









	
 Home

	 Add Document
	 Sign In
	 Create An Account














[image: PDFKUL.COM]






































	
 Viewer

	
 Transcript













APPLIED PHYSICS LETTERS 92, 043506 共2008兲



High field sensitivity at room temperature in p-n junction based bilayered manganite devices P. S. Vachhani,a兲 J. H. Markna, and D. G. Kuberkar Department of Physics, Saurashtra University, Rajkot, Gujarat 360 005, India



R. J. Choudhary and D. M. Phase UGC-DAE Consortium for Scientific Research, Indore, 452 017, India



共Received 13 December 2007; accepted 9 January 2008; published online 30 January 2008兲 The thickness dependent current-voltage 共I-V兲 properties of the bilayered La0.6Pr0.2Sr0.2MnO3 共LPSMO兲 / Nb-SrTiO3 共SNTO兲 p-n junction devices having two different thicknesses, grown using pulsed laser deposition 共PLD兲 technique, have been studied. The I-V curves of these bilayered junctions show good rectifying behavior and also exhibit large positive magnetoresistance 共MR兲 at room temperature. The p-n junction having LPSMO thickness of 200 nm exhibits low saturation voltage 共VC兲 and high positive MR as compared to junction with 100 nm p-type LPSMO layer. Distinct feature such as large positive MR with respect to temperature can be understood in terms of thickness dependent modifications in the film-substrate interface. © 2008 American Institute of Physics. 关DOI: 10.1063/1.2838744兴 Divalent alkali metal doped rare earth manganites have attracted the attention of researchers since the discovery of colossal magnetoresistance 共CMR兲.1 The practical applications of CMR effect in manganites demand the exhibition of significant MR% 关MR% = 共R0 − RH兲*100/ R0兴 in low applied magnetic fields at or around room temperature 共RT兲. Based on the possibility of observing large MR in artificial device based on tunneling, the first attempt to fabricate the magnetic tunnel junction La0.7Sr0.3MnO3 共LSMO兲 / SrTiO3 / La0.7Sr0.3MnO3 共LSMO兲 resulted in the MR ⬃83% at 5 K.2 Recently, our group has reported a MR ⬃77% in La0.5Pr0.2Sr0.3MnO3 / Al2O3 / La0.5Pr0.2Sr0.3MnO3 heterostructure at 200 K.3 Tanaka et al. reported the electric field dependent modulation in double exchange around room temperature and temperature dependent I-V characteristics in the La0.9Ba0.1MnO3 共LBMO兲/SNTO p-n junction.4 Such a junction exhibits good rectifying properties and asymmetric diodelike I-V behavior. The effect of magnetic field on I-V characteristics of La0.32Pr0.35Ca0.33MnO3 共LPCMO兲/0.5 wt % Nb doped STO 共SNTO兲 junction had also been studied by Sun et al.,5 showing temperature dependent variation in the band structure at the LPCMO-SNTO interface. However, the most striking feature of p-n junction device was observed in La0.9Sr0.1MnO3 共LSMO兲/0.01 wt % SNTO p-n junction, where a large positive MR nearly 94% around 255 K and 26% at 290 K has been reported.6 The appropriate reason for such a large positive MR in manganite based p-n junction is yet to be understood. Various mechanisms have been suggested to explain the observation of large positive MR which improves the field sensitivity of the device.7 Recently, it is proposed that the competition between the MR of p-type manganite layer and of p-n junction results in the positive MR in a bilayered device.8 From these discussions, it is clear that a general consensus regarding the origin of positive MR in the p-n junction device is yet to be attained. In this letter, we report the fabrication of La0.6Pr0.2Sr0.2MnO3 共p type兲/SrNb0.2Ti0.8O3 共n type兲 bilayer a兲
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p-n junction device and the effect of thickness of p-type layer on I-V characteristics of p-n junction with and without applied magnetic field. The selection of LPSMO manganite was done due to its appreciable field sensitivity and higher transition temperature.9 A well characterized La0.6Pr0.2Sr0.2MnO3 共LPSMO兲 target 共25 mm diam兲. was used for the deposition of p-type thin films with desired thicknesses of 100 and 200 nm on 0.20 wt % SNTO substrate using pulsed laser deposition 共PLD兲 technique. A 248 nm KrF excimer laser was used for the ablation with laser fluence of ⬃2 J / cm2 at the target surface. During the film growth, the substrate temperature was kept at 700 ° C with oxygen partial pressure maintained at 400 mTorr. No impurity phases were detected by -2 scan of x-ray diffraction 共XRD兲 and the epitaxial film growth was confirmed by XRD  scan. The I-V measurements at 5 and 300 K were performed on both the p-n junctions using dc four probe technique under 0 and 8 T fields. Figure 1 shows the XRD  scan of LPSMO/SNTO bilayered p-n junction, performed by tilting the specimen in 共1 2 2兲 direction from 共0 0 2兲 direction of specimen crystal plane. The figure shows four peaks, each separated by 90°, which confirm the cubic symmetry and epitaxial growth of deposited p-type LPSMO layer. The geometry of the four probe arrangement used for the I-V measurement is displayed as inset in Fig. 2. Field dependent I-V studies were carried out by applying field parallel to the p-n junction interface and perpendicular to the applied



FIG. 1. X-ray  scan of LPSMO/SNTO bilayered junction.
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FIG. 4. MR% vs I plots of 100 and 200 nm LPSMO/SNTO bilayer junction at temperature of 5 and 300 K under applied field of 8 T.



