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Abstract

We present measurements of the thermal conductdriben-film-on-substrate structures that
could serve as thin film uncooled bolometers. Sfddsamples were 75 nm thick epitaxial
Lag 7S1p.saMNnOs3 thin films deposited on SrTgX001) and MgO (001) substrates patterned in
square geometries of areas ranging from 50 pum prBGo 200 um x 200 um. The model
allows estimating thermal boundary conductance eslat the interface between film and
substrate of 0.28+0.08 x AW/ K™ m? for LSMO / STO (001) and 5.82.98 x 16 W-K*.m

2 for LSMO / MgO (001) from measurements performadthie static regime. Analytical
expressions of thermal conductance and thermaktapae versus modulation frequency are
compared to measurements of the elevation temperduwe to absorbed incoming optical
power. The overall good agreement found betweersunements and model finally provides
the possibility to calculate the bolometric respos$ thin film bolometers, thus predicting

their frequency response for various geometries.



I.  INTRODUCTION

A bolometer is a thermal radiation sensbt:* It is composed of an absorbing element
that converts the incident electromagnetic radiatio heat and an electrical resistance
thermometer that measures the elevation of tempe&T induced by the absorbed radiation.
The absorbing element with thermal capacitance €omected to a thermal bath at fixed
temperature d(thermostat or cold head) through a thermal cotashee G, which includes the
thermal boundary conductance at the interface letwidm and substrate. This thermal
boundary conductance is a quantity used to destirédbkeat conduction between two materials
in contact. It is of high importance to evaluate Walue, in case of thin-film-on-substrate
systems and in particular of thin film bolometers.

The optical responsivityy (expressed in V- W) of a bolometer of electrical resistance
R is defined as the output voltag®(f) per incoming radiation powekP(f), where f is the
modulation frequency of the incoming radiation poweis directly related to the elevation of
temperature in the bolometAf (f) and in the case of a constant current biasddnheter, it

can be written as:

. (f)_AV(f)_AV(f)XAT(f)_(@xlj>< N 0
VYITAP() T AT(F)  AP(F)  \dT 1+ (2rf)2

wheren is the absorption coefficient (dimensionless} the bias current (expressed in A), G
is the thermal conductance of the device (express®d-K?), 1 = C / G is the thermal time
constant (expressed in s), C is the thermal capamt(expressed in J*K The basic approach
described by equation (1), which considers thain@ @ are constant in all the investigated
modulation frequency and temperature range, leadbet conclusion that the bolometer is a
first order system with a cut-off frequency equals, = (2rm)™. However, G and C are not
strictly frequency independent in the case of fdimsubstrate devices, and this is the purpose
of this paper to study their frequency dependeasayell as to evaluate the thermal boundary
conductance between the LSMO film and the substrate

In section Il, we will describe the thermal motight we have used for thin-film-on-
substrate bolometers, which is adapted from Reifnd 6. Section Il gives the experimental
details, i.e. the sample description and the measemt conditions. LaSirsMnO; (LSMO)
thin films deposited on SrTgJ001) (STO) and MgO (001) substrates patterngdarform of
meander-shaped strips that cover square areasoin50 50 pum, 100 pum x 100 um, and 200

pum x 200 um were studied. LSMO is a promising niatéor room temperature bolometers
2



since it presents a large variation of its eleatricesistance versus temperature at the
temperature of its metal-to-insulator transitiore. iabove room temperaturé?'® The
Temperature Coefficient of the Resistance TCR=(&R3/dT) of LSMO is around 2% Kin

the 300-340 K temperature range indé&th addition, LSMO thin films show low electrical
noise, which let expect competitive noise equivalpawer at room temperatuté? The
thermal properties of the tested substrate matamagiven in section IV. Using measurements
of the thermal conductance performed in the statitme and the simplified model, thermal
boundary conductance values at the interface betiike and substrate were evaluated for
each substrate material. The temperature elevagosus the modulation frequency of the
incoming radiation power from a laser diode, nandddf)/AP(f) were finally made and

compared to the proposed model. A conclusion isrgia section V.

