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High magnetic field sensor using LaSb
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The magnetotransport properties of single crystals of the highly anisotropic layered metablaSh
reported in magnetic fields up to 45 T with fields oriented both parallel and perpendicular to the
layers. Below 10 K the perpendicular magnetoresistance of Jla$tromes temperature
independent and is characterized by a 100-fold linear increase in resistance between 0 and 45 T with
no evidence of quantum oscillations down to 50 mK. The Hall resistivity is hole-like and gives a
high field carrier density oh~3x10?° cm 3. The feasibility of using LaShfor magnetic field
sensors is discussed. 8003 American Institute of Physic§DOI: 10.1063/1.1577390

One of the most successful strategies for producing techeal contact was made using Epotékilver epoxy and 1 mil
nologically relevant magnetoresistive materials is to enhancgold wire. Transport properties were measured using a 27 Hz
the effects of field-dependent magnetic scattering process@sur-probe ac technique at temperatures from 0.03 to 300 K
through the creation of magnetic superlatticesby doping  and in magnetic fields up to 45 T. In all of the measurements
magnetic insulators such that a magnetic and metal—insulatgresemed probe currents of 1-5 mA were used with corre-
transition coincidé. Unexpectedly, there have been Severa_lsponding power levels less than 10 nW. Hall effect measure-

Thents were made on natural thickness samples in a four-wire

recent discoveries of a large, nonsaturating magnetoresi
tance(MR) in low carrier density nonmagnetic met&iSand geometry with data being taken in both positive and negative
fields up to 30 T.

semiconductor One class of these systems, the slightly off-
The in-plane zero-field electrical resistivity, of single

stoichiometric silver chalcogenides, AgsTe and Ag . sSe,
has shown significant promise as the basis of ultrahigh mag-

netic field sensors by virtue of the fact that they exhibit acrystals of LaSpwas measured from 1.8 to 300 K and found
multifold, quasilinear MR that remains unsaturated up to 600 be metallic lp/dT>0). The residual resistivity ratio was
T8 In this letter we present magnetotransport data on théarge [pap(300 K)/p,(2 K)~70-90, indicating a high
highly layered nonmagnetic metal LaStvhich displays a sample quality. In the main panel of Fig. 1 we show the
100-fold, linear MR with no sign of saturation up to 45 T. We transverse MR with the field oriented parallel and perpen-
show that in many respects, including sensitivity, linearity,

synthesis characteristics, and intrinsic anisotropy, LaSka

compelling candidate for high-field sensor development. 100 ————

LaSh, is a member of the RS(R=La-Nd,Sm) family L ya| Wi abplane
of compounds that all form in the orthorhombic SmSb i
structure?'®LaSh,, in particular, is comprised of alternating
La/Sh layers and two-dimensional rectangular sheets of Sb
atoms stacked along theaxis!! Similar structural charac-
teristics give rise to the anisotropic physical properties ob-
served in all the compounds in the RSkeriest? Since
LaSh, is nonmagnetic, its low-temperature transport proper-
ties are not complicated by magnetic phase transitions which
occur in the other members of this sertés.

Single crystals of LaShwere grown from high purity La
and Sb by the metallic flux methdd.The orthorhombic
SmShk-structure type was confirmed by single crystal x-ray
diffraction. The crystals grow as large flat layered plates H (T)
which are malleable and easily cleaved. Typically flux grown

samples had dimensions of 5 B mmX 0.2 mm. Electri- FIG. 1. Transverse MR of Laglat T= 2 K with the current in theb plane
and magnetic field oriented parallglosed circlesand perpendiculafopen
circles to theab plane. The solid triangles represent the MR oh,AgSe as

p(H)/p(0)

60

¥Electronic mail: adams@rouge.phys.lsu.edu taken from Ref. 8. Inset: Low field MR witkllab plane. The solid lines

Ypresent address: American Physical Society, One Research Road, Bospresent a least-squares fit to the data using a fourth-order polynomial
9000, Ridge, NY 11961. (Table ).
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TABLE |. Polynomial coefficients obtained from a least squares fit to the data in Figs. 1—3 using a fourth-order
polynomial, f(H) = ag+ a;H+ apH?+ agH2+ a,HA.

