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BACKGROUND OF THE INVENTION
1. Field of the Invention

This invention relates to a pyroelectric-type infrared ray
receiving element for receiving infrared rays (hereinafter abbreviated
as "IR") radiated from an object, and an IR sensor using the IR ray
receiving element.

2. Description of the Related Art

A pyroelectric-type IR receiving element is conventionally used
to a sensor for sensing heat, temperature, approach of human, or the
like. A configuration of the conventional pyroelectric-type IR
receiving sensor is shown in FIG.36.

As can be seen from FIG.36, two pairs of electrodes 2A and 2B,
and 2C and 2D are formed on top and bottom surfaces 1A and 1B of a
substrate 1 for facing each other. Both sides of the substrate 1 are
fixed to stands 3A and 3B formed on a base member 3 by conductive
adhesives 4A and 4B.

The substrate 1 is made of a ferroelectric material such as a
ceramics of PbTiO3 or Pb(Ti+Zr)Os, a single crystal of LiTaOs, or a
high molecular compound of PVF2. Arrow P designates a direction
having the largest pyroelectric coefficient in the material of the
substrate 1. In the following description, the direction designated by
arrow P will be called "polarization direction".

The electrodes 2A to 2D are made of an IR absorbent material
such as NiCr or the like. The electrodes 2A to 2D are formed by

vapor deposition, sputtering or screen printing. The electrodes 2A



recekving sensor is shown in FIG 36. As can be seen fromFIG 36, two
pairs of electrodes 2A and 2B, and 2C and 2D are forned on top and bottom
surfaces 1A and 1B of a substrate 1 for facing each other. Both sides of
the sSubstrate 1 are fixed to stands 3A and 3B fornmed on a base nenber 3 by
conducti ve adhesives 4A and 4B. The substrate 1 is made of a
ferroelectric material such as a ceramcs of PbTiG3 or Pb(Ti+Zr)03, a
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desi gnates a_direction having the |argest roelectric coefficient in the
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in the figure. Two sets of the electrodes 2A and 2B, and 2C and 2D
respectively configure capacitors. An equivalent circuit of the
conventional IR receiving element is shown in FIG.37.

When IR reach to the surfaces of the electrodes 2A and 2C,
energy of the IR is converted to thermal energy, and temperature at
surfaces of the electrodes 2A and 2C increases. When the
temperature of the substrate 1 is varied, pyroelectric charges occur in
the substrate 1 owing to variation of spontaneous polarization of the
pyroelectric material. The occurrence of the pyroelectric charges in
the substrate 1 can be sensed by variation of voltage signals through a
resistor R and a field-effect transistor FET in the equivalent circuit
shown in FIG.37. As a result, incidence of the IR into the IR
receiving element can be sensed.

When ambient temperature of the substrate 1 is varied, the
substrate 1 will be warped as shown in FIG.38 due to a difference of
thermal coefficients between the substrate 1 and the base member 3.
The warp of the substrate 1 causes the occurrence of undesired electric
charges, since the pyroelectric material of the substrate 1 shows
piezoelectric effect, too. When the electric charges locally charged
due to the piezoelectric effect of the substrate 1 are discharged, the
discharge will be observed as unexpected noise signal called "popcorn
noise".

For reducing the occurrence of the popcorn noise, the inventors
have proposed to configure the IR receiving portions as the cantilever

fashion described in the publication gazette of Japanese Patent



and 2C on the top surface 1A of the substrate 1 respectively serve as IR
sensing portions. The el ectrodes 2A to 2D respectively have the sane
rectangul ar shape. The el ectrodes 2A to 2D are connected to an external
circuit by wires or conductive patterns which are not shown in the figure.
Two sets of the electrodes 2A and 2B, and 2C and 2D respectively configure

capacitors. An _equivalent circuit of the tonventional IR receiving el enent
i s shown i nAppdication Hei 10-2K83. | RonsaetelyoUrshapas shbesroformhed &h éber odes
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be sensed by variation ol tage signals through a resistor R an

fiel d-ef fecpottionseséwwldn the substecei Vid pattiallyomatpehoWs lanrdsu@®,37. As a
result, incidence of the IRinto the IR receiving el enent can be sensed.
When anbi enthe esparrenge of shetpapcounstaise ean besrexgmedd, the substrate 1 will

be war ped as sho iin FIG 38 que. to a difference of thermal coefficients
bet ween t he subs}tﬂftatllamie‘éﬁ?dli aﬁ’ﬁé‘gﬁt%ﬁﬁﬁ?n@,&e occurrence of the popcorn

noise completely only by the above-mentioned U-shaped slits. The
conventional substrate 1 is formed by a material uniformly polarized
as shown in FIG.4, where the polarization direction in any portion is
the same. When the substrate 1 is partially warped due to the
difference of the thermal expansion coefficients between the substrate
1 and the base member 3 except the IR receiviﬁg portions formed in
the cantilever fashion, the undesired electric charges occur due to the
piezoelectric effect in the warped portion where no conductive pattern
is formed. These undesired electric charges generally disappear by
coupling with ions which flow in the circumference of the substrate 1.
The undesired electric charges, however, sometimes discharge to
neighboring conductive patterns, circuit substrate, or metal housing,
so that the popcorn noise is rarely observed.

The inventors have carefully experimented and considered the
cause of the occurrence of the popcorn noises, and found that
piezoelectric effect of the material of the substrate 1 acts as a trigger
instantaneously for discharging the undesired electric charges when
the stress due to the difference of the thermal expansion coefficients
between the substrate 1 and the base member 3 of the adhesive 4A, 4B
is applied to the substrate 1 or when external mechanical vibrations
are applied to the substrate 1.

SUMMERY OF THE INVENTION



The warp of the substrate 1 causes the occurrence of undesired electric
charges, since the pyroelectric material of the substrate 1 shows
pi ezoel ectric effect, too. Wien the electric charges locally charged due to
the piezoelectric effect of the substrate 1 are discharged, the discharge
wi |l be observed as unexpected noi se signal called "popcorn noise".
For reducing the occurrence of the popcorn noise, the inventors have
proposed to confi dur ebjelt of Ehisstnrention poto iprosidesan IR ceneivingvele niasthi on
cziescr | bed | Igntw eic utqllei S?ﬁéo% g(?izsgtﬁaerd?; o%gﬁxqsn,easgd I;’g tps'giride an IR sensor

using the same.

An infrared ray receiving element in accordance with this
invention comprises: a substrate made of a pyroelectric material and
having at least one cantilever portion surrounded by a slit, in which at
least a part of the cantilever portion in the substrate is uniformly
polarized in the same direction and the remainder in the substrate
includes a portion polarized at random; and at least a pair of
electrodes respectively provided on a top surface and a bottom surface
of the cantilever portion.

An infrared ray sensor in accordance with this invention
comprises an infrared ray receiving element, a base member for
holding the infrared ray receiving element, a circuit substrate
connected to the infrared ray receiving element for detecting that
infrared ray reached to an infrared ray receiving portion of the
infrared ray receiving element, a chassis for supporting the infrared
ray receiving element, the base member, the circuit substrate, and a
cover with an infrared ray transmittable window, wherein the
substrate is made of a pyroelectric material and has at least one
cantilever portion surrounded by a slit, in which at least a part of the
cantilever portion in the substrate is uniformly polarized in the same
direction and the remainder in the substrate includes a portion
polarized at random; and at least a pair of electrodes are respectively
provided on a top surface and a bottom surface of the cantilever
portion. |

By the above-mentioned configurations, the IR receiving

portion is formed on the cantilever portion, so that the IR receiving

portion is hardly warped even when the ambient temperature of the



Appl trcation Hei 10-2793. Concretely, U shaped slits are forned in the
substrate 1 for surrounding three sides of the electrodes 2A to 2D. By such
t.he configuration, the IR receiving portions are substantially formed on
the cantilevers, so that no stress occurs in the IR receiving portion, even
when the substrate 1 is partially warped. As a result, the occurrence of

t he popcorn noi se can be reduced. It, however, is difficult to
prevent t he ssbstraterisevanied.heThusecvorelediriecharge dvelty thalpyeinelsdteic
above-nentioned, U shaped slits. The conventignal, K substrate 1 is forned by a
material uni %FFH@ the|subsiratenads it herpymoelectrigmpateninbisgenenatedi on
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formed in the cantilever Ired electrit charges occur due

to the pi ezehheges gonefdted in dadh eninaitd Pdreiohtinothe\behstrag: BPRHLECt i ve
pattern is formed. These undesired el ectric charges generally disappear by
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noi ses, and dii§eHitgbHithe undesired electric charge hardly occurs even when
stress due to the difference of the thermal expansion coefficients
between the substrate and a base member or an adhesive for
supporting the substrate is applied to the substrate or when external
mechanical vibrations are applied to the substrate. As a result,
popcorn noise is hardly observed.
BRIEF DESCRIPTION OF THE DRAWINGS
FIG.1 is a plan view for showing a configuration on a top
surface of a substrate of a pyroelectric-type IR receiving element in a
first embodiment of this invention;
FIG.2 is a bottom view for showing a configuration on a bottom
surface of the substrate in the first embodiment;
FIG.3 is a map for showing polarization domains in the
substrate in the first embodiment;
FIG.4 is a notional view for showing directions of polarization
vectors in the substrate in mono-polarized domain;
FIG.5 is a notional view for showing directions of polarization
vectors in the substrate in multi-polarized domain;
FIG.6 is a sectional view for showing a method for polarizing
the substrate in the first embodiment;

FI1G.7 is a sectional view for showing a configuration of a



pi ezoel ectric effect of the material of the substrate 1 acts as a trigger

I nst ant aneously for discharging the undesired electric charges when the
stress due to the difference of the thermal expansion coefficients between
the substrate 1 and the base nenber 3 of the adhesive 4A, 4B is applied to
the substrate 1 or when external nechanical vibrations are applied to the
substrate 1. SUMMERY OF THE | NVENTI ON
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receiving element in I ch the popcorn noise hardly occurs, and to provide
an | R sensor FIG.8 is a sectional view for showing effects of the IR receiving

element in the first embodiment, when the substrate is warped;

