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Abstract—A laboratory prototype of an infrared imaging system is described. Its operating principle is based
on the formation of an area on the surface of a patterned hightemperature superconducting (HTSC) film,
which is sensitive to external radiation and its displacement by local heating. The basic parameters of the acti
vated pixel zone were measured: dimensions A ≈ (95 × 95) μm2, detectivity D* = 1.3 × 108 cm Hz1/2/W, and
the time constant τ = 6 ms. The considered pixelbypixel data readout procedure and the bolometric nature
of the detector sensitivity open the possibility of utilizing the imaging system over a broad spectral range.
DOI: 10.1134/S0020441213030196

The problem of developing highefficiency systems
for largeformat reception of thermal images with high
temperature and spatial resolutions remains urgent
despite a large number of studies that are aimed at the
development and industrial production of such sys
tems. This is due to the existence of a wide range of
problems that require extension of the spectral range,
whereas the majority of photodetectors (PDs) with
high parameters are sensitive to wavelengths that are
shorter than 20 μm.
The discovery of the hightemperature supercon
ductivity (HTSC) phenomenon made it possible to
develop fundamentally nonselective highsensitivity
bolometric PDs that are cooled with liquid nitrogen
and intended for detecting radiation in the infrared
(IR) and millimeter spectral regions. The achieved
value of the noiseequivalent optical power NEP ≈
6.3 × 10–13 W/Hz1/2 in a spectral range of 12–36 μm for
HTSC bolometers is 100 times higher than the sensi
tivity of commercial uncooled pyroelectric detectors
that are used in this wavelength range [1].
The analysis shows that the characteristics of IR
systems can be considerably improved via an increase
in the number of sensitive pixels in a PD [2]. When
matrix detectors are developed, the problems of
attaining a high sensitivity, response speed, and infor
mation readout from each pixel must be complexly
solved. However, the development of HTSCbased
multipixel devices is at present at the initial level. The
development of a single bolometric pixel with the high
sensitivity and responsespeed parameters, which can
become a basic element of matrix devices, is an actual
problem [1], but the information readout from an
array of such PDs is an unsolved problem.

In the known development works on integrally
designed bolometric detectors on siliconbased mem
brane structures [3–5], it is suggested to solve the sig
nalswitching problems in a conventional manner
using chargecoupled devices (CCDs), which are
formed on the common substrate with the detector
array. However, no success was achieved so far in
designing such IR image converters because of diffi
culties in providing the reliability and reproducibility
of the characteristics of the array elements, which are
typical of membrane structures, and a large number of
the required technological operations that lead to deg
radation of the superconducting properties of HTSC
films [6].
The possibility of using SQUID multiplexers for
pixelbypixel information readout from HTSC
detectors [7] is limited by the narrow dynamic operat
ing range, nonlinearity of the transfer function, and
presence of excessive 1/f noise in HTSC SQUID
amplifiers [8]. In addition, the SQUID must be in
close proximity to the PD, thus substantially reducing
the matrix filling factor, and requires a large number of
electrical connections to the electronics for subse
quent signal processing.
The formation of a matrix of HTSC detectors and
a multiplexer in separate layers with their subsequent
electrical connection (hybrid technology) has certain
difficulties. These are primarily the stringent require
ments for the quality of electrical connections to
HTSC structures on which the contactnoise level and
the difficulty of stabilizing the temperature balance
depend. The latter is determined by the contributions
of all components of the system (including the multi
plexer) at a very narrow temperature interval where the
sensitivity of the HTSC bolometer is realized (<1 K).
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Fig. 1. Formation of sensitive areas on the surface of an
HTSC strip.

