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Abstract

The wide range of applications of thermal imagingvides existing in military,
industrial and space fields attract researchersstady pyroelectric materials which
exhibit a temperature-dependent spontaneous paldois. A brief review of
pyroelectricity, pyroelectric materials and somenuuoercial applications of these
materials we will be given in this paper.
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Ozet

Termal gorunttileme cihazlarinin, askeri, endisei wzay argtirmalari gibi geng
uygulama alanlarindan dolayi, sicakh basli polarize olan pyroelektrik maddeleri
Uzerindeki caimalar, argtirmacilarin ilgisini cekmektedir. Bu makledgrqelektrik
olayin, pyroelektrik maddelerin ve bu maddelere lzatzi uygulamalarin genel bir
degerlendirilmesi verilecektir.

Anahtar Kelimeler: Pyroelektrik olay, pyroelektrik maddeleri, pyradiegin
uygulamalari
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1. Introduction

The origin of the pyroelectric effect goes backfasas the Ancient Greek period and
was discovered by a Greek philosopher Theophrastusid 300 B.C. Further details
about the history of pyroelectricity can be foundLang’s book [1]. In 1707, Johann
Georg Schmidt wrote a book called “Curiése Spemnats bey Schaflosen Nachten
(Curious speculations during sleepless nights) uabmurmaline behaviour and at the
beginning of the eighteen century, pyroelectricayg, exhibited by tourmaline, was re-
introduced into Europe. The electrical propertétourmaline were described by Franz
Aepinus in 1756. He noted that tourmaline alwags positive electricity and negative
electricity at the same time and the charges remiltfrom a surface effect but from
changes in the internal structure [2]. During theeteenth century, the amount of
research on pyroelectricity increased and becanre opaantitative. In 1824 the word
“pyroelectricity” was used the first time by Davi8rewster in his paper entitled,
“Observations on the Pyro-Electricity of Minera[§]. Jean-Mothee Gaugain [2] made
the first precise measurement of pyroelectric ahanghe middle of nineteenth century
and established the three following laws for a pigotric material:

1- The total charge developedQ, by a crystal depends upon the total change of
temperature)AT, and not upon the rate of change of temperature.

2- Within the same temperature limits, the chargeetbped by the effect of heating or
cooling are of equal magnitude but the signs ofctiege are reversed.

3- The quantity of charge developed is proporticitathe cross-sectional area and
independent of the length of the crystal.
These can be summarised by,

AQ = AAT (1)

where ps is the surface charge densify,is the pyroelectric coefficient and A is the

electrode area. These three laws comprise thes lodisihe present thermodynamic
interpretation of the pyroelectric effect. Pyragtesity became more interesting at the
beginning of the twentieth century and most redeantvolved the study of
ferroelectricity and the detection and measurenoémiectromagnetic radiation fluxes
and temperature changes using pyroelectric mageriahe number of publications has
dramatically increased in this area since the dsgoof the ferroelectric effect [4] and
the first use of a pyroelectric infrared detect@swpublished by Yeou Ta in 1938 [5].
The technological applications of pyroelectrictythermal infrared (IR) detectors using
pyroelectric single crystals, ceramics and polynterge been employed for a range of
modern technologies since thel960s [6-7]. Latepymoelectric materials have been
applied to security systems (intruder and fire ¢ vidicon cameras, geology and
biology [7-8]. In pyroelectric material resear¢hin film deposition methods such as
Langmuir-Blodget (LB), Sol-Gel and Spin Coatingdamthers have been extensively
involved to prepare pyroelectric devices using gamic and organic materials since the
beginning of 1980s. The number of research stutliethis area since then has
dramatically increased up until today. We will gia brief theory of pyroelectricity
and review pyroelectric materials and some of thpplications.
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2. Pyroelectric properties
If a pyroelectric material fabricated as a metaiator-metal (MIM) device are short-

circuited, the polarization of the sample attrachigrges onto the electrodes and the
changes of the polarization of the sample can Berted by:

_Q
== )

where A is the overlap electrode area and Q ishiaege.

