PHYSICAL REVIEW B 82, 104523 共2010兲

Magnetic-field-induced crossover of vortex-line coupling in SmFeAsO0.85 single crystal
Hyun-Sook Lee,1,* Marek Bartkowiak,2,† Jun Sung Kim,1 and Hu-Jong Lee1,‡
1Department

of Physics, Pohang University of Science and Technology, Pohang 790-784, Republic of Korea
Dresden (HLD), Forschungszentrum Dresden–Rossendorf, Dresden, Germany
共Received 25 June 2010; revised manuscript received 30 August 2010; published 28 September 2010兲
2Hochfeld-Magnetlabor

We take the resistivity 共兲 and the current-voltage 共I-V兲 characteristics of a SmFeAsO0.85 single crystal as a
function of temperature 共T兲 for various magnetic fields up to 18 T along the c axis. The tail region of 共T兲 well
fits the three-dimensional 共3D兲 vortex-glass critical behavior. The critical exponents for the vortex-glass scaling
of 共d ln  / dT兲−1-T, I-V curves, and the thermal activation energies of vortices in magnetic fields show a
crossover for magnetic fields around 3 T. The crossover behavior results from the change in the strength of the
vortex pinning and the entanglement of vortex lines in the stacked superconducting structure of SmFeAsO0.85
material with the c-axis vortex-line coupling lying in between highly anisotropic Bi-based cuprates with
decoupled two-dimensional vortices and less-anisotropic YBa2Cu3O7−␦ with coupled 3D vortices.
DOI: 10.1103/PhysRevB.82.104523

PACS number共s兲: 74.25.F⫺, 74.25.Uv, 74.25.Wx, 74.70.Xa

I. INTRODUCTION

The resistive transition of recently discovered oxypnictides, REFeAsO1−xFx 共RE = rare-earth elements兲,1 with high
superconducting transition temperature 共Tc兲, was reported to
be broadened and tailed with increasing applied magnetic
fields.2–8 This feature is similar to that of high-Tc cuprates
and is known to be due to strong thermal fluctuations that
result from the high transition temperature, short coherence
length, and large anisotropy. In the mixed state, thermal fluctuations directly affect the vortex motion by the thermally
assisted flux flow 共TAFF兲 and leads to the tail at the resistive
transition. The magnitude of thermal fluctuations is quanti4Tc关K兴␥2 2
兴 , where
fied by the Ginzburg parameter,9 Gi = 10−9关 Hc2共0兲关Oe兴
 = 0 / 0 is the Ginzburg-Landau parameter 共0 the London
penetration depth, 0 the superconducting coherence length兲,
Hc2共0兲 the zero-temperature upper critical field, and ␥
= ab / c the anisotropy ratio 共ab,c the ab plane and the c-axis
coherence length兲. Gi ⬃ 1 ⫻ 10−8 − 1 ⫻ 10−5 for conventional
low-Tc superconductors while Gi ⬃ 1 ⫻ 10−2 − 1 ⫻ 10−1 for
high-Tc cuprates.9 Strong thermal fluctuations give a rich variety of vortex phases and vortex dynamics in high-Tc superconductors.
The Ginzburg parameter for thermal fluctuations in
SmFeAsO1−xFx, with the highest Tc共⬃55 K兲 among ironbased superconductors, are expected to be as high as Gi
⬃ 1 ⫻ 10−2.5,7,10 The value of Gi of 1111-oxypnictides is
comparable to that of cuprates because of a larger value of 
关for instance,  ⯝ 110 for NdFeAsO1−xFx compared with 
⯝ 85 for YBa2Cu3O7−␦ 共YBCO兲 共Ref. 10兲兴 in spite of the
lower value of Tc. Therefore, as in high-Tc cuprates, diverse
phases and dynamics are expected in the vortex state of
SmFeAsO1−xFx. The nature of the vortex matters in these
layered superconductors is highly sensitive to the type and
the density of defects. Therefore, the intrinsic vortex behavior of REFeAsO1−xFx should be studied by using high-quality
single crystals. But, the difficulty with the single-crystal
growth of REFeAsO1−xFx hinders the detailed study on the
vortex properties in the material. To date, only three reports
are available on the nature of the vortex state of
NdFeAsO1−xFx single crystals in the family of pnictides; two
1098-0121/2010/82共10兲/104523共7兲

