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The temperature dependences of the parallel and perpendicular critical magnetic fields were measured for
Nb,Ge films produced by cathode sputtering. An algorithm based on measurement of the derivative of the
critical field in the region of the linear temperature dependence, of the resistivity, and of the conduction-
electron density was used to determine the electronic characteristics, viz., the state density near the Fermi
energy, the electron velocity on the Fermi surface, the area of the Fermi surface, the mean free path, and
others, as well as superconducting-state parameters such as the depth of penetration of the field into the
superconductor, the coherence length, the Ginzburg-Landau parameter, and the values of the critical
magnetic field at T = 0. The observed dependence of the electronic characteristics on the electron mean free
path is attributed to smearing of the abrupt singularities in the state density. The correlation between T, and
the area of the Fermi surface is obtained for superconductors with A 15 lattice.

PACS numbers: 74.30.Ci, 74.70.Lp, 73.60.Ka, 71.20. + ¢

INTRODUCTION

Despite intensive investigations of the properties of
the superconducting compound Nb,Ge, the possibilities
of raising its critical temperature T, have not yet been
fully exploited,’ and a number of its principal electronic
characteristics remain undetermined. It is important
to ascertain how these characteristics vary as the A15
structure becomes ordered, and which of them exert
the decisive influence on T,.

Nb,Ge comes closest to being stoichiometric in films
having a composition C, whose value depends on the
production conditions.' The phase that determines the
T, of the film has in this case likewise a composition
close to C,.% In this study we determine the electronic
characteristic of Nb,Ge films with different values of
C,, obtained in “soft” regimes, by measuring the tem-
perature dependences of the critical magnetic field
H_,(T). We have succeeded in tracking the variation of
the characteristics as the sample comes close to hav-
ing an ideal structure.

1. EXPERIMENT

The samples were prepared by cathode sputtering
with direct current in an argon atmosphere using an
ultrahigh vacuum facility. The partial pressure of the
oxygen ranged from 107° to 3 x 10”7 Torr. The sputter-
ing procedure is described in detail in Ref. 3. The
value of T, (which corresponds to the midpoint of the
transition) was measured by a four-contact method
accurate to 0.1 K. The temperature was measured
with an Allen-Bradley thermometer. The resistivity
measurement accuracy was 5-10% and was deter-
mined by the accuracy with which the film thickness d
was measured. The superconducting-transition
curves of the films were plotted at different values of
* the magnetic field, perpendicular (H,) and parallel
(H,) to the sample plane (the field was always perpendi -
cular to the measurement current). The magnetic
field, produced by a 165NS40H Intermagnetics (USA)
superconducting solenoid and was measured accurate
to within 0.1 kOe with a Hall pickup. The corrections
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for the change of the thermometer readings in the mag-
netic field were obtained by using a standard capacitive
thermometer made by the same firm. The beginning

and end of the superconducting transitions were defined
as the points at which the resistance deviated by 0.2%.

Figure 1 shows the temperature dependences of the
perpendicular H,, and parallel (H,,) critical magnetic
fields for three samples with different T,. Some de-
viation of H,,(T) from linearity, in excess of the mea-
surement error, was observed only in weak fields near
T,. The slopes in the linearity region of H,,(T) were
H,=-dH,,/dT =20 to 26 kOe/K. 'In strong fields H,,,
exceeds H,, noticeably. Near T, (in weak fields),
besides the deviation of H,,(T) from linearity, the ratio
H,, /H,, decreases and apparently becomes less than
unity in sample No. 119-zl.

Figures 2 and 3 show the temperature dependences
of H,, and H,,, of sample 119-z1 at the start, mid-
point, and end of the superconducting transition. A
slight broadening of the superconducting transition,
more pronounced in the case of H,, is observed in
strong fields. In weak fields, the transition is some-
what narrower than at H=0. The deviation of H, from
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FIG. 1. Temperature dependences of perpendicular (circles)
and parallel (triangles) critical magnetic fields for Nb;Ge
samples: 1) No. 119-zl, 2) No. 116-el, 3) No 124-zhl. The
inset shows the dependence of the change of the slope Hg, on
going from H, to H, on the sample resistivity p.
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FIG. 2. Temperature dependence of critical field H,, for
sample 119-zl at the start (dark circles), midpoint (triangles),
and end (light circles), of the superconducting transition.

linearity is more strongly pronounded near T,. The
H,,(T) curves plotted for the start of the transition are
practically linear in the entire investigated field inter-
val. The character of the plots in Figs. 2 and 3 indi-
cates that they are determined by the main mass of the
sample.

