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We present magnetic and electrical transport properties such as resistivity, magnetoresistance,
dielectric, and polarization of polycrystalline YbFe2Oy4. The ferrimagnetic transition temperature is
measured at 243 K, followed by the two low-temperature transitions at ~190 K and ~65 K, respec-
tively. The magnetic properties including the M-H hysteresis loops exhibit a strong temperature
dependence and possibly indicate a spin-glass state below 65 K for YbFe2O4. The iron Md&ssbauer
measurement at 295 K confirms the presence of two Fe sites. The measured resistivity can be
modeled with the Mott’s variable-range hopping model, p eacp(To/T)l/47 indicating the electron
hopping between Fe?t and Fe3* sites. The magnetoresistance effects up to 6% at 8 T were observed
and the effects could be caused by the field-induced changes in the electron hopping processes. The
frequency-dependent complex dielectric constant has been found to be strongly influenced by the

contact effects, and the polarization of polycrystalline YbFesO4 does not show ferroelectricity.

I. INTRODUCTION

Multiferroics demonstrate a peculiar cross-coupling be-
tween two ferroic states, such as ferromagnetic and fer-
roelectric properties, leading to interesting physics as
well as potential technological applications.!® YbFe,Oy4
(YbFO hereafter), which is isostructural to LuFe;O4
(LFO), belongs to the rare-earth oxide family RFe2O4 (R
=Y, Dy to Lu) with mixed-valence ions of Fe? and Fe3*
in the hexagonal lattice, resulting in spin and charge frus-
trations in the system.*® As a result, this family of oxides
exhibit a series of magnetic transitions and the charge-
ordering phenomenon. In particular, YbFO goes through
a spin-glass transition below ~80 K, a ferrimagnetic tran-
sition at ~245 K, and a three-dimensional charge order-
ing (CO) transition at ~300 K.9 14

The family of RFesO,4 attracted attention after Ikeda
et al. first reported that LFO is a high tempera-
ture (Ty ~240 K) multiferroic in which the electri-
cal polarization was interpreted as the CO induced
phenomenon.*%1® However, the subsequent studies by
other researchers found that the colossal dielectric prop-
erty and ferroelectricity of LFO were strongly influenced
by the extrinsic effects, not drived by the anticipated CO
mechanism.'® 2% Hearmon et al. have studied YbFO us-
ing synchrotron x-ray diffraction and found a frustration-
driven incommensurate CO transition at 320 K.?! The
results of the neutron diffraction experiments on stoichio-
metric YbFO showed a three-dimensional CO transition
between 390 K and 440 K and Ty at 245 K.'* Further-
more, the previously reported ferrimagnetic to antifer-
romagnetic transition at ~175 K in LFO was not ob-
served in YbFO. Recently, Nagata et al. have reported
the direct observation of the electric polarization in sin-
gle crystal YbFO with a relatively weak electric remnant
polarization value of 1 nC/cm?.2? Therefore, YbFO is
still a potential candidate for multiferroicity and it is an
interesting system. The focus of research on YbFO is
to explore both complex magnetic states and electrical
polarization and whether it is a multiferroic material.

In this paper, we report on structural, resistivity, mag-

netoresistance, electrical polarization, magnetic, and di-
electric properties of polycrystalline YbFO. The x-ray
diffraction pattern show a single phase YbFO with a
small amount of impurities. The room temperature
Méossbauer spectrum indicates the presence of Fe?T and
Fe37 states in the sample. We present the magnetic mo-
ment versus temperature and magnetic field for YbFO
which show a ferrimagnetic transition at Ty = 243 K,
followed by the two low temperature transitions at T* ~
190 K and T** ~ 65 K. Further, the magnetic data point
to a complex magnetic state below 65 K, and we discuss
the role of the Yb ions and their interactions with the Fe
ions for the low temperature magnetic state. The resis-
tivity of YbFO can be explained by the Mott’s variable-
range hopping model of the form p o exp(Ty/T)*/*. We
also present the dielectric properties of a polycrystalline
YbFO sample between 100 K and 350 K, which exhibit a
typical low-frequency behavior dominated by the extrin-
sic effects. Finally, we present the electrical polarization
data that do not display polarization-field loops as ex-
pected from a ferroelectric material.

