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Abstract

We have investigated the electrical transport properties of polycrystalline tantalum nitride (TaNy) films. Various compositions
of tantalum (nitride) thin films have been deposited on SiO2 substrates by reactive DC magnetron sputtering while changing the
ratio of nitrogen partial pressure. The substrate temperature was maintained at 283 K during deposition. X-ray diffraction analyses
indicated the presence of a-Ta and B-Ta phases in the Ta film deposited in pure argon atmosphere, while fcc-TaNx phases appeared
in the sputtering gas mixture of argon and nitrogen. The N/Ta atomic ratio in the film increased ranging from 0.36 to 1.07 for
nitrogen partial pressure from 7 to 20.7%. The superconducting transition temperatures of the TaNx thin films were measured to be
greater than 3.86 K with a maximum of 5.34 K. The electrical resistivity of TaNx thin film was in the range of 177-577 xQcm and
increased with an increase in nitrogen content. The upper critical filed at zero temperature for a TaNo.s7 thin film was estimated to
exceed 11.3 T, while it showed the lowest Tc = 3.86 K among the measured superconducting TaNx thin films. We try to explain the
behavior of the increase of the residual resistivity and the upper critical field for TaNxthin films with the nitrogen content by using
the combined role of the intergrain Coulomb effect and disorder effect by grain boundaries.

Keywords: TaN, superconductivity, upper critical filed, intergrain Coulomb effect, disorder

1. INTRODUCTION
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[5, 6].
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2. EXPERIMENTAL DETAILS
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3. RESULTS AND DISCUSSION

PN 522 0 oA 20.7%7A WstdA A2E TaNg
btuto A EDS & 7 © x #4420, 0.36, 0.61, 0.64, 0.72,
0.78, 0.82, 0.85, 0.87 &1L 1.07 9] Z7]& B}
%9 1 2 PN ¥3}o] wbE 4= Ta v 23} TaNx2F2H2] XRD
574 Ayola, #=% 9rete] XRD A& 1| A BE
7y 7y A E T 9 Ta 22 a-Ta 9k p-Ta A<l XRD

o |

W37 239 43S 2Y9u. o-Ta AL 38.4° ¢
69.5° 91 294 (11003} (211) 9 AZS B3, B-Ta

h (110) e-TaN —

h (211) e-TaN

o

=3

©

N—’

=)

[%2]

c

3

= h (101) y-TaN TaNg g4
fcc (311) TaN TaN0.36

NM“"‘“"N'v[iji(goj)J\J\.q—Ta (110), B_/{a (6221Ta (211) Ta

10 20 30 40 50 60 70 80
2 theta (0)
Fig. 1. X-ray diffraction patterns of TaNy films deposited
at 283 K on SiO; substrates at the different N/Ta ratio x.
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Fig. 2 (a) Resistivity versus temperature for a series of
TaNy films. The T of a series of the TaNy is defined as the
half of the resistance of the normal state resistance at 10 K
and listed in the figure. (b) The resistivity as a function of
the N/Ta ratio x measured at 10 K and 280 K, respectively.
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