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BACKGROUND OF THE INVENTION
5 1. Field of the Invention
The present invention relates to a pyroelectric-type IR receiving
element for receiving infrared (IR) rays radiated from an object, and an
improved IR sensor using the same receiving element.
2. Disclosure of the Prior Art
10 Pyroelectric-type IR receiving elements are used to sensors for
detecting a moving object such as human. For example, a
pyroelectric-type IR sensor is shown in FIG. 26. The IR sensor
comprises an IR receiving element 100 that is generally known as a
dual-type receiving element, a circuit board 120 to which the receiving
15 element is fixed, a base 130 having three oufput pins 131 projecting
therefrom downwardly, and a package cover 140 having an IR
transmittable window 141. As shown in FIGS. 27A and 27B, the
receiving element 100 comprises a substrate 101 made of a pyroelectric
material, a pair of first and second electrodes (102a, 103a) formed on a
20 top surface of the substrate, and a pair of third and fourth electrodes
(102b, 103b) formed on a bottom surface of the substrate, and a pair of
positive and negative output terminals 104 and 105 formed on both of
the top and bottom surfaces at opposite ends of the substrate.
Concretely, the substrate 101 is made of a ceramic material such as
25 PBTiO3 or PZT, a single crystal such as LiTaOs, or a h1gh molecular
compound such as PVF2. The four electro%es argwmade of an IR ‘
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overlapped with the first and second electrodes (102a, 103a) through
the substrate 101. The first and fourth electrodes (102a, 103b) are
connected to the positive output terminal 104 by conductive patterns
106. Similarly, the second and third electrodes (103a, 102b) are

10 connected to the negative output terminal 105 by conductive patterns
107. As aresult, a pair of IR receiving portions 102 and 103 are
defined on the pyroelectric substrate 101. When the IR receiving
portions 102 and 103 receive IR rays, the received IR rays are
converted to a heat energy so that electric charges are generated.

15  According to the electric charges, a voltage-difference signal is
obtained from the IR receiving element 100 through a field-effect
transistor (FET) 123 and a high resistance element 124, as shown in
FIG. 27C. The receiving element 100 is fixed to a pair of stands 121
formed on the circuit board 120 in a bridge fashion. The circuit board

20 120 mounting thereon the receiving element 100 is attached to the base
130, and then covered by the package cover 140.

To obtain a higher IR sensitivity of the sensor, it is desired to
improve a light-heat exchange efficiency. For the purpose, a thermal-
insulation property of the pyroelectric substrate 101 is improved, and a

25 thin pyroelectric substrate having a thickness of 40 to 100 pm is used in

the past. However, since the IR receiving element 100 having sucha
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from a difference of thermal expansion coefficients between the
pyroelectric substrate 101 and the stand material 121 or the conductive

5 bond 150 is applied to the pyroelectric substrate by a temperature
change of the circumference even when no IR ray strike the IR
receiving element 100, as shown by a two-way arrow of FIG. 28B. In
general, the thermal stress tends to concentrate at defect portions,
chipping portions, or micro-cracks in the pyroelectric substrate. This

10 stress concentration brings about the occurrence of undesired electric
charges. As a result, there causes a problem that unexpected noise
signals generally known as a popcorn noise are output from the IR
receiving element.

In the past, it is proposed to select an adequate combination of the

15 pyroelectric material and the stand material or the conductive bond to
reduce the popcorn noise. However, the popcorn noise can not be
sufficiently reduced by only the material selection. = Therefore, there
is room for further improvement to reduce the popcorn noise.

SUMMARY OF THE INVENTION

20 A primary object of the present invention is to provide an
improved pyroelectric-type IR receiving element capable of reducing
the occurrence of popcorn noise while maintaining good IR sensitivity.
That is, a pyroelectric material is used as a substrate. The substrate is
fixed to a supporting body at its support ends. At least one patch

25 having a substantially rectangular shape is formed in the substrate.

The patch is formed on its opposite surfaces with first and second
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fashion at a cantilever end which is opposed to one of the support ends

of the substrate. In the present invention, since a thermal stress
applied to the substrate when the substrate is exposed to a temperature
10 change is efficiently absorbed by the U-shaped slit, a stress
concentration to be considered is not developed in the patch, so that the
occurrence of popcorn noise can be reduced.
It is preferred that both ends of the U-shaped slit are bent toward
the inside of the U-shaped slit to obtain a neck portion at the cantilever
15 end. In particular, it is preferred that both ends of the U-shaped slit
are formed with rounded holes having a diameter larger than its slit
width to obtain a neck portion at the cantilever end. In these case, a
thermal stress applied to the cantilever end when the substrate is
exposed to a temperature change can be efficiently absorbed by the
20 bent end portions or the rounded holes of the U-shaped slit. Asa
result, it is possible to further reduce the occurrence of popcorn noise.
It is also preferred that the U-shaped slit is formed in a horseshoe-
shaped slit.
A pyroelectric-type IR sensor using the IR receiving element of
25 the present invention comprises a three-dimensional circuit block on

which the IR receiving element is mounted, and a package for



-3 - thin thickness is fixed on the stands 121 in the bridge fashion
by a conductive bond 150, as shown in FIG 28A, a thernal stress

resul ting froma difference of thermal expansion coefficients between
t he pyroel ectric substrate 101 and thg-stand material 121 or the
conductive 5 bond 150 is applied to the pyroelectric substrate by a
temperature change of the circunference even when no IR ray strike the
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with a pair of stands formed on a top surface of the circuit block. The
support ends of the IR receiving element are fixed to the stands such
that the IR receiving element extends between the stands in a bridge

5 fashion. At least one electronic component forming a signal treatment
circuit for treating a signal provided from the IR receiving element is
mounted on a front wall of the circuit block. In this IR sensor, since
the IR receiving element mounted on the top surface of the circuit
block is spaced away from the electronic components mounted on the

10 front wall, it is possible to minimize a bad influence of heat occurring
from the electronic components to the IR receiving element. In
addition, since the IR receiving element is supported by the stands in
the bridge fashion, it is possible to obtain a sufficient thermal
insulation between the IR receiving element and the top surface of the
15  circuit block.