II. EXPERIMENTAL

YbFO samples were prepared by an electron-beam as-
sisted solid state reaction. The detail sample prepara-
tion can be found in our earlier work on LFQO.2% Here,
we briefly describe the important steps. A stoichiometric
ratio of YboO3 and Fe;O3z powder samples were thor-
oughly mixed and ground, followed by pelletizing and
sintering at 1200 °C for 12 hours in air. The processes
were repeated one more time and the sample was sin-
tered at 1200 °C for 15 hours. Then, the sintered pellet
was heated by an electron-beam (ebeam) gun in the vac-
uum chamber with the oxygen partial pressure of ~5 x
10~* Torr. The pellet was heated slowly by gradually
increasing the ebeam power. In particular, we monitored
the temperature of the pellet by watching the color of
the pellet and the evaporation rate on the quartz-crystal
film thickness monitor. The ebeam power was adjusted



to give a constant evaporation rate on the monitor. Af-
ter heating the pellet continuously for more than 30 min-
utes, the pellet slowly started melting. We continuously
heated the pellet until the top surface of the pellet was
completely melted, and then the ebeam power was grad-
ually decreased to zero within five to ten minutes. The
top surface of YbFO appears shiny with polycrystalline
images [as shown in Fig. 1 (a)]. After removing from
the ebeam chamber, the YbFO pellet was annealed in a
muffle furnace at 600 °C in air.

For dielectric and polarization measurements, a poly-
crystalline sample with dimensions 3 mm x 2 mm x 0.9
mm was polished on both sides and copper wires were
attached with silver paste in the parallel plate capacitor
geometry. Polarization was measured between 20 K and
room temperature using Premier II Ferroelectric Tester
(Radiant Technologies) while dielectric properties were
measured in the frequency range 500 Hz - 1 MHz be-
tween 100 K and 350 K using QuadTech 1920 LCR Me-
ter. Rigaku MiniFlex 600 diffractometer with the Cu K,
source (A = 1.54 A) was used for x-ray diffraction (xrd)
characterization. Similarly, the magnetic moment as a
function of temperature (4 - 350 K) and the magnetic
moment versus magnetic field (up to 8 Tesla) hysteresis
loops were measured on a 20 mg polycrystalline YbFO
using Vibrating Sample Magnetometer option of Phys-
ical Property Measurement System (PPMS), Quantum
Design. Furthermore, the Electrical Transport Option of
PPMS was used to measure resistivity and magnetore-
sistance utilizing a 4-probe technique with silver paste
as the electrical contacts. The same bulk polycrystalline
YbFO sample was used for the dielectric, electrical trans-
port, and magnetic properties measurements. We also
measured °“Fe Méssbauer spectrum at room tempera-
ture. The xrd and Mdssbauer measurements were done
on the powder samples.

III. RESULTS AND DISCUSSION

Figure 1(a) from left to right shows a YbFO pellet at
three different stages of the synthesis process: a freshly
pressed sample (left), a sample sintered at 1200°C (mid-
dle), and a polycrystalline sample (right). As shown,
the polycrystal YbFO sample has a shiny surface with
multiple crystals having a few millimeters in dimensions.
Figure 1(b) shows the xrd pattern of the YbFO powder
sample, prepared by an ebeam assisted method. The xrd
pattern shows strong intensities from the (003), (006),
(101), and (009) planes of YbFO, consistent with the
hexagonal lattice of YbFO.?* Similarly, the signals from
other planes of YbFO are also present. In addition, the
weak signals from impurity phases, FeoOs (denoted by
*) at 49.4°, 54.5°, 57.7° and orthorhombic YbFeOs (de-
noted by +) at 23.3°, 26.2°, and 34.3°, respectively, are
also observed.2%-26 The weak intensities of these impurity
peaks suggest that the amount of impurities is reasonably
low. Thus, the xrd pattern shows a single phase YbFO
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FIG. 1. (a) Images of YbFO pellets representing three dif-
ferent stages of the synthesis process: (left to right) a freshly
pressed sample, a sample sintered at 1200°C, and a polycrys-
talline sample prepared by an ebeam-assisted method. (b)
The xrd pattern of the YbFO powder sample, showing in-
tense signals from the (003), (006), and (009) planes and other
planes. The weak signals from impurity phases Fe2O3 and or-
thorhombic YbFeOs (denoted by * and +) are also observed.

sample with a small amount of impurities.

