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Unusual hysteresis and giant low-field magnetoresistance in polycrystalline sample with nominal
composition of LayzCa;sMn g g5:8CUQ 04:03
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Unusual thermal and magnetic hysteresis is observed near the insulator-metal transition of
LaysCaysMn; _,Cu,O5 (Xx=4.5%). For the temperature range at which the hysteresis appears, the sample
shows unusual giant magnetoresista(d®) behavior even for a low field of0.3 T. The maximum MR has
a value ofAp/p(H=0) as high as-90% for the 0.3 T field. A possible discussion is presented by considering
the sample as a granular system consisting of manganese grains surrounded by some surface layer created due
to the Cu segregation towards the grain surface.
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The discovery of colossal magnetoresistaf€dR) in =0 and 4.5%. This method includes two main steps. One is
mixed-valence manganites of the type;LgCaMnO; has the preparation of nanometric powders similar to a previous
motivated the wide research on these compodrds.rich  descriptiont® Another is the formation of perovskite struc-
phase diagrafhhas been revealed as a function of temperature by a sintering treatment at the temperatligefor the
ture and doping content that is due to the intricate interplaysol-gel prepared powders. One advantage of this method lies
of charge, spin, orbital, and lattice degrees of freeddm. in a wide range fofT to obtain a single-phase sample with
view of the competing character of these interactions, varyPerovskite structure. Th&; is shown to be a key factor to
ing x can greatly affect their intrinsicproperties including control the average grain siZ&}° usually, the smaller grain
paramagnetic-ferromagneti®M-FM) transitions afT and size is obtained in the case of low&g. For the present
CMR. Forx~1/3, the CMR shows a peak neBg and sub- _samples, the so_l-gel prepared powders were ground, p_ellet—
stantially decreases on varying the temperature fbmn ized, and_ thgrlw55|ntered at= 110(_)oC_ for 12 h. From previ-
Much exploration has been done through doping of La siteYS studies?™ the ?ver.age grain size of the samples pre-
with other smaller ions,which brings strong lattice effects pared atT,=1100°C is estimated to be the order of

on these interactions. An interesting way is to dope at the Mn_ 100 nm. The structural characterization was done through

sites of LanCa -MnO. by other transition elemenfsl® XY diffraction at room temperature. Results indicate that
which canalr/riozii@ the3MﬁY*-O-Mn‘” network and in turn the same diffraction pattern is obtained in both x+e0 and

A . 4.5% samples, and all the observed diffraction peaks can be
largely affects their intrinsic properties. In most cases, a lows

. s ; .. 'indexed into a perovskite crystalline structure. Within the
level doping can cause an obvious shift of PM-FM trans't'on_accuracy of the measurement, no evidence is found for the

to lower temperatures and a substantial enhancement Bresence of any Cu-dependent secondary phase.

CMR. It, however, is found on a magnetic field scale of" Transport and magnetic properties were measured in a

several teslas, which is not very appealing for apphcatlor]s.commercim Physical Property Measurement Syst€uan-
Much effort has been made to understand the physicalm pesign PPMS Indicated by solid circles in Fig. 1 is the

properties of manganites, which led to the discovery of aNtesistivity (o) versus temperaturd) curve measured in the

other type of MR, namely, intergrain MR in polycrystalline y _ o sample for zero magnetic field during cooling. The
manganites!~8Intergrain MR can be observed at low fields

but has larger values only @< T . Although the CMR near
Tc is an intrinsic property of manganites, extrinsic influences
(such as grain size in polycrystalline sampldsamatically
modify this response. This could lead to a complex behavior

B

in which both effectgintrinsic CMR and extrinsic intergrain S

. . . =15 .
MR) are present at the same tiffeHere we report investi- g |
gations of the transport and magnetic properties of %10 _
LaysCaqsMn; _,Cu 05 polycrystalline samplesxE0 and g L

