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Abstract. The absorption of radiation with pyroelectric detectors and the thermal properties of these
devices are discussed using a simple physical picture — the physics of waves. Considered are the re-
flection, transmission and interference of electromagnetic and of thermal waves within the pyroelectric
sensor arrangement. In particular, thin metal films, quarter wavelength structures, and anti-reflection
coatings on metal films as absorber structures are discussed. The effect of the substrate on the py-
roelectric response is treated and new figures of merit are introduced for the comparison of sensor

materials which are mounted on a heat sink.

PACS: 07.62.+s, 85.50.Ly

A pyroelectric radiation detector consists of a pyroelectric
element, covered by two metal electrodes and, in general, a
radiation absorbing layer on top of the sensor and a substrate
at the back of the sensor, as shown schematically in Fig. 1.
The sensor element is heated by the absorption of intensity
modulated light. This causes a temperature increase of the
pyroelectric film, which is detected either as a voltage or as
.a current signal.

For a pyroelectric sensor element having an absorber
structure and a substrate with thermal capacities negligible
compared to that of the pyroelectric layer, the pyroelectric
current is given by [1]:
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with:

7 : absorption

j~: incident intensity of the modulated light
A : sensor area

p . pyroelectric constant

¢ : specific heat

o : density

d : thickness of pyroelectric element

independent of the modulation frequency. However, in the
case of an absorber structure and a substrate with thermal
capacities comparable to that of the pyroelectric element,
the calculations become more difficult, as now not only the
pyroelectric element is heated by the incident radiation, but
also the whole multilayer structure of Fig. 1. If the incident
radiation is not absorbed solely by the absorber structure, it

is necessary to take into account the optical properties of the
complete multilayer of Fig. 1. As the thermal properties of
each layer are also different, it seems to be a difficult task
to calculate the temperature increase within the multilayer.
While the general features of pyroelectric detectors can
be found in the review article of Whatmore [2], the idea of
this theoretical paper is a simple discussion of the optical
and thermal effects that enter into the response of the de-
vice. For this purpose a simple physical picture is used —
well known in the field of photoacoustics [3] — the physics
of electromagnetic and thermal waves and their reflection,
transmission, and interference within the multilayer of Fig. 1.
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Fig. 1. Schematic view of a pyroelectric sensor element. The sensor
consists of the pyroelectric element, covered by two electrodes, of an
absorber structure, and a substrate
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The paper is organized as follows. In the first section, a short
derivation of the formulae for the multiple beam interference
with a plane parallel plate is given. In the following sections
it is shown that these formulae are sufficent to solve a vari-
ety of the physical problems associated with a pyroelectric
infrared device. In the second section, the problem of the
construction of an absorber structure with small thermal ca-
pacity is discussed. The problems that occur with thin metal
film absorbers are discussed, as well as the fact that there are
differences in the optical behaviour of the two typical classes
of materials used for pyroelectric sensors: ionic crystals and
ferroelectric polymers. Special solutions for the wavelength
range from 9 um to 15 um, as the quarter wavelength struc-
ture of Parsons and Pedder [4] and anti-reflection coatings
on metal films, as introduced by Yoshida for solar selective
absorbers [5], are discussed. In the final section, the effect
of the substrate on the pyroelectric response is treated and
new figures of merit are introduced for the comparison of
sensor materials which are mounted on a heat sink.

1 Multiple Beam Interference with a Plane Parallel Plate

For the following discussion, the transmission and reflection
for a plane parallel plate henceforth called Fabry-Perot ar-
rangemert is needed. Figure 2 is illustrating the Fabry-Perot
resonator and the first few contributions to the infinite se-
ries of partially reflected and transmitted waves generated
by internal reflection in this lamellar specimen [6]. r;; and
t;; denote the amplitude reflection and transmission coeffi-
cients for waves incident from medium ¢ onto the interface
to medium j. ¢ denotes the phase and the attenuation factor
of the wave travelling through the lamellar of thickness d.
The concrete meaning of r;;, t;;, and & is specified in the
following sections.
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Fig. 2. Tllustration of the first few contributions to the infinite series of
partially reflected and transmitted waves, generated by internal reflec-
tion in a lamellar specimen
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The amplitude reflection r and transmission ¢ for this
device are given by the infinite series:
r = roy + tortiorin@[1 + ror®® + (ror®)* + ... ]
tortiorn®?
1-— 7"017“12@2 ’
t = totn®[l + roite® + (rorrd”)” +...1
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The amplitude of the resulting wave o(z) within the lamellar
specimen is given by
a(z) = torar (@) [1 4 rigr1e®” + (rpried”) + ...

