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Experimental and theoretical results contained in a paper and in an Erratum by Yeh et al. �Phys. Rev. B 48,
9861 �1993�; Phys. Rev. B 56, 5683�E� �1997�� discussing experiments employing a novel sapphire ring
resonator to investigate microwave frequency vortex dissipation in thin film Nd1.85Ce0.15CuOx as a function of
applied field and temperature are discussed. These authors also claim to have extended the Coffey-Clem �Phys.
Rev. Lett. 67, 386 �1991�; Physica C 185-189, 1915 �1991�; Phys. Rev. B 45, 10527 �1992�� model to include
thin-films. The authors’ theoretical results for the surface resistance as a function of applied field and tempera-
ture, which as illustrated in their paper were in detailed agreement with the data, are only approximately able
to describe the data by scaling the theoretical expressions by unspecified multiplicative factors �50. The given
theory contains no free scaling parameter. In the Erratum, the theory is still in detailed agreement with the
NdCe214 data, although these data have changed by roughly a factor of �1/50 due to a claimed experimental
recalibration. No explanation was offered to account for the change in the theory, by �1/50. In addition, the
expressions provided for the surface resistance are not correct with obvious nonphysical limits: for example,
the normal state surface resistance is independent of the resistivity. The recalibrated data are inconsistent with
published results for the surface resistance for superconductors and thin film conductors. Equations for the
B=0 surface resistance treatment, purportedly appropriate to a finite grain-size limit, were dimensionally
inconsistent in the original paper, and an associated fitting parameter was not specified. A value for this
“missing” parameter was given in the Erratum, but evaluation of the revised B=0 surface resistance expression
with this parameter fails even to approximate the published B=0 curves. Several results from the work of
others were misquoted.
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1. The data in Figs. 2�a� and 2�b� of Ref. 1 were not
described by the several equations using the given param-
eters; the computed results are smaller than the data by a
factor of approximately 56 at 12.34 GHz, and 47 at
18.289 GHz. Nevertheless, the computed results for B�0
presented by Yeh et al. in their Fig. 2 appear to accurately
describe the data over the full temperature range. In the Er-
ratum, the authors fail to either explain or to even acknowl-
edge the original scaling of the theory; instead, the data in
their Fig. 2 �Ref. 2� now appear to closely match their erro-
neous �unscaled� theory which has nonphysical limits. In
other words, the data and the results of evaluation of the
theory expressions have both changed, by factors of �1/50
and appear to coincide with the unscaled “theory.” However,
the data for a Y123 film included as an inset to their Fig. 1
�Refs. 1 and 2� have not changed. This seems to imply that
the “correct” calibration factors were known prior to publi-
cation of the Erratum. In the Erratum, no explanation was
offered which could account for the change in the theory in
their Fig. 2. Further, no explanation for the two changes in
experimental calibration were offered, or why the data for
the Y123 film remain unchanged. From the results of para-
graph 3 below, it is impossible that an independent recalibra-
tion of their instrument could yield such results.

2. The authors indicate that one of the frequency indepen-
dent parameters, K��0�, was “adjusted” to fit the data from
the two different frequencies, this is an apparent direct con-

tradiction to a claim also made by the authors who wrote,
“We note that these curves are obtained by simultaneously
fitting all isotherms �over 500 data points� with the same set
of parameters.” The fitting parameters, claimed to result from
the nonlinear least-squares fitting to the data, are surprisingly
whole numbers, with no decimal fractions; this is statistically
quite improbable. The authors make no use of approximate
signs to suggest that these parameters have been approxi-
mated or truncated. In addition, the paper contains neither a
statement of the goodness of fit parameter, �2, nor uncertain-
ties for the several parameters. Evaluation of the theoretical
B�0 expressions with the given parameters fails to yield any
of the thirteen published curves for the two frequencies, see
this Comment Fig. 1.

3. In the limit as T→TC both of the authors’ surface re-
sistance expressions �Eqs. �5� and �8�� reduce to Rs=�0�d.
Here � is the microwave angular frequency, d is the film
sample thickness �1.3�10−7 m�, and �0 is 4	�10−7 H/m.
At 12.34 GHz this is �12.66 m
, while at 18.289 GHz the
result is �18.77 m
. These data can also be compared to
published temperature-dependent surface resistance data on a
high quality Pr1.85Ce0.15CuO4−d crystal.6 In this case, Rs at
�1.2 K in the superconducting state and a lower frequency
of 9.6 GHz is larger, �25 m
, than the �recalibrated� Yeh et
al. data in the normal state. At low temperatures, the data of
Fig. 2 �Ref. 2� are now �0.25 m
 at 12.34 GHz. The point
is that if the authors’ theory were correct, the normal state
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surface resistance would be independent of the resistivity;
films sufficiently thin made of anything �even vacuum�
would be superior to the best thicker superconducting films,
and for example, �insulating� electrical tape would actually
be highly conductive at 60 Hz, and perfectly conductive at
dc. Because the authors’ model is incorrect, and independent

of the resistivity, using samples of different thicknesses can-
not yield a valid calibration �or recalibration�.

