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Single-photon detection using 
high-temperature superconductors

I. Charaev    1,2,8  , D. A. Bandurin    3,8  , A. T. Bollinger    4, I. Y. Phinney1, 
I. Drozdov    4, M. Colangelo    1, B. A. Butters    1, T. Taniguchi    5, 
K. Watanabe    6, X. He4,7, O. Medeiros1, I. Božović    4,7, P. Jarillo-Herrero    1  
& K. K. Berggren    1 

The detection of individual quanta of light is important for quantum 
communication, fluorescence lifetime imaging, remote sensing and more. 
Due to their high detection efficiency, exceptional signal-to-noise ratio and 
fast recovery times, superconducting-nanowire single-photon detectors 
(SNSPDs) have become a critical component in these applications. However, 
the operation of conventional SNSPDs requires costly cryocoolers. Here we 
report the fabrication of two types of high-temperature superconducting 
nanowires. We observe linear scaling of the photon count rate on the 
radiation power at the telecommunications wavelength of 1.5 μm and 
thereby reveal single-photon operation. SNSPDs made from thin flakes of 
Bi2Sr2CaCu2O8+δ exhibit a single-photon response up to 25 K, and for SNSPDs 
from La1.55Sr0.45CuO4/La2CuO4 bilayer films, this response is observed up 
to 8 K. While the underlying detection mechanism is not fully understood 
yet, our work expands the family of materials for SNSPD technology 
beyond the liquid helium temperature limit and suggests that even higher 
operation temperatures may be reached using other high-temperature 
superconductors.

The detection of individual light quanta is critical for a broad range 
of applications in both quantum and classical realms. Quantum com-
putation1–6, metrology7–9, secure communication10–13, single-photon 
imaging14–16, single-molecule detection17, remote sensing18,19 and cor-
relation spectroscopy20,21 are just a short list of applications where 
faint light detectors play a crucial role. At present, the technology 
of single-photon detection is predominantly enabled by photo-
multiplier tubes, single-photon avalanche diodes, visible-light 
photon counters and superconducting detectors22–25. In particular, 
superconducting-nanowire single-photon detectors (SNSPDs, also 
sometimes simply SSPDs) stand out in terms of broadband opera-
tion26 with high detection efficiency27–29, exceptional signal-to-noise 

ratio30, ultra-high temporal resolution31 and fast recovery time32. These 
exceptional characteristics are enabled by the physics behind SNSPD 
operation which is based on the generation of an electrical signal (volt-
age pulse) triggered by the local suppression of the superconducting 
state upon photon absorption in a current-biased superconducting 
nanowire (SNW)33. The formation of such a non-superconducting region 
(hot-spot) leads to the local reduction of the maximum (critical) super-
current. If the bias current, Ibias, exceeds the critical value for this region, 
the SNW transitions to the resistive state, leading to the voltage spike34.

The idea of using the nonlinearity of the superconductor-to-metal 
phase transition for detection dates back to the 1960s when SNWs 
were proposed as a sensitive tool to detect elementary particles35. The 
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atmosphere of an argon-filled glovebox. The flakes were transferred 
onto prepatterned ultra-flat gold contacts and covered with relatively 
thin slabs of hexagonal boron nitride (hBN) as illustrated in Fig. 1a. 
We intentionally focused on 10–15 nm thick slabs (Fig. 1a) because 
ultra-thin BSCCO flakes are prone to faster degradation49–51. Thicker 
flakes also facilitate stronger absorption of incident light while main-
taining quasi-two-dimensional superconductivity. Nevertheless, 
even few-unit-cell flakes are not amenable to standard nanofabrica-
tion processes, since their doping level changes upon contact with 
the environment, rendering the sample non-superconducting49,52,53. 
To circumvent this, we used a He+ ion beam to define the SNW patterns 
by introducing defects into the encapsulated BSCCO flake, causing the 
exposed regions to become insulating54–57 (Fig. 1b). In contrast to pat-
terning with heavier ions (for example, gallium or xenon), the exposed 
regions were not etched under He+ beam irradiation. The inset of Fig. 1b 
shows a typical scanning electron microscopy (SEM) image of a partially 
encapsulated BSCCO flake after the He+ patterning: a meander-like 
SNW can be seen due to the enhanced contrast of the exposed regions. 
The total length of the BSCCO SNW was 56 μm whereas its width was 
of the order of 100 nm. See Supplementary Information, section 1 for  
further details.