The higher critical fields obtained for films obtained
by cathode sputtering in the case of H, are attributed
to their columnar structure.? A particularly distinct
granular structure was observed by us in films pro-
duced in “hard” regimes.® Improvement of the film
structure (decrease of the resistivity) leads to a de-
crease in the difference between the slopes H/, and
H_,,, as seen from Fig. 1. In the calculation of the
electronic characteristics it is customary to use the
quantity

H,' =— (dHu/dT)r-rn

obtained in a perpendicular field. In samples with
H,, >H,,, however, the closest to the upper critical
field H,, is H,,,. In addition, the presence near T, of
effects due to the change of the relation between the
roughness size, grain size, and film thickness, on the
one hand, and the Ginzburg-Landau coherence length
£5.(T) on the other, the values of H/, for the linearity
region of H,,(T) must be used in the calculation of the

electronic characteristics.

In a real film having a columnar structure, a super-
conducting contact exists not between all neighboring
columns. A somewhat idealized conception is that an
intricate network of intersecting cylindrical supercon-
ducting regions, perpendicular to the substrate, is
produced in the film. The characteristic thickness of

H,211,kO0e

FIG. 3. Temperature dependence of H,,, for sample 119-zl.
The notation is the same as in Fig. 2.
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these regions is determined by the diameter of the
columns. The magnetic field; which is perpendicular
to the plane of the sample, turns out to be parallel to
the surfaces of these superconducting regions. It is
this which causes the critical field H,, to be stronger
than H,, . Contributing to this effect, to one degree
or another, is the increase of the upper critical field
as a result of both surface conductivity (H,,=1.69H,,)
for an ideal surface and the “total” penetration of the
field (in this case the critical field is 2V 3H .,tq, /L).
The dimension L is determined by the diameter of the
columns. The near-spherical form of the upper sur-
faces of the columns leads practically to absence of
the effect of surface conductivity far from T, in the
case of a field H,. In this case there is likewise no
size effect, because of the large film thickness.

As the sample temperature approaches T,, the value
of {5, increases and at £5; > L the surface supercon-
ductivity manifests itself in full strength in the case of
H

The experimental values of the parameters of the in-
vestigated films are given in the upper part of Table I,
together with the parameters of the “amorphous” pa-
rameters of the sample of Ref. 6, obtained by evapora-
tion in vacuum and bombarded by 2.5-MeV « particles.
In the table, p is the resistivity at 7=25 K, p,/p is the
ratio of the resistivities at room temperature and 25 K,
H, and H/, are respectively the values of H., for H,
and H,. We note that p still does not coincide with the
residual resistivity, inasmuch as p depends on T at
fields stronger than critical.

It must be constantly kept in mind that in the calcula-
tion of the electronic characteristics one must use the
value of p of precisely that part of the A15 phase which

TABLE L B
Sample No.
Characteristics
119 —2z1 124 —zht 118 — et “Amorphous”
Experiment
T, K 22.1 18.2 19.7 4
p, u-cm, : 445 68.5 100 150
prp 2.2 1.6 17 -
L dy B 0.40 042 0.7 -
Hey + kOe/K 216 20.4 234 -
Hy, o kOe/K 239 231 264 18
Calculation
A 18 1.55 1,65 0.7
1% mi/fem’K? 0.57 0.48 038 03
N*(0), st/eV-at-spin 1.23 1.00 0.83 08
N *{0}/N,(0) 54 44 3.7 3
N(0), st/eV -at - spin’ 0.44 0.39 0.31 03
s 0.21 0.21 021 0.4
N, 1022 cm™? 0.65 0.73 0.91 3
vp®, 107 cm/sec 0.92 1.4 14 4
vy, 107 cm/sec 26 29 36 8
tr 1.6 3.7 6.0 300
. 32 2 14 5
D*, cm?[sec 0.97 0.78 0,64 0.6
te% A 57 88 95 1000
Egu A 26 30 27 70
A, A 1100 990 900 400
oL A 890 1100 1200 4000
AL
® 38 46 60
Wy, meV 142 134 137 10
H.(0), kOe 44 32 32 05
Hez(0), kOe : . 330 260 320 50

*The experimental data for this sample were taken from Ref.
6.
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is responsible for T,. The actually measured p can
differ noticeably (is usually higher) in the case of in-
homogeneously samples, particularly those with more
than one phase. In our case, thus, the most homo-
geneous sample was No. 119-z1. The value of p for
the high-temperature phase of sample No. 116-el is
apparently somewhat lower than that actually mea-
sured, since the sample was prepared in a relatively
harder regime. Nonetheless, the x-ray results and
the small broadening of the superconducting transition
of the sample in strong fields, compared with H=0,
indicates that its deviation from single -phase is small.