These and still other objects and advantages will become apparent
from the following description of the preferred embodiments of the
invention when taken in conjunction with the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
20 FIG. 1 is a plan view illustrating a pyroelectric-type IR receiving
element according to an embodiment of the present invention;
FIG. 2 is a cross section of the receiving element fixed to a supporting
body in a bridge fashion;
FIG. 3 shows a simulation result of stress distribution of the receiving
25 element of the present invention;

FIG. 4 shows a simulation result of stress distribution of a comparative
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FIGS. 7A and 7B respectively show conductive patterns on top and

bottom surfaces of the IR receiving element of the present invention;
FIG. 7C is a circuit diagram showing a wiring pattern of the receiving
element with a field-effect transistor and high resistance element;

10 FIGS. 8A and 8B respectively show conductive patterns on top and
bottom surfaces of an IR receiving element of the present invention;
FIG. 8C is a circuit diagram showing a wiring pattern of the receiving
element with a field-effect transistor and high resistance element;;
FIGS. 9A and 9B respectively show conductive patterns on top and

15 bottom surfaces of an IR receiving element of the present invention;
FIG. 9C is a circuit diagram showing a wiring pattern of the receiving
element with a field-effect transistor and high resistance element;;
FIGS. 10A and 10B respectively show conductive patterns on top and
bottom surfaces of an IR receiviﬁg element of the present invention;

20 FIG. 10C is a circuit diagram showing a wiring pattern of the receiving
element with a field-effect transistor and high resistance element;;
FIG. 11 is an exploded perspective view of an IR sensor of the present
invention;

FIGS. 12A and 12B are front and rear perspective views of a three-

25 dimensional circuit block of the present invention;

FIG. 13 is a perspective view of the circuit block mounting thereon an



25 having a substantially rectangul ar shape is fornmed in the substrate.
The patch is formed on its opposite surfaces with first and second

-4 ; el ectrodes which are overl apped to each other so as to devel op
a vol tage difference between the fi-rd&f and second el ectrodes when one
of the first and second el ectrodes receives an IR ray. The substrate
has?® a U-shaped slit conposed of a pair of side slits and a base slit

hrce. si dedRopeceiving clement pf 5 pHesent RVBRHOR: | s supported by the
substrate i £R9¢ ialneé/f;r)loded perspective view of the circuit block of FIG. 13;
FIG. 15 is a schematic circuit diagram of the IR sensor;
FIG. 16 is a plan view illustrating a pyroelectric-type IR receiving
5 element of the present invention;
FIGS. 17A and 17B respectively show conductive patterns formed on
top and bottom surfaces of the IR receiving element;
FIG. 17C is a circuit diagram showing a wiring pattern of the receiving
element with a field-effect transistor and high resistance element;;
10 FIGS. 18A and 18B respectively show conductive patterns formed on
top and bottom surfaces of the IR receiving element;
FIG. 18C is a circuit diagram showing a wiring pattern of the receiving
element with a field-effect transistor and a high resistance element;
FI1G. 19 is a plan view illustrating a pyroelectric-type IR receiving
15 element of the present invention;
FIG. 20 is a plan view illustrating a pyroelectric-type IR receiving
element of the present invention;
FIG. 21 is a plan view illustrating a pyroelectric-type IR receiving
element of the present invention;
20 FIG. 22 is a perspective view explaining a simulation test for analyzing
stress absorbing capability of an IR receiving element;
FIG. 23 shows a simulation result of stress distribution of the IR
receiving element of FIG. 1;
FIG. 24 shows a simulation result of stress distribution of the IR
25 receiving element of FIG. 20;

FIG. 25 shows a simulation result of stress distribution of the IR
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of the substrate. In the present invention, since a thermal stress

applied to the substrate when the substrate is exposed to a tenperature 10
change is efficiently absorbed by the U.ghaped slit, a stress
concentration to be considered is not developed in the patch, so that the
occurrence of popcorn noise can be reduced. It is preferred that
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shaped sl F16.27Cisa circuit diagram of the prior art; and
FIGS. 28A and 28B are explanatory views of a thermal stress applied to
the IR receiving element of the prior art.
DETAIL DESCRIPTION OF THE PREFERRED EMBODIMENTS
10 A pyroelectric-type IR receiving element 1 of the present
invention is shown in FIG. 1. A rectangular substrate 10 is made of a
pyroelectric material. Two pairs of patches (11 and 12, 13 and 14)
having a same rectangular shape are formed in the substrate. Each of
the patches 11-14 is formed on its opposite surfaces with first and
15 second electrodes (20, 21) which are overlapped to each other through
the patch. Four U-shaped slits 30, each of which is composed of a
pair of side slits 31 and a base slit 32 connecting the side slits, are
formed in the substrate 10. Each of the U-shaped slits 30 surrounds
continuously three sides of the respective patch (11-14), so that the
20 patch is supported by the substrate 10 in a cantilever fashion at a
cantilever end 15. The U-shaped slits 30 are arranged such that the
base slits 32 for the patches 11 and 13 are respectively opposed to those
for the patches 12 and 14, and the side slits 31 extend parallel to each
other in a longitudinal direction of the rectangular substrate 10, as
25 shown in FIG. 1. Each of the side slits 31 is connected to the base slit

32 at a rounded corner. In addition, both ends of the side slits 31 of



A pyroelectric-type IR sensor using the IR receiving el ement of 25 the

present invention conprises a three-dinensional circuit block on whi ch

the, IR receiving elenment is nounted, and a package for

i ncorporating the circuit block therein.-9he circuit block is provided
with a pair of stands fornmed on a top surface of the circuit block. The
support ends of the IR receiving elenent are fixed to the stands such
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1, numeral 16 designates opposite support ends of the substrate 10 at
which the IR receiving element 1 is fixed to a pair of stands of a three-
dimensional circuit block explained later in a bridge fashion. The

5 cantilever ends 15 of the patches 11 and 13 are opposed to one of the
support ends 16, and the cantilever ends 15 of the patches 12 and 14 are
opposed to the otﬁer support end 16.

To show a shock-absorbing capability of the present IR receiving
element 1, a drop test of the IR receiving element is simulated. A test
10 sample of an IR receiving element of the present invention is
substantially same shape as the above-explained receiving element 1,
and has the following sizes. A length L and width W of the
pyroelectric substrate 10 are 5 mm and 2.5 mm, respectively. A
length Ls of the side slit 31 and slit width Ws are 0.85 mm and 0.1 mm,
15 respectively. Each of the electrodes 20 and 21 is a square of 0.5 mm x
0.5 mm. The IR receiving element 1 is fixed to a supporting body 90
at its support ends 16 in a bridge fashion, as shown in FIG. 2. The
simulation is to analyzé an impact stress applied to the pyroelectric
substrate 10 when the supporting body 90 mounting thereon the IR
20 receiving substrate 1 is dropped from a height of 1 m to a concrete floor
such that a bottom surface of the supporting body collides against the
concrete floor. It is assumed that an acceleration of gravity is 5000G.
In addition, it is assumed that the collision is an elastic collision, and
the IR receiving element 1 is completely fixed to the supporting body
25 90 with respect to X-, Y- and Z-directions. A finite element method is

adopted to this simulation. A comparative IR receiving element 1H,
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the other hand, the impact stress region of more than 3.0 x 107 Pa is
observed over a larger surface area of the comparative receiving
element 1H including a portion P corresponding to an electrode
position, as shown in FIG. 4. These results indicate that an impact
stress resulting from the collision can be effectively absorbed by the U-
shaped slits 30. In addition, a total amount of impact stress applied to
the present test sample is much smaller than that of impact stress
applied to the comparative test sample. In particular, impact stress
regions of more than 9.0 x 107 Pa are observed around a support end of
the comparative receiving element 1H, however, such a large stress
region is not observed on the present IR receiving element 1. Asa
further advantage of the present invention, it should be noted that the
formation of the U-shaped slits 30 brings about a light-weighted IR
receiving element.

