>ÆtzCZ�+_'��n(TNL [3]. �z�?tÆ�TC�ZC��6ZNjtZ�-}17��Nj#&�t�%(T�	�y�HiO=+/�LQ�z:5X"nXt�Em�y���'ztZC;R3�NjtZ�KvQ7�-}��%8WNj#&t(T�	rg��+�z�*iOzCZ�+|B�lR���t LCMO/MgO42_Æ�MgOt�gw LCMO[-NjKdtr�	�r LCMO Nj�to"&i��rC�ZCDd8� LCMO NjtZ�KvQ7�-}��+�rDz�>�rGzCZ�+|B��C�C�zZCR3�rF�Zo6Zt�&/vD=tN��S CMR |B^ �x-|B�%#
Tp 72�+�f��x}ÆzCZ�+l Tp 72Oi-A0�t[>�;$�l LCMO/MgO42_Æ�MgO t�g�rNj�to"&i�
Tp v=N/�t|B&rD��f�>�0�Z�+% MgO Zttr��f�r��
4 NTl LCMO/MgO 42_Æ� MgO t�g�r LCMO Nj~�to"�i�+3F�Zo6Zt�&�ylDztN�� Tp �z��C�io"�rC�ZCDd8� LCMO NjtZ�KvQ7�-}��%8WNj#&t(T�	rg��+�rDz�>�rGzCZ�+|B�D=VsN�_k=s"N��4XÆ LCMO Njto"�*Nf�tEq�|=k=s"N�R3rGNj~�to"��|=D=VsN�	� LCMO [-tNjKdrg�_ MgO 4k�lo;tk=s"N��Nj~�to"� ��i�>�*R3rG4XtZ�+|B�



Jo
ur

na
l o

f I
no

rg
an

ic

    
    

M
ate

ria
ls

4 > ℄Q��w La0.67Ca0.33MnO3/MgO 5d3`�u��h`[�,}C 719;Qg
[1] GU1��J�
Y�0v� 2003, 23 (2): 192–211.

[2] Jin S, et al. Science, 1994, 264: 413–415.

[3] �)I�THT��a8�x (LIU Yao-cheng, et al). V~9{�� (Journal of Inorganic Materials), 1999, 14 (3):

475–478.

[4] Hwang H Y, et al. Phys. Rev. Lett., 1996, 77: 2041–2044.

[5] Yuan Song-Liu, Xia Zheng-Cai, et al. Chin. Phys. Lett.,

2002, 19(8): 1168–1171.

[6] Z!��%�m�2?j�x (YUAN Song-liu, et at). V~9{�� (Journal of Inorganic Materials), 2005, 20 (3):

623–628.

[7] Shilpi Karmakar, Taran S, Chaudhuri B K, et al. J. Phys.

D: Appl. Phys., 2005, 38: 3757–3763.

[8] Huang Yun-Hui, Yan Chun-Hua, et al. Appl. Phys. Lett.,

2002, 81: 76–78.

[9] Yuan Xiao-Bo, Liu Yi-Hua, Wang Cheng-Jian, et al. Appl.

Phys. Lett., 2006, 88: 042508.

[10] Huang Q, Li J, et al. J. Appl. Phys., 2001, 90: 2924–

2929.

[11] Subhrangsu Taran, S. Karmakar, Sandip Chatterjee, et al.

J. Appl. Phys., 2006, 99: 073703.

[12] Gupta S, Ranjit R, et al. Appl. Phys. Lett., 2001, 78:

362–364.

[13] Wang X L, Dou S X, et al. Appl. Phys. Lett., 1998, 73:

396–398.

[14] Moshnyaga V, Damaschke B, Shapoval O, et al. Nat.

Mate., 2003, 2: 247–252.

[15] Helman J S, Abelest B, et al. Phys. Rev. Lett., 1976, 37:

1429–1432.