A solution of the above problems can be found
using new nonconventional methods for information
readout from the array of bolometric elements. The
approach to the recording of IR images that is consid
ered in this study is based on displacements of a zone,
which is formed on a continuous extended HTSC film
by local heating and is sensitive to external radiation.
The proposed approach may serve as a basis for creat
ing highly efficient HTSCbased IR image converters.
The idea of this method [9–11] is explained in Fig. 1,
where a bolometric structure in the form of a narrow
HTSC strip on a substrate is presented.
When IR radiation is absorbed, a spatial tempera
ture relief Т = f(Х) that is formed on the strip surface
represents the intensity distribution of detected radia
tion. In this case, the temperature increment Δ T X i in
each conventionally taken region Хi is generally pro
portional to the fraction of the incident radiation
power PX i and inversely proportional to the value of
the thermal coupling G X i between each of these
regions and the heat sink (cooling platform).
The initial temperature Т0 of the heat sink is chosen
so that the entire strip is in the superconducting state
and the spatial temperature relief does not exceed the
critical temperature Тс anywhere. Thus, the electric
resistance of the entire sample is zero. The next task is
to read this temperature relief out and unambiguously
lock the temperature increments Δ T X i to a position on
the surface of the HTSC strip. For this purpose, laser
radiation is focused at a local area of the strip and pro
duces overheating of this area by ΔTloc. The area
changes to the resistive state in which a significant
temperature dependence of the resistance appears.

In this case, the resistance of the entire strip is equal
to the resistance of only this local area, which is heated
by the laser beam, and the resistance value is propor
tional to the sum of the temperatures Т0 and ΔTloc and
the temperature increment Δ T X i of this area, which is
caused by the absorption of the spatial fraction of radi
ation from a thermal object. Because the constancy of
Т0 and ΔTloc is assumed, when the laser probe moves
along the strip, its resistance is modulated by the func
tion of the spatial temperature relief Т = f(Х), and if a
bias voltage is fed to the ends of the strip, an alternat
ing electric signal arises. Its envelope reproduces the
spatial distribution of the intensity of detected radia
tion of the thermal object. This is equivalent to a suc
cessive interrogation of a chain of individual elemen
tary detectors.
In contrast to conventional multielement receiving
devices where sensitive pixels have sharp dimensions
and are physically separated from one another, the
concept of an “individual pixel” is conditional in this
case. However, as was shown experimentally, the
dimensions of the sensitive area that is selected on the
surface of the HTSC strip using the laser probe can be
determined and its sensitivity characteristics can be
measured. Therefore, the term “multipixel detector”
is valid as regards the considered HTSC structure.
Such an HTSC strip can be obviously regarded as a
onedimensional (1D) chain detector and a meander
shaped structure, as a twodimensional (2D) matrix
detector.
An important feature of the proposed approach is
the substantial simplification of the inquiry of individ
ual pixels because the receiving structure can be
matched to the multiplexer using only two electric
connections. It should be also noted that the manufac
turing technology is substantially simplified and, as a
result, the reliability improves.
In order to study the possibility of the practical
implementation of the proposed method, a laboratory
prototype of an HTSC IR imaging system was devel
oped and manufactured. Its block diagram is shown in
Fig. 2.
HTSC photodetector structure 3 was placed on a
cooled platform in the vacuum part of an optical nitro
gen cryostat. The temperature of the cooled platform
was controlled in a range of 80–90 K and stabilized
with an accuracy of 0.005 K using temperature stabi
lizer 4. The entrance window on the optical cryostat
was produced of ZnS, thus allowing the effect of both
IR radiation from a detected thermal object and
switching visible radiation on the studied receiving
structure.
Semiconductor laser diode 9 with a radiation wave
length of 0.63 μm and a fixed power of 5 mW was used
as the local heating source. Using germanium filter 2,
which was positioned at an angle of 45° to the system’s
optical axis and simultaneously performed the func
tion of a rotary mirror for switching radiation, the laser
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Fig. 2. Block diagram of the HTSC converter: (1) IR objective lens, (2) germanium filter, (3) HTSC detector in the optical cry
ostat, (4) temperature stabilizer, (5) preamplifier, (6) lockin detector, (7) analogtodigital converter, (8) movable platform, (9)
local heating source, (10) horizontalscanning stepping motor, (11) verticalscanning stepping motor, (12) control microproces
sor, (13) parallel interface, and (14) personal computer.