II. THERMAL MODEL

A.  Electro-thermal analogy

The thermal model is based on heat conduction ffibm to substrate, neglecting
radiative and convective leakage, since samplesplaeed in vacuum, as well as thermal
leakage due to wires. To describe it, we used tmyentional analogy between thermal and
electrical parameteréThe heat transfer analysis can then be made muowgflesi by creating
an equivalent electrical circuit of the problem si®wn in figure 1, similarly to the one
proposed by Bozbey in Ref. 14.

In the model described in figure 1, we defimpdP(f) as the absorbed power at the
surface of the sample (in W),@nd G the thermal conductance and the thermal capaeitanc
of the patterned thin film, &and G the thermal conductance and the thermal capaeitahc
the substrate. Thermal conductances are expras¥édK™ and thermal capacitances in 3:K
Two thermal interfaces have to be considered is deiscription, the film/substrate interface
and the substrate/sample holder interface rAigythe thermal boundary conductance at the
film/substrate interface and A'sg is the thermal boundary conductance at the
substrate/thermostat interface, where A is the rheter area and A’ is the substrate to
thermostat contact area-sgand gr are named the thermal boundary conductances (K W-
L. m?) between film and substrate, and between substradethermostat, respectively. The
total heat flow from film surface to sample holdeigoverned by the thermal conductance G,

which can be written as follows in the steady state



1 1 1 1 1
= + +—+
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(2)

B. Thermal boundary conductance

The thermal boundary conductance depends on tfi@cswf the contact area as well
as on the interface qualfy*® To our knowledge, no value of thermal boundamydzztance
between LSMO thin films and STO or MgO substratas been reported in literature so far.
Nahumet al.'” have performed direct measurements of the theboahdary conductance
between epitaxial YB& WO (YBCO) films and a variety of substrate materiaf¢h and
without buffer layers in the 0.%a0" - 1.25¢<10" W-K™*- m? range at temperatures in the 90 -
200 K range. Other measurements at room temperaswesbeen reported for epitaxial YBCO
on MgO substrates (0x40" — 2.0x10° W-K™*.m? measured using optical-transient grating
method}®?? on STO substrates X10" - 2x10" W-K™*-mi* measured using optical-transient
grating method and thermoelectric mettf6d} and semiconductor YBCO on MgO substrates
(5x10° W-K*-m??. For manganese oxides, some values have been tawpdor
Lao #(Phy7Sl.90.2MnOs thin films on STO and LaAl@substrates (YOW-K™*-m? measured
using pulsed microwave methéy)and La ¢Ca 3sMnOs on STO substratex(10° W-K™*- mi?
measured using pulsed microwave metfbd)

C. Heat diffusion into substrate

Thermal models describing the optical responsivafy high critical temperature
superconducting film-on-substrate bolometers dedht modulation frequency ranges can be
found in literatur@®®*?"3! Fardmaneslet al.?”*® proposed a one-dimensional (1D) thermal
model for HTS thin film bolometers on thick substsa They modeled the substrate as a
cylinder and used the heat diffusion equati@his model was validated for large
superconducting patterned areas compared withubstrate thickness at low and midrange
modulation frequencies (1 Hz — 10 kHz). Fardmaretst?® presented a 2D analytical model
that better describes the results especially &t figguencies compared to the previous 1D-
model. Gauguet al.*® have also developed a 2D analytic model and a @Denical model,
with and without consideration of the thermal boamydconductance between film and
substrate. They showed that the 2D model can ke togeredict the optical responsivity of an
illuminated pixel, and the 3D model to evaluatesirpixel crosstalk taking into account the
thermal interface. More recently, and based orlasework, Jagtagt al.?* implemented a 3D

thermal model taking into account the film/substretterface and film thickness. Grossmann
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et al.*" have proposed a 2D analysis for microbolometayarrwhich allows the analysis of
thermal crosstalk and estimates the effects dfefimubstrate thickness. Most of the above cited
models concern detection areas larger than subdgtietkness. They do not strictly apply to
our case where active detection areas are ranging30 pm x 50 pm to 200 pm x 200 pm on

substrate thickness of 1 mm.

