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Summary. This paper considers mathematical and
simulation models of a typical pyroelectric detector It
explains the importance of the rate of temperature change
of the sensitive element in current mode.
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INTRODUCTION

Pyroelectric detectors are the thermal-to-electrical
energy converters [1-4]. As instruments, they are used in
many areas like IR gas analyzers [1, 10, 11], precision
pyrometers [1, 12], linear IR cameras [13]
spectrophotometers [1], multi-element detectors [14],
Fabry-Perot interferometers [15]. They are widely used in
fire [1, 16] and intruder alarms [1, 17, 18] systems as non-
instrument applications as well.

This paper aims to receive the mathematical models
of thermal parameters for a pyroelectric detector.

MATERIALS AND METHODS

The method of modeling is known [19-21]. Every
problem to be set, begins with the law of conservation of
energy. We use this law for describing the heating and
cooling problems. We employ Taylor series [22] to
linearize the non-linear differential equations. As a result,
we obtain static and dynamic equations corresponding to
steady and transient responses. After mathematical
manipulations, we receive transfer functions and calculate
amplitude-frequency and phase-frequency responses. In
order to get the transient responses, we apply the Inverse
Laplace transformation method [23].

For square pulses which are hard to describe
mathematically [24], we use our simulator of a
pyroelectric detector.

Principle of operation. Heat flow ®(t) [W] at the
surface of the sensitive element having square Ay, [m?],
emissivity a, gives its energy to the sensitive element. The
sensitive element having heat capacity Cr [J/K] takes this
energy in, and gives out to the mounting at the same time
due to heat losses Gr [W/K], the thermal time constant
1= C1/Gr [s]. The temperature change of the sensitive
element T(t) [K] is characterized with its rate of
temperature change ‘¥(t) [K/s] that is of research.

RESULTS

We begin the thermal-to-electrical model of a
pyroelectric detector with the law of conservation of
energy:

dE npyr +dEpist =

(1)

=dEyo, +dEourpur -

Let us consider every stage of the thermal-to-
electrical model for heating and cooling processes
separately.

Heating of the sensitive element.
change.

The amount of energy coming to the detector from a
heat source, [J], is:

Temperature

dEpyr = 0@ ypyrdt . ()

The amount of energy coming to the detector from
the environment (the detector's can needs to be thermally
isolated) [J], is:

dEpsr = o®@ psrdt . 3)

The amount of energy stored in the volume of the
sensitive element, [J], is:

dEyop = CrdT . (4)

The amount of energy going out of the sensitive
element to the environment, [J], is:

dEoyrpyr = CrTdt . 5)
Static equation is:
a® ppyro + 0@ pisro = Grl - (6)
Dynamic equation is:
AD pypyr + AP pgr = )

+CTd§—tT+GTAT.
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Transfer function is:

K
W §)= SINPUTIDIST ]
e (8) == 0 (®)
where:
ad
K _ @ INPUT/DIST 9
INPUT / DIST G,T )
Amplitude-frequency response is:
1
Alo)=———. 10
J1+ a)zr% (19
Phase-frequency response is:
(p(a)):—arctan oTy. (11)
Transient response is:
t
() = @ eyt pist | | _ 7 (12)
T
Cooling of the sensitive element. Temperature

change.

The amount of energy coming to the detector from a
heat source, [J], is:

dE ppyr = d® ppyrdt (13)
The amount of energy coming to the detector from
the environment (the detector's can needs to be thermally
isolated) [J], is:
dEpsr = od® pygrdt . (14)
The amount of energy stored in the volume of the
sensitive element, [J], is:

dEy, = GpdTdt . (15)

The amount of energy going out of the sensitive
element to the environment, [J], is:

Gf 12
dEoyrpur = C_Tdf : (16)
T
Static equation is:

G2
—LT1,=0. a7

Cr

Dynamic equation is:

adAD pypyr + adAD py5r _
dt dt

(18)

2
G, 4T G yp
dt  C;

Transfer function is:

K N
W s )= SINPUT/DISTS 19
e (8) =200 (19)
where:
Cr ad
Kpuripist = G—Q%@ST : (20)
T
Amplitude-frequency response is:
0T
Alw)=—L—.
(60) 1+ 0’7} @1
T
Phase-frequency response:
1
¢(a)) =arctan — . (22)
T
Transient response is:
_t
T(t) = a® pur ) pist e 7t (23)

T

Heating of the sensitive element. Rate of temperature
change.