The pyroelectric coefficient at the constant st(e3ss only depend on the temperature
change pyroelectric effect and is given by:

r :(fj (3)
4B -
Aldlr ) A (ol

It is difficult to make any change in the electradea; therefore the second term goes to
the zero. The macroscopic pyroelectric coefficieart be defined using only first term
of the equation. It can be noted that all measergsmare taken under short-circuit
conditions, Q can be treated as a function of teatpee and straing] and it can be
written by:

dQ{%} dT+i[§J de (5)

i /T, e

wheree implies the total strain matrix. Thus:

1(o9) _1(59) ,1(00) (28]
Alor ), Alar ), Ald ) dr ),

The primary pyroelectric effect can be defined by:

no1(0Q
rP_A[Jrl ")

A piezoelectric stress coefficient is given by:
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m-1/0Q
6-1(%9)

The thermal expansion coefficient is given by:

(o=
“ ‘( or j ©)

Now the total macroscopic pyroelectricity can béraal by:

rm=rr+ela, (10)

The total macroscopic pyroelectric effect of a matenay be created from sum of
primary and secondary pyroelectric effects. Thaltmacroscopic pyroelectric effect
can be defined as:

Mo =T

Total —

+r (12)

Primary Secondary

where T is the primary pyroelectric effect and g ., IS the secondary

pyroelectric effect. It is well known that the mary pyroelectric effect is a
temperature-dependent spontaneous polarisatione sEeondary pyroelectric effect
arises from any mechanical stress, which is thaeltre§thermal expansion.

primary

2.1. Pyroelectric effect

A pyroelectric material exhibits a spontaneous tele@olarisation, the magnitude of
which is temperature-dependent. The pyroelectfeckarises as a result of the change
of this spontaneous polarisation with temperat@ [If a pyroelectric material is
connected to a sensitive ammeter as a Metal-Pynop&aMetal (M-PS-M) shown in
Fig. 1, a pyroelectric currentpfl flows between electrodes when this material is
exposed to a temperature gradient through heatingooling. This current is
proportional to the rate of change of polarisatiath respect to temperature as given
below:

dT
| =FTA—— 12
v (12)

where (dT/dt) is the rate change of the pyroeleatmaterial’'s temperature with time,

(A) is the area of overlap of the two electroded ér) is the pyroelectric coefficient or
the rate of change of polarisation with respedetoperature.
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Heating
Cooling

Fig. 1: A pyroelectric current flows between etedes due to a temperature change

The pyroelectric coefficientl, is thus dependent upon the change in the normal
component (relative to the capacitor plates) of éleetrical polarisation [10] and is a
useful parameter with which to compare differentterials and to understand the
relationship between microscopic and macroscopmop&ature-dependent electric
polarisation behaviour.

2.2. Dielectricity in the context of pyroelectrinaterials
It is well known that if the space between the gdadf the capacitor of valugg@nder

vacuum is filled with a dielectric material, thepeaitance is increased to

c=2c,=¢cC, (13)
EO

where¢' andgg are the permittivities of the dielectric and vaeyuespectively, and
their ratio gy is the dielectric constant or relative permitivinf the material. The
capacitance of a pyroelectric material as a funatibthickness is given as:

EEA

C =(—r 0 j (14)
d

whereg; is the dielectric constant of pyroelectric sam@eis the capacitance, d is the

thickness of the filmg, is the dielectric constant for free space and #heés effective

electrode area.

2.3. Figure of merit

The Figure of Merit (FOM) is defined in the litewa¢ [11] and given in Equation 4 and
5. FOM is an important parameter when designingglgctric materials for their heat
sensing applications [12]. A pyroelectric deviaxuires high FOM values given
below. To achieve maximum performance of the deuice pyroelectric material must
have a high pyroelectric coefficient and a minimdiglectric constant.

FOM, =—— (15)

Iz

wherel is the pyroelectric coefficient argd is the relative permittivity of the material.