Figure 2(a) shows the magnetic moment as a function
of temperature for a 20 mg polycrystalline YbFO pel-
let for zero-field cooling (ZFC) and field cooling (FC)
at H = 1 kOe. The ferrimagnetic transition tempera-
ture is observed at Tny = 243 K, followed by two low
temperature transitions at T*~190 K and T**~65 K, re-
spectively. These transition temperatures were extracted
from the derivative of the ZFC curve. The measured fer-
rimagnetic transition temperature T = 243 K is close
to the reported value of Ty = 245 K for single crys-
tal YbFO.'27 It is reported that the non-stoichiometric
samples show a ferrimagnetic and spin-glass transitions
at higher temperatures in comparison to the stoichio-
metric samples.?® This suggests that our sample qual-
ity is good. In fact, our magnetization data are very
similar and consistent with the data reported by other
researchers.!128739 While LFO goes through a magneto-
structural transition at Ty ~ 175 K, 817 YbFO does not
show such transition. The broad peak at 190 K, however,
indicates a change in the spin structures as a result of in-
teraction between spins on different Fe sub-lattices and
spin fluctuations. Similarly, the moment drops to the
lowest value at ~65 K before starting to increase, sug-
gesting further changes in the spin structures of the sys-
tem. At low temperature, the spins of Yb3*t ions could
play a significant role in the magnetic state of the system.
In particular, the interactions of the Yb3*+ (4f!3) spins
with the Fe spins could lead to a complicated spin struc-
ture at low temperatures. We interpret that the reversal
of the moment below 65 K is due to the emergence of the
spins of Yb3t ions.

In order to explore the low-temperature magnetic
properties, we measured the temperature dependence of
the magnetic moment (M) versus the magnetic field (H)



between 4 K and 300 K, and the representative M-H
graphs are shown in Fig. 2(b) and (¢). As expected
in a ferrimagnetic state, the M-H hysteresis loops were
observed only below 243 K. The hysteresis loops show a
strong temperature dependence: the M-H loop size in-
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FIG. 2. (a) ZFC and FC magnetic moment versus tempera-
ture for a polycrystalline YbFO pellet showing the ferrimag-
netic transition temperature at ~243 K, followed by the two
low-temperature transitions at ~190 K and ~65 K, respec-
tively. These transitions represent the spin fluctuation effect
and a spin-glass transition. Magnetic moment versus the field
between (b) 110 K and 300 K and (c) 4 K and 95 K. The M-
H hysteresis loops exist below 240 K, with the largest loop
area at ~65 K, and then the loop starts weakening below 65
K. (d) The coercive field (Hf) as a function of temperature,
indicating the peak value at ~65 K.

creases upon cooling down to ~65 K and then decreases
rapidly below it. It is noted that the hysteresis loop at
4 K has an S-shape with a small coercivity although the
magnetization is not fully saturated within the range of
the applied field of 8 T. This behavior can be interpreted
as a sign of a spin glass because the spin frustration in
the system prevents the frozen moments to fully align in
the field direction.?! In Figure 2(d), we show the coercive
field as a function of temperature, displaying the largest
value at ~65 £ 10 K. Below 65 K, the coercive field
rapidly decreases to almost zero at 4 K. This tempera-
ture dependence of the M-H loop offers insight into the
magnetic state in YbFO. For a ferrimagnetic state with-
out any competing spin structures, the M-H loop size
should gradually increase upon cooling. In contrast, the
M-H loops [Fig. 2(b),(c)] show decreasing trend, a strong
indication of a complex spin structure below 65 K. While
there are no detail M-H hysteresis studies on YbFO, Sun
et al.2” have reported the coercive field for single crys-
tal YbFO to be ~10 T at 25 K. Based on the observed
hysteresis loops, we suggest that the magnetic state of
polycrystalline YbFO is no longer ferrimagnetic below
65 K rather it points to a complex magnetic state. It
is possible that the observed temperature dependence of
the M-H hysteresis loops below 65 K could be attributed
to a spin-glass state due to the competition between fer-
romagnetic and antiferromagnetic interactions of Yb and
Fe sub-lattices. There have been reports of a spin-glass
state in YbFO below 80 K.1%12:13 The one caveat is that
the highest magnetic field was 8 T, which was not suffi-
cient to drive the full saturation of magnetization in the
sample and thus, the coercive field (H}) value at each
temperature (Fig. 2(d)) does not represent its true value
and its temperature dependence only represents a quali-
tative feature. The M-H loop measurements in high mag-
netic fields (H > 10 T) are necessary to find out the true
temperature dependence of H} in YbFO.

