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12.1
12.1.1

Superconducting nanowire single photon
detectors (SNSPDs)
Criteria for choosing materials for SNSPDs

For superconducting photon detectors, the amount of
photon energy consumed in breaking Cooper pairs is
one of the most essential factors determining their detection efficiency. The energy of the incident photon is
dissipated mainly through electron electron and electronphonon interactions. The more energy is transferred into
the electron subsystem, the higher the detection efficiency
that can be expected. The likelihood for energy absorption through electron-electron interaction is pe−e ∝ 1/
τe−e with the electron-electron interaction time τe−e , while
pe− ph ∝ 1/τe− ph describes the corresponding contributions due to the interaction with the phonon subsystem.
We have proposed a detailed model, concluding that materials with a large τe− ph /τe−e ratio (i.e., pe−e >> pe− ph )
ensure that the photon energy can be effectively transferred to the material, and a more effective detector can
be fabricated [1].
In a real material, the temperature dependences of
τe− ph and τe−e near the critical temperature Tc can
be determined by the magneto-transport measurements. From the excess magneto-conductance, the inelastic scattering time τi , containing a combination
of τe− ph and τe−e , can be obtained at different temperatures and fitted with contributions of a weak
localization effect, the Aslamazov-Larkin and MakiThompson fluctuation mechanisms, and the contribution from the suppression of the electronic density of
states due to the formation of short lifetime Cooper
pairs, respectively. In Fig. 12.1 we show the result of
such fits to the excess magneto-conductance measured
on a 4 nm-thick WSi film at different temperatures.
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Fig. 12.1 – Best fits to the excess magneto-conductance of
a 4 nm-thick WSi film at different temperatures.
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The resulting temperature dependence of τi is shown
in Fig. 12.2. From these data, we were able to extract
the magnitudes and temperature dependences of τe−e ,
τe− ph , and a characteristic electron-fluctuation time τe− f l
[1]. The temperature dependence of τe− ph follows αT −3
with α = 4.8×103 psK3 , which corresponds to τe− ph =
122 ps at the critical temperature (3.44 K) and 75 ps at
4 K. Sidorova et al. recently also studied the electronphonon relaxation time in a 3.4 nm thick WSi film using an amplitude-modulated absorption of sub-THz radiation (AMAR) method, and τe− ph was estimated to be
in the range of 100-200 ps at 3.4 K [2], which coincides
well with our result from the magneto-resistance method.
With respect to the contribution from the electron electron
interaction, we obtain a temperature dependence τe−e =
βT −1 with β = 60 psK, with τe−e = 17.4 ps at Tc . Generally
speaking, materials with a large τe− ph /τe−e ratio, such as
WSi (τe− ph /τe−e ≈ 6.9 for a 4 nm film at Tc ) [1] or MoN
(τe− ph /τe−e ≈ 11 [3]), are more suitable for SNSPD applications as compared to conventional superconducting
materials, such as NbN (τe− ph /τe−e ≈ 1) [3].
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Fig. 12.2 – Measured inelastic scattering rate for a 4-nm
thick WSi film.
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12.1.2

X-ray single-photon detectors (X-SNSPDs)

Based on our previous experience with optical superconducting nanowire single-photon detectors (SNSPDs), we
had extended their application range to the X-ray regime
(see last annual reports and Refs. [4, 5]). These detectors
had been structured from Nb, TaN and WSi superconducting films, and were successfully operating around
liquid helium temperatures (T ≈ 4 K).
In order to achieve a wider range of applicability, we
are now attempting to adapt the same detection scheme
to high-temperature superconductor films, with the potential to fabricate a detector operating at liquid nitrogen
temperature (77 K). Although there are no reports on
the successful implementation and operation of optical
SNSPDs based on these materials in the literature, the
preconditions for fabricating corresponding X-SNSPDs
are more favorable. The reason is that SNSPDs for optical
wavelengths require small dimensions of the superconducting wires, of the order of nanometers in width and
thickness, which are difficult to produce and handle with
ceramic high-temperature superconductors without significant degradation of their superconducting properties.
By contrast, X-SNSPDs can (and should) be made from
thick films to increase the absorption probability of X-ray
photons, and the use of wide wires may also be feasible.
We started with a simple bridge made of a commercial
150 nm thick YBa2 Cu3 O7 film via electron beam lithography. Fig. 12.3 shows the SEM image of the 2.5 µm wide
bridge with a critical temperature Tc = 84 K. Corresponding current-voltage I-V curves at T = 72 K and 76 K are
shown in Fig. 12.4. The expected hysteretic behavior and
the characteristic transition to the normal state at a well-

Fig. 12.3 – SEM image of the 2.5 µm wide YBa2 Cu3 O7 bridge. The gold contacts for four-point measurements are
indicated as (V+; V-; I+; I-).

defined critical current Ic are visible only at 72 K. The finite slope at small voltages is due to the circuit resistance.
A well-defined Ic is crucial for the operation of the detector, because sharp detectable voltage pulses upon photon
absorption are generated only if part of the current-biased
superconductor becomes suddenly temporarily normal
conducting.
For an X-ray detection measurement, we operated the
YBa2 Cu3 O7 -bridge with 99 % of Ic at T = 72 K and irradiated it using an X-ray source with a W-target operating at 30 keV and 1.5 mA. After 20 min integration
time, only 2 detection events were recorded. A detailed
analysis showed that these detection events were most
probably caused by thermal fluctuations in the bridge. As
the YBa2 Cu3 O7 film showed signs of degradation upon
nano-fabrication, we are now working with 300 nm thick
(Bi, Pb)2 Sr2 Ca2 Cu3 O10 films with Tc = 108 K which are
much more robust against oxygen loss as compared to
YBa2 Cu3 O7 films [6, 7] (in collaboration with A. Matsumoto, NIMS, Tsukuba, Japan).
[4] Inderbitzin K., Engel A., and Schilling A.,
Soft x-ray single-photon detection with superconducting
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12.2

