RZ 3074 (#93120) 11/02/98 Physical Sciences 3 pages

Research Report

Normal State Resistivity of La 2-xSrxCuO 4 Thin Films under Epitaxial Strain

J. Vanacken, L. Trappeniers, V.V. Moshchalkov and Y. Bruynseraede

Laboratorium voor Vaste-Stoffysica en Magnetisme Katholieke Universiteit Leuven 3001 Leuven Belgium

J. Perret

Institut de Physique Université de Neuchâtel 2000 Neuchâtel Switzerland

J.-P. Locquet

IBM Research Division Zurich Research Laboratory 8803 Rüschlikon Switzerland

LIMITED DISTRIBUTION NOTICE

This report has been submitted for publication outside of IBM and will probably be copyrighted if accepted for publication. It has been issued as a Research Report for early dissemination of its contents and will be distributed outside of IBM up to one year after the date indicated at the top of this page. In view of transfer of copyright to the outside publisher, its distribution outside of IBM prior to publication should be limited to peer communications and to specific requests. After outside publication, requests should be filled only by reprints or legally obtained copies of the article (e.g., payment of royalties).

IBM Research Division Almaden • Austin • Beijing • Haifa • T.J. Watson • Tokyo • Zurich

Normal State Resistivity of La 2-xSrxCuO 4 Thin Films under Epitaxial Strain

J. Vanacken, L. Trappeniers, V.V. Moshchalkov and Y. Bruynseraede

Laboratorium voor Vaste-Stoffysica en Magnetisme, Katholieke Universiteit Leuven,

3001 Leuven, Belgium

J. Perret

Institut de Physique, Université de Neuchâtel, 2000 Neuchâtel, Switzerland

J.-P. Loquet

IBM Research Division, Zurich Research Laboratory, 8803 Rüschlikon, Switzerland

Abstract

Recently, the normal state resistivity of high-temperature superconductors (in particular in

La2-xSrxCuO4 single crystals) has been studied extensively in the region below T^c by suppressing the superconducting state in high magnetic fields. In the present work, we focus on the influence of epitaxial strain on the normal state resistance of La2-xSrxCuO4 thin films measured below Tc by applying pulsed fields up to 60 T.

1 Introduction

Recently, important progress has been made in the study of the normal state properties below Tc of the La2-xSrxCuO4 high-temperature superconductor [1]. By changing the Sr doping concentration x, the superconducting critical temperature Tc can be tuned to values below 37 K, while superconductivity can be suppressed by fields of Hc2 ~ 60 T. The most commonly used method to achieve these high fields is the pulsed field technique. This work deals with the normal state properties below Tc of ultra thin films whose properties were modified byepitaxial strain [2].

2 Experimental results and discussion

To reveal the mechanism of high-temperature superconductors, it is believed that the knowledge of the normal state transport properties at low temperatures plays a crucial role. Using pulsed magnetic fields up to 60 T, we have suppressed superconductivity in strained La2-xSrxCuO4 thin films [2]. The advantage of this preparation technique is that for a fixed stoichiometry, the lattice dimensions can be changed (enlarged or decreased), thus strongly affecting the critical temperatures Tc. In this work, we present data on three samples with x = 0.1: Sample A and B are, respectively, 125 and 150 Å thin films, grown on SrLaAlO4, whereas sample C is a 150 Å thin film grown on SrTiO3. Using SrLaAlO4 as a substrate leads to compressive strain, since the lattice parameters of SrLaAlO4 are smaller than those of La1.9Sr0.1CuO4. The inverse happens when growing films on SrTiO3: tensile stress is induced due to the larger in-plane lattice parameters of SrTiO3. Figure 1(i) shows the different values of the ab-plane lattice parameters.