4.5% synthesized by a sol-gel method. It is interesting to 5L i
find that for the temperature range at which the remarkable
thermal and magnetic hysteresis is revealed, xket.5%

sample shows unusual MR behavior under low applied mag-
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netic fields. The maximum MR observed near the insulator- T®
metal (-M) transition reaches a value afp/p(H=0) FIG. 1. Temperature dependence of normalized resistivity for
~90% for a field as low as-0.3 T. zero (solid circleg and an applied field of 0.3 Topen circley as

A sol-gel method was used to prepare polycrystallinewell as the corresponding magnetoresistatmgen triangle)s for
samples of nominal composition gCa;sMn;_,Cu,O5 (X Lay/sCaysMnO;.
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1100020 exactly the same. At region Ilp(T,H=0) reveals a large

oTHH)  :circles | thermal hysteresis in the cooling and warming-up modes. It

M(T,H=100 Oe): wiangles | is also noted thap(T,H=0) data obtained in the cooling

i mode are larger than that in the warming-up mode and the

El thermal hysteresis becomes the most remarkable near the

§ temperature~75 K below which the sample undergoes a
transition to a metallic state on cooling.

Indicated by open and solid triangles in FigaRare zero-
field-cooled(ZFC) and field-cooledFC) magnetization data,
respectively, measured in the=4.5% sample for a field of
100 Oe. One can note that the three regions revealed in the

| measurement gf(T,H=0) are also present in the magnetic
) measurement. Both the FC and ZFC data coincide at regions
ToT LR I and lll, but a large deviation between FC and ZFC data
MR LIS appears at region Il where the ZFC data are larger than the
1 = FC data. This observation is obviously different from that
o€ commonly observed in spin glasses. For spin glasses, the
1 deviation between FC and ZFC data appears at low tempera-
12 tures and the FC data are larger than the ZFC data. It is
, 1 therefore suggested that any consideration based on the spin
o0 250 frustration is inappropriate for the present observation of
T(K) magnetic hysteresis.

In Fig. 2(b) we plot thep-T curve measured during cool-
FIG. 2. Temperature dependence(@f normalized resistivity in ing for the 0.3 T field(open circles together with the corre-
zero field and dc magnetization measured in 100 Oe, where amoW§honding zero-field curvésolid circleg for the x=4.5%
indicate the temperature running direction, abginormalized re- o5 516 jt can be readily noted that applying such a low field
S|st|V|tydmeasured for f'?lds d-ﬂ=f0 ;:: 0'03 Tas Vﬂe" asthe cor- -ouses a substantial decrease in the peak resistivity and a
responding magnetoresistance for #e4.5% sample. clear shift of thel-M transition to higher temperature. Using
Eq. (1), MRy is calculated as a function of temperature,
&nich is displayed by the solid line in Fig(ld. It is obvious
that different behaviors are revealed at different temperature
_regions. At region |, no sizable MR effect is found, while at
Ifegion 111, the sample shows characteristic features of inter-

sample shows an insulating behavior at high temperatur
and metallic behavior at low temperatures. Th®l transi-

wards 0 K. Compared to the=0 sample, thex=4.5%

lowerTs. The zero-fieldp-T curve during warming was also sample shows a substantial enhancement in the intergrain

measurednot shown, and no difference is found for both MR. The largest value appearing &0 increases from
the modes, indicating no thermal hysteresis in this sample.wzs% to ~60% with x from O to 4.5%. Much to our sur-

