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ABSTRACT

Superconducting film and substrate interface effects on the response of superconductive edge-transition bolometers are
modeled with a one dimensional thermal model in closed form, for samples with large area patterns compared to the
substrate thickness. The results from the model agree with experimental results on samples made of meander line patterned
granular YBCO films on crystalline substrates, in both the magnitude and phase of the response versus modulation
frequency up to about 100 KHz, the limit of the characterization setup. Using the fit of the calculated frequency response
curves obtained from the model to the measured ones, values of the film-substrate and substrate-holder thermal boundary
resistance, heat capacity of the superconducting film, and the thermal parameters of the substrate materials could be
investigated. While the calculated magnitude and phase of the response of the SrTiO; substrate samples obtained from the
model is in a very good agreement with the measured values, the calculated response of the LaAlO; and MgO substrate
samples deviate slightly from the measured values at very low frequencies, increasing with an increase in the thermal
conductivity of the substrate material. Using the fit of the calculated response to the measured values, film-substrate thermal
boundary resistances in the range of 4.4*107 to 4.4*10 K-cm™-w"' are obtained for different substrate materials. The effect
of substrate optical absorption in the response of the samples is also investigated.
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1. INTRODUCTION
The frequency response and effects of the thermal boundary resistance at the interfaces of the substrate on the response
versus modulation frequency of the edge-transition bolometers, has already been studied and proposed in different works
[1]-[7). After finding the major effects of the substrate-holder and substrate-film thermal boundary resistance on the
response of this kind of bolometers and also its modulation frequency dependence, there has been some efforts to predict the
thermal response behavior using different thermal models of this type of the detectors particularly the used samples in this
work.[1],[3],(8]-[11]. Here we propose a thermal model and its closed form solution for the bolometric response of the
mentioned High-T¢ superconducting edge-transition bolometers from dc to midrange modulation frequencies. The focused
and studied samples in this work are made of 120-550 nm thick in-situ sputtered superconducting YBapCu307_x films on
0.025 cm to 0.05 cm thick crystalline SrTiO3, LaAlO3, and MgO substrates.

The thermal boundary resistance at the substrate-holder of the samples, Rgc, have been found and already reported to be
considerably higher than that of the substrate materials, Rg, and that of the film, Rf, and the film-substrate, Rfs as well
[11,[3],[12]-[14]. Hence, the total thermal conductance of the device, Ry, will be close to the value of Rgc resulting in

R=Rgc, which is found to be the case at very low modulation frequencies [3],{12]. In such a configuration the response of
the samples are expected to follow a simple R-C model where R is mainly determined by the thermal boundary resistance at
the substrate-holder interface (i.e. R~Rgc)and C is mainly due to the heat capacity of the substrate materials, Cg, which is
much higher than that of the film in the studied samples in this work (i.e. C~Cs>>Cs) [15]-[19]. This would be the case up
to frequencies where the thermal diffusion length, L, into the substrate materials is more than the substrate thickness, Lg,

and the effect of the substrate-cold finger interface can be seen by the heat wave propagating into the substrate [3],[12]. The
increase of the modulation frequency beyond the values where the thermal diffusion length is less than the substrate
thickness, can cause a change in the slope of the response magnitude versus modulation frequency compared to that of the
basic R-C model. This found to happen at a frequency, f;, called the "knee" frequency which is dependent on the substrate
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material and its thickness [1],[3],[12]. Considering the thermal diffusion length as the characteristic penetration depth of the
temperature variation into the substrate, the Knee frequency can be determined from [3],[12];

4]

where Lg is the substrate thickness, D=Kg/Cg is the thermal diffusivity of the substrate material, and Kg and Cg are the
thermal conductivity and the specific heat (per unit volume) of the substrate materials respectively.

Different regime of frequency response behavior has been identified based on the above [1],[3]. For frequencies less than f;,
the response is found to scale as f following the response for a simple R-C model [3],{12],[15]-[16]. For frequencies higher
than f, the response is found to scales as f'*? due to the variation of the effective penetration depth of the temperature
variation into the substrate [1],[3],[12]. The response follows the f 2 dependence up to frequencies where the thermal
resistance of the superconducting film-substrate boundary, Rfs, is negligible compared to that of the substrate materials, Rg.

