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The electron-phonon contribution to the normal-state resistivity, p( T), has been calculated for the fol-
lowing conventional and oxide superconductors: Nb, V, VN, Bal K„Bi03, and Nd&»Ceo l5Cu04
(NCCO). The resistivity formula developed from the Boltzmann equation by Ziman and Allen is used,
incorporating measured physical constants. The calculations are novel in that they incorporate the
electron-phonon spectral function, a F(e), for each material as obtained from superconducting tunnel-

ing measurements, the same function that yields the superconducting transition temperature T, . New
tunneling and transport data are presented for VN. Fits to the experimental p(T) are obtained over a
wide temperature range with only two parameters: the plasma frequency co~, which is in good agreement
with independent measurements and a saturation resistivity, p„which manifests itself at high tempera-
tures. We find that the T-dependent normal state p( T) is completely accounted for by phonon scattering
in all materials except NCCO, where an additional electron-electron scattering term appears to be
present. Apart from developing a consistent description of superconductivity and normal-state trans-

port, several important issues are raised by the present work including indications of a conventional
Fermi-liquid normal state in NCCO, insight into the importance of the shape of the Fermi surface in
determining p( T), and the role of high-energy optical phonons in oxide and nitride superconductors.

I. INTRODUCTION

Recent work' on the unusual normal-state properties
of the cuprate oxide superconductors, in particular the
linear normal-state resistivity p( T) and the origin of their
high-temperature superconducting state, underscores the
need to develop a consistent description of both their nor-
mal and superconducting state properties. For example,
models proposing antiferromagnetic spin fluctuations as a
super conducting pairing mechanism will also yield
normal-state quasiparticle scattering contributions to the
resistivity. Theoretical work using magnetic-fluctuation-
based pairing mechanisms has aimed at accounting quan-
titatively for both the magnitude and the linear tempera-
ture dependence of p( T) in the cuprates, as well as the su-
perconducting transition temperatures, within a strong-
coupling formalism. ' The role of electron-phonon
scattering has not been factored into these analyses, how-
ever.

Superconducting tunneling measurements present an
opportunity to address this last issue by providing, at
least in some cases, the electron-phonon spectral weight
a E(co) from a strong-coupling inversion procedure.
p(T) can then be calculated using a E(co) in place of
a,Q(co), and a small number of experimentally measur-
able parameters such as the plasma frequency co~ and the
impurity contribution to the resistivity po. The measured
superconducting transition temperature for the material
can be predicted simultaneously using strong-coupling
Eliashberg theory with the same a F(co) distribution.
The result is a consistent understanding of the contribu-

tion of electron-phonon coupling to both the normal-state
resistivity and superconducting state properties.

In the present work, normal-state resistivity curves for
five superconducting materials, Nb, V, VN,
Bai „K„Bi03 (BKBO) and Nd, s~Ceo»Cu04 (NCCO)
are fitted using a formula for p( T), described in the next
section of this paper, with the a F(co) obtained from in-
verting superconducting tunneling data on these materi-
als. These a E(co) spectral functions can also be used to
predict the correct superconducting transition tempera-
tures for the same materials within the standard Eliash-
berg theory of superconductivity. Previous work on the
cuprate oxide superconductor Nd, 85Ceo, 5Cu04 is
presented for completeness. The successful fitting of
p(T) for this selection of materials clearly demonstrates
the validity of this approach and suggests that it may be
useful in analyzing the phonon contribution to p(T) in
other cuprate oxide superconductors. In Sec. II, a discus-
sion of the formula for p( T) is presented, along with the
a F(co) curves for the different materials analyzed here.
In Sec. III, results are presented for p(T), along with the
values of parameters such as the plasma frequency ~~
and the high-temperature saturation resistivity p, that
are required to fit the data. Finally, a brief summary of
the results is presented in Sec. IV.

II. THEORY

The contribution to the normal-state resistivity p(T)
due to electron-phonon scattering is calculated using the
resistivity formula
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where co h is the cutoff frequency of the phonon spec-

trum, and the co is the bare plasma frequency,

co = 2N(0)(v~) . (2)

The electron-phonon transport function a,Q(co) is given

by

f dS„
a,'g (co)= f dSk dSk yf i i 3 &lgk, k', I [1 vk'vk'/lvk I'l~(&co —&co. k k ),

(2n. ) i'

where gk k. is the electron-phonon coupling constant, vk
is the group velocity of state k and the integration f dSk
denotes an integration over the Fermi surface for the ma-
terial in question.