\é\(herll ? low ]t!ellg |sfzp:pl(|)e(3:l,_ras ;]nd|cated| by rcl)pen C'rC|eS|:nprise is the MR observed at region Il. It is characterized by a
g. 1 Tor a field 0 3T, the Sample Shows a sma peak appearing near thé-M transition temperature
reduction inp at low temperatures. Defining the MR as (~75 K) with a value as high as 90%. As temperature is
decreased or increased from75 K, the MR shows a sub-
MR(%) = p(T.H=0)—p(T.H) % 100%, (1) stantial reduction from its maximum value. This is a charac-
p(T,H=0) teristic feature for the observation of CMR. For manganites
showing CMR, however, this characteristic feature is found
we obtain MR as a function of temperature for the 0.3 T only on a magnetic field scale of several teslas. For the
field as indicated by triangle symbols in Fig. 1. It can be seemresent sample, this characteristic feature is seen even for a
that thex=0 sample shows typical features of intergrain MR field as low as 0.3 T.
in which MR, monotonically increases on cooling. An essential fact should be noted in Fig. 2; namely, an
This picture changes when Cu is introduced into the sysunusually large MR effect is observed at the temperature
tem. The zero-fielgp-T curves for thex=4.5% sample are region where théthermal and magnetidhysteresis becomes
displayed by solid and open circles in FigaRfor both the  the most remarkable, suggesting the same underlying physi-
cooling and warming-up modes, respectively. Three distincal origin for them. In order to gain some information for
guishable regions can be found in this measurenigéhhigh  this understanding, here we perform measurements of the
temperature off >~ 140 K (region |), (2) middle tempera- MR dependence on magnetic field. Three typical tempera-
ture of ~40 K<T<~140 K (region 1), and (3) low tem-  tures of T=140, 75, ad 4 K are selected for this study.
perature ofT<~40 K (region Ill). At regions | and Ill, no  Before each measurement, the sample was always heated to
thermal hysteresis is revealed, where both pi{&,H=0) room temperature and then cooled to the desired temperature
curves obtained in the cooling and warming-up modes arén zero field. Keeping this temperature, the measurement was
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1.0 L esis phenomena observed nearltih transition. Because of
the absence of these unusual phenomena inth@ sample,
. 0.8 ] it is therefore natural to attribute them to be caused by the
T | introduction of Cu into the system. As is well known, the
z 0.6 — . T .
B i CW*(d% ion has a larger ionic radius as compared to the
= 04 . - average Mn radius; it is therefore likely that Cu ions in the
< "... 1 proximity of the GB are attracted towards the boundary in
0.2, ooe] order to release the local strdirThis is expected to occur
0.0 ] more easily as the grain size becomes small. This leads to the
N T | possibility that the sample is a granular one consisting of
-60000  -40000 -20000 0 20000 40000 60000 manganese perovskite grains surrounded by surface layers
H (Oe) created by some Cu-dependent material.

At present, we cannot identify the exact nature of the GB
created by some Cu-dependent material. However, we be-
lieve that its presence would be responsible for those unusual
observations. Since Cu itself is a PM ion, it is likely that Cu

carried out by sweeping the magnetic field according to 0SPINS present at the GB perhaps plays a role as the medium
—Hmax—0——Hmax—0. Shown in Fig. 3 are the thus ob- of FM coupling between neighboring FM grains. Plotting
tainedp-H curves. AtT=140 K, a temperature above which H/M as a function of temperature, whelis the FC data
the hysteresis disappears, the field dependéswi circles  indicated by solid triangles in Fig.(&®, one would find two

in Fig. 3) is basically reversible and the MR becomes observdistinct magnetic transition temperaturgg;~230 K and
able only when higher fields{~1 T) are applied. At 6 T, Tc,~75 K. The thus estimatell;, is almost the same 8%

MR, reaches a value-87%. This behavior in MR is similar of thex=0 sample. This is indicative of the alignment of Mn
to that commonly observed in manganites and the fieldspins within grains belowl -, for the x=4.5% sample. Al-
induced alignment of Mn spins should be responsible for thehough the Mn spins are ferromagnetically aligned within
observed MR. AtT=4 K which is located at region Ill, as grains, the magnetic moments between FM grains are not
demonstrated by solid triangles in Fig. 3, the application ofparallel due to the spin disordering at the GB. As a result,
fields first causes a sharp decreasepimnd then a more jnsulating behavior is maintained to temperatures much
gradual decrease on further increasing field. The sharp dggyer thanT¢;. On cooling fromT¢,, the spins at the GB
crease inp at low fields originates from the field-induced tenq o align along one of the FM grains. This in turn would
rotation of FM domains. A small amount of hysteresis is g¢act the alignment of the magnetic moment from its neigh-

present that is due to the interplay of domains. These Obsef)'oring FM grains. As a result, the magnetic moments be-

vations inqlicate that the present sample at low temperaturgs .o, neighboring FM grains tend to align along the same
shows typical features of grain ferromagnets. direction on cooling to a temperatulig.,, causing a transi-

