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The results of magnetoresistance measurements on a naturally occurring multilayer LaMn2Ge2,
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 value~nearly 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 Bruynseraede@Appl. 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.
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It is well-known that the magnetic multilayers, for in
stance Fe–Cr,1 exhibit a large magnetoresistance of the ord
2100% at 4.2 K in the presence of a magnetic field (H) of
60 kOe and the investigation of such multilayers is an ac
topic research. With the observation of giant magnetore
tance in La based manganates,2 the investigations of magne
toresistance behavior of materials in general have been
ceiving special attention. Recently, we have intensified
efforts in this direction on a number of rare-earth~R! con-
taining intermetallics~besides on Ce alloys! and several
valuable results were obtained.3 In particular, the compound
of the type RMn2~Si,Ge!2, crystallizing in the ThCr2Si2-type
tetragonal structure,4 are of special interest, as this is the on
series of alloys of this structure in which the transition me
ions carry a magnetic moment~close to 3mB), ordering
magnetically near room temperature, with several magn
anomalies. Therefore, the layered nature of this struc
~stacked in the sequence R–Si–Mn–Si–R! and its deriva-
tives provides a novel route to model artificial multilay
physics. A number of magnetic and magnetoresista
anomalies have been reported recently in SmMn2Ge2 ~Ref.
5!. As a continuation of our efforts in probing this class
natural multilayered compounds, we report here the res
of magnetoresistance measurements in LaMn2Ge2. We no-
tice a large positive magnetoresistance similar to that
served recently in Cr/Ag/Cr trilayers.6 What is puzzling is
that the sign is positive though this compound is believed
be a bulk ferromagnet.

The magnetism of this compound has attracted consi
able attention in the recent post. It had been believed t
below 326 K, the Mn sheets undergo paramagnetic to fe
magnetic ordering with the easy axis of magnetization alo
the c axis, with the interplanar interaction also being ferr
magnetic~simple collinear ferromagnetism!.4 Recent~doped!
57Fe Mossbauer spectroscopic studies7 and careful neutron
diffraction8 provided new and unexpected results: in the f
romagnetically ordered state the Mn moments have a con
arrangement~instead of a collinear arrangement! with a fer-
romagnetic coupling of the ferromagnetic component alo
thec axis; the in-plane component however seems to pe
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well aboveTC giving rise to antiferromagnetic structure ti
about 420 K above which the sample becomes paramagn
Thus, the transition at 326 K is currently believed to orig
nate from antiferro to ferromagnetic transition~with decreas-
ing temperature!.

The polycrystalline sample LaMn2Ge2 was prepared by
melting together constituent elements in an arc furna
Slight excess of Mn was added to compensate for we
loss while melting. The ingot was homogenized in an eva
ated sealed quartz tube at 800 °C for one week. X-
diffraction pattern (Cu Ka) confirms single phase natur
of the alloy. The magnetoresistance,Dr/r@5$r(H)
2r(0)%/r(0)#, data were obtained as a function of tempe
ture in the range 4.2–300 K in the presence of an exte
magnetic field (H) of 50 kOe and also as a function ofH at
selected temperatures with the direction of constant cur
~50 mA! being the same as that ofH. The area of cross
section of the specimen used is of the order of 7 square
with the separation between the voltage leads being abo
mm. A conducting silver epoxy was used to make the el
trical contacts of the leads with the sample. Considering t
there are microcracks in the sample, which is intrinsic to t
class of alloys, the error in the absolute values of resistiv
~r! is estimated to be of the order of 20% by repeated m
surements.

