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Characterization and Modeling of
Metal-Film Microbolometer
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and Bruce C. S. Chou, Student Member, IEEE

Abstract— The characteristic thermal parameters of a
platinum-film microbolometer are extracted from the data of
two measuring methods. A simple and accurate equivalent
circuit model, along with its thermal behavior, is proposed
for the device. Applying the model to simulate some device
circuits results in good agreement with the experimental data.
Furthermore, an effective method of ambient temperature
compensation, proposed previously by our laboratory, is
demonstrated both experimentally and by simulation using the
same model. The established electro-thermal model therefore
serves as an useful tool for SPICE simulations in the design
of microbolometers. [122]

1. INTRODUCTION

ETAL-FILM bolometers have been used for long time

in various radiative thermal detections [1]-[5]. It has
the advantages of room-temperature operation, wide wave-
length response, and low cost. It is therefore very suitable for
the commercial applications. Recent development of bolometer
by micromachining technique have made the detector per-
formance approach the radiation limit [6]. Great attention
is also being paid currently to develop monolithic focal-
plane-array (FPA) bolometer [7], [8] to meet the demand of
robust, economical, and uncooled thermal imagers in related
commercial markets, such as fire or surveillance purpose.

In recent years, studies using thermal-electrical analogy on
the simulations of the substrate-temperature stabilization in
integrated circuits [9]-[12] and of the temperature distribution
in thermal microsensors [13]-[15] have been reported. On
these issues, the electro-thermal SPICE can become a powerful
and convenient simulation tool for integrated semsors that
are associated with complicated circuitries. Global simulation
including both thermal and electrical circuits mixed together,
however, has not yet been reported for bolometric sensors.
Shie and Weng had previously reported [16] the structural
optimization of a metal-film FPA bolometer. Thermal prop-
erties of the bolometer related to its loss mechanisms and bias
conditions have not, however, been thoroughly understood so
far. The complexity of interactions between the input radiation
and bias heating, as well as the associated feedback between
a microbolometer and its circuit [17], [18], is far beyond
its apparent simplicity as a temperature-sensitive resistor.
Detailed understanding of these behaviors would make an
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accurate equivalent circuit of the device establishable for the
purposes of SPICE simulation.

In this report, characteristic measurements of a platinum-
film bolometer with different operating circuits under different
pressure conditions will be described. From these measure-
ments, the device parameters can be extracted and an equiva-
lent circuit for the bolometer, along with its thermal behavior,
can be established. This circuit is a very useful bolometer
model for simulation with SPICE. Also, an effective method
of ambient-temperature compensation, proposed previously by
Weng and Shie [19], is to be proved both experimentally and
by simulation.

II. EXPERIMENTS

The configuration of the microbolometer studied in this
report is shown in Fig. 1(a) [16]. Fig. 1(b) shows the SEM
photograph of one bolometer element in a fabricated linear
array. A floating glass membrane is supported by its four
leads extending to the corners of a v-grooved cavity formed by
anisotropic etching. The structure is characterized by the lead
width (v/2 A), lead length (v/2 B), and cavity dimension (C');
with A = 8 ym, B = 16 pym, and C = 152 pm, respectively.
A serpentine Pt-film sensing element of 500 A thickness was
coated on the membrane with 100 A chromium buffer layer
for adhesion. A passivating PSG was successively formed on
the sensor. Finally, a nichrome film of 800 A was deposited on
top, acting as the radiation-absorbing black. The temperature
coefficient of resistance (TCR) of the deposited Pt-film was
measured in a controlled oven with variable temperature, and
found to be 0.28% at 0°C. This value is quite different
from the reported bulk value of 0.39% [20]. Presumably,
this is due to the significant Cr-Pt alloying at the interface
region [21], [22], which would increase the resistance, but not
change the temperature resistance of the alloy, according to
the Matthiessen rule {23]. TCR, which is the ratio of the two,
is thus reduced. Excellent temperature linearity, however, is
still kept in the deposited film.

One of the advantages of device configurations with lead-
supported membrane [13], [16], [24] over cantilever or plate
structure [17], [25] is that both the lead thermal conductance
and the irradiated active area can be managed for optimal
sensitivity, through tuning of the structural parameters [16].
Another advantage is that the top-side v-groove structure
provides less etching time and chip area, compared to the
backside-etched structure, which has been adopted in most
conventional thermal detectors [24]-[26]. Also, the fabrication
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Fig. 1. (a) The structure and (b) SEM photograph on one pixel of a fabricated
64-element linear-array microbolometer.

process is simpler, therefore higher yield can be expected. This
is beneficial to the fabrication of an array detector.

