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In Mn,Sh, _,Sn, (0<x=<0.4) compounds, a metamagnetic transition from antiferromagnetic to ferrimag-
netic can be induced by an external field, with which a giant magnetoresisiaMig) effect is associated.
The largest GMR ratio of 60% for Mi$h, gsSmy 15iS achieved at 142 K at a field of 5 T. The field dependence
of GMR and the magnetization of M8k, ¢Sry 4 confirm that the field-induced metamagnetic transition gives
rise to the GMR effect in the system. The origin of the GMR effect is discussed in terms of the reconstruction
of Fermi surface due to the collapse of the super zone gap after the metamagnetic transition.
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Since the discovery of giant magnetoresistaf@®IR) in  ments of all triple layers are parallel in the Fl state, whereas
antiferromagnetically coupled Fe/Cr multilayérthe GMR  the arrangement is antiparallel in the AF state.
effect has attracted much interest, which has been subse- The substitution of a number of eleme®o, Cr, Zn, and
quently observed in many multilayer systefidand granu- Cu) for Mn, as well as of As and Ge for Sb results in the
lar films>® The GMR effect has also been found in rare-earth@ppearance of a first-order phase transition from the Fi to the
intermetallic compounds NdGu SmMn,Ge,, AF structure as the temperature decreﬁsléigu_rg 1 shows
Ce(Fg_,Coy),, in 3d compound FeRh, and uranium com- the temperature dependence of the resistivi{i€3) of
pounds UNiGa, UPdin, eftA great effort has been made in MN2Sbi—xSn, (0=x<0.4) measured in a zero field and an
order to increase the GMR ratio which is usually low in the@PPlied field of 5 T. The resistivity of Migb decreases
compounds, to increase the temperature of the antiferroma _Qnoton|cally with decregsmg temperature, yvh|le the resis-
netic ordering, and to lower the magnetic field for onset of Ivities of other samples first decrease, then rise abruptly at a

the GMR! It is also interesting to exploit the GMR in new certain temperature reaching a maximum, and finally de-

. . S . . crease with decreasing temperature. The present results for
intermetallic systems with interesting mechanisms of magne-

totransport. In this work. we demonstrate the ph tran the resistivities in the zero field are in good agreement with
otransport. s work, we demonstrate the phase transy, . previous work? The considerable temperature hysteresis
tions and the GMR effects in a series ofl Zompounds

i i i 2S  of the electrical resistance was reportédt is evident that a
Mn,Sb, _,Sn, (0<x=<0.4), and discuss in detail the origin

of these phenomena.

All compounds of MpSh; _,Sn, (0<x=<0.4) were pre-
pared by melting appropriate metals with purity higher than
99.9% in a magnetocontrolled arc furnace under a high pu-
rity argon atmosphere. An exceg%) of Mn over the sto-
ichiometric amount was added to compensate for the mas:
loss during melting. All the ingots were annealed at 700 °C
for 62 h and gradually cooled to room temperature. X-ray g
diffraction studies at room temperature were carried out tog
certify that all the samples display peaks characteristic for‘:jL
Cu,Sb-type structure with minor Mysn, as impurity phase
(less than 5% Magnetic properties were measured using a
superconducting quantum interference device magnetomete
in applied fields up to 5 T in the temperature range from 50
to 300 K. Magnetotransport properties were measured using
a standard four-probe dc method, while warming.

It has been reported that M8b is a ferrimagnet. In the
crystal structure there are two crystallographically different %50 100 150 200 250 300
Mn atoms, i.e., Mn1 and Mn2. According to neutron diffrac-
tion measurements the magnetic structure can be regarded as
a stacking of triple layers of Mn2-Mn1-Mn2 with antiparallel ~ FIG. 1. Temperature dependence of the resistivities of
magnetic moments on Mnl and Mn2 sites in both the ferri-Mn,Sh, _,Sn, compounds at zero fieldhe open symbo)sand at a
magnetic(FIl) and antiferromagneti¢AF) state€ The mo-  magnetic field of 5 Tithe solid symbols