Equation (1) for p(T) was developed by Ziman from
the Boltzmann equation using a variational technique
and by Allen who rewrote the expression for p( T) in
terms of the a,g(co) function. ' For simplicity, we
refer to Eq. (1) as the Ziman formula in the remainder of
this paper.

At temperature k& T Ace h, the resistivity can be writ-
ten as

8m k~
P»(

CO~

where A.„is defined as

A,„=2f (dco/co)a, g (co) .

Inversion of superconducting tunneling data yields the
phonon spectral weight function

dSk
a F(co)= f

dSk dSk

., k —k»

The electron-phonon coupling constant A, generalization
of the BCS critical temperature formula is given by

pha I CO

The expressions for a,g (co) and a F(co) are quite similar,
except for the factor [1—vk. vk. /~vk ~ ] which preferen-
tially weights backscattering processes. Use of a F(co)
instead of a,g (co) in the Ziman formula is generally be-
lieved to result in no significant quantitative error. "'
However, there can exist a significant difference between
A, and A,„for the case of a strongly nested Fermi sur-

face, ' with A,„being significantly smaller than A, due to
the contribution from backscattering of electrons be-
tween opposite sides of a nested Fermi surface. This issue
clearly affects the use of the slope of the high temperature
p( T) to extract a value for A, for use in the strong-
coupling transition temperature expression and also may
render it difficult to fit the low-temperature behavior of
p(T) accurately. We discovered that we were able to
completely account for the measured p(T) in Nb, V, VN,
and BKBO using the tunneling a F(co) and values of co~

which were in good agreement with other experiments
and calculations. This indicates that despite the complex
Fermi surfaces in these materials, there does not exist a
substantial difference between k and A,„.

In addition to the electron-phonon interaction, elec-
trons also scatter off impurities, defects, and disordered
regions and this gives rise to a temperature-independent
contribution to the resistivity, po, which can be deter-
mined from each p( T) by extrapolation to zero tempera-
ture. A typical metallic resistivity curve has distinct
shapes in four different temperature regions. (i) At very
low temperatures, it exhibits a power-law behavior, i.e.,
p ~ T", where n typically has values between 2 and 5. (ii)
Next, there is a turnover region where the resistivity
changes from power law to a linear shape. (iii) In the in-
termediate temperature range, the resistivity varies
linearly with temperature. (iv) At very high tempera-
tures, the resistivity starts to saturate toward a value
denoted by p, which is determined in the fitting of p( T).

The total resistivity p(T) is modeled with the expres-
sion'

[p(T)]-'=[p.+p»(T)]-'+ [p, ]-'

The value of po is determined by extrapolating the resis-
tivity data to T =0. Hence, we essentially have only two
fitting parameters, co and p„and the shape of the resis-
tivity data in the linear and the saturation region yields a
unique pair of values of these two parameters to fit the
data. The fitted plasma frequency can then be compared
to the band-structure calculations and/or the optical/IR
reAectance data, where available. We can relate the satu-
ration resistivity, p, with the smallest physical mean free
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FIG. 1. Compilation of tunneling a F(co) for (a) Nb (solid
line) and V (dot-dashed hne), (b) VN (solid line) and NbN (Ref.
17) (dot-dashed line), (c) two BKBO junctions: BKB-2 (solid
line) and BKB-5 (dot-dashed line), and (d) NCCO junction-2
(Ref. 18) (solid line), and the phonon density of states F(co) gen-
erated from the dispersion curves obtained from the inelastic
neutron scattering on single-crystal NCCO (Ref. 20) (dot-dashed
line).

path, I, as"

P~l, =4.95 X 10 v~cop
0

where p, is expressed in tu, Q cm, l, in A, vF in cm/s and
co in eV. We then insert values of vF obtained from oth-
er independent measurements and calculations into this
equation, along with the fitted values of co and p, to ob-

III. ANALYSIS OF NORMAL-STATE RESISTIVITY

Nb and V

Nb and V are conventional superconductors, with only
low-frequency, acoustic phonons involved in establishing
superconductivity. Measured resistivity for both Nb and
V (Ref. 22) up to 2000 K is shown in Fig. 2 along with
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FIG. 2. Nb and V resistivity: Fitting parameters shown in
the top left corner of the figures. Solid line is the fit to the data
represented by open symbols.

tain l, and compare it to the lattice nearest-neighbor dis-
tance, ' which corresponds to the physical limit on the
electronic mean free path due to the electron-phonon in-
teraction. Our overall procedure is similar to that of Al-
len and co-workers"' except that we use the experimen-
tally measured values of a F(co) rather than model ex-
pressions.