2. ALGORITHM FOR THE CALCULATION OF THE
CHARACTERISTICS

To calculate the electronic characteristics of the
Nb,Ge films we used an algorithm based on the Ginz-
burg-Landau theory for type -II superconductors, with
corrections for the strong coupling. A number of
relations needed for the calculations were used in the
form given in Ref. 7. The calculations were based on
expressions that take into account the ratio of the elec-
tron mean free path I and the coherence length £* (Ref.
8).

The connection between H/, = Fc/2e (£, )*T. and the
electronic characteristics can be written in the form’

H.y =Wl .i(l)’_"_ v 12 e oyt ]
TR | RGO\ ) Ke N s aI@) k9107
(1)
or
He= ":Zi(:))[ 71.‘:‘.(1;) c'::’ %(l b) < e 1’(«)) =k 5 10“] N*(0).
2)

Here £(3)=1.202, k is Boltzmann’s constant, c is the
speed of light, % is Planck’s constant, e and m are the
charge and mass of the free electron, A is the electron-
phonon interaction constant, 7y is reflects the addition-
al strong-coupling correction for the quantity X (Ref.
9), N,,, is the density of the valence electrons, y* is
the renormalized coefficient of the electronic part of
the heat capacity, S is the ratio of the area of the
Fermi surface to the area of the Fermi sphere of the
free electrons at a density N,,,, N is the unrenormal -
ized (optical) density of the conduction electrons, N*(0)
=N(0)(1+ A) is the renormalized density of the elec-
tronic states near the Fermi energy, N(0) is the “band”
density of the electronic states, the coefficient R(\ ;)

is of the order of unity (R(0)=1, R(x)=n?[7¢(3)]"
=1.173), Ay =Te™t*/2]1 =0.882¢%/l, and e™=1.781

(Ref. 8). The resistivity p in (1) is in 2-cm. On
going from (1) to (2), the relations used were
Y =2n%k*N"(0) /3, (3)
S=(NIN ) " (N (0) /N, (0))", 4)

where the density of the free electrons per spin is

1/3\"m s
=— [ — — =19 26 N
N, (0) 2_1( n) e Noy=1.2810"N ;. (5)

Equation (4) was obtained in Ref. 10, and in the deriva-
tion of (2) and (4) we used an approach in which the

505 Sov. Phys. JETP 55(3), March 1982

change of N/m on account of the nonsphericity of the
Fermi surface is related to the electron density and not
to their mass.

The state density can thus be directly determined
from (2) if N is known,

N*(0)=H.'nz', (T)R (M) [1,93-10-T . N-* (1+1) +6,60-10-"p]-*  (6)
or from (1) and (3) if data on S are available,
N+ (0) =—2.20-10' (Nyu,S) *pTe='+ {[ 2.20-10 (N oy S) pT~]*
+6.66-10"H.." (Nyy S)'R(A) it (Te) T} (7)

The mean electron velocity on the Fermi surface is
v¥=v,/(1+1), where v, is the band value of the velo-
city, and can be obtained from one of the equations

. 3N "1 N \" I N(0)\ " 1
= (vw) - (7)) (Fo) = @
Here v, is the electron velocity for the Fermi sphere
Fo

at a density N,,,. The coherence length is

hy,’

W = 138 10-150 7 )

The Ginzburg-Landau coherence length is

tolT) =[Ac/2ell o(T)) ‘={he/2eH.' (T.~T)) "=t/ (1—=T/To)", 0
. 1

o’ =181-10"*/(THc') "

The depth of penetration of the magnetic field into the
superconductor is

n{(Te)Aucs (0) - Aol 1)

hou(T) = 2+(1-T/TH"* (\-T/T.)" !

where Agcg (0) is the penetration depth in accord with
the weak -coupling theory.

The London penetration depth is

(9x)' “he VY o m VY
= ke NGas o 1:32-10 N&s (12)
The diffusion coefficient is
D =c,1/3=9-10"[2*N* (0)p] . (13)

Characteristics such as the mean free path I, the
Ginzburg-Landau parameter », the heat-capacity dis-
continuity at T=T,, the parameter A3;, and the quan-
tity H,= —(dH_./dT)y,p, can be obtained from the values
of p, S, N,,, and y* by using the expressions of Ref.
7.

