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The preparation of niobium nitride and carbonitride thin
films by reactive sputtering cither of a niobium or niobium-
carbon target under partial pressure of nitrogen or nitrogen +
methane has been studied. The influence of the experimental
conditions on composition, structure and electrical properties
of the deposited materials are investigated in each case. The
correlations observed between the nature of the deposited ma-
terials and their superconductive properties are related.

INTRODUCTION

The preparation of high performance superconductive materials
has presently become a major research subject. This is particularly
true for A15 type compounds e. g. Nb3 Sn,"v"3Ga, NbjGe; but nitrides,
carbides and carbonitrides of transition metals (especially niobium),
have equally interesting superconductive properties, more so when
they are deposited as thin films. The principal characteristics of a
superconductor, critical temperature, current density and magnetic
field, depend upon the crystalline structure of the compounds used.
In the case of the NbC, NbN, NbCN system, only the 6 phase (F. c. c. )
is superconductive with critical temperatures of 11 K, 16 K, 17 K
respectively. It must by emphasized that these temperatures are
strongly influenced by the composition. Thin films of the nitrides,
carbides and carbonitrides of niobium may be obtained either by che-
mical vapor deposition (1, 2) or by reactive sputtering (3, 4, 5).

The present paper describes the deposition of NbN and Nb CN
compounds by the latter of the two techniques mentionned, as well as
the effect of the operating conditions on the structure, the composi-
tion and the superconductive properties of the deposited films.

EXPERIMENTAL CONDITIONS

For the deposition of thin films of coumpounds from the NbN
system a Nb target was used in an Ar + N£ atmosphere. In the case
of the deposition of thin films of compounds from the Nb-C-N system
eiiher a Nb, C target (C/Nb=0. 38) in an Ar + ̂  atmosphere or a Nb
target in a Ar + N + ^^A atmosphère was used. The sputtering



apparatus used was of the triode type, a schematic representation of
which can be seen on figure 1. The pumping unit used consisted of one
primary pump and two turbomolecular pumps mounted in parallel and
the background pressure achieved after degassing was of the order

.of 10~7 torr. The gases were introduced by means of needle valves,
the argon enters first in the ionisation chamber an then in the bell
jar, as opposed to the nitrogen and methane which enter directly in

.the bell jar. The partial pressures of the gases were controlled by a
quadripolar mass spectrometer. By a system of mobile masks the
substrates could be exposed or covered from the flux of the sputtered
atoms. A healer placed behind the substrate holders allowed the
heating up to 800°C of the substrates either before or during the de-

• position. Before a deposition was carried out the substrates were
degassed and the cathode presputtered.

We determined the thickness, density, nitrogen/niobium ratio or -
nitrogen + carbon/niobium ratio, crystallographic structure resis-
tivity, critical temperature and current density of the films. The
weight of the deposited material was measured during the sputtering
operation by a micro balance (the oscillating quartz type). The
thickness of the film was measured at the end of the experiments by
means of a stylus apparatus (Talysurf). From the weight and thick-
ness of the deposit the density was calculated. The composition of
the compounds from the NbN system was determined by chemical
analysis and those from the Nb CN system by nuclear reaction ana-
lysis (6, 7). ' The structure of the deposits was determined by elec-
tronic diffraction(S). For this operation, it was necessary to make
a deposit on glass or quartz which were subsequently pierced by
ionic bombardement. The resistivity of the films was determined by
passing a current of 10~^ A and measuring the potential difference.,
across the specimen. The critical temperature was defined as the
temperature at which the potential difference between the two extre-
mities of the specimen was 5. 10 V, the current passed being 1
The accuracy of the temperature measurements was within ±0, 05 K.

RESULTS

1-NIOBIUM-NITROGEN SYSTEM

Figure 2 shows the variation of the N/Nb ratio as a function of
the nitrogen partial pressure. Note that when the N2 pressure
increases the N/Nb ratio tends towards 1. 5. Table 1 gives the dif-.
ferent phases present as the N/Nb ratio varies. The cell parameter
of the 6phase remains constant as the N/Nb ratio increases from.



0. 88 to 1. 5. In none of the cases have we detected the phases
(tetragonal) and NbrN^ (hexagonal) as observed ty Terao (9).

Table 1
Niobium nitrogen system

N
* ~ Nb

0 <x < 0.4

0 ,4<x<0 . 88

0, 88<x<l . 5

Phase

a Nb, N

a Nb, N + 6 NbN

6 Nb N

Structure

body centred cubic
x=0 - a = 3. 31
x=0.4-a= 3.42

face centred cubic
a =4.384

The decrease in density observed when the N/Nb ratio tends towards
1. 5, figure 3, indicates that no nitrogen atoms have occupied the

octahedral sites of the Nb N cubic cell. We have thus made the deduc-
tion that the nitrides having a N/Nb ratio >1 have niobium vacancies.
This hypothesis has been confirmed by the agreement between the
measured and calculated, by the formula NbQ_x) N, densities. The
great number of niobium vacancies can also explain the high resisti-
vity values of the materials with a N/Nb ratio tending towards 1. 5 •
figure 4. Only the 6 phase is superconductive and the critical tem-
perature is a function of the deviation from the stoi chiometric com-
position as shown by figure 4 and reaches its maximum value (15. 8)

.for N/Nb =- 1. The critical temperature also varies with the substrate
temperature.