+ toytPo (z) [1 + rpre®” + (rred)’ + ...
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with

afz): resulting normalized wave amplitude,
a(z): normalized wave travelling in the 4z direction,
a_(x): normalized wave travelling in the —x direction.

2 Absorber Structures with Small thermal Capacity

For thermal detectors an absorber is needed which should
absorb 100% of the incident radiation over a large range of
wavelengths. However, the thermal capacity of the absorber
should be small compared to the sensor element, e.g., the
pyroelectric slab. The discussion of metal black coatings is
omitted, as they are treated in detail in the literature [7, 8] and
because black paints have a high thermal capacity and metal
blacks represent fragile absorber systems. For the Golay cell,
thin free-standing metal films are known to be good, broad-
band absorber structures with minimal thermal capacity [9].
As known from Woltersdorf [10] the maximal absorption
for a free standing film is 50%, the rest of the incident light
being reflected (25%) and transmitted (25%). Hilsum [11]
and Silberg [12] have shown that, as expected, the absorp-
tion of a metal film on a dielectric substrate is influenced
by the substrate. In their considerations it is assumed that
the dielectric properties of the substrate are described by a
real, frequency-independent refractive index, an assumption
which is not justified for pyroelectric materials in the IR
wavelength region. It is shown that there are differences in
the absorption for the two typical classes of pyroelectric ma-
terials used, e.g., ionic crystals and polymers. A special so-
lution suitable for ionic ferroelectrics has been demonstrated
by Parsons and Pedder [4], who use a quarter wavelength
structure at 10 um. Another possibility has been proposed
by Yoshida [5] for solar selective absorbers: anti-reflection
coating on a metal film. It is shown that it is possible to
realize anti-reflection coatings on a metal film even in the
IR wavelength region from 8-15um. The discussion shows
why the experimental results of Stuhec and Zscheyge [13],
with various thin metal films on KBr substrates, cannot be
used for the construction of an absorber for a pyroelectric
sensor. Thus, the construction of a very thin and broadband
absorber still represents a problem for pyroelectric sensors.
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For a further recent work on absorbers for thermal sensors
see the work of Hadni and Gerbaux [14].

2.1 Optical Properties of Pyroelectric Materials

For pyroelectric sensor applications two classes of materials
are used: ionic crystals (typical examples are LiTaO; and
LiNb;) and molecular crystals or polymers (typical exam-
ples are PVDEF and its copolymers and recently some nylon
compounds).

For the two classes of materials, characteristic differences
in the complex dielectric function occur. The dielectric func-
tion is described by a sum of Drude-Lorentz oscillators:

2
Qan
—w? + 22, —iw,

E=eitin=coty @
n

with:

£2,,: oscillator strength,

2,y resonance frequency,

§2;,: damping frequency.

The ionic crystals are characterized by few, strong and broad

oscillators, the polymers by many small, narrow oscillators;

more than that, for ionic crystals there exist wavelength re-

gions with ¢ < 0.

As a typical example, Fig. 3 shows the dielectric function
of LiNbOj3, the parameters for the calculations are gained
from the work of Barker and Loudon [16]. Between 9 um
and 17 um it can be seen that £y < 0; this includes the
most important wavelength regions used for pyroelectric IR
sensor applications. Figure 4 shows the dielectric function of
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Fig. 3. Real part ; of the dielectric function & = g, + ie; of LiNbO;
from 3 um to 25 pum
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Fig. 4. Real part ¢; of the dielectric function of PVDF from 3 pm to
25 pm
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Table 1. Optical properties of PVDF (g, = 2.16 +i0.001)

n Do fem™! gnfem™! 2, cm™!