Fig. 2 shows the experiment setup for measuring bolometer
responses in a controlled atmospheric pressure. Two meth-
ods of measurement are used for extracting device thermal
parameters, the bolometric method and the dc method. In
the bolometric method, a chopper is set in front of a He-Ne
laser to modulate the light incident upon a bolometer, which
is settled in a vacuum chamber. Radiant profile of the laser
spot is measured directly by a calibrated pyroelectric detector
with the knife-edge-blanking method. Sensor signals are fed
to a low-noise preamplifier, then to a lock-in amplifier. The
data is read automatically by a PC through a GPIB (general
purpose interface bus) interface. The bolometer is calibrated
by the same pyroelectric detector mentioned above to obtain
its absolute spectral responsivities. By the bolometric method,
noise spectrum of device can also be measured with light
impeded by a window shield. While in the dc method, the
bolometer in the chamber is also shielded from light input
and driven by a constant-current (CC) circuit. Voltages and
currents are then measured for the derivation of the device
thermal conductance under varying pressure conditions. In this
experiment, the frequency spectral responses of the bolometer
with circuits of constant bias (CB) and constant temperature
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Fig. 2. Experiment setup for characterization of fabricated bolometers in a
controlled atmospheric pressure.

(CT) are also measured. The spectral data are used for testing
the effectiveness of the equivalent circuit model proposed in
the following.

III. PARAMETER EXTRACTION

The parameters to be extracted are derived from data
obtained from a fabricated bolometer under CC operation. In
the static condition and without optical input power, the device
active region, namely the membrane area, is maintained at an
average temperature 1. Therefore the heat balance condition
reads

G(T - T.) = P. = [ Ry = (L,V3). (1)

Here G is the total thermal conductance, T, is the ambient
temperature, and P, is the electrical self-heating power of
the device. I, and V; are the current and voltage across the
bolometer resistance, Ry, respectively. Notice that the bracket
() represents a quantity that is measurable by experiment. The
sensor resistance, particularly that of platinum material, can
be described accurately by a linear equation of temperature,
which reads

Ry = Ryo[l + (T — To)] 2

where Ry and «q are the resistance and TCR of the sensor,
respectively. Both are referred to a chosen temperature 7. For

the static case, 7" = T, hence

— Vi
Ry ZRbo[l-f-Oég(T—To)] = <I—:> 3)
R, is also a quantity measurable by experiment.
By combining (1) and (3), one can easily obtain

G (IyVi) Ry @
%\ _p
<I,, > ‘
with
R, = Ruo[l + ao(T, — To)]. )]

Therefore, it makes the thermal conductance of the bolometer
experimentally obtainable by the dc method. One should note
that the accuracy of G in (4) is very sensitive to that of
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the ambient temperature (7, ) measured and to the magnitude
of the bias current applied. Hence a dummy sensor in close
contact with the substrate, not v-grooved etched, is required
in order to accurately monitor the substrate temperature that
is assumed to be near the ambient temperature.

In analyzing the bolometric method, let the optical input
power be sinusoidal, or

= B, (1 + ei*?) (6)

with the optical modulation ®,,. The lumped bolometer equa-
tion [27] is given by

H% +G(T - T,) = IRy + a® )
where H is the heat capacity of the sensor contributed sub-
stantially by the square membrane area and ¢ is the spectral
absorptance to the input optical wavelength [28]. For nonuni-
form temperature distribution of other structures, each quantity
in the equation stands for the spatial average over the entire
membrane. Combining (6) and (7), with the aid of (2) and (5),
one obtains for CC operation

dT
H— + (G — If Rypco)(T — To)

dt
= (I2R, + a®,,) + a®,, 7", (8)

In ac steady-state condition, optical modulation will cause a
temperature perturbation AT superimposed on the average
temperature 7T, or, T' = T + AT. By substituting this quantity
into the last equation, and deducting the static terms on both
sides, it reduces to

dAT ,
H—=+(G - I2Ryoo) AT = a®,,e7%t. ©)

By solving the equation, the spectral thermal responsivity
under CC condition can be obtained. It thus reads

a 1

Rr = 10
T G — IZRyoo /1 + w?r2 (10)
with an effective thermal time constant
H
B — 11
"= G- T?Ryao (ah

