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We have studied the critical temperature T„upper critical field, and magnetotransport variation as
a function of radiation damage in the low-T, A15 superconductor Nb3Ir. We find a nonmonotonic
variation in T, with disorder and analyze these results in terms of the competition between densityof-states effects and weak localization. Magnetoresistance measurements confirm the presence of
electron interaction effects associated with weak localization.

I.

INTRODUCTION

the role of
One popular approach for understanding
disorder in superconductivity (especially in A15 materials)
depends on changes in the density of states (DOS) at the
Fermi energy EF, induced by disorder. ' Calculations of
the DOS of A1S materials show sharp structure near EF
which should smear out with disorder and approach the
smoother DOS of the highly disordered amorphous state.
This mechanism elegantly explains, and appears to dominate, the experimentally observed increases (decreases) in
the transition temperature, T, of the low-T„ low-DOS
(high-T„high-DOS) A15 superconductors as disorder increases.
More recently, the additional role of electron localizaUnfortunatetion in reducing T, has been discussed.
ly, a comparison of these models with experiments on
high-T, materials is difficult because the effects of both
DOS changes and localization lead to T, reductions.
Therefore, we have studied a low-T, 315 superconductor,
Nb3Ir, in which the effects of disorder on T, through localization and DOS changes are expected to be opposite.
A signature of both effects simultaneously
occurring
would be a nonmonotonic
change in T, with disorder.
This is what we found in the results of both o.-particle
and proton bombardment experiments on Nb3Ir sputtered
films (Fig. 1). Note that the dip in T, is significantly
larger than the resistive transition widths.
Unfortunately the dip by itself does not confirm the nature of the competing effects, only that there are two
effects. For example, Schneider et aI. propose that their
similar results on Nb3Ir can be explained by invoking a
competing effect on T, of two lattice defects: antisite disorder (which they assume decreases T, ) and small displacements (which they assume increases T, ). Their model requires that the number density of sma11 displacernents
does not increase linearly with dose for small doses. Instead, we have analyzed our results in terms of a theoretiJustification for this apcal model of weak localization.
35

of magnetoresisproach comes from our measurements
tance, which show the characteristic dependences on field,
H, and normal-state resistivity p~, for the electron interaction effects associated with weak localization.
reThe weak-1ocalization analysis of superconductivity
quires a knowledge of both the electron mean free path, l,
and the electron-phonon coupling constant, A, , which for
to the
is proportional
Nb-based 3 15 superconductors
DOS. The T, depends most strongly on A, , but measurements of T, alone cannot determine both parameters.
Therefore, we also use measurements of the upper critical
at T ),
fiel, H, 2, near T, (specific»iy H,'~= &II,2/dT —
which depend more strongly on I, to self-consistently
determine both parameters for each sample. A final check
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FICx. 1. Resistive transitions of Nb3Ir films with low dose.
Variation of T, (defined as midpoint of resistive transition) as a function of a-particle dose.
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on the procedure is a comparison of the resistivity calculated from these parameters with the measured p~. The
resulting analysis shows A. to be a monotonically increasing function of radiation dose, implying that the dip in T,
is a direct result of a competition between localization and
k changes induced by disorder. Although it is reasonable
to assume that A, is proportional to the DOS, we cannot
rule out that it is not, and the changes in X are phononic
in oligin.