reports by taking magnetic properties11,12 and one by transport properties2 of the material. However, details of the vortex phases and the dynamic properties of REFeAsO1−xFx are
still lacking.
In this paper, we present the vortex properties of a
SmFeAsO0.85 single crystal, including vortex dynamics and
vortex phase diagram, based on electrical transport measurements. The sample resistivity  and current-voltage 共I-V兲
characteristics of the SmFeAsO0.85 single crystal were examined for various temperatures around Tc and c-axis magnetic
fields up to 18 T. The temperature dependence of  and the
I-V characteristics well fit the characteristics of the vortexglass critical state. As in high-Tc cuprates, the vortex-glassto-vortex-liquid phase transition takes place in a wide temperature range below the upper-critical-field line in the
vortex-phase diagram. Crossing the magnetic field range
around 3 T in the three-dimensional 共3D兲 vortex regime,
however, an unusual behavior was observed in the magneticfield dependence of the critical exponent of the phase transition and in that of the thermal activation energy of the vortex
motion. Similar crossover behavior in both the critical exponent and activation energy with increasing fields was also
observed previously in the Bi-based cuprates 共BSCCO兲 such
as Bi2Sr2CaCu2O8+␦ and Bi2Sr2Ca2Cu3O10+␦. The occurrence
of the crossover of vortex character near H = 3 T in
SmFeAsO0.85 indicates that the vortex lines of SmFeAsO0.85
are coupled along the c axis like in YBCO but the detailed
behavior more resembles the two-dimensional 共2D兲-like vortex behavior of BSCCO.
II. EXPERIMENT

SmFeAsO0.85 single crystals with nominal compositions
were grown under a high-temperature and high-pressure condition. Details of the single-crystal growth are described
elsewhere.13 The standard four-probe technique was used to
measure  and the I-V characteristics of SmFeAsO0.85 single
crystals. For measurements, metallic 共Au兲 leads were prepared on a flat surface of the sample 共dimensions; ⬃80
⫻ 50⫻ 10 m3兲 by adopting the standard photolithographicpatterning technique 共see the optical microscopic picture
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FIG. 1. 共Color online兲 Temperature dependence of the resistivity
共T兲 of a SmFeAsO0.85 single crystal measured in the bias current
density of 2 ⫻ 102 A / cm2 for various c-axis magnetic fields up to
18 T. The inset illustrates the measurement configuration of the
transport properties.

showing the sample configuration in the lower inset of Fig.
1兲. The contact resistance was about 1 ⍀. Magnetic fields
were applied in parallel with the crystallographic c axis
while keeping it to be normal to the current flow 共see the
upper inset of Fig. 1兲. The in-plane resistivity was measured
as a function of temperature in various magnetic fields up to
18 T for a dc bias current of 1 mA 共or equivalently, for a
current density of 2 ⫻ 102 A / cm2兲. The bias level corresponds to an ohmic region. I-V measurements were carried
out at different temperatures in the vortex-glass critical region in various fields from 0.5 to 6.9 T, with the bias current
limited up to 20 mA to avoid the self-heating.