FIG.9 is a perspective view for showing a configuration of an IR
sensor in the first embodiment;

FIG.10 is a circuit diagram for showing an equivalent circuit of
the IR receiving element in the first embodiment;

FIG.11 is a plan view for showing a configuration on a top
surface of a substrate of a pyroelectric-type IR 'receiving element in a
second embodiment of this invention;

FIG.12 is a bottom view for showing a configuration on a
bottom surface of the substrate in the second embodiment;

FIG.13is a ma{p for showing polarization domains in the
substrate in the second embodiment;

FIG.14 is a sectional view for showing a method for polarizing
the substrate in the second embodiment;

FIG.15 is a perspective view for showing a configuration of an
IR sensor in the second embodiment;

FIG.16 is a circuit diagram for showing an equivalent circuit of
the IR receiving element in the second embodiment;

FIG.17 is a plan view for showing a configuration on a top
surface of a substrate of a pyroelectric-type IR receiving element in a
third embodiment of this invention;

F1G.18 is a bottom view for showing a configuration on a
bottom surface of the substrate in the third embodiment;

FIG.19 is a map for showing polarization domains in the
substrate in the third embodiment;

FIG.20 is a sectional view for showing a method for polarizing

the substrate in the third embodiment;



usi ng the sane. An infrared ray receiving elenment in accordance with
this invention conprises: a substrate nade of a pyroelectric material and
havi ng at | east one cantil ever portion surrounded by a slit, in which at

| east a part of the cantilever portion in the substrate is uniformy

pol arized in the same direction and the remainder in the substrate includes
a portion polarized at random and at |east a pair of el ectrodes

respectively provipRY QN %Wé%%?sﬁﬂ@iﬁ%t&%é ; Mtiﬁ?ﬁn%t €

cantil ever portion. n infrared ray sensor |h accordance™wi th this

i nventi on cosynfasesf asubstravecst 4 pyroelecirit-tgpe IR ®teiviaghasmeneihey for
hol ding the infrared ray receiving elenment, a circuit sugst rate connected
to the infrdoagth gmhasizentef dliennmention; detecting that infrared ray

reached to an infﬁ(gg ray gecei vin ortjon of the jnfrared ray receiving
el enent, a chassi 2587 BPHoRY View Tohphawing 2asen afigyoBlaenent , the

base nenber, Cl ' enwth an infrared ray
transm ttabIbeét\?\n&rrlldéol\%v&g%g?gfi}%tsg‘lﬁégr_saﬁggﬂrtae§8¥1§£}h§&b°oqa‘m§ yroelectric
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which at |least a part of the cantilever portion in the su strate is

uni form y paubsterate imthd éowaheerdbodnhénts and the remai nder in the

substrate includes a portion polarized at random and at |east a pair of
el ectrodes are r edf&s2ihig| 3/ sectional view for showing a method for polarizing

the substrate in the fourth embodiment;

FIG.25 is a circuit diagram for showing an equivalent circuit of
the IR receiving element in the fourth embodiment;

FIG.26 is a plan view for showing a configuration on a top
surface of a substrate of a pyroelectric-type IR receiving element in a
fifth embodiment of this invention;

FIG.27 is a bottom view for showing a configuration on a
bottom surface of the substrate in the fifth embodiment;

F1G.28 is a map for showing polarization domains in the
substrate in the fifth embodiment;

FIG.29 is a sectional view for showing a method for polarizing
the substrate in the fifth embodiment;

FIG.30 is a graph for showing a waveform of a heat cycle
applied to samples used in an experiment for proving effects of this
invention;

FIG.31 is a graph for showing a waveform of a popcorn noise
observed by an oscilloscope:

FIG.32 is a table for showing yield ratios of the samples used in
the experiment;

FIG.338 is a plan view for showing a modification of the

U-shaped slits in the above-mentioned embodiments;



provided on a top surface and a bottom surface of the cantil ever portion.
By the above-nentioned configurations, the IR receiving portion is forned
on the cantilever portion, so that the IR receiving portion is hardly

war ped even when the anbient tenperature of the

4 substrate is varied. Thus, no electric charge due to the

pi ezoel ectric effect of the substrate made of the pyroelectric material is

generated in the FRGL84&s v planPeiet €t shewileanotleor edifieftidhorsybstrate
except the IR receiving portion is polarized at random so that electric
U-shaped slits in the above-mentioned embodiments;

FIG.35 is a plan view for showing still another modification of
the U-shaped slits in the above-mentioned embodiments;

FIG.36 is a sectional view for showing a configuration of a
conventional pyroelectric-type IR receiving element;

FIG.37 is a circuit diagram for showing an equivalent circuit of
the conventional IR receiving element; and

F1G.38 is a sectional view for showing a problem of warp of a
substrate in the conventional IR receiving element.

DETAILED DESCRIPTION OF THE EMBODIMENT
FIRST EMBODIMENT

A first embodiment of this invention is described. FIG.1 shows
a plan view of a substrate of a pyroelectric-type IR receiving element
in accordance of the first embodiment. FIG.2 shows a bottom view of
the substrate.

As can be seen from FIGs.1 and 2, two U-shaped slits 12A and
12B are symmetrically formed in a substrate 10 in a manner so that
two rectangular portions 11A and 11B are supported by the substrate
10 in a cantilever fashion. Hereinafter, the rectangular portions 11A
and 11B will be called "cantilever portions”". The U-shaped slits 12A
and 12B respectively have a pair of side slits and a base slit
connecting the side slits. A pair of rectangular electrodes 13A and
13B are provided substantially at the center of the cantilever portion
11A on a top surface 10A and a bottom surface 10B of the substrate 10.
Similarly, a pair of rectangular electrodes 13C and 13D are provided
substantially at the center of the cantilever portion 11B on a top
surface 10A and a bottom surface 10B of the substrate 10. The
electrodes 13A to 13D have substantially the same size. The



-charges generated in each mnute portion in the substrate by the

pi ezoel ectric effect when the substrate is partially warped wll be
cancel ed by the random direction of the polarization. Thus, the undesired
el eCtric charge is hardly charged in the substrate, and the di scharge of
the undesired electric charge hardly occurs even when stress due to the
difference of the thermal expansion coefficients between the substrate and

a base menbélectiodas WHGAHVERG Q6ralRPIRIIREiViRG Fortiddsat ernesel%ra&ldcﬁd to the
substrate or when external nechanical vibrations are applied to the

substrate. I3Adacesthd elemrmhr 113Bmmiethes elewtrbde dBEcfaced thBRldErddSCRI PTI ON
OF THE DRAW NGS G1lis pl an view for show an a configuration on
a top surfat@Dgrith %%wb%t@@t%ioéeﬁweem edihe Y- sbwd 123 3Avny18Benent in

a first enbodi ment, of thi a bottom view for

showi ng a c%WPBHFia 86 séﬁie%ogﬁﬁ 8%%%&%%#%3@ é’&ﬁ‘s‘PraRP@r iSA ¥dd fir st
embodi ment ; 4y, IR r%ac ﬁx% Igg?tggngaa?e s%&ap%??é’q:p%tgﬁlﬁﬂs@ﬁ ﬂ? Ins in the

substrate int an0|ona i ew for

showi ng di r@aitiRRer ThsRRIMA! I'm! b%tﬂ&fetsoissAlta 191® a2 ¥5ih8d By | Vapor
nono- pol ari zed domai n; G5 is a notional view for Show ng

directions ddpqgsitiani sputtemm/gaot scmemnpnhenfgjbst rate in multi-polarized
domai n; A pair of terminals 14A and 14B, which are to be connected to
an external circuit, are provided on the top surface 10A and in the
vicinities of both ends of the substrate 10. The electrode 13A is
connected to the terminal 14A by a conductive flat cable (conductive
pattern) 15A, and the electrode 13C is connected to the terminal 14B
by a conductive flat cable 156B. The electrodes 13B and 13D are
connected by a conductive flat cable 15C. An equivalent circuit of the
IR receiving element in the first embodiment is shown in FIG.10 which
is a series connection of two capacitors.

FIG.3 shows a map of the polarization in the substrate 10.

Two shaded domains 10C, which correspond to the electrodes 13A and
13C serving as the IR receiving portions, are uniformly polarized as
shown in FIG.4, which is called "single domain uniformly polarized".
The remainder 10D not shaded is a mixture of minute domains
respectively polarized at random or unpolarized as shown in FIG.5,
which is called "multi-domain".

A method for polarizing the substrate 10 as shown in FIG.3 is
described with reference to FIG.6. In FIG.6, the substrate 10 is
illustrated so that it is cut along A-A line in FIGs.1 and 2. ADC
electric power supply 20 having a predetermined voltage sufficient to
polarizing pyroelectric material is connected between the terminal 14A

and the electrode 13B, and between the terminal 14B and the



FIG-6 is a sectional view for showing a nethod for polarizing the substrate
in the first enbodi nent; FIG7 is a sectional view for show ng a
configuration of a . 5

pyr oel ectric-type IR receiving element in the first enbodi nent;

FIG 8 is a sectional view for showing effects of the IR receiving el ement

in the first enbodi nent, when the substrate is warped, FIG9 is a
per spect i veelecérmodeoi 3PhowA hgaterc®hiis asedtfooheatingntidswlesteate 10, ifhe first
enbodi nent ; FIG 10 is a circuit diagramfor show ng an equival ent

circuit of necessary.