The a F(co) spectral functions obtained from inverting
the tunneling measurements and used in fitting p(T) are
shown in Fig. 1. a F(co) results are shown in Fig. 1(a) for
the conventional superconductors Nb (Ref. 15) and V, '

in Fig. 1(b) for the binary compounds, NbN (Ref. 17) and
VN, where optical phonons are important for the super-
conductivity, in Fig. 1(c) for two BKBO junctions, '

which agree with the phonon spectral density G(III) ob-
tained from neutron-scattering data, ' and in Fig. 1(d)
NCCO a F(co), along with F(co) 'A. final point to be
made about our analysis is that there is a minor source of
error at low temperatures ( ~ 120 K) due to the fact that
the tunneling a F(III) is forced to go as co for very low
frequencies. ' ' This leads to a T dependence of p(T)
whereas the measured data will be proportional to T"
with n =2—5 depending on such factors as sample puri-
ty.
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FICx. 3. Resistivity of Nb and V (open symbols) up to 300 K
compared to p», excluding saturation.

the fit calculated using the procedure outlined in the pre-
vious section. The overall agreement between the fit and
the data is excellent with a rnaxirnum discrepancy of 20%
found at 80 K for Nb and at 120 K for V which may be
traced to the aP dependence of a F(co) at low frequencies
as discussed above. We use 8.9 eV for the plasma fre-
quency of Nb, obtained from band-structure calcula-
tions, ' in the resistivity calculation and hence require
only one free parameter, p, when fitting the experimental-
ly measured p( T). Using the band-structure Fermi veloc-
ity, ' 6. 1 X 10 cm/s and the p, of 195 pQ cm, we obtain a
saturation mean free path of 1.95 A from Eq. (7), which
compares reasonably to the nearest-neighbor distance of
2.85 A in Nb. 23

For V, we use vz of 5.2 X 10 cm/s, calculated from the
specific-heat and magnetization measurements. Using
the coefficient of electronic specific heat for V,
y =1.179X 10 erg cm K, we obtain the electronic
density of states at the Fermi energy, N(0). Equation
(2) yields a plasma frequency of 6.6 eV. In fitting p( T) for
V, Fig. 2(b), a plasma frequency of 6.2 eV is required,
which compares favorably with the previous calculation.
Using the values of co =6.2 eV and p, =300 pQcm and
the calculated Fermi velocity, Uz I, is calculated to be 2.3
0 0
A, compared to the nearest-neighbor distance of 2.62 A
in V.

The Nb and V data are shown in Fig. 3 but in this case
only up to 300 K. It is worth noting that there is little
evidence of saturation effects in the data when this limit-
ed temperature range is examined. To emphasize this
point, a fit is included (solid line) which uses the same co&

as in Fig. 2 but which ignores the saturation term, i.e.,
p, = ~. The weak saturation effect is due to the relative-
ly large ratio p, /p~h (300 K) which is 13 and 15 in Nb

and V, respectively, and therefore the effect of the paral-
lel saturation resistance is small in this temperature
range. An improved fit to the data up to 300 K could be
obtained by ignoring the saturation term and choosing a
slightly higher plasma frequency in each case. The con-
clusion would nevertheless be the same, that is, phonon
scattering alone accounts for all the temperature-
dependent normal-state electronic transport.

There are two points to be made here. First, the ab-
sence of obvious saturation effects over a limited ternper-
ature range does not rule out phonon scattering by any
means. Second, when the data appear linear, a fit to the
Ziman expression for p(T) [Eq. (1)] with reasonable pa-
rameters can be obtained by ignoring p, . We will address
this issue again when considering BKBO and NCCO
data. It is also worth noting that although the Fermi sur-
faces of Nb and V are quite complex, ' the analysis us-
ing a F(co) instead of a,g (co) in Eq. (1) produces an ac-
curate fit to the experimentally measured resistivity along
with reasonable values for co, po, and p, . This observa-
tion lends support to proceeding in the same manner
when fitting p(T) for BKBO and NCCO even though the
Fermi surfaces of both BKBQ (Ref. 27) and NCCQ (Ref.
28) are closer to being nested than being spherical.