1 3012.7 50 30

2 29794 17 7

3 22972 25 55

4 14314 60 15

5 1400 160 18

6 1282 60 12.5

7 1250 150 65

8 1178.25 295 65

9 1070 118 17
10 1030.9 73 60
11 975.8 25 7
12 880 150 9
13 843 83 10.5
14 796.4 25 6.5
15 764.6 40 5
16 746.3 55 60
17 676.9 30 36
18 615.2 34 52
19 601.2 32 18
20 5327 27 6.5
21 510.1 45 10
22 489.8 60 15
23 469.1 92 21
24 4459 22 5
25 412.7 35 20
26 3727 16 10
27 352 27 15
28 74.1 45 35

PVDF. The parameters are obtained from a Drude-Lorentz
fit of a transmission spectrum of a 9um thick PVDF film
and given in Table 1. In contrast to the case of LiNbOs;,
g1 > 0 for PVDF, within the whole wavelength range. It
is to be expected that these characteristic differences in the
dielectric functions also influence the optical absorption of a
pyroelectric sensor covered with two thin metal electrodes.

In the following, it is shown that for ionic crystals the
absorption of the sensor is quite low in wavelength regions
with £y < 0. This is in contrast to ferroelectric polymers
where the absorption is always greater than 50%.

2.2 The Absorption of Thin Metal Films
on Pyroelectric Substrates

Figure 5 shows the electric and magnetic field for the system:
dielectric material with complex refractive index fiy, thin
metal film with conductivity o and thickness d and dielec-
tric material with complex refractive index 7i,. The thickness
of the metal film is assumed to be smaller than the wave-
length X of the radiation and the skin depth 6. This condition
is well fulfilled for the infrared radiation region considered,
as the typical metal film thicknesses required are approxi-
mately a few 100 A. Thus, the electric and magnetic fields
have no spatial dispersion over the film thickness. The am-
plitude reflection and transmission coefficients follow from
the boundary conditions for the fields [15]

Ei+Er=Et7

)
H, — H, = H + 0dE,
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Fig. 5. Incident, transmitted and reflected electric and magnetic fields at
an interface between two dielectric materials with indices of refraction
fiy and 7i, and a thin metal sheet of conductivity o and thickness d

with H = figgep s, € denotes the permittivity of vacuum
and ¢y the vacuum velocity of light, and are given by:

E, fig — g + vy

TE T TRtmty’ ©)
tip = L ___2_@1__7
B, fig + i1 + vy
with
:g'.d_‘ (7
ggc

For an unsupported thin metal film in vacuum, the absorption
A is given by
2 2 4y

A=1=Pl =t = 575 @®)
and with y = 2 one gets the result for a Woltersdorff-film
[10]. This corresponds to a square resistance of the film
of B = 188Q, which is half the impedance of vacuum
Zy = JHo/eo = 377Q. Some important conclusions can
be drawn from (6, 7):

1. The result of a maximum absorption of 50% for a
thin metal film with y = 2, is valid only for the unsupported
metal film.

2. It is possible to realize a zero reflection for the ar-
rangement, if the refractive indices are real and if 7; > 7is,
then y = 7i; — 71,.

3. The reflection coefficient for the system: vacuum-
metal film—dielectric is high, if either the real or the imagi-
nary part or both parts of the refractive index of the dielec-
tric are high. This occurs near the resonance frequency of
a strong, broad Lorentz-oscillator, especially in the regions
with g; < 0.

Figure 6 shows the arrangement for a pyroelectric sensor,
which yields the minimum thermal capacity. The needed re-
flection and transmission coefficients are calculated accord-
ing to (6,7), and the phase and attenuation factor & is given
by

P = eik:o fid (9)

with k¢ the vacuum wave-vector of the incident light. With
(2) the absorption of the arrangement of Fig. 6 is calculated.
Figure 7a shows the absorption of a 25um LiNbOj crys-
tal at normal incidence from 3 um to 25 um, as calculated
from the complex dielectric constant given in the work of
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Fig. 6. Schematic view of a pyroelectric sensor with the minimum ther-
mal capacity possible. The sensor is covered by two metal electrodes,
specified by y; and
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Fig. 7. Calculated absorption for several arrangements from 3 um to
25 um. g 25 pm thick LiTaOj3 crystal. & Woltersdorff-layer, 25 um thick
LiTaO; crystal, impedance matching layer