0 1 2 3 4 5 6 7 8 9

ρ (1 0^{-4} Ω cm )

T(K)

0 60 120 180 240 300

30 90 150 210 270

Sample C: (150Å ) SrTiO_3

Sample B: (150Å ) SrLaAlO_4

Sample A: (125Å ) SrLaAlO_4

tensile

compressive

SrTiO_3

SrLaAlO_4

La_{1.9}Sr_{0.1}CuO_4

3.76

3.78

3.80

3.82

3.92

3.94

0 200 400 600 800 1000

T(”C)

La ti ce p ar am et er (¯ )

growth temperature

(i) (ii)

Figure 1. (i) The temperature variation of the lattice parameters of bulk SrTiO3, La1.9Sr0.1CuO4 and SrLaAlO4. (ii) Temperature dependence of the resistivity for different La1.9Sr0.1CuO4 samples (A, B and C).

The influence of the stress induced by the substrate on Tc can be seen in Figure 1(ii). By applying tensile stress, and thus increasing the ab-lattice parameters while expanding the c-axis, the Tc values can be reduced. By applying compressive stress, the opposite structural effects occur, leading to an increase of Tc. The magnitude and sign of these changes is in agreement with the uniaxial pressure and strain coefficients found in the literature [3]. Using pulsed magnetic fields, ρ (H) was measured up to 50 T. A typical set of data obtained on sample A (Tc ~ 45 K) is shown in the inset of Figure 2. From this type of experiments, we have taken the μ0H = 50 T data to reveal the normal state ρ (T) below Tc (Figure 2). It should be mentioned that these data also contain the normal state magneto-resistance contribution which is not to be ignored completely, as can be seen from the inset of Figure 2 (especially from the measurements above Tc (T = 72.7 K, T = 61.6 K)). Considering the temperature-dependent ρ (T),

it can be noted that the general trend of ρ (T) above Tc is just extrapolated to the temperatures below Tc. For sample A (SrTiO3 substrate) above Tc one can already see a tendency towards an increasing resistivity at low temperatures. For the samples prepared on SrLaAlO4, a metallic like behavior is observed above Tc which seems to saturate below Tc. In addition, we must point out that these ρ (T) curves are different from those published for bulk La2-xSrxCuO4 [1].

0 60 120 180 240 300 0 1 2 3 4 5 6 7 8 9

ρ (1 0_{-4} Ω cm )

T(K)

30 90 150 210 270

Sample C: (150Å ) S rTiO^3 Sample B: (150Å ) S rLa AlO^4 Sample A: (125Å ) S rLaAlO^4

0 5 10 15 20 25 30 35 40 45 50 55 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6

μ^0H(T)

ρ( 10_− 4Ω cm ) sam ple A

Figure 2. The temperature dependence of the resistivity for the different La1.9Sr0.1CuO4 samples (A, B and C). The datapoints indicated by the symbols are the B = 50 T resistivity values. Inset: Magnetoresistivity of sample A at different temperatures (from top to bottom: T = 72.7, 61.6, 46.5,

41.9, 39.0, 34.4, 30.2, 25.1, 19.9, 16.9 and 14.7 K).

These results suggest that besides chemical doping with Sr, a change of the lattice parameters can also produce a metal-to-insulator (MI) transition. Since the Sr doping is the same in the three samples and the lattice deformations essentially keep the volume constant, the carrier density should also be approximately the same. Comparing the behavior of strained films with that of optimally doped single-CuO2-layer compounds, it was concluded that not the in-plane distances but increasing the charge-reservoir–CuO2 distance determines the different ρ (T) trends [4]. The consequences of this for the various scattering mechanisms are not yet clear. Moreover, the change of the in-plane lattice parameter also causes a change in overlap between the Cu_{3d} and O_{2p} orbitals and a change of the antiferromagnetic (AF) superexchange coupling J between the Cu_{2+} spins and the holes. In this context, one may interpret the MI transition as a separation of the

CuO2 planes into hole-rich metallic stripes with AF Mott insulator regions [5]. Such stripes were observed in bulk La2-xSrxCuO4 [5] and indications exist for their presence in underdoped

YBa2Cu3Ox and in YBa2Cu4O8 [6]. It has been argued that such a local modulation of the density of carriers might in some cases be triggered by a structural asymmetry of the CuO2 planes: orthorhombicity for La2-xSrxCuO4 or 1D features for the spin ladder Sr2.5Ca11.5Cu24O41, single or double

CuO chains in YBa2Cu3Ox or YBa2Cu4O8, respectively. Compared to bulk compounds, strained ultra thin films tend to have a higher symmetry imposed by the substrate; high resolution microscopy [7] of strained 150 Å La2-xSrxCuO4 thin films shows no evidence of orthorhombic distortions. However, these static distortions are just a trigger for thedynamic stripes.