In some devices the dielectric loss tangent, dans the dominant noise source
associated with the pyroelectric material. In tbése a more useful FOM can be
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modified to

r

JE, tand

Thus FOM, can be increased by either i) high pyroelectrievayt ii) low dielectric
constant or iii) low dielectric loss of the matéria

FOM, = (16)

Usually, single crystal materials have high valwdsFOM because of their high
pyroelectric coefficients. However their relatiygermittivities are high as well.
Unfortunately these materials are only availablebuik form [13]. Therefore it is
difficult to make a device using single crystal erals. Ceramic materials have a large
figure of merit because they also have high pyagteactivity and low dielectric loss
but their disadvantages are their large values edfitive permittivity and their
fabrication into thin films of optimum thickness difficult. Polymers and thin film
materials exhibit low dielectric loss over a wideduency range and can be produced
one monolayer thick at a time so that they yiel@é #xact optimum thickness.
Pyroelectric materials will be discussed in thetrs@ction.

3. Pyroelectric materials

Pyroelectric materials can be classified in fouimeaeas as; single crystals, ceramics,
polymers and thin film materials. General requieas of pyroelectric materials are a
high pyroelectric coefficient, low relative permiity, physical and chemical stability,
low piezoelectric response, low cost, high qualigase of processing and if
ferroelectric, stability against depoling. A largember of pyroelectric materials have
been extensively studied for their large poten#pplications and the pyroelectric
coefficient, dielectric properties and the figuferterit for these materials will be given
in here.

3.1. Single crystals

The most well known single crystal for pyroelectajpplications is triglycine sulphate
(TGS) or ((NH CH,COOH)H,SO)) [14]. It is known that the ferroelectric naturé
TGS is achieved by the rotation of polar group$SThas been extensively studied for
thermal imaging applications and is well knownitsruse in infrared detectors where it
is typically used in the form of a 10-30n thick disc cut from a solution grown single
crystal [15]. TGS has a low Curie temperature (2nd high solubility in water. The
low Curie temperature of TGS can be improved bytelation to form DTGS. The
pyroelectric coefficient of the crystal can also ihereased slightly by replacing the
sulphuric acid to form triglycine fluoroberyllatd GFB). LiTaQ, (Lithium Tantalate)
[16], LiINbO, (Lithium Niobate) [17], and $r BaNb,O4 (Strontium Barium Niobate)
[16] materials have also been studied for thermahging applications by several
researchers. The figure of merit of some singilestat materials is given in Table 1.
Single crystals materials usually have large pyaieilc coefficients and high values of
dielectric constant. The difficulties of these er&ls are to prepare thin films and to
bond to a substrate can prove rather difficult.
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Table 1: The FOM values of single crystal materials

Material r € tand FOM, FOM, Refer
(MCm°K™) e’k | (uem’k™ | ence
TGS 550 55 0.025 10 464 11
DTGS 550 43 0.020 12.8 593 18
LiTaO; 230 47 <0.01 4.9 335 18
LiNbO5 83 g | Not 3.0 18
reported
Pb.GeO,, 110 40 0.0005 2.8 246 18
SBN-50
St Ba, Nb,O, 550 400 0.003 1.4 502 7

3.2. Ceramics
Table 2 summarised some ceramic materials usepyroelectricity studies. Ceramic

materials are generally cheap, robust and eassefiae.

Table 2: The FOM values of single ceramics material

Material r € tano® FOM, FOM, Refer
(uCm*K ™) (uem’k? | uem’?) | ence
300- Not

PPZT 60-500 3000 reported 0.02-1.67 18
PZFNTU 380 290 0.0027 1.31 429.44 1
PbTiG; 180 190 0.01 0.95 130.59 7

PbTiO;