An impact stress applied to the pyroelectric substrate 10 is
simulated as a function of the substrate length L. Results show that
when the substrate length L is decreased from 5 mm to 4.5 mm, a
maximum impact stress applied to the substrate 10 is reduced by as
much as 10 %. Therefore, it is preferred to use a pyroelectric
substrate of 2.2 mm x 4.5 mm to effectively reduce the impact stress

when each of the electrodes 20 and 21 has the size of 0.5 mm x 0.5 mm.



body in a bridge fashion; FIG 3 shows a simulation result of stress
distribution of the receiving 25 elenent of the present invention;
FIG 4 shows a simulation result of stress distribution of a conparative

- 6- | R receiving el ement,; FIG.f shows a sinulation result of
thermal -di ffusion distribution of the recei ving el enent of the present
I nvénti on;

Next, a thermal conductivity of the IR receiving element 1 of the
present invention is analyzed by the use of a finite element method.
That is, after a heat amount of 0.1 uW is provided to the patch 11, a
thermal-diffusion distribution is determined when the substrate reaches

5 athermally steady state. The result is shown in FIG. 5. It shows that
a temperature region of more than 0.4 x 10™ °C does not reach the
support end 16. Therefore, it is possible to reduce the substrate length
L as long as the temperature region is spaced away from the support
end 16. From results of further simulations, it is obtained that a

10 minimum length of the IR receiving element 1 having four U-shaped
slits 30 is 4.5 mm. According to these simulations, it has been
experimentally confirmed that the present IR receiving element 1
having the length of 4.5 mm exhibits excellent IR sensitivity while
preventing the occurrence of popcorn noise without causing any

15 problem in its thermal property.

Heat-cycle tests were carried out to compare the occurrence of
popcorn noise in the IR receiving element 1 of the present invention
with the comparative IR receiving element 1H. Those samples are
sealed in a test room, and then a temperature in the test room is

20 changed along a heat-cycle curve shown in FIG. 6. Each of keep
times T1 to T4 is 30 min. In the heat-cycle tests, three temperature
gradients of 0.5 °C/min, 1 °C/min, and 2 °C/min, are adopted. The
occurrence of popcorn noise is checked during the respective heat-cycle
test. Results show that the occurrence of popcorn noise in the IR

25 receiving element 1 is reduced irrespective of the temperature gradients,

as compared with the comparative IR receiving element 1H.



FIG 6 is a diagramexplaining a heat-cycle test for checking the 5

occurrence of popcorn noi se; FIGS. 7A and 7B respectively show
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conductive patterns on the top surface of the substrate 10. FIG. 7B

shows the conductive patterns on the bottom surface of the substrate 10.
FIG. 7C is a circuit diagram showing a wiring pattern of the IR

10 receiving element 1 with a field-effect transistor FET and a high
resistance element R.  As first to third modifications of the IR
receiving element 1, it is possible to adopt conductive patterns shown
in FIGS. 8A to 8C, FIGS. 9A to 9C, or FIGS. 10A to 10C. In FIG. 9B,
10A and 10B, numeral 27 designate a conductive pattern connecting

15 between the opposed electrodes on the same surface. Thus, IR
receiving elements having various conductive patterns of the present
invention can be used to pyroelectric-type IR sensors.

Next, a method of fabricating a pyroelectric-type IR receiving

element of the present invention is explained. Desired resist patterns

20 are formed on top and bottom surfaces of a pyroelectric substrate, for
example, a single crystal of LiTaO3 having a thickness of 40 pm. An
IR absorbent material is deposited on the substrate surfaces according
to the resist patterns to obtain conductive patterns including a first
electrode on the top surface and a second electrode on the bottom

25 surface. The first and second electrodes are overlapped to each other

through the substrate. When the IR absorbent material is NiCr, it is



element with a field-effect transistor and hi gh resistance el enent;;
FIG 11 is an expl oded perspective view of an IR sensor of the present

i nyention; FIGS. 12A and 12B are front and rear perspective views of a
three- 25 dinensional circuit block of thg-present invention; FIG 13

IS a perspective view of the circuit block nmounting thereon an

-7 - | R receiving elenent of the present invention; FIG 14 is

an expl oded rspective vi.ew of the circuit bl ock of FIG
P pr% erred that a thickness of the respective e electrode is determmed ina

range of about 200 to 500 angstroms. Subsequently, a U-shaped slit is
formed in the substrate so as to surround continuously three sides of the
first and second electrodes by a sandblasting. The conductive patterns
5 are protected by the use of a photosensitive dry-film resist during the

sandblasting. A dry etching process such as ion milling, or wet
etching process can be adopted to form the U-shaped slit, however, the
sandblasting method is the most preferable to efficiently and accurately
form the U-shaped slit in the substrate. When the IR receiving

10 element is a rectangular shape of 2.5 mm x 5.0 mm, hundreds of the IR
receiving elements can be obtained at once from a 3 inch wafer of
LiTaOs.

An IR sensor using the present IR receiving element 1 is shown in

FIG. 11. That is, the IR sensor comprises the IR receiving element 1,

15  a three-dimensional circuit block 2 on which the IR receiving element
is mounted, a base plate 3 having three projecting pins 40 to 42, and a
cover 4 having an IR transmittable window 5 on its top surface. As
shown in FIGS. 12A and 12B, the circuit block 2 is formed with a
pair of stands 50 formed on its top surface, a front wall 51 having an IC

20 chip supporting portion 52, a pair of side walls having a plurality of
grooves 53 extending between the front wall 51 and a rear wall 56, and
a pair of stabilizers 54 each having a notch 55 which are formed at a
lower side of the front wall 51. The circuit block 2 is integrally
molded with an electrically-insulating resin having a low thermal

25 conductivity. The IR receiving element 1 is fixed to the stands 50 at

the support ends 16 by a conductive bond 9 so as to extend between the



FIG 15 is a schematic circuit diagramof the IR sensor; FIG 16 is a
plan view illustrating a pyroelectric-type IRreceiving 5 elenent of the
present invention; FIGS. 1 7A and 1 7B respectively show conductive
patterns formed on top and bottom sgygfaces of the IR receiving

el enent ; FIG 17Cis a circuit diagramshowing a wiring pattern of the
recei vi ng element with a field-effect transistor and high resistance
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el ement 50f Jn%%lgrrxgesg Q}ol%a{]gvee P:Eull%ne prevented. An IC chip 6 for treating a
signal provided from the IR receiving element 1 is attached to the chip
supporting portion 52. Electronic components 7 such as condensers,
resistors, and field-effect transistors, are mounted on the rear wall 56.
The IC chip 6 is electrically connected to the electronic components 7

10 through conductive patterns 8 formed on the front wall 51 and the
grooves 53 in the side walls. After the projecting pins 40 and 41 are
abutted against the inner surfaces of the notches 55, they are
electrically connected to conductive patterns 8 formed on the
stabilizers 54 by a conductive bond. At the same time, the circuit

15 block 2 is mechanically connected to the base plate 3 by the conductive
bond, as shown in FIG. 11. The projecting pin 42 is used to ground.
In FIG. 13, numeral 60 designates wires connecting between the IC
chip 6 and the conductive patterns 8 formed on the front wall 51 of the
circuit block 2.