III. RESULTS AND DISCUSSION

Figure 1 shows the temperature dependence of the resistivity, 共T兲, of a SmFeAsO0.85 single crystal as magnetic
fields 共H兲 up to 18 T were applied along the c axis of the
crystal. In zero field, the onset of the superconducting transition of the sample occurs around 50 K with a narrow transition width of ⬃0.5 K, as determined by the criterion of
10– 90 % of the normal-state resistivity 共n兲. As the field
increases, 共T兲 curves become broader near the onset of the
transition due to thermodynamic fluctuations of the superconducting order parameter. In addition, increasing fields,
the tail in the resistivity just before reaching zero resistivity
becomes more evident with a gradual extension to lower
temperatures. Both broadening and tailing in 共T兲 of
SmFeAsO0.85 with increasing fields are due to high thermal
fluctuations. Similar tail of 共T兲 in high c-axis fields also
develops in layer-structured cuprates with stacked CuO2 conducting planes and is known to be associated with the complex vortex dynamics.14–17
In Fig. 2共a兲, we analyze 共T兲 of SmFeAsO0.85 based on
the theory of TAFF of vortices. In this regime, the resistivity
is described by an Arrhenius behavior,  ⬀ exp关−U共H , T兲 / T兴,
where U is the thermal-activation energy. As shown in Fig.
2共a兲, below 1% of n关=共55.5 K兲 ⬇ 2 ⫻ 10−4 ⍀ cm兴, the resistivity as a function of 1 / T follows an exponential dependence, as presented by the dotted lines. Similar behavior was
observed in high-Tc cuprates18,19 as well as in single-
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FIG. 2. 共Color online兲 共a兲 An Arrhenius plot of the resistive
transition of a SmFeAsO0.85 single crystal in c-axis magnetic fields
from 0.5 to 18 T. The dotted lines indicate logarithmic temperature
variation in the low-resistivity part. 共b兲 The temperature dependence
of the activation energy, U = −d共ln 兲 / d共1 / T兲, defined as the slope
of the Arrhenius curves shown in Fig. 2共a兲. Tⴱ marked by an arrow
for each curve signifies the temperature of entering into the vortexglass critical-state region.

crystalline pnictides of NdFeAsO0.7F0.3.2 The slope of the
Arrhenius plot of the curve U = −d共ln 兲 / d共1 / T兲, or the activation energy, is presented as a function of temperature in
Fig. 2共b兲. As temperature decreases, the slope of each curve
starts fast increasing at a characteristic temperature 共Tⴱ兲,
which signifies entering into the vortex-glass critical-state
region as previously seen in high-Tc cuprates.20,21
Analyzing the temperature dependence of the sample resistivity 共T兲 below Tⴱ, one can confirm the presence of the
vortex-glass state in SmFeAsO0.85. According to a vortexglass theory,22 the resistivity vanishes at the vortex-glass
temperature Tg following the relation of R ⬃ 兩T − Tg兩共z+2−d兲,
where d is the sample dimensionality. Here,  is the static
exponent of the vortex-glass correlation length, g ⬃ 兩T
− Tg兩−, and z is the dynamic exponent for the correlation
time g ⬃ zg. We assume d = 3 because g, estimated to be
⬃20– 80 nm at 0.1ⱕ H ⱕ 7 T for YBCO 共Ref. 23兲 and
⬃30 nm at H = 1 T for Bi2Sr2Ca2Cu3O10+␦,24 is much
shorter than the sample thickness 共⬃10 m兲. Therefore, the
logarithmic derivative of the resistivity is linearly dependent
on T as