PCWT4-24 380 220 0.01 1.73 256.20 7

They can be fabricated in a range of shapes amg fiereby eliminating some of the
more time-consuming and expensive processes of fagtore. Usually ceramic
materials exhibit very high values of pyroelecttmefficient. However, they possess
correspondingly high values of dielectric constaams the processing associated with
producing thin films approaching optimum thickng¢ss5 - 10um) is difficult [19].
Perovskites are a large family of oxygen octahatiactures (ABQ which have been
extensively investigated. A is a monovalent oratkwt metal and B is a tetra- or
pentavalent metal. After the discovery of bariutaniate (BaTiQ) in the late 1940s
ceramic materials soon replaced TGS in most agmites Ferroelectric BaTi9
ceramics exhibits spontaneous electric polarisadioth has a large dielectric constant
[20]. Another important ceramic is lead zirconititanate (PZT), which is well known
as a perovskite ferroelectric, which possessemgtimezoelectric effects and can
operate at higher temperatures. It is also pasdibldope some other materials into
ceramic composition. For example the pyroelecpioperties of Mn-doped lead
zirconate-lead-titanate-lead magnesium niobate MBbH¢NbD,/3)Oz-PbTiO:-PbZrG;)
ceramics have been studied and the result shoveedhis ceramic composition has a
large figure of merit which can compare with comomr ceramics in terms of their
figure of merit values [21].

3.3. Polymers
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Organic materials are greatly interesting in thalgtof pyroelectricity because of their
easy preparation, low dielectric constant and dtaleloss. However they usually have
a smaller pyroelectric coefficient that single ¢ays and ceramics. The other
advantages of polymer materials over pyroelecteamics and crystals are simple
handling and processing of devices, their low emst the possibility of achieving their
optimum thickness ( ~1Am ). Ferroelectric poly(vinylidene fluoride) [p(¥3, PVDF

or PVE)] polymer has been extensively studied [19, 22-218] this material, the C-F

bonds are highly polar with a large dipole momént 6.4 x 1630 Cm. Development
of p(VdF) technology has enabled production of maltevhich is cheap, with uniform
and reproducible characteristics. Some figuresnefit for polymeric materials are
given in Table 3.

Table 3: Pyroelectric properties of polymer matsria

Material r e | tand FOM, FOM, [ Refe
(UCMK™) (em?k? | (uem?) | renc
e
P(VdF) 27 12| 0.015 2.25 63.64 1l
P(VdF/TrFE)60/40 50 9.% 0.015 5.26 132.4% 18
P(VdF/TrFE) 50/50 40 18 0.03 2.22 54.43 7
P(VdF/TrFE) 80/20 31 7 0.015 4.43 95.67 7

3.4. Ultra-thin film materials

Many thin film technologies for example LangmuireBbett, sol-gel, spin coating etc.
have been employed to produce thin pyroelectricpd@snusing organic or inorganic
materials.

3.4.1. Langmuir-Blodgett thin films

The Langmuir-Blodgett film deposition technique {24] is a suitable method to
produce non-centrosymmetric pyroelectric thin filmsing organic amphiphilic
molecules which have a hydrophobic tail and a hgdilc head group. There are
several advantages of using LB films for pyroeieatievices; for example the LB film
technique facilitates the production of a unifotmgh quality organic film of precisely
defined thickness and symmetry. LB films are orgassemblies which have low
permittivities, gr, and low dielectric loss tangent, tanThe figure of merit for voltage

responsivity,I'/(gr tanES)ll2 is therefore expected to be large [26]. Richamdsoal [27-

28] measured the pyroelectric coefficient of 6 K™ m” (at 30°C) for an alternate
layer LB film of an iridium complex of 4-alkoxystibizole/tricosanoic acid. Some other
examples of alternate layer LB films have been stigated by Kamata et al [29],
Poulter et al [30], Tsibouklis et al [11, 31], M&]i32] and Jones et al [33]. Tsibouklis
et al [31] suggested that the pyroelectric actiintycid/amine LB films was due to the
temperature dependence of the head group oriemséhtand/or packing changes and
also the ionic interaction between adjacent heagzo Poulter et al [2] suggested that
the pyroelectric activity of the alternate layestgyn of ruthenium complexes with fatty
acid arises from the temperature dependence dilting mechanism or the freedom of
movement of the molecular chain. This tilting magism is confirmed using several
organic materials by many researchers [34-35]. e ifechanism of the pyroelectric
effect in multilayer LB assemblies is likely to wive either ionic interaction between
headgroups and/or the reorientation of polarisettoutes or chemical groups [36-37].

