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ABSTRACT

Bolometer detector is one of thermal detectors. In this research the essential
concepts and parameters are included which cover the main types of bolometer
detectors. But the actual values of parameters used here in simulation are adopted
from [7] for semiconductor bolometer. This detector operates for all optical
wavelengths of different sources. From andysis and results obtained, it is shown
that minimum and maximum values of specific Detectivity D° for cryogenic
temperatures from 0.5 K to 10 K are 0.25x10 21 and5 x
10 1/2 , respectively and the values between them when the incident
radiation frequency is 100 Hz.. It is seen that for frequency grester than 1Hz, the
specific Detectivity increases rapidly which means that the bolometer detector will
respond for high frequencies in a manner more speed than that of low frequencies.
It is found that as the value of 1y, is increased, the temperature change in detector
sensor is decreased. That is decreasing 1y, enhance the performance of bolometer
detector. It is found that the responsivity of this detector follow its output voltage
which in turn follow the bolometer temperature change.

Keywords: Bolometer detector, thermal time constant, NEP, V oltage response,
responsivity, or Detectivity.
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INTRODUCTION

he “bolometer” name derived from a composite word of Greek origin,

namely bole (ray, beam) and metron (meter, measure) [1, 2].

A bolometer is a very sensitive thermometric instrument used for the
detection and measurement of radiant energy which can cause a change of
temperature of the sensor [2, 3]. Bolometer principle such as any other thermal
radiation detector based on the absorption of eectromagnetic radiation energy and
thus increases its material temperature. There are several temperature sensing
principles which called therma effects upon which several known types of thermal
detectors such as bolometer detector based on temperature coefficient of resistance;
pyroelectric detector based on pyrodectric effect exhibited by temperature
sensitive ferrodectric crystals that show spontaneous polarization characterized by
a pyrodectric coefficient; thermoelectric detector based on the principle of the
thermocouple ( Seebeck effect); pneumatic (Golay cel) detector based on that the
absorption of the incident radiation within specified chamber causes pressure
fluctuations which in turn cause the curvature of its flexible mirror to change[1, 4,
5, 6].

A bolometer is a detector constructed from an absorbing material of incoming
radiation having a resistance of a large temperature coefficient. Photons incident on
the absorber raise its temperature, causing a sensitive thermometer attached to it to
change resistance. The resultant temperature rise is measured as a change in
voltage or current in the readout circuit. The bolometer detector is named
according to its active component, eg. thermistor bolometer, semiconductor
bolometer, superconductor bolometer. A bolometer is a radiant power detecting
device which measures the change in resistance of a sensing material due to the
heeting effect of absorbed radiation.

TEMPERATURE COEFFICIENT OF RESISTANCE (TCR)

It is became known that some materiadls can absorb the incoming
electromagnetic radiation. The absorption process results in increasing the kinetic
energy of free eectrons. Callisions of free dectrons with atoms in the materias
cause lattice vibrations which are observed as a change in temperature. There are
typical thermometer materials such as metals and doped semiconductors. The
resistance R for such absorbing material changes significantly for a small change
in temperature. This can be represented by exponentiad temperature variation of
resistance [4]

R(T) =R expéaigngz R exp[Tgn T'”] .. (D
£ oy

Where T, (band gap temperature) and n are parameters of the conducting material,

and Ris a thermal model parameter represents a characteristic resistance that
depends on both the materia and the device geometry. Tis the temperature of
bolometer resistor. For normal semiconductorsn =1, but the form of impurity
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conduction found in bolometer materid is better characterized by n=0.5 and
typical values for T; areintherange 20- 30K "2 [4].
Differentiating (1) with respect to temperature, we obtain

drR ne-n- ne-n n - (n+
=T 'Rexp[TT T =-nRTIT ™ _(9)

From which we find that
— = -nT T ("D .3

The Left Hand Side of (3) constitute an important parameter caled the
temperature coefficient of resistance (TCR) and isdenoted by a , i.e,

= 1__dR -1
a = R 4T [ K ] (4

In metals a is positive, while in semiconductors it is negative [7].

BOLOMETER DETECTOR MODEL
Thermal parameters of Bolometer

Regardless of the geometry, an ideal bolometer can be modeled to be such as
any therma deector to consist of a thermally isolated infrared absorber
(membrane) with an embedded resistor which should have a high value of TCR.
The resistors are typically made of metals such as titanium (Ti), nicke, or
platinum, or semiconductors such as vanadium oxide, germanium, or silicon. The
incident IR radiation absorbed by the membrane warms up the embedded resistor
and as aresult, itsresistance is changed [8].

