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Giant planar Hall effect in colossal magnetoresistive La 0845l 16MNO3
thin films

Y. Bason and L. Klein®
Department of Physics, Bar llan University, Ramat Gan 52900, Israel

J.-B. Yau, X. Hong, and C. H. Ahn
Department of Applied Physics, Yale University, New Haven, Connecticut 06520-8284

(Received 2 December 2003; accepted 5 February)2004

The transverse resistivity in thin films of .gSrp 1gMNO; (LSMO) exhibits sharp field-symmetric
jumps belowT.. We show that a likely source of this behavior is the giant planar Hall effect
combined with biaxial magnetic anisotropy. The effect is comparable in magnitude to that observed
recently in the magnetic semiconductor(@a)As. It can be potentially used in applications such

as magnetic sensors and nonvolatile memory device0@ American Institute of Physics.

[DOI: 10.1063/1.1695197

The planar Hall effec{PHE)! in magnetic conductors that the GPHE in magnetic materials may be suitable for
occurs when the resistivity depends on the angle between thapplications in spintronicd,such as field sensors and non-
current density] and the magnetizatioll, an effect known volatile memory elements.
as anisotropic magnetoresistan@VR).2 When M makes Here we report on the GPHE observed in the colossal
an angled with J, the AMR effect is described by the ex- magnetoresistive materiédCMR), La; _,Sr,MnO; (LSMO).
pressionp=p, +(p,—p,)cos 6, wherep, and p, are the Whenx is between 0.15 and 0.3, LSMO is a ferromagnetic
resistivities for JLM and JIM, respectively. The AMR metal at low temperatures and a paramagnetic insulator at
yields a transverse “Hall-like” field ifJ is not parallel or  high temperatures, with the Curie temperature coinciding
perpendicular td. AssumingJ=J,X andM are in thex—y  with the metal—insulator transition temperature. Depending
plane with an angley between them, the generated electricon the carrier concentration, the Curie temperature of LSMO

field has both a longitudinal component: ranges from 150 to 350 K. Here, we report on films with a
) ) doping level ofx~0.16 and resistivity-peak temperature of
Ex=p1ixt(pi=p1)ixcos 0, (1) ~180 K (see Fig. 1 The films exhibit transverse resistivity

jumps comparable to that observed in(®a)As, and they
persist up to temperatures140 K.

Thin films (about 40 nm of LSMO have been deposited
epitaxially on single-crysta]001] SrTiO; substrates using

This latter component is denoted the planar Hall effect. UnOff-@xis magnetron sputteringg—2¢ x-ray diffraction re-
like the ordinary and extraordinary Hall effects, the PHEveaIS c-axis oriented growtfin the pseudo-cubic frame

shows an even response upon inversioBaindM: there- with a lattice constant 0f~0.385 nm, consistent with a
fore, the PHE is most noticeable whihchanges its axis of strained film? No impurity phases are detected. Rocking
orientation, in particular betweefi=45° and6=135°. curves taken around the 001 reflection have a typical full

The PHE in magnetic materials has been previously in_vvidth at half maximum of 0.05°. The film surface has been

vestigated in @ ferromagnetic metals, such as Fe, Co, anOcha_lracterized using atomic force microscopy, which shows a
Ni films, as a tool to study in-plane magnetizatibit. has typical root-mean-square surface roughness0f2 nm. The

also been studied for low-field magnetic sensor applicaflonsfilms are patterned into Hall bars using photolithography

Recently, large resistance jumps in the PHE have been dis-

covered in the magnetic semiconductor(@a)As below its 500 , ,
Curie temperature;-50 K.° Four prders of magn_ltude Iarge_r _ 400 || AL E% A .
than what has been observed in ferromagnetic metals, it is — 7 %9 :
called the giant planar Hall effe€EPHBE. GaMn)As exhib- § 300 | —*7/\T
its biaxial magnetocrystalline anisotropy; consequently, the fé 200 B
magnetization reversal in a field scan occurs in two steps of &
90° rotations. When the current path lies between the two
easy axes, the 90° rotations lead to switching-like behavior 0
in the PHE, which is similar to the switching resistivity

curves observed in giant magnetoresistance heterostruttures

and tunneling magnetoresistance trilayer§his suggests FIG. 1. pvs T for an LSMO thin film. Inset: The pattern used for resistivity
and Hall measurements. The two easy axes directiBAd and EA2 and

the angle(d) between the applied field and the current are also shown. The
3Electronic mail: kleinl@mail.biu.aci.il current path is along either tf&00] or [010] direction.

