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APPLICATION OF A dc GLOW DISCHARGE
FOR NbBN FILMS CREATIONY)

J. KODYMOVA?), V. KREICH), L. LASKA?Y), J. VOTRUBA?), Praguc

Niobium nitride film creation by means of a dc discharge technique has been
investigated. Scanning electron micrographs of ‘the modified substrate surfaces are
presented.

APUMEHEHHE THEIOMETO PA3PHIIA OT NMOCTOAHHOI'O TOKA
[JIA OBPA3ZOBAHMUA IUIEHOK NbN

B —UMQO.—,O NPUBCACHDLI! PESYALTATHI NCCAEROBAHUS O@UN&OWNZS& fIICHOK HUTpHUna
HHOOUS NpHU NTOMOLUH TREWETO pPa3psaga OT NOCTOAHHOTO TOKA. :UODnZOIO.ﬂuSUGWNIV~
TAKXKE w,:mx..:ﬁOIIOZSKUChXOZSlOORS@ CHUMKHK ZCB:GSFS—XVW&IIEX NOBEPXHOCTEN.

_ L. INTRODUCTION

W Plasma treatment of metals resulting in the nitride film creation on their surfaces
 has been recently much investigated. Such a surface modification is very useful for
many technological applications because of advantageous physical and chemical
properties of nitrides. Transition-metal nitrides, such as NbN, are characterized by
i their superconducting properties, namely by the critical current density
(J. ~10° A/em? at 100 kOe), the upper critical magnetic field (H.~200 kOe) and
lextremely high transition temperatures (T.~16 K) e.g. [1—5). The process of
niobium nitridation resulting in the production of the requested superconducting
films is complicated by the fact that the Nb-N phase diagram is very complex and
NbN, exists over a wide range of compositions {3, 4. It is evident from Tab. 1 that
the superconducting phase of interest in the Nb-N system is the face centred cubic
(fce) or 5-phase and that the superconducting properties are considerably affected
sven by slight variations in the composition and hence by little changes of
xperimental conditions during its preparation. Especially the optimum partial
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pressure, substrate temperature and discharge current must be cxvml:&:&:v\
determined for obtaining the maximum I [6]. To prepare these films the rf or ac
sputiering methods have been most frequentiy used €.& [1—6]. Such thin films are
usually depasited on glass substrates

A further possibility of the low temperature process (up 10 600 °C) for NbN filmg
creation could be direct nitridation of Nb samples which serve simultaneously as
the active electrodes of a discharpe in nitrogen. This technique. which hys not yet
been used for NbN preparation, has some advantages. It cnables 1o obtain in one
experiment films created ay considerably different substrate temperatures (on the
cathode and the anode); moreover, specific discharge particles are involved in the
arowth mechanism [7] 1t can he cxpected that the films wil] exhibit betger
mechanical properties, especially adhesion, hecause they grow directly from the Np
substrate. The aim of QUT experiments was (o explore these possibilities and

qualitatively compare the films formed on the anode and cathode of a dc glow
discharge with those sputtered from 1}

w cathode 4 neutrdl elecrrode.

I EXPFRIMENT

‘The experimental work was performed on a similar apparatus as that used for the
study of magnesium nitriding, eg [®] Samples of polverysialiine Nb cut from Nb
shicetwere inthe form of SHUAre specimens 5 x S mm. The sample holders made of

moiybdenum shiclded with glass were used also fog the power supply. The distance
between the anode and cathode was 15 cm. the sample which served as a substrate
for sputtered nitride was located 6 mm behind the cathode. The diameter of the
discharge tube was 6em. The surface of specimen was chemically cleaned in
a miture of H.PO, (65 %)+ HY (48 %) + HNG, (659 (U120 for about

7 /

S minutes and then ripsed in methannd [9]. Prior ta plasma nitridation the samples
were subjected to the arenn discharge for about 10 minutes. The measurements of
the nitridation were performed in a sealed systermn at the pressure of Spectroscopi-
cally pure nitrogen of 65¢) pascals and the discharge current of 15 ma maintained
clectroneally at a constant vahge

the experimental time of 24 hours.

HI. RESULTS

We used scanning electron MICToscopy as the diagnostic method. It enables us to
indicate the surface changes of Nb owing to plasma treatment and to compare the
surface modifications of the particular samples. However, it does not make possible
to determine the value of x in the NbN,, that means, to decide if the obtained
nitride was the required superconducting 8-NbN phase or not. Measurements of

magnetization curves which should give us this information are in course.
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[RERTOIY]

In Fig. ia there is the scanning electron micrograph showing the surface
morphology of the pure Nb sample before nitridation. The structure ow m:‘ZUZ»
film produced by sputtering from the cathode on Nb substrate is shown in Fig. 1b.
It can be seen that NbN, consists of spherical balls each composed of much smaller
microcrystallites. This crystallic structure is very similar to that presented in [10] for
compact NbN produced by spray-dried-power and £.2m1:.m Ewr:ﬁcmm, The
superconducting properties of such NhN correspond 1o ,.:#, 0-NbN phase.
A somewhat different surface morphology have the NbN, films created on the
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some technical applications.
The authors are grateful to Dr. J. Vanék and O.Stejskal from VUM Zbraslay
for their help with the scanning microscope diagnostics.

Stoichiometry, structure and Superconducting transition temperature of the stable Nby

Phase B-Nb.N y-Nb,N, S-NbN £-NbN
Composition <0.4 0.40—0.52 0.75—0.80 0.88—0.91 0.92—1.00
ratio of . C.c_ml:vmwv«
N/Nb
Structure interstitial hexagonal tetragonal cubic hexagonal
nttrogen
in Nb lattice
T(K) strong ) 1.94 7.2 16.1 1.94
function
of x
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