The absorbing eement is of heat capacity C,[J/K]at atemperature T + DT
which is connected to a cold bath (heat sink) with temperature T through a low
thermal conductanceG,, [W /K]. In this model the losses through radiation is not

taken into account.
Figure 1 shows the main parameters and parts that constitute the bolometer

detector. R, (t) istheradiation flux, 1(t) is the bias current which assumed to be a
periodic function and V, is the bolometer output voltage. Thus, the system has

two inputs, R,, andl , and one output, V,

ot - 1he change in resistance is detected as

a change the voltageV,,, when applying a current | to the bolometer in series with

areference load R, . The resistance of the load resistor is normally designed to be

much higher than the resistance of the bolometer R over its entire operating range.
Thisis  to keep the current passing through the bolometer at a stable level so that
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the power dissipated in the bolometer by the resistance thermometer stays
somewhat constant.

Ideglly, the bolometer will have a large change in resistivity for a small
change in temperature DT . The therma conductivity of the thermal link also varies
with temperature follows a power law [9]:,

b

aa +DT o

G, (T)=G¢ =
e T

.. (5)
which leads to the following expression of the power through the link[9]

- G b+l _ b+l
Rink_m((T+DT) T ) ... (6)

where T and (T + DT) are the bath and the bolometer temperatures, respectively,
G is the static thermal conductance at temperature T =T,

rerence @D D is a

constant.
For a given bolometer, the set of parameters { R, T, ,G, b} are determined
experimentally.
A bolometer as a thermal detector can be modeled as a first-order differential
RC low pass filter with a thermal time constantt ,, = C,, / G,,. If the bolometer
temperature response isDT , to the thermal radiationR,,, the sdf-heatingR,,: “due
to Joule effect in which an dectric current | is transformed irreversibly into heat K

according to k= I’R , where Ris the dectrica resistance of the bolometer” and
background radiant energy. The differential heat balance equation (thermo-
equilibrium) for the bolometer behavior is described as[10, 11, 12]

Cth%+GthDT =R, *+R, +hR, ... (7)

Ignoring (in this modd) the terms rdated to sdf heating and background
radiant powers, the bolometer equation reduced to the genera thermal radiation
detector [10, 11, 13]

Cth%+GthDT:h R, .. (8)

This approach has been taken in much of the literature and represents a simplified
modd in which the radiation conductance G,,, is often neglected, however it
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should be noted that if the thermal conductance to the substrate G,, approaches the

value of the rediation conductanceG,,, , then both should be taken into account.

when the bias current is a DC signa and the flux radiation is a sinusoidal of
theform [12]

R.(t) =R.e™ - (9)

where R, is the amplitude of the incident radiation, the output response of the

bolometer is the solution of eq.(8) which represents the temperature rise in the
bolometer due to these inputs and given by [12, 13]

he 1 0. .
DT(t) =e"'» DT(0) +— &———3R,e™ ... (10)
Gy, §+ WLy, g

The response consists of two terms: a transient term which is independent of the
input frequency, and a sinusoidal steady state term. If the bolometer is stable, the
transient term decays exponentially to zero and its effect on the over all response
can be ignored after a short period of time. Thus, the rise in the bolometer
temperature at steady state is only due to the second term which is[12, 13]

h
DT(¥) = ¢ (1+\:§t T e (10)
th th

It is clear from eq.(11) thet to achieve a high DT, the thermal conductance G,

of the link between the detector and the heat sink should be as small as possible to
obtain a small thermal conduction between the bolometer and its surroundings, the
bolometer 1egs are long, have a small cross-sectional area and consist of materials
with a low therma conductivity. Thermal conduction through the bolometer legs

can be as low a 35 10°W/K[1]. The thema time constant
t, =Cy /Gy, =Cy, R, determines the speed of response of bolometer detector. If

the detector has a large C,, value, its temporal response will be slow and it is
obvious that if one wants to increase DT by decreasing G, while keeping t
unchanged, C,,, has to be decreased by the same amount as G, .
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absorbing material at N
temperature T + DT Ci,
h V,

