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THE INVENTICN 1. Field of the Invention present invention
reﬁdtes@fo a payroelectric infrared sensor device. Mre particularly , the
present i nvention relates to a payroelectric infrared sensor device
conprising a substrate of a pyroelectric material having one principal

pl ane and a remaining principal plane, the one principal plane receiving
rays of infrared Iight, a conb-shaped el dctrode on the one princi pal pl ane
of said substrate, and the substrate being polarized by the conb-shaped

el ectrode. For exanpl e, the above payroelectric infrared sensor
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al arm systens, intelligent air

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a payroelectric infrared sensor device.
More particularly , the present invention relates to a payroelectric infrared sensor
device comprising a substrate of a pyroelectric material having one principal plane
and a remaining principal plane, the one principal plane receiving rays of infrared light,
a comb-shaped electrode on the one principal plane of said substrate, and the
substrate being polarized by the comb-shaped electrode.

For example, the above payroelectric infrared sensor device is used for
human body detection in several applications including alarm systems, intelligent air
conditioners, autoadjustable illumination apparatus, and auto power-on audio

systems,

2. Description of the Related Art

One conventionally known pyroelectric infrared sensor device is
designated by the numeral 1 in Fig.11. This infrared sensor device 1 includes
electrodes 2a, 3a which are formed on the top and bottom surfaces of a rectangular-
shaped pyroelectric body 1a with polarization being vertically effected between fhe
electrodes 2a, 3a along the thickness as indicated by arrows shown. The electrodes
23, 3a are disposed in the direction at right angles to the polarization direction,

In this conventional pyroelectric infrared sensor device 1, when rays of
infrared light 9 are radiated from an object to be detected and are then incident on the
light.—receiving surface of the sensor device 1, slight temperature changes will occur in

the pyroelectric body 1a. As a result, a packet of electrical charge carriers that has



condi tioners, autoadjustable illum nation apparatus, and auto power-on
audi 0 systens. 2. Description of the Related Art - One
copventional |y known pyroelectric infrared sensor device is designated by
the nuneral 1 in Fig.1 1. This infrared sensor device 1 includes

el ectrodes 2a, 3a which are fornmed on the top and bottom surfaces of a

rect angul ar- shaped pyroelectric body la wth pol arization being vertically
ef fected between the el ectrodes 2a, 3a a?ong t he thickness as indicated by
arrows shown. The el ectrodes 2a, 3a are disposed in the direction at right
angles to the polarization direction. In this conventiona
pyroelectric infrared sensor device 1, when rays of infrared |ight 9 are

radi at ed frpssmacaUhiatedion the sOfaecsfas)resldetic Botnaa in e squilibrivm state——
|l i ght-receiving surface of the sensor ‘device 1, slight tenperature changes
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This voltage is for use in detecting the to-be-detected object by electrically amplifying
at impedance converter circuitry employing field effect transistors (FETs), by way of
example, and then converting an amplified signal into a corresponding electrical
signal.

Another conventional pyroelectric infrared sensor device is shown in
Figs. 12A to 12C, wherein this device is also designated by numeral 1. Fig.12Ais a
plan view of the sensor device 1, Fig. 12B shows its side view, and Fig.12C is: the
bottom view thereof.

As shown in Fig.12A, the conventional pyroelectric infrared sensor 1
includes a substrate 2 made of a pyroelectric material. The pyroelectric substrate 2
has a top surface on which a pair of light-receiving electrodes 3a, 3b are disposed
along with an interconnection electrode 4 connecting between them. As best shown
in Fig. 12C, pyroelectric substrate 2 has its bottom surface on which a pair of spaced-
apart electrodes 5a, 5b are formed overlapping the light-receiving electrode pair 3a,
3b on the top substrate surface. The pyroelectric infrared sensor 1 is designed such
that polarization has been effected along the thickness direction of pyroelectric
substrate 2.