The thermodynamic critical magnetic field near T,
is

H(.(T)~——( -.8(3)) ':]"° (((T);) H.(0) (1 - TL)

‘]Hc(rc) 14)
Ty et )(1 _——) (

where the critical field at T=0 is
nu_(0) TVY'. (15)

<

=1,

Ho(0)=Y6re~nu_(0) TVY'=2.44

The equation for the upper critical field in the *dirty”
limit without allowance for the paramagnetic restric-
tion on the spin-orbit scattering was obtained in Ref.
11. AsT— T,, with allowance for the strong-coupling
corrections,
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33 Tc
Ha() =25 Ho)(1 - ) B, (16)
€2

-

Hence

3 , MH, (0)
Hoa(O)= g Tl 50

NH,, (0)
=0.6937 HS' nn:(Tc) . a7

Heo

The value of H,(0) can be expressed in this case also
in terms of other physical characteristics:

Ho)=VT % (T.) N, (0) ‘
0)=V2 2(14L (3))'/'H‘(0) M (Te) na, (0) (18)
In the “pure” limit we have'!
Nu,, (0)
H,,(0)=0.7 ;<2 .
2(0)=0.74T H., o (T (19)

The upper critical field at T= 0, which is bounded by
the paramagnetic limit (without allowance for spin-or-
bit scattering), can be obtained from the equation'?

He (0)=Ha(0) (1) ", (20)
where a=V'2H,,(0)/H,(0) is the Maki parameter,” and

k
2 (143) "Tonw_(0)=1.86-10'n,_(0) (141)"T.  (21)

Hp(0)=Y2ne~
eh

is the limiting Pauli field.

Allowance for the spin-orbit interaction, which is
characterized by the constant A,,, decreases the role
of the paramagnetic restriction.'® At A,, >1 the effec-
tive limiting field is'?

H,,= 13305 H,(0). (22)

so that in the limit of an infinite spin-orbit interaction
the paramagnetic restriction on H,,(0) is completely
lifted.

The strong-coupling correction for the energy gap
A isls. 16

A A T\ W
n.(0) ;e—_;k—n—o.oﬁl—m—l'raﬁ( )IHT" (23)

v

where w, is the characteristic frequency of the phonon
spectrum, and makes it possible to determine the ratio
T,./w, from the value of A. This ratio permits calcula-
tion of the ny correction for other quantities, such as,

H,, &Gy, AL, H,., and %, using the equations of Ref.
117.

3. ELECTRONIC CHARACTERISTICS

The algorithm described in the preceding section
makes it possible in principle to determine a large
number of electronic characteristics by measuring
the temperature dependence of the critical magnetic
field and the resistivity of the sample. Besides these
quantities, one must know the area of the Fermi sur-
face’ or the densityof the conduction electrons. If the
density N*(0) of the electronic states on the Fermi sur-
face is known from measurements of the heat capacity,
the algorithm can be used also to determine N and S.

It should be noted that those terms in the expressions
for H., that contain N and S are relatively large only
when the pure limit is approached. Since the inter-

506 Sov. Phys. JETP 55(3), March 1982

mediate case is usually realized in materials with

A15 lattice, which is close to the dirty limit, the in-
fluence of the possible inaccuracy in the determination
of N and S on the determination of the other character-
istics is weakened to the extent that the first term in
(1) and (2) is small.

The electronic characteristics of the investigated
Nb,Ge samples, determined using the algorithm de-
scribed above, are listed in the table, which contains
for comparison the characteristics of an “amorphous”
sample, estimated on the basis of the data of Ref. 6.
We have N,,, =28.0:102 cm™. For the sample with
the maximum T, we used the values N=0.65+10?* cm
(Ref. 18) and 24/kT,=4.2 (Refs. 19 and 20). From the
calculated value of w, we can determine the ratio w,/0,
where © is the Debye temperature. Despite the rela-
tively small difference between the values of © in the
crystalline and amorphous samples (302 and 222 K,

Ref. 21), a linear correction for its variation with T,
was introduced. The values of w, obtained in this man-
ner make it possible to calculate ny and A. The values
of A were calculated from the McMillan formula and
agree satisfactorily with the values obtained from the
Eliashberg equation using the Einstein spectrum and
with the curve of Allen and Dynes drawn through the
experimental data (Ref. 22).