Vout bias
R, : incident radiation T *

lowthermal conductance G;,, —> o
{} /I\DT
J |

A congtant current, generated by

heat sink at the bias supply and load resistor,
temperature flows through the bolometer.
T

Figure (1): Schematic electrical and thermal circuit diagram of a simplified
bolometer detector principle. The bolometer with heat capacity C,,,
absor ptivity (optical absorptance) h and resistance R (which isafunction of
temperature) is connected to a thermal bath maintained at constant
temperature T through aweak link of thermal conductanceG,,. The absorbed
power of incident radiation,hR,,, changes the temperature and thusthe

resistance of the bolometer. The change of the bolometer resistanceis detected
by measuring in the applied bias voltage acr ossthe bolometer. In current bias
condition, R >> R(T) . TheV,,, voltage across the bolometer is measured

through alow noise voltage amplifier (generally, thiswill bea cryogenic
device to minimize thermal noisein the circuit).

Electrical Parameters of Bolometer
Bolometers use the temperature dependency of the dectric resistance. Resistive
bolometers are thermal detectors whose dectrical resistance Rchanges with the
absorbed irradiance (heat of thermal radiation). From (4) the relation between a
temperature change DT and aresistance change DR is
dR=a RdT .. (12)
From which, we can write

DR=a RDT .. (13)
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The change in resistance leads to a changed signal voltage. Hence the voltage

change across the bolometer element is

DV,, =IDR =la RDT

.. (14)

Where | is the current pass through the bolometer. Hence, the amplitude of the
steady state change in the bolometer open circuit output voltage due to the change

in temperature specified by (11) is

la Rh R,
Gy fl+w 2}

DV

out —

... (15)

Equation 15 summarizes the main design features of bolometer detectors. It is
clear that bolometer voltage is a function of bias current and radiant power loading.
Some of the most important bolometer design parameters are a low thermal
conductance between the bolometer and its surrounding, a high absorption of
thermal (infrared) radiation, a bolometer temperature sensing material with a high

TCR, and a sufficiently low bolometer thermal time constant.

BOLOMETER DETECTOR PERFORMANCE INDICES

It is important to introduce essential performance indices that describe how well
a detector performs. These indices will be defined in terms of the detector outputs,
the radiometric inputs, and other test conditions. It is assumed that they are
obtained under standard test conditions; the source temperature is usually taken to

be the blackbody radiation at room temperature T, =300°K , while the reference

bandwidth is taken to be the measurement bandwidth [12].

The main Figures of Merit of a bolometric detector are: noise equivalent power
NEP, voltage responsivity R, , specific Detectivity D* and thermal time constant

Tth-
Voltage Responsivity

Let an IR input signal, which is characterized in terms of its irradiance E, be
incident upon a detector of cross section area of A. The voltage responsivity R, of

the bolometer or the “system gain” is determined by the ratio of the detector signal
(detector output) to the optical power incident on the detector (detector input),

R/ - DVOUI - D\/OUt
R, EA

Thus,
la Rh

R, = G, (1+W2t ti)1/2
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Hence, the detector system can be represented by introducing the concept of
transfer function shown in Figure ( 2)

input =R, la Rh output = DV,
— | G, [@+wt2)"? >

Figure (2): Block diagram representation of bolometer
Detector with transfer function.

It is clear from (17) that if w<<1l/t, , R M 1 and if w>>1ft ,,
th

1
&uw%-

Detector Noise Performance I ndices

Since the ultimate performance of infrared detectors is limited by noisg, it is dso
important to define certain noise performance indices or figures of merit to reflect
this performance.

Noise Equivalent Power (NEP)

The optical input power to the detector that produces a signal-to-noise ratio of
unity (S/N=1).

The NEP is one of the most commonly used performance index, relating the
sinusoidally modulated radiant power faling upon a detector (input) capable of
producing a signa to noise ratio (S/N) of unity. That is the optical power (input)
will produce a rmssigna voltage (output) equal to the rmsnoise voltage. Hence
for detecting a signal, signal to noise ratio should be greater than unity. So NEP is
the minimum detectable radiant flux by the bolometer which caculated by the
following expression [7, 12]

—V” = F%V & V” Qi
R/ \/E DVout B\/E

where Df is the measurement bandwidth. In this definition, it is assumed that
Df is small enough so that V, (noise voltage) is constant over this bandwidth. The