We have modeled the contact between the film bedstibstrate as an hemisphere of
radius a, as shown in figure 2 and previously psegoin Ref. 5 and Ref. 6. In this model the
heat flux is radial into the substrate. The congaet is represented by a hemisphere of surface
2m&?, which is set equal to the surface of the thim filolometer A = E, in case of a square of
side L. The heat transfer equations in solids aarfoind in®2. From the integration of the
temperature gradient over the contact area betdikerand substrate (A = L2 =182), the

thermal conductance of the substratec@n be written a$:

2
= X X X f_ f_
Gg(f) =L xKgXx+/2T \/(1+ /2ij +[2ij 3)

where fis the incident power modulation freque(ioyHz),ks is the substrate thermal

conductivity (in Win*&™), f.= D / L? is the frequency at which the thermal diffusiongth

Lp = \/W (in m) becomes equal @x+/2 . Lp gives the characteristic penetration depth
of temperature variation into the substrat€3? D is called the thermal diffusivity of the
material, and has units o@". It measures the ability of a material to condhetrmal energy
relative to its ability to store thermal energy aaddefined as D&/(c,xpyv), where gis the
specific heat capacity at constant pressure exguess Jig K™, p, is the mass density
expressed in Kin®, andk is the thermal conductivity expressed infWE ™.

Depending on the modulation frequency f compared] ,ttwo asymptotic behaviors
can be distinguished as reported in table I. At fequency, so called hereafter static regime,
(where lo>>ax+/2, which means that the heat flows deep into thestsate), the thermal
conductance of the substrate writes:

Gg(f <<f ) =Gg(0) = L xkgx~v2m (4)

In the static regime, &is therefore independent of the modulation fregyenaries linearly

with sample size L and the thermal conductivity tbé substrate materials. At high

frequency, so called dynamic regime, (Wheﬁss‘taX\/i, which means that the heat does not
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flow deep into the substrate and that the therraahbary conductance may play an important
role in the total thermal conductance as will benstater), the thermal conductance of the

substrate writes:
Ge(f >>f1) =L xkgx/2mx [ (5)
L

In the dynamic regime, §3herefore depends on frequency]zfs f

In order to fully characterize the electro-thermpadperties of the thin-film-on-substrate
bolometer, one also has to evaluate its thermaaggmce. For a thin film bolometer element
with area A= and thickness:t the film thermal capacitance can be neglecteduss of the
very small volume involved and the total thermalaatance can be estimated by the substrate
thermal capacitance <CThe latter depends on the heated volume, whigiernts on the
modulation frequency and is therefore hard to @efinalytically. Rewriting equations (4) and

(5) as Gg(f <<f ) =Gg(0) = kg L2 /a andGg(f >>f ) = KSXLZI(LD/\/E) , respectively,
actually corresponds to the thermal conductanca bkated volume of square area L2 and
thickness a in the static regime (fgxfand of square area L? and thicknm/\/ﬁin the

dynamic regime (f>3f). Two asymptotic expressions ofs @epending on the modulation

frequency compared t@ €an then be written as reported in table I.