The substrate 10 is made of a ferroelectric material such as a
ceramics of PbTiOs or Pb(Ti+Zr)Os, a single crystal of LiTaOs3, or a
high molecular compound of PVFs. Thickness of the substrate 10 is,
for example, in a range from several tens % m to several hundreds «
m. The substrate 10 has been processed to be polarized at random,
previously. When the substrate 10 is heated to be at a temperature
equal to or higher than the Curie-point, the material of the substrate
10 transmits from the ferroelectric phase to the paraelectric phase, so
that the polarity in the substrate 10 becomes at random.
Alternatively, it is possible to use the pyroelectric substrate as it is, in
which the polarization therein is at random, just after crystal growth
or calcination. |

By the above-mentioned configuration, when the voltage of the
DC electric power supply 20 is applied, electric fields occur only
between the electrodes 13A and 13B, and between the electrodes 13C
and 13D, so that the portions in the substrate 10 corresponding to the
IR receiving portions are uniformly polarized. The condition for the
polarization generally depends on the material of the pyroelectric
substrate 10. The inventors have been experimented and found that
it was necessary to apply a very large electric field equal to or larger
than 107 V/m under the temperature region from 150 to 250 degrees
Celsius, for example, when commercially available single-crystaline
lithium tantalate was used as a material of the substrate 10.

Since the thickness of the substrate 10 is very thin about
several tens # m to several hundreds 4 m, it is easy to occur the
dielectric breakdown in the substrate 10 when a high voltage is

applied between the top surface 10A and the bottom surface 10B of the

10



the-IR receiving element in the first enbodi nent; FIG 11 is a plan
view for showing a configuration on a top surface of a substrate of a
pyroelectric-type IR receiving elenment in a second enbodi nent of this
i nvention; FIG 12 is a bottomview for showi ng a configuration on a
bottom surface of the substrate in the second enbodi nent; FIG13 is
a map for show ng pol arization domains in the substrate in the second

embodi Ment jsybstrate T Gnkhel stnfospdfelb ONGhud, eMid prefehablens ﬁee&?m@d for
pol arizing the substrate in the second embodi ment ; FIG15 is a

per spect i vepolaeization shthe sgb@trawﬂ[)gunrmcmrmobrm anReleetrsotinsulativh second
enbodi nent ; FIG 16 is a circuit diagramfor show ng an equi val ent
circuit of gafesuch pad¥iiQg SFermnd sp@n: he second enmbodi nent : FI G 17
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pol ari zi ng 31B formed on a base member 30 by conductive adhesives 32A and 32B.
The terminals 14A and 14B are respectively contacted to an external
circuit by the conductive adhesives 32A and 32B. The configuration
of the equivalent circuit of the pyroelectric-type IR receiving element
is substantially the same as that shown in FIG.37, so that the
explanation of the equivalent circuit is omitted.
Even when ambient temperature of the substrate 10 is varied
and the substrate 10 is warped as shown in FIG.8 due to a difference
of thermal coefficients between the substrate 10 and the base member
30, the cantilever portions 11A and 11B are respectively supported in
the cantilever fashion, so that the cantilever portions 11A and 11B
may not be warped. No electric charge is locally charged in the
cantilever portions 11A and 11B due to the piezoelectric effect of the
substratel0. Furthermore, the domain 10D of the substrate 10 except
the domains 10C is configured by multiple minute portions polarized
at random as shown in FIG.5, so that electric charges due to the
piezoelectric effect of the substrate 10 when it is warped can be
canceled by the random polarization. Thus, the popcorn noise hardly
occurs in the pyroelectric-type IR receiving element in accordance with
the first embodiment.
FIG.9 shown a configuration of an IR sensor using the
above-mentioned pyroelectric-type IR receiving element in the first

embodiment. The IR sensor 100 comprises the IR receiving element
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the-substrate in the third enbodi nent;

6 FIG 21 is a plan view for show ng a configuration on a
top.surface of a substrate of a pyroelectric-type IR receiving elenment in a
fourth enbodi ment of this invention; FIG 22 is a bottomview for
showi ng a configuration on a bottomsurface of the substrate in the fourth
enbodi nment ; FIG 23 is a map for show ng pol ari zati on domains in the
substrat e iDb01he theee-dimensivtial®itcuit block 162 @n2which she ERtrecontingi ew f or

showi ng a nethod for polarizing
element 101 is mounted, a chassis 103 from which three pins 104A to
104C are projected, and a cover 105 with an IR transmittable window
106. Top end of the circuit block 102 serves the base member 30 of
the IR receiving element with the stands 31A and 31B. An IC chip
107 is fixed in an IC chip holder on a front wall of the circuit block 102.
A pair of stabilizers 108 are formed at bottom end of the front wall by
which the circuit block 102 is fixed on the chassis 103.

When IR reach to the IR receiving element 101 through the
window 106, energy of the IR is converted to thermal energy, and
temperature at the electrodes 113A and 113C increases. When the
temperature of the substrate 10 is varied, pyroelectric charges occur in
the substrate 10 owing to variation of spontaneous polarization of the
pyroelectric material. The occurrence of the pyroelectric charges in
the substrate 10 can be sensed by variation of voltage signals through
a resistor R and a field-effect transistor FET in the equivalent circuit,
for example, shown in FIG.87. As a result, incidence of the IR into
the IR receiving element can be sensed.

SECOND EMBODIMENT

A second embodiment of this invention is described. In the
above-mentioned first embodiment, the IR receiving sensor has two IR
receiving portions are used, which is generally called "dual-type IR
receiving element". An IR receiving sensor in the second embodiment
has four IR receiving portions, which is generally called
"quadruple-type IR receiving element". The differences between the
first embodiment and the second embodiment will be mainly described,
and the common details will be omitted.

FIG.11 shows a plan view of a substrate of a pyroelectric-type

IR receiving element in accordance of the second embodiment. FIG.12
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the-substrate in the fourth enbodi nent; FIG25 is a circuit diagram
for show ng an equivalent circuit of the IR receiving elenent in the fourth

enbodi nent ; FIG 26 is a plan view for showing a configuration on a
top surface of a substrate of a pyroelectric-type IR receiving elenent in a
fifth enbodi ment of this invention; FIG 27 is a bottomview for

showi ng a configuration on a bottom surface of the substrate in the fifth

enbodi nent ; shows a b&iten2 Pidwe o theBubstratboWiARaipbé kRt Kig@ians in the
substrate in the fifth enbodi nent; FIG 29 is a sectional view for

showi ng a nendd®,ffonr Abishaped sdits 1d 28utss 11 2D earierfor e df inf & Isubstrade kot ;
FIG 30 is a, graph for show r}hg a waveform of .a heat cycle_applied to sanples
used in an BkpePARESt spdhasieyr santileven Rogions il fo dddDogre formed [ G 31
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rectangular electrodes 113A and 113B, 113C and 113D, 113E and 113F,
and 113G and 113H are respectively provided substantially at the
center of the cantilever portions 111A to 111D on a top surface 110A
and a bottom surface 110B of the substrate 110. The electrodes 1134,
113C, 113E and 113G serve as IR receiving portions.

A pair of terminals 114A and 114B, which are to be connected to
an external circuit, are provided on the top surface 110A and in the
vicinities of both ends of the substrate 110. The electrodes 113A and
113C are connected to the terminal 114A by conductive flat cables
115A, and the electrodes 113E and 113G are connected to the terminal
114B by conductive flat cables 115B. Similarly, a pair of terminals
114C and 114D, which are to be connected to the external circuit, are
provided on the bottom surface 110B and in the vicinities of both ends
of the substrate 110. The electrodes 113B and 113D are connected to
the terminal 114D by conductive flat cables 115D, and the electrodes
113F and 113H are connected to the terminal 114C by conductive flat
cables 115C. Two pairs of the terminals 114A and 114C, and 114B
and 114D will be short-circuited by after treatment such as a
conductive adhesive. An equivalent circuit of the IR receiving
element in the second embodiment is shown in FIG.17 which is a
parallel circuit of four capacitors.

FIG.13 shows a map of the polarization in the substrate 110.
Four shaded domains 110C, which correspond to the electrodes 1134,

113C, 113E and 113G serving as the IR receiving portions, are
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7 - FIG 34 is a plan view for show ng anot her nodification of
the U-shaped slits in the above-nenti oned enbodi nents; FIG35 is a
plan view for showing still another nodification of the U-shaped slits in

t he” above nentioned enbodi nents; FIG 36 is a sectional view for
showi ng a configuration of a conventional pyroelectric-type IR receiving

el enent ; FIG 37 is a circuit diagramfor show ng an equi val ent

circuit of drigoalypoldrestl as Bhowecin/FiG. £ eThbtrentdigder 110D hd€5 38 is a
sectional view for showing a problemof warp of a substrate in the
convent i onathaldRdrisce mixtgrebfminute domains respectively polarized at

random as shown in FIG.5.

A method for polarizing the substrate 110 in the second
embodiment shown in FIG.14 is essentially the same as that in the
first embodiment. However, the electrodes 113E and 113G are
connected to the terminal 114B, and the electrodes 113F and 113H are
connected to the terminal 114C, so that the DC electric power supply
20 is connected between the terminals 114B and 114C. With respect
to the electrodes 113A to 114D not shown in FIG.14, substantially the
same manner can be applied.

An IR sensor in the second embodiment is shown in FIG.15.
Most of the details of the IR sensor in the second embodiment is the
same as those in the first embodiment (see FIG.9), except the number
of the IR receiving portions. Detailed description of the IR sensor is
omitted.

THIRD EMBODIMENT

A third embodiment of this invention is described. The third
embodiment relates to the dual-type IR receiving element which is a
modification of the first embodiment. The differences between the
first embodiment and the third embodiment will be mainly described,
and the common details will be omitted.