For successful implementation of the high-temperature SNSPD 
technology, it is critical to ensure large-scale production of thin 
high-Tc films and their patterning using conventional nanofabrica-
tion processes. For these reasons, in this work we have also explored 
thin La1.55Sr0.45CuO4/La2CuO4 (LSCO–LCO) bilayer films. These het-
erostructures offer several advantages. First, high-quality LSCO–LCO 
bilayer films can be grown using atomic-layer-by-layer molecular beam 
epitaxy (ALL-MBE)58,59 (Supplementary Information, section 2). Second, 
while in such bilayers neither constituent material is superconduct-
ing—LCO is an insulator and LSCO is a non-superconducting metal—the 
heterostructure shows high-Tc interface superconductivity confined 
to a single CuO2 plane58,59. Thus, using such heterostructures, high-Tc 
SNWs can be fabricated with the cross section reduced by two orders 

evolution of this proposal led to the development of sensitive bolom-
eters based on SNWs made out of niobium nitride (NbN) thin films36, 
followed by a successful demonstration of the single-photon detection 
regime that gave birth to SNSPD technology37,38. At present, SNSPDs 
require the use of costly and bulky cryocoolers to bring the SNWs below 
the liquid helium temperatures where the superconducting state of 
the SNW is well developed. For this reason, for the past two decades, 
there has been a continuous exploration of other superconductors with 
higher critical temperatures, Tc, that would allow for single-photon 
detection at elevated T (ref. 39). This search proved to be exceedingly 
challenging, and only one promising candidate has emerged so far: 
in SNSPDs made of MgB2 thin films with Tc = 30K, the single-photon 
response in the optical range was demonstrated at T ≈ 10 K (ref. 40). 
Surprisingly, with few exceptions41–43, cuprate superconductors remain 
largely unexplored in this context in spite of their record-high Tc. The 
reason lies in the technological challenge to produce SNW devices out 
of thin cuprate films—most of which rapidly degrade upon conventional 
nanofabrication processing. Indeed, attempts to realize SNSPD out of 
YBa2Cu3O7−x SNWs revealed no single-photon response even at liquid 
helium temperatures41,42,44–46. In this work, we demonstrate SNSPDs 
fabricated out of two high-Tc cuprate superconductors, Bi2Sr2CaCu2O8+δ 
(BSCCO)47,48 and La2−xSrxCuO4 (LSCO).

Design and characterization of the cuprate nanowires
To fabricate SNWs out of BSCCO, we mechanically exfoliated bulk 
BSCCO crystals to produce relatively thin flakes. To protect the flakes 
from the environment, the exfoliation was performed in the inert 
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Fig. 1 | High-Tc superconducting nanowires. a, Schematic of the BSCCO single-
photon detector: a relatively thin flake of BSCCO is covered by a much thicker 
flake of hBN and transferred onto ultra-flat gold contacts. The SNW region is 
defined by a He+ beam exposure. b, Optical photograph of the BSCCO device. 
The green line demarcates the photodetector area. The contact geometry was 
chosen to reduce the total resistance of the gold electrodes. Scale bar, 3 μm. 
Inset: example SEM image of a BSCCO SNW produced by He+ beam exposure 
(similar but not identical to that from the photograph: to avoid degradation, 
we refrained from characterizing the photodetector using SEM imaging). Scale 
bar, 2 μm. c, Schematic of the LSCO–LCO single-photon detector: a high-Tc 
two-dimensional superconductor (SC) is formed at the interface between 
the 5-UC-thick layer of the LCO insulator and the 5-UC-thick layer of the LSCO 
metal on strontium lanthanum aluminate (LSAO) substrate. The contact leads 
are 50-nm-thick titanium–gold. d, An SEM image of a typical LSCO–LCO SNW 
device. Scale bar, 2 μm.
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Fig. 2 | Transport properties of cuprate SNWs. a,b, Examples of the R(T) 
dependencies for BSCCO (a) and LSCO–LCO (b) flake, film and SNWs. c, I–V 
curve for BSCCO SNWs measured at T = 3.7 K in the four-terminal configuration. 
d, Typical I–V curves of LSCO–LCO SNWs measured in the two-terminal 
configuration at T = 3.7 K before and after He+ ion exposure.

