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SUPPRESSION OF FERROMAGNETIC ORDERING INTHE ANISOTROPIC DOUBLE-EXCHANGE MODEL:A MONTE CARLO STUDY �Hongsuk Yi and Sansang LeeSuperomputing Center, Korea Institute of Siene and Tehnology InformationYuseong, P.O. Box 122, Daejeon 305-600, Korea(Reeived July 10, 2002)We report a detailed Monte Carlo study of the magneti properties ofdouble exhange model in the highly anisotropi hopping integral t=tabregime. We �nd that the resistivity upturns at low temperature is relatedto the suppression of ferromagneti arrangement, aompanied by strongspin �utuations. This anomalous magneti behavior omes from the om-petition between the redued interlayer double exhange oupling and thethermal frustration of the ordered two dimensional ferromagneti layer,whih leads to a mixture of ferromagneti and antiferromagneti lusters.PACS numbers: 75.50.C, 75.30.Et, 75.30.�m, 72.10.�d1. IntrodutionCubi perovskite manganese oxides has stimulated onsiderable inter-est beause of their olossal magnetoresistane (CMR) e�ets, showing anextremely large hange in resistane in response to applied magneti �eld.But for immediate tehnologial appliations to swithing devie to be vi-able, great improvements are required in the development of new CMR ma-terials operating at low �eld. One of the onvining andidates for thelow-�eld CMR materials is the so alled Ruddlesden-Popper series, ahievedby building series of intergrowths of multiple perovskite slabs. Partiularlythe n = 2 member of (La, Sr)n+1MnnO3n+1 has drawn a lot of attentiondue to its unique two dimensional (2D) strutural nature [1℄. The most no-table feature of these materials is the ourrene of a large tunneling mag-netoresistane (TMR) below T [2℄. Reently Kimura et al. has observeda remarkable enhanement of interplane TMR, re�eting the �eld-indued� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(865)



866 H. Yi, S. Leedimensional rossover of the harge-transport [3℄. These nontrivial spin andharge dynamis may be ruial to understand the unusual TMR e�etsobserved in the layered manganites.2. Theoretial desription and Monte Carlo resultsThe anisotropi double exhange (DEX) model Hamiltonian an be writ-ten as [4℄H = �Xhiji tabij �+j i + +i j��Xhll0i tll0�+l l0 + +l0 l�� hXi Szi ; (1)where hiji and hll0i indiate the nearest neighbor pairs of intraplane and in-terplane sites respetively, and h is an external magneti �eld. The e�etivehopping integral an be written as tabij = tab os(�abij =2) and tll0 = t os(�ll0=2)where �abij and �ll0 are the relative angle between nearest neighbor Mn4+ ionsin the intraplane and interplane, respetively. Monte Carlo alulation [5℄has been performed mostly on 6 � 6 � 6 latties with periodi boundaryonditions. Unless stated otherwise, we take tab = 1 (we set t = tab) as theunit of energy, and t = 0:2t.Fig. 1(a) shows the alulated magnetization M = hPi Szi i as a funtionof temperature for the zero magneti �eld and h = 0:01t whih orresponds
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Fig. 1. The temperature dependene of magnetization (a) and resistivity (b) forthe highly anisotropi ratio of hopping integral t=tab = 0:2.