The amount of energy coming to the detector from a
heat source, [J], is:

dE ppyr = ad® jpyrdt (24)
The amount of energy coming to the detector from
the environment (the detector's can needs to be thermally
isolated) [J], is:
dE pisr = od® pygrdt . (25)

The amount of energy stored in the volume of the
sensitive element, [J], is:
dEyo;, = Gpd¥dt . (26)

The amount of energy going out of the sensitive
element to the environment, [J], is:

dEourpur = GrPdt® . 27)
Static equation is:

G, ¥, =0. (28)

Dynamic equation is:

odAD jypyr + adAD sy _
dt dt

(29)

dAY

=Cr——+GrAY .
L T
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Transfer function is:

(s)= Kwpurpists .

Wi 30
- Tps+1 (30)
where:
od
Keur pist = —WGPU\TP/DIST : (3D
T
Amplitude-frequency response is:
T,
Alw)= —L—.
(@) o2 3D
VI+otr
Phase-frequency response is:
1
{0(60) = arctan a)_‘[T . (32)
Transient response is:
_t
(1) = @ wpur  pist e 7 (33)

T

Cooling the sensitive element. Rate of temperature
change.

The amount of energy coming to the detector from a
heat source, [J], is:

dE pur = 0d>® pypyrdt (34)

The amount of energy coming to the detector from
the environment (the detector's can needs to be thermally
isolated) [J], is:

dEpsy = ad’® pygrdt . (35)

The amount of energy stored in the volume of the

sensitive element, [J], is:
dEyo; = Grd¥dr?® . (36)

The amount of energy going out of the sensitive
element to the environment, [J], is:

Static equation is:
2
Sr Y, =0. (38)
Cr
Dynamic equation is:
adqu)INPUT + adqu)DIST _
dr’ dr?
i (39)
-G, Y Gr \y .
Transfer function is:
K s2
Wy, (s) = —INPUT /DT | (40)

Tps+1

where:
C; a®
Kweur/pist =G_€%/DIST~ (41)
T
Amplitude-frequency response:
2.2
T
Aw)=——L—. 42)
JI+orr
Phase-frequency response:
plw)=—arctan w7 . (43)
Transient response is:
_t
Y(r)=— @ pur ) pist e T (44)

Cr

We apply these results to our software - simulator of
a pyroelectric detector. Fig. 1 shows heat flow at the
surface of the sensitive element. Fig. 2 includes its
temperature change. Fig. 3 explains the rate of
temperature change.

Fig. 1. Heat flow at the surface of the sensitive element

L

Fig. 2. Temperature change of the sensitive element

|
(R B

Fig. 3. Rate of temperature change of the sensitive
element

CONCLUSIONS
1.  We achieved amplitude-frequency responses for
every stage of the thermal model of a
pyroelectric  detector. These plots show

amplitude behavior of the detector at different
frequencies of modulation.
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2. We obtained phase-frequency responses for
every stage of the thermal model of a
pyroelectric detector. These diagrams indicate
phase behavior of the detector at different
frequencies of modulation.

3. We could see in the above mentioned responses

that phase angle between the stage of
temperature change and that of rate of
temperature change equaled 90 deg that

corresponded to be true.

4. We received transient responses of a pyroelectric
detector. The rate of temperature change is of
particular importance in current mode. Being
exceeded, the sensitive element becomes short-
circuited. This parameter is not well considered
in the literature [1-4]. The simulator can be used
to  replace  expensive  experiments in
manufacturing with cheap simulation.
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MATEMATHNYECKOE U UMUTALIMOHHOE
MOJIEJIMPOBAHUME TEITVIOBBIX ITPOITECCOB B
[MUPOSJIEKTPUYECKUX AETEKTOPAX

Anexcannp bonmapenko, [Terp Enucees, Mapuna Jlopus,
Anekceit [enumnien

AHHOT anus. B CTaTbC paccMaTpuBarOTCA
MAaTEMAaTUYCCKUE W HWMHUTAIIMOHHBIC MOJICINU TCIIJIOBBIX
XapaKTCpUCTUK THIIOBOT'O MMAPOBJICKTPUIECKOT'O

JeTeKTOpa. YAenseTcss BHUMaHHE CKOPOCTH H3MEHEHMs
TEMIIEPATYPhI YYBCTBUTCJIBHOT'O DJICMCHTA ,KaK I'NTABHOMY
TEIUIOBOMY TapaMeTpy MHPOIEKTPUIECKHUX JETEKTOPOB
B pEeKUME PabOTHI IO TOKY.

KuarwueBble ciaoBa. [luposnexTpudeckuid J1eTEKTOp,
MATEMATHYCCKOC MOACINPOBAHUE, UMHUTALTUOHHOC
MOJICIUPOBAaHNE, W3MEHEHHE TEeMIIePaTyphl, CKOPOCTbH
HU3MEHEHHS TEMIIEPATYPBHI.



