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Table 1.  Growth parameters of TiN films.
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Fig. 1. (a) X-ray diffraction patterns of TiN films grown under different N, flow rates; (b) the X-ray reflection curve of TiN sample

with Ny flow rate of 1.3 sccm. The orange curve shows the fitting results; (c)—(e) AFM images of TiN thin films deposited at Ny

flow rates of 1.2, 1.5, and 1.6 sccm, respectively.
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Fig. 2. (a) Normalized resistivity of the samples grown under different N, flow rates under zero magnetic field varies with temperat-

ure; (b) an enlarged view of the normalized resistivity in the low-temperature region; (c) the SC critical temperature 7, (left) and

the residual resistivity ratio RRR (right) are functions of N, flow rate; (d) normal-state resistivity at 5 K (p,) as a function of N,

flow rate, inset shows the enlarged view of the data in the range 1.2-1.8 sccm.
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Fig. 3. Temperature dependence of normalized resistivity of
the samples grown with the N, flow rates of 1.1 sccm un-
der different background vacuum levels. The inset shows an

enlarged view of the data in the low-temperature region.
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Fig. 4. (a)-(d) Temperature dependence of resistivity of four samples under out-of-film field; (e)—(h) temperature dependence of res-
istivity of the same samples under in-film field; (i)—(1) the upper critical field B., in two directions of the four samples varies with

temperature.
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Fig. 5. (a) , (b) Temperature dependence of the out-of-film and in-film upper critical field (

B
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2,1 and By, /) of the films with differ-

ent N, flow rates; (c) anisotropic parameter I" as a function of the reduced temperature 7/T,; (d) values of ' at the temperature
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T = 0.8T,, (e) slope of By | near

(e) shows an enlarged view of the data.
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Fig. 6. (a) Normalized B, /, as a function of the reduced temp-

erature T/ T,; (b) the fitting parameter n from the data based
on three different criterion as a functions of Ny flow rate.
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Table 2. Comparison of physical parameters of

TiN films grown on different substrates.
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Influences of N, flow rate on the superconducting properties
and dimensionality of epitaxial TiN thin films”
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Abstract
TiN thin films have received great attention in the 3.0
! . . 5.0 =
field of superconducting quantum computing due to /= / L
their low loss characteristics derived from stable 457 -«
. . X . ~
chemical and thermal properties, as well as good o 40r e 120
S [
electrical conductivity. In this study, TiN thin films 351 5
B o i
with a thickness of 35 nm were epitaxially grown on . ./ .
3.0 __— ]
MgO substrates using dc reactive magnetron sputtering t s s s s M R
) . 08 10 1.2 14 16 18
technology. The crystal structure, film thickness, and N flow rate/sccm
surface morphology of the thin films were characterized 0.60
using X-ray diffraction, X-ray reflection, and atomic +18?pn
—0— 50%py
force microscopy. The films exhibit a very flat surface - 90‘7:p,.
with a root mean square roughness of only a few tenths 0.55 1
of a nanometer. The influences of nitrogen (N,) flow &
rate on the surface morphology, superconducting 050 — S DA— L~ — — — — — — -
transition temperature (7), residual resistivity ratio
(RRR), normal-state resistivity (p,), upper critical 0.45 L ) ) ) ) )

1.1 1.2 1.3 1.4 1.5 1.6 1.7

field, and superconducting dimensionality were
N, flow rate/sccm

investigated systematically. The experimental results

show that TiN films deposited with a N, flow rate of 1.5 sccm exhibit optimal performance, including the
highest T, (4.93 K), the largest RRR, the lowest p,, and the lowest slope of the out-of-film upper critical field
near T, Moreover, the experiment shows that the background vacuum inside the growth chamber has a
significant impact on the superconducting properties of TiN films, and its decrease can lead to the decrease of
T.. The upper critical field reveals a significant anisotropic feature. Importantly, the in-film upper critical field

data demonstrates that the optimization of sample quality leads to deviation from 2D superconducting
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behavior, which provides a new perspective on the influencing factors of superconducting dimensionality beyond
the thickness of films. The present results provide useful references for a comprehensive understanding of the

relationship between growth parameters and the superconducting properties of thin films.
Keywords: TiN film, superconductivity, upper critical field, dimensionality
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