4. Excluding substrate effects, the normal state surface
resistance for a thin film is7

FIG. 1. Surface resistance data from the Erratum, as compared
to data in Ref. 1, they are divided by �56 for 12.340 GHz �a�, and
�47 for 18.289 GHz �b� to approximately match the erroneous nor-
mal limit of the theory are plotted along with evaluation of Eq. �5�
for B�0, and Eq. �8� �as corrected in the Erratum� for B=0 using
the authors’ specified parameters. The field values vary from 0 to
2.5 T, as specified in Ref. 1. For each frequency, the B=0 “fit”
results fall rapidly to Rs�0 just below Tc. These calculations fail to
reproduce the results of Fig. 2 of Ref. 2.

FIG. 2. The data of Yeh et al. Fig. 2 �Ref. 2� for B=0 and
12.340 GHz �a� and 18.289 GHz �b� are here replotted along with
three “fits” to these data using w /a=1�10−3, 10, and 1000, right to
left, respectively. In addition, the approximations for Rs for small
and large w /a which vary as �T /Tc�4 are shown. These results are
presented as a semilog plot, in order to illustrate how different the
fitting function is from the data. The curve with the nonphysical
value for w /a=1000 is the closest to the data, but falls off at low
temperatures much more rapidly than does the authors’ curves
which closely match the data. In this limit, Rs varies as �4, not as
�2, as claimed by the authors. Near the transition temperature, us-
ing the authors’ given value for w /a=1�10−3, the surface resis-
tance curve falls abruptly to a very small value.
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In the limit for which the rf skin depth � is much smaller
than the film thickness d, RS=� /� where � is the resistivity,
giving Rs= ��0�� /2�1/2. In the limit as ��d, RS=� /d,
which is independent of the frequency, not the resistivity. The
limiting results derived from the above equation can also be
obtained by a simple argument. Consider a rectangular par-
allelepiped having a resistivity � of dimensions l� l�d,
where d is the slab thickness. If a uniform current is carried
in the cross-sectional area a=d� l, the resistance is R
=�l /a=�l / �dl�=� /d. If the current instead is carried in a
cross-sectional area l�, the resistance is R=� /�.

Under particular circumstances, impedance match to the
substrate should also be considered, as illustrated by Drabeck
et al.8,9 for cavity measurements. For extremely thin films,
radiative losses through the film are important. This has been
discussed in some detail by Sridhar,10 and illustrated through
detailed measurements. Coffey and Clem11 provide analysis
of a noncavity measurements; the dissipative losses they
compute have the same general dependence on the film
thickness as given here, except for films of a few angstroms
thickness. In general, as d→0, the ohmic losses vanish as
RS→�, and the incident power is transmitted. In the author’s
apparatus, transmitted power is not equivalent to dissipated
power. For a clear demonstration that the surface resistance
of a bulk HTSC for B=0, near the transition temperature is
very well approximated by using the dc resistivity ��T� in the

classical surface resistance expression, see Bonn et al.12

Fig. 1.
At 12.34 GHz with the given normal state resistivity, �n

=1.9 m
, the skin depth is 19.7 �m which is much greater
than the thickness of the sample �0.13 �m�. Accordingly, the
normal state surface resistance is well approximated by Rs
=�n /d�146.2 
 and nearly frequency independent, not
�12.5 m
 at 12.34 GHz or �18.2 m
 at 18.289 GHz as
given in the Erratum. Applying the author’s model, gives
12.66 m
 at 12.34 GHz and 18.77 m
 at 18.289 GHz. That
is, the �theory� results given by the authors in their Erratum
are in error by a factor of roughly 104, and do not even agree
precisely with their erroneous model.

5. The authors emphasized that for B=0, their expression
for RS is a function of only one parameter, the ratio w /a
which was not originally specified �a is the diameter of a
grain, and w is the width of a junction connecting grains�. In
their Erratum, the authors present an equation which is di-
mensionally correct, and a value for the missing parameter,
w /a=10−3. The value given for this parameter fails to yield a
curve even approximating the results in either the paper or
the Erratum. Attempting to use the given equation with a
value for w /a=1000 only approximately reproduces the re-
sults included in Fig. 2 �Refs. 1 and 2�; a value for w /a
�1 is nonphysical. Even with a nonphysical value for w /a,
the modeled results differ from the scaled results given in
Ref. 1, or in the Erratum. With the claimed sensitivity of
10 �
 �10−2 m
�, it should have been easy to demonstrate
the validity of their B=0 equations; see this Comment Fig. 2.

