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Strong magnetic-field effects in weak manganite-based heterojunction
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Oxide heterojunctions were fabricated by growing g é&a 3MnO;_ s (LCMO) film on a 0.5

wt % Nb-doped SrTi@ single crystalSTON). By removing the oxygen of LCMO, a junction with

a rather small diffusion/breakdown voltage and junction resistance has been obtained. The most
striking observation of the present work is the extremely strong magnetic-field effects in this weak
junction. A field ofH=~1.7 T can cause an increase-01130% of the diffusion/breakdown voltage

and a magnetoresistance as highR{$1)/R(0)—1~1100%. It is interesting to note that the
magnetoresistance is positive, which indicates a basically different mechanism from the manganite,
for which a negative magnetoresistance is observed, and could be a result of the change of magnetic
and electronic structures of LCMO with respect to STON under magnetic field20@ American
Institute of Physics.[DOI: 10.1063/1.1762703

Perovskite manganese oxides have two promising feahe resistance of the junction experience a great change un-
tures. The first one is the strong magnetic field dependencaer the magnetic field. The MR can be as high~akL00%
of their magnetic and transport properties. It has been reunder a field of 1.7 T, and its positive sign indicates a basi-
vealed that the resistivity of the manganite underwent a greatally different mechanism from the manganite.
reduction under magnetic field(, and sometimes a mag- A 0.5 wt% STON(00)) single crystal of the size of>85
netoresistance(MR)=R(H)/R(0)—1~—100% could be mn? was used as a substrate. To obtain a better interface
achieved, where R(H) and R(0) represent the resistance structure, the substrate was carefully polished and the surface
with and without magnetic field. The other feature is the highroughness was depressed below 4 A. A LCMO layer was
spin polarization below Curie temperaturéd), i.e., elec- grown on the substrate by pulsed laser ablation. The tem-
trons at the Fermi level possess essentially the same spperature of the substrate was kept at 750 °C and the oxygen
orientation?® In addition to the attractive underlying phys- pressure at-100 Pa during the deposition. The film thick-
ics, these special properties can be used to configure artificiless is 500 A, controlled by the deposition tifteposition
devices of technological interest. In fact, the half-metal charrate ~0.5 A/s). To improve the crystal quality and oxygen
acter of the manganite has been used in fabricating spin tustoichiometry, the film was maintained at 750 °C for 15 min
nel junctions soon after the discovery of the huge MR, and an flowing O, gas after preparation.
tunnel MR as high as-99% has been obtained recerﬁly. Figure 1 shows the x-ray diffractioftXRD) spectrum
This is a value much larger than that of the conventional spitind the resistivity of LCMO/STON, the latter was measured
tunnel junction. in the current-in-plane mode. As expected, only the peaks

In a spin tunnel junction, the magnetic field produceswith the same orientation as the substrate were detected,
MR by altering the relative magnetic orientation of ferro- which indicates an epitaxial film growtttop panel. Noting
magnetic(FM) layers, which affects the probability for an the fact that STON is a semiconductor and there is no resis-
electron to cross the junction. The magnetically tunable featiye abnormal for it down to 5 K, the metal-to-insulator tran-
ture of the manganite is actually not involved. In this letter, sjtion at ~253 K (bottom panel and its shift to high tem-
we report on an artificial material with a magnetoresistiveperatures under a magnetic field can be attributed to LCMO
behavior associated with the variation of the magnetic angjjm, they are typical features of stoichiometric LCMO.
electronic structures of the manganite under a magnetic field. Tg remove oxygen, the LCMO film was further treated
We selected L@eCay3MnOz-5 (LCMO) and Nb-doped gt 480 °C for 15 min in a vacuum of5x 10~ Torr. Sub-
SrTiO; (STON) to compose a heterojunction. The former is asequent XRD measurement reveals a low-angle shift of the
p-type degenerated semiconductor while the latter igpe.  (9p4) peak. This is a sign of oxygen release that produces
By removing the oxygen of LCMO, we obtained a junction |attice expansiod.The content of oxygen vacancies, charac-
that exhibits a rather small diffusion/breakdown voltage andgrized by s, is estimated to b&~0.11 based on the XRD
junction resistance. The most striking observation of theysig following the method of Ref. 8. As a consequence of
presgnt study is .the gxtremely strong _mai\gnetic-fielld eﬁect%sing oxygen, the metallic conduction in the low-
in this weakp—n junction: Both the rectifying behavior and temperature region disappears, and, fascinatingly, the nega-
tive MR becomes positive. In fact, the positive MR cannot
3Electronic mail: jrsun@g203.iphy.ac.cn be ascribed to LCMO alone. Because of the small junction
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0 50 100 150 200 250 300 Voltage (mV)
Temperature (K) FIG. 2. |-V characteristics of thp—n junction. Note the different scales of
the top two and the bottom four figures. The lower inset is a close view of
the -V curve near the origin. Arrows indicate the variation of theV

curve under a field of 1.7 T.

FIG. 1. XRD spectrd\=1.5405 A (top panel and resistivity(current-in-
plang (bottom panelof the LCMO film before and after vacuum annealing.
The peaks are indexed based on an orthorhombic structure.