[ll.  EXPERIMENTAL DETAILS

A. Sample description

The 75 nm thick LSMO films were deposited by Pdl¢@aser Deposition (PLD) at
720 °C in a @ pressure of 0.35 mbar.€ 34.7 Pa) on 1 mm thick STO (001) and on MgO
(001) substrates. All LSMO films were (001) oriethtes revealed by X-ray diffraction (figure
3). Inset of figure 3 shows the electrical resisfiwersus temperature characteristics of the
unpatterned LSMO films. In order to make low eleetr resistive connections a 200 nm thick
gold layer was deposited by ion-beam on the LSMQsii The latter were patterned by UV
photolithography and argon ion etching to form nusarshaped strips that covers square
areas of 50 pum x 50 pm, 100 pm x 100 pm and 200<|RB0 um (see inset of figure 4).
They can be composed of 5 or 7 lines, or only ahes forming a square. Each meander

includes two gold pads for supplying the bias aurr@and two gold pads carrying out the



voltage measurements. The connections betweernxtbmal circuitry and the patterned film
with gold contact pads were finally made using ahiom wires by ultrasonic bonding.

B. Measurement conditions

The LSMO samples were glued using silver paste artopper plate equipped with a
heating element (allowing to heat in the 300-38@aKge) and placed in a vacuum chamber
equipped with an optical window. The chamber waacaated by a secondary pump, and no
cooling system was used. A temperature controllas wised to maintain a temperature
stability of £15 mK during measurements at a fixeohperature. The LSMO meanders were
current biased in a four probe configuration usanguasi-ideal dc current source, which
exhibits quasi infinite output impedance and neble noise contributioi® A low-noise
voltage amplifier with gain of 220 was used to meaghe voltage of the LSMO samples.

Many methods to measure the thermal conductancehiof films, which can
significantly deviate from its bulk forff, have been reported in literature. Among them, we
can cite the ® method™>® the non-contact photothermal metfiodand the electrothermal
method®. The thermal conductance can be experimentaéip ss the inverse of the ratio of
the temperature elevatioAT(f) of the bolometer that receives the pows?(f). In our
experiments, we used two types of incoming powerthie static regime, we used Joule
heating to induce a temperature increase in thendegasshaped strips (electrothermal
method). In the dynamic regime (1 Hz - 100 kHz &ngve used a modulated laser diode
(635 nm, 5 mW) to heat the meanders, and we reddfaeoptical responsivityiy(f) versus
modulation frequency (photothermal method). Measared modelled (using calculated G(f))
optical responsivityly(f) versus modulation frequency will be compared.

The electrothermal technique was found to be moceirate to determine the value of
G(0) and will be described below. Voltage versusent V() and electrical resistance versus
temperature R(T) characteristics were used. Thg Wfds measured, using the precision
parameter analyzer HP4156B, by applying a sweepingbias current (I) in the devices
(using the two current pads: I+, I-) and by measythe voltage (V) across it (using the two
voltage pads: V+, V-). The R(l) characteristics t@neasily calculated from V(1) by dividing
V by I. The R(T) characteristics have to be measumdependently. By fitting the R(T) data
in the vicinity of the temperature of the experimdig using a linear expression, we can
deduce the temperature of the bolometer T(R) astifum of its electrical resistance R. The

temperature of the bolometer T can finally be egped as function of the dissipated electrical
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power B=VxI| in the bolometer electrical resistance due toleJaffect to obtain T(fy
characteristics from the R(I) characteristics, bpstituting R to T, and | tojPrespectively.
The slope at the origin (a)lof the B(T) characteristics directly gives G(0), the tdtedrmal

conductance of the LSMO film-on-substrate boloneeterthe static regime (i.e. f<3f

IV. MEASUREMENTS ANDANALYSIS

A. Thermal properties of the substrate

Table Il summarizes the thermal properties ofdlfferent substrate materials used in
our experiments, together with those of the LSM@ fand the copper used as sample holder.
The thermal conductivity of STO is five times smealthan that of MgO, but they have close
volumetric thermal capacitygp,. The values for D mentioned in table Il have begleulated

using the reported, ¢, andp, values.