20 Next, an operation mechanism of the present IR sensor is briefly
explained referring to FIG. 15. When the IR receiving element 1
receives IR rays, an output signal is provided from the IR receiving
element 1 to a current amplifying circuit 72. Then, a signal having a
required frequency is extracted from the amplified signal by a band-

25 pass amplifier 73. The extracted signal is sent to a window

comparator 74 in which a threshold value is predetermined. When the



20 FIG 22 is a perspective view explaining a sinulation test for

anal yzi ng stress absorbing capability of an IR receiving el enent;

FIG 23 shows a sinulation result of stress distribution of the IR
receiving elenent of FIG 1; FI G 245shows a sinulation result of
stress distribution of the IR 25 receiving elenment of FIG 20; FIG 25
shows a sinulation result of stress distribution of the IR

"8 - xieseiad” g%la‘fqgrférgoér {has th threshold value, a detection signal is
output from the comparator 74. According to the &etection signal, an
output circuit 76 applies a load to an electric apparatus such as lights
for a time period predetermined by a timer 75. In FIG. 15, numeral 71

5 designates a condenser of IR rays. When the current amplifying
circuit 72, band-pass amplifier 73, and the comparator 74 are
incorporated in thé IC chip 6, it is possible to use a chip ceramic
condenser having a relatively small capacity as well as Al(aluminum)-
electrolytic condenser or Ta(tantalum) condenser having a relatively

10 large capacity. In addition, it is possible to mount an IC chip
incorporating only the band-pass amplifier 73 and window comparator
74 on the chip supporting portion 52. In this case, a field-effect
transistor and high resistance element are mounted on the rear wall 56
of the circuit block 2. Moreover, when an IC chip incorporating

15 therein only the current amplifying circuit 72 and band-pass amplifier
73 is mounted on the chip supporting portion 52, an analog signal can
be output from the projecting pins 40 and 41 of the base plate 3. Thus,
an adequate IC chip may be mounted on the circuit block 2 in
accordance with the circumstances.

20 As a fourth modification of the IR receiving element 1, a
pyroelectric-type IR receiving element 1A is shown in FIG. 16. The
IR receiving element 1A is substantially same as that of the above
embodiment except that only one pair of patches 11A and 12A are
formed in a pyroelectric substrate 10A. Therefore, no duplicate

25 explanation to common parts is deemed necessary. Like parts are

designated by like numerals with a suffixed letter of "A”. Asan



FIG 26 is an expl oded perspective view of a pyroelectric-type IR

sensor of the prior art; FI GS. 27A and 27B respectively show conductive
patterns formed on 5 top and bottom surfaces of an IR receiving el ement of
the prior art; FIG 27Cis a circuifygiagramof the prior art; and

FI GS. 28A and 28B are explanatory views of a thermal stress applied to

the IR receiving elenent of the prior art. DETAI L DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS 10 A pyroelectric-type IR receiving elenment 1
of the preszample, condyrativnpattesns fprmedrpmtop and bettom gurfacesofthet e 10
I's made of _a .pyroelectric material. Two _pairs of patches (11 and 12, 13
and 14)  IRneageiying slemens ddage ishovenind 1N KA and LB, respestivelit.c.

Each of t he patches 11-14 is forned on its opposite_surfaces with first
and 15 secdl@.el ¥cishaws a wiringipatiprn pf the IR teceippeg element H Arwith a
t hr ough atch. Four U-shaped slits 30, each of which is conposed of

a pai r ftélﬁgﬁ ct transistor B Trand high resistange plemantdRi he side slits,
e 5 O fermatively, 3t is possible to use conductive patterns shown in FIGS. "%
18A and 18B, and a wiring pattern shown in FIG. 18C.
As a fifth modification of the IR receiving element 1, a
pyroelectric-type IR receiving element 1C is shown in FIG. 19. The
IR receiving element 1C is substantially same as that of the above
10 embodiment except that patches 11C and 13C are opposed to the
patches 12C and 14C through a common base slit 32C, and the patches
11C and 12C are opposed to the patches 13C and 14C through common
side slits 31C, respectively. Therefore, no duplicate explanation to
common parts is deemed necessary. Like parts are designated by like
15 numerals with a suffixed letter of "C".
As a sixth modification of the IR receiving element 1, a
pyroelectric-type IR receiving element 1D is shown in FIG. 20. The
IR receiving element 1D is substantially same as that of the above
embodiment except that both ends of each of U-shaped slits 30D are
20  bent toward the inside of the U-shaped slit 30D to obtain a neck portion
34 at a cantilever end 15D. Therefore, no duplicate explanation to
common parts is deemed necessary. Like parts are designated by like
numerals with a suffixed Iéﬁer of "D".
As a seventh modification of the IR receiving element 1, a

25 pyroelectric-type IR receiving element 1E is shown in FIG. 21. The

IR receiving element 1E is substantially same as that of the above



continuously three sides of the respective patch (11-14), so that the 20
patch is supported by the substrate 10 in a cantilever fashion at a
cantilever end 15. The U shaped slits 30 are arranged such that the

base slits 32 for the patches 11 and 13-dfe respectively opposed to those
for the patches 12 and 14, and the side slits 31 extend parallel to each
other in a longitudinal direction of the rectangul ar substrate 10, as 25

32 a0 a rosmabadiBeAS exceRt daat Dok enddof each O Urhened s ok e o
9 formed with rounded holes 35 having a diameter larger than its slit
width to obtain a neck portion 34E at a cantilever end 15E. Therefore,
no duplicate explanation to common parts is deemed necessary. Like
5 parts are designated by like numerals with a suffixed letter of "E".

A simulation for estimating stress absorbing capability is carried
out with respect to the IR receiving elements 1, 1D and 1E. That is,
this simulation is to analyze a stress distribution applied to the
respective IR receiving element when one end of the IR receiving

10 element is fixed, and the other end is forcedly lifted up, as shown by an
arrow in FIG. 22. Results are shown in FIGS. 23, 24, and 25. The
result of FIG. 23 shows that no stress region of more than 0.4 x 10° Pa
is observed on the patches 11 and 13 under the electrodes 20, however,
such a stress region is observed in the vicinity of the cantilever end 15.