An °"Fe Méssbauer measurement was made at 295 K
on the powder YbFO containing 35 mg/cm? of Fe. The
spectrum is shown in Fig. 3. The measurement showed
that there were two sets of similar electric quadrupole
interactions (EQI) but with different isomer shifts (IS).
The spectum was fit with two doublets that had isomer
shifts consistent with Fe?t and Fe?*t sites. The results
were fit with a static quadrupole interaction assuming
that the sample was in the low frequency hopping regime
where the sample quadrupole interactions were stable rel-
ative to the 100 ns Mossbauer time window. The fitting
results are shown in the Table. The uncertainty of the
fit to the data is indicated in parentheses. The spectrum
also showed some small peaks in the high velocity range
which indicate that a small amount of impurities FeoOg
and/or FesO4 were probably present. The xrd analysis
shows the presence of a small amount of FeoO3. Be-
cause of the small area due to impurities and noise level,
the contribution of impurities relative to the main spec-
trum of YbFO could not be carefully fit and analyzed.
Note that the results of the Mdssbauer measurement on



Table: Mossbauer parameters (EQI, IS, and T')
for YbFe204 at 295 K. The uncertainties are
shown in parentheses.

YbFe204 Fe?* Fe¥*
EQI (mm/s) | 0.36(.10) | 0.23(.10)
IS (mmis) | 1.01(10) | 0.37 (.10)
I (mm/s) | 0.40(.10) | 0.40(.10)
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FIG. 3. Room temperature Mdssbauer spectrum of YbFO,
showing two distinct peaks associated with Fe?t and Fe3T
sites. The solid lines represent the fitting to the data.

YbFO are comparable to those of LFO in our previous
paper.2? Other Mossbauer measurements®? on the single
crystal LFO that was powdered showed similar experi-
mental results at 295 K as that obtained here for YbFO
samples.?? The Mé&ssbauer data on the powdered single
crystal were measured from 400 K to 260K and were fit
with a Blume-Tjon relaxation model appropriate for a
system undergoing fluctuations while our fit was based
on a static quadrupole interaction.

We measured resistivity (p) of YbFO and the field-
induced changes in resistance in the magnetic fields up
to £8 T. Figure 4(a) shows the resistivity as a function of
temperature for a polycrystal YbFO. The resistivity in-
creases by more than five orders of magnitude upon cool-
ing from 300 K to 140 K and the behavior is consistent
with an insulating character of YbFO. The resistivity be-
low 140 K, however, was too high to measure with the
setup used. Our resistivity data are consistent with the
resistivity measured by Blasco et al.'? In particular, the
temperature dependence is strikingly similar, but the re-
sistivity values are slightly higher for our polycrystalline
sample. On the other hand, the resistivity of YbFO
are about one to two orders of magnitude higher than
that of LFO.233* As shown, an Arrhenius function does
not accurately fit the resistivity data. To understand
the transport property, we used Mott’s variable-range
hopping (VRH) conduction model developed for non-
crystalline solids with localized charge-carrier states.®3
The inset shows the logarithmic resistivity as a function
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FIG. 4. (a) Resistivity as a function of temperature for a poly-
crystalline YbFO, showing five orders of magnitude increase
from 350 K to 140 K. The inset shows the logarithmic resistiv-
ity versus T-1/4 graph. The solid line represents the Mott’s
VRH model fitting to the data. (b) The magnetoresistance
(AR/R) of a YbFO sample as a function of the magnetic field
at three different temperatures. The observed AR/R is up to
-6 % and quadratic-field dependent.

of T4, showing a linear relationship of a functional
form Inp oc T-'/%. The solid line represents the curve
fitting to the VRH model, indicating a fairly good agree-
ment between the model and the experimental data. The
fitting yields the characteristic temperature, Ty ~ 3.2 x
10° K, which is comparable to that of LFQ.23:34:35 The
fact that the resistivity data of YbFO can be modeled
by the VRH model suggests that the electrical transport
in YbFO is dominated by the electron hopping between
Fe?* and Fe3T in the measured temperature range of 140
- 300 K. The presence of the impurities and oxygen de-
ficiencies in the sample are the sources of the disorders,
thus making the sample non-crystalline solid in which
the electrical conductivity is dominated by the electron
hoping processess.