II. SAMPLE

PREPARATION

AND CHARACTERIZATION

We have started with well-characterized
single-phase
samples and use charged-particle (a particles and protons)
radiation to decrease the electron mean free path, l, while
We therefore
maintaining the same overall composition.
avoid potential differences, other than l, inherent in a
series of different "as-made" samples exhibiting different
p~. Of the low- T, 215 superconductors, Nb3Ir has an
unusually wide compositional range for the 315 phase,
reducing the probability of impurity phases.
Films were sputtered from a segmented target using a
Varian 5-in. -diameter high-rate magnetron source which
has been used' previously to produce excellent-quality
films of the high-T, 315 superconductors
Nb3Sn and
segNb3Ge (with a segmented target). Wedge-shaped
ments of Ir foil, each representing about 3%%uo of the total
target, were attached to a Nb target using Nb screws.
The sputtering pressure, using Ar, was 27 mtorr to ensure
thermalization
and mixing of the species (for the 3-in.
target-to-substrate spacing used) before condensation onto
1/2-in. -square sapphire substrates
022 in. thick),
which were centered on the target axis and held at a tem880 C using a massive heater block. The
perature of —
number of wedges was varied and the resulting films analyzed using x-ray diffraction and Rutherford backscatterof T, and transition
ing, together with measurements
width.
Results of Rutherford backscattering show a linear
dependence of the composition ratio (Nb to Ir) varying
from 3 5 for 6 wedges to 0.84 for 12 wedges, with a value
of 2. 85+0. 1 for 7 wedges. The lattice constant, determined from
x-ray diffraction, varied linearly from 5. 153
0
to 5.095 A as the number of wedges increased from 6 to
10. The (200) orientation was the strongest of the 8 peaks
identified for the 315 phase. For 7 wedges the lattice
constant of 5. 138 A is somewhat larger than determinations of 5. 135 A for stoichiometric Nb3Ir in equilibrium,
but thin films made by electron-beam codeposition of Nb
and Ir also show" a slightly expanded lattice. Finally, T,
has been found to vary somewhat irregularly, although
monotonically, from —1.6 K for 6 wedges to 3.92 K for
12 wedges. The bulk values quoted'
for Nb3Ir range
from 1.48 K to 1.63 K, including our measurement of
1.56 K on a single crystal available to us. Higher values
for resistive transitions in thin films have been reported.
For 7 wedges the higher value of about 1.9 K is consistent
with the slight deviation from stoichiometry (2.85 instead
of 3) and the T, variation versus composition reported'
for bulk and thin film Nb3Ir. These samples also have a
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~
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narrower transition width (by a factor of
significantly
5 —10) than other nearby compositions.
The samples
made with 10 and 12 wedges exhibited much higher T,
values (3.5 —4 K), which were similarly narrow. The origin of this strong enhancement of T, for the Ir-rich compound is unknown, but because of the vastly different
composition it is unlikely to be related to the disorder
effect due to radiation damage reported below. On the
basis of these results, samples for radiation damage were
made using 7 wedges.
Standard photolithography
was used to define about200-pm-wide strips with 6 —7 voltage tabs spaced approximately 1 mm apart. Etching was done, with difficulty,
using a modified Nb etch at -60'C. The small samples
reduced the variation of initial film properties of the 5 —6
sections due to different location under the sputtering target. In addition, the films did not extend over the substrate edges which can cause nonuniformities of radiation
damage. The actual damage of the sections was done
sequentially using 1.8-Mev a particles or 0.25-Mev protons produced by the Dynamitron facility at Argonne National Laboratory. A thick brass mask was moved along
the substrate with the edge always carefully located in the
middle of the corresponding voltage tab (-60 pm wide).
This location was later verified by the change in visual appearance for different damage amounts. One section of
each substrate was left undamaged.
Standard x-ray diffraction studies of the damaged films
revealed the same 8 peaks found in the undamaged films
which could be indexed to the 315 structure. There was
no evidence of impurity phases, and these peaks were not
substantially weaker nor broader even for the most highly
Thus it seems unlikely that phase
damaged sample.
are responsible for the inchanges (e.g. , amorphization)
creasing T, with dose. However, the lattice constant increased with damage by a maximum of about 0.7%.
To determine p~ for each individual section, the widths
and lengths were measured with a calibrated microscope
and the film thicknesses with a Dektak stylus thickness
profilometer.
The p~ values are seen to saturate as a
function of dose in the inset of Fig. 2. This saturation
could result from several possible causes: (1) achieving
the Ioffe-Regel limit'
the maximum resistivity occurring for I equal to the interatomic spacing, (2) the inability
to cause further disorder due to spontaneous recombination of defects, ' or (3) the competing effects of increasing
DOS and decreasing l on p~.
To further analyze these possibilities, the following
simplification is assumed for these polycrystalline films:

