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Observation of Spin-Dependent Tunneling and Large 
Magnetoresistance in Lao.,Sro,M n O,/S rTiO,/Lao~,Sro,M n 0, 

Ramp-Edge Junctions 

C .  Kwon*, Q. X. Jia, Y. Fan, M. F. Hundley, and D. W. Reagor 
Materials Science and Technology Division, Mail Stop K763 
Los Alamos National Laboratory, Los Alamos, NM 87545 

Abstract 

We have fabricated ferromagnet-insulator-ferromagnet tunneling junctions using a ramp- 

edge geometry based on ( L ~ . ~ s r ~ . ~ ) M n 0 ~  ferromagnetic electrodes and a SrTi03 insulator. Pulsed 

laser deposition was used to deposit the multilayer thin films and the devices were patterned using 

photolithography and ion milling. As expected from the spin-dependent tunneling, the junction 

magnetoresistance is dependent on the relative orientation of the magnetization in the electrodes. A 

junction magnetoresistance (JMR) as large as 30% is observed at low temperatures and low fields. 

In addition, we have found that JMR is reduced at high temperatures (T > 100 K) and decreases 

monotonically with increasing field at high fields (0.5 T < H < 1 T). Possible causes for these are 

also discussed. 

* e-mail: chuhee@lanl.gov 
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There has been a great deal of interest in magnetic tunnel junctions based on conventional 

ferromagnetic metals due to the large junction magnetoresistance (JMR) observed at room 

temperature [ 11. Due to the uneven spin distribution of conduction electrons at the Fermi level in 

the ferromagnets, one can expect tunneling probability to be dependent on the relative 

magnetization orientation of the ferromagnet electrodes. By assuming that spin is conserved in the 

tunneling process and tunneling current is dependent on the density of states at Fermi level of two 

electrodes, Jullier showed the maximum change in the tunneling resistance (AR) as [2] 

AWRA = (RA - RJRA = 2PlP2/( 1 +  PIP^), 

where RA and Rp are the junction resistances when the magnetizations are antiparallel and parallel, 

respectively, and PI and P2 are the spin polarizations of the two electrodes. 

Recently, doped manganites, (b.7&.3)Mn03 where R is a rare earth element such as La, 

Pr, and Nd and M is a divalent element such as Ba, Sr, and Ca, have been rediscovered due to the 

large magnetoresistance near the metal-insulator transition temperature [3]. One of the most 

intriguing facts of the doped manganites is the half-metallic nature predicted by the strong Hund’s 

coupling and a relatively narrow carrier conduction band [4]. A half-metallic ferromagnet has 

100% spin polarization for conduction electrons, and thus it offers potential as a ferromagnetic 

metal electrode in devices based on spin-dependent transport effects. Hence, compared to the 

tunneling junctions based on the conventional ferromagnetic metal electrodes, MR in the tunneling 

junctions made of the manganites is expected to be larger. Sun et al. have demonstrated the 

existence of large magnetoresistance at low fields and low temperatures in the trilayer sandwich 

junctions using doped manganites [5 ] .  

We report on the fabrication and characterization of ramp-edge ferromagnet-insulator- 

ferromagnet junction devices using, (Lao 7Sr0.3)Mn03 (LSMO) and SrTi03 (STO) as the 

ferromagnet and insulator layers, respectively. A large junction magnetoresistance (JMR = [(Rj(H) 

- Rj( 1000 Oe))/Rj( 1000 Oe)]) of 30 % is obtained at low temperatures in fields of 200 Oe. The 

junction magnetoresistance is observed to be dependent on the relative orientation of the 

magnetization in the electrodes as expected from the spin-dependent tunneling. Various 
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possibilities to affect the device performance are discussed such as the changes in the magnetization 

process and the reduction of the spin-polarizability in the electrodes. 

A schematic diagram of a ramp-edge junction device structure is shown in Fig. 1. At first, 

a multilayer including a buffer layer (STO), a bottom electrode (LSMO), and a thick insulation 

layer (STO) was deposited in situ on L a 1 0 3  substrate using pulsed laser deposition. The oxygen 

background pressure was 400 mTorr and the heater block temperature was 700 "C. The device 

was defined using conventional photolithography and the ramp-edge was created by ion milling 

with Ar ions. The ramp-angle measured using atomic force microscope (AFM) after the Ar ion 

milling was 12" - 14". After removing the photoresist, a thin insulating barrier of STO and a top 

electrode of LSMO were deposited in situ under 400 mTorr oxygen and at 700 "C. The insulating 

barrier and the top electrode were patterned to form a junction and counter electrode as shown in 

Fig. 1. Finally, gold was sputtered for contact pads. A detailed description of the ramp-edge 

device fabrication process can be found in an earlier publication [6].  

As-grown LSMO films under the above growth conditions have a Curie temperature, T,, of 

350 K and a metal-to-metal transition at the same temperature (LSMO has a paramagnetic metal-to- 

ferromagnetic metal transition near T, [7J). The resistive transitions of both top and bottom LSMO 

electrodes were measured after the device fabrication process and showed the same temperature 

dependence, suggesting minimal damage from the patterning process. The JMR was measured 

with a four-terminal ac resistance bridge and a dc current source in fields up to +1 T in the 

temperature range of 16 - 300 K. The current was flowing across the insulating barrier layer 

similar to the current-perpendicular-to-plane (CPP) geometry in a trilayer sandwich junction [ 5 ] .  