The electrical responsivity, Ry, is derivable by

—__fivo (12)
V14 w?r?
with a flat-band responsivity
aly Ry
Ryg= ——————. 13
Vo = o T2 Ryocro (13)

Rearranging Ry gives

10g((R‘7(1)) -+ a_lIb) = —log(Il) + log (

)- (14)

If R‘_,(l) > a~ 1, then a linear plot between log( R;(l)) and
log(I») will be obtained according to (14), with a slope of —1
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Fig. 3. The inverse responsivity versus bias current plot for determining
bolometer thermal conductance under different pressure conditions by the
bolometric method.

and an intercept at log(G/aRpocxo). The restriction R;§ >
a~'I, can be proved to be equivalent to G > 2IZRpoag
according to (13). In this experiment, R ~ 1 KQ, ag = 0.3%
and the lowest @ in vacuum is approximately 1075, which
leads to the condition I, < 1.3 mA. To extract parameters of
the device, one can use (14) to obtain the effective absorptance,
a, with G value obtained from (4) of dc method; alternately,
one can set a trial value for the absorptance, a, and match the
experimental data of the two methods to extract G value.

Fig. 3 shows the experimental plot according to (14). The
slope is as accurate as predicated. The pressure-varying ther-
mal conductance derived from Fig. 3 is represented by the
solid line in Fig. 4. Close agreement between the two methods
is observed if the absorptance, a, is set to 0.6. One should note,
however, that in the dc method the conductance differs with
various bias conditions at low pressure regime. The reason
is that different bias currents will produce different device
temperatures and hence different radiative losses. Thus, this
effect becomes more eminent at low pressure, owing to the
reducing thermal conductance.

Heat capacity can also be obtained by experimental fitting
of the effective thermal time constant 7 given by (11). This
is shown in Fig. 4 (solid squares). It is basically a constant
insensitive to the pressure variation.

The thermal conductance, G, in (7) is the most important
parameter in evaluating the performance of a microbolometer.
There are three contributors to this quantity, the radiative (G,.),
gaseous (Gy), and solid (G,) conductance. These are written
in the following formulas [15]. ’

The radiative loss

Gy = 260 Ag(T? + T2)(T +T,) (15)
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TABLE 1
THE EXTRACTED PARAMETERS OF A FABRICATED BOLOMETER

Ad K Ptl Pt2 kt d H a(a) S(b)
[cm2] [W/Torr°C] [Torr] [Torr] [W/cm°C] [pm] [3/°C}
1.44x104 1.86x106 105 1.12 1.01x102 1.75 5.74x108 0.6 0.88

(a) spectral absorptance [28] referred to He-Ne 6328A wavelength.
(b) blackbody emissivity [28] at the membrane temperature averaged over the four bias

currents in d.c. method.
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Fig. 4. The experimental values of thermal conductance and heat capacitance
of a fabricated microbolometer (sample B) derived according to (4) and (14).

with A, the sensor area, ¢ the Stefan-Boltzmann constant, and
¢ the effective blackbody emissivity of the membrane [28].
One should note that ¢ and a could be different because of
the different spectral references. In our experiment, a refers
to 6328 A of He-Ne laser, while ¢ refers to the blackbody
spectral of the device temperature. '

Py

The gaseous loss
Pio
G, = kP
g =" (P+Pt1 + P+Ptz)

where P is the ambient pressure and « is a constant related to
the molecular properties of ambient atmosphere [19], [29]. The
transition pressure, Py, represents the onset of the molecular
state from the viscous state [29]. Here, instead of one, two
transition pressures, Py and Py, are used for each side of the
membrane. It has been found that such a representation gives
a better fit to the experimental data in spite of the complicate
geometry beneath the membrane [19].
The solid heat loss
-1
B +5x 104)

1
G, = (4.2ktd A

(16)

a7

where d is the thickness (cm) of the membrane and
k: (W/em®C) is the effective thermal conductivity of the
leads composed of the glass and the Pt-film. The first term

on the right-hand side of (17) is basically the lead thermal
resistance, while the second term represents the spreading
resistance at the lead ends.

A value of 0.88 for the effective blackbody emissivity, €,
was derived from the differences of radiative loss of the four
dc measurements at low pressure [30]. Table I summarizes
the parameters of a fabricated bolometer (sample A) extracted
from this study. Since the thickness of a spuiter-coated ultra-
thin metal-film can’t be uniform over a wafer surface and
the absorptance and the emissivity of a metal-film are very
sensitive to thickness variation, the a and ¢ values listed in the
table measured with sample A can only be used as a reference.
Minor adjustments of a and € are necessary for other samples,
if these data are to be used for comparison with simulations.

