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METAL�INSULATOR TRANSITION INMOTT�HUBBARD SYSTEM FeSi�N. Sluhanko, V. Glushkov, S. Demishev, A. SemenoGeneral Physis Institute of RAS, Vavilov str., 38, Mosow, 119991, RussiaL. Wekhuysen, V. MoshhalkovLaboratory Vaste�Sto�ysia en Magnetisme, KULeuven, B-3001 Leuven, Belgiumand A. MenovskyVan der Waals�Zeeman Laboratory, 1018 XE Amsterdam, The Netherlands(Reeived July 10, 2002)Following to the omprehensive study of a steady magneti �eld d-and a-transport and magnetization in the almost magneti narrow-gapsemiondutor FeSi the galvanomagneti measurements have been arriedout in pulsed magneti �elds up to 50T. It was shown from the analysisof the experimental data obtained on high quality single rystals of ironmonosiliide that the Mott�Hubbard senario of metal�insulator transitionwith on-site Coulomb interation U�3D (D-is the band half-width) pro-vides the most adequate desription of the low temperature anomalies inthis model system. From this point of view the pulsed �eld magnetoresis-tane and Hall oe�ient anomalies may be also interpreted in terms of aMIT in a strong magneti �eld.PACS numbers: 71.27.+a, 75.50.PpDuring the last deade the almost magneti narrow-gap semiondu-tor iron monosiliide was usually lassi�ed as Kondo-insulator [1℄ and ad-ditionally FeSi was presented as the model material to study the hoppingondutivity, Anderson loalization and this type metal�insulator transition(MIT) [2, 3℄. From this point of view FeSi at low temperatures (T<100K)� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(787)



788 N. Sluhanko et al.needs to be desribed in term of insulator and a various kind substitutionof Si (to Al, Ge et.) was applied to indue the transition from insulator tometal [2, 3℄.On the other hand reent omprehensive studies of a steady magneti�eld d- and a-transport [4℄, thermopower [5℄ and magnetization [6℄ inombination with the results of mirowave and optial measurements [7, 8℄of FeSi allowed to onlude in favor of the Mott�Hubbard senario of MITwith on-site Coulomb interation U�3D [9℄ (D is the band half-width). Inthe framework of the developed approah the Hubbard-type orrelations-spin �utuations between the eg and t2g type states of Fe were deduedas the most important fator whih is dominant in physis of this stronglyorrelated eletron system.In partiular, from the high preision magnetization data it was estab-lished in [4, 6℄ that the low temperature phase of FeSi may be desribedadequately as a strongly orrelated metal (SCM) with a magneti momentof harge arriers �e���B (Fig. 1, �B � Bohr magneton). Moreover, verystrong renormalization of the density of states (DOS) at EF ours resultingto a dramati inrease of the paramagneti response below liquid nitrogentemperature (Fig. 1). The Pauli-like paramagneti ontribution appears tobe very sensitive to the magneti �eld and it dereases drastially (by afator of 3�4) in moderate �elds �0H�12T [6℄.
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Fig. 1. Magneti suseptibility of FeSi in a wide temperature range. Inset shows thetemperature dependene of the e�etive magneti moment �e� of harge arriers.The Mott�Hubbard type MIT range is also shown (I � insulator, SCM � stronglyorrelated metal).



Metal�Insulator Transition in Mott�Hubbard System FeSi 789As a result the Mott�Hubbard transition in FeSi is arranged as insulator-to-metal transition from high temperature phase of FeSi whih an be identi-�ed as a narrow-gap semiondutor (I in Fig. 1, the gap between eg andt2g Hubbard bands �g= U�2D�60 meV [4�6℄) to a very narrow-bandmetal (SCM in Fig. 1, a width of the spin-polaron resonane of DOS at EFis Ep�6 meV [4�6℄). Thus, this piture is just opposite to that one proposedin [1�3℄ and it provides one with the most adequate desription of the lowtemperature anomalies in this model system.
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Fig. 2. Magnetoresistane of FeSi in steady (8T) and pulsed magneti �elds.Additionally, to involve more arguments in the disussion of the nature ofMIT in FeSi in the present investigation pulsed �eld galvanomagneti mea-surements have been arried out in magneti �elds up to 50 T. It is worth tomention that the e�et of strong magneti �eld is very di�erent for Kondo-insulator and for strongly orrelated Mott�Hubbard metal. Indeed, in the�rst ase negative magnetoresistane should be dominant as a sequene of adepression of Kondo-ompensation mehanism in high magneti �eld. Thee�et of magneti �eld on Mott�Hubbard system has been studied theoreti-ally in [10℄ where it was shown that large positive magnetiresistane needs



790 N. Sluhanko et al.to be expeted for strongly orrelated metal. The data of Fig. 2 are in goodagreement with the predition of [10℄ and it ontributes ertainly in favorof the proposed senario of the Mott�Hubbard type MIT. At the same timethe amplitude of the positive magnetoresistane omponent (Fig. 2) is toolarge to be attributed to the simple kineti ontribution ��/��H2 beauseof a small enough values of the harge arriers' mobility �H<10 m2/Vsein FeSi [11℄.This work was supported by the INTAS program 00-807, RFBR grants01-02-16601 and 02-02-06720 and RAS Young Sientist projet 16. One ofus (V.G.) aknowledges the �nanial support from INTAS fellowship YSF00-112. REFERENCES[1℄ G.Aeppli, Z.Fisk, Comments Condens. Matter Phys. 16 155 (1992).[2℄ J.F.DiTusa, K.Friemelt, E.Buher et al., Phys.Rev. B58 10288 (1998).[3℄ A.Mani, A.Bharathi, Y.Hariharan, Phys.Rev. B63 115103 (2001).[4℄ N.E.Sluhanko, V.V.Glushkov, S.V.Demishev et al., Sov. Phys. JETP 92 312(2001).[5℄ N.E.Sluhanko, V.V.Glushkov et al., Europhys. Lett. 51 557 (2000).[6℄ N.E.Sluhanko, V.V.Glushkov et al., Phys. Rev. B65 064404 (2002) .[7℄ V.V.Glushkov, S.V.Demishev et al., Physia B 312-313C 501 (2002).[8℄ A. Damaselli, K.Shulte et al., Phys.Rev. B55 R4863 (1997).[9℄ M. J. Rozenberg, G. Kotliar, H. Kajueter, Phys. Rev. B54, 8452 (1996).[10℄ L.Laloux, A.Georges, W.Krauth, Phys.Rev. B50, 3092 (1994).[11℄ N.E.Sluhanko, V.V.Glushkov et al., JETP Lett. 68 817 (1998).