The frequency dependent total thermal conductance of the substrate, Rg, is determined from the thermal diffusion length as;
1
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where A is the effective area of the conductive path, f is the modulation frequency in Hz, and B is a correction factor for the
above approximation of the effective length of the ac heat flow [3],[14]. The effects of the substrate thermal boundary
resistance and its temperature dependency is also proposed to be partly responsible for the variation of the response versus
temperature which was interpreted as the non-equilibrium response of such devices [14].

There has been different efforts on the thermal response modeling of the edge-transition superconducting bolometers with
and without the consideration of the effects of the thermal boundary resistance at the substrate interfaces and the self or
Joule heating in the superconducting film [1],[8],[10]-[11]. Based on the above proposed effects of the introduced
parameters, there has been a successful analysis and prediction of the frequencies of the Knee points in the response versus
modulation frequency curves of the samples [1],[3]. Though, they have not predict and matched the response in all the
measured modulation frequency regimes. The proposed models have predict and matched the measured response of the
samples at very low frequencies showing different considerable discrepancies at midrange and/or higher modulation
frequencies [1],{3]. To our knowledge, in all the proposed models and the solutions, only the magnitude of the response
have been considered and compared to the experimental values, where the phase of the response is found to be a much more
sensitive characteristics of the response to the model and the chosen or obtained thermal parameters of the device [14]. In
this work we present the results obtained from the derived closed form solution of the proposed model with the
considerations of the interface effects and compare it to the both measured values of the magnitude and phase of the
response.

2. SAMPLES AND THE CHARACTERIZATION SETUP CONFIGURATIONS
The samples studied in this work are made of 120-550 nm thick granular superconducting YBapCu307.x films on 0.025 cm

to 0.05 cm thick crystalline SrTiO3, LaAlO3, and MgO substrates. The films are deposited using off-axis planar magnetron

sputtering at about 720 °C and patterned using standard photolithography technique (positive photoresist) modified for less
damage to the YBCO material. The resistance versus temperature and the critical temperature of the samples are found to
change by being exposed to high bias currents and thermal cycling under vacuum, with the transition temperature of the
samples shifting to lower temperatures due to high bias currents and recovering under a few thermal cycles reaching an
stable value under low bias currents [13]. The presented data in this work is obtained using relatively low bias currents
under stable conditions and T¢. More details about the fabrication of the samples and their dc characteristics are presented
elsewhere [3],{13]-[14].

A typical configuration of the samples is shown in Figure 1. The contact areas for the four probe measurement were coated
with either ~85 nm layer of sputtered gold or ~60 nm layer of sputtered silver. Electrical contacts to the samples were made
using copper wire (32-gauge) and silver epoxy dried at room temperatures over night. To characterize the samples the 2nd
cold stage of a cryo-Torr 100 was used as the cold finger, the temperature of which could be controlled by about +0.1K
from the set points. More details of the characterization setup and the instrumentation is presented elsewhere [14],[171,{20].
A sample holder was designed and made of OFE copper which was etched in an inert environment gas and coated by a thin
layer of gold without being exposed to the atmosphere. The configuration of the holder is shown in Figure 2.
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Figure 2. The experimental configuration of the thin film
samples on crystalline substrates with contact to the holder and
the temperature sensor.
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Figure 1.

As shown in figures 1 and 2, there are two thermal boundary resistance at the substrate interfaces, onc at the film interface
and the other at the holder interface. There are two major bulk areas that contribute to the overall heat capacity of the
samples. one due to the superconducting film and one due to the substrate materials. Here the OFE copper is considered as a
temperature reservoir the temperature of which has been considered to be uniform and as measured by the temperature
sensor. A very thin layer of either Apiezon-N grease or silicon vacuum grease were used to attach the sample to the holder
for better thermal contact, the effect of which is considered to be included in the measured substrate-holder thermal
boundary resistance. R, in this work. Some of the dimensional parameters and the dc thermal and electrical characteristics
of interest for the studied samples in this work are given in Table 1. The given thermal conductivity and heat capacity of the
LaAlO3 substrate material in Table 1 is obtained by fit of the calculated response versus frequency curve from the model to
that obtained experimentally.