2-NIOBIUM-CARBON-NITROGEN SYSTEM

The composition of the materials obtained by sputtering of a Nb, C
(C/Nb = 0. 38) target in the presence of nitrogen, can be seen on
figure 5. It can be seen that it is possible to obtain materials with
a C+N/Nb superior to one. Table 2 lists the different phases obser-
ved as a function of the composition. We notice an increase of the
cell parameter of the 6 phase as the carbon content augments. The
decrease of the C/Nb ratio when the nitrogen pressure is greater
than 3. 10~4 torr, is due to the decrease of the condensation rate of
carbon which in turn is caused by the formation of cyanogen, detec-
ted by the analysis of the gases during the sputtering operation.



Table 2
Niobium-nitrogen-carbon system

C+N
X = Nb

0 <x <0. 4

0. 5 <x <0. 7

0. 88<x<l . 5

Phase

aNb, C, N

pNb2 (C ,N)

6 N b (C,N)

Structure

body centred cubic
a = 3. 31

hexagonal
a = 3. 1
c = 4. 95

face centred cubic
x=0. 97 - a=4. 387
x=1.4 - a =4. 43

The critical temperature varies greatly with the C+N/Nb ratio and
reaches a maximum value when C-)-N/Nb=1.3 (figure 6). We notice
that the pphase (hexagonal) is not superconductive. The critical
temperature equally varies with the substrate temperature as shown
on figure 7. This variation which has already been observed by
Gavaler (10), can not be attributed to a change in composition of. the
deposited material. In fact, the composition is practically tempera-
ture independent (figure 7) Thus it seems plausible that the increase
of the critical temperature is due to the more regular crystalline
lattice obtained.

Figure 8 shows the condensation rate observed in the case of the
sputtering of a niobium target in a nitrogen + methane atmosphere at
constant total pressure (P^ "*" ^CH4 = ^ 10"^ torr). Note the rapid •
decrease in the condensation rate of niobium and hence the sputtering
yield decrease as the methane pressure augments. The composition
variation of the materials obtained as a function of the partial pres-
sure of nitrogen and methane is graphically represented on figure 9.
We1 can deduce that on one hand the N/Nb ratio tends towards 1. 4 as
the nitrogen pressure increases and on the other hand that the C/Nb
ratio tends towards 1 as the methane pressure increases. We can
thus assume that the carbide Nbn _x\ C with niobium vacancies is
not formed; contrary to wha.t we observed in the case of the nitride.

Critical current density and temperature of the 6 phase depend
upon the carbon content of the investigated material as shown in
figure 10. The critical temperature is constant and neighbouring
15. 5 K in the interval 0. 1 <C/C+N <0. 3.



DISCUSSION

Both methods of preparation i. e. sputtering of a Nb + C target
under partial pressure of nitrogen or sputtering of a niobium target
under partial pressure of N2 + CH^., lead to materials with similar
critical temperatures. The observed critical temperature variations
in the case of niobium nitride and niobium carbonitride prepared
from Nb + C, are shown on figure 11, as functions of their composi-
tions. V/e notice that the maximum critical tempe rature s are appro-
ximately equal and if we express the variation of the critical tempe-
rature as a function of the N/Nb ratio in the carbonitride, we obtain
a'curve superimposable on that obtained from the Nb-N system. On
the contrary the current density of the carbonilride is distinctly
greater than that of the niobium nitride and varies strongly with the
carbon concentration in the material. From these statements, one
can make the hypothesis that the sputtered materials are composed
of carbon micro-precipitates in a niobium nitride or carbonitride,
of low carbon content, matrix. However we were unable to detect
either by microscopy or electronic diffraction these micro precipi-
tates, which are thought to constitute pinning centres for the flux
lines giving thus an explanation to the high current density values.

CONCLUSION

All the results obtained during our study show that it is of inte-
rest to carry on with a characterisation, as complete as possible, of the
NbN and Nb NC prepared thin films. The aim of our study was to de-
termine the physica] properties, especially the critical temperature
as a function of the composition and the structure and not as a func-
tion of the operating conditions used in their preparation. From the
density measurements, we have made the deduction that the 6 Nb-N
structure has nitrogen vacancies when N/Nb < 1 and niobium vacancies
when N/Nb>l . We have also shown how the stoichiometric diffe-
rence influences the critical temperature. Finally in the light of the
present results, we have made the hypothesis that reactive sputte--
ring using either a Nb target in a N2 + CH^. atmosphere or a Nb + C
target in a N£ atmosphere does not lead to carbonitrides but to nio-
bium nitride-carbon mixtures.
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Figure 1: Schematic representation of the sputtering
apparatus.
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Figure 3: Variation of the niobium nitride
density as a function of the N/Nb
ratio.
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Figure 2: Composition as a function of the
nitrogen, partial pressure.
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Figure 5 : Composition of the niobium carbo-
nitride as a function of the nitrogen
partial pressure.

Figure 4: Variation of the resistivity and the cri.
tical temperature as a function of the
N/Nb ratio.



Critical temperature
(K)

- - - X - p + fi-X- o - -

Figure 6: Variation of the critical temperature as a function
of the C+N/Nb ratio.
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Figure 7: Critical temperature and composition of the
niobium carbonitride as a function of the sub
strate temperature.
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Figure 8: Condensation rate as a function of nitrogen and
methane partial pressures.
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Figure 9: Composition of the niobium carbonitride as a funcr-
tion of nitrogen and methane partial pressures.
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Figure 10: Critical temperature and
current density as a function
of the carbon concentration
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