—

p~'=2e N(EF)(vF)l/3,
where N (EF) in the DOS of one spin at EF and ( vF ) is
the Fermi velocity averaged over the Fermi surface. Note
that (vF ) and X(EF) are band-structure values, which do
not include the electron-phonon coupling renormalization
(1+A, ); however since they have been calculated for
Nb3Ir, an estimate of 1 is possible. Using (vF) =3X10
cms ', N(EF)=1. 6X10
and
spin ' erg '
—
—
p& 120 pQcm, a value of l 10 A is found. Returning
to the possible causes of saturation, i=10 A is clearly
greater than the expected Ioffe-Regel limit, since the

cm,

WEAK LOCALIZATION IN SUPERCONDUCTORS:

35

A STUDY. . .

8407

I

I

3—

cu

t

I

12~10 cm
'

~~I.5—

o

0

0

/

.r
l0

20 30

0—
I

I

I

10

20

30

Dose

(10'6 a/cm

40

)

FIG. 3. The magnetoresistance of Nb3Ir films as a function of
magnetic field is shown for various a-particle doses. Inset:
Higher field data showing asymptotic &0 behavior.

FICx. 2. Resistivity of Nb3Ir films as a function of a-particle
dose.

0

Nb-Nb nearest-neighbor
distance is about 2.5 A which
corresponds to pM -500 pQ, cm.
Spontaneous recombination of defects could limit p~,
of the Ioffe-Regel limit, and is consistent
independent
315 diffraction pattern
with the relatively undiminished
seen by x rays in the most damaged films. However, the
effect of the changing DOS on p~ could also contribute
since l will decrease with damage somewhat faster than
p~ due to the concomittant increase in N(EF) [see Eq.
(1)]. Further discussion of this effect must await the
determination
of localization parameters and N(EF) in

D = ( uF' ) l /3
which is derived from the electron-phonon
Fermi velocity, (uF" ) = (uF ) /(1+A, ), and

H, , =ksT/gps

.

Therefore the contributions from (ii) and (iii) are negligible
at the field values of our experiments.
Because of the
large spin-orbit scattering rate expected for Nb3Ir, both (i)
and (iv) will give a positive contribution to MR and have
the same functional form
2

Sec. V.

III.

3/2

[N(EF)(1+A, )fi/r ]'

px
MAGNETORESISTANCE

The magnetoresistance
(MR) was measured with the
samples immersed in liquid helium at 4.2 K and in magnetic fields up to 30 kOe which were parallel to the film.
The results, shown in Fig. 3 for several samples, indicate
approaches (inset)
a positive MR which asymptotically
for weak localization.
the &H dependence expected
There are several effects of disorder which can result in a
(i)
positive MR proportional to &H. These include:
electron sysquantum corrections of the noninteracting
tem' for a high spin-orbit scattering rate (which is expected for Nb3Ir), (ii) the quantum corrections of the interacting system for a net repulsive electron interaction, (iii)
of the conduction electrons, and (iv) the
spin splitting'
which modifies the effect of
electron-electron interaction'
on the conductance. In all
superconducting fluctuations
where H is the
these cases the MR is small for H
appropriate crossover field for each effect.
In cases (ii) and (iii) above, our data can be fit to the appropriate functional form, but with a crossover field which
is two orders of magnitude smaller than the expected
values. These expected crossover fields are

(H,

H~, b

renormalized

=icky T/2eD,

where D is the actual diffusion constant:

(2)

x[h' 'fg(h)],

=H/H„„H„, =Ac/4eD~,

where h
scattering time, and

f3(h)=

g

n=0

(4)
, ~; is the inelastic

I2[(n+h+1)' —(n —h)'

]

