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Giant anisotropic magnetoresistance at low magnetic fields in a layered semiconductor
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Materials exhibiting a drastic change in electrical resistivity depending on magnetic-field direction is of great
interest and is rarely seen in real systems. We report the huge anisotropic magnetoresistance ratio exceeding
7500 at low-magnetic field of 0.4 T at 2 K in the layered magnetic semiconductor CeTe1.83Sb0.17 with extremely
low carrier density in charge-density-wave state. We found that the electrical resistivity is governed only by the
out-of-plane component of magnetization and steeply decreases nearly four orders of magnitude in the magnetic
field along the c axis. In contrast, it is quite insensitive to the in-plane component of magnetization and huge
anisotropy is preserved even in a much higher magnetic field.
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I. INTRODUCTION

Magnetoresistance, i.e., change of electrical resistivity in
a magnetic field, is one of the most fundamental phenom-
ena in materials [1,2]. The most common example is the
transition-metal-based magnetic multilayer system [3] that
exhibits the large magnetoresistance in a very low magnetic
field and is used in various memory and sensing devices.
Besides the practical interest in room-temperature operation,
the phenomenon itself is very exciting especially at lower
temperatures where the essential role of magnetic interaction
for charge carrier mobility becomes clear in the absence of
thermal fluctuation and, in some cases, the size of magne-
toresistance becomes enormous. Semimetal is known to show
huge magnetoresistance ratio that increases monotonically up
to several orders of magnitude in a high magnetic field due to
the cancellation of Hall voltage by electrical charge compen-
sation [4,5]. By improving the crystal quality to achieve the
ultrahigh carrier mobility and perfect electrical charge com-
pensation, the magnetoresistance ratio in semimetal is much
enhanced up to several million [6,7]. The perovskite mangan-
ite oxides family is the strongly correlated electron system
that exhibits the giant negative magnetoresistance [8,9]. The
electrical resistivity in those hole-doped Mott insulators is
highly dependent on the relative orientation of the local mag-
netic moment in neighboring sites since charge transfer gap
is determined by the on-site Hund coupling between itin-
erant spin and local magnetic moment. Similarly, the large
negative magnetoresistance occurs in the magnetic molecular
conductors by the intramolecular interaction between itinerant
π electron spin and localized magnetic moment [10–12]. In
addition, huge size of negative magnetoresistance is seen in
the rare-earth compounds with relatively lower carrier density
by magnetic polaron mechanism [13]. The electrical resis-
tivity in these materials decreases dramatically by several
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orders of magnitude by applying a magnetic field of several
tesla, accompanied by the transition from antiferromagnetic
to forced-ferromagnetic order [14–16]. Besides the large re-
sponse in electrical resistivity to the magnetic-field amplitude,
the sensitivity to a magnetic-field direction is another useful
property. However, in most of the known magnetic conductors
including the above systems, the anisotropy of magnetoresis-
tance is limited in the scale of the magnetic anisotropy and
is generally much smaller than the value of magnetoresis-
tance itself, since reduction of the electrical resistivity occurs
in the magnetization increasing process, irrespective of the
magnetic-field direction. Thus large anisotropic magnetoresis-
tance is rarely seen especially in low magnetic-field range.

Among various magnetic conductors, the layered low car-
rier density system shows unique magnetoresistance that is
not classified in the above mentioned common mechanism
for antiferromagnetic conductors. CeTe2 is the quasi-two-
dimensional low carrier density material [17–20], the struc-
ture of which is formed by the alternating stacking of the
magnetic insulating [CeTe(1)] layer and the semiconducting
Te(2) layer [Fig. 1(a)]. At room temperature, it has the tetrago-
nal symmetry and belongs to the space group 129: (P4/nmm).
Owing to the good nesting of the sheetlike Fermi surfaces
formed by Te-5px and 5py orbits in the Te(2) square net-
work, the charge-density-wave state is realized above room
temperature and a narrow gap opens in an almost entire area
of the Fermi surfaces, resulting in the low carrier density
[21–23]. Powder neutron diffraction measurements indicate
that short-range ferromagnetic order develops below 10 K,
where a magnetic moment of Ce in the ab plane aligns
along the c axis ([001]). With further decreasing temperature,
these ferromagnetic layers stack antiferromagnetically and the
prospect of the ferrimagnetic long-range order was discussed
[24,25]. This characteristic magnetic state influences the elec-
trical conductivity in the spatially separated layers and, at
low temperatures, negative magnetoresistance was observed
[17,18]. However, the size of magnetoresistance was only less
than 30%, and the temperature and magnetic field dependence
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of electrical resistivity was not simple due to parallel con-
duction of the other charge carrier pocket irrelevant to the
charge-density-wave state that hinders the essential magneto-
transport phenomena in this system [26]. Thus the role of the
local magnetic correlation for the electrical conduction in the
layered charge-density-wave semiconductor is yet unknown.