15 In addition, stress regions of more than 1.6 x 10’ Pa are observed at the
ends of the U-shaped slit 30. On the other hand, the resuit of FIG. 24
shows that no stress region of more than 0.4 x 10° Pa is observed on the
patches 11D and 13D under the electrodes 20D, and the development of
the stress region at a cantilever end 15D is slightly reduced as

20 compared with that of the IR receiving element 1. That is, a maximum
principal stress applied to the IR receiving element 1D is reduced by as
much as 13 %. In addition, no stress region of more than 1.6 x 10° Pa
is observed on a pyroelectric substrate 10D of the IR receiving element
1D. The result of FIG. 25 shows that the development of a stress

25 region of more than 0.4 x 10’ Pa at a cantilever end 15E is remarkably

reduced as compared with that of the IR receiving element 1. That is,



each of the U shaped slits 30 are fornmed with rounded ends. In FIG 1,
nunmeral 16 desi gnates opposite support ends of the substrate 10 at
which the IR receiving elenent 1 is fixed to a pair of stands of a three-
di mensi onal circuit bl ock explained | atengi.n a bridge fashion. The 5
cantil ever ends 15 of the patches 11 and 13 are opposed to one of the
support ends 16, and the cantilever ends 15 of the patches 12 and 14 are
opposed to the qther sypport, end 16. . To shpw a g@gﬁk-ag or bi ng
capabi | i t y omaximympuacips stzess appljed to the R receivingelspent ks (he 1R
receiving el enment, is sinulated tesf 1Q., sanmple of an IR recgiving
el ement of rpﬁycsfleb:éﬁs muehras %3%1(03 In agdmranapaﬁtrgsssr&geogr&ﬁm% t he
above-expl aj ned, recei ying.el enent 1, and, has, the fol |l opipg si.ze A
length L artan kX WaSPa s obseryed om & pEpelesipis Takstrate 1OE-of 1hg IRq 2. 5
mm respectively. A | e h of the side.,s]it 31 and it wdih W are
085’ andesstVingplement ABpocThug) e BRcrcoiving elamaenrs dbkand Tha o7 1s
a square of 0.5 mm x .5 mm T IR receiyi I nt |s fixed to a
suppor t Bng hBdpedenique ﬁ?gisi@%rﬁg&ce ﬁ'lﬁgaﬁ%‘\{ iﬁ%ﬁ@ﬁﬁ@é ig F#h, as shown
in FIG 2. The, . . 1 .
provide further improvement of the stress absorbing capability. This
means that the occurrence of popcorn noise can be prevented more
effectively.
The invention may be embodied in other specific forms without
10 departing from the spirit or essential characteristics thereof. The
present embodiment is therefore to be considered in all respects as
illustrative and not restrictive, the scope of the invention being
indicated by the appended claims rather than by the foregoing
description and all changes which come within the meaning and range
15 of equivalency of the claims are therefore intended to be embraced

therein.

20



sinmulation is to analyze an inpact stress applied to the pyroelectric
substrate 10 when the supporting body 90 nounting thereon the IR 20
receiving substrate 1 is dropped froma hei ght of + m-te—a concrete—fl oor
such that a bottom surface of the supportigng body c ' ' he
concrete floor. It is assuned that an accel eration %gmﬂm&m lﬁi&“hoc&
In addition, it is assumed that the collision is an d slzOn, and
the IR recejiving elegent. 1 is conpletely fixed to.-the supporting body 25 90
with respecWhat ig claymeghis:7z- directions. A finite el enent method is

adopted to this simulation. A conparative IR receiving el enent 1H,
-10 -

1. A pyroelectric-type IR receiving element comprising:
a substrate made of a pyroelectric material which is fixed to a
5 supporting body at its support ends;

at least one patch formed in said substrate to have a substantially
rectangular shape, said patch being formed on its opposite surfaces with
first and second electrodes which are overlapped to each other so as to
develop a voltage difference between said first and second electrodes

10 when one of said first and secoﬁd electrodes receives an IR ray;
wherein said substrate has a U-shaped slit composed of a pair of side
slits and a base slit connecting said side slits, said U-shaped slit
surrounding continuously three sides of said patch, so that said patch is
supported by said substrate in a cantilever fashion at a cantilever end

15 which is opposed to one of said support ends of said substrate.

2. A pyroelectric-type IR receiving element as set forth in claim 1,

20 wherein said at least one patch is a pair of patches, and said patches are
formed in said substrate such that a base slit of a U-shaped slit for one
of said patches substantially extends parallel to that of a U-shaped slit
for the other patch, and cantilever ends of said patches are respectively
opposed to said support ends of said substrate.

25



which is substantially equal to the present receiving elenent 1 except
that U shaped slits 30 are not forned, is prepared and used to the

simul ation. Results are shown in FIGS. 3 and 4 l "mmn "‘mgmn FI G
3, no inpact stress region of nore than 3. x 5 10 ved on
0

the patches of the IR receiving elenent 1. On t he

her Band, the

i npact stress region of nore than 3.0 x 10[err] Pais observed over a

| arger surface area of the co ratlvere e|V|n | epent 1H i pcluding a
portion P car AeBNERRICSHIcYRe LR deceiring elemgnt as set TorthdRsatme G 4.
These resultillndl ca.t@ﬁ t hat ..an i npact %‘8 gqﬁl resultlag fromthe

col l'isi on cWhesgisartbase %agemwl eggh qiher to pupyids & rPMmes. | n

addi ti on,

sanple is

ﬁht ot %m)unt of g stress applied to the present test
e@WeFHaﬁ“fi £S5 npact stress applied to the

conparative test sanple. In particular, inpact stress regi ons of nore
than 9.0 x 10[err] Pa are observed around a support end of 15 the
conparative receiving el enent 1H, however, such a large stress regi on

i S not

10

15

" 20

25

served on the present IR receiving elenent 1. As a

4. A pyroelectric-type IR receiving element as set forth in claim 1,
wherein each of said side slits is connected to said base slit at a

rounded corner.

5. A pyroelectric-type IR receiving element as set forth in claim 1,
wherein both ends of said U-shaped slit are bent toward the inside of

said U-shaped slit to obtain a neck portion at said cantilever end.

6. A pyroelectric-type IR receiving element as set forth in claim 1,

wherein said U-shaped slit is formed in a horseshoe-shaped slit.

7. A pyroelectric-type IR receiving element as set forth in claim 1,
wherein both ends of said U-shaped slit are formed with rounded holes

having a diameter larger than its slit width to obtain a neck portion at



further advantage of the present invention, it should be noted that the
formation of the U shaped slits 30 brings about a |ight-weighted IR
receiving el ement. 20 An inpact stress applied to_the pyroelectric
substrate 10 is simul ated as a functiogn of the substrate |length L.

Results show t hat when the substrate length L is ﬂmwmﬂ“u“ Im’uﬂmm
4.5-mMm a maxi mum i npact stress applied to the su ced
by as much as 10% Therefore, it is preferred to use p§7roel ectric 25

substrat e ofaid cantilever egdim t o effectively reduce the inpact stress
when each of the electrodes 20 and 21 has the size of 0.5 "Mmx 0.5 mm

5 8. A pyroelectric-type IR sensor comprising:

said IR receiving element of claim 1;
a three-dimensional circuit block on which said IR receiving element is
mounted; and
a package for incorporating said circuit block therein;

10 wherein said circuit block comprises:
a pair of stands formed on a top surface of said circuit block, said
support ends of said IR receiving element being fixed to said stands
such that said IR receiving element extends between said stands in a
bridge fashion; and

15 a front wall mounting thereon at least one electronic component
forming a signal treatment circuit for treating a signal provided from

said IR receiving element.