—(n +1/2+h)
Here a represents effect (i), and for a large spin-orbit
', while /3( T) represents
scattering rate, ' a equals —
—,
effect (iv) and is determined in a manner described in Ref.
19, using our measured T, . Unfortunately H„, for these
cases contains an unknown ~;, so that when fitting our
data to Eq. (4) (see Fig. 4), the determination of the crossover field alone is insufFicient to confirm quantitative
agreement.
However, the fitting procedure also gives a
value of r; from the prefactor of Eq. (4). These values are
compared in Table I to show the extent of the quantitative
consistency.
The largest difference is -40%, with ~;
ranging from -O. I to 0.2 nsec and showing no consistent
trends with p~. Experimental uncertainties from noise
could account for some of this scatter. We feel that this
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agreement
interaction
Nb3Ir.

reasonably confirms the existence of electron
effects associated with weak localization in

IV. WEAK LOCALIZATION THEORY
AND SUPERCONDUCTIVITY

T,p(0)
T, (0)

ln

=KpL

—2nln(
A,

~; (amplitude)
(n sec)

0.084
0. 157
0.210
0.206

0. 135
0.241
0. 136
0. 150

60

90
107
118

(6)

1+p ln(EF r )

6 =— —p*

~; (crossover)
(n sec)

px

—(2irkFl) ' is the weak-localization expansion
where L =
parameter of FEM, kF is the Fermi momentum, T, (0) is
the measured critical temperature in zero field, T, o(0) is
the corresponding (fictitious) value if localization were absent, and
'2

where

TABLE I. Inelastic scattering time obtained by fitting the
magnetoresistance data to Eq. (4) for Nb3Ir samples of various
resistivities, p~.

(~n cm)

In zero field, the correction to the superconducting
transition temperature calculated by Fukuyama, Ebisawa,
and Maekawa (FEM) is given by

35

AD

r)

.

(7)

,

is the net attractive electron-electron

in-

10.0
8.0
6.0

teraction, with p' and p being the screened and unscreened Coulomb parts. Here mD is the Debye frequency
and r=l/(vF*). Because of the relative magnitudes of
the terms and the logarithms, Kp is fairly insensitive to
the values used for EF~ and AD~.
We use the McMillan equation, as modified by Allen
and Dynes, ' in place of the BCS equation of FEM for
T, p(0):
ln

8'

A,

—1.04(1+ A. }
—p*(1+0.62k)

We take' @*=0.13 since it is only very weakly dependent on the DOS. For Nb3Ir, the value of the characteristic phonon frequency 8 can be obtained from the work of
Junod et al. ' to be 146.6 K, which we determined ' for a
clean limit value of X=O. 55.
We cannot proceed further with the above analysis
since there are two unknowns k and L and only one measurement T, (0). Two other measurements give information about A, and L: the normal state resistivity pz, H,'2,
the derivative of the upper critical field with respect to
temperature in the limit of T~T, . From the definition
of L and Eq. (1), one finds

p~

2.0

T, p(0)

—3. 18&10 '

me

L
N(EF)

(9)

where mBs =A'k~/(uF ) is a band-structure eff'ective mass,
cm, and
m, the free-electron mass, p~ is in units of
N(EF) does not include the electron-phonon renormalization and is in units of spin ' erg ' cm
The H,'2, including localization corrections, can be obtained from the FEM theory by considering the following
identity:

0

3.0

0.8
0.6

ln

0.4

T, (H)
T, (0)

—ln
=
+ln

0.2

8

10

20

FIG. 4. The function &h f&(h) defined in Eqs. (4) and (5)
plotted against &h to emphasize the high-field assymptote. Our
data for an undamaged and three damaged films are shown.