Qg aq ay ag ay
p(H)/p(0) (HII&) 1 1.236 0.0579 —1.874x10°3 2.019x10°°
p(H)/p(0) (HLE) 1 0.0182 5.60%x 102 —6.260<10°4 3.032x10°°

p(H,)/p(0) (H=9T) 1 0.3315 0.1023 4.59810°° —7.931x10°*

p(H,)/p(0) (H=4.5T) 1 0.4624 0.0827 0.04644 —6.77510°°
pxy(H) (u€2-cm) 0 0.0225 0.1781 —4.309¢10 3 3.757x 10 °

dicular to theab plane. Both MRs are positive and nearly the right inset of Fig. 3 we show the low field behaviomgy,
linear above 2 T. Note the extreme anisotropy in the magnewhich is negative below 0.5 T but becomes positive at higher
totransport with the perpendicular MR being an order offields. This latter behavior is often characteristic of a two-
magnitude larger than the parallel MR. The perpendiculacarrier systent® In the high field limit the majority carrier
MR was large, with resistance increasing by a factor of 90dominates, which in our case is hole-like. Above 10 T the
from 0 to 45 T. The MR was temperature independent belowHall constant isRy;~2x 108 xQ cm/T which corresponds
10 K but decreased rapidly above 30 K. Interestingly, there iso a carrier density ofi~3x 10°° cm™2 and a Hall mobility
no evidence of saturation or quantum oscillations in the MRy~ 0.05 nf/Vs. We note that the overall shape of the Hall
of Fig. 1 which has obvious advantages for magnetic fieldesistance curve in the right inset of Fig. 3, with its local
sensor applications. The solid lines in Fig. 1 are least-squamyinimum, is very similar in character to that of NgSand
fits to a fourth-order polynomia(Table ). Note the high TaSe which also form in nonmagnetic micaceous crystalline
quality of the fits to the MR using this simple functional structures?
form. The relative field sensitivity, which is the figure of A useful measure of the magnitude of the linear MR is
merit for a sensor, is represnted by=1.23 T . This sen- the dimensionless Kohler slop&=(1/Ry)[dp(H)/dH].
sitivity is roughly a factor of 4 greater than that of AgsSe  Combining the Hall constant measurements with the value of
(triangle symbols in Fig. 1 a4, obtained from the MR of Fig. 1, we get a high field
The anisotropy of the MR can be demonstrated by meavalue S~ 0.6. This value is an order of magnitude larger than
suring the transverse MR as a function of the tilt angle in awhat is typical of other nonmagnetic systems displaying a
constant magnetic field. In Fig. 2 we plot the resistivity nor-linear MR. Classically, the MR should vary quadratically
malized by the parallel field valug(H, =0), as a function with field. In a closed orbit system the MR saturates in the
of the perpendicular component of the fieht . Interest-  high field limit, o .71, wherew, is the cyclotron frequency
ingly, the general shape of the MR curves in Fig. 2 is quiteand 7 is the elastic scattering timé.Over the past 30 years
similar to those of Fig. 1. The solid lines are polynomial fits several mechanisms have been proposed to account for
to the dataTable )). In terms of a magnetic field sensor, this anomalous linear MR observed in a wide variety nonmag-
anisotropy can be exploited to determine the angle of oriennetic systems such as elemental metalstwo-dimensional
tation in tilted field studies. The micaceous nature of LaSb heterostructure¥ and disordered semiconductrEheories
not only produces an anisotropic MR but also presents accounting for linear MR fall into two main categories. The
convenient geometry for Hall measurements, namely largéirst contains theories associated with the alteration of the
flat crystals. In the main panel of Fig. 3 we plot the Hall structural symmetry due to the formation of a charge density
resistivity, py,, as a function of magnetic field =2 K. In

80—
12 . ; . ; ; ; ; I 100
70 -

—e—90T

€

9
60 | Gyl ]

%

Q

<

50

40 o4 1 10 100 —
Pxy (uQ-cm) 1
30 | 0.002 -
F 0.001 2
20 Fo Lt T
F -0.001 1

7 10 - -0.002 T

0 i T S T AT S T S [ W S T S N S S Lg
ottt ¢ 5 10 15 2 25 30

0 2 4 6
H (M H(T)

FIG. 3. Transverse MR of LaSkat T= 2 K with the current in theb plane
FIG. 2. MR in a tilted magnetic field. The samples were rotated out of theand magnetic field oriented parallglosed circlesand perpendiculaopen
Hllab plane in constant magnetic fields of 9.0 and 4.5 T. The NIR K is circles to theab plane. The solid triangles represent the MR oh,AgSe as
plotted as a function of the perpendicular component of the field. The solidaken from Ref. 8. Inset: Low field MR withillab plane. The solid lines
lines represent a least-squares fit to the data using a fourth-order polynomie¢present a least-squares fit to the data using a fourth-order polynomial
Table ). Table ).
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