beam entered the optical cryostat through its entrance
window and was precisely focused to the receiving
plane of the HTSC structure; the length of the laser
irradiated area on the surface of the HTSC strip was
10 μm. To reduce the heat spreading over the receiving
area, the laser radiation was modulated at a prelimi
narily calculated frequency of 20 kHz at which the
diameter of the heat spot from the laser probe did not
exceed the diameter of the scattering circle of the IR
objective lens, and the mutual thermal influence of
neighboring interrogated pixels was minimized.
The laser diode that served as the local heating
source was placed on movable platform 8. The plat
form could be displaced in vertical and horizontal
directions so that the laser beam also moved over the
receiving surface of the HTSC structure, thus selecting
local sensitive areas in its different parts. The platform
moved in two mutually perpendicular directions using
ПБМГ200265 stepping motors (SMs) (10 and 11)
with an instantaneous rotation angle (step) of the axis
of 1.8°, which corresponded to a 8μm displacement.
The SMs were controlled with an electronic unit on
the basis of an ADSP2181KS133 processor (12),
which is a 16bit microprocessor with highspeed exe
cution of commands and a developed interface for
connecting peripherals.
The thus organized control of the local heating
source made it possible to precisely perform the spatial
selection of individual sensitive areas on the receiving
plane of a studied HTSC structure and to flexibly pro
gram any scanning law. The laser beam of the local
heating source performed linebyline displacements
over the receiving plane with an identical step of 8 μm in
the vertical and horizontal directions, forming a rectan
gular raster with a format of up to 256 × 256 points.
As heating sources, we used an etalon of an absolutely
black body (ABB), radiation from which was focused to
INSTRUMENTS AND EXPERIMENTAL TECHNIQUES

the HTSC structure using IR objective lens 1, and a sec
ond laser diode with a wavelength of 0.63 μm, radiation
from which, being defocused to a crosssectional
diameter of ≈100 μm and attenuated with a polariza
tion filter, was injected into the cryostat similarly to the
radiation from the switching laser. Radiation from the
ABB was modulated using a mechanical shutter in the
form of rotating disk with holes. The disk rotation fre
quency was stabilized with an electronic stabilizer.
Infrared germanium objective 1 was a threelens opti
cal system with a focal length of 50 mm, a lens speed of
1 : 0.85, an IR radiation transmission coefficient of ≈0.95
in a spectral range of 1–18 μm, and a minimum circle of
confusion in the focal plane of ≈50 μm (which is close to
the theoretical value for this spectral range).
Lownoise preamplifier 5, which is based on an
AD797 integrated operational amplifier with a gain of
200 in a frequency band from 200 Hz to 100 kHz, was
used to amplify photoresponse signals. The intrinsic
noise voltage of the preamplifier reduced to its input
was within 1 nV/Hz1/2. A photoresponse signal was
subsequently amplified and processed using lockin
nanovoltmeter 6. Using 12bit analogtodigital con
verter (ADC) 7, which is based on an ADS7862 inte
grated circuit, a detected signal was converted into a
digital code and was further processed using signal
processor 12. The signal processor also recorded data
into the internal buffer and transferred information to
personal computer (PC) 14.
The software that was developed for further signal
processing had a wide range of functions that allowed
displaying a 2D image of the studied HTSC structure
in a convenient graphical form on a monitor using a
color palette for representing the intensity of recorded
signals. The software also allowed digital filtering of
images, image brightness and contrast variations, sub
traction of a constant background level, construction
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Fig. 3. Photosensitive elements: (a) a sketch of the geometry of the HTSC structure that is equivalent to a 1D chain detector; (b) a
meander that is equivalent to a matrix detector; and (c) the test meander.