VN

We have made well-ordered, stoichiometric fibns of
VN by reactive sputtering and have studied the effects of
disordering due to the deviation from stoichiometry
(VN, x 1) and radiation damage. ' Tunneling data
have been obtained with all-thin-film junctions on well-
ordered samples using MgO as the tunnel barrier. High-
bias data showed characteristic phonon structure that
was inverted using a modified McMillan-Rowell pro-
cedure, and the a I' (co) is shown in Fig. 1(b).

VN is very similar in structure and properties to anoth-
er B1 compound, NbN, and high-energy optical phonons
appear to play an important role in establishing super-
conductivity in both materials. ' As Fig. 1 shows, the
agreement in shape and magnitude of the high-frequency
part of a F(co) (30—60 meV) in NbN and VN is striking
and appears to resolve a controversy surrounding the ob-
servation of such modes in NbN. ' ' '

Two as-made VN films with widely varying degrees of
disorder (as indicated by the resistivity ratio) were chosen
for resistivity measurements. Film VN-2 was measured
up to 600 K in a tube furnace under Bowing nitrogen gas.
The results are shown in Fig. 4. The solid lines are the fit
to the data using the Ziman formula, Eq. (1), and our
measured a I'(co). The co and p, values obtained from
the fits are almost identical even though the po values
differ by an order of magnitude. This result is consistent
with the fact that T, changes little with disorder ' and
verifies our assumption that a F(co) is essentially the
same for both films. Similarly, the phonon contribution
to the resistivity remains constant for VN samples with
widely varying amounts of disorder.

We use a value for v~ of 2X10 cm/s obtained from
critical field measurements. Using this value and the
N(0) obtained from magnetic-susceptibility data in Eq.
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(2), we obtain co =4.8 eV which is close to the fitted
value of 4.3 eV. Using the fitted value of p, and co along
with the Uz value obtained from critical field measure-

0
ments, we get, for l, a value of 6 A, compared to the lat-
tice constant of 4.13 A. Note that if the larger co =4.8

0
eV is used, then l, =4.8 A is obtained, in better agree-
ment with the lattice constant. Another uncertainty re-
sults from the estimate of UF from critical field measure-
ments and this could account for the larger l, as well.
The effect of saturation in the resistivity data is very obvi-
ous (the ratio p, /p(IIO is about 3).

This analysis shows that the tunneling and transport
procedure outlined in Sec. I works well in explaining the
resistivity in VN and means that we have extended our
procedure to include a binary compound where the opti-
cal part of the tunneling a F(co) function is important.
Furthermore, our analysis of p( T} for Nb, V, and VN in-
dicates that it is very difficult to infer and account for the
presence of saturation in the resistivity data up to only
300 K unless the ratio p, /phoo is small. This point is im-
portant to bear in mind when we look at the BKBO and
NCCQ data, which are available only up to 300 K.

FIG. 4. VN resistivity: Fitting parameters shown in the top
left corner of the figures. Solid line is the fit to the data
represented by open symbols.

inelastic neutron-scattering data, ' and the T, obtained
from tunneling a F(co) (Ref. 18) matches well with the
measured value. The resistivity data sets of BKBO re-
ported in the literature have ranged from semiconducting
to metallic. Good, grain-boundary free epitaxial thin
films and single crystals of BKBO, which are doped away
from the charge-density-wave (CDW) instability, exhibit
metallic resistivity, whereas grainy films and the ceramic
samples exhibit semiconducting behavior.

Two di8'erent a F(co) functions' obtained from two
BKBO junctions are illustrated in Fig. 1(c). Junction
BKB-2 has a lower gap value, 50=3.8 meV compared to
that of the other junction, BKB-5, where 60=4.5 meV.
Here we use the sample notation of Ref. 18. The a F(co)
curve obtained from junction BKB-5, has more spectral
weight at the low-frequency end of the spectrum corn-
pared to that of the BKB-2 curve. We expect that the
calculated resistivity resulting from BKB-5 will have a
narrower power-law region than that calculated from
BKB-2. This is due to the fact that the Fermi factors in-
side the integral of Eq. (1) will more quickly exhaust most
of the spectral weight of the a F(co) and the limiting,
linear condition expressed in Eq. (4) is obtained for lower
temperatures. The a F(co) for the BKB-2 junction,
which results in a lower superconducting gap, implies
that the tunneling measurements were obtained from the
region on the BKBO surface that was further away from
the CDW instability, resulting in a T, that was reduced
from the optimum value. Hence the a F(co) from junc-
tion BKB-2 should be more appropriate for fitting the
metallic resistivity.