20
9. A pyroelectric-type IR sensor as set forth in claim 8, wherein said
circuit block comprises a rear wall mounting thereon further electronic

components.

26



Next, a thermal conductivity of the IR receiving elenment 1 of the _
present invention is analyzed by the use of a finite el enent nethod.

That is, after a heat amount of 0.1 [err]Wis prowi m ‘IMHE 11, a
thermal -di ffusion distribution is deterng2ed vvhen:]t‘ mll 3‘ ches 5
a thermally steady state. The result is shown in Fl 6. Lt *shdws® t hat

a tenperature region of nore than 0.4 x 10[err] [err] C does not reach the

support end 16, Therefore, it i.g possible to_reduce fhe substrate |ength
O e A0 A yEelesticrtybedR BRDser 85 SELAORMAR ¢la0m Dnavherais said
end 16. Fromresylts, of further sigulations, .[t.is,obtained,.hat,a 10

i ni mum | erFSIBIORK GOMmATiSes,a PRt sidk Wellthaving aplvalitg ol

slits 30 is 4.5 mMmm AccQrdi,ng to these.sinulajions, |t has jbeen

exper i ment BIOPEsEXtendang Ratween srickEont and tear wally Which are pdopted
havi ng the | ength of é.S.nmex ibits excellent IR sensitivity while
preventi ng Wh@%gf@c‘if?lﬁ WeBVEPHBScorn noi se without causing any

5

11. A pyroelectric-type IR sensor as set forth in claim 8, wherein said
circuit block comprises a stabilizer formed at a lower side of said front
10 wall, said stabilizer having a hole for receiving a pin projecting from a

base plate of said package.

15



15 problemin its thermal property. Heat-cycle tests were
carried out to conpare the occurrence of popcorn noise in the IR
receiving elenment 1 of the present invention with the conparative IR
receiving el ement 1H Those sanples are-23- sealed in a test room and
then a tenperature in the test roomis 20 changed along a heat-cycle curve
shown in FIG 6. Each of keep times T1 to T4 is 30 mn. In the

heat-cycle {g thre t radients of 0.5 [err]C/mn, 1
[err]Cm nAm(girééW@r@E'&%m The occurrence of popcorn
noi se i s cheEXROEEECTRICHTEPE cHp RECEEVINGELEMENT AND IR SSENS®R UWSENGhow

that the occurrence of popcorn noi se THE ShuEI R 25 receivi ng el errent 1is

reduced irrespegtive he te ature ents th
the conparative RYF% 1ﬁgty %,{pcgwl ement comprlses a p%oe ectrlc

substrate which is fixed to a supporting body at its support ends, and at

5 least one rectangular patch formed in the substrate. The patch is
formed on its opposite surfaces with first and second electrodes which
are overlapped to each other. The substrate has a U-shaped slit
composed of a pair of side slits and a base slit connecting the side slits.
The U-shaped slit surrounds continuously three sides of the patch, so

10 that the patch is supported by the substrate in a cantilever fashion at a
cantilever end which is opposed to one of the support ends of the
substrate. Since a thermal stress applied to the substrate when the
substrate is exposed to a temperature change is absorbed by the U-
shaped slit, a stress concentration to be considered is not developed in

15 the patch. As aresult, it is possibie to reduce the occurrence of

popcorn noise, while maintaining good IR sensitivity.

{Figure 1)



- 12- In a practical use of the IR receiving elenent 1 of the

pr esent I nvention, a pair of positive and negative output termnals 23
and_24 are formed at opposite ends on both of the top and bottom
surfaces of the pyroelectric substrate 10. The output term nals 23 and

24 are 5 connected to the first and secohd el ectrodes (20, 21) by
conducti ve patterns 2BISTORREFERENGCGE NUMIEERALSA and 7B. FIG 7A

shows t he conductive patterns on the top surface of the substrate 10.
FIG 7B shows the conductive patterns on the bottom surface of the
substrate 10.  pyrpelectrivetyipe IR receiying di agk am swmen@ra wiring pattern of
the IR 10 receigiimgnel ement 1.with a fielgh ef f gy ﬁﬁ? Rle dikehi@nd a
hi gh resi stance enent t tothlr | fiCatlofis of the IR
recei vi ng %l errerFBmf' &i“l‘ q@§§§P‘E‘FLiQ°§ adobt coﬂ?ﬂggrﬁﬂﬁéaﬁm% ns shown
3 base plate 4 74 window comparator
5 4 cover 75 timer
5 IR transmittable window 76 output circuit
6 IC chip 90 supporting body
7 electronic components 100 IR receiving element
8 conductive patterns 45 101  substrate
10 10 rectangular substrate 102 IR receiving portion
11 patch 102a first electrode
12 patch ' 102b  third electrode
13 patch 103 IR receiving portion
14 patch 50 103a second electrode
15 15 cantilever end - 103b fourth electrode
16 support end 104  positive output terminal
20 first electrode 105  negative output terminal
21 second electrode 106  conductive patterns
23 positive output terminal 55 107  conductive patterns
20 24 negative output terminal 120  circuit board
25 conductive patterns 121  stand
26 conductive patterns 123 field-effect transistor
30 U-shaped slit 124  high-resistance element
31 side slit 60 130 base
25 32 base slit 131 output pin
40 projecting pin 140  package cover
41 projecting pin 141  transmittable window
42 projecting pin ' 150  conductive bond
50 stand 65
30 51 front wall , 1A pyroelectric-type IR receiving
52 IC chip supporting portion element
33 groove 10A  pyroelectric substrate
54 stabilizer ' 11A  patch
55 notch 70 12A  patch

35 56 rear wall
60 wire



in FIGS. 8Ato 8C, FIGS. 9A to 9C, or FIGS. 10Ato 10C In FIG 9B, 10A
and 10B, nuneral 27 designate a conductive pattern connecting 15 between

the_opposed el ectrodes on the sane surface. Thus, IR recei ving el enents
havi ng various conductive patterns of t_hE_pr esent i nvention can be used
to pyroelectric-type IR sensors. Next, a nmethod of fabricating a

pyreel ectric-type IR receld8TdF REEERENCEONUMERALSent invention is

expl ai ned. Desired resist patterns 20 are formed on top and bottom

surfaces of a pyroelectric substrate, for exanple, a single crystal of
Li TaO3 havlfg a PYroslestricstyme Woracevingn  An | R absorbent material is
deposi ted on thepjeplest rate surfaces according to the resist patterns to
obtain conﬂﬂ;ti ve tterns including a first el ectrode on the top
surface an se@@% el ectrode on the bottom 25 surface. The first and
second el ef2€Codepatelie over| apped to each ot her t hrough the substrate.
When theslfgébsofgg{g@t material is NNCr, it is

14C  patch
31C common side slit
32C common baseslit

10 1D pyroelectric-type IR receiving

element
10D  pyroelectric substrate
11D  patch
13D patch
15 15D  cantilever end
20D  electrode

30D  U-shaped slit
34 neck portion

20 1E pyroelectric-type IR receiving
element _
10E  pyroelectric substrate
ISE  cantilever end
30E  U-shaped slit
25 34E  neck portion
35 rounded hole

1H comparative IR receiving
element



-13 - preferred that a thickness of the respective electrode is

determined in a range of about 200 to 500 angstrons. Subsequently, a
U-shaped slit is formed in the substrate so as to surround continuously
three sides of the first and second el ectrodes by a sandbl asting. The
conductive patterns 5 are protected by the use of a photosensitive
dry-filmresist during the sandbl asting. A dry etching process such as
ion mlling, or wet et ching procddg23can be adopted to formthe U shaped
slit, however, the sandbl asting nethod is the nost preferable to
eff|C|entIy and accurately f d3nthe U shaped slit in the substrate.