One typical pyroelectric infrared sensor module 101 employing the
pyroelectric infrared sensor device of Fig.12 is shown in Fig.13. This conventional
pyroelectric infrared sensor module 101 includes a holder plate 102 as manufactured
by two-color formation techniques or electrode-on-ceramics formation techniques.
The holder plate 102 has a surface with complicated configuration, on vyhich a resistor

chip 103 and an FET chip 104 as well as a pyroelectric infrared sensor device 105 are



2 been accunul ated on the surface of pyroelectric body la in the
equilibriumstate say, surface charge-m ght attenpt to nove causing a
vofit'age=to arise accordingly. This voltage is for use in detecting the

t o- be-detected object by electrically anplifying at inpedance converter
circuitry enploying field effect transistors (FETs), by way of exanple, and
then converting an anplified signal into a correspondi ng el ectrical

si gnal . Anot her conventional pPyroelectric infrared sensor device
is shown in Figs. 12Ato 12C, wherein this device is al so designated by
nuneral 1. Fig.12A is a plan view of the sensor device 1, Fig. 12B shows
Its side view, and Fig.12C is the bottomview thereof. As shown
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to 105 in an environmentally sealed manner.

Ancther conventional pyroelectric infrared sensor module 201 is shown in
Figs. 14A to 14C. This pyroelectric infrared sensor module makes use of the
pyroéiectric infrared sensor device of Fig.12. Note here that Fig. 14A shows a plan
view of the sensor module, Fig. 14B is its side view, and Fig. 14C is a bottom view'of a
holder plate 202 used in the module.

As shown in Figs.14A to‘ 14B, the conventional pyroelectric infrared sensor
module 201 comes with a pyroelectric infrared sensor device 205 which is attached on
the upper surface of the holder plate 202. This holder plate has a lower surface on
which a high-temperature resistance element 203 is mounted by conductive adhesion.

The resistance element 203 is of the high temperature bake type using carbon,
thermet, or the like. An FET chip 204 is also mounted on the lower surface of holder
202 as shown in Fig.14C. This holder plate 202 is attached to a support base 206 so
that holder plate 202 is stably positioned over base 206 as best shown in Fig. 14B. A
cap with a light entrance window (not shown) is assembled thereto for packaging.

The conventional sensor modules 101, 201 employing the pyroelectric
infrared sensor device 1 are under strict requirement that its pyroelectric device per se
must be minimized in thickness while at the same time maximizing thermal insulation
characteristics in order to improve the relative detection rate indicative of the
characteristics of pyroelectric device. ‘ To maximize thermal insulation characteristics,

it has been required that the light entrance section to which incoming rays of infrared



that pol arization has been effected along the thickness direction of
pyroel ectric substrate 2. One typical pyroelectric infrared
sensor’ nodul e 101 enpl oying the pyroelectric infrared sensor device of

Fi.g. 12" is shown in Fig.13. This conventional

nmodul e 101 includes a holder plate 102 as manufactured by two-col or

formation techni ques or el ectrode-on-ceram cs formation techni ques.
hol der plate 102 has a surface with conpkicated configuration,
resistor chip 103 and an FET chip 104 as wel |
device 105 are
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14Ato 14C. To this end, it has been a must for the prior art sensor modules 101, 201
to reduce or minimize the thermal capacity and thermal time constant thereof for
achieverment of enhanced relative detection ratio.

In other words, with the conventional pyroelectric infrared sensor modules
101, 201, since polarization is principally carried out along the thickness direction of
sensor substrate, an attempt has been made to minimize the thermal capacity by
forci'ng the device per se to decrease in thickness. This would result in a decrease in
mechanical or physical strength while simultaneously reducing durability agéinst
thermal shocks applied thereto.

As far as performance concerned, the pyroelectric body can directly
receive external vibrations, mechanical shocks, and thermal shocks due to strong
infrared light illumination, causing the pyroelectric infrared sensor device per se to
receive mechanical vibrations, which in-turn results in occurrence of noises. This
might reduce the signal-to-noise {S/N) ratio degrading or lowering the performance.
In short, since the thickness of pyroelectric infrared sensor device is reduced
rendering resultant structure mechanically weakened, the mechanical and thermal
reliability is undesirably degraded thus making much difficult the handling of
pyroelectric infrared sensor devices.

In addition, the reduction in thickness of pyroelectric devices can increase
the risk of occurrence of malfunctions due to the piezoelectric effect of the pyroelectric
body per se. This might lead to a reduction in reliability. Therefore, it is difficult for
the prior art pyroelectric infrared sensor modules 101, 201 to attain excellent
performance with the S/N ratio enhanced.

With regard to the fabrication/manufacture, the mechanical or physical



packaging with a cap 107 having on its top surface a |ight entrance w ndow.
The assenbl ed sensor nodul e 101 thus contains therein the el ectronics
conposients 103 to 105 in an environmental |y seal ed manner.