http://www.nature.com/naturenanotechnology


Nature Nanotechnology | Volume 18 | April 2023 | 343–349 345

Article https://doi.org/10.1038/s41565-023-01325-2

of magnitude, among the smallest of any SNW so far reported. Finally, 
LSCO–LCO bilayers are stable in air for years, and resilient to degrada-
tion during standard lithography, etching and contact deposition pro-
cesses. In this work, we used heterostructures comprised of a 5-unit-cell 
(UC)-thick layer of LCO grown on top of a 5-UC-thick layer of LSCO  
(Fig. 1c). We used the electron-beam lithography to define an SNW 
meander structure typical for SNSPDs, 60 μm in length and 100 nm in 
width, with a filling factor 0.28 (Fig. 1d). For the fabrication details, see 
Methods and Supplementary Information, section 2.

After fabrication, we characterized the transport properties of our 
high-Tc SNWs. Figure 2a,b shows the typical temperature dependence of 
the resistance, R(T), of SNWs fabricated out of BSCCO and LSCO–LCO, 
revealing their respective critical temperatures of 69.8 K and 34.4 K 
as determined from the maximum of dR/dT(T). The obtained values 
are somewhat lower than those obtained for the parent BSCCO flake 
and LSCO–LCO bilayer film, that is, 79.8 K and 35.5 K, respectively  
(Fig. 2a,b, black traces). This indicates a mild degradation of the materi-
als’ superconducting properties during the fabrication. BSCCO under-
went a more substantial change in Tc, probably because of its much 
stronger sensitivity to the environment.

An important characteristic of most SNWs, enabling the genera-
tion of a voltage pulse upon single-photon absorption, is the meta-
stable state that emerges under current biasing60. This metastable 
state appears due to the competition between the current-induced 
Joule self-heating of the SNW in the normal state and electron cooling 
processes, and manifests itself as a pronounced hysteresis on the I–V 
characteristics. Figure 2c shows a typical I–V curve measured in our 
BSCCO device below Tc when the SNW is current-biased. A clear hys-
teretic behaviour characterized by the switching current Ic = 883 μA 
and the retrapping current Ih = 516 μA is observed. The I–V curves of 
the as-prepared LSCO–LCO SNWs were, however, hysteresis-free and 

thus these SNWs were not suitable for a single-photon detector per se 
(Fig. 2d). To circumvent this problem, we exposed the device to a rela-
tively small dose of He+ ions56 (1016 cm−2) (Supplementary Information, 
section 3). Such exposure had only a mild effect on Ic, Tc and the normal 
state Rs; however, it led to the desired I–V hysteresis with Ic = 86.7 μA 
and Ih = 36.3 μA (Fig. 2d and Supplementary Information, section 4). 
The origin of I–V hysteresis in the exposed LSCO–LCO bilayer SNWs is 
yet to be understood; we tentatively attribute it to the modification of 
the electron cooling rate caused by the introduced defects.