of the intensity profiles of a recorded signal in any
direction, data recording in graphical formats that are
compatible with standard packages for processing dig
ital images, etc.
Two variants of planar HTSC structures were used
as photosensitive elements. Their topography and
dimensions are shown in Figs. 3a and 3b, respectively:
a 3mmlong strip with a width of 40 μm is an ana
logue of a 1D chain detector, and a meander with an
area of 1.5 × 1.5 mm2 (23 HTSC strips with a width of
50 μm, a length of 1500 μm, and a gap between them
of 10 μm) is an analogue of a 2D matrix detector. Both
geometries of HTSC microstructures were formed
using the electronbeam lithography and chemical
etching techniques [12] on the basis of epitaxial films
with the C axis perpendicular to the substrate: 200nm
thick YBa2Cu3O7–x films on 500μmthick SrTiO3 or
LaAlO3 substrates.
In order to refine and optimize the technological
processes that are used to produce films and form geo
metrical structures, a set of test HTSC samples was
preliminarily manufactured. The samples had the
form of a 3μmwide strip that was folded into a mean
der with an area of 50 × 50 μm2 (Fig. 3c). Measure
ments of the characteristics of the test samples showed
that the applied technological processes may serve as
the basis for developing multipixel bolometric detec
tors, because they do not lead to degradation of the
superconducting properties of films and provide both
a high accuracy in the geometry formation and the
reproducibility of the parameters of the manufactured
structures.
Because the radiation power from the local heating
source in our prototype had a fixed value, the maxi
mum value of the photoresponse signal from the
selected area was achieved by choosing the initial tem
perature Т0 of the entire sample. This temperature was
preliminarily determined experimentally from the
value of the photoresponse to radiation from the exter
nal source.