冉 冊
d ln 
dT

−1

1
= 共T − Tg兲
s

共1兲

with the slope being the inverse of s = 共z − 1兲. From the linear region of the 共d ln  / dT兲−1 vs T plot, we estimate Tg and
the critical exponent s. As shown in Fig. 3, the resistivity of
SmFeAsO0.85 is well described by the vortex-glass picture in
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the temperature range of Tg ⬍ T ⬍ Tⴱ. The temperature 共Tⴱ兲
of a deviation from the linearity in this plot is the upper
temperature limit of the critical region associated with the
vortex-glass-to-vortex-liquid phase transition. The field dependence of the critical exponent, obtained from the best fit,
is shown in Fig. 5 for the later analysis.
We also cross-check the transition from the vortex-glassto-vortex-liquid phase in SmFeAsO0.85 by using the I-V scaling. According to the vortex-glass theory, there are two different current and voltage regimes showing distinct I-V
scalings, which follow the relation25,26
共V/I兲兩1 − T/Tg共H兲兩共d−2−z兲 = F⫾关共I/T兲兩1 − T/Tg共H兲兩共1−d兲兴,
共2兲
where F+共F−兲 is the scaling function for T above 共below兲 Tg.
Typical results of scaled I-V curves are shown for 1 T and
6.9 T in Figs. 4共a兲 and 4共b兲, respectively. All the curves
collapse into two universal curves of Eq. 共2兲 for d = 3, one for
T ⬎ Tg共F+兲 and another for T ⬍ Tg共F−兲, with the best-scaling
values of Tg, , and z. Values of Tg, , and z are estimated by
the following procedure. First, Tg is approximately estimated
from the log共I兲-log共V兲 curves as the temperature at which the
curvature changes from an upturn to a downturn character as
represented by dotted lines in the insets of Figs. 4共a兲 and
4共b兲. Second, z is determined from the slope of the
log共I兲-log共V兲 curve at T = Tg by using the power-law behavior of V ⬀ I共z+1兲/共d−1兲. Third,  is estimated so as to obtain the
optimal collapse of different-T sets of data to Eq. 共2兲 as
shown in the main panels of Figs. 4共a兲 and 4共b兲. In this
optimization procedure of scaling, initially estimated values
of Tg and z were usually required to be retuned only over a
narrow range of . All the I-V curves between 0.5 and 6.9 T
were well scaled by the vortex-glass picture. The bestscaling values of the critical exponents were  = 1 – 1.7 and
z = 3.4– 4.8.
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FIG. 3. 共Color online兲 Inverse logarithmic derivative of resistivity for different fields. The solid lines represent fits to the vortexglass theory by using the relation of Eq. 共1兲. The glass temperature,
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FIG. 4. 共Color online兲 The vortex-glass scaling of I-V characteristics of SmFeAsO0.85 by using Eq. 共2兲. 共a兲 Scaled I-V curves for
H = 1 T with the best-fit parameters of Tg = 47.25 K,  = 1 ⫾ 0.1,
and z = 4 ⫾ 0.1. In the I-V curves for H = 1 T in the inset, the temperature ranges 44–46.5 K, 46.5–48.5 K, and 48.5–50 K with increments of 0.5 K, 0.25 K, and 0.5 K, respectively. 共b兲 Scaled I-V
curves for H = 6.9 T with Tg = 40 K,  = 1 ⫾ 0.1, and z = 3.4⫾ 0.1. In
the I-V curves for H = 6.9 T in the inset, the temperature ranges
37–39 K, 39–43 K, and 43–48 K with increments of 1 K, 0.5 K, and
1 K, respectively. I-V curves at Tg and Tⴱ are denoted by dotted
lines for each field.

In the I-V curve scaling, the critical exponents of  and z
are very sensitive to how optimally the I-V curves for different temperatures collapse on a single curve. Many different
parameter sets were carefully tested for the scaling. But the
I-V curves in various fields yield the best collapse for the
values of  and z presented above. All the values of s = 共z
− 1兲 obtained from this scaling of I-V curves 共Fig. 4兲 are
summarized in Fig. 5, along with the exponents determined
from the slope of 共d ln  / dT兲−1 vs T curve 共Fig. 3兲. The
values determined from these two different schemes are in
good agreement with each other within the tolerance of errors although the 共d ln  / dT兲−1-T data for 0.5 T show larger
fluctuations. The critical exponent s keeps decreasing with
increasing magnetic fields. According to a theory,9 a 3D vortex glass is in a universal class with s value in the range of
s ⬇ 2.7– 8.5. The lower limit of the predicted exponent is
denoted by the dotted line in Fig. 5. Values of the exponent s
of our sample below 3 T are in the range predicted by the 3D
vortex-glass theory but those above 3 T deviate from the 3D
vortex-glass behavior. This indicates that the vortex-glass
state of SmFeAsO0.85 in the two field ranges 共below and
above 3 T兲 of the critical region is not in an identical universal class.
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FIG. 5. 共Color online兲 The critical exponents s = 共z − 1兲 for different fields, obtained from the vortex-glass scaling with
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Fig. 4. The dotted line indicates the lower limit of s共⬇2.7– 8.5兲,
predicted by the 3D vortex-glass picture 共Ref. 9兲. The crossover
field of Hcr is designated as the field of deviation from the expected
3D value.