In view of this, we can verify whether stripes can explain the features of the ρ (T) behavior of, for example, the sample with the diverging resistivity. At high temperatures, the CuO2 plane can be considered as a 2D Heisenberg system, with a linear ρ (T) dependence. On decreasing the temperature, dynamic stripes are formed [5] and 1D quantum transport sets in [6], resulting in a curved ρ (T) behavior. At low T, Josephson coupling between the stripes results in the onset of a

2

2D superconducting state. The increase of ρ at low T in sample C might then be due to pinning of the metallic stripes to impurities in the film (strain). We can test whether the ρ (T) behavior of our samples can be modeled with the proposed 1D quantum transport dependence ρ (T) = ρ 0 + C ^• T ^• exp(-Δ/T) in spin stripes [6]. Agreement was found with a spin-gap Δ of 38, 51 and 107 K for samples A, B, and C, respectively. The decreasing value of Δ with increasing strain is in agreement with earlier observations on copper-oxides under hydrostatic pressure [6] although care should be taken using this 1D picture on the sample with the highest pressure, which is in the overdoped regime. These values for Δ are very small compared to the value of the pseudogap T* reported for this compound, suggesting that the magnetic correlation length may not be the only one determining electrical transport. To conclude, we have demonstrated a striking difference in the normal state resistance between compressive and tensile strained La1.9Sr0.1CuO4 ultra thin films. At constant doping, expanding the in-plane lattice parameters slightly while decreasing the out-of-plane lattice parameters leads to a diverging insulating behavior ρ (T → 0) and a lower Tc; the opposite lattice deformation leads to a metallic behavior with an increase ofTc.

3 Acknowledgments

This work is supported by the Flemish FWO/GOA,the Flemish IWT, and the Belgian IUAP Programs as well as the Swiss NSF project 2029-050538.97.

References

1. Y. Ando, G.S. Boebinger, and A. Passnet, Logarithmic divergence of both in-plane and out plane normal state resistivities of superconducting La2-xSrxCuO4 in the zero temperature limit, Phys. Rev. Lett. 75 (1995) pp. 4662-4665.

2. J.-P. Locquet, J. Perret, J. Fompeyrine, E. Mächler, J.W. Seo, and G. Van Tendeloo, Doubling the critical temperature of La1.9Sr0.1CuO4 using epitaxial strain, Nature 394 (1998) pp. 453-456.

3. F. Gugenberger, C. Meingast, G. Roth, K. Grube, V. Breit, T. Weber, H. Wühl, S. Uchida, and Y. Nakamura, Uniaxial pressure dependence of Tc from high resolution dilatomery of untwinned La2-xSrxCuO4 single crystals, Phys. Rev. B 49 (1994) pp. 13137-13142.

4. J.-P. Locquet, J. Perret, J.W. Seo, and J. Fompeyrine, Changes of Tc under epitaxial strain:

implications for the mechanism of superconductivity. To appear in the SPIE Proceedings Series 3481 (1998).

5. J.M. Tranquada, Charge stripes and spin correlations in copper-oxide superconductors, Physica C 282 (1997) pp.166-169.

6. V.V. Moshchalkov, L. Trappeniers, and J. Vanacken, 1D quantum transport in the evenchain spin-ladder compound Sr2.5Ca11.5Cu24O41 and YBa2Cu4O8. To appear in Journal of Superconductivity.

7. J.W. Seo, J. Perret, J. Fompeyrine, G. Van Tendeloo, and J.-P. Locquet, Microstructural investigation of La1.9Sr0.1CuO4 thin films grown by MBE. To appear in the SPIE Proceedings Series 3481 (1998).