IV.. MODELING AND SIMULATIONS

Owing to the nonlinear behavior of a bolometer and the
feedback interaction with its associated circuit, close-form
solution is difficult to obtain. At the present, a more practical
way to solve the problem is simulation. By analogy, it is
possible to use an equivalent electrical circuit to represent the
thermal behavior of a bolometer, the thermal circuit. Therefore,
the whole picture of the bolometer and the related electrical
circuits can be simulated by a single SPICE package [13],
[31], [32], if the related bolometer parameters can be extracted
experimentally. Mastrangelo and Muller had proposed an
equivalent circuit for analysis of a microbridge-type pressure
sensor [31]. Swart and Nathan had reported a simulative
approach to the electrothermal behavior of a microheater
[32]. In the following, a simple and accurate electrothermal
mode! of microbolometer is proposed for SPICE simulation in
predicting bolometric behaviors under the influences of both
optical input and ambient temperature.

According to (2), the voltage drop across the sensor R}, can
be broken down into three parts

Vo = I, Ryo + oIy Reo (T — To) + aply Reo(Ts — To)

=Vio + Fo + E,. (18)

On the right-hand side of the equation, the first term is
temperature independent. The second term depends solely on
the radiation effect caused by the input optical modulation,
which derives the desired signal. The third term depends on
the ambient temperature, which introduced thermal drift noise
to the sensor. These modulated parts of V;,, namely Fy and E,,
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A proposed equivalent circuit of Pt-film microbolometer for electro-thermal simulation. Block (a) represents the equivalent thermal circuit, and block

(b) is composed of two VCVS’s representing the influence of the optical input and the ambient temperature, contained in (18).

can be represented by two voltage-controlled voltage sources
(VCVS) with 8 (= T—1T,), and T, acting as the input drivers.
A VCVS device is available in standard SPICE package. Block
(a) and (b) in Fig. 5 show the equivalent circuit diagram
representing (18) symbolically. The output of the block (b)
is then connected to the associated circuit.

One notes that in block (a) of Fig. 5 the thermal cur-
rent source P, stands for the self-heating power IV, of
the bolometer. This quantity, however, also depends on the
instantaneous bolometer resistance, which is in a thermally
isolated environment. Hence, a sensitive thermal feedback
mechanism exists inside the bolometer itself, which could
bring about a strong nonlinear behavior. Thermal oscillation,
which is seldom observed in a simple heating element, could
occur when the associated circuit happens to provide the
phase matching condition for thermal instability. This, in fact,
happened in a CT operation during our experiments. Careful
design of a stable system can be made by simulation using the
present model of bolometer.

To test the effectiveness of the model established for mi-
crobolometer, examples were used on the fabricated device
with CB and CT circuits (as depicted in Fig. 6(a) and (b)),
and either evacuated or not. As shown in Fig. 6(b), constant
temperature circuit given by Mastrangelo and Muller was used
[17], except that the dual MOS in their circuit were replaced
by a pair of n-channel JFET. The JFET’s were operated in
saturation region as voltage-controlled current sources. As
shown in Fig. 6(b), the instrumentation amplifier (AMP-02)
forces the voltages on Ry, sensor (V1) and R, reference (V) to
be virtually equal. Since the two JFET’s are a matching pair,
the currents in the two resistors are also nearly equal. This
makes the sensors in a quasiconstant-resistance (or constant-
temperature) state latched at the reference resistance, R,. A
suitable output capacitor, C,, is sometimes connected for
purposes of signal stabilization and bandwidth-tuning. As will
be described, the capacitors can affect the measured char-
acteristics. For simulation purpose, the characteristics of the
n-channel JFET’s, the amplifier, and the sensor resistance were
measured as accurately as possible with precision instruments.

