Large positive magnetoresistance at low temperatures in a ferromagnetic
natural multilayer, LaMn ,Ge,
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The results of magnetoresistance measurements on a naturally occurring multilayeyGegMn
which is ferromagnetic below 326 K, are reported. The magnitude of magnetoresistance is found to
be positive below 70 K gradually increasing to an unusually large v@alearly 100% at 4.2 K in

the presence of a field of 70 kOe as the temperature is lowered, similar to the recent observations
by Verbanck, Temst, Mae, Schad, Van Bael, Moshchalkov, and Bruynsdiagple Phys. Lett.70,

1477 (1997)] in Cr/Ag/Cr trilayers. The positive sign of magnetoresistance for a ferromagnet is
unexpected and possible explanations are offered.1997 American Institute of Physics.
[S0003-695(197)02142-9

It is well-known that the magnetic multilayers, for in- well aboveT giving rise to antiferromagnetic structure fill
stance Fe—Ctexhibit a large magnetoresistance of the orderabout 420 K above which the sample becomes paramagnetic.
—100% at 4.2 K in the presence of a magnetic figl) of  Thus, the transition at 326 K is currently believed to origi-
60 kOe and the investigation of such multilayers is an activenate from antiferro to ferromagnetic transitiomith decreas-
topic research. With the observation of giant magnetoresising temperature
tance in La based manganafebe investigations of magne- The polycrystalline sample LaMGe, was prepared by
toresistance behavior of materials in general have been renelting together constituent elements in an arc furnace.
ceiving special attention. Recently, we have intensified ouSlight excess of Mn was added to compensate for weight
efforts in this direction on a number of rare-eaffR) con-  loss while melting. The ingot was homogenized in an evacu-
taining intermetallics(besides on Ce alloysand several ated sealed quartz tube at 800 °C for one week. X-ray
valuable results were obtainédn particular, the compounds diffraction pattern (Cu K) confirms single phase nature
of the type RMB(Si,Ge,, crystallizing in the ThGsSi-type  of the alloy. The magnetoresistancelp/p[={p(H)
tetragonal structuréare of special interest, as this is the only — p(0)}/p(0)], data were obtained as a function of tempera-
series of alloys of this structure in which the transition metalture in the range 4.2—-300 K in the presence of an external
ions carry a magnetic momeritlose to 3ug), ordering  magnetic field H) of 50 kOe and also as a function Hf at
magnetically near room temperature, with several magnetigelected temperatures with the direction of constant current
anomalies. Therefore, the layered nature of this structurgs0 mA) being the same as that &f. The area of cross
(stacked in the sequence R-Si-Mn-Sj-dd its deriva-  section of the specimen used is of the order of 7 square mm
tives provides a novel route to model artificial multilayer with the separation between the voltage leads being about 2
physics. A number of magnetic and magnetoresistancenm. A conducting silver epoxy was used to make the elec-
anomalies have been reported recently in Sy (Ref.  trical contacts of the leads with the sample. Considering that
5). As a continuation of our efforts in probing this class of there are microcracks in the sample, which is intrinsic to this
natural multilayered compounds, we report here the resultglass of alloys, the error in the absolute values of resistivity

of magnetoresistance measurements in LgB& We no-  (p) is estimated to be of the order of 20% by repeated mea-
tice a large positive magnetoresistance similar to that obsyrements.

served recently in Cr/Ag/Cr triIayeFSWhat is puzzling is The electrical resistivity as a function of temperature
that the sign is positive though this compound is believed tq4.2—60 K in zero field as well as in the presence of a field
be a bulk ferromagnet. of 50 kOe are shown in Fig.(4). Since the values ahp/p

The magnetism of this compound has attracted consideizpove 60 K are negligible, we do not show the data above
able attention in the recent post. It had been believed thathis temperature. The absolute value of resistivity is of
below 326 K, the Mn sheets undergo paramagnetic to ferrome order of 30Qu) cm at 70 K and it varies by a factor of
magnetic ordering with the easy axis of magnetization alongypout 10 as the temperature is lowered to 4.2 K in zero field.
the ¢ axis, with the interplanar interaction also being ferro- the application of a field of 50 kOe enhances the valug of
Er_)r;agnetlc(smple collinear ferromagnetistfi Recent(doped  noticeably(the corresponding change in the voltage across