The unusual behavior of the critical exponent s, such as
the field dependence and the deviation from the predicted
range of values, was also observed in high-Tc cuprates. For
highly anisotropic Bi2Sr2CaCu2O8+␦ single crystals20 and
Bi2Sr2Ca2Cu3O10+␦ thin films,27 a reduction in the critical
exponent s was observed near the crossover field 共1–2 T兲
from a 3D to a 2D vortex-glass phase. YBCO, with the 3D
vortex nature, reveals similar unusual behavior of the vortexglass phases in following two cases. One is near the coexistence point of the vortex-glass and the Bose-glass phases.28–30
The Bose-glass phase in YBCO single crystals develops
when the field is applied in parallel with twin planes28,29 or
columnar defects.30 Another case appears near the multicritical point 共6–10 T兲 where the lattice-to-liquid 共melting兲, the
glass-to-liquid 共glass兲, and the lattice-to-glass 共peak effect兲
vortex phase transitions meet at a single phase point.31,32
We compare the behavior of the vortex-glass state of
SmFeAsO0.85 with that of high-Tc cuprates. The dimensionalcrossover field is estimated by the relation of H2D
⬃ 4⌽0 / 共␥␦兲2, where ␥ is the effective-mass anisotropy ratio
and ␦ is the interlayer distance between conducting
layers.20,27 For Bi2Sr2CaCu2O8+␦, the values of ␥ = 60– 200
and ␦ = 1.5 nm give H2D = 0.1– 1 T. However, ␥ = 5 – 10 and
␦ = 0.84 nm for SmFeAsO0.85 lead to H2D = 100– 500 T.
Thus, a 2D vortex field regime is not accessible in
SmFeAsO0.85 in the practical measurement field range of H
⬍ ⬃ 100 T. This finding is consistent with our recent result
of c-axis transport measurements on SmFeAsO0.85 single
crystals, where the material shows bulk interlayer-coupling
characteristics.33 Therefore, it is unlikely that the 3D-2D
crossover causes the unusual vortex-glass behavior near H
⬃ 3 T in our SmFeAsO0.85 single crystal. We also rule out
the mixture of vortex-glass and Bose-glass phases, because
the disorder of points defects, possibly originating from oxygen vacancies in SmFeAsO0.85 for c-axis fields, cannot be
strongly correlated as in twinned28,29 and irradiated30 YBCO
single crystals. Moreover, the possible existence of the mul-
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FIG. 6. 共Color online兲 Field dependence of the activation energy
U共H兲, obtained from the slope of the Arrehnius plot in Fig. 2共a兲.
The solid lines are fits to U共H兲 ⬃ H−␣ with ␣ ⬇ 0.35 共␣ ⬇ 0.88兲 below 共above兲 the crossover field of Hcr共⬇3 T兲.