FIG.17 shows a plan view of a substrate of a pyroelectric-type
IR receiving element in accordance of the third embodiment. FIG.18
shows a bottom view of the substrate. FIG.17 is the same as FIG.1.
FIG.18, however, further shows two terminals 14C and 14D provided
on the bottom surface 10B of the substrate 10. The terminals 14C
and 14D respectively have protruded portions facing the conductive

flat cables 15A and 15B. An equivalent circuit of the IR receiving

14



DETAt LED DESCRI PTI ON OF THE EMBODI MENT FI RST EMBCODI MENT A first
enbodi nent of this invention is described. FIG 1l shows a plan view of a
substrate of a pyroelectric-type IR receiving el enent in accordance of the
first embodiment. FIG 2 shows a bottom view of the substrate. As can
be seen fromFIGs.1 and 2, two U-shaped slits 12A and 12B are symmetrically
formed in a substrate 10 in a manner so that two rectangul ar portions 11A

and 11B ar eekupent iedhbthiddeembbdimane id Qubstamti@lly thewamd ashhenin
Herei nafter, the rectangular portions 11A and 11B will be called
"canti | ever thfirsb emboditent shesrein FIIG.3012A and 12B respectively have a

Fact angul ar el ect FHel? Sa0Wa fumeseo ke Boirhiion i sbastbsiare dd.  he cent er
of the substrangd B 40,108 Md FBryhlat fans Pl FodBrptit Mac ang
on 2 1t op ULt a0 TOA A ol B SRS T PR e ARR stk BB T0C
el ectrodes fehninmals 3dAorel 4Chshan4Bildry14D} oedrehsicaBlesTi®A and 15B

are uniformly polarized as shown in FIG.4. The remainder 10D not

shaded is a mixture of minute domains respectively polarized at

random as shown in FIG.5.

A method for polarizing the substrate 10 as shown in FIG.19 is

described with reference to FIG.20. In FIG.20, the substrate 10 is

illustrated so that it is cut along A-A line in FIGs.17 and 18. A

removable flat electrode 22 including a heater 21 is tightly contact

with the surfaces of the electrodes 13B and 13D and with the surfaces

of the terminals 14C and 14D. A DC electric power supply 20 having

a predetermined voltage sufficient to polarizing pyroelectric material

is connected between the terminals 14A, 14D and the flat electrode 22

via the ground. The heater 21 is used for heating the substrate 10, if

necessary.

By the above-mentioned configuration, when the voltage of the

DC electric power supply 20 is applied, electric fields occur between

the conductive patterns on the top surface 10A (i.e., the electrodes 13A

and 13B, the terminals 14A and 14B and the flat cable 15A and 15B)

and the flat electrode 22. The portions in the substrate 10 uniformly

polarized expand larger than the IR receiving portions. However, the

pairs of the terminals 14A and 14C, and 14B and 14D will respectively

be short-circuited by, for example, conductive adhesives. Thus, even

when electric charge, which will be the cause of the popcorn noises,

occurs in the portion uniformly polarized due to change of ambience,

15



8 - el ectrodes 13A and 13C serve as IR receiving portions. The

el ectrode 13A faces the electrode 13B and the el ectrode 13C faces the

el ectrode 13D with the substrate 10 between. The U shaped slits 12A and 12B

surfound three sides of the electrodes 13A to 13D in a nmanner so that the

| R receiving portions are supported by the substrate 10 in a cantil ever

fashion. The el ectrodes 13A to 13D are fornmed by vapor deposition,

sput t eri ng the aectdnchatrgd quipkly couplestwitdi anofherdiom oalthe 1, amd 14B,

which are to be connected to an external circuit, are provided on the top

surface 10Ahese shert-pircuitedranecae so shabacnelentric signalcanspdthyathe 10. The
ted.to the termnal 14A by a conductive flat cable

el ectrode 13A is_conpe
(conduct i vé* %%%ﬁyfefﬁmp chages fandee ?%38&130 is connected to the
term nal 1489URTH EMBODIMENT
A fourth embodiment of this invention is described. At first,
an equivalent circuit of an IR receiving element in the fourth
embodiment is shown in FIG.25. In comparison with F1Gs.25 and 10,
the equivalent circuit in the fourth embodiment is a parallel circuit of
two capacitors, instead of the series circuit of two capacitors in the
. first embodiment. The differences between the first embodiment and
the fourth embodiment will be mainly described, and the common
details will be omitted.
FIG.21 shows a plan view of a substrate of a pyroelectric-type
IR receiving element in accordanc_e of the fourth embodiment. FIG.22
shows a bottom view of the substrate. As can be seen from FIG.21, a
terminal 214A positioned at left end on a top surface 210A of a
substrate 210 is connected to an electrode 213C positioned at right
side by a conductive flat cable 215A, and a terminal 214B positioned at
right end on the top surface 210A of the substrate 210 is connected to
an electrode 213A positioned at left side by a conductive flat cable
215B. As can be seen from FIG.22, a terminal 214C positioned at left
end on a bottom surface 210B of the substrate 210 is connected to an
electrode 213B positioned at left side by a conductive flat cable 215C,
and a terminal 214D positioned at right end on the bottom surface
210B of the substrate 210 is connected to an electrode 213D positioned
at right side by a conductive flat cable 215D. By such a configuration,
two capacitors formed between two pairs of electrodes 214A and 214B,
and 214C and 214D are connected in parallel. U-shaped slits 212A
and 212B are substantially the same as those 12A and 12B in the first

16



by a conductive.flat cable 15B. The el ectrodes 13B
a conductive flat cable 15C. An equivalent circuit

el enent in
connecti on

el ect r odes

pol ari zed asmbh@Waehfl FI G 4, which is called
The remainder 10D not shaded is a m xture of mnute domains

pol ari zed".
ly pol aF]iG@ﬂ sitowsatadnapmf tﬂmgmlariizaeidmam thoenbstrake @19, which is

respective
called "nu

substrate
ADC el ectr
pol ari zi ng
the el ectr
9

the first enbodinent is shown in FIG 10 which is a series

and 13D are connected by
of the IR receiving

of two capacitors. FIG 3 shows a map of the polarization
in the substrate 10. Two shaded domains 10C, which correspond to the
13A and 13C serving as the IR receiving portions, are uniformy

"single domain uniformy

| ti-domain hod for polarizing the substrate 10 as

shown in FIShaded d@mns@é@% i%erE @mélrfémE WIyChu@ssechlﬁelm @rseanmi

0 Ween e term nal and
and 215D are uniformly polarized as shown in FIG.4. The remainder

210D not shaded is a mixture of minute domains respectively polarized
at random as shown in FIG.5.

A method for polarizing the substrate 210 as shown in FIG.23
is described with reference to FIG.24. In FIG.24, the substrate 10 is
illustrated so that it is cut along C-C line in FIGs.21 and 22. A
removable flat electrode 22 including a heater 21 is tightly contact
with the surfaces of the electrodes 213A and 213C and with the
surfaces of the terminals 214A and 214B. A DC electric power supply
20 having a predetermined voltage sufficient to polarizing pyroelectric
material is connected between the electrodes 213B and 213D or
terminals 214C and 214D and the flat electrode 22 via the ground.
The heater 21 is used for heating the substrate 210, if necessary.

By the above-mentioned configuration, when the voltage of the
DC electric power supply 20 is applied, electric fields occur between
the flat electrode 22 and the conductive patterns on the bottom surface
210B (i.e., the electrodes 213B and 213D, the terminals 214C and
214D and the flat cable 215C and 215D). The portions in the
substrate 210 uniformly polarized expand larger than the IR receiving
portions. However, the pairs of the terminals 214A and 214C, and
214B and 214D will respectively be short-circuited by, for example,
conductive adhesives. Thus, even when electric charge, which will be
the cause of the popcorn noises, occurs in the portion uniformly

polarized due to change of ambience, the electric charge quickly
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el eetrode 13D. A heater 21 is used for heating the substrate 10, if
necessary. The substrate 10 is nmade of a ferroelectric materi al
such as a ceramics of PbTi O3 or Pb(Ti+Zr)03, a single crystal of LiTaG3, or
a high nol ecul ar conmpound of PVF2. Thickness of the substrate 10 is, for
exanple, in a range fromseveral tens [err] mto several hundreds [err] m
The substrate 10 has been processed to be pol arized at random previously.
When t he sudesiples eifl ansthenic drotheclike, on thopeshortrcirewited areaoso hi gher
than the Curie-point, the material of the substrate 10 transmts fromthe
f erroel ect rihatpimelectricshgnplhcasedchy the pmaesiredoeleptric chargrotam bey in the
substrate 1Q becopes at random Alternatively, it is possible to use the
pyroel ect ri®S8EB€Erate as it is, in which the polarization therein is at

random j usprptheEMBSYIMERPM D

A fifth embodiment of this invention is described. The fifth
embodiment is a modification of the above-mentioned second
embodiment. An equivalent circuit of an IR receiving element in the
fifth embodiment is the same as that in the second embodiment shown
in FIG.16. The differences between the second embodiment and the
fifth embodiment will be mainly described, and the common details
will be omitted.

FIG.26 shows a plan view of a substrate of a pyroelectric-type
IR receiving element in accordance of the fifth embodiment. FIG.27
shows a bottom view of the substrate. As can be seen from F1Gs.26
and 27, conductive patterns on a top surface 110A and 110B of a
substrate is substantially the same. .

A terminal 114A positioned at left end on a top surface 110A of
a substrate 110 is connected to electrodes 113A and 113G by
conductive flat cables 115A. A terminal 114B positioned at right end
on the top surface 110A of the substrate 110 is connected to electrodes
113C and 113E by conductive flat cables 115B. A terminal 114C
positioned at left end on a bottom surface 110B of the substrate 110 is
connected to electrodes 113D and 113F by conductive flat cables 115C.
A terminal 114D positioned at right end on the bottom surface 110B of
the substrate 110 is connected to electrodes 113B and 113H by
conductive flat cables 115D.