NEP =

... (18)

units of NEP areW/Hz"?. In general, in a bolometric circuit, a considerable

number of noises are present. Vn can be expressed as the quadratic sum of the
squares of different voltage noises [7]

VP =V7+VE Vi ... (29)
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where V; is Johnson noise voltage, V;, is photon noise voltage, and V,,; is
1/ f noisevoltage Then

V, = Vi +Vi +V7 ... (20)

Then from (16), (18), and (20), we obtain

ViV +V]
NEP = il =l e (20)

out \/E

Detectivity and Specific Detectivity
Detectivity D of a detector is defined as reciprocal value of noise equivaent
power NEP. Hence

1

=— . (22
NEP @

However, most of the parameters used to calculate the NEP depend on the
detector area. So in most cases, it is preferable that instead of Detectivity D,
specific  Detectivity D*, which is given as the ratio between square root of
detector area and noise equivalent power [7].

' \/K—D\/K

D =——=

.. (234
NEP (239

Thus, Detectivity is the area normalized S/N and its unit iscm Hz"? /W .

According to eq.(18), the specific Detectivity performance index D’ can aso be
written in the following alternate form

_ Ry/ADf

iaED ADf ... (23b)
v, REV, 5
Thermal Time Constant
The thermal time constant is an important parameter that determines the speed
at which the bolometer response to the incident radiation from any source. Thermal
time constant t ,, is the time required for the detector (any system) output to reach

avaue gi— ——@53%of its final steady state value. Bandwidth is related to the

e €g
thermal time constant by the relation
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1
2ot

.. (24)

If AT,y iS the temperature signal of bolometer at low frequency fi,. (few Hertz),
thesigna at higher frequenciesfor f > f;,, IS

DT, = DT .. (25)

1+ (2pft )2

This relaion is graphicaly illustrated in Figure(3). The corner or cut off frequency
1
is the point at whichDT, = — DT,

\/E low *

SIMULATION RESULTS AND DISCUSSION

For the purpose of simulation and discussion of bolometer detector modd, it
is necessary to use some information related to specified sensing material. Assume
that the sensing material of bolometer absorber is the titanium. Its absorptivity is

80%and its thermal conductance is2.2” 10" 'W.K 1. The therma time constant

is15ms; its temperature coefficient of resistance TCR is+0.25K !, bolometer
resistance=10kW and assuming that the biasing current is10A. It is will be clear
that the corner frequency in al plots stays fixed when fixing the value of thermal
time constant as shown in Figs. 4, 5, and 6.

Frequency Response of Temperature Change.

Firstly, we start by testing the frequency response of bolometer detector
temperature change for the inputs above for the interval 10 3to 10%Hz assuming
that the incoming infrared radiation has 5nW of power. Simulating DT against
radiation frequency represented by equation 11, figure 3 is obtained which
represents the general shape of the change in detector material temperature in
micro Kelvin when modulated radiation incident upon thermal radiation detectors.
From equation 11 also, using decibel scale of detector temperature change for the
same range of frequency, figure 4 is obtained from which the corner frequency is
seen cearly a 10 Hz for t, =15ms the same parameters used in Fig. (3)

mentioned in section 5.
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frequency response of bolometer temperature change
20

18 =

16

14

12

10

temparature dace (riao Kelvin)

I

10° 107 10" 10° 10" 10° 10°
radiation frequency (Hz)
Figure (3): Thefrequency response of bolometer temperaturechange. It is
difficult hereto definethelocation of cut-off (corner) frequency. See Fig 4 for

the same parameters.

frequency response of bolometer temperature change

15

10

temperature drenge (dB riao Kehin)
o

-10 -3 -2 -1 o 1 2 3
10 10 10 10 10 10 10
radiation frequency (Hz)
Figure (4): Frequency response of temperature change DT(w) for
boometer detector using decibel scale. As it is expected, the bolometer
detector represents alow passfilter its cut-off frequency postion related tot

Signal in all thermal detectorsis constant versus frequency at low frequencies
but beginsto decline as a frequency increases. The dedineis a function of the
thermal time constant which its value hereis 15ms (see section 5).
Output Voltage ver sus Radiation Frequency

The steady state rise in temperature results in the bolometer to rise to its steady
state voltage. The output voltage represents the eectrical parameter of the
bolometer detector. The temperature change causes a change in the voltage drop
across the bolometer. Fig. 5 is obtained from the application of equation 15 for the
same parameters mentioned in section 5 and subsection 5.1as depicted in Figure

(5).
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frequency response of bolometer output voltage

-10

-15

bolometr output voltage (dB. micro valt)

-20

-25
10° 107 10" 10° 10" 10° 10°
radiation frequency (Hz)

Figure (5): Frequency response of bolometer detector output voltage.