Here, we report the highly anisotropic giant negative
magnetoresistance in the layered magnetic semiconductor
CeTe1.83Sb0.17. Partial substitution of Te with Sb shifts Fermi
level and removes an extra charge carrier pocket by hole dop-
ing, and the intrinsic charge-density-wave semiconductor is
realized [26]. In the magnetically ordered state, we found that
the electrical resistivity drastically decreases in the increas-
ing process of the out-of-plane component of magnetization,
reaching nearly four orders of magnitude reduction in a low
magnetic field of 0.4 T along [001]. In contrast, only the
small change is observed in electrical resistivity in a magnetic
field normal to [001], resulting in a huge anisotropic magne-
toresistance ratio exceeding 7500. We found the relationship
between electrical resistivity and the out-of-plane component
of magnetization in the entire variation process, while it is
almost independent of the in-plane component of magne-
tization. Such huge anisotropic coupling between electrical
conduction and magnetization is the source for the present
drastic angular magnetoresistance.

II. EXPERIMENT

Single crystals of CeTe1.83Sb0.17 were obtained by the
chemical vapor transport technique with iodine as a transport
agency. The transmission Laue method was used to deter-
mine the crystal structure. Composition ratio of each element
was precisely determined by the inductively coupled plasma
method and was consistent in two samples. Electrical resis-
tivity was measured by four probe method with an excitation
current of 20 nA in the high-resistivity range below 20 K and
up to 100 μA at room temperature. The gold paste was used
for putting the gold wire to the sample. The output impedance
of the current source and input impedance of the voltage meter
are much higher than the highest resistance value measured in
the sample.

III. RESULTS AND DISCUSSION

Figure 1(b) shows the temperature dependence of
the magnetic susceptibility in H ‖ [001] and [100]. Steep
increase below 10 K in H ‖ [001] indicates the short-range
ferromagnetic order in the magnetic layer and the sharp
kink at 4.0 K is the onset of the long-range order of the
antiferromagnetic correlation between the ferromagnetic
layers. Figure 1(c) shows the temperature dependence of the
in-plane and out-of-plane electrical resistivity (ρxx and ρzz).
Owing to the quasi-two-dimensional character, ρzz is 20–100
times higher than ρxx in the entire temperature range. Both
ρxx and ρzz increase with decreasing temperature and become
109 times higher at 2 K compared to the room-temperature
value. The intrinsic semiconductor originating from the
charge-density-wave gap is rare in bulk materials because
of the difficulty of the perfect nesting of three-dimensional
Fermi surfaces. Although the precise evaluation of the

FIG. 1. (a) Crystal structure of CeTe1.83Sb0.17 and magnetic
structure at the lowest temperature. (b), (c) Temperature dependence
of (b) magnetization at 0.01 T in H ‖ [001] and [100] and (c) electri-
cal resistivity in various magnetic fields along [001]. Inset shows the
Arrhenius plot of ρxx .