The magnetic field was applied in the plane either parallel or perpendicular to the current. No 

significant difference was observed in the field dependence of JMR. Also these junctions 

withstood temperature cycling and were stable in the ambient conditions. 

The field dependent junction resistance, Rj(H), and JMR, ARj/Rj( 1000 Oe) of a device at 

15.7 K is shown in Fig. 2. JMR values as large as 30 % are observed at low fields (between 180 

Oe and 220 Oe). The shape of JMR versus field is similar to that of metal-electrode-based tunnel 



junctions [l]. At high fields, the junction resistance is low because the magnetization in both 

electrodes is parallel. When H is between the coercive fields of the top and bottom electrodes (i.e., 

the electrode magnetization vectors are antiparallel), the junction resistance reaches a maximum 

value. Generally the JMR increases nearly linearly with decreasing temperature and saturates at 

values as large as 30 % below 100 K. 

The I-V characteristics of a junction measured at 16.1 K in H=5000 Oe (dotted line) and 

200 Oe (solid line) are depicted in Fig. 3. As seen from Fig. 2, the magnetization in the electrodes 

is parallel (antiparallel) at H=5000 Oe (200 Oe). At small bias voltages (&O.lV), the I-V 

characteristics show a linear behavior as expected for a good tunneling junction [l,S]. Since 

polycrystalline films [9] and powder samples [4] have the field dependent MR similar to Fig. 2 and 

linear I-V, there is a question whether these characteristics in the ramp-edge junctions are 

originated not from spin-dependent tunneling but from the granularity in electrodes. In some 

devices with a poor quality insulator barrier where the transport through micro-shorts is 

dominating, we observed a small JMR (< 1 %; similar to M R  from epitaxial films) at low 

temperatures indicating the lack of polycrystalline and grain boundary effects across electrodes. 

This result supports tunneling as the main transport mechanism in the good ramp-edge devices and 

establishes that the large JMX is indeed from spin-dependent tunneling. Unlike the conventional 

spin-dependent tunneling devices [I], JMR in the ramp-edge devices does not depend on the dc 

bias voltage up to the measured range. 

The high field JMR, ARj(H)/Rj( lT), at room temperature (solid line) and 20 K (dotted line) 

for a ramp-edge junction are presented in Fig. 4. As expected, the low field MR has a maximum in 

both cases suggesting that the spin-dependent tunneling can be observed even at room temperature. 

However, there are two questions arising from the results; (1) Why does Rj not saturate, but rather 

continues to decrease with increasing field up to +1 T, (2) Why is the JMR at room temperature so 

small compared with that at low temperature, even though the spin polarizability in LSMO changes 

less than 30 % if estimated from the bulk magnetization [7]? The similar results have been reported 
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in the sandwich tunnel junctions [5] and grain boundary devices [ 101 using the doped manganites. 

The second question is especially important for device applications. 

The value and the field dependence of JMR strongly depend on the magnetization process 

and the spin-polarizability of the electrodes particularly near the junction. Even though the doped 

manganites do not have strong crystalline and magnetic anisotropies as a single crystal, magnetic 

anisotropies induced by the epitaxial growth and the film thickness [ 1 1,121 have been observed in 

LSMO thin films. Domain pinning due to defects at the interfaces can also hamper the 

magnetization process. The magnetic anisotropy and domain pinning increase the field required to 

reach the saturation magnetization, hence, affecting JMR and its field dependence. There was a 

report on the reduced spin polarizability at the surface of a LSMO film [13], which can 

significantly reduce JMR at high temperatures. Also the surface degradation during the patterning 

process using ion milling can reduce the spin polarizability at the junction electrodes. The defect 

mediated scattering in the insulator and at the interfaces is another possible reason to reduce JMR 

~51.  

In summary, we have successfully fabricated LSMO/STO/LSMO junction devices using a 

ramp-edge geometry. A junction magnetoresistance of 30 % in fields around 200 Oe was observed 

at T = 15.7 K. A linear I-V characteristic has been observed at low bias (+O.lV) and JMR does 

not depend on the junction bias up to 0.lV. The reduced JMR at high temperature and the field 

dependence of JMR at high fields can be caused by the magnetization process and the reduced 

spin-polarizability at the junction electrodes. 

We would like to thank Dr. M. E. Hawley for AFM support and Dr. Y. Gim for critical 

reading of the manuscript. This work was performed under the auspices of the United States 

Department of Energy. 
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Figure Captions 

Figure 1 Schematic diagram of a ramp-edge LSMO/STO/LSMO junction device. (a) top view (b) 

cross-section of the junction area. 

Figure 2 The junction resistance and magnetoresistance of the ramp-edge junction taken at 15.7 K.  

JMR is defined by [(Rj(H) - Rj(lOOO Oe)/Rj(lOOO Oe)]. The arrows indicate the direction of 

magnetic field sweep. 

Figure 3 I-V characteristics of a junction at T = 16.1 K with H=5000 Oe (dotted line) and 200 Oe 

(solid line). 

Figure 4 The high field JMR, ARj/Rj( lT), at room temperature (solid line) and 20 K (dotted line). 
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