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Kinetic Inductance in Superconducting Microstructures
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Abstract
Simple measuring setup was used to measure high-frequency impedance of superconducting Ti and NbN microstructures at low
temperatures. The shift of resonance frequency below the temperature of superconducting transition compared with the normal
state clearly indicates the increase of inductance of the system. The effect is interpreted as the impact of kinetic inductance
originating from “inertial” properties of Cooper pairs. Kinetic inductance of superconducting micro and nanostructures should be
taken into consideration for various cryoelectronic applications.
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1 Introduction

Development of modern electronics permanently requires
further miniaturization and increase of operational fre-
quency. The first trend leads to severe heat dissipation
per unit surface (volume) in conventional CMOS-
fabricated micro and nanoscale devices, while the second
one claims for mandatory consideration of the frequency-
dependent impedance of corresponding elements [1, 2].
To some extent, superconducting electronics [3, 4] can
solve the problem of heat dissipation and enables opera-
tion of the new generation of nanoelectronic devices such
as photon detectors [5] and bolometers [6] taking advan-
tage of rich physics in low-dimensional superconducting
systems [7].

Here , we presen t the exper imenta l s tudy of
superconducting NbN and Ti microstructures at low tem-
peratures. Simple measuring setup was used to measure
high-frequency impedance up to 400 MHz enabling de-
termination of the corresponding kinetic inductance.

2 Results and Discussion

Following various sources (for an extensive discussion see,
e.g., [8]), one can show that the temperature-dependent kinetic
inductance Lk of a superconducting thin film strip with thick-
ness d, length l, and width w (d < < l, d) can be expressed as:

Lk Tð Þ ¼ l
w

� �
Rsq

2πΔ Tð Þtanh
Δ Tð Þ
2kBT

� �
ð1Þ

where Rsq is the normal state resistance of the film per square
area, andΔ(T) is the temperature-dependent superconducting
energy gap. Following Eq. (1), it is easy to conclude that at
temperatures well below the critical one T << Tc to obtain the
high value of kinetic inductance, one should look either for
low-Tc superconductors or for strongly disordered materials
with a high value of normal state resistivity. Note that high
resistivity in normal state originating from granular structure
is a common feature of a vast class of superconductors includ-
ing high Tcs such as iron-dopedmaterials [9, 10], cuprates [11,
12], and diborides [13]. To study the both limits of low Tc and
of highly disordered superconductivity, we have fabricated
thin film microstructures of Ti and NbN (Fig. 1). Critical tem-
perature of superconducting transition of Ti films is about
Tc(Ti) = 450 mK, while for the studied d = 5 nm thick NbN
films, it is about Tc(NbN) = 6.5 K (Fig. 2). The normal state
resistance per square area for 30-nm thick titanium film can
reach Rsq(Ti)~200 Ω [14, 15] and for 5 nm, NbN
Rsq(NbN)~1 KΩ [1, 5, 16]. Note that in all studied structures,
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the cross section of lines was well above the scales, where at
sufficiently low temperatures T < < Tc, the impact of thermal
[7, 17] or quantum phase slip effect is noticeable: both for Ti
[18, 19] and for NbN [16].

Conveniently, one can use network analyzer to determine
high-frequency impedance of a circuit. However, in addition
to be rather expensive, such commercial devices are not suit-
able for the measurements of microscopic samples at low tem-
peratures without proper attenuation of the probing signal.
Here, we have used simple and cheap setup similar to the
one used for measuring amplitude-frequency characteristics
of various RF filters [20]. Both the current in the circuit and
the voltage across the inductor could be registered simulta-
neously (Fig. 1). The output of RF generator was loaded
through 50 Ω cryogenic-graded coaxial cable by the LC cir-
cuit, where L is the unknown inductance of the microstructure
and C = 50 pF is the known value of parallel connected “bal-
last” capacitor (Fig. 3, inset). The separate measurements of
the capacitor proved that its capacitance does not change

much from room temperature down to 2 K at frequencies up
to 400 MHz.

In our experiments, we measured the return loss Rl as the
function of the probing signal frequency. It can be evaluated as

Rl dB½ � ¼ −20log10 j
Z load−Zsource

Z load þ Zsource
j ð2Þ

where Zload and Zsource are the impedances of the load and
source, correspondingly. The dependenciesRl( f ) clearly dem-
onstrate minimum, corresponding to the resonant frequency
frez of the system (Fig. 3). The shift of frez to lower values with
cooling the system to superconducting state indicates the in-
crease of the impedance of the system. Given that the ballast
capacitance is constant C = 50 pF, the value of the total induc-
tance can be trivially deduced: L = Lk + Lm = (1/4π2C)(1/frez)

2.
Lm is the magnetic inductance which is determined solely by
the geometry of the system and, hence, is identical in normal
and superconducting states.

For thin film NbN meander with length l = 500 μm, thick-
ness d = 5 nm, and line width w = 100 nm “packed” into
10 um (micrometer) by 10 um (micrometer). area from Rl( f )
dependency (Fig. 3), one can evaluate the total inductance at
T = 4.2 K as L = Lk + Lm ≈ 5.07μH. The corresponding kinetic
inductance per unit area in superconducting state is Lk ≈ 0.76
nH/□. Our results on NbN structures are in reasonable quanti-
tative agreement with the earlier results [1, 2, 8, 21]. Slightly
higher values of specific kinetic inductance compared with [8,
21] can be accounted to further increased disorder in our NbN
films resulting in higher resistivity (Rsq ≈ 1 kΩ against 875 Ω)
and lower critical temperature (Tc = 6.5 K against 10 K).

Qualitatively similar results were obtained on the Ti sam-
ples. However, complicity with measurements at ultra-low
temperatures in 3He4He dilution refrigerator resulted in rather
messy amplitude-frequency dependencies. The exact origin of
this parasitic effect is not yet clear. For example, it might be
related to frequency-dependent overheating of titanium

Fig. 1 High-resolution optic microscope image of a typical
microstructure: superconducting thin film Ti meanders of the same
length and thickness, but various line widths. Electron transport
properties of each sample can be measured in four-probe configuration

Fig. 2 Typical resistance normalized by normal state value R/Rn vs.
temperature T dependencies for Ti (○) and NbN (□) microstructures

Fig. 3 Return loss Rl vs. frequency f for the same NbN structure as in Fig.
2 above and below the critical temperature of superconducting transition
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microstructures at ultra-low temperatures. Further experimen-
tal activity is required for unambiguous interpretation of the Ti
data.

3 Conclusions

Simple measuring setup was used to measure high-frequency
return losses of NbN and Ti microstructures at cryogenic tem-
peratures. The clearly observed shift of the resonance to lower
frequencies below the critical temperature of superconducting
transition is interpreted as the impact of kinetic inductance
providing the noticeable impact only in superconducting state.
The value of kinetic inductance per unit area for the NbN
samples is in a reasonable agreement with the literature data.
Unambiguous interpretation of Ti data needs further experi-
mental activity.
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