Figure 4 shows images of the HTSC strip on which
a defocused attenuated beam from the second laser
diode is incident. It is seen that when local heating
moves along the HTSC strip, its areas successively
change to the resistive state and, as a result, a temper
ature relief produced by external radiation appears.
A highquality image (the maximum photore
sponse of the sampled area when the remaining part of
the strip is in the superconducting state) is obtained at
specified parameters of the laser probe, when the opti
mal temperature of the considered HTSC structure is
86.6 K. As the temperature further increases, the
entire strip changes to the resistive state, and the
response of the sampled area drops (the slope of the
temperature derivative dR/dT reaches a maximum and
then decreases).
To measure the parameters of individual pixels of
the analogue of a matrix detector, we evaluated the
dimensions of the formed local sensitive areas. For the
specified parameters of the laser probe (the beam
diameter, power, and modulation frequency), these
dimensions are determined by the processes of spread
ing of the temperature relief, which is formed upon
radiation absorption over the receiving area of the
HTSC structure, and depend on the thermal proper
ties of the film and substrate materials (thermal con
ductivity, specific heat, absorption coefficient, etc.)
and on thermal design of the HTSC structures.
The area of a single sensitive element was deter
mined experimentally from the spatial distribution of
the photoresponse voltage during detection of modu
lated radiation from the heating source with the
known dimensions (ABB with a calibrated diaphragm
at the cavity output). Because the used IR objective
lens provided the smallest circle of confusion with a
diameter of 50 μm, the chosen diameter of the dia
phragm aperture was also equal to 50 μm.
The ABB diaphragm was positioned on the optical
axis in front of the IR objective at a distance of the
back focal length of the objective. In this case, the size
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of the diaphragm image that was focused to an arbi
trary area of one of the strips of the HTSC meander
was also equal to 50 μm. The HTSC structure was
scanned by the local heating source with a pitch of
8 μm. As a result of the lockin detection of a photore
sponse at the modulation frequency of switching radi
ation, the measured diameter of a heated spot from
ABB radiation was L ≈ 95 μm (at a level of 0.37).
Thus, it can be considered that, in this case, the
area of a pixel, which is determined by the parameters
of the laser probe, the thermal diffusion length, and
aberrations and diffraction of the optical system, is A ≈
95 × 95 μm2 (for simplification, it is considered that the
pixel has the shape of a square). Because the distance
between the receiving pixels must be at least L, it can
be inferred that the considered meandershaped
HTSC bolometric structure (Fig. 3b) is equivalent to a
matrix detector with a format of 12 × 14 pixels.
When the volt–watt sensitivity of individual pixels
of the matrixdetector analogue is measured, the ABB
radiation intensity was modulated at a frequency of
300 Hz. The entire HTSC structure was in the super
conducting state at the temperature that corresponded
to the maximum photoresponse amplitude from indi
vidual pixels. The laser beam from the local heating
source was positioned on the surface of the HTSC
meander strips with a pitch of ≈100 μm. The lockin
detection of signals was performed at the ABB modu
lation frequency.
The photoresponse signal voltage was measured at
each point and the volt–watt sensitivity of the sampled
pixel was determined. For a size of a unit sensitive pixel
of 95 × 95 μm2, the average (over the pixels) volt–watt
sensitivity was S = 20 V/W.
Measurements of the noise voltage of the investi
gated HTSC structure within a frequency band from
200 Hz to 20 kHz and its individual spectral compo
nents at frequencies of 200, 500, 1000 Hz, and 20 kHz
were performed in order to determine the detectability
and noiseequivalent power for individual pixels of the
matrix. It was revealed that voltage fluctuations that
correspond to excessive noise and determine the min
imum detectable power of detected radiation prevail in
the studied structure. In addition, the pixeltopixel
detectability spread (≈22%), which is due to film
defects and a nonuniform heat removal to the heat
sink, was evaluated.
The following average parameters of a pixel of the
HTSC matrix analog were obtained for a sensitive
pixel with an area of 95 × 95 μm2: volt–watt sensitivity
S = 20 V/W, the noiseequivalent power NEP = 7.5 ×
10–11 W/Hz1/2, the detectability D* = 1.3 × 108 cm
Hz1/2/W, and the time constant τ = 6 ms.
Using a set of germanium dispersion filters, studies
of the sensitivity of one of the meander elements in
spectral ranges of 3–5, 8–12, and 1–18 μm were also
studied [13]. Changes in the sensitivity that were
within 20% were revealed in the above spectral regions,
INSTRUMENTS AND EXPERIMENTAL TECHNIQUES
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Fig. 4. The photoresponse amplitude from the selected
sensitive area as a function of the temperature of the HTSC
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thus confirming the bolometric nature of the response
and the fundamental possibility of creating HTSC
based nonselective bolometric detectors.
As an illustration, Fig. 5b shows a fragment of a
meander thermogram with an image of a 50μm
diameter thermal object (ABB diaphragm) that was
obtained for the converter prototype. As is seen from
the background meander thermogram (Fig. 5a), the
used HTSC film has point and extended technological
defects and a nonuniform thermal contact between the
substrate and cooling platform (a lower temperature in
the upper central part). The thermogram in Fig. 5c was
obtained via the background subtraction.
The obtained experimental data point to the funda
mental possibility of using the proposed approach for
organizing pixelbypixel information readout during
development of HTSCbased multipixel IR detectors.
In view of the fact that it is exactly the problem of mul
tiplexing individual pixels that currently remains the
main constraint in the development of HTSCbased
photoelectronics, the considered method can become
the basis for building largeformat HTSCbased receiv
ing systems.
The comparatively low obtained parameters—the
size of the formed pixel L ≈ 95 μm, the detectability
D* = 1.3 × 108 cm Hz1/2/W, and the pixeltopixel sen
sitivity spread ≈22% —are not caused by the funda
mental limitations of the method, but are associated
with the quality of the used films (presence of excessive
noise, etc.) and the geometry of the manufactured
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(а)

(b)
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Fig. 5. An image of a heating source obtained using the HTSC detector (meander) with interrogation of pixels by local heating:
(a) background (defects and HTSCstructure sensitivity spread are seen); (b) IR image of the heating source; and (c) IR image
of the heating source with the subtracted background.

structures. The converter parameters can be improved
via the perfection of the manufacturing technology of
receiving HTSC structures and optimization of the ther
mal design of the receiver (optimization of the dimen
sions of the film structures and substrate, the use of
absorbing coatings, separation of the functions of sensi
tive and receiving elements [14], adding of microanten
nas, etc.).
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