82



Organic pyroelectric materials for device applicas

It is also possible to add ions dMn?*, Mg®* etc.) into the LB film structure and
these ions lead to improved thermal stability af fhyroelectric LB sample [38-39].

Some pyroelectric LB film materials are given irblea4.

Table 4: Pyroelectric properties of Langmuir-Blotldkin film materials.

Material r € tand FOM, FOM, Refer
(MCmM*K™) wemKY | (uem? ence
[Ru(PPhbiP),]PhOG4b 1.07 3.4 0.004 0.31 9.18 19
ehenic acid
Z-type Liquid 1.0 5.8 Not 017 | - 18
crystal LB film reported
WTA/Docosylamine 1.9 2.7 Not 070 | - 18
superlatice reported
Hexadec-1-ene-maleic 0.8 3.8-2.9 0.114- | 0.21-0.27 3.32-1.22 11
anhydride alternating 0.020
polymer/1-docosylaming]
Linear polysiloxane 9.6 2.6 0.011 3.69 56.77 39
/eicosylamine
Linear polysiloxane 12.2 2.4 0.012 5.08 71.89 39
/eicosylamine with CdGl
Copolymer of fluorinated 0.0025 2.2-3.0 Not 0.0008- |  ---—--- 40
alkylmethacrylate and reported 0.001
methacrylic acid/p-(p-
octadecylaminophenyl-
azo) benzensulfamide
1H,1H;,2H,,2H-per 4.9 2.8 0.011 1.75 27.92 41
fluorodeconoylmonoitac
nate monomer /
eicosylamine
1H,1H;,2H,,2H-per 3.9 2.8 0.012 1.39 21.28 41
fluorodeconoylmonoitac
nate polmer/eicosylaming
A mixed polysiloxane 5.6 4.8 0.008 1.17 28.57 42
/eicosylamine
Polysiloxane/eicosylaminp 12 0.016 3.61 52.06 18
e
T-butyl calix[4]arene 15 Not Not Not repoted 6.8 43
acid/amine reporte| reported
d
T-octyl calix[8]arene 6.9 Not Not Not 26.1 43
acid/amine reporte| reported | reported
d
T-butyl calix[8]arene 14.33 Not Not Not 75.2 43
acid/amine reporte| reported | reported
d
Z-type azobenzene 22 Not Not Not |  ---—-- 44
derivative LB film reporte| reported | reported
d
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3.4.2. Sol-gel technique
The sol-gel thin film deposition technique is ameresting method that can be used to
prepare nanocrystalline and large-area homogenbaudilms which can be used for

pyroelectric studies. Table 5 summarises pyroeteproperties of some sol-gel thin
film materials.

Table 5: Pyroelectric properties of sol-gel thimfimaterials

Material r € tand® FOM, FOM, Refer
(UCm*K™) (em? Y | (uecm®?y | ence
PZT 400 558 0.011 0.72 161.45 45
PZT/PT 380 389 0.012 0.98 175.8§ 4%
PZT 30/70 300 380 0.004 0.79 172.0¢ 4b
PZT 25/75 220 350 0.004 0.63 131.48 4b
PZT 20/80 180 260 0.011 0.69 106.44 4b
PZT 15/85 220 210 0.015 1.05 123.9% 4b
Bay 6:S1p.3¢T103 1860 592 0.028 3.14 456.85 41
KTa,, Nb,O; (x=0.45, 2.7 1100| 0.012 0.002 0.73 48
0.5, 0.55)
P(VdF-TrFE) 43 10 0.018 4.30 101.35 49
PCLT-P(VdF-TrFE) 58 13.2 0.019 4.39 115.81 4P
Pt/Si 490 700 0.008 0.70 207.04 7
NPAH4 and Ta(V) 1.6 4.2 0.0046 0.38 11.51 50
[organic-inorganic
hybrid]