T, (H)
T,p(H)

T, o(o}
T, (0)

+ ln

T o(H}
T, p(0)
(10)

where T, (0) and T, (H) are the measured critical temperature in zero field and applied field H, including the effects
of localization, and T,o(0) and T,o(H) are the corresponding (fictitious) values if localization and interaction etfects
were absent. The second term on the right-hand side is
the result of the usual Ginzburg-Landau-AbrikosovGor'kov (GLAG) theory
and the other two terms
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represent corrections
by FEM in zero field
bined limits of dirty
and weak localization

due to weak localization calculated
and in applied field H. In the comlow field (H~O)
superconductivity,
(L ~0), one finds

H,'2 (GLAG)
H,'2 ——
where H,'q (GLAG) is the result of GLAG theory in the
dirty limit [see Eq. (13) below]. Note that the result of
FEM (Ref. 5) contains a typographic error, omitting the
last two terms of their crucial Eq. (2. 14). The correct
equation, which we use, is, in the terminology of FEM,
given by
ln

5K(T (H))

1

g

Tqp(H)

N (EF )

2

47rTqp(H)

1

a

2

4mT,

(H).

KoL—

from which the effects of weak localization on H,'2 and T,
can be directly compared. In Eq. (7), one finds that Kp is
dominated by the first term in curly brackets which is
3&3vr /G and hence 3/G times the coefficient of L in
Eq. (11) for H,'2. For Nb3Ir, G-0. 5 so the effect on H,'2
is about 6 times smaller than that on T, . However, for
G —1. 8, the effects are more nearly equal.
Nb3Sn, with
The standard expression from GLAG theory gives

7g(3) 1. 17e (uF

= —3. 83)&10 p~y
assuming no strong-coupling
correction, and y is the
coefficient of the linear term of the specific heat in
ergs/cm /K . From the definition of L and Eq. (1), one
finds
H'p

(

L
GAG)=

—179
m~

H,'2 (0) = —2. 71 X 10 ' T, /(

8409
uF*

)

(15)

where (uF') =(uF)/(1+1, ) includes the electron-phonon
renormalization, and the strong-coupling correction is ignored. For the clean Nb3Ir single crystal, T, =1.5 K and
the band-structure
calculations
give (uF ) and A, so that
(up) =2X10 cms ' and H,'2(0)=100 Oe/K. Similar
small values are calculated for the damaged and undamaged films. These corrections are small for N13Ir and are
summarized by

H,'2 —H,'2 (0) = —179

me

(I+A, )L/(1 —&3' L

)

.

(1+k)L,

The procedure starts by choosing a value of m Bs, which
is presumed the same for all samples (doses). Next, an
iteration is performed to determine A. and
First a k
value is guessed and L is found from Eq. (16). Next
T, (0) is computed from Eqs. (6) —(8) and compared with
the measured value. Then A. is modified accordingly, and
the procedure repeated until convergence. This is done
for each sample, and checked by the constancy of the ra-

I.

where 5K(T) is Eq. (2. 15) of FEM, g is the digamma
function and a =2DeH/c. Note also that for L =0, one
recovers the usual GLAG result and the effect of localization is to increase H,'2 above the GLAG value.
Note also that for small L, Eq. (6) reduces to

Tc(0) = Tco(0)(1

..

(16)

T (H)

—+

A STUDY.

(14)

in units of kOe/K. Comparing this to Eq. (9), the use of
H,'2 to determine L seems beneficial because N(EF) is not
needed. In addition, p~ may be influenced by defects
which are not intrinsic to the damaged Nb3Ir itself. For

example, surface cracks at high doses can result from substrate expansion due to the buildup of He gas. The surface of the highest dose samples had a somewhat crazed
appearance.
In order to use Eq. (14) to obtain L, the clean-limit
value, H,'2(0), must be subtracted from the measured H,'2
and the FEM localization correction [see Eq. (11)] applied. From Ref. 24, we find