Barker and Loudon [16]. There is a strong absorption peak
in the region near 9um, a wavelength-range which is most
important for infrared sensors, as the maximum of the black-
body spectrum at 300K occurs at 10 um. Figure 7b shows
the calculated absorption of a 25 pum thick LiNbO; crystal,
covered by a Woltersdorff-layer with ¢; = 2 and at the back
an impedance matching layer with y, = 1.12. The refractive
index of LiNbO3 is n = 2.12 at 3um. However, it is not
possible to get a wavelength independent absorption in the
10 pm region, as in this region the dielectric function has
a negative real part. As shown before, this will lead to a
high reflection coefficient for the arrangement. In this wave-
length range it is sufficient to consider the reflection only,
as the radiation entering the crystal is strongly attenuated af-
ter traversing the 25 um thick crystal. It must be concluded
that thin metal films can be problematic if used a broad-
band absorber structures for pyroelectric detectors with ionic
crystals, in cases where the detector material shows strong
Lorentz-oscillators in the near infrared. For this reason the
results of Stuhec and Zscheyge [13] cannot be used for the
construction of an absorber for pyroelectric sensors, as they
made experiments with thin metal films on the transparent
substrate KBr.

Figure 8a shows the absorption of a 25 um thick PVDF
film at normal incidence from 3 pm to 25 um with the oscil-
lator parameters as given in Table 1. In the region between
9um and 15um many strong narrow absorption peaks oc-
cur causing the absorption to vary in this region between
20% and 95%. Figure 8b shows the calculated absorption of
a 25 um thick PVDF film, covered with a Woltersdorff-layer
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Fig. 8. Calculated absorption for several arrangements from 3 um to

25um. a 25um thick PVDF film. b Woltersdorff-layer — 25 um thick
PVDF film, impedance matching layer

with y; = 2 and at the back with an impedance matching
layer with ¢, = 0.44. The refractive index of PVDF at 3 um
is n = 1.44. In contrast to the case of LiNbOj, the ab-
sorption in the region from 3 um to 25 pm is relatively high
(average absorption of 60% of the incoming radiation) and
has a maximal variation of 20%.

2.3 Quarter Wavelength Structures
and Anti-Interference Coatings on Metals

In the last section it was shown that thin metal films give
inherent problems if used as absorber structures for thermal
sensors as either the absorption shows strong variations over
the IR wavelenght region of interest or the absorption is only
about 50% of the incoming radiation. A solution is the de-
velopment of absorber structures, which have an absorption
of nearly 100% in the infrared region from 9um to 15 pm.
Two possible solutions are discussed, a quarter wavelength
structure at 10 pm [4] and an anti-reflection coating for the
metal electrode of the pyroelectric sensor element.

2.3.1 Quarter-Wavelength Structure ar 10 um. Parsons and
Pedder [4] consider an arrangement, which consists of a
Ni—Cr layer with y; = 1, a 1.4 um thick Polyimide dielec-
tric film, which has an refractive index of #i = 1.8 in the
wavelength range of interest, and of a titanium reflector with
1> & 0o on the back, as shown schematically in Fig. 9.

By using the reflection and transmission coefficients calcu-
lated according to (6), with @ as given by (9) and with (2),
the formulae of Hilsum [11] and Silberg [12] can be re-
derived in a very simple way. Hilsum [11] only considered

NiCr - layer, | %=t

T
Polyimide film, =18 d=l4pm  d= % at A=10pm
or  PVDF fitm, A=14 d=1Tpm l
Titanium reflector y= oo
pyroelectric element

Fig. 9. Quarter-wavelength structure of Parsons and Pedder [4]. The
structure can be realized with polyimide (a) but also with a pyroelectric
polymer as PVDF (b)
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Fig. 10. a Absorption of the structure of Fig.9 with polyimide. The
absorption is zero for 5um and 100% for 10 pm. b Absorption of the
structure of Fig.9 with PVDF

the supported metal film and the system: metal film, dielec-
tric, metal film with the metal films chosen so that y; = y,.
Silberg considered the more general arrangement of Fig.9,
with an arbitrary resistance of the reflector. With @ =i the
formula, as given by Silberg [12], follows:

_ A+ 1%+ n?y,
[y + D+ D +n2P2’

Silbergs formula allows a discussion of the effect of the re-
sistance of the reflector on the maximum absorption of the
device of Fig.9. For y; = 1 and y» = oo the maximum
absorption of the arrangement is 100% at 10 wm. Figure 10a
shows the result of a calculation. It is in good agreement
with experimental data in the wavelength range from 9um
to 15um, as shown by Turnbull [17]. However, the absorp-
tion would be zero at 5um. This shows that the device is a
good absorber only from 9 yum to 15 um. With a thickness of
1.4 um, the absorber structure has a thermal capacity which
is low enough for most applications.

It is possible to realize a quarter wavelength structure
with ferroelectric polymers. The thickness needed for the
pyroelectric films is approximately d = 1.7 um. The absorp-
tion of this arrangement is shown in Fig. 10b. In this case
the pyroelectric sensor is a part of the absorber structure.

2.3.2 Anti-Reflection Coating on a Metal Film. Yoshida [5]
considered the problem of an anti-reflection coating for a
metal film for a solar selective absorber. The arrangement is
shown schematically in Fig. 11. It is assumed that the metal
is thick enough, so that infrared radiation, which enters the
metal, is completely absorbed. Then the formulas for the
Fabry-Perot resonator hold. From these, it is shown in {5]

(10)

anti- reflection coating, refractive index n

metal film, complex refractive index i =ny + ik,

pyroelectric  element

Fig. 11. Anti-reflection coating for the metal electrode of a pyroelectric
element. The metal electrode is assumed to be thick enough to absorb
all the radiation which enters the metal
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that it is possible, to make an anti-reflection coating on a
metal film for the wavelength ), if the following conditions
hold.

The thickness of the anti-reflection coating is given by:

A 1 1 2’)’Lk‘1
_ 2l St S 11
nd {2 tan [ o n% — k%)z] } (11)

2
and to achieve 100% absorption the refractive index should
be chosen to be

]{;2
n=tln +—1_ (12)
n1—1

The main problem for the infrared region is to find a combi-
nation of materials which satisfy these requirements at least
approximately [18]. Materials which can be used for the
infra-red are Cr, Bi, Sh (n = 4-6.5), Te(n = 5.5-6.5), and
Se (n = 3.5-4.5). With combinations of these materials it is
possible to satisfy (12) approximately. For good conducting
metals, like Ag and Al it is not possible to find materials
for an anti-reflection coating. Experimentally realized anti-
reflection coatings showed, that a maximum absorption of
70% is possible for the system 0.4 um thick Te film on a
0.6 um thick Cr film. This absorber structure can be easily
prepared and has similar properties as the absorber struc-
ture of Parsons and Pedder [4]. An advantage of the anti-
reflection coating is that the electrode and the anti-reflection
coating can be produced within the same process, while the
production of quarter-wavelength structures requires an ad-
ditional preparation process.

3 The Influence of the Substrate
on the Pyroelectric Response and Figures of Merit

For any homogeneously poled pyroelectric sensor of Fig. 1,
it can be shown that the pyroelectric current response is pro-
portional to the time derivative of the average temperature
of the pyroelectric element [1]:

Ap

d
3]
1. = ¥ a/ATN(m,t)da: (13)
0

with AT (z,t) the temperature increase in the pyroelectric
element.

Usually the pyroelectric voltage is recorded using a FET
as an impedance converter. For harmonic excitation and for
frequencies higher than the reciprocal electrical RC-time, the
amplitude of the pyroelectric voltage is given by:

1|

o [ -
U] w(Cp + Ca)

(14)
with:

U..: pyroelectric voltage signal,

Cp: electric capacity of the pyroelectric element,

Cha: input capacity of the impedance matching FET.

The voltage sensitivity Ry is defined as the quotient of
the pyroelectric voltage signal and the incident radiation
power.