Figure 4(b) shows the magnetoresistance (MR) effects
of YbFO in the magnetic fields up to £8 T at 150 K,
175 K, and 200 K, respectively. We define the MR ef-
fects as AR/R = (Ry — Ry)/Ro, where Ry and Ry are
the sample resistance in zero-field and in the applied field
(H), respectively. The MR effects at 200 K are small and
show a linear feature while the shape of the MR effects
changes at 150 K and 175 K. The MR effects of YbFO
were measured up to -6% for £8 T field. The observed
MR effects are negative below 175 K and independent
of the field directions, suggesting that the applied field



suppresses the resistance and the effects are quadratic
field dependent. Note that there is a small asymmetry in
the MR effects, which is likely caused by the hysteresis
effect. As we measured the MR effects by sweeping the
field from +8 T to -8 T, after each scan the zero-field
resistance changed from its previous value, suggesting a
hysteresis effect. Given the dominance of the Fe?*t- Fe3*
electron hopping processes in the electrical conduction of
YbFO, we interpret the observed MR effects as the field-
induced modifications of such electron hopping processes.
In particular, when the field is applied, the spin-polarized
electron tunneling through the grain boundaries and the
field-dependent charge hopping between Fe?t and Fe3*
sites are expected to increase,363® thus decreasing the
sample resistance. In addition, the contribution of the
spin-disorder scattering to the resistivity may also play a
role in the effects. For instance, when the field is applied,
the spin-disorder scattering decreases, consequently con-
tributing to the negative MR effects.
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FIG. 5. Frequency dependence of (a) capacitance (C) and (b)
the imaginary part (e2) of the complex dielectric function for
a polycrystalline YbFO at temperatures between 100 K and
300 K, in 10 K increments. The imaginary part (e2) of the
dielectric constant gradually decreases as frequency increases
without a well defined peak, indicating the influence of extrin-
sic effects on the response. Temperature dependence of (c) the
real part (£1) and (d) the dielectric loss tangent (tand) of the
dielectric function for YbFO at different frequencies measured
in the temperature range 100 - 350 K.

Figure 5 (a) and (b) show frequency dependence of the
capacitance and the imaginary (e2) part of the complex
dielectric function for a polycrystal YbFO in the temper-
ature range 100 - 300 K, in increments of 10 K. For all
the measured temperatures, both capacitance and ¢, de-
crease gradually over the whole spectrum range. In par-
ticular, the low frequency responses are much stronger
than the high frequency responses. Moreover, the eg
spectra do not show a well defined peak associated with
the dipolar characteristics of a ferroelectric material. It
is noted that none of the reported dielectric responses
for YbFO and LFO in literature has a well defined peak
in the g9 spectra.l911:16:18-20.39 Therefore, the observed

frequency dependence in Fig. 5 (b) without a peak in
the g5 spectra is indicative of the presence of the ex-
trinsic effects, which follow the Maxwell-Wagner model.
In a sample dominated by the extrinsic effects, e — oo
as frequency — 0 and €2 — 0 as frequency — 00.404!
The possible sources of the extrinsic effects are the grain
boundaries, oxygen deficiencies, and the space charge at
the electrical contacts.

In Fig. 5 (b) and (c), we show the temperature depen-
dence of the real part (1) and the loss tangent (tand)
of the dielectric constant for YbFO at frequencies 1 kHz,
10 kHz, 50 kHz, 100 kHz, 500 kHz, and 1 MHz, respec-
tively. The loss tangent clearly indicates a lossy sample,
especially in the low frequency region and high temper-
atures. The room temperature value of €; at 1 kHz is
~1000 for the YbFO sample. These dielectric spectra
fairly compares with the reported dielectric spectra for
YbFO.10:11:39 Also, these spectra show a typical char-
acteristic: a broad peak in the £; spectrum with the
peak temperature moving to a higher temperature as the
test frequency increases. Such behaviors are interpreted
as the signatures of the Maxwell-Wagner effects in the
sample.*! Then, the question arises; what is the intrinsic
value of £ for YbFO? To estimate the intrinsic value,
we need to look at the value of €; at low temperature
and in the high frequency region where the extrinsic ef-
fects on the dielectric constant diminishes. We estimate
that the true values for € are on the order of a couple of
hundreds, as given by the data at low temperature and
high frequencies. Therefore, the observed frequency and
temperature dependences of the dielectric constant sug-
gest that the dielectric properties of YbFO were strongly
influenced by the contact effects and could not be corre-
lated to ferroelectricity.