-3

The value of S was calculated for the sample No.
119-z1. The same value was assumed for samples
124-zhl and 116-el; this is a sufficiently good approx-
imation, since the lattice constant does not change
greatly in the range of variation of T, of the investi-
gated samples, and the effects of “smearing” of the
Fermi surface, due to the small mean free path, are
significant in practice only for the amorphous sample.
For the latter, S was estimated from the value !
=5 A cited in Ref. 6.

The field H_,(0) was calculated without allowance for
the paramagnetic restriction under the assumption that
Nhep(0)=1y,,(T,). The critical magnetic fields for
sample No. 119-z1 in parallel and perpendicular fields,
determined for the start of the transition, are respec-
tively H,,, (0) =350, H,, (0)=390. Experiment® yielded
H_, (4.2 K)=370 K for a similar Nb,Ge sample, in good
agreement with our data. It is shown in Ref. 23 that
there is no paramagnetic restriction for the investigated
Nb,Ge films, i.e., the value of A, is large. In our
case H,(0) =770 kOe so that assuming that the suppres-
sion of the field H,,(0) does not exceed 10 kOe we ob-
tain A,, 2 5. This leads to a characteristic spin-orbit
scattering length of the order of 10 A, noticeably less
than the value of I. One possible cause of this dis-
crepancy is failure to allow for the temperature de-
pendence of the correction .

4. DISCUSSION

The described algorithm makes it possible, by mea-
suring a few physical characteristics, to obtain a large
number of the most important parameters of a strong-
coupling superconductor, both for the normal and for
the superconducting state of the material. To estimate
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the accuracy of the algorithm and the validity the as-
sumption made in it, it is very important to compare
the results with data from other experiments. In Ref.
7 are analyzed data obtained for Nb,Sn and V,Si by
using a similar algorithm based on a fit to the area of
of the Fermi surface. The authors of that reference
have shown that it is possible to reconcile their results

with the coefficient obtained for the linear heat-capacity

term y* obtained from the temperature dependence of
the heat capacity. :

A number of papers® 22 cite values of y* deter-
mined experimentally by measuring the heat capacity.
The value of y* is approximately 0.3 (Refs. 6 and 24)
or (0.37+0.01) mJ/cm?®-K? (Ref. 25). These are
close to the 0.28 mJ/cm3 * K? obtained by us for a
sample with T,=19.7 K and p=100 uf2 *cm. Magnetic
measurements® yielded y*=0.34 mJ/cm®-K” for a
sample with T, =20 K. According to heat-gapacity
measurements, the decrease of the state density N(0)
on going from an Nb,Ge sample with T, =21 K to an
amorphous sample with T, =4 K is ~50%,® in good
agreement with our data. We note there are no fit
parameters in the algorithm used by us.

It is of interest to examine the changes of the ob-
tained electronic characteristics when certain sample
parameters are changed. The dependences of various
characteristics of the investigated sample on the elec-
tron mean free path are shown in Fig. 4. The data of
Table I and Fig. 4 show a significant change in the
electronic characteristics with decreasing mean free
path /. (Since the composition change is A C, 1%,
the ensuing change in the characteristics is negligibly
small.) The “smearing” of the Fermi energy E and
of other characteristics should be observed when the
energy uncertainty is

AEy=h/t=hvs/I~E,,
i.e., at (for free electrons)
I~a/[(3n%/8) zn,)".

Here 7 is the electron relaxation time, 2 is the va-
lence, and #, is the number of atoms in the unit cell.

Vo WA A AL

usd-cm st/eV -at - spin

L . ; 1
) n 20 P/ 4 20 Jo LA

FIG. 4. Electronic characteristics and parameters of Nb;Ge
films vs mean free path /.
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Even if we allow that actually vy is much less than its
value for free electrons, radical changes should be
expected at / sa. The changes observed in experiment
at larger values if [ are due to the effect of the relaxa-
tion time on the smearing of the abrupt singularities
in the state density.®

The observed dependence on [ (or, equivalently, on
p) of such characteristics as N(0), N, vg, and A
should cause them to be temperature-dependent. This
dependence can be obtained on the basis of Fig. 4 if
the dependence of I (or p) on T is known from experi-
ment. It is seen, for example, that for sample No.
119-z1 (p,/p=2.2) a change from 25 K to room tem-
perature should increase N by 40% and decrease
N*(0) by 50%. Even more noticeable changes of the
electronic characteristics should be expected with fur-
ther rise in temperature (as ! —a). The noted de-
pendence of the characteristies on T is due to the fact
that I reaches low values sufficient to smear out the
abrupt state-density singularities. In high-temperat
ture superconductors with A-15 lattice the value of /
is affected by the ordinary electron-factor scattering,
by the Debye -Waller factor,?® as well as by scattering
from impurities and defects. The strong dependence
of the indicated characteristics on T is due to the
strong electron-phonon interaction in such supercon-
ductors. The smearing of the singularities of the
electronic spectrum in these superconductors at suf-
ficiently high temperature (T > T,) is given by

AE=2ak (b, TALT).