Untill now, only the optical problems of the device are
discussed. To treat the effect of the substrate on the pyro-
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infinitely thin absorber structure

pyroelectric \ / pyroelectric
electrodes
element / element

free bearing sensor sensor mounted on a heat sink

Fig. 12. Schematic view of the two arrangements discussed. a Sensor
mounted free-bearing. b Sensor mounted with its back surface on a
heat sink

electric response, it is assumed that a very thin (as com-
pared with the pyroelectric element) absorber is used and
that the absorption takes place only in the absorber struc-
ture. Figure 12a,b show the two possible extreme cases: no
substrate, e.g., a free-bearing mounting of the sensor and a
thick, highly thermally conducting substrate, e.g., a sensor
mounted on a heat sink. The assumption of a heat sink is
justified for integrated pyroelectric sensors, for which the
pyroelectric element is directly deposited on silicon chips,
as described by Bauer and Ploss [19]. As the thermal con-
ductivity of the silicon chip is much higher than that of the
pyroelectric element, the silicon chip is working as a heat
sink at the back of the pyroelectric element in a good ap-
proximation [20].

For the calculation of the pyroelectric response, it is nec-
essary to solve the heat conduction equation for the two
arrangements of Fig. 12a, b. The general solution of the heat
conduction equation is a thermal wave and given by

AT (z,1) = AT (z = 0)e~UHDkzHiwt (15)
with:
k = +/w/2D: wave vector of the thermal wave,
D = k/cp: thermal diffusivity of the pyroelectric
element,

k: thermal conductivity,
cp: specific heat per volume.
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Fig. 13a—d. Voltage sensitivity for a variety of sensor arrangements
as a function of the modulation frequency: a Free-bearing 25 um thick
PVDF sensor ( ). b 25um thick sensor mounted on a heat-sink
(= - ). The range of validity for the new figures of merit is marked
by a dashed vertical line. Two solid vertical lines show the modulation
frequencies, for which the wavelength of the thermal wave is given
by A = 4d/3 and A = 4d. ¢ Free-standing Parsons-Pedder structure
(——-). d Parsons-Pedder structure, thermally isolated from the silicon
chip with a 25 pm thick polymer film (—-—-)
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At boundaries between materials of different thermal prop-
erties, thermal waves are reflected and transmitted. In [3] the
reflection and transmission coefficients are given:
- Ky k:z — Ky kj
- kik; + Ky kj '

2/4,7;]6@'
7 B

K}iki + Ky k‘j

'rij

(16)

These are the analogues to the Fresnel equations for normal
incidence, but unlike the optical case the thermal r;; and ¢;;
are frequency independent real numbers.

For the two arrangements to be considered, the following
approximations are made:
Free-bearing mounted sensor: kg = 0, ko = 0, kg = 0,
ky = 0;

thus ry» = 1.

Sensor mounted on the heat sink: xg &~ 0, Ky &~ 00, ky =~ 0,
ky = o0;

thus rip = —1,

and rio = 1, & = e—(l—b—i)kd’ ay = e—(l+i)kw+iwt’
el+dks+ivt for poth cases.

Using these approximations, the temperature distribution
within the film is evaluated according to (3) [it is assumed,
that the thermal wave starts at x = 0 in the pyroelectric slab,
thus we neglect to; in (3)]. With the temperature distribution,
the voltage sensitivity follows:

Free-bearing mounted sensor:

o_ =

Ry = —————p >
(Cs + Cpwepd’
Sensor mounted on a heat sink:
P cosh(1 +1)kd — 1
= 17
Ry (Ca + Cp)wepd  cosh(l + 1)kd an

Figure 13 shows the result of a calculation for the voltage
sensitivity Ry of the arrangements. A 25um thick PVDF
films is used as the pyroelectric element. The parameters
for the calculation are: p = 25uC/m’K, C, + Cp = 18pF,
co=24 Jem® K, k = 0.14 WmK. At high modulation fre-
quencies both sensor arrangements behave in the same way.
This is simply understood, as for high modulation frequen-
cies the thermal wave incident from the absorber is strongly
attenuated within the pyroelectric material, and thus, inter-
ference effects vanish. In [21] it is shown that within the
modulation frequency range according to 4d/3 < A < 4d,,
the pyroelectric response of the sensor coupled to the heat
sink exceeds the response of the respective free-bearing sen-
sor. The position of these frequencies are marked by the solid
vertical lines in Fig. 13. At low modulation frequencies the
response of both arrangement differs. In [20] it is shown
that pyroelectric materials mounted on a heat sink are bet-
ter characterized by new figures of merit (foms) in the flat
region of the voltage sensitivity for w < 2D/d%:

Voltage fom, heat sink: Fy_ gnk = L ; (18)
E0ER

Current fom, heat sink: Fj gnc = % ; (19
Signal-to-Noise fom, heat sink:

p
By, sink = ———— 20
N, sink fon/eg€ tan S ( )

S. Bauer et al.

with ¢ the dielectric constant and tan é the dielectric loss of
the pyroelectric material.