The phase and magnitude of the response versus modulation frequency of the samples which are the focus of this work, was
measured using a lock-in amplifier (EG&G 5406) the input signal of which was amplified using an ultra low noise
preamplifier (model 030B, Perry Amplifier). A light-emitting diode (HFE4020, Honeywell Inc.) with a peak radiation
wavelength of about 0.85 um was used as the radiation source for the response versus modulation frequency in all the

measurements. The response of the samples was found to be proportional to the radiation intensity up to 2.13 mW/cm?,
which is the radiation intensity of the source during the measurement of the presented results in this work.

3. THE THERMAL MODELING
As it is relatively shown in Figure 2, and from the given dimensions in Table 1, the area of the superconducting pattern with
respect to the substrate thickness is large. Hence a one dimensional model and its solution is considered and applied for the
studied samples in this work. Since there exit a lateral heat diffusion in the substrate before the heat wave from the film
reaches the substrate-holder boundary resistance (the spreading resistance effect), a correction factor, o, is obtained to be
applied to the measured Rgc values of the samples as given in Table 1. The value of o is found to increase with the increase
of the thermal conductivity of the substrate material and also is found to increase with decrease of the superconducting
pattern area with respect to the substrate thickness which is consistent with the above interpretation for the cause of the

correction factor, o.. The thickness of the superconducting film is also very small compared to that of the substrate, which
allows the consideration of a lumped film at the top of the substrate.

Table 1. Dimensions and the obtained thermal parameters of the samples using the proposed thermal model. The dimension of the
substrates area is about 0.5 cm by 1 ¢m for all the samples. As given in the table, d is the thickness of the substrate, dy is the thickness of
the YBCO film, Ry, is the measured substrate-cold finger thermal boundary resistance and o is its fitting parameter for the one
dimensional solution obtained from the model. Rg is the film-substrate boundary resistance and Cy¢ is the heat capacity of the
superconducting film obtained from the model. A is the total area enclosed by the superconducting meander line pattern.

sample Substrate dg Cyg Ks Rge a df A Rfs Ct dR/AT
number material (cm) ] w K (nm) | (ecm?) | mK ul Q
3 ) e R 5 ( =) 5 ) )
k-cm- =em W-cm~ W-cm- k-cm
064-03a | MgO 0.05 0.53 3 6.82 2 170 0.075 44 642 1000
064-0la | SrTiO3 0.05 0.43 0.052 5.6 1.7 | 220 0.017 44 655 1800
061-02a | LaAlO3 0.05 0.59 0.16 8.82 1 550 0.075 27.5 131 670
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Considering the superconducting pattern as a lumped film on top of the substrate material and substrate as a continues
uniform media, the thermal equivalent circuit of the samples in contact with the holder can be shown as in Figure 3, where q
is the absorbed radiation intensity at the surface of the sample. In this equivalent diagram, two thermal boundary resistance
are considered at the substrate interfaces while only the heat capacity of the superconducting film is also considered. The
thermal conductance of the superconducting film is calculated and found to be negligible compared to that of the substrate
and the interfaces. For samples with thicker superconducting film as for the screen printed materials [17], the limited heat
conductivity of the superconducting material same as for the substrate, should also be considered.
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Figure 3. Equivalent thermophysical diagram of the samples in contact to the cryogenics holder. g is the input radiation power, Cf is the
lumped heat capacitance of the film, Cs and R are the heat capacity and thermal conductivity of the substrate material, and Rfs and Rsc
are the thermal boundary resistance values at the film-substrate and the substrate-holder interfaces respectively.

1. Temperature variation in the substrate

To approach the complete close form solution to the model as given in Figure 3, first we consider the absorbed radiation
power, q, being applied directly to the surface of the substrate ignoring the effects of the surface boundary conditions of C¢
and Ry, which are representing the effect of the thermal parameters of the superconducting film. As mentioned before this
would be the case as for very low modulation frequencies where C; is much smaller than the contributing heat capacity of
the substrate determined from equation (1), and the film-substrate thermal boundary resistance, R, is much smaller than
that of the substrate-holder and/or the thermal resistance of the substrate, Rg, determined from equation (2).