B. Simplified model
Considering our actual experimental conditionsyagign (2) describing the total
thermal conductance of the thin-film-on-substradéoimeters can be simplified. The substrate

2 It means that the heat flow

thickness is 1 mm, which is always higher than=_x42m)
from the film surface does not exceed the substrat&ness, thus (A’-)™ being negligible.
Finally, considering the LSMO film thickness £ 75 nm, we have a>ztfor all the
investigated bolometer areas. Consequently, tla tioérmal conductance of our LSMO thin-
film-on-substrate bolometers of surface A is gibgn
1 _ 1 + 1
G(f) Axgrs Gg(f)

where G(f) is given by equation (3). It is recalled hehattin this model the lateral heat flow

(6)

is assumed to be negligible in comparison to thipgyeicular one.

The overall expression of G(f) can finally be weiit, using equations (3) and (6) as:

2
szKSx 21X, || 1+ f— + f—
2f, 2f,
f 2 f
L+§x 2T X [1+ ] +(]
9Fs | 2, 2f

G(f) = (7




Equation (7) and equation (1) show that the optiesponsivity of thin-film-on-
substrate bolometers will be mainly influenced bg thermal properties of the substrate
material ks and gsxpys through f), and by the thermal boundary conductance at the

film/substrate interface fg).

C. Measurement of the thermal boundary conductance at the film/substrate interface

Both calculated values of {®), i.e. the thermal conductance of the substiratihe
static regime using equation (4), and measured G&{dies will be used to estimatesgG(0)
values were measured as described in sectionytical electrical power versus temperature
characteristics resulting from voltage versus curré(l) and electrical resistance versus
temperature R(T) characteristics are shown in &gdirfor all the studied LSMO patterned
geometries on STO (001). The measured G(0) valu88®&K are presented in table Il and
figure 5 for both STO and MgO substrates. Fittinfg noeasured G(0) values versus L

characteristics using equation (8)

12
GO =— 3 (8)
+
Ors V2MXKg

andks values of table Il gives thermal boundary conductaat the film/substrate interfacesg
of 0.28+0.08 x 1OW.K™ m? for LSMO / STO (001) and 5.82.98 x 16 W-K*.m? for
LSMO / MgO (001). Values of g for LSMO / MgO (001) are more than one order of
magnitude higher than for on STO (001), and sholigter dispersion. When L is reduced,
G(0) is more dependent on the thermal boundary wdadce of the film/substrate interface,
whereas at large L values, the substrate thernmadueivity is more influent. At these large
sizes, the penetration length becomes higher amdalle of the substrate material dominates
the total thermal conductance.

D. Frequency behaviour

The good agreement between calculated and meastatedtotal thermal conductance
was demonstrated in section D. We will now consitier dynamic behaviour of the thermal
conductance and of the thermal capacitance in aadekpress the frequency response of the
bolometer responsivity using equations (3) andg3ymptotic expressions og@iven in table

I, numerical values of the material thermal projsrgiven in table Il, and measured values of



the thermal conductancesy The frontier between the two asymptotic regicsbtained at
f=f_ for the thermal conductance dod thethermal capacitance.

The normalized modulus of the measured opticabarsivity versus modulation
frequency of the laser diode has been comparetidéanormalized calculated elevation of

temperaturdT(f) produced by the absorption of a pow?(f), which writes as :

AT(f)
AP(f)

- °0 ©

NormalizedatiHz G(f)\/1+(2ﬂf Cs(f)jz

G(f)

