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Résumé. 2014 Le composé supraconducteur Nb3Ge de structure A-15 et de température critique Tc ~ 20 K a été
préparé par dépôt chimique en phase vapeur (CVD).

Les résultats de mesure des températures de transition supraconductrice, l’analyse de la morphologie des dépôts
et l’analyse structurale des différentes phases obtenues nous conduisent à proposer une hypothèse selon laquelle
le composé Nb3Ge st0153chiométrique de température critique élevée est stabilisé par le biais de relations d’hétéro-
épitaxie entre la phase. A-15 et l’une des phases de formule Nb5Ge3 (type W5Si3 ou Mn5Si3) qui présentent des
relations structurales très étroites avec la phase A-15.

Abstract. 2014 High-Tc A-15 Nb3Ge superconductors have been prepared by chemical vapour deposition.
Superconducting transition temperatures, crystal structures, and growth morphology for different samples

are reported here. From the analytical results we hypothesize that stoichiometric high-Tc Nb3Ge can be formed
through a heteroepitaxial process between the A-15 and the competing Nb5Ge3 phases which have close structural
relations.
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1. Introduction.

For ten years, the discovery of high critical temperature
(Tc &#x3E; 20 K) in the A-15 structure compound Nb3Ge,
prepared by low temperature synthesis methods such
as sputtering [ 1 -3], chemical vapour deposition, (CVD)
[4-9], or coevaporation [10, II], has stimulated much
discussion on questions dealing with the phase stability
of this A-15 high Tc material.
Bulk Nb3Ge samples prepared by conventional

synthesis methods (quench and anneal, splat cooling)
have only T c’s in the range of 6 K to 17 K and do not
reach the stoichiometric composition (their composi-
tion varies between 18 and 23 % at. Ge) with lattice
parameters varying from 5.172 A to 5.156 A [12].

In an opposite way high- T c Nb3Ge films (Tc - 22 K)
are close to or have the ideal 3/1 composition and have
a corresponding low lattice parameter ao = 5.14 A.
For applications it is necessary to understand how

normally unstable stoichiometric Nb3Ge can be
formed under certain restricted low temperature
conditions.

Gavaler and coworkers [13] have suggested that the
high-Tc phase is stabilized by the inclusion of impuri-
ties during the growth process.
Dayem et al. [14] however, have demonstrated that

an increase in Tc for the A-15 Nb3Ge phase could been
obtained by epitaxial growth of Nb3Ge on poly-
crystalline Nb3Ir substrates having a smaller lattice
parameter than stoichiometric Nb3Ge.

Finally, in a more recent study, Lin-Li et al. [15]
have pointed out that their Nb-Ge films with high
Tc’s (23 K) contained a certain amount of tetragonal
Nb5Ge3 phase and do not present an increase of
oxygen concentration at the film-substrate interface,
as proposed by Gavaler in his stabilizing mechanism.

In order to get a better understanding of the sta-
bilization of Nb3Ge we have investigated essentially
the crystal structures and growth morphology of our
CVD Nb-Ge films, in relation to their superconducting
properties.

Based on these results we present a hypothesis in
which the presence of the NbGe3 phase, in the Nb-Ge
deposits, allows the formation of the high- T e Nb3Ge
phase, via a heteroepitaxial process.

2. Experimental.
The CVD process used in this study operates at

atmospheric pressure and is a modification derived
from the process published earlier [9].
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The Nb and Ge chlorides are formed by direct
chlorination with Cl2 of Nb chips and Ge lumps in
argon carrier gas. Deposition is obtained by subsequent
reduction of this gas mixture by an excess of hydrogen
in an RF heated furnace.
The typical deposition conditions expressed as a

function of the independent parameters directly
available experimentally are the following :
- for chlorides transport :

- in the deposition zone :

In these conditions Nb-Ge films with a thickness of 3
to 5 Jlm/side were obtained on a 12 pm thick moving
stainless steel tape, with a growth rate of about
2 Jlm/min.
By changing the deposition conditions over the

moving tape stepwise within one experiment we were
able to study the variations induced in the properties
of the Nb-Ge films as a function of one of the depo-
sition parameters.

In the following experiments we represent these
variations as a function of G, the experimental para-
meter proportional to the Nb to Ge ratio in the

reacting gas phase.
Superconducting Tc’s were determined by a resistive

and an inductive method with calibrated carbon and

germanium thermometers respectively.
Crystal structures were determined by X-ray diffrac-

tometer analysis.
Scanning electron microscopy was used for chemi-

cal composition and growth morphology analysis.