Fe Mossbauer spectroscopic studiesd careful neutron  the |eads is well above the resolution of the nanovoltmeter
diffraction® provided new and unexpected results: in the fer'used and the magnitude ofp/p increases gradually with
romagnetically ordered state the Mn moments have a Conic%‘ecreasing temperature reaching as high a value as 80% at
arrangementinstead of a collinear arrangememith a fer- 4 5> [Fig. 1(b)]. The values ofAp/p were also obtained as a
romagnetic coupling of the ferromagnetic component along,nction ofH at 4.2, 12, 30, and 60 KFig. 2. The values at

the c axis; the in-plane component however seems 1o persigy K though small, are positive. For other temperatures,

Aplp increases nearly linearly with increasing field, attaining
dElectronic mail: SAMPATH@tifrvax.tifr.res.in a value of about 80% at 12 K and 100% at 4.2 K in a field of
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100 : : : present. Similar anomalies have been noted in a few other
ferromagnetic materials recently by us, viz., GdRief. 3
80 . and SmMpGe, (Ref. 5. We offer below various explana-
e s tions. As mentioned in the introduction, recent neutron dif-
60 - s, (b) 1 fraction results suggest that the magnetic moment alignment
is not strictly collinear, resulting in an antiferromagnetic
40 1 component of the Mn moments in the basal plane. Generally,
in polycrystalline metallic antiferromagnets, the/p is posi-
20 - i tive in case there is no formation of superzone boundary
gaps at the Nl temperature. In view of this, it is not clear
’ whether the positive value dp/p arises from the antiferro-
magnetic component; however, the observed magnitude is
(a) generally uncharacteristic of antiferromagnetic metals. Alter-
200 |- 1 natively, the application dff presumably induces more spin
fluctuations(in contrast to the usual influence bff to sup-
press spin fluctuationsn an otherwise more stable conical
1 arrangement, as a result of whiphn the presence of a field
is larger. The positive sign may also arise if the presence of
a field induces some pseudogaps in some portions of the
: Fermi surface. It is also possible that the scattering of the
60 conduction electrons by the nonmagnetic layers La/Ge be-
Temperature (K) comes dominant at low temperatures similar to the Ag inter-
face effect observed in Cr/Ag/Cr trilayetsThese factors
FIG. 1. () The ele_ctritr:]al resistivityp) gf'L?mngﬁgze sgeaol;ugfrt]i;nnzfﬁtceﬁftld ofmay also cgntribute to the low temperature posity#p in
ggr:ggiﬁ).zThion?;g;egfé:;?:rigair}p)Igbtained from the datagshown in SmMn,Ge,.> Whatever may be th.e Orlglr.]’ thiAp/p. of .
@) is plotted. LaMn,Ge, presents an unusual and interesting situation. It is
worthwhile to probe the role of anisotropy, stoichiometry

70 kOe- it i -k fact that i i tal and, in particular, disorder on these anomalies. Such studies
€, 1L1S a well-known tact that In nonmagnetic metalSy, .., mq relevant in view of the recent report of the role of

gahndl_alloysf,_Alpd/p dvarlez quadr attlﬁallyllwnh-l ;md :hgreforet _residual resistance on the magnitude\pfp in multilayers®
€ linear hield dependence in e afloy under study must in Finally, we reiterat® that this class of Mn alloys, par-

some way be related to magnetism. The monotonic Increas[?cularly those in which rare earths also order magnetically at

with H implies that the magnitude will still be larger for lower temperatures, serve as model systems for artificial
further high fields. The above data brings out two puzzlingmultilalyers Many o’f the alloys of the type RMBi, are

Imd|rt195(:j(|)tthe ma_gnltudel Oﬁp/ptat_h'%h I'ek:_?_ qsltemli)_rlera- antiferromagnetic around 300 KRef. 4 and it would be
uret en .s_to zerils very”a(;gtr-rz], typlca orart 'C't"?‘ mutl ?yetrhinteresting to look for magnetoresistance behavior of these
systems, It may be recafled that in nonmagnetic metais, lloys. Detailed investigation of all these alloys, particularly

corresponding values are known to be less than few perceqh thin films, will be a novel route to pursue the field of
(ii) The sign ofApl/p is positive whereas for a ferromagneti- magnetism i,n multilayers

cally ordered bulk polycrystalline material one usually ex-
pects negative sign. The origin of positive sign is not clear at

Ap/p (%)

p (uQ cm)
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