tio of the measured resistivities to those calculated from
Eq. (9) [using for the first and only time in the analysis,
the fact that N(EF) is proportional to A.]. On this basis,
mBs is adjusted for the smallest deviation of the ratio, and
the magnitude of N(EF) can be determined as that value
which brings the ratio to one [see Eq. (9)].
V. MEASUREMENTS AND ANALYSIS
Resistive transitions were determined using standard
four-terminal low-frequency ac techniques with the samples immersed in liquid helium. The sample temperature
was slowly drifted through the transition and was deterat the top of
mined from vapor pressure measurements
the 10-cm-diameter Dewar. Values were reproducible
from run to run, indicating no effects of thermal cycling
nor chemical attack on these very robust, tenacious films.
Resistive transitions were sharp (see Fig. 1) even at high
fields and the criterion of half the normal-state resistance
was used to evaluate T, . The zero-field data for all samples is presented in Fig. 5. The low value for the bulk
single crystal is, no doubt, due to the films being slightly
off stoichiometry (see Sec. II). Finite fields were applied
perpendicular to the film plane in order to avoid surface
superconductivity
(significantly higher critical fields were
found for parallel fields) and were provided by a small superconducting solenoid. To obtain H,'q, measurements up
to 10 kOe were sufficient as there is no difference between
the zero-field T, (0) and the extrapolation of T, (H) to
3-4 mK).
within the random scatter of measurements
(—
This unusual behavior indicates that each sample is
uniform
reasonably
and free of large-scale inhomogeneities. Values of H,'2 for all the samples are plotted in
Fig. 6 together with the first measurement of a bulk single
crystal. For this single crystal the zero-field T, (0) of 1.56
K was significantly larger than the H, 2 extrapolation
which was 1.53 K. While p& for this somewhat irregularly shaped crystal was difficult to determine accurately, the
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data point reinforces the linear extrapolation of H,'2 to a
very low value in the clean limit (p+~0). Recall that
H,'2(0)-100 Oe/K results from Eq. (15) using the previously mentioned band-structure calculations of (UF ) and
k together with T, =1.5 K. Our measurement in the single crystal clears up the discrepancy noted in Ref. 2 by
providing, for the first time, critical field data in the clean
limit for Nb3lr. Confirmation of the very low H,'2(0) also
validates the use of the dirty limit of GLAG in the FEM
theory.
The analysis proceeds as outlined in the preceding section. The fit is not very sensitive to (mBs/m, ), so we set
it equal to one for the results presented below. The ratio
of the calculated to measured resistivity is closest to one if
1.35 & 10
the DOS in the clean limit is about
'
'
i.e., about 15% lower than the calcuspin
erg
lated value.
The results for A, are plotted against L in Fig. 7 together with the values of A, obtained from Eq. (8) in which localization efT'ects are absent. Figure 7 shows that when localization eFects are included, A, is a monotonically increasing function of L (and hence radiation dose). Therefore, we conclude that the dip in T, can be explained as a
direct result of the competition between localization and A,
(or DOS) changes induced by disorder.

cm,

3.5

35

Returning to the question of resistivity, we can now say
more. According to the Ioffe-Regel criterion' we expect
0
saturation when /=ao/2 where ao —5. 140 A is the unitcell dimension, which is twice the Nb-Nb separation. The
maximum value of L in this case is given by
LM

= ( vrkF ao )
m, and
mas —

the calculated
( uF ), one finds
localization fit for our most damaged
films indicate L =0.053, implying l =11.5 A which corresponds to piv=-105 pQcm from Eq. (1). Although we
measured values up to 130 pQ cm, these values may be
artifically high due to substrate crazing caused by gas
buildup during irradiation at such high doses [(1 —4) )& 10'
Using

L~ ——0. 238. The

acm

].

Thus, we reinforce our conclusion that the saturation of
the p~ with dose shown in Fig. 2 is not due to the IofFeRegel limit, but rather a saturation of our ability to do
further damage with particles due to spontaneous recombination of defects. The behavior of T, with dose (see
Fig. 5) is therefore curious, since the largest changes in T,
occur as p~ is beginning to saturate. Including the DOS
effect on piv, which is given by Eq. (1) [or Eq. (9)], has little effect, although the changes of N (EF) piv with dose are
greater than piv alone due to the increasing N(EF) with
dose. Apparently the sensitivity of k to disorder increases
significantly for very disordered Nb3Ir.

VI. LOCALIZATION ANALYSIS OF Nb3Sn
This same analysis can be applied to the published measurements
on another 315 superconductor,
Nb3Sn.
3.0—

2.