The electrical resistivity as a function of temperatu
~4.2–60 K! in zero field as well as in the presence of a fie
of 50 kOe are shown in Fig. 1~a!. Since the values ofDr/r
above 60 K are negligible, we do not show the data ab
this temperature. The absolute value of resistivity~r! is of
the order of 300mV cm at 70 K and it varies by a factor o
about 10 as the temperature is lowered to 4.2 K in zero fi
The application of a field of 50 kOe enhances the value or
noticeably~the corresponding change in the voltage acr
the leads is well above the resolution of the nanovoltme
used! and the magnitude ofDr/r increases gradually with
decreasing temperature reaching as high a value as 80
4.2 K @Fig. 1~b!#. The values ofDr/r were also obtained as
function ofH at 4.2, 12, 30, and 60 K~Fig. 2!. The values at
60 K, though small, are positive. For other temperatur
Dr/r increases nearly linearly with increasing field, attaini
a value of about 80% at 12 K and 100% at 4.2 K in a field
23852385/3/$10.00 © 1997 American Institute of Physics
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70 kOe; it is a well-known fact that in nonmagnetic meta
and alloys,Dr/r varies quadratically withH and therefore
the linear field dependence in the alloy under study mus
some way be related to magnetism. The monotonic incre
with H implies that the magnitude will still be larger fo
further high fields. The above data brings out two puzzl
findings:~i! the magnitude ofDr/r at high fields as tempera
ture tends to zero is very large, typical of artificial multilay
systems; it may be recalled that in nonmagnetic metals,
corresponding values are known to be less than few perc
~ii ! The sign ofDr/r is positive whereas for a ferromagne
cally ordered bulk polycrystalline material one usually e
pects negative sign. The origin of positive sign is not clea

FIG. 1. ~a! The electrical resistivity~r! of LaMn2Ge2 as a function of tem-
perature~4.2–60 K! in the presence and in the absence of a magnetic fiel
50 kOe.~b! The magnetoresistance~Dr/r! obtained from the data shown i
~a! is plotted.

FIG. 2. The magnetoresistance~Dr/r! as a function of magnetic field a
various temperatures for LaMn2Ge2. The lines through the data points serv
as a guide to the eye.
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present. Similar anomalies have been noted in a few o
ferromagnetic materials recently by us, viz., GdNi~Ref. 3!
and SmMn2Ge2 ~Ref. 5!. We offer below various explana
tions. As mentioned in the introduction, recent neutron d
fraction results suggest that the magnetic moment alignm
is not strictly collinear, resulting in an antiferromagnet
component of the Mn moments in the basal plane. Genera
in polycrystalline metallic antiferromagnets, theDr/r is posi-
tive in case there is no formation of superzone bound
gaps at the Ne´el temperature. In view of this, it is not clea
whether the positive value ofDr/r arises from the antiferro-
magnetic component; however, the observed magnitud
generally uncharacteristic of antiferromagnetic metals. Alt
natively, the application ofH presumably induces more spi
fluctuations~in contrast to the usual influence ofH to sup-
press spin fluctuations! in an otherwise more stable conic
arrangement, as a result of whichr in the presence of a field
is larger. The positive sign may also arise if the presence
a field induces some pseudogaps in some portions of
Fermi surface. It is also possible that the scattering of
conduction electrons by the nonmagnetic layers La/Ge
comes dominant at low temperatures similar to the Ag int
face effect observed in Cr/Ag/Cr trilayers.6 These factors
may also contribute to the low temperature positiveDr/r in
SmMn2Ge2.

5 Whatever may be the origin, theDr/r of
LaMn2Ge2 presents an unusual and interesting situation. I
worthwhile to probe the role of anisotropy, stoichiomet
and, in particular, disorder on these anomalies. Such stu
become relevant in view of the recent report of the role
residual resistance on the magnitude ofDr/r in multilayers.6

Finally, we reiterate5 that this class of Mn alloys, par
ticularly those in which rare earths also order magnetically
lower temperatures, serve as model systems for artifi
multilayers. Many of the alloys of the type RMn2Si2 are
antiferromagnetic around 300 K~Ref. 4! and it would be
interesting to look for magnetoresistance behavior of th
alloys. Detailed investigation of all these alloys, particula
in thin films, will be a novel route to pursue the field o
magnetism in multilayers.
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