From a compilation of various reported resistivity
data on thin-film and bulk BKBO samples, the best me-
tallic data set has p300

—
po of about 175 pQ cm. This cor-

responds to a Ba& K Bi03 with x =0.466 and T, =16.9
K. We use this data set to carry out our analysis. The
fitting is depicted in Fig. 5. The fit using the BKB-2
a F(co) is in excellent agreement with the data with a
maximum discrepancy of ~ 10% at 120 K. Attempts to
fit the data with the BKB-5 a F(co} were less successful
and in order to fit the magnitude of the linear portion of
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E
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(~ 280

BKBO 230—

BKBO is a cubic, isotropic superconductor and has
optical-phonon modes involved in superconductivity
similar to VN [see Fig. 1(c)]. The density of states in the
superconducting gap region, obtained through tunneling
measurements, displays ideal behavior and can be fitted
with a BCS model. ' The tunneling a F(co) compares
well with the phonon density of states obtained from the
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FICx. 5. Fitting the BKBO resistivity. The data are fitted to
the calculated resistivities from junctions BKB-2 and BKB-5.
The plasma frequency deduced from the fits is shown in the in-
set. Fit from BKB-5 is shifted down by 5 pQ cm for clarity.
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the data, we had to relax the constraint on po, allowing it
to be an adjustable parameter. Note also that the lineari-
ty sets in at a lower T using the BKB-5 a F(co) due to the
larger spectral weight at lower frequencies. This is in
disagreement with the data. The improved fit with the
BKB-2 a F(co) especially for T ~ 100 K points to the im-
portance of the shape of a F(co) as well as the total in-
tegrated weight expressed in A, . The dominant feature of
the BKB-2 a F(co) is the strong spectral weight in the re-
gion of the higher-energy optical phonons (30—60 meV).

The fitted plasma frequency value agrees well with the
value deduced from optical conductivity measurements
on BKBO. The co values vary with x. Extrapolating the
co value for x =0.466 from Fig. 1 of Ref. 34, we obtained
a renormalized co =1.8 eV. Using the X value of 0.99
obtained for junction BKB-2, we obtained a bare plasma
frequency of 2.54 eV which is very close to the fitted
value of 2.45 eV. Note that the fit of the BKBO data ig-
nored any saturation effects. Visual observation of the
data shows no evidence of saturation and a more quanti-
tative justification for ignoring p, for BKBO can be given
as follows. Band-structure calculations give
V~=4. 7 X 10 cm/s. Using this value of UF, co~ =2.45 eV
and the Bi-Q bond length in BKBG for 1„(2.15 A), we
obtain an estimate of p, = 1800 pQ cm, about 10 times the
value of p h at 300 K. This suggests that the BKBO
resistivity up to 300 K is only weakly affected by satura-
tion effects, similar to what is found in Nb and V. There-
fore, a proper experimental determination of p, for
BKBO would require p( T) data up to much higher tem-
peratures.

We would also like to point out that Hellman and
Hartford have analyzed the same resistivity data using
an extended Einstein mode model where all the spectral
weight is uniformly distributed at low frequencies and re-
quiring three free parameters for the fit. On the other
hand, we use experimentally obtained a F(co) to calculate
resistivity using a more rigorous Ziman resistivity formu-
la based on the Bloch-Boltzmann theory. Our analysis
requires only one fitting parameter, co, whose value, as
we show, agrees well with independent optical measure-
ments. In essence, we do not have any free parameters
in our analysis. To our knowledge, this is the first such
connection of normal-state and superconducting-state ex-
perimental data for any oxide superconductor. It demon-
strates first that BKBO has a Fermi-liquid normal state
and that phonons are principally responsible for both su-
perconductivity and normal-state transport. Finally, it
should be noted that Samuely et al. have recently ob-
tained a F(co) from junctions on BKBO samples with
T, =18 K. Their results are quite similar to the BKB-2
junction of Fig. 1(c).
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included here to emphasize the ability of the present
fitting procedure to reveal potentially interesting
nonphonon-related contributions to p(T). Furthermore,
new optical measurements of co exist for NCCO with
which to compare our analysis. The NCCO p(T) data
was fitted with an expression of the form

p(T) =po+pzh(T)+p„(T) .