It can be seen that pyroelectric polymers are very attrac-
tive for applications in integrated pyroelectric sensors, due
to the low thermal conductivity. The best suited material is
TGS.

4 Improved Pyroelectric Sensor Design

For the optimization of a pyroelectric sensor design several
aspects have to be considered. The heat capacity of the total
arrangement of sensor must be small, just so the heat loss
to the surroundings. The absorption for incoming radiation
must be high, and also the pyroelectric coefficient. With the
results of the preceeding sections, an improved pyroelectric
sensor arrangement with the material PVDF is discussed.

" Using a PVDF film with a thickness of 1.7 um it is pos-
sible to realize a Parsons-Pedder structure with the pyro-
electric film as a part of the absorber structure. Though the
pyroelectric film is only 1.7 pm thick, the heat capacity of the
sensor is dominated by the heat capacity of the pyroelectric
film. Due to the low heat capacity of the sensor, the voltage
sensitivity of the free-bearing Parsons-Pedder arrangement
is an order of magnitude higher than that of a free-bearing
25 um thick PVDF sensor, if the same pyroelectric coeffi-
cient is achieved with the 1.7 um thick PVDF film as with
the 25 um thick PVDF film. Figure 13 shows the calculated
voltage sensitivity of the free-bearing 1.7 pum thick Parsons-
Pedder structure (c) compared with a 25 um thick PVDF film
(a). In both cases a relative high load capacity of 40pF of
the amplifier circuit is assumed.

With integrated sensors the thermal properties of the free
bearing structure can be realized approximately, if the silicon
beneath the sensor element is removed by etching, as shown
in Fig. 14a. For a thick silicon chip a thermal isolation of
the pyroelectric film from the chip via a 25 um thick PVDF
layer is shown in Fig. 14b. The calculated voltage sensitiv-
ity for this arrangement is shown in Fig. 13d in comparison
with a 25 um thick PVDF sensor film directly deposited on
the silicon chip (Fig. 13b). At low modulation frequencies an

al y=1

pyroelectric element PVDF 17 ym

Yzoo

support membrane 800nm SiQ,/SihN, -
7
//5< silicon chip

b) y=1

pyroelectric element PVDF 17um

Yoo

thermal insulation PVDF 25pm

heat sink {silicon chip}

Fig. 14. Two optimal design solutions of pyroelectric infrared sen-
sors with polymers. a Free-standing Parsons-Pedder structure, approx-
imately realized on a silicon chip by removing the silicon beneath the
sensor. b Parsons-Pedder structure thermally isolated from the silicon
chip with a 25 pm thick polymer film
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improvement by a factor of two is gained, while at high
modulation frequencies the performance of the free-bearing
Parsons-Pedder structure is approximated.

5 Conclusion

It is shown that several problems of the physics of pyro-
electric devices (absorber structures and the effect of the
substrate on the pyroelectric response) can be discussed by
the same physical picture — the physics of electromagnetic
and thermal waves and the formulae for the Fabry-Perot res-
onator. Thin metal films have severe problems, if used as ab-
sorbers for pyroelectric sensors. Good solutions in the wave-
length range from 9um to 15um are a quarter-wavelength
structure or an anti-reflection coating for the metal electrode
of the pyroelectric element. For the discussion of the merit
of pyroelectric materials mounted on a heat sink, new figures
of merit are used. Suggestions for the design of improved
pyroelectric sensors are given. For the simulation and the
optimization of and real sensor element, however, a matrix
method for the electromagnetic problem and for the thermal
problem is required (this is well known for photoacoustic
arrangements [3]).
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