6. Yeh et al.1 wrote, “Note that the zero-field surface re-
sistance �Rs� increases with the increasing frequency f and
that Rs f�, with ��2.0 at T�Tc, consistent with conven-
tional theories.” The B=0 expression �with �=2	f� was

RS =
�0�d

�1 +
�n

2Tc
8�1 − T4/Tc

4�2

�0
2�2T8�0

41 +
�2�2w2

1 . 762kB
2Tc

2a2�1 − T/Tc�tanh�1.76Tc
�1 − T/Tc

2T
	2�

.

Below the transition temperature at �19 K and 12.34 GHz,
the revised datum is �10 m
, while the B=0 expression
with w /a=10−3 evaluates to �2.1 �
. For this and lower
temperatures, the theoretical curve is nearly four orders of
magnitude smaller than the data, and the curve drawn by the
authors which closely approximates the data. In the limit as
T�Tc, and w /a�1, the above expression approximates to

Rs � � d

�n
	��0�0�2� T

Tc
	4

�2,

confirming the claim for the frequency dependence, but
showing that the surface resistance varies rapidly with tem-

perature approximately as �T /Tc�4, and vanishes at T=0,
quite unlike the authors’ model plot for either frequency.
This approximate expression is also independent of w /a. If,
instead, a large nonphysical value is used for w /a and
T�Tc, the surface resistance retains the temperature depen-
dence given above, but varies as

RS �
d

�n
� �0 � �0

1.76kBTc
	2�w

a
	2� T

Tc
	4

�4.

The authors’ nonreproducible fits to the data for B=0 closely
match the data in Fig. 2�a� �Refs. 1 and 2� while their fit falls
below the 18.289 GHz data in Fig. 2�b� �Refs. 1 and 2�. It is
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not possible to draw such fits with the given equations, and
any value for w/a, see this Comment Fig. 2. What is even
more difficult to understand are the data at �5 K, with B
�0, which for the same fields, are consistently smaller at the
higher frequency than the lower frequency.

7. In Fig. 3 of Ref. 1, the “experimental” BC2 curve is
plotted as a function of temperature. This curve is very dif-
ferent from the expression used by the authors in their
model, see this Comment Fig. 3. It would be useful to un-
derstand, since the data are so different from the modeled
temperature dependence, why the model was employed. The
procedure used by the authors, if it were reliable, should
have confirmed the value for BC20 found by fitting; it did not.
The value determined for BC20 is surprisingly small; one may
have expected a value nearer 40 T, than 8 T.

8. Since the authors claim to have made a “thin-film”
extension of the Coffey-Clem model,3–5 it comes as a sur-
prise that there are unrelated changes to that model. For ex-
ample, the function employed to describe the temperature
dependence of BC2 is not the function previously given by
Coffey and Clem.3–5 This is not the only unspecified modi-
fication. In Ref. 1, the authors assert that Tinkham gave a
function for the barrier height Up which they claim varies
with temperature as �1− �T /TC�2�3/2. In fact, Tinkham’s tem-
perature dependence was given as �1−T /TC�3/2. Ironically,
the Tinkham temperature dependence emerges from the au-
thors claimed measurement of BC2, see this Comment Fig. 3.
Further, the Coffey-Clem model for the pinning force con-
stant has no dependence on the applied field; the expression
given by the authors varies with field as B−1/2. No motivation
was provided for these several extensions; more importantly,
the incorrect attributions were not identified.

Three different “recalibration factors” were employed in
the Erratum ��1/56 at 12.34 GHz, and �1/47 at
18.289 GHz for the NdCe214 film, and 1 for the Y123 film�,
not one as claimed by the authors. Since there is no evidence
for a reliable �if any� calibration procedure, there is no rea-
son to have any confidence that the �whole number� param-
eters obtained from the least-squares fitting and given with-
out any estimate of uncertainty, are of any physical
relevance.

Further, there is no reason to conclude that the novel di-
electric ring resonator measurement technology employed
represents an advance over more conventional techniques.
Finally, one could have reasonably expected that the coau-
thors would have noticed at least some of these several dif-
ficulties, if not in the paper, at least in the Erratum.
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FIG. 3. �Color online� Data from Fig. 3 of Ref. 1 for BC2�T� is
illustrated along with the function used by the authors for BC2�T�,
and the more familiar function expected for the temperature depen-
dence of BC2�T� as given by Coffey and Clem. The so-called BC2�T�
data fit nicely on a curve which has the temperature dependence as
actually given �as opposed to the dependence quoted by the authors�
by Tinkham for the barrier height, �1−T /TC�3/2.
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