Considering the substrate as a continues media of R and C elements as shown in Figure 3, to obtain the temperature
variation at the surface of the substrate, we find the solution to the general heat propagation equation with the given
boundary condition at the substrate-holder interface, Rgc. For one dimensional heat propagation in a material we have;
2

X _p>7 3

t x2
where D=k/c is the thermal diffusivity of the material and k and c are the thermal conductivity and the specific heat per unit
volume of the material which is the substrate in this case. Following the general steady state solution to the heat propagation
equation, the temperature variation in the substrate with the consideration of the effect of the substrate-holder thermal
boundary resistance, Rqc, is obtained. Then the temperature at the surface of the substrate without the consideration of the
effect of the heat capacity of the superconducting film, Ci, and the thermal boundary resistance at its interface, Ry, is
obtained to follow;

exp(yL)+Texp(-1L) 1
AT= - 4
9 exp(yL)-Texp(-1L) \/ joocsks “4)
where yis the characteristic thermal impedance of the substrate material defined as;
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o is the angular modulation frequency, and kg and cg are the heat conductivity and the heat capacity of the substrate
materials, respectively. The value of Rgc can be found from;
1
=G W (7
Rsc=GWIK) ° N |
where G is the thermal conductance of the device at very low frequencies, G(0). This is based on the assumption of G >>
Gs >> Gg¢ where Gfs=1/Rg, Gg is the total heat conductance of the substrate, and Ggc=1/Rsc. This assumption has been

verified for samples with dimensions close to that of our typical samples which is discussed and presented before
(11.03),[12],[14],[21]-[22].

2. Temperature variation at the film

To obtain the voltage response of the current biased samples to the modulated radiation intensities at all frequency ranges,
one should find the temperature variation in the superconducting film which is considered to be the temperature variation
across Cy in the equivalent circuit of Figure 3. Hence the only temperature gradient from top of the superconducting film to
the substrate would be that across the film-substrate interface, Rg. Solving the one dimensional thermal differential equation
with the complete boundary condition as shown in Figure 3 (i.e. with the consideration of Cy and Ry), the temperature
variation in the superconducting film is found to follow;

exp(yL)+Texp(-yL) ] R
exp(YL)-Texp(1L) \/ jocsks ¥ 15
exp(YL)+Texp(-yL)  [_jo .
exp(yL)-Texp(L) \f osks OF * 1 +JOCHRs

Where q is the absorbed radiation power in the filmh per unit area, and C; and Ry, are the total heat capacity of the
superconducting film and the thermal boundary resistance at the film-substrate interface per unit area, respectively.

AT= 8)

The obtained solution in equation (8) is valid from very low frequencies up to values where the thermal diffusion length into
the superconducting film (for YBCO material) becomes smaller and/or comparable to the thickness of the film. This is
while the penetration depth and/or the absorption coefficient length in the superconducting film is still considered to be
much smaller than the film thickness or otherwise considered. This frequency regime for our samples with a maximum film
thickness of about 550 nm is found to be much higher than that studied in this work. As given in equation (8), at very low
frequencies the denominator will approach one and the Ry, will become negligible compared to the first term leading to the
results of the one boundary condition problem as given in equation (4). This is because at very low modulation frequencies
the temperature variation reaches the bottom of the substrate, hence the heat capacity of the film with respect to that of the
whole substrate material under the pattern and the thermal boundary resistance at the film-substrate with respect to Rg and
Rgc becomes negligible [31,{12].

3. The voltage response and bias current dependence
Considering the temperature variation in the film caused by the absorbed radiation to be uniform all across the pattern, the
voltage response in a dc current bias configuration can be obtained from;

dR
dV=TpAT 4 ©)

where I is the dc bias current, dR/dT is the slope of the R versus T curve at the bias temperature as given in Table 1, and
AT is the temperature variation in the superconducting film as given in equation (8). This is valid within the temperature
variation range where dR/dT can be consider to be constant which is about one tenth of the transition width at the middle of
the superconducting to normal transition temperatures in our samples. Considering the maximum temperature variations
being below about 1 mV as measured during the characterizations presented in this work and the transition widths typically
of a few degrees of Kelvin in our samples, the variation of dR/dT and /or the non-linearity of equation (9) is found to be
negligible in our measured and calculated response. This would not be the case for devices exposed to high radiation
intensities which are normally voltage biased for further stability's [23]-[24]. The effect of the bias configuration on the

response and the feedback effect of the Joule heating for each case of the voltage-biased and current-biased confi gurations
are discussed and presented elsewhere [13].

