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Effects of magnetic field on the manganite-based bilayer junction
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An oxide bilayer junction has been fabricated by growing g4ddary 3sCay 3dMnO; film on 0.5 wt %
Nb-doped SrTiQ crystal, and its behavior under magnetic field is experimentally studied. It is found
that external field greatly affected the rectifying property and the resistance of the junction, causing
an extremely large magnetoresistance. The most striking observation of the present work is that the
magnetoresistance of the junction can be either positive or negative, depending on temperature and
applied current, and is asymmetric with respect to the direction of the bias current. These results
reveal the great potential of the manganites in configuring artificial devices20@ American
Institute of Physics.[DOI: 10.1063/1.1664032

Doped manganese oxides have been a focus of intensifi#ém and the 0.5 wt % Nb-doped SrTEQSTON) crystal, and
studies since the discovery of colossal magnetoresistandecused on its behavior under magnetic field.
(MR) in this kind of materials. Much effort, both theoretical The LPCM-STON junction was fabricated by growing a
and experimental, has been devoted to revealing the physi¢$CM film on the STON crystal of the area ofx3 mn?
underlying the colossal MR and other phenomena such assing laser ablation. The substrate was kept 800 °C and
phase separation, charge-and-orbital ordering, and ktc. the O, pressure at 100 Pa during the deposition. The film
addition to these, the practical applicability of the MR effectsthickness is~500 A, controlled by deposition time. As con-
is also a topic of great interest. Unfortunately, the prospecfirmed by the6—26 and ¢ scans of the x-ray diffraction, the
for a direct application is not clear due to the difficulties thatfilm is epitaxial with the(001) axis aligning along the film
the magnetic field required for a significant MR is too high, normal. Thermomagnetization demonstrates that the ferro-
usually exceeds several Tesla, and the maximum MR is limmagnetic(FM) onset occurs &f.~166 K and the magnetic
ited to a very narrow temperature region. In contrast, it beorder in the LPCM film is far from perfedhot shown. The
comes more and more obvious that the great potential of theesistivity-temperature curves in Fig. 1 indicate that the film
manganites may be in artificial structures. In fact, a substaris metallic belowT,~155 K and activated abovg,. Mag-
tial progress has been gained in the fabrication of oxide magRetic field depresses the resistivity greatly. A field of 5 T
netic tunnel junctiorf,* and a tunneling MR as high as causes a MR of approximately99% at~150 K and ap-
99.9% has been obtained in trilayer junctiongk#®r,,;  Proximately —70% at 20 K(inset in Fig. 1, and drives the
MnO;/SrTiOs/Lag ¢St 3MNn0O5.* Obviously, the magnetic Metal-to-insulator(MI) transition to~220 K, where MR is
tunnel junction is not the only artificial device composed ofdefined byp(H,1)/p(0,1) =1 (I is explicitly included to ex-
manganites. Recently, Kawai and co-workers have succesBess the current dependence of resistance as will be seen
fully constructed ap—n junction using Nb or La-doped below). All these features, which are essentially similar to
SITiO; and La B3, ;MNOs, and found a rectifying behavior those observed in bulk materidlsuggest a change of the
and a strong bias voltage dependence of the junctioﬁnagnetic and electronic structure of the LPCM film under
resistanc&® A typical feature of the manganites is the strongMmagnetic field as desired.
dependence of their property on magnetic field. Therefore, a  The |-V characteristics of the LPCM-STON junction
natural anticipation is that the property of the-n junction

would be magnetically tunable, which is of special interest — r . r .
from the viewpoint of application. It is unexpected that no ~ __ 0.4 l=1pA
such effects were observed by Kawial. This may be a g

result that the MR of LgBay, sMnO; is not large compared o 0.3 .
with other manganites: it is-50% near the Curie tempera- :;_’,

ture (T,) and~10% well belowT, under a field of 5 T.As = 0.2 |
is well known, replacing La in LggCay 3dMnO; by smaller 2 0 80 160 240

atoms usually causes a dramatic enhancement of the MR § o1 TK) 1
effects, and sometimes a metamagnetic transition can occur

in such manganitésWhat will be the behavior of the bilayer 0.0  cooooomocada

junction composed of this kind of manganites under external 0 50 100 150 200 250 300
field is an interesting question. In this letter, we constructed a Temperature (K)

bilayer junction using the LgPry3:Ca) 3dMnO; (LPCM)

FIG. 1. Temperature-dependent resistivity of thg 4By 3:Ca) 3dMnO; film
measured atl =0, 2 T, and 5 T. Inset displays the magnetoresistance of the
3Electronic mail: jrsun@g203.iphy.ac.cn film under a field of 5 T.
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Voltage (V) curve under magnetic field, the junction resistance exhibits a

significant reduction, and the MR ratio is as large-a396%

FIG. 2. Current—voltage characteristics of the LPCM-STON junction mea-, _ P _
sured under the fields di=0 and 5 T. Results in the top six panels are for H=5T. This is a value comparable to that of the man

measured with the electrode settings in the top inset, and the bottom insét@nites. Different from the conventional manganites, how-
for the two panels; arrows indicate the change of the voltage under magnetiever, the MR of the LPCM-STON junction can be positive.
field. As shown in Fig. 3, with the increase of temperature, the MR
undergoes a dramatic negative-to-positive transition, and a