5—

t—

10—

0
2.0—

1.5

-OC4

I

I

50

100
pN

(pQ cm)

FICx. 5. The superconducting transition temperature in zero
applied magnetic field as a function of measured resistivity. In
this figure and Figs. 6 and 7, the squares (triangles) represent
di6'erent sections of one (another) sample which were irradiated
to dift'erent doses, with the lowest resistivity data representing
undamaged sections. The hexagon is a bulk single crystal.

0

I

0

50

100
pg (pQ cm)

FIG. 6. The measured critical field slope
measured p&. Symbols the same as in Fig. 5.

0,

'2

plotted against
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This is a high-T, material in which the DOS is expected
to decrease with disorder. Another difference from Nb3Ir
is the significantly higher H,'q(0) due to the high T, (-18
K) and large value of X ( —1.8). This is seen in Eq. (15)
and the experimental values of H,'2, which extrapolate to
about 14 kOe/K, i.e. , about 140 times larger than Nb3Ir.
As a result the variation of H,'2(0) with disorder, for use
in Eq. (16), is significant. The above localization analysis
does not determine the variation of (UF ) with disorder so
a reasonable assumption is needed. We choose (UF)
proportional to N(EF), and hence A, , since N(EF) is the
Fermi surface average of 1/U~, but remind the reader that
this assumption is far from rigorous. Again, obtaining an
acceptable fit does not place strong constraints on the pacm s ' and
rameters.
Thus
( vF ) =1.5 —1. 8&& 10
—
5
within
of the calcu&
1
all
10%
yield N(Ep)
mBslm,
lated'
values
of about 3. 1 & 10
and measured '
'
'
cm
spin
erg

A STUDY.

..

electron mean free path is the predominant effect of disorder.
The resistivity is found to saturate with particle dose
and we conclude that this effect is due to a saturation of
our ability to cause further damage because of spontaneous recombination of defects. ' This is consistent with the
315 x-ray diffraction pattern in
relatively undiminished
our most damaged films.
shows the characteristic field
The magnetoresistance
and relatively good
of weak localization
dependence
quantitative agreement is found by including quantum
corrections to the noninteracting electron system' as well
on superas the effect of electron-electron interactions'
conducting Auctuations. These results give justification to
our analysis of superconductivity
using the quantum
corrections of weak localization theory.
This perturbative theory of weak localization and suthe electronrequires two parameters:
perconductivity
phonon coupling, A. ; and the weak localization expansion
of two
parameter, L =(2~kF~) '. Thus, measurements
and A. are reindependent properties which depend on
quired. We use the transition temperature, T, and critical
field slope, H,'2. As a function on increasing disorder, T,
drops slightly before increasing dramatically, while H,'~
increases monotonically and extrapolates back to the very
small value predicted for the clean limit by band-structure
calculations.
Our additional measurements
on a clean,
single crystal of Nb3Ir confirm this small value of H,'2 and
clear up past uncertainty about that point.
A third relevant property, the resistivity, is used to
show that the iterated weak localization solutions are consistent as a function of disorder. They also yield a value
for the density of states close to band structure calculations
and determinations
from specific-heat measurements.
It is found that the values of k thus determined increase monotonically with disorder, so that the dip in T,
can be explained as a direct result of the competition between weak localization and A. (or DOS) changes induced
by disorder.

I

VII. SUMMARY AND CONCLUSIONS
We have analyzed the transport properties and superconductivity as a function of disorder in Nb3Ir films. Disorder was increased by charged particle irradiation to
avoid random compositional changes in as-made films.
The wide compositional range for the 315 structure in
Nb3Ir greatly reduced the possibility of second crystallographic phases. Therefore we expect that the decreasing
0.70

0.65
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FIG. 7. The calculated electron-phonon coupling constant k.
Open symbols: From T, measurements using Eq. (8) without localization efI'ects. Solid symbols: From T, and H,'2 measurements using the localization analysis described in Sec. IV.
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