FI1G.28 shows a map of the polarization in the substrate 110.
Four shaded domains 110C corresponding to the electrodes 1134, 113C,
113E and 113G serving as the IR receiving portions, two shaded

18



or cal cination. By the above-nentioned configuration, when the

vol tage of the DC electric power supply 20 is applied, electric fields
occur only between the el ectrodes 13A and 13B, and between the el ectrodes
13C and 13D, so that the portions in the substrate 10 corresponding to the
IR receiving portions are uniformy polarized. The condition for the

pol ari zati on generally depends on the material of the pyroelectric
substrate dbmdhe 110ErRbArspbadéndtethestpeminelst B Afor 1046Y anldat14B was
necessary to apply a very large electric field equal to or larger than 107
V/ m under tlhe ltléﬁéeaadmr shaded donfainnl L) cexregponding te ancverlapped or

o st adCTCHER oF 1A caiop I oA, a0 (B, Fid Shaded deiias O hi Skness. of
e ST At o BRI LA B IR SRR B
when a hi ghyy@biABLpbRiraRd A8 ShBRMBEFIGNE. t PRe S £l e}0p (INehot he bottom
surface | 0B of the 10

shaded is a mixture of minute domains respectively polarized at

random as shown in FIG.5.

A method for polarizing the substrate 110 in the fifth

embodiment is shown in FIG.29. In FIG.29, the substrate 110 is

illustrated so that it is cut along D-D line in FIGs.26 and 27. ADC

electric power supply 20 is connected between the terminals 114A and

114C, and between the terminals 114B and 114D. A heater 21 is used

for heating the substrate 110, if necessary.

By the above-mentioned configuration, when the voltage of the

DC electric power supply 20 is applied, electric fields occur between

the electrodes 113A and 113B, between the electrodes 113C and 113D,

between the electrodes 113E and 113F, befween the electrodes 113G

and 113H, between the terminals 114A and 114C, between the

terminals 114B and 114D, between the overlapped portions of the flat

cables 115A and 115C, and between the overlapped portions of the flat

cables 115B and 115D. The portions in the substrate 110 uniformly

polarized expand larger than the IR receiving portions. However, the

pairs of the terminals 114A and 114C, and 114B and 114D will

respectively be short-circuited by, for example, conductive adhesives.

Thus, even when electric charge, which will be the cause of the

popcorn noises, occurs in the portion uniformly polarized due to

change of ambience, the electric charge quickly couples with another

ion, or the like, on those short-circuited area, so that no electric signal

caused by the undesired electric charge can be observed.
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substrate 10 in the atnosphere. Thus, it is preferable to treat the

pol ari zati on of the substrate 10 in vacuum or in an electric insulation
gas such as N2, C02, SF6, and so on. FI G 7 shows a configuration of
a pyroelectric-type IR receiving el enent using the above-nentioned
substrate 10. As can be seen fromFI G 7, both sides of the substrate 10 are
fixed to stands 31A and 31B fornmed on a base nenber 30 by conductive

adhesi ves SEXRBEBIBENTARRESUWLEal s 14A and 14B are respectively contacted
to an external ci rgui,t by the conductive adhesives 32A and 32B. The
configuration of THeigyentarsdirvechbeen prpeyiRentedyiosareving the ¢fectsof

I e A N
ST £ TR SRl SRkt sl s siskagi 10 1
1.0C/min, time periods T1, T3 and T4 were respectively 30 min, and
time period T2 was 0 min. FIG.31 shows a waveform of a popcorn
noise observed by an oscilloscope. FIG.32 shows yield ratios of the
samples. With respect to FIG.32, samples in which at least one
popcorn noise was observed were judged defective.

Sample 1 corresponds to a predetermined number of
conventional quadruple-type IR receiving elements with no U-shaped
slit, in which whole of the pyroelectric substrate is uniformly polarized.
Sample 2 corresponds to the predetermined number of conventional
quadruple-type IR receiving elements with U-shaped slits, in which
whole of the pyroelectric substrate is uniformly polarized. Sample 3
corresponds to the predetermined number of conventional
quadruple-type IR receiving elements with no U-shaped slit, in which
portions in a substrate corresponding to IR receiving portions are
uniformly polarized, and the remainder is polarized at random.

Sample 4 corresponds to the predetermined number of quadruple-type
IR receiving elements in accordance with the fifth embodiment, for
example, shown in FIG.26. In the sample 4, U-shaped slits are
formed for surrounding IR receiving portions. Portions in a substrate
corresponding to the IR receiving portions, the terminals and the
overlapped portions of the flat cables, shown in FIG.28, are uniformly
polarized. The terminals and the overlapped portions of the flat
cables are short-circuited between the top surface and the bottom
surface. The remainder is polarized at random. The other

conditions of the samples such as sizes, conductive patterns, and
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of thermal coefficients between the substrate 10 and the base nenber 30,
the cantilever portions 11A and | 1B are respectively supported in the
cantil ever fashion, so that the cantilever portions 11A and | 1B nmay not be
war ped. No electric charge is locally charged in the cantil ever portions
11A and | 1B due to the piezoelectric effect of the substratelO.
Furthernore, the domain 10D of the substrate 10 except the domains I10Cis
confi gur ed inpumting pirdiguratienpwere dhe gaoher i Toesatsamaplésrwere shown in
FIG 5, so that .eJectric charges due to th i ezoel ectric effect of the
substrate 1®rvight] Vtco%amdpgdaé‘&%@%]éercaﬁgeq%@dted?P?%Wﬁﬁﬁdrhepol ari zati on.

et A LA RIS U0

T on o s i b, e S G 1

the | R recefhd ¢lgnRiced®Btic configuration of this invention was remarkablj
increased. It was found that the combination of the U-shaped slits
and the polarization pattern of the pyroelectric substrate was effective
to reduce the occurrence of the popcorn noises in the pyroelectric-type
IR receiving element. E.specially, it is effective to apply this invention
when a material of the substrate has low conductivity such as a wafer
of single crystal of LiTaOs. It is considered that the lower the
conductivity of the material of the substrate is, the easier the
undesired electric charge can be charged in the substrate.
OTHER MODIFICATIONS

In the above-mentioned embodiments, ends of the U-shaped

slits are not described in detail. It is possible to form the ends 112X
of the U-shaped slits 112A- -+ (12A--*) to be round for reducing stress
concentration, as shown in FIG.33. Furthermore, it is possible to
bend both ends 112Y of the U-shaped slits 112A--- (12A--*) toward
the inside of the slits, as shown in FI1G.34. Alternatively, it is .
possible to form round holes 1127 having a diameter larger than the
slit width at both ends of the U-shaped slits 112A--- (12A- "), as
shown in FIG.35. By such configurations, a stress applied to the end
of the cantilever portions 111A---(11A---) when the substrate 110 (10)
is warped due to the difference of the thermal coefficients between the
substrate 110 (10) and the base member on which the substrate is
mounted can efficiently be absorbed by the round ends 112X, bent ends
112Y or round holes 1127 of the U-shaped slits 112A---(12A--+).

Furthermore, in the above-mentioned embodiments, the
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101, - a three-dinmensional circuit block 102 on which the IR receiving

el enrent 101 is nounted, a chassis 103 fromwhich three pins 104A to 104C
are projected, and a cover 105 with an IR transm ttabl e wi ndow 106. Top end
of the circuit block 102 serves the base nenber 30 of the IR receiving

el ement with the stands 31A and 3IB. An. 1C chip 107 is fixed in an IC chip
hol der on a front wall of the circuit block 102. A pair of stabilizers 108
are forned agoladzationefdhefsubsérdtedsttreatdd wytwbach substmate A or BLOck 102
is fixed on the chassis 103. Wien R reach to the IR receiving

el ement 101 afterdosming condnative Fodtemicmpudme the eleatzodesnl@At wd oro

t her mmal d t t t | des 1 d 113C .

Wnen the-t egbft LrenGEhe rer Bl A0 cF SR o, ThyhBRFEERAFc charges.

occur in thg oS&ipsd E?‘tt?ea]toth% NriA YR bRk ﬁprgﬁgﬂ?@hé%ﬂ frafl @ikgat i on of
r e occurre

t he pyroele I C nce elec ric charges in
the substr aiendQcti®e paetcrPRIBEmRY dhdthakhald ﬁfafé/ﬁbfgﬁfgltfi'cg?'ﬁ'a? through a
a

resistor Rand a field-effect transistor FET in the equiv nt circuit,
pyroelectric material. Each substrate 10 or 110 is cut from the wafer
by dicing method, or the like.

Still furthermore, it is possible that at least in the vicinity of a
cantilever end of the cantilever portion 11A*:* or 111A--- including
both ends of the U-shaped slit 12A+ -+ or 112A- -+ shown by
cross-hatched region in FIGs.33 to 35 is polarized at random. By
such configurations, it is possible to reduce the occurrence of the
popcorn noises.

In the above-mentioned embodiments, it is preferable that the
infrared ray sensor is a temperature sensor, a heat sensor, or a human
sensor.

Although the present invention has been fully described by way
of example with reference to the accompanying drawings, it is to be
understood that various changes and modifications will be apparent to
those skilled in the art. Therefore, unless otherwise such changes
and modifications depart from the scope of the present invention, they
should be construed as being included therein.

This application is based on Japanese application serial No. HEI

11-360043 filed in Japan on December 17, 1999, the contents of which

are hereby incorporated by reference.
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for .exanpl e, shown in FIG 37. As a result, tncidence of the IRinto the IR
recei ving el enent can be sensed. SECOND EMBODI MENT A second

enbodi mrent of this invention is described. In the above-nentioned first
enbodi ment, the IR receiving sensor has two IR receiving portions are used,

which is generally called "dual-type IR receiving el enent”.