Figure 6 (a), (b), and (c) show electric polarization of
a YbFO polycrystal pellet as a function of applied elec-
tric field at 150 K, 50 K, and 20 K, respectively. The
polarization responses of YbFO from room temperature
down to 150 K have a shape of an American football
(not shown here). The derivative of polarization, which
gives a normalized capacitance, has a shape of a letter
X, indicating a typical resistive response. The polariza-
tion response at 50 K slightly varies from the response
at 150 K. Such a polarization response is due to a com-
bination of resistive and dielectric responses. Note that
the dielectric behavior of YbFO is masked by the leaky
nature of the sample at high temperatures. However,
the resistivity of the sample increases significantly below
100 K and thus, the intrinsic dielectric response starts
emerging out of the resistive response. This is consistent
with the fact that the extrinsic effects on the dielectric
properties (Fig. 5) are dominant at high temperatures.
Interestingly, the polarization at 20 K is intriguing and at
first were thought to indicate ferroelectricity. However, a
closer look at the response reveals otherwise. Figure 6 (d)
shows the derivative of the polarization data, which has
a shape of a letter X rather than a ferroelectric switching
behavior, confirming a non-ferroelectric response. There-
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FIG. 6. Electric polarization of YbFO as a function of ap-
plied electric field at (a) 150 K (b) 50 K, and (c) 20 K. The
polarization responses from 150 K to room temperature have
a shape of an American football, indicating a typical resistive
response. The polarization as a function of the applied fields
at 20 K, appearing as a ferroelectric-like response. (d) The
derivative of the polarization at 20 K, however, has a shape
of a letter X, confirming a non-ferroelectric response.

fore, the 20 K polarization is still a combination of resis-
tive and dielectric responses. Finally, the polarization
data suggest that YbFO is not ferroelectric.

The three-dimensional ferrimagnetic ordering of Fe?*
and Fe?* spins in YbFO has been consistent in the sam-
ples prepared by various methods. The low temperature
magnetic properties of YbFO are interesting and com-
plex due to the emergence of the spin of Yb3t ions and
their interactions with the Fe ions. On the other hand,
the dielectric and polarization data of YbFO do not un-
ambiguously exhibit ferroelectricity and thus, multifer-
roicity of YbFO is questionable. So far, the anticipated
CO induced ferroelectricity in YbFO and isostructural

LFO has not been observed yet. The disorders and non-
stoichiometry due to either iron or oxygen deficiencies
in the sample could adversely affect the three dimen-
sional charge ordering from setting in. In other words,
the sample quality could be the key to establishing the
ferroelectric property of YbFO. Therefore, synthesis of a
high quality stoichiometric YbFO sample could help find
the answer to whether YbFO is ferroelectric and thus, a
multiferroic material.

IV. CONCLUSION

In conclusion, we prepared polycrystalline YbFO sam-
ples by an ebeam assisted solid state reaction. The
xrd pattern and the ferrimagnetic transition temperature
show the single phase YbFO. Mossbauer measurements
confirm the two sets of electric quadrupole interactions
along with different isomer shifts that are consistent with
the presence of Fe?t and Fe?* ions in the sample. The re-
sistivity of YbFO can be fit to the Mott’s variable-range
hopping conduction model (i.e.,p o< exp(Ty/T)*/*). The
MR effects of sizes -6% in the magnetic field of 8 T at
150 K have been observed in the magnetic state. The
field-induced changes in the electron hopping between
Fe?t and Fe?t could be the mechanism for the MR ef-
fects. The coercive field demonstrates a strong temper-
ature dependence with the maximum value at ~65 K,
possibly indicating a complex spin-glass state below 65
K. The temperature and frequency dependence of the
dielectric constant of YbFO can be interpreted as the ex-
trinsic effects. Finally, the electric polarization measure-
ments show no evidence of the intrinsic ferroelectricity in
polycrystalline YbFO.
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