p (LQ mm)
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FIG. 2. Temperature dependence of the magnetoresistance o
Mn,Sb, _,Sn, compounds at a magnetic field of 5 T.
20 | = —X
ansbo.ssnOA v'V'v""‘"v‘v/x:x
partial substitution of Sb by Sn causes the transition from the v }/‘
FI to the AF phase at a certain temperatufe, (), which is v w7 T=260K Ve
in good agreement with earlier wotk where the magnetic sl v,v' /A/
transition was verified by using direct magnetic measure- v A T=244K
ments and the Mssbauer effect. The transition temperature = v,v" ‘/‘
is quite sensitive, not only to the applied magnetic field, but < b4 ‘/
also to the Sn concentration. The FI-AF transition tempera- £ w0} J /
. ; . < b A
ture increases with Sn concentration from 94 K %e¥0.05 = 7 /
to 283 K for x=0.4 in the zero field. The magnetic field I A/‘ 50K
shifts the FI-AF transition temperatuiig, - towards lower ] H, ‘A«‘ =50 {:f:
temperatures correspondingly. s l N _____‘._._.-.--—---:l"
The AF phase collapses under an applied magnetic field in AL L munmn-t et
a certain temperature range. Namely, a magnetic-field- “.ul"“‘- oo ¢ I T=220K
induced metamagnetic transition takes place in .,....,...-o-“"'
Mn,Sb; _,Sn, (0<x=<0.4). As a result, a negative MR is 0 R ! , m L !

observed in these compounds. Figure 2 shows the tempere
ture dependence of the GMR ratlp/p [ = (py— po)/ po] Of
Mn,Sh; _,Sn, (0<x=<0.4) compounds at a field of 5 T. The ] i
magnetoresistanc&plp is small at low temperatures, since  'G- 3. Field dependence ¢&) the magnetoresistance att)

the compound is in the stable AF state at 5 T. When temperd!® Magnetization of a MiSh, ¢Sy compound at different tem-
ture increases up to a certain temperature, the AF structuf€"atures:

becomes unstable in the field of 5 T. Namely, a metamag-

netic transition occurs, resulting in a rapid increase-dfp/p  large MR changes in many antiferromagnetic ordered com-
of all the compounds. This occurs until a peak temperatur@ounds reported previously have been confined to very low
Tm, Which is about 140, 197, and 244 K fge=0.15, 0.25, temperatures because of their low values oéNemperature
and 0.4, respectively, just the same as the phase transitior),.” As seen from Fig. 3, the transition from AF to FI can
temperaturely (see Fig. 1 at the field of 5 T. AboveT,,, induced by moderate fieldabout 1 T at 244 K. Therefore,
Aplp drops rapidly with increasing temperature. It is seenMn,Sh, Sy, might be more attractive for applications,
from the inset of Fig. 2 that the value of, (same ag ) for compared to other compounds.

each compound is slightly lower than it§.ag, due to the To better understand the magnetic transport behavior, the
effect of the magnetic field. The largest values/gfilp are  magnetic field dependence of the GMR rafip/p and the
—57%, —60%, —56%, and —36%, respectively, forx  magnetization of MpSh, ¢S, 4 at different temperatures are
=0.05, 0.15, 0.25, and 0.4. To our knowledge, it is the firstrepresented in Figs.(& and 3b). Between 50 and 244 K,
report on the GMR effect in MyBb, _,Sn,. Moreover, the the Ap/p is negligibly small at low fields, then it develops

B(M
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3 Sn atoms in the nonmagnetic sublattice leads to the quanti-
To152K .’.,‘:,E‘E]f:l; " tative redistribution of the sublattice magnetizations of Mn1
ol = ./,,:::3:‘,4:;;3:{ A and Mn2. With the Sn concentration increasing, the antifer-
A T A romagnetic exchange interaction of Mnl1 and Mn2 becomes
/./} P /’//'// P - .
y 2 N ™ " stronger, to make the phase transition temperature shift to
s el ’/'/ /4/ //Vv/ A/A/ /./ high temperatL_Jreésee Fig. _J._ _ _
o 0N /,/ v/ / The sharp rise of resistivities below AF ordering tempera-
/-/ // ‘/‘ /3/ v/ /‘ s ture in Mn,Sh; _,Sn, compounds is tentatively ascribed to
= or /‘ / /’/ / /‘ J/ 8T=3K super-zone gap as a consequence of an additional periodicity
< ;S PO & a in the AF statd®~18f this is the case, the gap should be
A AN . gap should
g 5L # / & // £/ A suppressed when the AF order is destroyed by a sufficiently
s ./ / / ’/v hd A/ /’ _/ high magnetic field. It is seen from above analysis that the
T/ ./,/ v [/ field for rapid decrease/increase of the resistivity/GMR is in
ST K / T=131K . . VYTV
1o / / v P - good agreement with the metamagnetic transition field in the
.f/ /év/ P // ./' f M(B) curve of the MpSh, ¢Sy 4, compound. Therefore the
NP /:/' v A & {-/ superzone gap is eliminated by the metamagnetic transition
VT AT ™ MnSh Sn from the AF state to a field-induce FI state, similar to the
{J;A:QEE::Z:/-"/ o effects observed in CeSbNI® Ce(Fg_,Co),, "
0 - T.— —I L 1 L 1 L 1 L 1 EU14MnBi11,18 Ce F%g Lb_07 ,13 and M CI’ Sb.lg The
2 M gClo.1
0 ! 2 3 4 5 neutron diffraction data showed that the period of the AF
B(T) structure along the tetragonal axis for Mgr, ;Sb is equal
0