Wen the IR receiving 10 elenent is\a rggtangul ar shape ofg 2.5 Fm X 5.0
nm hundreds of the IR recehylng Ie nts ¢d2 be talne once from
a 3 inch wafer of \\

31 3
.\\\ .
5 “\\L*’_ | f7 S
31 T 1
Ls R S Y J \ — //——-16 W
6| | = )
o ],
Ws s ) —
L 4
\ e
13 30
" T -
FIG. 1
Z
16

/1 p Y '/16
' 7

AN A

FIG. 2 90

\\\.....—/




Li TaGs.

shown in FIG 11. That
elenent 1, 15 a three-dinensional

recei vi ng el enent

pins 40 to 42, and a

top-surface. As
formed with a.

51 having an I C 30

a plurality of
rear wall 56, andg
are forned at a
integrally mg
t hermal 25 condud
50 at t he suy
bet ween t he

An | R sensor using the present

cover 4 havi
;homn in FIGS. 12

chip supporting porti
53 fextending Qg
N df stabiliz
g of the fr
el ectrical
IR receivi

%

| A—1 20

_______.,/_____J

IR receiving elenment 1 is
the IR sensor conprises the IR receiving
circuit block 2 on which the IR

i s mounted, a base plate 3 having three projecting
280 IR transnmittable window 5 on its
and 12B, the circuit block 2 is

surface, a front wall
of side walls having
ont wall 51 and a
ving a notch 55 which
he circuit block 2 is
resin having a | ow
fixed to the stands
0 5§ to extend

O
i

NN\ Stress region of more than 6.0 x 10’ Pa
XX Stress region of more than 9.0 x 107 Pa

[ ] Stress region of 3.0 x 107Pa or less
7777) Stress region of more than 3.0 x 107 Pa

FIG. 3



-14 -
the IR

suf ficient
and the IR

resistors,

The 1C chip 6 is electrically connected/to\th

stands in a bridge fashion,

as shown in FIGS. 13 and 14. Since

receiving elenment 1 is supported in the bridge fashion, a

t her mal

i nsul ation i s obtained between the circuit block 2

receiving elenment 1, and at the sane tine noises resulting
from 5 unbal anced voltage can be prevented. An IC chip 6 for treating a
signal provided fromthe IR receiving elgppnt 1 is attached to the chip
supporting portion 52. Electronic conponents 7 such as condensers,

and field-effect transistors,

56.
el ectroni c conponents 7 10

are nounted on the rear wall

t hrough conducti ve patterns‘g formed oy the\front wall 51 and the
-
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N Temperature region of more than 1.1 x 1074°C
[550] Temperature region of more than 1.5 x 10™eC
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grooves 53 in the side walls. After the projecting pins 40 and 41 are
abutted against the inner surfaces of the notches 55, they are

el ectrically connected to conductive patterns 8 forned on the
stabilizers 54 by a conductive bond. At the sane tine, the circuit 15
block 2 is mechanically connected to the base plate 3 by the conductive

bond, as shown in FIG 11. The projecting pin 42 is used to ground. I n
FIG 13, nuneral 60 designates wires 4@dnecting between the IC chip 6
and the conductive patterns 8 formed on the front wall 51 of the
circuit block 2. 20 Next, an operation nechanismof the present IR
sensor is briefly explained referring to FIG 15. Wen the IR
receiving elenent 1 receives IR rays, an output signal is provided
fromthe IR receiving element 1 to a current anpl&ying circuit 72.
Then, a signal having a required frequency is extfgacted fromthe
anplified signal by a band- 25 pass anplifier 73. The gxtracted signal is
sent to a w ndow conparator 74 in which a threshofd value is
predet er mi ned. Wen the L
i
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- 15 - extracted signal

detection signal is
detection signal, an
apparatus such as lights

In FIG 15, nuneral

current anplifying
conparator 74 are

a chip ceramc
Al (al um nunj -
relatively

Is larger than the threshold val ue,

output fromthe conparator 74. According to the

output circuit 76 applies a load to an electric

for a tine period predeterm ned by a tiner 75.

circuit 72, bafd2pass anplifier 73, and the

71 5 designates a condenser of IR rays. \Wen the

acity as well as

havi ng a

incorpordlad in the Bg chip 6, it | s possible to use
con er hav?}g arelatively small
el ectrol ytic condenser or T3(tantallim condenser
< ( =) '’ —
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10 large capacity. In addition, it is possible to mount an I C chip

I ncorporating only the band-pass anplifier 73 and wi ndow conpar at or 74
on the chip supporting portion 52. In this case, a field-effect

transi stor and hi gh resistance élenent are mounted on the rear wall 56

of the circuit block 2. Mreover, g3an | C chip incorporating 15 therein
only the current anplif g CIrCUIt and band- pass anplifier 73 is
nount ed on the chip sup ng p@ag.d on 52, 3 ana signal can be
out put fromthe prOJectlng ins 40 &nd 41 of\the bas¢ plate 3. Thus, an
adequate 1 C chip may he nDUD ed on hEAQLLCUI blockl?2 in accor dance
with the circunstances. hodi ficdtion of{the IR
receiving el enent 1, qreceijvi ng el pment 1A is
shown in FIG 16231h\ ATs— sub$téml iattg4dsame as
t hat of the above y one pa pat ches 11A
and 12A are f or ne _ e 10A. ] pf ore, no
duplicate 25 expl anat : heces$ Li ke parts
are desi gnat ed 4 ke numer; [ h o Iet!?jgbf "A". As an
% - % %
10—
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-16 - exanpl e, conductive patterns forned on top and bottom surfaces
of the IR receiving elenent 1A are shown in FIGS 17A and 17B,
respectively. FIG 17C shows a wiring pattern of the IR receiving
el enent 1A with a field-effect transistor FET and high resistance
element R 5 Alternatively, it is possible to use conductive patterns
shown in FI GS. 18A and 18B, and &/##ring pattern shown in FIG 1 8C.
As a fifth nodification of the Il;receivin elemeaé 1, a
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pyroel ectric-type IR receiving elenent 1Cis shown in FIG 19. The I R
receiving elenment 1Cis substantially sanme as that of the above 10

enbodi ment except that patches 11C and 13C are opposed to the pat ches
12C and 14C t hrough a common base slit 32C, and the patches 11C and 12C
are opposed to the patches 13C and 14C t hrough conmon side slits 31C,
respectively. Therefore, no duplicate | anation to common parts is
deened necessary. Like parts are designated by like 15 nunerals with a
suffixed letter of "C'. As a six a nodi fication of the IR
receiving elenent 1, a 25nyr 0 tric-tyge IRreéé ving elenent 1D is

shown in FIG 20. The
that of the above

ng—elempnt—1bD+-s—Substantial ly sane as

thFL_. ends of each of U shaped

slits 30D are 20 ofen J g (Lshaped s] jit %QD to obtain
a neck portion 37 3 d ﬁéreforqﬁV"’auplicate
explanation to Co| parts 1 d bary. Lik rts are
designated by |ike rer al s suf etter d ' As

a seventh nodificatio the IR = Ng t 1, a
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25 pyroelectric-type IR receiving elenent 1IE is shown in FIG 21. The