Lead titanate, PbTi§) lanthanum-modified lead titanate, ,Rba, Ti,-x/40; (abbreviated
to PLT) and calcium modified lead titanate,, @B TiO; (abbreviated to PCT) have
been promising candidates for the pyroelectric iappbns [51]. Imai et al [51] have
studied the pyroelectric properties of PbTiO3, RYLO; and Pb(Ca)Ti@pyroelectric
materials using sol-gel deposition technique. Thsearch shows that a PCT 10,(Pb
LaTiO; x=0.1) sample exhibits a large pyroelectric co&fit and that it is useful for
commercial pyroelectric applications. Samarium ebpPZT (4:55:45) [52],
Pb(ZsTi,)O; and Pb(Zy:Tiy;)O/PbTiO; [53] sol-gel thin film vyield a high
pyroelectric coefficient. Some other pyroelectstudies using sol-gel thin film
deposition technique can be found in the literaf64e60].

3.4.3. Spin coating and sputtering methods

Spin coating and sputtering thin film techniques @ot used in the pyroelectric research
as much as sol-gel and Langmuir-Blodgett thin fieohniques. In some studies these
spin coating and sputtering methods have been w#édother thin film methods to
fabricate pyroelectric samples. Poyato et al [&hjployed multiple deposition using
spin coating and Rapid Thermal Processing (RTP)stalisation to produce a
pyroelectric thin film of Phsd a,0sT10; onto two types of substrates: Ti/Pt/Ti/(100)Si
and Pt/TiQ/(100)Si His research showed that a higher valugyobelectric coefficient
was measured for the film deposited onto Ti/Pt/libgdrate. Lithium Tantalate
(LiTaOz) thin film has been deposited by RF sputtering] [6Ad the pyroelectric
activity is significantly improved after the polired the sample. Pyroelectric properties
of some spin-coated or sputtered thin films aregiv Table 6.
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Table 6: Pyroelectric properties of spin coating aputtering thin film materials

Material r € tand FOM, FOM, Refer
(UCm’K™) (wem?K? | (uem?t | ence
P(VdF-TrFE) 41.2 11 0.018 3.75 92.59 63
(Spin coating)
PCLT/P(VAF-TrFE) 56.5 15.1 0.0165 3.74 113.2( 6
(Spin coating)
PbTiOy/(001)Pt/MgO 250 97 0.006 2.58 327.70 7
(Sputtering)
PLT 5-15/(001)Pt/Mg(} 400-1300| 100-350 0.006f 1.14-13 | 400-167§ 7
(Sputtering) 0.01
PLZT 7.5/8/92- 360-820 | 193-26(d 0.013} 1.38-4.25| 171.23-| 7
20/80/(001)/Pt/MgO 0.017 518.68
(Sputtering)

4. Applications of pyroelectric materials

The efficient conversion of thermal energy intoctieal energy using pyroelectric
materials is of considerable importance in thepligptions and these materials can be
used to develop temperature-sensing devices [64-BB¢y have a great interest due to
their potential applications in many areas. Iis {@per we will give some applications
of these materials. It is well known that pyroélecmaterials react to changes in
detectable radiation intensity. As a result thegynibe used in a wide variety of
applications such as spectrometry, radiometry, pgtoy, thermometry, direction
sensing, remote temperature measurement, solagyenenversion, laser diagnostics,
infrared imaging pollution monitoring [6, 8, 18,-6G]. Pyroelectric detectors are used
in intruder/burglar and fire alarm security systdi#]. Intruder alarms are designed to
operate in the 8 - 1fim infrared region and an electrical signal is getest as the
intruder moves in and out of area covered by thean{s) which is focused onto the
detector. Pyroelectric fire alarms operate at tenovavelengths than intruder alarms
and detect the flicker frequency of the flameshim tegion of 3-fum.