Bolometer Responsivity (Bolometer Gain)

The responsivity of bolometer detector is defined in equations (16 andl7),
which is the output voltage of system over the magnitude of the incoming
modulated radiation power. It is expected that the responsivity of bolometer
detector will follow its output voltage.

responsivity of bolometer detector
50

45

40

35

30

balametr responsivity (dB. micro voltage/\\&tt)

25 -3 -2 -1 0 1 2 3
10 10 10 10 10 10 10
radiation frequency (Hz)
Figure (6): A plot of bolometer responsivity with frequency
of incoming radiation.

Thermal Time Constant

Figures (7 & 8) show 15 frequency response signals for different values of .
Signal number 1 in Fig. (8) represents the initial value (256 msec) of t, which
follow signal number 1 in Fig. (7) and so on for the rest signals of 2 through 15,
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thermal time constants used here in Figures 7 and 8 as sequenced are: 128msec,
64msec, 32msec, 16msec, 8msec, 4msec, 2msec, 1msec, 0.5msec, 0.25msec,
0.125msec, 0.0625msec, 0.03125msec, and 0.015625msec respectively which
shown as indicated by numbers in Figures (7 and 8). Figure 9 represents the
relation between the change in temperature of bolometer detector and thermal time
constant in which the frequency of incident radiation is fixed at 1 Hz. It is clear that
as the value of Ty, is increased, the temperature change is decreased. That is
decreasing 1y, enhance the performance of bolometer detector.

frequency response of bolometer temperature change

20

18 T =TT — = ; NSNS T T
™ 14, 15

__ 16 13

C

\

T 14

N4 \ \ 12

°

S

2 12

()

2 10 )

©

S \ 11

o 8

>

: \

g 6 h\

£ \K 10
2 \6 9

2 g

0 Milanscoas s
10° 10° 10™ 10° 10" 10° 10°

radiation frequency (Hz)

Figure (7): 15 sgnalsrepresent thefrequency response of bolometer detector
temperature changefor different values of thermal time constant.
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50

45
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30

25

20

15

response voltage(micro voltage)

10

response wltage dependence on angular frequency of incident radiaion
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\1\\\\ \ ~
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I —
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0 100 200 300

400

14,15
13

12

11

10

9

8
7

500 600 700 800 900 1000
radiation frequency (Hz)

Figure (8): Response vatage, from left to right large to small values of
thermal time constant. There are 15 responses for 15 different values of Ti,. It
is clear from this figure and figure 7 that the response voltage follow
temper atur e changes.
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Temperature change wsus thermal time constant
20

18

16

14

12

10

bolometer temperature change(micro Kelvin)

4 E
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
thermal time constant(msec)

Figure (9): Anothe representation of the reation beween temperature
changes of bodometer detector and thermal time constant for radiation
frequency of 1Hz. Thereverserdation isclear between them.

Bolometer NEP

Here the following parameters which used to simulate the bolometer detector
performance represent real vaues adopted from [7] for semiconductor material,
germanium are : bolometer sensor resistance R =10kW, bias current] = 20mA,

input power of incoming radiationR, =4nW, modulaion frequency
f.,=10kHz, therma conductanceG,, =10 "W /K, therma capacitance

Cy;, =10°J/K and bolometer material quantum efficiencyh =0.8. For these
inputs it is found that the increase in bolometer sensor material is DT = 0.0509K

which estimated by applying equation 11. Using this value of DT, it is found that
the vaue of the bolometer output voltage is 0.0025 volt and the responsivity is
nearly 635 V/W. According to the definition of Noise Equivalent Power, the ratio

V. / DV, inequation (18) is assumed to be unity, the NEP is4” 10 °W /Hz"?. It

out
is possible to explain the relation between NEP of the bolometer and temperature
change by plotting NEP versus temperature. The NEP of bolometer was anaysed
for the case of cryogenic temperatures, 0.1 K to 5.5 K. as shown in Fig. 10, an
increase in temperature of sensing material results in thermal fluctuations across
the bolometer which in turn requires an incresse in NEP to compensate these
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fluctuations. Fig.11 shows that increasing the modulation of incident radiation will
results in decreasing the NEP for the same specified interval of temperature.