New results on the system Ba3−x Srx Cr2 O8

The solid-solution B3−x Srx Cr2 O8 was described in detail
in the annual reports from previous years. To be short,
these compounds are dimerized spin 21 systems with a
strong antiferromagnetic interaction that leads to a singlet
ground state and energetically separated triplet states.
This separation can be closed by a magnetic field (at a critical field Hc1 ) due to the Zeeman effect, thereby introducing antiferromagnetic order. This state resembles a BoseEinstein condensate of magnetic quasiparticles, so called
‘triplons’. In the past years we had studied the dependence of the magnetic interactions and the critical fields
as functions of x by various techniques, and we showed
that these quantities can be tuned between the extremal
values in Sr3 Cr2 O8 and Ba3 Cr2 O8 [8, 9].
Last year we have continued this line of research, e.g.,
by Raman spectroscopy measurements (in collaboration
with Univ. of Geneva, Dr. J. Teyssier) on single crystals
of Ba0.2 Sr2.8 Cr2 O8 and Ba0.1 Sr2.9 Cr2 O8 , to study a hightemperature structural phase transition from hexagonal
to monoclinic upon lowering the temperature.
To complete the magnetic phase diagram of
Ba0.1 Sr2.9 Cr2 O8 presented in Ref. [9], we have performed
a series of ultrasound velocity measurements on single
crystals of Ba0.1 Sr2.9 Cr2 O8 at the Dresden High Magnetic
Field Laboratory (in collaboration with Dr. S. Zherlitsyn) using a pulse-echo method with a phase-sensitive
detection technique. The ultrasound frequencies ranged
between 5 and 500 MHz, with magnetic field pulses up to
almost 60 T during 120 ms. In Fig. 12.5(left) we show
the relative changes of the sound velocity, exhibiting
two distinct features around 30 T and 50 T, respectively.
The corresponding magnetic phase diagram is shown in
Fig. 12.5(right), together with respective data taken from
the literature for Sr3 Cr2 O8 (x = 3) [10].The nature of the
phase labeled as ‘magnonic liquid’ in Fig. 12.5(right) and
in Ref. [10] is still a matter of debate. While it is clear
that it represents a state outside the antiferromagnetic
‘dome’ (here labeled as ‘magnonic superfluid’ [10]), little
is known about its microscopic origin.
[8] Gazizulina A., Quintero-Castro D., and Schilling A.,
Single-crystal growth and study of the mixed spin-dimer
system Ba3− x Srx Cr2 O8 , Physical Review B, 96:184201,
2017.
[9] Grundmann H., Gazizulina A., Schilling A., von
Rohr F., Forster T., and Peters L.,
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New J. Phys., 18:033001, 2016.

Fig. 12.4 – I-V curves of the YBa2 Cu3 O7 -bridge.

[10] Wang Z., Quintero-Castro D., Zherlitsyn S., Yasin S.,
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Fig. 12.5 –
Left:
changes
in
the
sound
velocity
of
a
Ba0.1 Sr2.9 Cr2 O8
single crystal in pulsed
magnetic fields. Right:
extracted
magnetic
phase diagram, together
with
data
from our Ref. [9] and
Ref. [10].
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12.3

Investigations on Pr4 Ni3 O8 , a trilayer nickelate

The trilayer nickelates La4 Ni3 O8 and Pr4 Ni3 O8 (Fig. 12.6)
show a large orbital polarization with unoccupied Ni 3d
states that are predominately d( x2 −y2 ) in character, with
a low spin configuration for dopants (Ni2+ holes), and
a high degree of hybridization between Ni 3d and O 2p
states [11]. This is very reminiscent of the situation met in
the well-known superconducting copper oxides.
In their stoichiometric composition, the filling of the
3d states corresponds, in the language of the cuprates,
to a state which is highly overdoped with holes. Most
interestingly, Pr4 Ni3 O8 has indeed been reported to be
metallic [11], while La4 Ni3 O8 is not. It is therefore natural to attempt to change the number of charge carriers
in these compounds by doping, possibly up to the level
of reaching an antiferromagnetic insulating phase, which
would then be an analogue to the ‘parent structure’ of the
cuprates [12], and to examine their physical properties.
In Fig. 12.7 we show a series of magnetic hysteresis
loops of Pr4 Ni3 O8 , suggesting that the compound is, in
fact, ferro- or ferrimagnetic. We have also studied the
preparation conditions and possibilities to change the
cation and anion stoichiometry of Pr4 Ni3 O8 . While cation
substitution by atoms of different valency (e.g., by partially replacing Pr3+ with Ce4+ ) was not successful, we
succeeded in varying the oxygen content to a large extent
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Fig. 12.6 – Crystal structure of the trilayer nickelates
La4 Ni3 O8 and Pr4 Ni3 O8 (taken from Ref. [11]).

Fig. 12.7 – Magnetic hysteresis loops of Pr4 Ni3 O8 measured at 2K, 100K, 150K and 250K.

Fig. 12.8 – : Oxygen content of Pr4 Ni3 O8 as a function of
synthesizing temperature.

by adjusting the synthesizing temperature of Pr4 Ni3 O8 in
a mixture of N2 /H2 while maintaining the crystal structure intact. In Fig. 12.8, we show the dependence of the
oxygen content which we determined by titration techniques, on the respective synthesizing temperature.
Based on these investigations, we plan to perform a
neutron-scattering study (in collaboration with V. Pomjakushin, PSI Villigen), to investigate the details of the

oxygen sublattice in oxygen-deficient Pr4 Ni3 O8 .
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