The experimental p(T) shows no evidence of resistivity
saturation and so the p, parameter does not enter this
particular analysis. When the best obtainable electron-
phonon contribution to p( T) is subtracted from the ex-
perimentally measured p(T), a T Fermi-liquid-like con-
tribution remains, denoted by p„(T). It was observed
that the increase in the magnitude of this contribution
correlated reasonably well with the values for the fitted
plasma frequencies. The T contribution is shown in Fig.
7 for the three samples shown in Fig. 6 and is detectable

NCCO

50 100 150 200 250 300
T(K)

350

Experimental measurements of p( T) for
Nd, 85Ceo &5CuO4 for three different samples are present-
ed in Fig. 6. Calculated phonon contributions to
p(T), using the experimentally measured a F(co) shown
in Fig. 1(d), are represented by the solid lines in Fig. 6.
This analysis has been published previously and is being

FICx. 6. The experimental data for (a) the single crystal, and
(b) and (c) the two thin-film NCCO samples are plotted as open
symbols. The solid lines are the phonon contribution to the
resistivity from Eq. (1). Also shown on each plot are the tem-
perature independent values for po due to disorder and of the
plasma frequency co~ used in calculating the phonon contribu-
tion.
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FIG. 7. The NCCO experimental resistivity plotted as a
function of T after p0+p»(T) is subtracted off. The inset
shows the values of (co~)

' for the three samples and the
value of the T contribution at T=300 K.

IV. CONCLUSIONS

We have successfully shown that one can use the
a F(to) spectral function obtained from superconducting

due to the low carrier concentration in these NCCO sam-
ples. The values obtained for co in fitting the NCCO
data fall in the range 1 —2 eV. This is consistent with the
infrared data of Ref. 39 where a renormalized plasma fre-
quency of about 1 eV is obtained. Using k= 1, this leads
to a bare plasma frequency of 1.42 eV. This observation
has an important bearing on speculation about the possi-
bility of a non-Fermi-liquid normal state in the cuprate
oxide superconductors. The ability to subtract off, con-
vincingly, the electron-phonon contribution to the mea-
sured p(T) clearly plays a significant role in this whole
analysis.

The presence of the large p„(T) term in NCCO makes
it difBcult to say anything quantitative about the relation-
ship between A, and A,„and the role of Fermi-surface nest-
ing. For example, if a F(co)„was indeed smaller than
a F(to), say by 40% over the whole spectral range, then
the same fit to the data would be obtained with a smaller
to& (about 20%%uo smaller) which would still be in the range
of acceptable values based on the optical data. This is in
contrast to Nb, V, VN, and BKBO where the analysis
clearly indicates that a F(co)„and a F(to) are very simi-
lar despite the complexities of the Fermi surfaces.

tunneling to fit p( T ) of conventional superconductors like
Nb, V, the intermetallic B1 compound, VN, as well as
the oxide superconductor BKBO. High-temperature sat-
uration of p(T) is accounted for. The parameter p, /p$
determines whether the resistivity saturation can be ob-
served at room temperature or not. The higher the value
of p, /p)oe, the less likely it is that the resistivity data only

up to room temperature will be sufhcient to determine
whether resistivity saturation occurs. We have shown
that the resistivity measurements of BKBO can be ex-
plained completely using the tunneling a F(to), indicat-
ing that BKBO behaves like a conventional Fermi liquid
and that superconductivity in BKBO is due to electron-
phonon coupling.

The presence of high-energy optical-phonon modes,
arising from oxygen vibrations, in both the cuprate ox-
ides and BKBO, as well as the proximity of BKBO to a
CDW phase and the cuprate oxides to a spin-density-
wave phase, suggest intriguing similarities between
these two systems. One displays conventional s-wave su-
perconductivity (BKBO) whereas the high-temperature
superconducting state of the cuprate oxides is believed to
be unconventional. Furthermore, our analysis suggests
that conventional electron-phonon scattering makes an
important contribution to the normal-state resistivity in
NCCO, that a conventional Fermi-liquid state may be a
valid description of the normal state of this material, and
that one cannot work backwards from the measured p( T)
for NCCO to a prediction of the superconductor transi-
tion temperature for this material.

In summary, we have illustrated how information from
superconducting tunneling experiments, specifically the
electron-phonon spectral function, can be used to develop
a consistent, quantitative description of resistivity in
several important low-temperature and a cuprate oxide
superconducting material.
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