FIG. 2. 共Color online兲 Plots of I-V characteristics with and without applied field at temperature of 5 and 300 K for the 100 nm LPSMO/SNTO bilayer junction.



current. To eliminate joule heating effect, the value of applied current was limited to 6 mA. The I-V curves obtained at 5 and 300 K, for both the thicknesses of LPSMO layers in bilayered p-n junction under 0 – 8 T fields are shown in Figs. 2 and 3, respectively. It can be seen that, a negligible negative MR is exhibited by both the junctions at 5 K which gets converted to a large positive MR at 300 K. The saturation voltage 共VC兲 decreases with increasing film thickness 共140 mV at 5 K in 100 nm and 64 mV at 5 K in 200 nm film兲. Moreover, the variation in the value of VC with applied field is very small at 5 K while at 300 K, VC increases appreciably under 8 T field. The MR ratios of the bilayered junctions plotted as a function of applied current at two different temperatures, 5 and 300 K are shown in Figs. 4共a兲 and 4共b兲, respectively. The observed negative MR ⬃−3% and −17% at 5 K becomes positive ⬃43% and 65% at 300 K for



100 and 200 nm bilayered junction, respectively. The large MR ⬃50% has been observed at 300 K for the applied current of only 0.15 mA for the 200 nm bilayered junction, however, MR% value saturates to 65% beyond 0.5 mA. To understand the observed increase in resistance 共positive MR兲 near room temperature, first let us see at the band structure of p-type layer. Depending upon the valance state of Mn ion 共either +3 or +4兲, it has three or four electrons in its outermost orbital, among which, three electrons occupy localized t2g band while remaining one occupy the eg band 共not shown兲. In addition, due to Hund’s coupling, conducting eg band further splits into two sub-bands eg↑ 共eg spin up兲 and eg↓ 共eg spin down兲 sub-bands. In fact, the energy of the band gap, eg ↑ -eg↓, is nothing but energy required to tunnel the conduction electrons, means VC. Now, near TC, under applied field, eg ↑ -eg↓ band gap increases due to field induced ferromagnetism resulting in a positive MR and increase in VC. In the same way, at low temperature, ideally, junction should not show any change in VC but the reason for observation of small negative MR is yet to be understood. In the present studies, we report an MR ⬃65% at RT in p-n junction based manganite bilayered device. Studies on the I-V measurements on the manganite p-n junctions show that the saturation voltage is temperature dependent with VC decreasing with increase in temperature and after transition temperature it remains almost constant. These studies were carried out on the low thicknesses of p-type layer in the p-n junctions.5,10,11 The reason for this can be, as one increases temperature, the spin-splitting energy of the eg band decreases and finally vanishes when T ⬎ TC. Thus, as temperature increases, it reduces spin-splitting energy and consequently the energy required to tunnel the conduction electrons across the barrier formed at the interface of the junction. In the presently studied bilayered junctions, the variation in the VC is quite small, for 100 nm junction, between 140 to 110 mV at 5 and 300 K while for the 200 nm junction, VC ⬃ 64 mV at 5 K slightly changes to 67 mV at 300 K. Interestingly, the thickness dependent modification in VC is appreciable in the LPSMO/SNTO junction such that VC decreases from 140 mV to 64 mV at 5 K in 100 and 200 nm films, respectively, while at 300 K, the similar decrease in VC is observed in both the films. The decrease in VC with film thickness at 5 and 300 K is accompanied by an appreciable increase in MR from 43% to 65% for 100 and 200 nm films at 300 K, respectively. This can be attributed to the thickness dependent modification in the depletion layer width between



FIG. 3. 共Color online兲 Plots of I-V characteristics with and without applied field at temperatures of 5 and 300 K for the 200 nm LPSMO/SNTO bilayer junction. Downloaded 18 Feb 2009 to 202.41.85.29. Redistribution subject to AIP license or copyright; see http://apl.aip.org/apl/copyright.jsp
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p-n junction. As we increase the thickness of p-type layer, the width of depletion layer might decrease resulting in the decrease in VC for the 200 nm junction. Now, let us understand the cause of reduction in VC due to increase in thickness. As it is earlier reported by Tanaka et al. that the estimated depth of depletion layer in the p-n junction is less than one unit cell, the change in thickness of more than 100 nm merely will not affect the depletion layer width.4 Since the difference in thicknesses of the films is obtained by varying the duration of deposition in the 400 mTorr oxygen partial pressure at 700 ° C, it is possible that the difference in annealing duration may affect the interface between substrate apart from substrate induced strain on the grown film. This possibility improves the interface and, thus, lowers the overall resistivity of the junction and also enhances the semiconducting to metal transition temperature as observed in resistivity versus temperature plot 共not shown here兲. This type of temperature dependent MR behavior observed in the LPSMO/SNTO junction can be useful in the field sensing application of such a bilayered device at RT and thickness dependent modifications in the VC and MR. In summary, the epitaxial LPSMO/SNTO bilayer p-n junctions have been fabricated by PLD technique and the positive MR as high as ⬃65% at room temperature has been achieved by optimizing composition and thickness of the p-type layer. The reason for observed enhancement in positive MR in 200 nm film may be attributed to the effect of prolonged annealing of the p-n junction which improves the interface between film and substrate. These studies indicate
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