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Abstract. This paper focuses on the study of reactive magnetron sputtering thin NbN films
for sensitization of hot electron bolometers. HEB will be utilized in the Millimetron space
observatory. The main principle of operation is a superconductivity that is experimentally observed
when NDbN film is cooled to the temperature of a liquid helium. At a critical temperature of
superconductive transition a resistance of the film falls to zero and film becomes sensitive to light
radiation of infrared and millimeter wavelength range. It is important to note that a thickness
of film greatly affects on the sensitivity of film. When the thickness of film is decreased, the heat
capacity decreases and with it the sensitivity of detectors based on superconductive film increases.
In this research dependencies of the critical temperature from various parameters of fabrication
technology were identified. Subsequently, parameters of reactive magnetron sputtering with the
highest critical temperature at the lowest thickness of film were discovered.
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Annoramusga. CaepxmpoBonsgiuve T1ieHKH NDN, H3roToBJAeHHbIE METOJOM PEaKTUBHOIO
MarHeTPOHHOTI'O PACIbUICHUSI, SIBJISTIOTCSI YyBCTBUTEILHBIM 3JIEMEHTOM 00JIOMETPOB Ha 3 deKTe
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anekTpoHHOro pazorpeBa HEB. OcHoBnoii nmpuniun HEB ycTpoiicTB ocHOBaH Ha CBOMCTBE
CBEpXIIPOBOAMMOCTH, KOTOPOE IMIPOSIBISICTCS IIPM IOHMXXKEHUM TEMIIepaTyphl JIeTeKTopa
0 TeMIlepaTypbl >KMAKOIrO Trejvs. B TakoM COCTOSIHUM HETEKTOp OYeHb YYBCTBUTEICH K
nHppPaKpacHOMY ¥ MWUIMMETPOBOMY IMANa30HY BOJH, XapaKTePHOMY UIST M3TYYSHUST MHOTHX
3JIECMEHTOB B Halllell BceJieHHOU. JlaHHasT padoTa MOCBSIIeHA TTOBBIIICHUIO YYBCTBUTEIBEHOCTH
06010MeTPOB Ha 3(eKTe MEKTPOHHOTO pa3orpesa Ojarogapst yMEHbBIICHUIO TOMIIWHBI TICHKU
NbN 1py coxpaHeHUM MaKCHMMAaJIbHO BO3MOKHOU TeMITepaTyphbl CBEPXIIPOBOISIIECTO TIepexoaa.

KiioueBbie ¢j10Ba: IIJIEHKW HUTPUAA HUOOMSI, KpUTHUYECKAasl TEMIIEpaTypa, CBEPXITPOBOASILIMIA
nmepexon, GosioMeTp Ha 3Gh@eKTe 3JIeKTPOHHOIO pa3orpeBa, PEaKTUBHOE MarHETPOHHOE
pacIibUIEHME, TOHKHUE TUIEHKH, CBEPXIIPOBOANMOCTD, aTOMHO-CHUIOBOI MUKPOCKOIT
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Introduction

Astro Space Center of P.N. Lebedev Physics Institute is working on the scientific program
of the Millimetron space observatory [1]. The main goal of this program is observation of H,O
molecules for studying the evolution of life in the Universe. The equipment of space observa-
tories with broadband and sensitive receivers makes it possible to study many water emission
lines. Therefore, such space observatories, including Millimetron, make it possible to study water
abundances and the entire chain of water transformations in the interstellar medium. The High
Resolution Spectrometer incorporates heterodyne array receivers, one of which will be based on
niobium nitride hot electron bolometers (NbN HEB) [2]. The sensitive element of NbN HEB is
a superconductive niobium nitride film (NbN films on Si) produced by using the reactive mag-
netron sputtering [3].

NbLN is a well-known material with comparatively high critical temperature from 14 to 16 K
in bulk material [4]. The critical temperature depends on the proportion of niobium Nb to
nitrogen N, [5—7]. NbN films on Si are fabricated with different sputtering technologies such as
reactive magnetron sputtering [8], pulsed laser deposition [9], high-temperature chemical vapor
deposition [10] and etc. Due to the existing technology and the high potential of reactive mag-
netron sputtering, this method of deposition of NbN films was chosen. The key parameters for
evaluating film quality is critical temperature 7, thickness. 7 is temperature at which a resistance
of the film drops to zero.

The technology of superconducting NbN film deposition remains relevant, with numerous
research groups regularly publish new research findings, for example, 7' is 9.6 K for 50 nm film [8]
and T is 13 K for 100 nm [11]. The thicknesses of these films are very hlgh and sensitivity is very
low. Increasmg the sensitivity of film is possible via reduction of film thickness, for instance, for
5.5 nm NbN on Si 7, is 7.8 K [12]. This work is devoted to optimisation of reactive magnetron
sputtering process to achieve the most thin film with the highest possible critical temperature 7.

Materials and Methods

The magnetron sputtering system Leybold Z400 was implemented for deposition of supercon-
ductive NbN films, the scheme of set up is depicted in Fig. 1. The vacuum chamber was pumped
out to 2-107° mbar using a two-stage pumping system. The inert gas Ar intrudes in the vacuum
chamber. Then the voltage is applied to the magnetron with the Nb target in constant current
mode, and N, is intruded. N, gas reacts with the Nb target, and NbN film deposition occurs [13].
In this work several parameters of the reactive magnetron sputtering are changed, such as current
on glow discharge /, nitrogen gas pressure PN2’ sputtering time t.
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Fig. 1. Scheme of the magnetron sputtering system: vacuum chamber (1); heat jacket (2);

cooling water (3); high vacuum valve (4); two-stage pumping system (5); nitrogen trap (6);

heater of substrate holder (7); Ar gas intruder (8); sputtering power supply (9); magnetron (10);
substrate holder (11); Nb target (12); N, gas intruder (13)

Several parameters of the fabricated film were investigated including critical temperature 7,
surface resistance R and the thickness film 4. NbN film is cooled in Dewar with liquid helium
and at 7, [14]. R and d are measured with Four-point method and atomic force microscope in

half-contact regime, respectively.
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Fig. 2. Main dependences of the reactive magnetron sputtering technology:
T’ on nitrogen pressure (a); T, (b) and film thickness on sputtering time, respectively (c);
surface resistance on film thickness (d)
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Results and discussion

During this work, several dependencies were revealed (Fig. 2). The key parameter in this
work is the nitrogen pressure. The final critical temperature depends on the ratio of nitrogen to
niobium in the film. The highest superconducting transition temperature, 7/, was achieved at
PN2=2.5~10*4 mbar (Fig. 2, a).

After raising the critical temperature, it was necessary to reduce the film thickness to increase
sensitivity. From Fig. 2, b, the minimum sputtering time is Tt = 7 s. At lower values of 1, the
surface resistance R > sharply increases, which leads to increased film islanding and drastically
reduces 7.

Therefore, it was important to understand the dependence of the film thickness on the specific
sputtering time, as demonstrated in Fig. 2, ¢. A sputtering time of 7 s corresponds to a 7 nm film.
The final parameter is the surface resistance of the film, which determines the final geometry of
NbN-based devices. The dependence of R_on thickness was determined (Fig. 2, d).

All the final properties of the superconducting film were obtained to characterize the specific
magnetron sputtering system that will be used for future work.

Conclusion

In this work the reactive magnetron sputtering technology was optimized for super-
conductive 7 nm NbN film with 7 = 7—-8 K.
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