using equation (1), G(f) given in equation (7) aff) given in table 1. Measurements and
calculations using equation (9) are compared iarég 6-a) and 6-b) for all sample sizes and
both substrate materials. The frequency responsieeomeasured optical responsivity and of
the calculated elevation of temperature both shdewapass behavior. Measurements show a
plateau region at low frequencies, adependence at high frequencies (> 10 kHz), ant’a f
dependence at the intermediate frequencies. Thaogea calculations does not reproduce the
1 dependence observed at high frequencies. We sambserve that the discrepancy between
calculations and measurements is higher for thélensample areas for both LSMO/STO and
LSMO/MgO samples, which very probably originatesiirthe 1D nature of the model. Indeed
the lateral diffusion of heat in the LSMO film amdthe substrate is not taken into account. It
can explain why the measured cut-off frequencies3dB reported in Table IV are always
smaller (with a higher difference again for the Berareas) than the calculated ones, in which
the heated volume is underestimated. However asrtezp in table IV, the calculations
reproduce satisfactorily the measured cut-off fesgpies, taking into account the fact that
calculations were made using equation (9) withawt fitting using thermal parameter values
of substrate materials found in literature. Simgddculations based on the basic first order
model also show that the cut-off frequencigg3(0)/(21Cs(0)) are about 2-3 times lower than
fL values. Therefore only the model taking into actdbe dependence of both G and C with
frequency can be used to calculate the cut-offueegy of the studied LSMO thin film on
STO or MgO substrates. Compared to suspendedstegoivhere the thermal conductance can
be lowered by 3 orders of magnitude [49], the LS -film-on-substrate bolometers offer
the possibility of realizing relatively fast bolotees while keeping high enough sensitivity,

which is currently under evaluation.
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V. CONCLUSION

A one dimensional thermal modeling of the thern@aiductance of LSMO thin film
on substrate bolometers has been presented. Galoslan both the static and the dynamic
regimes were compared to measurements. In the ségfime, the thermal conductance was
measured using electrical heating whereas in timamic regime, the frequency response of
the thermal conductance was measured using oftézting from a laser diode. The model
allows estimating thermal boundary conductance eslat the interface between film and
substrate of 0.28+0.08 x 4W/- K™ m? for LSMO / STO (001) and 5.82.98 x 16 W-K*.m
2 for LSMO / MgO (001). Some discrepancy betweerwations and measurements in the
dynamic mode was observed, which was higher forsthaller sample areas, and probably
originates from the 1D nature of the model. Finatlye overall good agreement between
measurements and model both in the static and dgnamodes allows predicting the
frequency response of the responsivity of LSMO fiilm bolometers on different substrate
materials, knowing their thermal properties. Thedelocan be used to define optimized
dimensions for bolometer presenting either higlesponsivity or higher cut-off frequency

depending on the targeted application.
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Table captions:

Table I: Expressions of the thermal conductang)@nd of the thermal capacitance(f} of
the substrate as a function of the modulation feegy f for a thin-film-on-substrate bolometer
of surface A = E ks, Gsand pys are the thermal conductivity, the specific hegtacaty at

constant pressure and the mass density of theratéostaterial, respectively.

Table Il: Thermal properties of the different matkr used at 300 K is thermal conductivity,

Cp Is the specific heat capacify; is the mass density and D is the thermal diffiigivi
Table Ill: Measured G(0) values for all the studigsMO patterned geometries on both STO
(001) and MgO (001) substrates at 330 K. G(0) wwhlre shown together with their standard

deviations (95.4% confidence interval).

Table IV: CalculatedoEG(0)/(2Cs(0)), fi, calculated and measured cut-off frequencatf-

3dB for all sample sizes and both substrate mageria
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Figure captions:

Figure 1: Equivalent electrical circuit using eteethermal analogy used to describe our thin-

film-on-substrate bolometers.

Figure 2 : (a) Schematic representation of the/$§ilhstrate contact area in three dimensions
showing the hemisphere of surfage® which is set equal to the surface of the film A%;
(b) a two dimensional cross section, wherastthe film thickness ands tis the substrate

thickness.

Figure 3: X-ray diffraction patterns in thH-26 configuration of the LSMO films on STO
(001) and MgO (001) substrates. Inset shows thetralal resistivity versus temperature
characteristics of the unpatterned LSMO films.