Noise Equivalent Power versus Temperature

-50

_55 \\
)
HE -60 \\\
2 \
o 65| )
E H&H
5 |\ —
Z -70
(]
g __|\ I
e .75 T
E R
% a0 \\\\ \xx\H\\&\k [ ——
—
o -85
z T

-90

-95

0 1 2 3 4 5
Temperature(K)

Figure (10): Noise Equivalent Power change with specificinterval of cryogenic
temperature for bolometer detector using decibe scale. From below the
powers of incident radiation are: 0.1uW, 0.5 pW, 1uW, 4uW, and 10uwW

respectively.
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Noise Equivalent Power versus Temperature with different frquencies
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Figure (11): Another shape of NEP versus Temperaturewith different values
of frequency of incoming radiation using decibel scale. From above to down
thefrequenciesare 1Hz, 10 Hz, 100Hz, 1 kHz and 10 kHz respectively.

Bolometer Detectivity

In this section frequency and temperature dependences of the specific Detectivity
of bolometer were introduced as performance parameters. In the case of
temperature dependence of the specific Detectivity, the frequency was fixed at 1
Hz and an interval of cryogenic temperature from 0.5 to 10 K as an input parameter
to bolometer detector. Here the analysing is based on the assume that the sensitive
layer area of 10° cm? From analysis made and results obtained, it is shown that
maximum and minimum values of specific Detectivity D° for cryogenic
temperatures from 0.5 K to 10K are:
0.25 x 10*cmHz'/2W ~1to5 x 10*cmHz'/2W ~*forlHz, 1 x
10*cmHzY?W=1 to 16 x10*cmHzY?W~Yor 10  Hz,  025x
105cmHzY?W~to
5 x 10°cmHzY?W ~for100Hz,and1 x 10°cmHz2W =1 t016 x
105cmHzY?W~1 for 1kHz, respectively as shown in Figure 12.

Figure (13) represents another representation of bolometer specific Detectivity.
Here the temperature regarded to be fixed meanwhile the frequency of incident

radiation is a vector start at 0.001 Hz and end at 1000Hz. It is, clearly, seen that for
frequency greater than 1Hz, the specific Detectivity is increase rapidly which
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means that the bolometer detector will respond for high frequencies in a manner
more speed than that of low frequencies.

x 10° specific detectivity versus temperature
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Figure (12): Specific Detectivity D* versus Temperature change for different
frequencies. From below upward the curvesrepresent frequencies of incident
radiation for 1Hz, 10 Hz, 100Hz, and 1 kHz respectivdy. At higher
frequenciestherise of D* for the sameinterval of temperaturesis morerapid
than low frequencies.
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Figure (13): Specific Detectivity D* versusfrequency of incident radiation.
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CONCLUSIONS

This model has been investigated to understand the working concept and
predicts the behaviour of bolometer detector. Using Matlab Package (Language),
some values concerned with semiconductor material (germanium) were applied to
demonstrate by simulation the main parameers affecting on the bolometer
performance. This performance of bolometer is derived from the equations stated
in this research and the results of this model can be compared with experimental
results. This mode includes the effect of radiation frequency on bolometer
temperature change, output voltage, responsivity and specific Detectivity of
bolometer.

The simulation results showed that a reverse relation between bolometer
temperature change and its thermal time constant. So from this simulation, it is
possible to apply another data belong to other materids of different thermal
capacities and therma links of different conductance to predict which material
coincides with the property of lower value of thermal time constant from which the
bolometer could be improved. The temperature variation of bolometer material for
different extents is found to have an obvious effect on NEP. It is found that
increasing the frequency of incoming radiation results in decreasing the NEP of the
bolometer. Increasing the noise voltages with increasing the temperature of sensing
material of bolometer detector requires an increase in NEP. The specific
Detectivity of bolometer increases with increasing the frequency. And for specified
interval of temperature, it is found that if the frequency of the incident radiation is
increased, the specific Detectivity D* is also increase. Using decibel scale of
measurement, it is found that bolometer response of temperature change, output
voltage, and responsivity versus frequency of incident radiation work as a low pass
filter.
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