to a double period of the FI structure for b along the
same axi€? It was reportet! that the abrupt increase of the
electrical resistivity below the AF ordering temperature is
) N ) ) ) due to the large decrease of the density of stéD€3S) near
drastically around a critical fieltH,, showing a negative the Feimi level, in accordance with the band structure calcu-
contribution. The small\p/p is indicative of a stable antifer- |ations of Mn,Sb and the specific heat of MgCr, ;Sb2?
romagnetic(AF) state and the development of a significantMn, ¢Coy, ;Sb?* and Mn,Sb?* The 3d electrons of Mn in
negative GMR is associated with the metamagnetic transitioMn,Sb have an itinerant character, and the Fermi level lies
to the FI state as mentioned above. A similar transition rebetween two-peak structures on the DOS cirieHence,
lated to GMR was earlier observed in Ce(FenAl) the change in thd-electron concentration due to substitution
Ce(Fe,Ru), UCu,Ge,, and MnCaC compound$~2° At  should lead to a significant change in the DOS, resulting in
260 K, Ap/p shows a tendency to saturate at a field of 3 T. Inthe change of the Magnetic order. Similar to FeRu,
the present measurement, the largest valué\fép at 244 K Ce(Fg_,Co,),,%* UNiGa, >>?®and Mn,GaC (Ref. 27 com-

of Mn,Sh, ¢Sy 4 is 36% in a magnetic field of 5 T, although pounds, the electronic origin of the AF-FI transition of
it does not saturate yet. Moreover, from Figa)3the critical ~Mn,Sb-based compounds is that the DOS near the Fermi
field H,, for the metamagnetic transition becomes smalledevel is changed during the phase transition.

with increasing temperature. It is known that the magnetic structure of MBb, ,Sn,

The magnetic field dependence of magnetization shown icompounds is similar to that of magnetic multilayer
Fig. 3(b) for Mn,Sh, ¢Sty 4 is in good agreement with the system$ One possible mechanism for the origin of GMR in
field dependence of magnetoresistance above. Between B0n,Sb, ,Sn, compounds is a spin-dependent scattering
and 244 K, the magnetization rises initially and then in-mechanism leading to a reduction of the relaxation time in
creases gradually after a certain field. Further applying d¢he AF state, as commonly considered in the magnetic
higher field (depending on temperatyrehe magnetization multilayer systems. As mentioned above, another possibility
starts increasing rather rapidly, showing a metamagnetits the variation of the Fermi surface when crossing the meta-
transition. The critical field at which the metamagnetic tran-magnetic transitiorifor example, due to the disappearance of
sition starts coincides withi,,,. No saturation in magnetiza- the superzone gap resulting from the FI orderinghich
tion is observed up to fields of 5 T in this temperature rangeyields the variation of the DOS near the Fermi surface. Ac-
(the maximum value of magnetization approaches 2@ording to the mechanism of the FI-AF transitidmand the
Am?/kg). The same measurement for MBIy g-Sry 15 com-  abrupt increase of resistivities below the AF ordering tem-
pound was performed to further confirm the metamagnetiperature, the latter mechanism should be dominant in
transition (see Fig. 4. It is clearly seen that the metamag- Mn,Sb;, _,Sn, compounds.
netic transition field decreases with increasing temperature, In summary, we report on a system of intermetallic com-
and a hysteresis was observed for all the magnetizatiopounds MpSh; ,Sn, (x=0.05, 0.15, 0.25, and 0.4with
curves(only an example of the hysteresis is shown in Fig. 4 large GMR effects. The largest MR ratio is 60% for
as expected for a first order transition. Moreover, the saturavMn,Sh, gsSmy 15 at 142 K in a magnetic field of 5 T. More-
tion magnetization of MsShy g5SMy 15 iS larger than that of over, the MRSk, ¢Siy 4 compound has a high antiferromag-
Mn,Shy ¢Sny4, Which is in  agreement with early netic ordering temperature of 283 K, a low metamagnetic
experiment’ indicating that the substitution of Sb atoms by transition field of 1 T at 244 K, and a comparatively large

FIG. 4. Field dependence of the magnetization of a
Mn,Sh, gsSM 15 compound at different temperatures.
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GMR of 25% at a field of 3 T at 244 K, which indicate that to the collapse of the superzone gap after the metamagnetic
it may have potential application as a material for GMR de-transition.

vices. _Field-induced metamagne_tip transition gives rise. to  This work was supported by the National Natural Science
GMR in the system, and the origin of the GMR effect is Foundation of China under Grant No. 59725103, and the
discussed in terms of the reconstruction of Fermi surface du8ciences and Technology Commission of Shenyang
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