are measured by tuning the applied current, and the typicdluge positive MR 0f~180% is observed whern=0. In the
results are presented in Fig. 2. Two different electrode setintermediate temperature range between 100 and 150 K
tings are used for the measuremefitsets of Fig. 2, and (hatched area in Fig.)3the sign of MR depends on the
the only the results corresponding to the top setting are preapplied current, and a large positive bias current usually
sented in detail because of the similarity of the two sets ofjields a positive MR. One point worthy of special attention
data. As reported by Kawai al, thel -V curves are asym- is that the MR is asymmetric with respect to the direction of
metric with respect to the origin, demonstrated by the occurthe applied current. It is, for example;0 for | =1.76 mA
rence of a voltage-saturation ¥t for the positive branch of and—67% forl =—1.76 mA atT=125 K. The MR is modu-
the |-V curve and the continuous growth of the voltage inlated simply by the direction of the bias current. This result
the negative branch. This asymmetry persists up to roonndicates that the asymmetric character of then junction
temperature despite the change of the detdiled relation.  is an advantage to obtain unexpected effects. The inset in
The most remarkable observation of the present work is th&ig. 3 illustrates the variation of MR against applied current
strong effects of magnetic field on the-V curve and the atT=125 K.
resistance of the junctiofdefined asR;,,=V/I). First, the Negative MR has been a focus of recent studies, and the
magnetic field modifies thé—V relation significantly. It well known phenomena are the giant MR in metallic multi-
straightens thd -V curve, inclines it to thel axis, and layers, the colossal MR in manganites, and the tunneling MR
pushesV. to higher voltages. The first two features are ob-in spin tunnel junction. Different from the negative MR, the
vious in the temperature region below 125 K, while the thirdconventional MR in metals and semiconductors is positive
feature appears and develops above 100 K. Take the resultand usually small. To our knowledge, the rich variation of
50 K as an example. Thie-V curve displays as a straight MR versus temperature, current, and magnetic field in the
line with a large slope in the range from0.48 V to 0.63V ~ LPCM-STON junction has not been observed before in ei-
under a field of 5 T, whereas it is a curve close tothaxis  ther artificial or natural materials. As a primary explanation,
without external field. These results imply a weakening ofwe prefer to relate it to the variation of the electronic struc-
the rectifying ability of the LPCM-STON junction under ture of LPCM. In Fig. 4 we schematically show the band
magnetic field. Second, the effect of magnetic field is differ-structure of LPCM and STORIIn the hole-doped mangan-
ent for the positive and negative portions of theV curve. ites, three Mn 8 electrons form the localizety; band(not
For the former, it leads to a slight decrease of the voltageshown). The remaining electrons occupy the conductig
whenT<75 K and a considerable increase whier100 K.  band which is energetically higher than thg band. Thee,
In contrast, the voltage decreasesTer125 K and increases band further splits into two subbands of spin-up and spin-
for T>150 K for the latter. down (g4T andeg|) due to Hund's rule coupling’ and the

All these effects are clearly demonstrated by the variafermi level locates in theyT subband. An energy barrier
tion of the junction resistance. Figure 3 presents the typicatould be formed at the LPCM-STON interface noting that
MR of the junction for selected currents=—5 mA, 5 mA, the Fermi energy of the degeneratedype semiconductor
and O (obtained by extrapolating the results to the zero-STON is near the conducting balidWhen the voltage on

current limiy. Corresponding to the inclining of the-V  the junction exceeds.., this energy barrier is overcome, and
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(a) T=0 (b) 0<T<Tc takes place near the Curie temperature of the LPCM film. It
p’-LPCM n-STON p"-LPCM n-STON is in this temperature regime that the FM order of the film
e ‘ ! changes rapidly. On the contrary, when the FM order of the

9 eﬂ ! LPCM film is improved by an external field, the band gap

of the density of state near the Fermi level after the overlap
ion layer ' of the two ey subbands. In this image, when external field
drives the system back to the FM staR,, will increase
FIG. 4. Schematic diagrams for the band structure of LPCM and STON a(positive MQ due to the resp”tting of th@g subbands.
(&) T=0 and(b) 0<T<T. While the negative MR in the low temperature regime may
be attributed to the variation of the depletion layer. It be-
— . comes thinner when the magnetic field derives LPCM into a
the snowslide-like current increase appears. Bje—€ql  \ye|| metallic state, which enhances the electron tunneling.
band gap is expected to vary with the magnetic state Opyp,jiq,sly, what we give here is only a possible explanation.
LPCM. In fact, when the spins of the Mn ions deviates A through understanding of the present observation requires
from a fully ferromagnetic alignment, an exact parallel or 2 full knowledge on the band structure of LPCM.
antiparallel arrangement between the spins of ¢peelec-
trons and the M#i* ions is impossible. This implies a reduc- This work has been supported by the National Natural
tion in the energy cost for the, electron to reverse its di- Science Foundation of China and the State Key Project for
rection. Therefore, with the increase of temperature, thehe Fundamental Research of China.
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