Photoresponse measurements
To perform the photoresponse measurements, we mounted our cuprate 
SNWs in a variable-temperature cryostat equipped with radiofrequency 
coax cables and an optical fibre. The latter was held approximately 
1 cm away from the device so that a defocused continuous-wave laser 
beam covered the entire device area. The cooling power of our cryo-
genic set-up significantly exceeds the power of incident laser radiation, 
ensuring the thermal stability of our samples upon illumination. The 
simplified circuit diagrams, used for the photoresponse measure-
ments, are shown in Fig. 3a,b. The LSCO–LCO device was measured in a 
conventional SPD configuration in which the SNW was biased through 
a d.c. input of the bias tee using an isolated voltage source connected in 
series with a resistor, R0. The a.c. output was connected to a low-noise 
amplifier, the output of which was fed to an oscilloscope or a photon 
counter (Fig. 3a). To mitigate latching effects in this superconducting 
photodetector, the SNW was connected in series with an on-chip kinetic 
inductor, Lon-ch, also made out of the superconducting LSCO–LCO 
bilayer14,61,62. The BSCCO measurement configuration was somewhat 
similar, but in this case, we used a more conventional low-frequency 
reset loop formed by an inductor, Lsh, and a resistor, Rsh, connected in 
series with each other63 (Fig. 3b).
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Fig. 3 | Photovoltage generation in cuprate SNW detectors. a, Simplified 
circuit diagram used to measure the photoresponse of the LSCO–LCO SNW 
detector. The SNW is current-biased by an isolated voltage source connected 
to the d.c. port of the bias tee (dashed rectangle) through an R0 = 100 kΩ 
resistor. Incident radiation triggers a voltage spike generating a short pulse that 
propagates through the a.c. port of the bias tee to the preamplifier and is read 
out using an oscilloscope or a photon counter. Lon-ch ≈ 310 nH is an on-chip kinetic 
inductor made out of the LSCO–LCO film. b, Simplified circuit diagram used 

to measure the photoresponse of the BSCCO SNW detector. Rsh/Lsh ≈ 45 MHz. 
Details of the shunt circuitry can be found elsewhere (for example, refs. 62,63). 
c,d, Photovoltage Vph pulses measured in the LSCO–LCO (c) and BSCCO (d) 
photodetectors at given T and λ = 1.5 μm. The devices are biased to 95% of their 
critical current for given T. The recovery time (τ) is shown by black arrow. e,f, 
Photovoltage Vph pulses measured at given λ for the LSCO–LCO (e) and BSCCO (f) 
devices at T = 3.7 K and T = 16 K, respectively.
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Figure 3c shows an example of the photovoltage generation, Vph, 
measured across the current-biased LSCO–LCO SNWs when the device 
was exposed to laser beam radiation of wavelength λ = 1.5 μm. The Vph(t) 
traces of this SNW shared common features with the photoresponse 
of conventional SNSPDs. After photon absorption, Vph(t) spikes and 
quickly reaches its maximum value. This is followed by a much slower 
decay with the characteristic time τ, often referred to as dead or recov-
ery time, which depends on the total kinetic inductance, Lk, of the 
superconducting circuit64. The measured value, τ ≈ 7 ns (determined 
as the time when the signal dropped to 30% of its maximum value) 
is in agreement with our measurements of the kinetic inductance in 
the LSCO–LCO bilayer films (Supplementary Information, section 
5). The Vph spikes in the LSCO–LCO SNW device were observed below 
and above the liquid helium temperature and could be detected up to 
T = 8 K. At higher T, LSCO–LCO SNWs did not exhibit an I–V hysteresis, 
and thus no voltage pulses were observed upon illuminating the SNW 
with low-intensity laser light (Supplementary Information, section 4).

As compared to LSCCO–LCO, the Vph pulses in biased BSCCO SNWs 
were observed up to much higher T = 25 K (Fig. 3d), above which the I–V 
hysteresis disappeared (Supplementary Information, section 4). The 
spikes were characterized by a much faster recovery time τ ≈ 0.8 ns. We 
attribute this short τ to a smaller total kinetic inductance of the BSCCO 
photodetector (Supplementary Information, section 5). We have also 

tested the dependence of Vph on the photon energy and found that 
the LSCO–LCO and BSCCO SNWs yielded spikes at both λ = 1.5 μm and 
λ = 780 nm (Fig. 3e,f). Finally, we note that above the critical current 
our devices latch, and therefore do not feature voltage pulses on an 
oscilloscope and corresponding counts on a photon counter.