As indicated by open circles in Fig. 3, the=4.5% . : . .
sample at region Il shows very peculiar behavior. Beforetlon to metallic state below this temperature. Once the spins

sweeping the field, the sample is of a “higli-state with at th”e GB are aligned in such a way, the sample “remem-
p(H)/p(H=0)~1. On sweeping the field, the sample bers” their alignment. Because of this remembrance, ZFC

quickly enters into a “lowp” state with p(H)/p(H=0) magnetization data shquld be Iarge.r than FC data, while the
~0. With sweepingH up to ~0.7 T or above, the sample p(T,H=0) measu_red in thelwarmlng—up mode should be
shows a weak field dependence. After sweeping the field to maller than that in the cooling mode, for the temperature
T and then back to zero again, the sample does not return if§nge located at region Il. Only when the sample is heated to
previous “highp” state but maintains its “lowp” level. The ~ temperatures higher thar 140 K does the remembrance
difference between two curves measured on sweeping disappear and then theghermal and magnetichysteresis
from 0 to the maximum and then back to 0 from the maxi-vanish.
mum therefore is a measure of the “remanence” of the MR, A similar discussion can be done for tp€T,H) mea-
indicating that the sample “remembers” the maximum valuesured aff =75 K. At zero field, thep is high due to the spin
of the magnetic field which had been applied. Once thigdisordering at the GB. Upon application of magnetic fields,
“low- p” state is created, it is metastable and persists aftethe spins at the GB tend to align along the field direction,
the removal of the applied field. After the first run for the which in turn further affects the alignment of neighboring
field sweeping, the sample maintains this “I@i-state and FM grains. As a result, the shows a sharp decrease. When
no magnetic hysteresis is observed on sweeping the field high enough field ¥ ~0.7 T) is applied, the spins at the
from 0 to —H,,,, and then from—H .« to H,.x and last GB and magnetic moments from FM grains are aligned al-
back to 0. This “lowp” state is destroyed and the sample is most along the same direction. In this situation, phis low
returned to its previous behavior only when the sample isand shows a weak field dependence. After the first run for the
heated to high temperatures (40 K). field sweeping, the sample “remembers” the previous align-
The results indicated in Fig. 2 clearly demonstrate thement for the spins at the GB. Therefore, the sample main-
same underlying physical origin for unusual MR and hyster4ains its “low-p” state and no magnetic hysteresis is ob-

FIG. 3. Field dependence of resistivity Bit= 140, 75, and 4 K
for the x=4.5% sample. Arrows indicate the field sweeping direc-
tion.
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served on sweeping the field from 0+toH ., and then from In summary, we have shown that the MR with a value of
—Hpnax t0 Hpax @and last back to 0. Apl/p(H=0)~90% for the 0.3 T field can be realized upon
Once the above interpretation is accepted, the observe#i5% Cu being introduced into LaCa;;sMnO;. Such a low-
low-field MR at region Il can be explained quite naturally. field giant MR is found to appear at the temperature range at
The application of fields decreases the random distribution ofvhich the sample shows remarkable thermal and magnetic
the spins at the GB, leading to a large decrease i@mnd  hysteresis effects. Our results also point to the physical ori-
hence the sizable MR. For the well-known manganites, thgjin of the observed low-field giant MR different from the
CMR is due to the field-induced alignment of Mn spins. CMR commonly observed near the PM-FM transition for
Therefore, comparably high fields of several teslas are remanganese perovskites.
quired to obtain a sizable effect. For the present situation,
application of the fields aligns the spins at the GB, which in  The authors thank Dr. TovstolytkifiUkraine for useful
turn align the magnetic moments of neighboring grainsdiscussions. This work was supported by the National Sci-
which have been ferromagnetically ordered at higher temence Foundation of Chingrant No. 10174022and Trans-
peratures. Therefore, it is likely that a sizable MR can beCentury Training Program Foundation for the Talents by the

realized even in low fields. Ministry of Education.
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