3. Results.

From the CVD results we have found that the best
Nb-Ge film had an inductive critical temperature
onset Tcio = 21.5 K with a transition width ð-Tci =
2.5 K.
The inductive T c values measured are always much

smaller (I to 2 K) and the A Tc ranges much larger
(&#x3E; 2 K) than those determined by a resistive method.
The broadening of transition widths in the Nb-Ge

films is correlated with a broadening of the X-ray
diffraction lines on powdered samples. The width of
diffraction peaks can be influenced by several factors :
A-15 lattice parameter fluctuations, stresses, grain size
or inhomogeneity of structure.

In the present case, the differences between the
values of T e midpoints of both methods as well as the
width of superconducting transition measured induc-
tively are found to be mostly dependent on the degree
of homogeneity of the Nb-Ge films deposited.

Powder X-ray diffraction shows that the various
phases deposited are the A-15 type Nb3Ge phase,
the NbSGe3 phase with the WSSi3 structure type (Tl),
and another « Nb5Ge3 » phase with a Mn5S’3 struc-
ture type. The latter, denoted H2, has lattice para-
meters equal to : a = 7.649 A, c = 5.33 A, and was
mentioned previously [9, 16].

In figure la to lc, we have represented three typical
X-ray diffraction patterns of Nb-Ge films prepared at
Td = 940°C with G = 2.6, 3.5, and 5, and the corres-

. ponding scanning electron micrographs of the surface
of these films.
The crystallites of A-15 phase grown in these films

show a strong texture with their [100] direction

perpendicular to the substrate surface.
A drastic change in the Nb3Ge texture has been

observed by changing the G value.
Figure 2 shows the variation of the texture parame-

ter R = 200/,210 (1200 and I210 being the reflection
intensity from the (200) and (210) lines of Nb3Ge)
and the corresponding T cio values of the samples
examined as a function of G.

In this plot three different regions can been consi-
dered :

a) For G &#x3E; 3.8, X-ray diffraction reveals that the
Nb-Ge films are single phase Nb3Ge layers.
The cell parameter of the A-15 phase varies between

5.20 A and 5.15 A with a corresponding increase for
Tcio between 5 and 17 K when the germanium concen-
tration in the gas phase increases.
The deposited layers are well textured in the [100]

direction but for these films scanning electron micro-
scopy shows both a typical columnar grain growth
and large Nb3Ge islands (Fig. la).

b) For G  3 the phase deposited is essentially
the non superconducting Nb5Ge3 (Tl) phase
(a = 10.854 A, c = 5.139 A). The Nb5Ge3 crystallites,
which have a typical grain size of about 3 pm (Fig. 2b),
do not exhibit any preferred orientation, as shown by
X-ray diffraction experiments.

c) For 3  G  3.8 the Nb-Ge films contain the
A-15 Nb3Ge phase codeposited with Nb5Ge3 (Tl)
and/or «NbsGe3» (H2).

In this region the superconducting critical tem-

perature of the films reaches its maximum value :

T cio = 20 K for samples containing more than 70 %
of A-15 phase.
The cell parameter of Nb3Ge, which commonly

decreases from about 5.17 A to about 5.14 A when
approaching the stoichiometric composition, saturates
to its minimum value (ao = 5.139 A), and corresponds
to the c parameter of Nb5Ge3 (Tl). In such samples
the A-15 phase is assessed to be stoichiometric.
The maximum of T e in our experiments is correlated

with a very large increase of the texture parameter R.
This sharp enhancement of texture reveals strong

interaction between the deposited phases.
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Fig. 1. - Typical X-ray diffraction patterns of Nb-Ge samples prepared by chemical vapor deposition at Td = 940 °C and
corresponding scanning electron micrographs of the surface of these films.

a) Single phase Nb3Ge deposit : G = 5.
b) Nb,Ge3 deposit (WSSi3 type) : G = 2.6.
c) Nb3Ge codeposited with Nb,Ge3 (MnS’3 type) : G = 3.5.

The H2 phase codeposited with the A-15 phase is
always well textured with [100] A-15 // [001] H2 in
Nb3Ge + « Nb,Ge3 )) (H2) deposits. Also the reflec-
tion lines of Nb,Ge3 (Tl) in the diffraction patterns
vanish leaving only the (004) line which is superposed
with the (200) textured line of Nb3Ge.
The scanning electron micrographs of such samples

show a columnar grain growth with a grain size of
about 0.5 pm (Fig. lc).