An IR receiving

sensor in the second enbodi nent has four IR receiving portions, which is
general |y cWHAT® ISqOAANIMED- I§pe IR receiving el enent”. The differences

between the first_ enbodi nent and the_ second enbodi menf w| |
described, and tHe copibfraredaiaysregelyingeelsmenigomprising:

be mainly
FI G 11 shows a

plan view of a substyate, of i Dxf 0el SGLII otV L Ra1 S50 HhRRSAEIRRL 11

accordance of thé
12

one cantilever portion surrounded by a slit, in which at least a part of

the cantilever portion in the substrate is uniformly polarized in the

same direction and the remainder in the substrate includes a portion

polarized at random; and

at least a pair of electrodes respectively provided on a top

surface and a bottom surface of the cantilever portion.

2. The infrared ray receiving element in accordance with

claim 1, wherein whole of the remainder in the substrate is polarized

at random.

3. The infrared ray receiving element in accordance with

claim 1, wherein conductive patterns connected to the electrodes are

further provided on the top surface and the bottom surface of the

substrate, portions in the substrate put between the conductive

patterns are uniformly polarized in the same direction, and each two

conductive patterns facing each other via the substrate is externally

short-circuited.

4. The infrared ray receiving element in accordance with

claim 1, wherein at least in the vicinity of a cantilever end of the

cantilever portion including both ends of the slit is polarized at

random.

5. The infrared ray receiving element in accordance with

claim 1, wherein whole of the substrate is polarized at random prior to
forming the electrodes, and a portion in the substrate put between the
electrodes is uniformly polarized by applying a predetermined voltage
between the electrodes.

6. The infrared ray receiving element in accordance with
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"shows a bottomview of the substrate. As can be seen fromFIGs. 11 and 12,
four U-shaped slits 112A to 112D are fornmed in a substrate 110 in a nmanner
so that four cantilever portions 111A to 111D are formed in the substrate
1107 Each U-shaped slits 112A to 112D s substantially the sane as the
U-shaped slit 12A or 12B. Four pairs of rectangul ar el ectrodes 113A and
113B, 113C and 113D, 113E and 113F, and 113G and 113H are respectively
provi ded suddsimrg,ivehéneintwhole aferhiecsuleftrateciscpolarizodeat pandomngribtité t o
111D on a top surface | 10A and a_bottom surface 110B of the substrate 110.
The el ect r Jaeming the eladepdas smdipartiansin dhe substraer pekbetwieeméhei ons.

i Feui t, ardeRragPRBBItE PR G ST ATE S ROWeRR] 476 WMESURSY nit | 65 of both
thetor m ndio A ERRERY sBpiing WnfeREbPASERL AR Yorktn A8 comRBRLeY o
and 113G argt¢ewrected to the termnal 114B by conductive flat cables 115B.
Simlarly, a pair of termnals 114C and 114D, which are to be connected to
t he external cir&uitThainfrpred rdgdeceivihg ebahenminladcacdadd¢dB®itdnd i n t he
vicinities c(i);izln?olt, Qvl?grcésin both ends of the slit are bent toward inside of the
cantilever portion.
8. The infrared ray receiving element in accordance with
claim 1, wherein round holes are formed at both ends of the slit.
9. The infrared ray receiving element in accordance with
claim 1, wherein the slit is a U-shaped slit surrounding three sides of
rectangular cantilever portion.
10. The infrared ray receiving element in accordance with
claim 3, wherein a plurality of cantilever portions are provided for
forming a plurality of infrared ray receiving portions, and the
conductive patterns are formed for connecting at least two of the
infrared ray receiving portions in series.
11. The infrared ray receiving element in accordance with
claim 3, wherein a plurality of cantilever portions are provided for
forming a plurality of infrared ray receiving portions, and the
conductive patterns are formed for connecting at least two of the
infrared ray receiving portions in parallel.
12. The infrared ray receiving element in accordance with
claim 3, wherein a plurality of cantilever portions are provided
symmetrically for forming a plurality of infrared ray receiving
portions.
13. An infrared ray sensor comprising an infrared ray

receiving element, a base member for holding the infrared ray

L
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of the substrate 110. The el ectrodes 113B and 113D are connected to the
termnal 114D by conductive flat cables 115D, and the el ectrodes 113F and
113H are connected to the term nal 114C by conductive flat cables 115C. Two
paits of the termnals 114A and 114C, and 114B and 114D will be
short-circuited by after treatnent such as a conductive adhesive. An

equi valent circuit of the IR receiving elenent in the second enbodinent is
shown in Fl&@ceving Qilamem’fa aparalhiteﬁuhﬂtr%ﬁﬂ ¢0mie¢tedrt0cté1pamrﬁtane§ ray

FI G 13 shows a.nmap the on@rl zation in ubstrat 10. Four shaded
domai ns IIO’E?CQ\WHP&P B%ngs t%tlf‘ﬂet t Y@Ly 39achedsl® an 13 and 113G

serving as fnr}?axle% fa?f eéc\:/ellg OE)ngﬂ of the 1nfrared ray receiving element, a
13 p

chassis for supporting the infrared ray receiving element, the base
member, the circuit substrate, and a covér with an infrared ray
transmittable window, wherein the infrared ray receiving element
comprises:

the substrate made of a pyroelectric material and having at
least one cantilever portion surrounded by a slit, in which at least a
part of the cantilever portion in the substrate is uniformly polarized in
the same direction and the remainder in the substrate includes a
portion polarized at random; and

at least a pair of electrodes respectively provided on a top
surface and a bottom surface of the cantilever portion.

14. The infrared ray sensor in accordance with claim 13,
wherein whole of the remainder in the substrate is polarized at
random.

15. The infrared ray sensor in accordance with claim 13,
wherein conductive patterns connected to the electrodes are further
provided on the top surface and the bottom surface of the substrate,
portions in the substrate put between the conductive patterns are
uniformly polarized in the same direction, and each two conductive
patterns facing each other via the substrate is exterﬁally
short-circuited.

16. The infrared ray sensor in accordance with claim 13,
wherein at least in the vicinity of a cantilever end of the cantilever
portion including both ends of the slit is polarized at random.

17. The infrared ray sensor in accordance with claim 13,

wherein whole of the substrate is polarized at random prior to forming

s [



uni tormy polarized as shown in FIG 4. The remai nder 110D not shaded is a
m xture of m nute domains respectively polarized at random as shown in

FI G 5. A nmethod for polarizing the substrate 110 in the second
enbddi mrent shown in FIG 14 is essentially the same as that in the first
enbodi mrent. However, the electrodes 113E and 113G are connected to the
termnal 114B, and the el ectrodes 113F and 113H are connected to the
term nal 1146 electrodas, 4hé aDforti®@e inithe mukestrstepply b2bween ¢henect ed bet ween
the termnals 114B and 114C. Wth respect to the electrodes 113A to 114D
not shown idlesiredes is yuniformdyinalpyizedd s anplyiamgn predetaymiagd valtage

An | R sensqgr ,in the second enbodi nent is shown in FIG 15. Mdst of the
details of 191&oeR g‘(‘}Ft’i ®he second enbodinent is the sanme as those in

the first embodi ngnt 5ee. FL oy AGRBE ih IS EREL el BikRayecei ving

portions. Detail escription o Sensor 1s om tt RD
EMBODI MENT wherein whbld 60t IITDQEEFREE i9poldYiged AY SIS blfidi%%'rﬁﬁﬂ The

third enbodinent relates to the dual -type JR receiving el ement vvhlcﬁ is a
nmodi fi cat i dihecdlectredés, snd pobtidnsdnt theTdhebatirhte pan desweenvihen t he

electrodes and the conductive patterns are uniformly polarized by

applying a predetermined voltage between the conductive patterns.
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first enbodi ment and the third enbodi ment wi'll be mainly described, and the
common details will be omtted. FI G 17 shows a plan view of a
substrate of a pyroelectric-type IR receiving elenent in accordance of the
third enbodi ment. FIG 18 shows a bottom view of the substrate. FIG 17 is
the sane as FIGI|. FIG 18, however, further shows two termnals 14C and 14D
provided on the bottom surface 10B of the substrate 10. The termnals 14C
and 14D respectively have protruded portions facing the conductive flat
cabl es 15A and 15B. An equivalent circuit of the IR receiving
14

ABSTRACT

INFRARED RAY RECEIVING ELEMENT AND
INFRARED RAY SENSOR USING THE SAME

An infrared ray sensor comprising an infrared ray receiving element having
a substrate of a pyroelectric material and a cantilever portion, part of the
cantilever portion in the substrate uniformly polarized in the same direction
and the remainder part polarized randomly; a pair of electrodes on a top
and bottom surfaces of the cantilever portion; a base member for holding
the infrared ray receiving element; a circuit substrate for detecting infrared
ray; a cover with an infrared ray transmittable window, the cover having a
substrate of pyroelectric material and a cantilever portion, part of the
substrate  of the cantilever portion uniformly polarized in the same
direction and the remainder part polarized randomly; and a pair of
electrodes on a top surface and a bottom surface of the cantilever portion,
such configuration resulting in hardly any “ popcorn noise “ when the

temperature of the substrate changes.