Single-photon sensitivity of the cuprate photodetectors
To get further insight into the performance of our cuprate photodetec-
tors, we recorded the photon count rate, PCR (the number of Vph pulses 
per unit time), as a function of the bias current, Ibias. Figure 4a shows 
the PCR normalized to its maximum value, measured in our BSCCO 
device in the dark and upon exposing it to the λ = 1.5 μm laser light. In 
the dark, spontaneous voltage pulses emerge close to the critical cur-
rent, a typical behaviour of SNSPDs. The absolute value of these dark 
counts did not exceed 103 s−1, comparable to the values in conventional 
NbN SNSPDs. Upon illumination, the counts appeared at much lower 
onset current Ibias = 0.62Ic, whereas the PCR showed some tendency to 
saturation upon approaching Ic. This saturation indicates high inter-
nal detector efficiency65. With increasing T to 25 K, the onset current 
decreased together with Ic, as expected for conventional SNSPDs  
(Fig. 4c). Furthermore, we found that the PCR for a given Ibias was almost 
independent of λ and featured similar PCR(Ibias) functional dependen-
cies for λ = 780 nm and λ = 1.5 μm (Supplementary Information, section 

0 0.2 0.4 0.6 0.8 1

0

0.3

0.6

0.9

1.2

N
or

m
al

iz
ed

 P
C

R

Bias current, Ibias/Ic

0.95Ic 

0.95Ic 

0.95Ic 

0.95Ic 

0 0.2 0.4 0.6 0.8 1

0

0.3

0.6

0.9

1.2

N
or

m
al

iz
ed

 P
C

R

Bias current, Ibias/Ic

Dark
1,550 nm

T = 25 K

T = 3.7 K
a

c

fe

0 0.2 0.4 0.6 0.8 1

0

0.3

0.6

0.9

1.2

N
or

m
al

iz
ed

 P
C

R

Bias current, Ibias/Ic

Dark
1,550 nm

Dark
1,550 nm

0 0.2 0.4 0.6 0.8 1

0

0.3

0.6

0.9

1.2

N
or

m
al

iz
ed

 P
C

R

Bias current, Ibias/Ic

Dark
1,550 nm
780 nm

T = 8 K

T = 3.7 K
b

d

0 10 20 30 40 50

100

101

102

103

104

105

106

PC
R 

(c
.p

.s
.)

Attenuation, A (dB)

3.7
8

α = 2 α = 1Ibias = 0.95Ic α = 2 α = 1

T (K)

12
16
25

Ibias = 0.95Ic

0 10 20 30 40 50
101

102

103

104

105

106

107

PC
R 

(c
.p

.s
.)

Attenuation, A (dB)

1,550 nm
780 nm

T = 8 K

Fig. 4 | Single-photon detection by cuprate SNWs. a,b, PCR normalized to its 
maximum value as a function of bias current, Ibias, measured in the BSCCO (a) and 
LSCO–LCO (b) photodetectors in the dark and upon illumination with λ = 1.5 μm 
light. c, The same as a but for T = 25 K. d, Normalized PCR versus Ibias for different λ 
measured in the LSCO–LCO device at T = 8 K. Vertical dashed lines in a–d show Ibias 
corresponding to 95% of the switching current at T = 3.7 K. e, PCR versus 
attenuation factor, A, at different T for the BSCCO device at given Ibias. λ = 1.5 μm. 

Note: to avoid overheating the BSCCO SNW at T = 25 K we intentionally reduced 
the initial output power of the laser, P0, which resulted in the shift of the PCR(A) 
dependence towards smaller count rates. f, PCR versus A dependencies for the 
LSCO–LCO devices measured at given λ and Ibias. T = 8 K. c.p.s., counts per second. 
Red and black lines in e and f are guides to the eye showing PCR ≈ Pαinc scaling for 
the single-photon (α = 1) and multiphoton (α > 1, e.g. α = 2 as shown on the graph) 
regimes, respectively.
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6). We observed zero PCR on devices made out of non-optimally doped 
BSCCO flakes; the latter exhibited only signatures of the bolometric 
photoresponse (Supplementary Information, section 6).