total carrier density is difficult from the compensated Hall
coefficient in our intrinsic semiconducting sample, it should
be much lower than the previously reported metallic sample
∼ 1016 cm−3 [27]. From the slope of the Arrhenius plot
shown in the inset in Fig. 1(c), the excitation gap size at 0 T
is determined to be 0.03 eV at around room temperature.
Below 20 K, the slope suddenly declines, corresponding
to a much narrower gap size of 0.003 eV. This behavior is
naturally understood in the anisotropic gap size distribution in
the charge-density-wave state and indicates that the minority
carrier with a much smaller gap size dominates the electrical
conduction in the low-temperature range after the thermal
excitation of the majority carrier with a larger gap size is sup-
pressed. Interestingly, electrical resistivity shows remarkable
magnetic-field (H) dependence below 20 K in H ‖ [001], as
seen in Fig. 1(c). In contrast to the fact that the electrical
resistivity in CeTe1.83Sb0.17 below 4 K is 108 times higher than
the metallic CeTe2 in previous reports, magnetic properties
are basically the same [17], indicating that contribution of
RKKY interaction is less important in the magnetic order.
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FIG. 2. (a) Magnetization and (b) electrical resistivity of
CeTe1.83Sb0.17 at 2 K in a magnetic field along [001].

Figures 2(a) and 2(b) show the magnetization and electrical
resistivity of CeTe1.83Sb0.17 in H ‖ [001] at 2 K, respectively.
After cooling in zero field, magnetization is nearly zero, while
electrical resistivity is the highest value. Electrical resistivity
starts to decrease above 0.02 T and then steeply drops as the
magnetic field increases and reaches 1/9000 of the zero-field
value at 0.4 T, where the forced ferromagnetic state is realized.
Magnetization shows a multistep increase like the Devil’s
Staircase, implying the collective reorientation of the in-plane
ferromagnetic moments [28]. In the magnetic-field scan pro-
cess, corresponding hysteresis loops are seen in magnetization
and electrical resistivity in the antiferromagnetic state. Such
a strong influence on the electrical conduction in quadruple
digits by spatially separate magnetic layers is a unique fea-
ture for the present low carrier density system. In the forced
ferromagnetic state above 0.4 T, electrical resistivity is almost
constant up to 7 T.

Next, we focus on the anisotropy of magnetoresistance.
Figures 3(a) and 3(b) show the magnetization and electrical
resistivity measured in H ‖ [001] and H ‖ [100] at 2 K. In
contrast to the drastic reduction in H ‖ [001], only the small
change is seen in the electrical resistivity in H ‖ [100] up to
7 T, even though the magnetization closes the saturation. Thus
magnetoresistance is highly dependent on the magnetic-field
direction and the anisotropy exceeds 7500 at 0.4 T. Such a
large anisotropic magnetoresistance is reported here in this
low field range that is accessible by commercially used perma-
nent and/or electric magnets. Even in the antiferromagnetic
state below 0.4 T, the anisotropy of the magnetoresistance
reaches 2 at 0.11 T, 31 at 0.2 T, and 270 at 0.3 T. To re-
veal the variation of the magnetoresistance as a function of
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FIG. 3. (a) Magnetization and (b) electrical resistivity of
CeTe1.83Sb0.17 at 2 K in magnetic field along [001] and [100].
(c) Electrical resistivity measured by changing the magnetic-field
direction in the (010) plane. (d) Electrical resistivity as a function
of the projection field to [001].

the direction of the magnetic field, we measured the elec-
trical resistivity by rotating the magnetic field in the (010)
plane. As shown in Fig. 3(c), electrical resistivity shows clear
rotation hysteresis at around H ‖ [100] (θ = 90◦) and then
decreases when the magnetic-field direction is away from
[100]. Remarkably, electrical resistivity data obtained in the
rotation measurements below 2 T are basically on the same
curve as a function of the projection field to [001] direction
(μ0H cos θ ) [Fig. 3(d)], revealing that the electrical resistivity
is governed by the out-of-plane component of magnetization.
Figures 4(a) and 4(b) show magnetic-field dependence of the
magnetization and electrical resistivity at various tempera-
tures in H ‖ [001]. Below 3 K, electrical resistivity sharply
drops in a magnetic field nearly at 0.4 T, corresponding to
the steep increase of magnetization from antiferromagnetic to
field-induced ferromagnetic state. On the other hand, electri-
cal resistivity decreases smoothly above 3.5 K, corresponding
to the gradual increase of the magnetization. Even above the
antiferromagnetic transition temperature, electrical resistivity
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FIG. 4. (a) Magnetization and (b) electrical resistivity of
CeTe1.83Sb0.17 at various temperatures in H ‖ [001]. Inset shows
the magnified view in the low magnetic-field range. (c) Electrical
resistivity as a function of the square of magnetization in (a) and (b).
On a logarithmic scale, electrical resistivity decreases rectilinearly
and approaches the constant value at the magnetization saturation.