Fig. 7(a) and (b) show the frequency responses measured
under six different conditions for a sample B chosen ran-
domly from our fabricated device. Good agreement is obtained
between the experimental data (points) and the simulations
(solid lines). During the simulations the value of absorptance
a was required to adjust for beat fitting. This is because
of a different sample from the one that produced Table I
was used, and as explained, before the absorptance could be
different from that listed in the table. One should note that a
higher frequency attenuation of —40 dB/dec appears in curves
denoted with CT/C, which have a capacitance C, loaded at
the output of the CT circuit. The simulation is so accurate that
even the small bump in the measurement located at cutoff-
frequency region of CT/C curve in Fig. 7(a) can be described
by the simulation with the proposed model. The frequency
responsivities with the device operated in a vacuum of 5x 1074
Torr [Fig. 7(b)] are notably (2 ~ 7 times) larger than that in the
atmosphere [Fig. 7(a)]. This is expected from the reduction of
device thermal conductance in a vacuum. The same but greater
tendency (~7 times) is observed for the device thermal time
constant, which was obtained from the fitting of the cutoff
frequency. These evidence reassure the fact indicated by Fig. 4
that the gaseous thermal conduction dominates among all the
heat-loss mechanisms while the bolometer is operating in the
atmosphere. Best bolometer sensitivity therefore requires a
vacuum environment of below 0.1 Torr for this device.

Table II summarizes the microbolometer characteristics ob-
tained from sample B with the two test circuits. The highest
responsivity 1033 V/W is obtained with CT-mode in the
vacuum. Its normalized detectivity D* [33], however, is not
the best among all the measurements. This is probably due
to the noisy nature associated with the CT circuit. Operation
with CB-mode in the vacuum appears to have a maximum
D* of 1.09 x 10® cmy/Hz/W, which is nearly Johnson-noise
limited. It is interesting to see the responsivity-bandwidth
product of the bolometer, shown in the table. For the CB
operation it is nearly a constant, but for the CT operation, the
product increases in the atmosphere compared to that in the
vacuum. This implies the complexity of feedback interaction
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Fig. 6. Two operational circuits of bolometer: (a) CB mode and (b) CT mode. R, is the reference resistance. The characteristics of n-channel JFET’s

were measured to be: Ipss = 5.126 mA, Vp = —~2.745 V for JFET; and Ipss = 5.121 mA, Vr

—2.721 V for JFET2. The instrumentation

amplifier (AMP-02) gain was set to 500 during the experimental measurements.

TABLE I
SUMMARY OF THE EXPERIMENTAL DATA CHARACTERIZING THE FABRICATED MICROBOLOMETER

Mode  Ambient Ry f, Ryox £, D* Test.

[V/W] [Hz) (10’ cmVvHz /W] [°C]

CB air 17 71 1207 2.0 33
CB vacuum 121 9.5 1150 10.9 73
CT air 442 291 128622 1.6 59
CT/C air 424 143 60632 1.3 52
CT vacuum 1033 29 29957 5.0 77
CT/C  vacuum 986 33 32538 4.6 73

between the bolometer and its circuit. We also see the circuit
bandwidth, f., is larger in the CT-mode than in the CB-
mode. This is understandable since temperature variation of the
sensor in CT operation is much smaller, therefore the sensor
can respond faster thermally. This wider bandwidth in CT-
mode, together with its higher responsivity, is very beneficial
to the performance of a linear array bolometer. Fig. 8 shows
the simulation prediction of the effect of the amplifier open-
loop gain on the bandwidth and responsivity of CT circuit; a
minimum gain of 10* is suggested for the bolometer to obtain
its gain-factor-free performance.

V. AMBIENT TEMPERATURE COMPENSATION

All the thermal-conductivity sensors are strongly influenced
by ambient temperature variation, and this results in thermal
drift to sensor outputs. Hence it is always necessary to provide
certain circuit for compensating the drift. Many compensation
techniques have been reported previously [34], [35]. The
most direct and conventional way among these techniques

is to use an identical dummy not subjected to the physical
quantity to be measured. To microbolometer architecture this is
somewhat complicated because of the difficulty in constructing
a radiation sheath over the dummy device. Weng and Shie had
previously proposed [19] the use of an identical but nonfloating
(without v-grooving) dummy bolometer for the purpose of
temperature compensation. Since the thermal resistance to the
ambient are different, however, for the sensor and the dummy,
their temperatures also differ. This results in higher TCR for
the lower-temperature dummy device, hence compensation
can’t be complete. Nevertheless, this causes an output-voltage
drift opposite to the uncompensated one as shown in Fig. 9(a),
by curves A and B. And a partial compensation method [19]
can be used to reduce the TCR of the dummy device. The
method uses a series combination of an ungrooved dummy and
a suitable temperature-independent constant resistor, denoted
as r, to replace the reference resistor R,., shown in Fig. 6.
The thermal drift can be analyzed theoretically from the
dependence of the sensor output voltage, V,, on the ambient
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Fig. 7. Comparisons between the simulation results (solid lines) and the
experimental measurements (points) of a device spectral responsivities (sample
B): (a) in the air and (b) in the vacuum of 5 x 10~ Torr. For best matching,
the absorptance, a, was adjusted to a value of 0.6 for all simulations. Notice
that with a capacitor load the output responses (CT/C curves) have a —40
dB/dec attenuation. The agreements are so good that even the small bump in
the data at cutoff point of CT/C in the air can be reproduced by simulation.