There might also be a consecutive temperature variation due to ac Joule heating in the film caused by the resistance
variation in the superconducting film caused by the input radiation power. This effect on the response which is in the form
of a positive feedback in the used current-biased configuration here, can be considered either in the model as a dependent
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radiation (or heating) source in parallel to the radiation source, g, in the equivalent diagram of Figure 3 [25], or simply as an
additional term in the overall responsivity of the sample as given in the following form [3],[12];

I'v
VAT
Ty-t is the overall responsivity in volts per watt and 1 is the absorption coefficient in the film. Considering the effect of the
absorption coefficient in the q factor in equation (8), ry will the same as dV as given in equation (9). In the samples studied
in this work the effect of ac Joule heating in the response is found to be negligible for the used biased currents.

(10)

4. MEASURED FREQUENCY RESPONSE AND CALCULATED RESULTS FROM THE MODEL
The results from the model is investigated using the measured magnitude and phase of the response versus modulation
frequency of meander line pattered samples given in Table 1. The frequency response of the samples is found to be strongly
dependent on the film and substrate dimensions as well as for the thermal parameters from which these characteristics of the
samples can be further investigated. To calculate the response versus frequency of the samples using equation (8), the dc
thermal parameters of Rg, Rge, Cr, Cg, and Kg of the samples were determined. The measured value of the above
parameters of the sample are given in Table 1. The value of Rgc which is much higher than Rg and Rg as given in the table,
is measured using the method of resistive or dc Joule heating close to the transition temperature, T¢ [14]-[16],(18]. In this
method the temperature rise in the film cause by the Joule heating due to the bias current and the film resistance, can be
measured by measuring the resistance of the film from which Rgc can be obtained. Also starting from a typical value for
unknown parameters such as the film-substrate thermal boundary resistance and the thermal parameters of the substrate or
the heat capacity of the samples, the more accurate values could be obtained using the fit of the results from the model to the

measured values which are given in Table 1. The given values in the table are given per unit area as used in the one
dimensional solution of the model.

The results from the model have been investigated for samples on three different substrate materials as SrTiO3, LaAlO3,
and MgO. The measured and calculated magnitude and phase of the response of meander line patterned YBCO films on
0.05 thick SrTiO3, LaAlO3, and MgO substrate samples are shown in figures 4, 5, and 6 respectively. Calculated response

using the simple R-C model as used in reference 3 is also plotted for samples 064-01a and 061-02Aa. The calculated
response for the R-C model is found using;

B
™V = "Gyj2nfC dT ° an
The simple R-C model is found to be as useful as the complete model in the very low frequency ranges where the thermal
diffusion length into the substrate is much larger than the substrate thickness. The simple R-C model is found to be
appropriate for micromachined and/or free standing film bolometers since the values of G and C of the device in equation
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Figure 4. Response versus modulation frequency of the SrTiO3 substrate sample 064-01a at 80 K and 250 pA bias current. measured and
calculated, a) magnitude and b) phase of response from both the model and that from the simple RC-model.
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Figure 5. Response versus modulation frequency of the LaAlO3 substrate sample 061.02a at 79.5 K and 500 A bias current. measured
and calculated, a) magnitude and b) phase of response from both the model and that from the simple RC-model.

(11) would be the same up to very high frequencies where the thermal diffusion length into the substrate or into the free
standing element of the micromachined bolometer becomes smaller or comparable to their thickness’ [15]-[16]. In general
the use of the simple R-C model is appropriate in the frequency regimes where one time period of the modulation frequency
is longer than the very low frequency time response of the samples, 1, defined as 17,=C(0)/G(0), where G(0) and C(0) are the
total low or dc thermal conductance and heat capacity of the sample. In the following we compare the results from our
model to the measured values for the measured frequency range and investigate the effects of different thermal and
dimensional parameters on the fit of the model to the experimental values.