Fig. 1
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element in the third enbodi nent is substantially the same as that in the
first enbodi ment shown in FIG 10. FI G 19 shows a nap of the

pol arization in the substrate 10. Shaded domai ns 1QC, 10E and | OF which
respectively correspond to the el ectrode? %BA and 13C serving as the IR
receiving portions, the term nals 14A (}3 2 4C) and 14B (or 14D), and the .
cabl es 15A and 15B are uniformy pol arized as shown in FIG 4. The renai nder
| OD not shaded is a m xture of m nute domains respectively polarized at

random as shown in FI G 5. A nmethod for polarizing the substrate 10
as shown in FIG 19 is described with reference to FIG 20. In FIG 20, the
substrate 10 is illustrated so that it is cut alongA-Aline in FIGs.17 and

18. A renovable flat electrode 22 including a heater 21 bts tightly contact
with the surfaces of the el ectrodes 13BAand d1ZBand wit he surfaces of
the terminals 14C and 14D. A DCI&Actril power supﬂ;ﬁ@ 2@ having a

predeterm ned vol tage suffici rig terial is
connected between the termngl s A1 and _tihe fldt e 1 e 22 via the
ground. The heater 21,is_usedzizg 7ot Latre—110. _if pecessary.
By the above-nention confi /tio, d4n 1 tag t he electric
power supply 20 is applied, qde':tri fiellfs bet n the conductive
patterns on the top surf‘la&kfﬂ,/((i. e H des 14B
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and 13B, the termnals 14A and 14B and the flat cable 15A and 15B) and the
flat electrode 22. The portions in the substrate 10 uniformy pol arized
expand larger than the IR receiving portions. However, the pairs of the
termnals 14A and 14C, and 14B and 14D will respectively be short-circuited
by, for exanple, conductive adhesives. Zhik, even when el ectric charge,

which will be the cause of the popcorn noises, occurs in the portion
uniformy polarized due to change of anbi ence,
15 the electric charge quickly couples with another ion, or the

| i ke, on those short-circuited area, so that no electric signal caused by
t he

~—10




undesired el ectric charge can be observed. FOURTH EVMBODI MENT A
fourth enbodi nent of this invention is described. At first, an equival ent
circuit of an IR receiving elenent in the fourth enbodi nent is shown in
FIG'25. In conparison with FIGs.25 and31f4 the equivalent circuit in the
fourth enbodinent is a parallel circuit of two capacitors, instead of the
series circuit of two capacitors in the first enbodi nent. The differences
between the first enbodi ment and the fourth enbodinent will be mainly
descri bed, and the conmon details will be omtted. FI G 21 shows a
pl an view of a substrate of a pyroelectric-type IR receiving elenent in
accordance of the fourth enbodinent. FIG 22- shows a bottom view of the
substrate. As can be seen fromFIG 21, a termnal 214A positioned at |eft
end on a top surface 210A of a§ubstrate 210 is cobhgdAd to an el ectrode
a

213C positioned at right side a conductive flat )cable 215A, and a

termnal 214B positioped . at right end on J h e 210A of the
substrate 210 i s conngct ctr 13A pos tigned at |eft side by
a conductive flat cable E I{ 3» F»f , a termnal 214C
positioned at left end ottom surface loB of the pubstrate 210 is
connected to an el ectfod 2% Si tji & | et sjde y1a1(zonducti ve fl at
cable 215C, and a term ngl 4DF€OS| rifghtTend e bottom
surface

G4 faos

~10




210B- of the substrate 210 is connected to an el ectrode 213D positioned at
right side by a conductive flat cable 215D. By such a configuration, two
capacitors formed between two pairs of el ectrodes 214A and 214B, and 214C
and 214D are connected in parallel. Ushaped slits 212A and 212B are
substantially the same as those 12A an Bin the first

16 enbodi nent . FI G 23 shows a nmap of the polarization in
the substrate 210. Shaded donmai ns 210C, 210E and 210F which respectively
correspond to the el ectrodes 213A and 213C serving as the IR receiving
portions,

14A[ 15A  13A 13C  15B [ 14B 1
i — 10 =20
138 | 12A 12B [ 13D T
2
S,
FlG. 6
10 |
32A 14A 1?A 12A 1?0 1§-B 298
— K///////{/h& V7777777474 ’TX<
s R R G '
T™31A 433 11A 12B 43p 11B g¢igi_
{
)
30
FIG.7
30A 14A 13A 12A 13C 14B 398

>*?>\ K/////////ﬁi_rq/////////J |
,j )

Yo )
~31A 138 11A 128 13D 11B 3ip{_

(
)
30
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the termnals 214A (or 214C) and 214B (or 214D), and the cabl es 215C and
215D are uniformy polarized as shown in FIG 4. The renai nder 210D not
shaded is a m xture of m nute domains respectively polarized at random as
shown in FIG 5. A met hod for pmﬂiyifjng the substrate 210 as shown
in FIG 23 is described with reference t G 24. In FIG 24, the substrate
10 is illustrated so that it is cut along CGCline in FIGs.21 and 22. A
renovabl e flat electrode 22 including a heater 21 is tightly contact with
the surfaces of the electrodes 213A and 213C and with the surfaces of the
termnals 214A and 214B. A DC el ectric powf@GSUpply 20 having a
predeterm ned vol tage sufficient to polariz ng pyniﬂﬁmtric material is

connected between the el ectrode B and Z13b-qr teérmnals 214C and 214D
and the flat electrode 22<via the grounths{(The heat/ern 21 i s used for heating
the substrate 210, if secessar _ By the.above-henti oned
configuration, when the volteage of the DC el ect power supply 20 is
applied, electric fief\ds occurpetween the—ftlt=—>F% gde 22 and the
conductive patterns o e bottomsucface 10§_(F?§ifihe el ectrodes 213B
and 213D, the termna|s 2 nd 214D and thg_LLa?’E Me 215C and 215D)
The portions in the spubstrate 21 T My [pol|ar|i z¢¢l i pand | arger than
the IR receiving port|ons. However, the pairfs df |[the¢ tmrninals A and
214C, and 214B and 214D will respectively bel shorlt} ¢iiflui ted b or
exanpl e, ?
|
|V
13A 10 ///’
31A 13C 101
30
107 31B
108 102
...\ 103

104C 104A
104B
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conducti ve adhesives. Thus, even when electric charge, which wll be the
cause of the popcorn noises, occurs in the portion uniformy polarized due
to change of anbience, the electric charge quickly

17 couples with another ion, or the like, on those short-circuited
area, so that no electric signal caused®/d4 the undesired electric charge
can be observed. FIFTH EMBODI MENT A fifth enbodi nent of this

invention is described. The fifth enbodinent is a nodification of the
above-nenti oned second

O—14B

FIG. 10



enbodi nent. An equivalent circuit of an IR receiving elenent in the fifth
enbodinent is the sane as that in the second enbodi nrent shown in FI G 16.
The differences between the second enbodi nent and -the fifth enbodi ment will
be mainly described, and the conmon det-j will be omtted. FI G 26
shows a plan view of a substrate of a pyroel ectric-type IR receiving

el ement in accordance of the fifth embodinent. FIG 27 shows a bottom view
of the substrate. As can be seen from FlI Gs. 26 and 27, conductive patterns
on a top surface 110A and 110B of a substrate is substantially the sane.

A termnal 114A positioned at left end on a top surface 110A of a substrate

110 is connected to el ectrodes 113A 1136118 conductive flat cabl es
115A. A terminal 114B positi 233?‘ t eh the top surface 110A of
t he substrate 110 i s connect ec rg&gﬂ llzf%an‘ldi(llBE by conductive
flat cables 115B. A term nal 11 end on a bottom
surface 110B of the subst, ctrodes 113D and 113F
by conductive flat cabl es| 115C. \A= | 144D posifioned at right end on
t he bottom surface 1108{:? he s tE/I/ s connecig@®A o el ectrodes
113B and 113H by copfigiats fl S FI G 28 shows a nmap of
the polarization in the sigbst = ed domai ns 110C
corresponding to the el ecfrotles I 1]'7,*‘* //v114B

B -~y A A e B

/ == =10

\ ) \
115A 112C\ 1120\ 1158
111c  113E 113G 111D

FIG. 11
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113E-and 113G serving as the IR receiving portions, tw shaded

18 domai ns 110E corresponding to the termnals 114A (or 114C) and
114B (or 114D), and a shaded domain 110F corresponding to an overl apped
portion of the cables 115A and 115C, arg,ghaded domains 110G correspondi ng
to overl apped portions of the cables 115/B and 115D are uniformy polarized
as shown in FIG 4. The remainder 110D not shaded is a m xture of m nute
dormai ns respectively polarized at random as shown in FIG 5. A et hod
for polarizing the substrate 110 in the fifth

110C  110C
112A)1128/
) )
{
) 110
A—110D
L\) .{ﬁ\
112C \ 112D \
110C 110C
112Cc 112D
1(135( (113(6 ”(55 114B |
, ~110 =20
SR s
1146 11bc 113F_ 1isH T
(
@,
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enbedi nent is shown in FIG29. In FIG 29, the substrate 110 is illustrated
so that it is cut along DD Iline in FIGs.26 and 27. A DC electric power
supply 20 is connected between the termnals 114A and 114C, and between the
termnals 114B and 114D. A heater 21 ig,yged for heating the substrate 110,
i f necessary. By the above-nentioned configuration, when the voltage
of the DC electric power supply 20 is applied, electric fields occur

bet ween the el ectrodes 113A and 113B, between the el ectrodes 113C and 113D,

bet ween the el ectrodes 113E and 113F, bet 25 the el ectrodes 113G and 113H,
between the ternminals 114A and 114C, betwegn’the t B nals 114B and 114D,
bet ween the overl apped portia B < ay—eahl es A15A and 115C, and
bet ween the overl apped pgetTons of € Z 5B and 115D. The
portions in the substraEs—110 upikformy po d larger than the IR
recei ving portions. meever, e pairs of the tePm nalg 114A and 114C, and
114B and 114D wi ||l regpectitre be_short - circaEtaa=Bo=if or exanpl e,
conducti ve adhesi ves. , even~when eleetric C %74 ich will be the
cause of the popcorn pois ™~tThe portigarTih iorniy pol ari zed due
to change of anbience| the elecC [ Eﬁy CJqHIes wi t h anot her
ion, or the like, on {hose short-circuit g Fed, |sSp trd no el ectric signal
caused by the undesir¢d electric charge ¢an pe |oQser 5@