temperature, T,. For the simplest CB circuit of Fig. 6(a), it
can be written as [15]
dVo _ VepRyR,co ao(T = T) — B[+ ao(T — Tp)]
dl,  (Ry+ R.)? [1+ ao(T, — To)][1 + ao(T — To))
(19)

600 T T T T

-1 600
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3dB Bandwidth [Hz]

0 1 sl a4 1 1 ganl A\AIIIIAIO
10 102 10° 10* 10° 10°

Open—Loop Gain of Amplifier (AMP—02)

Fig. 8. Simulation on the effect of open-loop gain of the feedback amplifier
on the device responsivity and bandwidth in CT circuit. Both can be improved
by increasing gain before saturated.

with 8 = £-, the ratio between two dummy components. The
drift quantity is nulled when the following condition is held

8= aO(T_TG) ~ &0 P,

= — ~ — —. (20
TaoT—Ty) 1+ -Tp) G )

For the CB operation in our experiment, T =~ 33°C, hence
B =~ 0.02 theoretically. Complete elimination of the thermal
offset can be reached, as proved experimentally by the blank
circles in Fig. 9(a), with 8 = 0.025. The solid line C in
the figure shows the simulation result. One notes both the
simulation and the experiment are in close agreement with
the theory. The extracted parameters listed in Table I is
used in the simulation. The experimental 5 value of 0.025 is
slightly smaller than that predicted by (20). This is because
of the constant resistor, r, used in our experiment is not
truly temperature independent. As shown also in Fig. 9(a),
only 0.0875 uV/°C drift remains with the present partial
compensation method. Comparably this is much smaller than
32 puV/°C and 574 pV/°C, respectively, obtained from the
full-dummy compensation and uncompensated methods.

The same argument of the thermal drift phenomenon can be
applied to the CT circuit of Fig. 6(b), though it requires more
subtle thinking. In any even, the partial compensation method
for CB circuit described above is still effective. This is shown
in Fig. 9(b) by our electrothermal SPICE simulation without
experimental proof.

In array detectors, image uniformity is important. The am-
bient temperature uniformity over the detector surface should
be a major factor. The simple partial-compensation method
described here therefore can be very useful for improving the
thermal image quality, by allowing the opportunity of per-
pixel compensation. One would also expect this method of
representation to be used for other types of thermal sensor.

VI. CONCLUSION

The electrothermal SPICE model of a Pt-film microbolome-
ter has been successfully established for simulation. The model
includes two VCVS’s to represent the influences of optical
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Fig. 9. Offset voltage as function of the ambient temperature with different
compensations: (a) for CB mode and (b) for CT mode. The solid lines in
figures represent that obtained by simulations with present bolometer model.

input and ambient temperature. Lumped parameters of the
thermal device required for the simulation are systematically
extracted from the experimental fittings and are consistent with
the theory. Applications of the proposed model to simulate
some bolometer driving circuits, as well as to the ambient
drift phenomena, have proven to agree with the experimental
measurements in high degree of accuracy. Among all the
parameters, only the absorptance is required to be estimated for
matching the data between the simulation and the experiment.

It has been proven in this report that the ambient temperature
offset can be suppressed very efficiently by the partial compen-
sation method proposed previously. This method is potentially
useful for array detectors, because only two resistive elements
are required for each pixel of an array. The real-estate and
process demands in fabricating these detectors can be relaxed,
if per-pixel compensation for ambient temperature drift is
necessary. This improvement together with the advantage of
temperature linearity of Pt-film resistance could make the
bolometer very suitable for radiometric purposes.

From the experiment, one recognizes that the sensitivity
with CT-in-vacuum is high enough for practical applications.
Higher sensitivity could also be obtained, if 1) high TCR
thermistor materials are used [36]-[38]; 2) the operational
circuit is tuned to its optimal sensitivity; and 3) the device
structure is re-designed to reach its radiation-loss limited
configuration. All of these can be analyzed with the established
electro-thermal SPICE model of the bolometer.
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