IR receiving elenent 1E is substantially sane as that of the above

-17- enbodi ment except that both ends of each of U shaped slits 30E
are formed with rounded holes 35 having a dianeter larger than its slit
width to obtain a neck portion 34E at a cantilever end 15E. Therefore,

no duplicate explanation to conmon part,s,is deened necessary. Like 5 parts
are designated by like nunerals with glgﬁffixed |l etter of "E". A
simul ation for estimating-stress absorbing capability is carried
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out with respect to the IR receiving elenents 1,1D and 1E. That is,
This sinmulation is to analyze a stress distribution applied to the
respective IR receiving el enent when one end of the IR receiving 10
element is fixed, and the other end is forcedly lifted up, as shown by an

arrow in FIG 22. Results are shown in FIGS. 23, 24, and 25. The resul t
of FIG 23 shows that no stress regilgyﬁ)f nore than 0.4 x 10[err] Pa IS
observed on the patches 11 and 13 under the el ectrgdes 20, however,

such a stress region is observed in the vi ci%ty df the cantilever end 15.
15 1In addition, stress regions of nore than}l.6 x {0[err] Pa are observed

at the ends of the LLshapeggint 30. On hand, the result of
FIG 24 shows that no stress region of f0. 4 x 10[err] Pa is
observed on the pat ches 11D ard 13D unde Ar odes 20D, and the
devel opnment of t he stress reg/ QR \ak K 2 N \&RNA\ 15D is slightly

reduced as 20 conpared with that
maxi num princi pal stress app
reduced by as much as & % IA
1.6 x 10[err] Pa i s ob€erved
recei ving el enent

\rent 1. That is, a
N enment 1D is

on of nore than

y 10D of the IR

FIG. 12B

©
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1D. The result of FIG 25 shows that the devel opnent of a stress 25 region
of nore than 0.4 x 10[err] Pa at a cantilever end 15E is renmarkably

reduced as conpared with that of the IR receiving elenent 1. That is,

- 18- a maxi mum principal stress applied to the IR receiving el enent
1E is reduced by as nuch as 32 % In addition, no stress region of nore
than 1.2 x 10[err] Pa is observed on a pyroelectric substrate 10E of the IR
receiving elenent 1E. Thus, the IR receiving elenents 1D and 1lE
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5 having uni que end shapes of the U shaped slits 30D and 30E can
provi de further inprovenent of the stress absorbing capability. This
means that the occurrence of popcorn noise can be prevented nore

effectively. The invention may be enbodied in other specific
fornms without 10 departing fromthe spirit or essential characteristics

t hereof . The present enbodi nent is therefore to be considered in al
respects as illustrative and not rewtmBctive, the scope of the

i nventi on being i ndi cated by the app clainms rather than by the

f or egoi ng description and all chandes which me within the neani ng and
range 15 of equivalency of the clains are therefo i ntended {p be
enbraced t herein. -
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20 -19- What is cl ai ned

I S: 1. A pyroelectric-type IR receiving elenent conprising: a
substrate nade of a pyroelectric material which is fixed to a 5 supporting
body at its support ends; at | east one patch fornmed in said substrate

to have a substantially
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rectangul ar shape, said patch being formed on its opposite surfaces with

first and second el ectrodes which are overl apped to each other so as to

devel op a voltage di fference between said first and second el ectrodes 10

when one of said first and second el ectrodes receives an IR ray;

wherein said substrate has a U shaped sI%t conposed of a pair of side
said U shaped slit

slits and a base slit connecting sai d4d¢

surroundi ng continuously three SI 9§ of sapA patch

e slits,

so that said patch is

supported by said substrate in a cad\lleveu f ashj-d8Aat_a cantjlever end 15

whi ¢h is opposed to o of said suppokt endls offsaid substratg. 2.
A pyroelectric-type IR receiving th inclaijml1, 20
wherein said at |east jone patch is] i es, and saifd patches are
formed in said ngﬁtr e such that a Ush Ff§5A0r one
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of said patches substantially extends parallel to that of a U shaped slit
for the other patch, and cantilever ends of said patches are respectively
opposed to said support ends of said substrate. 25 3. A
pyroel ectric-type IR receiving elenment as set forth in claim 2,

wherein said base slits are coupl ed each other to provide a common

base slit between said patches. 15/23
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5
1

4. A pyroelectric-type IR receiving elenent as set forth in claim
wherein each of said side slits is connected to said base slit at a

rounded corner. 10
set"forth in claiml1,
toward the inside of 15
said cantil ever end.

5. A pyroelectric-type IR receiving el enent as
wherein both ends of said U shaped slit are bent
said U-shaped slit to obtain a neck portion at
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6. A pyroelectric-type IRreceiving elenment as set forth inclaiml1, 20
wherein said U-shaped slit is forned in a horseshoe-shaped slit.

7. A pyroelectric-type IR receiving elenent as set forth in claiml1, 25
whetrein both ends of said U shaped slit are forned with rounded hol es
having a diameter larger than its slit width to obtain a neck portion at

17723
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said cantil ever end.
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5 8. A pyroelectric-type IR sensor conprising: said IR receiving

el ement of claimil; a three-dinensional circuit block on which said IR
receiving elenent is nount ed; and a package for incorporating
sai'd circuit block therein; 10 wherein said circuit block conprises:

a pair of stands formed on a top surface of said circuit block, said
support ends of said IR receiving elenent being fixed to said stands

such that said IR receiving el ement 1&4d3ends between said stands in a

bridge fashion; and 15 a front wall nounting thereon at |east one

el ectroni ¢ conponent formng a signal treatnent circuit for treating a
signal provided from said IR receiving el enent.
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20 9. A pyroelectric-type IR sensor as set forth in claim@8, wherein

sai d circuit block conprises a rear wall nounting thereon further
elqctronic conmponents. 25
' 20/23
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10. A pyroelectric-type IR sensor as set forth in claim9, wherein said
circuit block conprises a pair of side walls having a plurality of

grooves extendi ng between said front and rear walls which are adopted

t o-make conductive paths. 11. A pyroelectric-type IR sensor as
set forth in claim8, wherein said circuit block conprises a
stabilizer formed at a |ower side of said front 10 wall, said stabilizer
having a hole for receiving a pin projad8ng froma base plate of said
package.
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