113G \
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113A / 113C | U
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19 - EXPERI MENTAL RESULT The inventors have been experi nented
for proving the effects of this invention. FIG 30 shows a heat cycle
applied to sanples used in the experinent. In FIG-30, tenperature gradients
were the sane of 1.0[err]C/nmin, time pe;&l\/g?gs T1, T3 and T4 were
respectively 30 mn, and tine period T 40 min. FIG 31 shows a waveform
of a popcorn noi se observed by an oscill oscope.-FI G 32 shows yield ratios
of the sanples. Wth respect to FIG 32, sanples in which at | east one
popcorn noi se was -observed were judged defective. Sample 1
corresponds to a predeterm ned nunber of

114A,114B
113F  113A | 113H 113C
Jo 1 ), K
r— |
C1 yC A3 VO
R Sl ]
113E 1138 113G 113D
114C,114D

FIG. 16



conventional quadruple-type IR receiving elements with no U-shaped slit, in
whi ch whol e of the pyroelectric substrate is uniformy polarized. Sanple 2
corresponds to the predeterm ned nunber of conventional quadruple-type IR
receiving elements with U shaped slits,; é?VWHCh whol e of the pyroelectric
substrate is uniformy polarized. Sanple corresponds to the predetern ned
nunber of conventional quadruple-type IR receiving elenents with no
U-shaped slit, in which portions in a substrate corresponding to IR
receiving portions are uniformy polarized, and the remainder is polarized
at random Sanple 4 corresponds to the predeterm ned nunber of

quadrupl e-type IR receiving elenents in accordance with the fifth

enbodi ment, for exanple, shown in FIG 26. In the sanple 4, U-shaped slits
are formed for surrounding IR receiving portions. Portions in a substrate
corresponding to the IR receiving portions' the termnals and the

over | apped portions of the fIat ca in FIGjIB, are uniformy
pol ari zed. The termi nal s and éffappe or HigE f the flat cables are
short-circuited between the top surf pce and he bott m sur face. The

remai nder is polarized at [and n1 THe other condl i onk_ofQAhe sanpl es such
as sizes, conductive pattef
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20 - nmounting configurations were the sane. These sanples were
air-tightly contained in a chanber and the tenperature in the chanber was
controlled to vary as shown in FIG 30. As can be seen fromFI G 32,
the yield of the sanple 4 having the characteristic configuration of thIS
I nvention was remarkably increased. It 1#424 ound that the conbination of
the U-shaped slits and the pol arization pattern of the pyroelectric
substrate was effective to reduce the occurrence of the popcorn noises in
the pyroelectric-type IR receiving elenent. Especially, it is effective to
apply this invention when a material of the substrate has | ow conductivity
such as a wafer of single crystal of LiTaG3. It is considered that the

| ower the conduct|V|ty of the material of the substrate is, the easier the
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undesired el ectric charge can be charged in the substrate. OTHER

MODI FI CATI ONS In the above-nentioned enbodi nents, ends of the
U-shaped slits are not described in detail. It is possible to formthe ends
112X of t'he U-shaped slits 112A ... (12/8724 ) to be round for reducing
stress concentration, as shown in FIG 33. Furthernore, it is possible to
bend both ends 112Y of the U-shaped slits 112A.. (12A... ) toward the
inside of the slits, as shown in FIG 34. Alternatively, it is possible to
formround holes 1127 having a di aneter Iarger than the slit wdth at both
ends of the U shaped slits 112A... (12A. . , as shown in FIG 35. By such
configurations, a stress applied to the g g of the cantilever portions |1l A
... (1A ... ) when the substrate 110 (1 ? Bs marped to the difference
of the thermal coefficients betweeg1Pie sjbs ?§ (10) and the base
menmber on which the substrate is nounted ¢an g |C|e tly be absorbed by the

round ends 112X, bent ends|[112Y_ar rjound Kol of tyegl- shaped slits
112A. .. (12A ... Fur herm;mz:ﬂ:rtr abiowe- mgt | onéd enbodi nents, the
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pol ari zation of the substrate is treated with each substrate 10 or 110
after form ng conductive patterns including the electrodes 13A... or
113A... and the termnals 14A. .. or 114A ... It, however, is possible to
treat the polarization of a plurality cﬂ4;jxe substrates mnth conductive
patterns formed on the sane wafer of single crystal pyroelectric material.
Each substrate 10 or 110 is cut fromthe wafer by dicing nethod, or the
like. Still furthernmore, it is possible that at least in the
vicinity of a cantilever end of the cantilever portion 11A... or 111A. ..
i ncl udi ng both ends of the U-shaped slit 12A... or 112A .. shown by
cross-hatched region in FIG.33 to 35 is polarized at random By such
configurations, it is possible to reduce the occurrence of the popcorn

noi ses. In the above-nentioned enbodinents it is preferable that
t he 4+~ 210
210E~ —210E
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(
si0p | 210C  210C

l
210F
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FIG. 23
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infrared ray sensor is a tenperature sensor,. a heat sensor, or a hunman
sensor. Al t hough the present invention has been fully described by
way of exanple with reference to the acconpanying drawings, it is to be
understood that various changes and nodifjgations will be apparent to those
skilled in the art. Therefore, unless otherw se such changes and
nodi fi cations depart fromthe scope of the present invention, they should
be construed as being included therein. This application is based on
Japanese application serial No. HEl 11-360043 filed in Japan on Decenber

17, 1999, the contents of which are hereby incorporated by reference.
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VWHAT- 1S CLAIMED | S 1. An infrared ray receiving el enment conprising:
a substrate nmade of a pyroelectric material and having at | east one
cantilever portion surrounded by a slit, in which-at |east a part of the
cantilever portion in the substrate is wgyfprmy polarized in the sane
direction and the remainder in the substrate includes a portion polarized
at random and at least a pair of electrodes respectively provided
on a top surface and a bottom surface of the cantil ever portion.

The infrared ray receiving elenent in accordance with claim1, wherein
whol e of the remainder in the substrate is polarized at random 3.
The infrared ray receiving elenent in accordance with claim1, wherein
conductive patterns connected to the el ectrodes are
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further provided on the top surface and the bottom surface of the
substrate, portions in the substrate put between the conductive patterns
are uniformy polarized in the same direction, and.each two conductive
patterns facing each other via the substraise is externally short-circuited.
4. The infrared ray receiving elenent in accordance with claim1, wherein
at least in the vicinity of a cantilever end of the cantilever portion

i ncludi ng both ends of the slit is polarized at random 5. The
infrared ray receiving elenent in accordance with claim1, wherein whole of
the substrate is polarized at randomprior to formng the el ectrodes, and a
portion in the substrate put between the electrodes is uniformy polarized

by applying a predeterm ned voltaqe he el ectrodes. 6. The
infrared ray receiving el emalnfmi_.n ‘jdér daﬁg(l‘}/vm t 110G
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claim 3, wherein whole of the substrate is polarized at random prior to
formng the electrodes, and portions in the substrate put between the

el ectrodes and between the conductive patterns are uniformy polarized by
applying a predeternined vol tage betweepgpfe conductive patterns. 7.
The infrared ray receiving elenment in accordance with claim1, wherein both
ends of the slit are bent toward inside of the cantilever portion.

8. The infrared ray receiving elenment in accordance with claim11, wherein
round holes are fornmed at both ends of the slit. 9. The infrared ray
receiving element in accordance with claim1l1, wherein the slit is a
U-shaped slit surrounding three sides of rectangular cantilever portion.

10. The infrared ray receiving elenment in accordance with claim 3, wherein
a plurality of cantilever portions are provided for formng a plurality of
infrared ray receiving portions, and the
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conductive patterns are forned for connecting at |east two of the infrared
ray receiving portions in series. 11, The infrared ray receiving

el enent in accordance with claim 3, wherein a plurality of cantilever
porfions are provided for formng a plugabity of infrared ray receiving
portions, and the conductive patterns are forned for connecting at |east -
two of the infrared ray receiving portions in parallel. 12. The
infrared ray receiving elenment in accordance with claim3, wherein a
plurality of cantilever portions are provided symmetrically for formng a

plurality of infrared ray receiving portions. 13. An infrared ray
sensor conprising an infrared ray receiving elenent, a base nenber for
hol ding the infrared ray 24
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receiving element, a circuit substrate connected to the infrared ray
receiving elenment for detecting that infrared ray reached to an infrared
ray receiving portion of the infrared ray receiving element, a chassis for
supporting the infrared ray receiving elgnent, the base nenber, the circuit
substrate, and a cover with an infrared ray transmttabl e w ndow, wherein
the infrared ray receiving el enent conprises: the substrate nade of
a pyroelectric material and having at | east one cantil ever portion
surrounded by a slit, in which at |east a part of the cantilever portion in
the substrate is uniformy polarized in the same direction and the

remai nder in the substrat.e i ncludes a portion pol arized at random and

at least a pair of electrodes respectively provided on a top surface and a

bottom surface of the cantil ever portion. 14. The infrared ray
sensor in accordance with claim 13, wherein whole of the remainder in the
substrate is polarized at random 15. The infrared ray sensor in
accordance with claim 13, 110(10)
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112X Y 11/2X
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wherei n conductive patterns connected to the el ectrodes are further

provi ded on the top surface and the bottom surface of the substrate,
portions in the substrate put between the conductive patterns are uniformy
polarized in the same direction, and eagh2iwo conductive patterns facing
each other via the substrate is externally short-circuited. 16. The
infrared ray sensor in accordance with claim 13, wherein at least in the
vicinity of a cantilever end of the cantilever portion including both ends

of the slit is polarized at random 17. The infrared ray sensor in
accordance with claim 13, wherein whole of the substrate is polarized at
random prior to formng 25
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the.el ectrodes, and a portion in the substrate put between the el ectrodes
Is uniformy polarized by applying a predeterm ned voltage between the

el ectrodes. 18. The infrared ray sensor in-accordance with claim17,
whet ei n whol e of the substrate is pol aripzed at random prior to formng the
el ectrodes, and portions in the substrate put between the el ectrodes and
the conductive patterns are uniformy polarized by applying a predeterm ned
vol t age between the conductive patterns.
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