) . . Fig. 2 and an upward shift o¥4 andV,,. Figure 3 shows
reS|ste_1nce, STON was also measureo! n p_arallel to the _f'_lmthat the magnetic-field effect emerges below 220 K, and de-
especially for the vacuum-annealed junction. The POSitivg,eons with the decrease of temperature. The maximum ef-

MR suggests an increase of junction resistance under the  (a1es place at-120 K, whereV, increases from 0.12
magnetic field, which prevents the current from passing.,, to 1.5 mV under a field of~1.7 T (V4(H)

through STON, then causes a growth of the total resistance V4(0)/V4(0)~1130%, inset of Fig. B V,, exhibits a syn-
of the LCMO—STON system. This is proven by the follow- ., :onqs variation withv, either an increase or decrease.
'ng e>.<per|ment results. ) Accompanying the variation of the—V curves, the resis-
Figure 2 presents typlcal current versus voltage\() tance of the junction experiences a great change. Figure 4
curves of the heterolL_mctlo_n before and after vacuum anneabresents the resistanceE V/1) and the corresponding MR
'ng mea_sured by t“”'”%ob'as voltage undeﬁ_o_ and 17T of ihe junction for selected currents and temperatuRgs.
As previously reported:® the |-V curve exhibits an asym- 4 jies with temperature in essentially the same way s
metry for the forward and reverse biases, and there are tWnggesting a close relation between these two quantities. As

critical voltages, respectively called diffusion voltagés]  mentioned before, a larger diffusion voltage implies a higher
and breakdown voltageVg,), at which the current shows a

snowslidelike increase. It is interesting that losing oxygen

12 T T T ; |' 'I . T ]

can cause a reduction ®f; andV,, by two to three orders of — 1200 ]
magnitude, resulting in critical voltages of only a few milli- 10 & 900 1.
volts. As shown in Fig. 3V4 is ~1.2 mV at the ambient =)

temperature without magnetic field. The minimum and maxi- 8 > 6001 1.
mum V4 are ~0.12 mV and 1.8 mV, respectively. The ex- ;v 3004 1
traordinarily smallV4 means a weak built-in electric field in H < o {1

the junction region or a low-energy barrier at the LCMO-—
STON interface. This analysis is consistent with the small
junction resistance as will be shown below. Therefore,
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oxygen-deficient LCMO and STON actually form a weak 21 1
heterojunction. Fascinatingly, though the critical voltages are 0 |
small, the rectifying feature of oup—n junction remains 0 50 100 150 200 250 300
clear: The current rush aty andV, is definite and steep

despite the significant leakage current. Temperature (K)

The most remarkable observation is the strong effect 0](:IG. 3. Diffusion voltage ¥4) as a function of temperature measured under

magnetic field on the weag—n junction. The applied field H=0and 1.7 T. The inset displays the relative chang¥ p@inder magnetic

yields a decrease of tHe-V slope near the origilfinset in field.
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work. It is obvious that the only possible change induced by
an external field may be the magnetic state of the LCMO
film. We failed to get a satisfactory magnetization curve for
LCMO because of its weak magnetic signal. A simple calcu-
lation shows that the content of Kih in LCMO is ~0.11
3 (corresponding tas~0.11). If the main features of LCMO
mimic those of La_,CaMnO; (x=0.11), theT¢ of LCMO
. should be~120 K It is exactly the temperature where the
maximum MR of our junction occurs. This suggests that we
10°4 / J consider the relation between MR and the magnetic state of
1=0.45mA ] LCMO. A distinctive feature of the manganite is the strong
1250 f f y : : ] influence of magnetic order on electronic structure: The
T=120K spin-up and spin-down states will undergo a band splitting
- when the manganite is cooled throudlz. Based on the
semiconductor theory, the appearance of band gap can lead
] to an increase of the energy barrier at the LCMO-STON
interface noting the fact that the Fermi energy locates at the
0 5 10 15 1 lower 4 subband in LCMO and near the bottom of the con-
H (kOe) duction band in STON, and LCMO and STON have a com-
4 mon Fermi level. This may be the reason for the increase of
J Vg andR; below ~120 K (Figs. 3 and 4 The smallV, and
4 V), could be a sign that the band gap is not fully opened up,
— T T T T 1T which is understandable considering the poor FM order of
0 5 100 150 200 250 300 LCMO due to the lower Mfi" content or the presence of
Temperature (K) oxygen vacancies. It is interesting to note that it is for these

FIG. 4. Resistancé&op panel and magnetoresistan¢eottom panel of the manganites that the magnetic field demonstrates a strong

p—n junction as functions of temperature measured under the fields<gg ~ POWer in enhancing the magnetic ordérctually, the T”'St
and 1.7 T forl =0 andl =0.45 mA. The bottom inset shows the variation of huge MR was also observed in such a syst&nor equiva-

junction resistance with applied field£0.45 mA). lently, in developing the spin-up and spin-down band gap.
Because of the small value ®df; andV,,, any field-induced
variations of them can result in sizeable relative changes.
él'his implies that a smal/4/V}, or R; may always accom-
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built-in field, therefore a larger junction resistance. The en
hancement of the junction resistance by magnetic field i h MR
especially obvious in the temperature region below 150 K. iPany a huge :

is apparently a consequence of the diminishment of th¢ This work has been supported by a Direct Grant from the
slope and the upward shift &, andV, . A direct calculation  Research Grants Council of the Hong Kong Special Admin-
indicates that the maximum MR.|51000% forl fO and  jstrative Region, ChinéProject No. C001-2060228the Na-

~1100% forl =0.45 mA under a field of 1.7 T, slightly de- {jona Natural Science Foundation of China, and the State

pendent on applied current. An even larger MR is expecte§ey project for the Fundamental Research of China.
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