Suppression of Ferromagneti Ordering in the Anisotropi. . . 867to about 5T if we take t = 0:2 eV. With dereasing temperature, the zero-�eld magnetization inreases to a maximum near T � = 0:03t and then dras-tially derease below T �. The applied magneti �eld greatly enhanes themagnetization, and eventually reahes to the saturated value of M=Mo atlow temperature. This unusual magneti order with inomplete saturationis strongly orrelated with the spin disorder sattering.In the presene of the spin disorder sattering via DEX interation [6℄,we phenomenologially assumed that the �utuation of the arriers arisingfrom �utuating random potential an be written as [4℄� � hPi;R;Æ1;Æ2 ti;i+Æ1ti+R;i+R+Æ2i � hPi;Æ1 ti;i+Æ1i2hPi;Æ1 ti;i+Æ1i2 ; (2)where ~R represents sites on three dimensional (3D) lattie and any of thevetors x̂, ŷ, and ẑ onneting a site to one of the nearest neighbors denoteas ~Æ1 and ~Æ2. It is worth noting that Eq. (2) is a generalization of theresult by Kubo and Ohata [7℄ where only the shortest hopping orrelationof sattering, i.e., ~R = 0, is taken into aount.Fig. 1(b) shows the T -dependene of �=�o. A sharp drop of zero-�eldresistivity is observed near T � 0:07 due to the robust 3D ferromagnetispin alignment via the DEX mehanism, and a sharp upturn in � oursnear T �. This reentrant insulating phase is strongly orrelated with theobserved unusual magneti arrangement at low temperature regimes. Uponapplying magneti �eld, this upturn drops sharply, resulting in a very highmagnetoresistane (��=� � (�(0)��(h))=�(0)) whih is 99% at T = 0:012t.
0.00 0.05 0.10 0.15

T/t

−1.0

−0.5

0.0

0.5

1.0

w
(r

)

r=(1,0,0)
r=(0,0,1)
r=(0,0,2)
r=(0,0,3)

Fig. 2. The temperature dependene of spin-spin orrelation funtion w(r) =1=NPi ~Si � ~Si+r for four values of ~r in the highly anisotropi regime of t=tab = 0:2.



868 H. Yi, S. LeeTo study this unusual magneti properties, we onsider spin-spin orre-lations among the lassial spins de�ned as w(r) � 1N Pi ~Si � ~Si+r. Figure 2shows w(r) vs T for several values of lattie sites ~r and t = 0:2. Theplaner orrelation for ~r = (1; 0; 0) is robust even for the low temperaturelimit. Below T < 0:05t, however, the robust ferromagneti orrelation alongthe -axis is drastially redued for ~r = (0; 0; 1) and the weak antiferromag-neti orrelation is enhaned for ~r = (0; 0; 3), re�eting the magneti domainstruture. 3. Disussion and summaryThe upturn behavior found in this study under the external �eld is wellrelated to the low �eld TMR e�ets observed in the layered manganites [2℄.Our results suggest that the ferromagneti exhange oupling between theadjaent bilayers an be weakened due to the redued dimensionality whihmakes the harge dynamis more two-dimensional but highly di�usive. Suha 2D-like ondution is ontrolled by the anisotropi hopping integral oftll0 = t os(�ll0=2) where the eg arriers annot hop between the adjaentferromagneti layers if the relative angle �ll0 between the adjaent t2g spinslosely reahes to �. In the real materials [2, 3℄ however, eah deoupledferromagneti domain an be aligned by the externally applied �eld, re�et-ing the �eld-indued dimensional rossover from the quasi two dimensionalmagneti domain struture to three dimensional long-range ferromagnetism.REFERENCES[1℄ T. Fukumura, H. Sugawara, T. Hasegawa, K. Tanaka, H. Sakaki, T. Kimura,Y. Tokura, Siene 284, 1969 (1999).[2℄ Y. Moritomo, A. Asamitsu, H. Kuwaharaa, Y. Tokura, Nature 380, 141 (1996).[3℄ T. Kimura, Y. Tomioka, H. Kuwahara, A. Asamitsu, M. Tamura, Y. Tokura,Siene 274, 1698 (1996); T. Kimura, A. Asamitsu, Y. Tomioka, Y. Tokura,Phys. Rev. Lett. 79, 3720 (1997).[4℄ H. Yi, N. H. Hur, J. Yu, J. Phys. C 12, 5453 (2000); H. Yi, J. Yu, N. H. Hur,J. Kor, Phys. So. 37, 114 (2000).[5℄ S. Yunoki, J. Hu, A. Malvezzi, A. Moreo, N. Furukawa, E. Dagotto, Phys. Rev.Lett. 80, 845 (1998); H. Yi, J. Yu, Phys. Rev. B58, 11 123 (1998).[6℄ C. Zener, Phys. Rev. 82, 403 (1951): P. W. Anderson, H. Hasegawa, Phys. Rev.100, 675 (1955).[7℄ K. Kubo, N. Ohata, J. Phys. So. Jpn. 33, 21 (1972).