ticritical point as observed in optimally doped YBCO is discounted in SmFeAsO0.85 because the melting and the peak
effect were not observed in the field range of our transport
measurements. Although the peak effect was observed in
SmFeAsO0.8F0.2 wires,34 it occurred far below the irreversibility field line. Thus, the unusual field dependence of the
critical exponent 共s兲 and the deviation from the predicted
range 共s ⬇ 2.7– 8.5兲 for a 3D vortex glass in SmFeAsO0.85
indicate that the vortex nature of SmFeAsO0.85 is quite distinct from those of two representative high-Tc cuprates, i.e.,
YBCO and BSCCO.
We further examine the nature of the unusual behavior of
the critical exponent in SmFeAsO0.85 by investigating the
field dependence of the thermal activation energy U共H兲, estimated from the linear slope of the Arrhenius plot in Fig.
2共a兲. Figure 6 shows the field dependence of U in a log-log
plot. The activation energy of SmFeAsO0.85 follows a powerlaw relation of U共H兲 ⬃ H−␣ with different values of ␣; 0.35
for H ⬍ 3 T; and 0.88 for H ⬎ 3 T. The demarcating field
value turns out to be close to the crossover field showing the
above-mentioned unusual vortex-glass behavior. The abrupt
change in the exponent ␣ is consistent with what was reported in NdFeAsO0.7F0.3 single crystals.2 Such a crossover
behavior was also observed in highly anisotropic BSCCO
共Refs. 18 and 35–38兲 and multilayered Mo/Si,39 but not in
less anisotropic YBCO.14,17,21,40–42 The crossover in the
value of activation-energy exponent ␣ in highly anisotropic
superconductors was explained by the dimensional crossover
of vortices.35,37,39 However, as discussed above, the crossover observed in SmFeAsO0.85 is unlikely the dimensional
crossover and other explanation is required.
The field dependence of U of the form U ⬃ H−␣ is not
well understood. It should be pointed out that the reduction
in U of the form U ⬃ H−␣ in high magnetic fields cannot be
explained by the collective 共elastic兲 creep theory,9 in which
an increase in U is predicted in high magnetic fields.41,43–45
The behavior of U ⬃ H−␣ can be explained by the plastic
creep theory.46–48 According to the plastic-flux-creep
model,46–48 the activation energy follows the form of U
⬃ H−0.5, which is associated with the plastic deformation and
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the entanglement of vortices in weakly pinned vortex liquid
due to the presence of point defects. The motion of the vortices relative to each other in such an entangled liquid is
significantly modified by cutting and reconnecting of the vortex lines.47 A plastic-creep activation energy of the form of
U ⬃ H−0.7 was obtained in untwinned YBCO single crystals
for high fields above the melting transition.17 The faster reduction in U with H was suggested to be due to the strongly
pinned and entangled vortex liquid around point defects,
which induce lateral vortex wandering.17
From this point of view, we consider that point defects in
SmFeAsO0.85 play an important role and lead to a weakly
共strongly兲 entangled liquid in low 共high兲 fields. The plastic
deformation and entanglement of vortex lines with increasing field in SmFeAsO0.85 can lead to the reduced correlation
length along vortex lines, i.e., weakening of vortex-line coupling and the resulting reduced activation energy. Based on
these results, the characteristic field in U ⬃ H−␣ observed in
SmFeAsO0.85 does not correspond to the 3D-to-2D dimensional crossover observed in BSCCO, but it is the field beyond which the entanglement of vortex lines gets stronger.
This behavior has never been observed in YBCO. Weakening
of the vortex-line coupling was also seen in measurements of
the magnetic relaxation rate in NdFeAsO0.9F0.1 single
crystals.12
By analyzing the unusual behavior of the critical exponent
in vortex-glass scaling and the field dependence of the activation energy, we find that the vortex lines of SmFeAsO0.85
are coupled along c-axis like YBCO, but the details of the
vortex behavior are very different from those of YBCO
showing 3D character. In some aspects, the vortex behaviors
of SmFeAsO0.85 resemble the 2D features in BSCCO. Further studies are required to clarify the origin of the different
vortex behaviors between SmFeAsO0.85 and YBCO because
the vortex nature is sensitive not only to the type and density
of defects but also to the vortex core properties that are determined by the Fermi-surface topology. The 2D-like behavior of vortices in SmFeAsO0.85 may come from the quasitwo-dimensional Fermi-surface topology.
In Fig. 7, we present a vortex phase diagram of
SmFeAsO0.85 with different dynamic characteristics. It is
similar to the phenomenological phase diagram for the
high-Tc superconductors including the effects of thermal
fluctuations and of quenched disorder 共pinning兲. The upper
critical field of Hc2 is denoted by a solid line, which is extracted from 90% of n. As often observed in high-Tc cuprates, a vortex-glass-to-vortex-liquid phase transition is
found in our SmFeAsO0.85 single crystal in a wide temperature range well below Hc2. The characteristics field Hg of the
vortex-glass phase transition, obtained from the
共d ln  / dT兲−1 vs T and I-V curves, are presented by the solidand the open-diamond symbols, respectively, which are consistent with each other. The upper field limit of the critical
region associated with the vortex-glass-to-vortex-liquid
phase transition, Hⴱ, is presented by open-circle symbols.
The Hⴱ divides the vortex-liquid phase into pinned liquid and
unpinned liquid phases. According to the magnetic-field dependences of the critical exponents 共Fig. 5兲 and the activation energy 共Fig. 6兲, a crossover field of Hcr ⬃ 3 T exists in
SmFeAsO0.85, which is denoted by a dotted line in the criti-
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FIG. 7. Static vortex phase diagram of SmFeAsO0.85. The solid
line is the upper critical field 共Hc2兲, estimated from 90% of the
normal-state resistivity. The characteristics field Hg for vortexglass-to-liquid transition are presented by solid- and open-diamond
symbols as determined from 共d ln  / dT兲−1 vs T 共Fig. 3兲 and I-V
scaling 共Fig. 4兲, respectively. The upper-field limit of the critical
region associated with the vortex-glass-to-vortex-liquid phase transition, Hⴱ, is indicated by open-circle symbols. The crossover field
Hcr 共⬇3 T兲, denoted by a dotted line, is determined by the field
dependence of the critical exponent 共Fig. 5兲 and the activation energy 共Fig. 6兲.