The PCR–Ibias characteristics obtained for the LSCO–LCO photo-
detector at λ = 1.5 μm were rather similar to those for BSCCO yet the 
counts emerged at much smaller Ibias due to a smaller critical current 
in this SNW (Fig. 4b,d). The onset current was about 0.75Ic for both 
T = 3.7 and 8 K. Notably, upon decreasing λ to 780 nm, the functional 
form of the PCR(Ibias) scaling changed drastically and featured a rather 
unusual dependence (Fig. 4d). First, the counts appeared at much 
lower Ibias ≈ 20 μA. Then, the PCR exhibits a tendency to saturation on 
increasing Ibias to ∼52 μA. Finally, above this value, the PCR started to 
ascend again, suggesting two distinct operation modes of the LSCO–
LCO photodetector.

While the data support the hypothesis of single-photon detection 
in these two materials, a number of features of the data are different 
from the observations in SNSPDs in conventional superconductors. 
Specifically: (1) we observed unusual I–V characteristics in hysteretic 
LSCO–LCO SNWs (Fig. 2d); (2) we observed at one temperature (16 K) 
α < 1 slope in the PCR(A) curve for BSSCO at high A; and (3) we observed 
unusual structure in the PCR(Ibias) curves for the LSCO–LCO SNSPD. 
Given the early stage of development of materials processing used in 
this work, such anomalies are not unexpected. While our high-Tc films 
are homogeneous, we expect non-uniformity in the patterning and 
processing, so different regions of the SNWs could be participating in 
the detection process at different T, λ and Ibias.

Next, in Supplementary Information, section 7, we provide esti-
mates for the BSCCO detector efficiency, DE. To this end, we used 
experimentally determined absorption of thin BSCCO flakes deposited 
onto SiO2 substrate49. We found that at 25 K, at which PCR is ~104 s−1 for 
the 10 dB attenuation, the DE is of the order of 1.5%. Note, these esti-
mates are crude as they do not account for interference effects in SiO2 
and hBN, typical for 2D heterostructures, which can lead to enhance-
ment and reduction of the apparent efficiency. Nevertheless, we envi-
sion that DE can be boosted by integrating the SNSPDs into photonic 
cavities providing enhanced light–matter interaction.

Finally, we consider the microscopic processes governing the 
single-photon response in cuprate SNWs. In general, the absorption 
of a photon by the SNW leads to the excitation of one electron into 
an empty state in the conduction band above the superconducting 
gap. This excited electron relaxes and disturbs the superconducting 
equilibrium state, leading to the formation of a normal domain. While 
the hot-spot dynamics in the current-biased SNWs is qualitatively 
understood, an accurate theoretical description of the hot-spot evolu-
tion lacks completeness66. Nevertheless, all existing models rely on a 
set of parameters inherent to a parent superconductor: for example, 
coherence length, penetration depth, electron–phonon coupling 
strength, diffusion coefficient, and specific heat capacities of electrons 
and phonons. Superconductors proven to work in the SNSPDs showed 
minor variations in these characteristics. However, the properties of 
unconventional cuprate superconductors are drastically different 
in both superconducting and normal phases67–69. First, cuprates are 
d-wave superconductors with nodes in the gap dispersion. Second, 
optimally doped cuprates in their normal state are strange metals 
whose behaviour is governed by strong interactions68. In previous 
models, the role of these properties has not been addressed. We also 
note that our work points out that it is the local uniformity of the device, 
rather than the absolute gap, that matters. After all, in all SNSPDs, the 
gap is suppressed by using a bias current. As long as the device is highly 
uniform, this suppression can, in principle, be near perfect, permitting 
even a high-gap device to exhibit a single-photon response.