4. Discussion.

These experimental results show a strong correlation
between Te, G ratios, structure and morphology of the
deposits.
For G ratios between 3 and 3.8, the achievement of

high-Tc films in our experiments is related with a

sharp increase in A-15 phase texture which is enhanced
by the codeposited Nb5Ge3 phases (Tl or H2).
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Fig. 2. - Variation of the texture parameter R = 200/,210
and simultaneous variation of the inductive T onset (Tci.)
in Nb-Ge samples as a function of G.

We think that this second phase plays a benefi-
cial role in stabilizing Nb3Ge with a nearly stoi-
chiometric composition and a small lattice parameter
(ao = 5.139 A).
We have previously mentioned that a strong struc-

tural relation connects the A-15 type and the WSSi3
type of structure [17] : WS’3 is just derived from the
A-15 structure by an ordered substitution one half of
the metallic chains along the c axis and a Hyde rotation
(Fig. 3).

This clear analogy which allows the formation of an
oriented eutectic V3Si + VS’3 in the V-Si system [18]
can favour epitaxial relations between Nb,Ge3 (WSSi3
type) and the Nb3Ge matrix (A-15 type) in the Nb-Ge
system.
The « Nb,Ge3 )) (H2) compound, with a Mn,S’3

type of structure, can be connected to Nb3Ge with
[100] A-15 // [001] H2 and [110] A-15 // [100] H2.
The lattice mismatch is smaller than 4 % (Fig. 4).
This epitaxial relation is similar to the orientation
effect observed in our Nb-Ge films between the A-15
and the H2 compounds.

Previous transmission electron microscopy studies
confirm that the Nb3Ge (A-15) and Nb,Ge3 (TI or H2)
phases are connected by epitaxial relations :
- Cullis et al. [19] have shown in their analysis of

high-Tc Nb-Ge films, that the NbsGe3 phase (Tl)
is present in a lamellar form in the A-15 grains with
stacked lamella of the tetragonal phase having about
20 to 30 A width;
- Paidassi [20] in a similar study showed that the

hexagonal form of NbsGe3 has a fiber like repartition
in a high-Tc A-15 matrix with a fiber diameter of
about 30 A.
- Films showing intermediate Tc’s in these two

studies contained virtually no detectable NbGe3
phase.

Fig. 3. - Projection of the A-15 and Tl (WSSi3 type) struc-
tures on the (001) plane. The Tl structure can be derived
from the A-15 one by a partial and ordered substitution of
M atoms (Nb) by X atoms (Ge) and a rotation of polygonal
cells.

Fig. 4. - Connection of an MSX3 (H2) phase (Mn,Si, type)
to an M3X one (A-15 type) by heteroepitaxy.
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- Paidassi and Cullis have not reported the
relative orientations of the phases present in their

experiments but the lamellar or fibre configurations
of NbGe3 in Nb3Ge are probably due to epitaxial
relations.

From all these observations, we think that during
the growth of Nb-Ge layers, the Nb,Ge3 phases
(Tl or H2) induce the stabilization of Nb3Ge through
a heteroepitaxial process : this process being favoured
by strong structural relations between the different
type of structures.

In such a mechanism, the gain in interfacial free
energy obtained by epitaxy contributes to lower the
free energy of formation of the A-15 phase. Thus it
allows the formation of a nearly stoichiometric Nb3Ge
compound with a low lattice parameter reaching the
value of the c parameter of NbsGe3 (Tl). The critical
temperature T e can then reach very high values, as
high as 22 K.

Further TEM studies are now in progress to verify
this hypothesis and to determine the size and the

repartition of the Nb_,Ge3 particles in the A-15 matrix
more precisely.

5. Conclusion.

Gavaler et al. have proposed that an oxygen concen-
tration increase near the substrate-layer interface can
stabilize high-Tc Nb3Ge, but since Li et al. did not
observe this phenomenon we suggest that impurity
stabilization is not the only way to get high- T c Nb3Ge
films.
We propose that the Nb,Ge3 (Tl or H2) phases in

epitaxy with the A-15 matrix can play an important
role for the stabilization of the stoichiometric Nb3Ge
compound leading to high-Tc films.
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