and a transverse component:

Ey=(py—pL)ixsiné cosé. 2
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FIG. 2. Measurements d&,, andR,, vs § at T=120 K. (a) R,, measured
between_Ba_nd C: The I_ine is a fit to éas (b) R,y measured betweenAand the AMR (APAMR)a the PHE @PPHE) and the field sweep
C. The line is a fit to sirg cosé. (c) Ry, measured between A and C with . .
H=100 Oe. jump measurementsA(pj,mp) as a function of temperature.
An in-plane magnetic field of 4 T was used to extraAgiyyr
and Appe at all temperatures. We see thAp,yg and

for longitudinal and transverse resistivity measuremese#® A pp,= show similar temperature dependencies; however,
Fig. 1), with current paths along thel00] and[010] direc-  there is a significant difference in their magnittde€onsid-
tions. ering possible sources for this difference, we note that Eqs.

We first investigate the AMR in the LSMO films with a (1) and(2) are based on the assumption of uniform current,
constant magnetic field applied in the plane of the film. Fig-while the manganites are intrinsically inhomogeneous and
ure 2 shows the transverse resistivity and the longitudinaéxhibit percolative current pati$.In addition, these equa-
resistivity as a function ob, the angle between the applied tions are expected to be valid for an isotropic medium. Here,
magnetic field and the current. The longitudinal resistancethe films are epitaxial and the role of crystal anisotropy is yet
Ryx, is measured between B and(€ee Fig. L The trans- to be determined.
verse resistanceR,,, is obtained by measuring the resis- As shown in Fig. 4, the AMR and GPHE are also ob-
tance between A and C and subtracting the longitudinal comserved abovel -, and while switching is naturally not ob-
ponent based on thR,, measurement. At high fields the served, the GPHE may still be interesting for applications
magnetization is expected to be parallel to the applied fieldwhere nonhysteretic behavior in field is required, such as
We find thatR,,(#) has a co% dependence whil&,,(6) Hall sensors.
has a sirfcosd dependence. At lower fields, the angular Biaxial magnetic anisotropy il001) LSMO films has
dependence changes, as the effect of the magnetocrystallipeeviously been reporteld,and there have been studies of
anisotropy becomes significant, and we observe sharpiaxial anisotropy® and AMR* in other colossal magnetore-
switches in the PHIEsee Fig. 2c)]. We interpret the switches sistance materials, such as;LgCaMnO; (LCMO). There-
as jumps between easy axes; since the symmetry axes for there, one may expect to observe the GPHE and switching
switchings are9=0° and§=90° it is reasonable that the easy behavior in CMR materials with other doping levels and
axes are in between, namely &t45° and6=135°. chemical compositions.

Figure 3 shows the switching behavior as a function of  In conclusion, we have observed the GPHE in LSMO
field sweeps withd=10°. At high positive field, the magne- thin films at temperatures as high as 140 K. By optimizing
tization is parallel to the applied field, and the PHE is posi-

tive. As the field is reduced, the magnetization gradually 10°

aligns along the easy axis closer to the field orientation

(EA2). As the field orientation is reversed, the magnetization 10* |

first switches to the other easy axiA1), which is an inter- T 10°

mediate state with a negative PHE. As the field becomes a I

more negative, the magnetization goes back to the initial % 10?

easy axiEA2), but with opposite polarity. A similar process

happens when the field is scanned from negative to positive 10’

field. ; ‘ ‘ , ‘ .
The temperature dependence of the switching shows that 0 50 100 150 200 250

the jumps decrease rapidly as a function of temperdfeige Temperature (K)

4). Based on the fits to the experimental d@sa presented in FIG. 4. Appys (connected circlas A pp (connected squarksboth mea-

Fig. 2 and Egs.(1) and (2)1 we calculateAp=p;—p, at  syred in a 4 T field, and\ pjymp (Unconnected trianglesss T. Apjym, is
different temperatures. Figure 4 showg extracted from extracted at lower fields. The lines are guide to the eye.
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