reduces to be 1/5000 at 4 K at 7 T, and the negative
magnetoresistance is observed up to 15 K. Variation of the
charge-density-wave state in this low temperature range has
not been reported and the direct relation with the magne-
toresistance is unclear. From these data in Figs. 4(a) and
4(b), we found the relation between electrical resistivity and
magnetization in a magnetic field along [001]. As shown
in Fig. 4(c), logarithmic electrical resistivity shows almost
linear dependence as a function of the square of the uni-
axial magnetization (lnρxx ∝ M2

[001]) in a wide temperature
range. This relation is seen only in the out-of-plane compo-
nent of magnetization. While the slope in the lnρ vs M2

[001]
becomes larger as temperature decreases, electrical resistivity
approaches the constant value when magnetization gets close
to the saturation, irrespective of the temperature. Thus we
consider the magnetic polaron mechanism for the low-density
charge carrier survived in the charge-density-wave state is the
plausible origin of the present giant magnetoresistance. The
crossover from the localization of charge carrier in the param-

agnetic state to the delocalization in the forced ferromagnetic
state is also seen in the peak structure in the temperature
dependence of the electrical resistivity in magnetic fields
in Fig. 1(c).

Recently, huge anisotropic magnetoresistance in much
higher magnetic field was reported in Nd2Ir2O7 [29,30],
Mn3Si2Te6 [31,32], EuMnSb2 [33], and EuTe2 [34,35]. In
pyrochlore Nd2Ir2O7, the 5d band crosses the Fermi level
only in the specific orientation pattern of the local Nd-4 f
moments through the exchange interaction, while in the latter
compounds, the excitation gap size changes, depending
on the spin direction via spin orbit interaction. Thus
metal-insulator transition occurs in those materials in low
temperature range by changing the magnetic-field direction.
Compared with these materials, giant magnetoresistance
in CeTe1.83Sb0.17 occurs in a very high-resistive range
in the charge-density-wave state. Nearly four orders of
anisotropic magnetoresistance was observed above 0.4 T,
originating from the exclusive coupling with the out-of-plane
component of magnetization. Since the required magnetic
field is very low, the electrical resistivity can be controlled
in quadruple digits just by touching or removing or rotating
the commercially available permanent magnet (e.g., > 0.4 T
in neodymium-based magnet) and/or electronic magnet.
Furthermore, by using the soft ferromagnets as a variable
magnetic-field source, much lower external magnetic-field
control or detection might be possible on the scale of the
coercive field of the magnets through the variation of the
magnetization. It is of great interest that the Ce compound
(4 f 1) shows such a huge scale of negative magnetoresistance
comparable with the Eu-based compounds (4 f 7), in which
the magnetoresistance tends to be very large by the magnetic
polaron mechanism owing to the strong exchange coupling
between conducting carrier and local 4 f moment [13,33].
Even after the drastic reduction in H ‖ [001], electrical
resistivity in the forced ferromagnetic state in CeTe1.83Sb0.17

is very high ≈1800 � cm, which is 104–106 times higher
than the typical value in the field-induced metallic state in
the other antiferromagnets. Therefore, CeTe1.83Sb0.17 is the
unique system exhibiting the magnetotransport properties
in the low carrier density limit. Further investigation for the
magnetoresistance in charge-density-wave semiconductors
composed of other rare earth ions (RTe2) might be helpful
to understand how the local magnetism affects the carrier
mobility and density in the charge-density-wave state and
gives rise to the huge anisotropic magnetoresistance.

IV. CONCLUSIONS

In conclusion, we observed the giant anisotropic magne-
toresistance reaching nearly four orders of magnitude above
0.4 T in the layered charge-density-wave semiconductor
CeTe1.83Sb0.17. The electrical resistivity is governed by the
out-of-plane component of magnetization, while it is quite
insensitive to the in-plane component of magnetization. Even
after the significant reduction in H ‖ c, electrical resistivity in
the field-induced state is still unusually high. Those are the
unique magnetotransport phenomena in the layered semicon-
ductor with extremely low carrier density.
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