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Abstract

The pyroelectric element in an integrated
IR sensor is usually in good thermal contact
with the silicon chip. To characterize materi-
als for these applications, heat sink figures of
merit are introduced and various materials
are compared. Integrated arrays with the ma-
terials poly(vinylidene fluoride) (PVDF) and
LiTaO; are realized. The measured specific
detectivity of arrays with 40 um thick PVDF
is D* = 1.4 x 107 cm /Hz/W.

1. Introduction

In general it is a complex task to select a
pyroelectric material for a special application
in a sensor. The thermal coupling to the
surroundings and the electrical circuit ar-
rangement interact with the physical parame-
ters of the material, and the element size and
the modulation frequency of the absorbed
power must be taken into account. To per-
form a classification of different materials, it
is common to consider figures of merit for a
first evaluation of a pyroelectric material.

In single-element sensors it is possible to
realize a weak thermal coupling between the
sensor element and the surroundings. In this
case the interesting modulation frequencies
= 2nf are often higher than the reciprocal
thermal time constant t and higher than the
reciprocal electrical time constant 7,: > 1/
(2m7), f > 1/(27m1y).

For these frequencies, the voltage figure
of merit, F), characterizes a material in ap-
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plications where the load capacity is small
compared to the element capacity, the cur-
rent figure of merit, F;, describes an applica-
tion with a high load capacity and the
signal-to-noise figure of merit, Fy, is valid if
the dielectric noise of the pyroelectric ele-
ment is the dominating source of sensor
noise [1].

Several methods for the integration of py-
roelectric materials with silicon chips contain-
ing amplifiers and multiplexers are known in
the literature [1-4]. A common feature of
these methods is that the pyroelectric sensor
material is in thermal contact with the chip,
which acts as a heat sink. If different py-
roelectric materials are to be compared for
such applications, none of the known figures
of merit is adequate, because they assume a
free-bearing sensor.

2. Pyroelectric Materials

If a pyroelectric material is in good ther-
mal contact with the silicon chip, the recipro-
cal thermal time constant 1/t is shifted to
higher frequencies, and often the interesting
modulation frequencies f are within the range
1/(2nty) < f < 1/(2n7). For many realizations
of integrated pyroelectric sensors it is a good
approach to assume a heat sink at one side of
the pyroelectric material, due to the good
heat conductivity of silicon compared to most
pyroelectric materials. Assuming a heat sink
at one side of the pyroelectric material and
solving the heat conduction equation [5], the
voltage sensitivity in the flat region between
1/(2nt,) and 1/(277) is given by
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