Figure 4: Measured electrical power versus tempegatharacteristics for all the studied
LSMO patterned geometries on STO (001) substratd3(K.

Figure 5: Measured and calculated using equatipto(8@l static thermal conductance G(0) of

the LSMO film-on-substrate bolometers.
Figure 6: Measured and calculated (using Eq. Qaesivity normalized at 1 Hz at 330 K for

LSMO film on (a) STO, (b) MgO, and (c) dependent¢he measured and calculated cut-off

frequencies (from graphs a and b) versus sampdelsiz
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Table I: Expressions of the thermal conductang@)@nd of the thermal capacitance(f} of
the substrate as a function of the modulation feeqy f for a thin-film-on-substrate bolometer
of surface A = E ks, Gsand pys are the thermal conductivity, the specific hegtacity at

constant pressure and the mass density of theratéstaterial, respectively.

f<<fL f>>f
Heated volume txa L2x Lp/ /2
Substrate thermal
L XxKgX+/2TT L X KgXx+/2TT% Al
conductance &f) \ fL
Substrate thermal 13 x Cps*Pys L3 x Cps*Pvs [fL
capacitance &f) Jom NPAL f

Table Il: Thermal properties of the different matkr used at 300 K is thermal conductivity,

Cp Is the specific heat capacify; is the mass density and D is the thermal diffiigivi

K Co Py D
W-mtK?Y | (3-kghK? (kg-m3) (108 m2.sY)
STO 12 544 %rreur ! 5170" 4.3
Source du
renvoi
introuvable.
MgO 51% 923" 3600 15.4
Cu 398" 381" 8960" 117
LSMO 2.46° 568 6600° 0.7

Table Ill: Measured G(0) values for all the studigsMO patterned geometries on both STO
(001) and MgO (001) substrates at 330 K. G(0) wwahre shown together with their standard
deviations (95.4% confidence interval).

_ G (0) (x10° W-K™
Sample size
LSMO LSMO
L (um)
/ STO (001) / MgO (001)
50 0.85+ 0.02 5.91+ 0.76
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100 1.86+ 0.05 10.0%: 0.84

200 3.21+0.18 20.7# 1.60

Table IV: CalculatedoEG(0)/(2tCs(0)), f., calculated and measured cut-off frequencatf-

3dB for all sample sizes and both substrate mageria

STO MgO
Sample size fo (Hz) | fL (Hz) | fc (HZ) | fc (Hz) | fo (H2) | fL (HZ) | fc (H2) | fc (H2)
(um) (calc.) | (calc.)| (calc.) | (meas.) (calc.) | (calc.) | (calc.) | (meas.)
50 542 1720 487 254 4262 6160 2405 1029
100 206 430 161 94 1258 1540 554 415
200 69 108 49 48 345 385 135 139
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Thin Film (F)

Figure 1: Equivalent electrical circuit using eleethermal analogy used to describe our thin-

film-on-substrate bolometers.
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Figure 2 : (a) Schematic representation of the/§ilastrate contact area in three dimensions
showing the hemisphere of surface? which is set equal to the surface of the film A%,

(b) a two dimensional cross section, wherastthe film thickness ands tis the substrate

thickness.
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Figure 3: X-ray diffraction patterns in th-20 configuration of the LSMO films on STO
(001) and MgO (001) substrates. Inset shows thetralal resistivity versus temperature

characteristics of the unpatterned LSMO films.
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Figure 4: Measured electrical power versus tempegatharacteristics for all the studied
LSMO patterned geometries on STO (001) substratd3@K.
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Figure 5: Measured and calculated using equatipto(@l static thermal conductance G(0) of
the LSMO film-on-substrate bolometers.
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Figure 6: Measured and calculated (using Eq. 9aesivity normalized at 1 Hz at 330 K for
LSMO film on (a) STO, (b) MgO, and (c) dependentéhe measured and calculated cut-off
frequencies (from graphs a and b) versus sampdelsiz
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