The first term determines here the smearing due to
scattering from impurities and defects (A, corre-
sponds to a temperature 25 K, and the contribution of
the electron-phonon interaction to this quantity is
neglected). At T =T, the smearing AE =27kA, T,
amounts to ~0.02 eV even in a sample with T, =22 K.

The limiting value of the resistivity p with decreas-
ing I can be estimated. Assuming that at the limit/
=lym ~a/2 —a, we obtain

3 o 11 ,
Plim =5 9-10" O 200—300 uQ-cm.
This estimate shows that the limiting values of p and
of other characteristics have not yet been reached in
the amorphous sample.

It is seen from Fig. 4 that many characteristics have
not reached values corresponding to a fully ordered
stoichiometric sample even in the best sample. For a
sufficiently good approach to an “ideal” sample a
value ! ~60 A must be reached (in the 8 phase of a
composition close to stoichiometric). It follows from
the dependence of N on ! (Fig. 4) that N=0.5x 10%
cm™ in ideal Nb,Ge. A limiting value T,=27 to 30 K
was previously estimated® for stoichiometric Nb,Ge
with maximum order. Figure 5 shows the dependence
of T, on N for high-temperature superconductors with
A15 lattice.?” The hypothetical ideal Nb,Ge likewise
agrees well with this dependence. It is seen from the
figure that critical temperatures noticeably above 30
K are difficult to achieve, for this calls for the produc-
tion of samples with very low conduction-electron
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FIG. 5. Dependence of T, on N for superconductors with A15
lattice. The inset shows the dependence of T, on S for such
materials.

density (the semiconducting “break”). Figure 5 shows
only the data for materials with A15 lattice that are
closest to stoichiometric. The tendency shown (the
lowering of T, with increasing N or N/N,,,) is pre-
served if known data are added for all metals and al-
loys, including some with nonoptimal composition. 2’
This general dependence is confirmed also by the
amorphous sample,® the value of N for which is esti-
mated in the present article. It must be recognized
that such samples begin to be influenced not only by
the smearing of the abrupt state -density singularities,
but to a considerable degree also by the loss of
crystal symmetry. The inset of Fig. 5 shows the de-
pendence of T, on the ratio of the area of the Fermi
surface to the area S of the free-electron sphere for
three superconductors with A15 lattice. The values
of S for Nb,Sn and V,Si were obtained in Ref.?7, and
for Nb,Ge in the present study. The observed depen-
dence agrees with other correlations of T, and of the
electronic characteristics. ¥’

The results attest to an increase of H,,(0) with T,.
If the linear character of this dependence is extrapo-
lated, one can expect for samples with T,=27 to 30 K
values H,,(0) =400 to 450 kOe (at the midpoint of the
transition). It must be noted that we made no attempt
to optimize the sample preparation conditions for the
purpose of obtaining maximum values of H,,. One can
expect, in particular, samples having a specified T,
and obtained in the hard regime (dirtier) to have higher
values of H_,. A definite increase of H_, can be reached
at a certain deviation from the C, composition, owing
to the influence of the parasitic phases on the value of
p of the A15 phase.

The investigations of the properties of supercon-
ductors with A15 lattice indicate that they are highly
interesting physical objects. We have in mind here
not only their unusually high values of T, and tremen-
dous H_,. At sufficiently small values of ! these ma-
terials can be sufficiently pures superconductors in
the sense that the ratio £*/I is small (¢*/1 <1.8 in
the sample with the maximum 7,). They have in this
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case very high values of %, reaching 30-50. At the
same time, the smaliness of the electron mean free
path leads already to dependences of N(0), N, vg, and
A onl, which should naturally be reflected in their
superconducting properties.

In conclusions, the authors thank V. I. Tsebro,
V. M. Zakosarenko, and Yu. F. El’tsev for help with
the work and for a discussion of the results.
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