1. Substrate and pattern dimension dependence of the magnitude of the response

As given in table 1, the substrate-holder thermal boundary resistance of the sample, Rgc, is calculated in per unit area to be
applicable in equation (8). The Rgc is found using the measured dc thermal conductance of the samples [14]. As given in the
table, a factor defined o is defined for the correction of this value to match the calculated response to the measured values.
As seen from the table, this factor is found to depend on the area of the pattern with respect to the substrate thickness and
the thermal conductivity of the substrate materials, increasing by the increase of the thermal conductivity of the substrate
and the increase of the ratio of dg/A. The requirement of the factor a for a better fit of the calculated response curves to the
measured ones, is interpreted to be due to the spreading thermal resistance effect in the substrate material imposed by the
one dimensionality of the model. Hence, for a relatively low thermal conductive substrate sample with a large dimension of

the pattern area compared to the substrate thickness, this factor is expected to reach the value of one as obtained for sample
061-02a.

a) b
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Figure 6. Response versus modulation frequency of the 0.5 cm thick MgO substrate sample 064-03a at 79 K and 1 mA bias current.
measured and calculated, a) magnitude and b) phase of response.
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2. Low frequency magnitude of the response deviations and substrate material dependence

As observed from figures 4 to 6, there is a discrepancy between the results from the model and the measured values. This
discrepancy is found to increase by the increase of the thermal conductivity of the substrate materials showing its maximum
for the most conductive substrate sample. This is also interpreted to be due to the one dimensionality of the model
underestimating the lateral heat diffusion in the substrate materials underneath the pattern. As observed from the magnitude
of the response curves in figure 4, 5 and 6, the discrepancy is increased by the increase of the thermal conductivity of the
substrate materials being the most for the MgO substrate sample 064-03a. This is also consistent with the variation of o
which is obtained from fit of the curves up to the knee point frequency as discussed in the previous section. To avoid this
discrepancy one might either find the three dimensional solution for the model, or uses the approximate cylindrical solution
by considering non-uniform thermal conductivity and heat capacity of the substrate with a linear increase of cg, and kg in the
substrate as the distance from the surface of the substrate increases. In such an approximate solution the results of which can
easily be observed using the simulation programs such as SPICE, the substrate-holder thermal boundary resistance, Rgc,
might also be considered frequency dependent for more accuracy.

3. Phase of the response and the high-end frequency behavior

The phase of the response of the samples are found to be much more sensitive to the values of the characteristic parameters
of the samples. Particularly the drop of the phase at high end frequency response has been the determining factor in finding
the equivalent values of C¢ and Ry given in Table 1. Also while the low end calculated phase of the response versus
modulation frequency is in a very good agreement with the experimental results for SrTiO3 and LaAlO3 substrate samples,
there is a peak at the frequency range of 10 to 100Hz in the MgO substrate sample which can not be explained by this
model. This behavior has also been observed for other MgO substrate samples occurring at lower frequencies in thinner
substrate samples, at about 10 to 20 Hz modulation frequency for 0.025 cm thick MgO substrate which is about half of that
of the 0.5 cm thick MgO substrate sample 064-03a shown in Figure 6b. One speculated mechanism for this is interpreted to
be possibly due to the reflection and interference effect of some acoustical phonons within the boundaries of the substrate
underneath the superconducting pattern. The possible effect of the superconducting material on the spectral phonon density
in the substrate and its consequent effects is already observed in the phase of the response versus temperature of the samples
which is presented and discussed elsewhere [14].

4. Mid-range frequency deviations in phase and magnitude of the response

There is also a consistent observed slight discrepancy in both magnitude and phase of the frequency response curves of the
results from the model compared to that of the measured values. This is in the midrange frequency of the plateau of the
phase versus frequency curve for all samples, the effect of which can also be observed partly in the magnitude of the
response versus frequency curves in the same frequency regime. The measured response in this range is found to be slightly
higher in magnitude and more in phase with the radiation signal than the expected values from the model. The possible
effect of the radiation absorption by the open areas of the substrate within the meander lines of the patterns was investigated
and its consideration in the model was found to lower the phase of the response increasing the observed discrepancy in the
plateau region of the phase of the response versus modulation frequency curve particularly for he SrTiO3 substrate sample.

