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Abstract. We have investigated transport and magnetic properties in ErP ultrathin films grown on the GalnP (001) 
surface. Hall resistance and transverse magnetoresistance measurements yield the carrier density of-1.4x10 cm" and 
the electron and hole mobilities of 1250-1450 cm /Vs at 10 K. The resistivity anomaly in the longitudinal 
megnetoresistance is interpreted in terms of the spin-disorder scattering in the antiferromagnetic phase below 3.5 K. 
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INTRODUCTION 

Heterostructures consisting of metal and 
semiconductor materials have attracted much attention 
from the viewpoint of quantum transport and 
spintronics. Semimetallic rare-earth monopnictides 
such as ErAs and ErP can be epitaxially grown on III-
V compound semiconductors. Most effort has been 
devoted to ErAs/GaAs heterostructures for resonant 
tunneling diode and high speed device applications. 
We have successfully grown ErP quantum disks on 
InP substrates, and observed semimetal to 
semiconductor transition due to the quantum size 
effect on the semimetal band structure[l]. Rare-earth 
monopnictides show antiferromagnetic spin order due 
to 4f electron spins at low temperature [2,3]. However, 
little attention has been paid to such magnetic 
properties, though these materials have the potential 
for producing magnetic semimetal-semiconductor 
heterostructures. 

In this paper, we report on carrier densities, 
mobilities and a resistivity anomaly caused by spin-
disorder scattering near the Neel temperature TNin ErP 
epitaxial layers grown on GalnP lattice-matched to 
GaAs. 

EXPERIMENT 

A GalnP/ErP/GalnP heterostructure was grown by 
metalorganic vapor phase epitaxy. The In content x in 
Ga!_xInxP is 0.52 to be lattice-matched to GaAs, and 

the lattice mismatch to ErP is -1.09 %. The substrate 
temperatures were 610 C and 540 C for the GaAs 
buffer layer and the GalnP/ErP/GalnP layer, 
respectively. The details of the growth procedures are 
given elsewhere [1,4]. The epitaxial growth of the ErP 
layer with the NaCl type structure was confirmed by 
the EXAFS measurement. The heterostructure is 
composed of a 2-nm-wide GalnP buffer layer and a 
10-nm-wide GaAs buffer layer on a semi-insulating 
GaAs(OOl) substrate followed by a 11-nm-wide ErP 
layer. The ErP layer was capped by a 20-nm-wide 
GalnP layer. Hall and transverse- and longitudinal-
resistance were measured using a van der Pauw 
method at temperature 2 - 300 K in the magnetic field 
up to 8T. 

RESULTS AND DISCUSSION 

Figure 1 shows the Hall resistance (pxy) and 
transverse magnetoresistance {pxx) for the magnetic 
field oriented perpendicular to the surface at 
temperatures between 10 and 300 K. We analyzed the 
data assuming an isotropic hole Fermi surface centered 
at T with hole density nh = n and mobility /uK and three 
equivalent ellipsoidal electron Fermi surfaces at X 
with electron density ne = n/3 and anisotropic electron 
mobilities /ueJ and /ue,2[5]- The obtained density n is 
1.4xl020 cnf3 at 300 K. This result indicates that ErP 
is a low density semimetal with a carrier density of 
~lxl020 cnf3, which is slightly lower than that of ErAs 
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FIGURE 1. Hall resistance and transverse 
magnetoresistance at 10 to 300 K in ErP/GalnP. The solid 
curve is a fit to the data. 

(~4xl020 cm~3)[3]. The mobilities at 10 K are /ueJ 

=1450 cm2/Vs and juh =1240 cm2/Vs, and with 
increasing temperature to 300 K they decrease to /ueJ 

=390 cm2/Vs and /uh =190 cm2/Vs. The temperature 
dependence of the mobilities also indicates the 
semimetallic behavior in electron (hole) transport. The 
mobility /ue2 is ~100 cm2/Vs, which is approximately 
independent of temperature. 

To investigate magnetic properties we measured 
longitudinal magnetoresistance in the magnetic field 
up to 8 T at temperatures below 20 K. Shown in Fig. 2 
are magnetoresistance curves at different temperatures. 
The resistance anomaly showing a cusp was observed 
at ~ 0.4 T below 4 K, while the resistance at 10 K 
monotonically decreased with increasing magnetic 
field. Such an anomaly suggests spin-disorder 
scattering as the magnetic field takes the system from 
the antiferromagnetic phase to the paramagnetic 
phase[3]. The neutron scattering experiment in bulk 
ErP crystals has shown that the antiferromagnetic 
order consists of ferromagneticalfy aligned sheets 
perpendicular to a <111> direction with neighboring 
sheets aligned antiferromagnetically with respect to 
each other[2]. If we take into account the elastic 
scattering between the conduction electrons with spins 
and the 4f Er spins, the resistivity depends on the spin 
ordering [6]. At low temperatures below 4 K, the 
applied magnetic field in the [100] direction induces 
the spin disorder in the antiferromagnetic phase 
resulting in the increase in resistivity due to spin-
disorder scattering of carriers. With further increase of 
the magnetic field the system changes to the 
paramagnetic phase, and consequently the resistivity 
decreases upon an increase of the field. 

The inset of Fig.2 shows the temperature 
dependence of the resistance (R) at the zero magnetic 
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FIGURE 2. Logitudinal magnetoresistance at different 
temperatures between 2 and 10 K. The inset shows the 
temperature dependence of resistance without a magnetic 
field. 

field. A significant drop in resistance was observed 
around 3.5 K, which indicates the antiferromagnetic 
spin order at lower temperatures, because the spin-
disorder scattering is suppressed in the 
antiferromagnetic phase. From the point of maximum 
dR IdT, TN was found to be 3.5 K. 

CONCLUSIONS 

We have investigated magnetotransport properties 
in ErP epitaxial layers grown on GalnP (001) surface 
on GaAs substrates. It is found that ErP is a low 
density semimetal with a carrier density of 1.4 xlO20 

cnf3 and mobilities of ~ 1000 cm2/Vs at 10 K. In the 
longitudinal magnetoresistance curves, the resistivity 
anomaly due to the spin-disorder scattering in the 
antiferromagnetic phase was observed at low 
temperatures. The Neel temperature was found to be 
3.5 K, indicating that ErP is an antiferromagnetic 
semimetal at low temperature. 
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