cal region of the glass-to-liquid transition in Fig. 7. From the
analysis of the field-dependent activation energy we find the
pinned vortex-liquid phases with different dynamical characteristics; weakly 共strongly兲 pinned liquid for H ⬍ Hcr 共for H
⬎ Hcr兲.
IV. SUMMARY

Based on the vortex-glass theory, we investigated a threedimensional vortex-glass-to-vortex-liquid transition in a
SmFeAsO0.85 single crystal by the variation in the slope of
共d ln  / dT兲−1 vs T curve and the I-V-curve scaling for different c-axis fields up to 18 T. As in layered cuprates, a broad
vortex-liquid region is present in SmFeAsO0.85 below the
upper-critical field line in the vortex-phase diagram. The
magnetic field dependence of the critical exponents for
vortex-glass scaling indicates that the universal class of the
vortex-glass state of SmFeAsO0.85 changes crossing the field
of ⬃3 T. The field dependence of the thermal activation
energy also shows that the vortex-liquid phase consists of
two dynamically different states, one with the characteristics
of weak entanglement in the low-field range and another
with the strong entanglement including lateral vortex wandering in the high-field range, caused by effective intrinsic
pinning at point defects. The crossover behavior in
SmFeAsO0.85 is brought about by the field-induced change in
the vortex-line coupling and the resulting change in the
vortex-line pinning and entanglement rather than by the
field-induced dimensional crossover of the vortex lines.
Similar crossover in the vortex coupling along the c axis
with increasing fields appears in highly anisotropic BSCCO
共H2D = 0.1– 1 T兲 as vortex lines are decoupled into pancake
vortices. In SmFeAsO0.85, while the anisotropy is compa-
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rable to YBCO, the vortex-line coupling more resembles the
2D-like vortex behavior of BSCCO. Thus, SmFeAsO0.85
single crystals provide a convenient system to study the diverse vortex phases existing in layered superconducting materials.
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