Conclusions
In this work, we demonstrated single-photon detection in high-Tc 
cuprate SNWs at temperatures up to 25 K. Our results refute the 

long-standing opinion that large-gap superconductors have lower sen-
sitivity to low-energy photons. Additionally, it is surprising that these 
materials, which are very different from past examples, also exhibit 
single-photon detection, suggesting that the detection mechanism may 
need to be reconsidered. Finally, our work opens prospects of further 
developments in the high-Tc quantum sensors and their integration 
into on-chip photonic quantum information circuits.
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Methods
Fabrication of BSCCO photodetectors
To fabricate SNWs out of BSCCO we mechanically exfoliated bulk crys-
tals and deposited cleaved flakes onto polydimethylsiloxane (PDMS) 
polymer stamps attached to the glass slide. To avoid the degradation 
of the flakes, the exfoliation was done in the inert atmosphere of the 
argon-filled glovebox. The flakes were then transferred onto prepat-
terned Si/SiO2 substrates with ultra-flat titanium/gold contacts and 
covered by relatively thick (~50 nm) slabs of hBN.

The fabrication of ultra-flat contacts comprised several steps and 
relied on a lift-off-free procedure. First, thin layers of titanium (3 nm) 
and gold (25 nm) were evaporated onto the Si/SiO2 wafer. Next, negative 
e-beam lithography was used to define a mask for selective removal of 
the metal outside the designated contact areas. This removal was done 
by a combination of argon and oxygen etching. Resist residues were fur-
ther removed by immersing the substrates into N-methyl-pyrrolidone 
(NMP) solution and subsequent aggressive stripping using extensive 
oxygen plasma cleaning. We intentionally increased the typical dwell 
time of the plasma cleaning to reduce the thickness of the gold layer 
to 20 nm.

To define superconducting SNWs out of prepared partially encap-
sulated BSCCO devices by He+ ion beam, we first ran the simulation of 
the ion collision damage using SRIM software (Supplementary Infor-
mation, section 1). This allowed us to estimate the characteristic doses 
needed to introduce a significant number of defects into the BSCCO 
crystal lattice and suppress superconductivity. Next, starting from the 
obtained values, we performed dose tests using a Zeiss Orion micro-
scope with a Raith pattern generator and determined the optimum 
parameters needed to define the desired SNWs.

Fabrication of LSCO–LCO photodetectors
To fabricate SNWs out of LSCO–LCO bilayer we started from thin 
bilayer films grown by the atomic-layer-by-layer molecular beam epi-
taxy (ALL-MBE) technique (Supplementary Information, section 1). 
Titanium/gold contact pads were fabricated using standard e-beam 
lithography followed by metal deposition. To produce the SNWs out 
of LSCO–LCO bilayer films, another round of e-beam lithography was 
made, using high-resolution positive e-beam resist (ZEP520A). The 
patterns were then transferred onto the LSCO–LCO film by Ar+ milling 
at a beam voltage of 300 V and an argon flow of 9 sccm for 10 min. The 
residual resist was removed by immersing the substrate in the warm 
NMP solution.

After fabrication, we irradiated our SNWs with He+ using a Zeiss 
Orion microscope equipped with a Raith pattern generator. The irra-
diation was realized through sweeping of the beam across the SNW 
area. The exposed area is a rectangle with approximate dimensions of 
5 × 5 μm2 (to cover the whole meander area). The beam spot is ~2 nm. 
The dose varied in the range from 1015 to 1020 ions per cm2 (Supplemen-
tary Information, section 3). The samples were then characterized 
using transport measurements to identify those with pronounced 
hysteresis in the I–V curves. For the photoresponse measurements, 
we chose the sample which featured the strongest hysteresis with the 
minimal suppression of Ic.

Data availability
The data reported in Figs. 2–4 can be found on Zenodo (https://doi.
org/10.5281/zenodo.7501827). The other data that support the findings 

of this study are available from the corresponding authors upon rea-
sonable request.
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