The spectral absorption of the crystalline substrate materials where measured from 600 nm to 50 wm and was found to be
about 12%, 20%, and 8% for our 0.05 cm thick SrTiO3, LaAlO3, and MgO substrates at 850 nm radiation wavelength
respectively. While the effect of the substrate absorption is found to be negligible in the frequency response of the samples
measured at 850 nm radiation wavelength, it is found to have a major effect in the measured spectral response of the
samples at longer wavelengths [3],[12],[20]. As an example the absorption in the SrTiO3 substrate is found to be over 90%

from about 7 to 12 pm and from about19 to 21 pm wavelengths [26]-[27], the effect of which is clearly observed in the
spectral response of the detectors on this kind of the substrate material and reported elsewhere [12], [27].

We have observed a small and relatively fast component in the time response of the samples relatively increasing with
respect to the total response by increase of the modulation frequency, which could not be explained by the thermal response
as modeled in this work. The steady state time response of SrTiO3 substrate sample 064-0la in the frequency regime
mentioned above, is shown in Figure 7. As observed from the figure there exist an abrupt jump and drop at the edge of the
on and off switching times of the fast near IR source which is derived by a square wave voltage signal [3],[17]. The same
type of the steady state time response is observed for other samples in the same frequency regime, the effect of which is in
the favor of the discrepancy (i.e. lowering the phase value and increasing the magnitude of the response from those

calculated values by the model). This might explain the higher magnitude and lower phase in the plateau region which also
needs to be further investigated.
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Figure 7. The steady state response versus time of the SrTiO3 substrate samgle 064-01a at 560 pA bias current, radiated by a 20 Hz
square radiation signal with 2.13 mW/cm" maximum intensity.

5. SUMMARY AND CONCLUSIONS

The phase and magnitude response versus modulation frequency of superconducting edge transition bolometers is strongly a
function of the thermal boundary resistance at the film-substrate and the substrate-holder interfaces. A model based on
above with consideration of the film and substrate thermal parameters for bolometers with superconducting patterns larger
or comparable to the substrate thickness are proposed. The model is used to monitor the above thermal parameters of our
samples by fitting the obtained phase and magnitude of the response from the model to that measured. The results from the
model confirm the major effects of the thermal boundary resistance dominating the effects of the substrate materials at very
low and high modulation frequencies.

A very good fit between the both measured magnitude and phase of the response to that obtained from the model could be
obtained for the SrTiO3 substrate samples from very low modulation frequencies of 0.5 Hz up to about 100 kHz which were
the limits of the characterization setup. From the high frequency end of the above fit, the superconducting film-substrate
thermal boundary resistance and the heat capacity of the film could be obtained. Both the film-substrate boundary resistance
and superconducting film heat capacity of our samples are found to be larger than the previously typical reported values in
the literature. From the low and midrange frequency of the above fit, the heat capacity and thermal conductivity of the used
substrate materials (SrTiO3, MgO, and LaAlO3) and the substrate-holder thermal boundary resistance could be obtained.

The obtained heat capacity and thermal conductivity of the substrate materials agree well to the previously reported values
in the literature.

The obtained thermal boundary resistance at the substrate-holder of our all samples is found to be the highest thermal
resistance value seen by the dc and/or low frequency heat wave from the absorbed radiation power in the superconducting
film flowing to the substrate holder, the temperature reservoir. Though a slight deviation for the MgO and LaAlO3 substrate
samples is observed at very low frequencies which increases with the increase of the thermal conductivity of the substrate
materials. This is while the total thermal conductance of the bolometer is found to be mainly governed by the thermal
boundary resistance at the substrate-holder interface. This suggests the effect of the lateral heat flow through the substrate
underneath the superconducting film to be considerable for more thermal conductive substrate materials where the
dependence of the dc thermal conductance on the superconducting pattern area suggests a directional heat flow only
underneath the superconducting film.

In conclusion the proposed one dimensional thermal model can be used to monitor the thermal parameters of the
superconducting film, substrate, and the thermal boundary resistance values of an edge-transition superconductive
bolometer, and also the mechanism of the heat flow in such devices. The response versus modulation frequency of the
bolometers are found to be the most informative data in this respect. The response of the bolometers with large
superconducting pattern areas compared to the substrate thickness is found to be mainly bolometric following the results
from the model. For samples with small superconducting pattern areas compared to the substrate dimensions, or with more
thermal conductive and thicker substrates a three dimensional model would be required for better fit of the calculated and
measured response values.
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