Pyroelectric materials are very useful for detextnsmall change in a relatively large
background level of incident energy and these d@tecan be used to detect radiation
of any wavelength, usually in the infra-red regadrthe spectrum. In recent years more
research using different materials and many fabaoaechniques have been directed
towards room-temperature-operated infrared sensdlgere are two types of infrared
detectors which are of particular significance wltensidering possible applications:
photon detectors (they are not pyroelectric) andrnial detectors (pyroelectric).
Thermal detectors are slightly less sensitive thhoton detectors but they operate at
room temperature without requiring cooling and heeey wide spectral response. Our
focus will concentrate on thermal detectors whielwéhan important place in military,
industrial and space applications. Thermal detsabsorb incident radiation and as a
result there occurs a change in some macroscopsiqath property which is usually
detected electrically. Pyroelectric detectors lsarconfigured for thermal imaging of a
scene in three different ways.
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Firstly, a two dimensional scan is made with a leirdgtector over which the image is
scanned, allowing a picture to be built up. Theosd way is that a reduction in the
detector bandwidth required is obtained and adingetectors is used corresponding to
a picture line. Finally, mechanical scanning isided using a two-dimensional array
of detectors enabling the picture to be mappedtgmirpoint. The pyroelectric vidicon
tube [73-77] and the detector array [78-81] aredgeaamples of thermal imaging
devices. Fig. 2 shows a schematic diagram ofn@lsi pyroelectric vidicon or pyricon
tube. The basic principle of operation of thisgwlectric vidicon tube is that it has a
pyroelectric target which consists of a disc ofggfectric material, with a transparent
electrode on the front surface.

Germanium  Chopper Germanium Pyroelectric  Electron
lens face plate target heam

i i i A Cathode

i
| |

Fig. 2: The schematic diagram of a simple pyrdelewidicon tube

A thermal image is produced by the infrared lenstlon pyroelectric target and the
resulting charge distribution can be read off tlaekbsurface by a scanning electron
beam. Today, the most common pyroelectric targaterals used are TGS, TGFB,
LiTaO,, PBZT and P(VdF) because these materials usualle Harge pyroelectric
activity. There is still much research in prograssg different materials to produce a
pyroelectric target which has a better performata@om temperature.

The second type of thermal imaging device is thedaer array shown in Fig. 3. The

image can be built up by scanning over all the Ipixesing the pyroelectric linear or
two-dimensional array.
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Screen for image

displaying
EEEE / —®~ Image processing
ERER
EEER
RN

—#= Detector array

—= Chopper

—& Germanium lens

Fig. 3: A diagram of the detector array

A linear array of pyroelectric detectors for thefnmaaging has been developed in
which the electrical current produced in an exteon@uit is amplified and processed
electronically to produce the picture point by goinPyroelectric polyvinyl fluoride
(PVF,) has been used for the detector array of 40 tembranes (0.5-0.Am thick)
[8].

One of other applications for pyroelectric mateyigl radiometry [82]. A radiometer is
designed to measure the power generated by aicadsdurce and is used to calibrate
UV, visible and infrared radiation sources [8] he&xa the pyroelectric detector has a
fast response and a flat spectral sensitivity. s€hgpecifications allow us to build a
calibrated radiometer used as a standard. Pytdeletetectors are used as very
sensitive thermometers to detect small temperathemges. A novel radiometer is
applied by Yokoo [83] to the measurement of foadgeratures in a microwave oven.
Pyroelectric detectors also have become a popularedicine because they are used to
sense cells which are warmer than usual that caw gshe disease of rhuematoid
arthritis or malignant tumours [43]. A sensitivgr@electric sensor without direct
thermal contact onto the sample is used in bioklgimaterials to extend the
investigation field of the pyroelectric method [84A new application of IR sensors for
the detection and protection of wildlife is reparia 1996 [85]. Pyroelectric IR device
can detect wild animals and their movements bygute difference of IR radiation in
the environment and can be used to save the liémiofials when they need protection.
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5. Conclusions

Pyroelectric materials have a wide range of pasé@gpplication in many areas. Most
of the studies show that inorganic materials hal&ger pyroelectric coefficient than

organic materials. The advantages of organic nadgehowever over inorganic

materials are low dielectric constant and low diele loss. Pyroelectric materials are
still worthy of research due to their potential Bggdions in a wide range of areas.
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