Anot her conventional pyroelectric infrared sensor nodule 201 is shown in
Figs. 14A to 14C. This pyroelectric infrared sensor nodul e makes use of the
pyroelectric infrared sensor device of Fig.12. Note here that Fig. 14A
shows a plan view of the sensor nodule, Big. 14B is its side view, and Fig.
14C is a bottomview of a holder plate 202 used in the nodul e.

As shown in Figs.1l 4A to 14B, the conventional pyroelectric infrared sensor
nodul e 201 cones with a pyroelectric infrared sensor device 205 which is

attached onyédipetdRethe m‘oe@%tr@f bddyepéross! esndak RficttZooth ighd Bapsiet opthat e

has a | ower surface on ch a high-tenperature resistance el enent 203 is

mount ed by mposlBetit devidhaad qBtainkiént! 66 itS tpvaftivnivige BBdUradp Jurifig dhbridatioh gh
t enper at ure ‘bake type using carbon, thernet, or the like. An FET chip 204

I s al so noudbredprattidaliy, it ssimesudifiiagietoodcdurdtelg malt and sapport by adhesiorl tHe.
This holder plate 202 is attached to a support base 206 so that hol der

pl ate 202 imyredletity sersor devioe dn@ancassbeistedibsiatelst en istended lacatiorgthefstih. A
cap wwth a |light entrance wi ndow (not shown) is assenbled thereto for
packagi ng. This would also affest perforeancanal sensor nodul es 101, 201 enpl oyi ng
the pyroelectric infrared sensor device 1 are under strict requirenment that
its pyroel ectric déviuthep@roliemnenraouptered withi theacanventipnak echniqyes| is that t he
same time maximzing thermal insulation \ ,

specific thermal insulation (thermal resistivity} schemes are required for rendering the

light-receiving section hollow in shape thus making it unable to easily form the

pyroelectric Iight—receiving section. Moreover, because in most cases the thickness

of the pyroelectric body per se is designed to fall within the range of 70 to

100 micrometers, for example, the resulting yield of production is lowered rendering

extremely difficult the manufacture of such pyroelectric infrared sensor device itself.

A still further problem faced with the conventional techniques is an
increase in manufacturing cost due to an increase in number of parts or components
required. More specifically, in the sensor modules 101, 201 of Figs. 13A to 14C,
necessary parts or components are increased in number due to the necessity of
making use of the holder plate 102 or 202 with the high-temperature resistance
element 203 formed thereon, for attachment of the resistor chip 103 thereto.

One conventional approach to avoidance of such problems is to employ a
pyroelectric infrared sensor device 5 shown in Fig. 15. This sensor device 5 has
electrode arrangement forcing the polarization of pyroelectric body to concentratedly
take place only at or near the infrared light incidence thereof. This structure comes in
view of the fact that the contribution of surface layers of the light-receiving surface
occupies most part of an output of pyroelectric infrared sensor devices.

More specifically, the conventional pyroelectric infrared sensor device 5 of



characteristics in order to inprove the relative detection rate indicative
of the characteristics of pyroelectric device. To maxi m ze thernal

i nsul-ati'on characteristics, it has been required that the |ight entrance
section to which incomng rays of infrared

4 | ight are introduced be fornmed into a holl ow shape as shown in Figs.
13A to 13C and 14A to 14C. To this end, it has been a nust for the prior
art sensor modul es 101, 201 to reduce of mnimze the thermal capacity and
thermal tine constant thereof for achievenent of enhanced relative
detection ratio. In other words, with the conventiona
pyroelectric infrared sensor nodules 101, 201, since polarization is

princi pal | yrig a5 ihQddeys pproBratricddl ot stivsite 6of 8FédtauMr shape, for sxample.
Substrate 6 has a surface on which two electrodes 7, 8 are formed in such a manner
that these oppose each other with a predetermined distance D being defined
therebetween. Polarization treatment has been effected in advance between the two
electrodes 7, 8 by application of a dielectric current (DC) voltage thereto. In this case,
polarization tends to mostly occur at nearby portions of the substrate surface acting as
the radiation receiving plane, causing the direction of polarization to be parallel with
the infrared-light (9) incidence surface. In other words, the polarization direction is
set identical to the "x' axis direction in Fig. 15. With such an arrangement, this
conventional sensor device 5 is advantageous over those of Figs. 11 to 12 in that the
former enables polarization of pyroelectric body 6 to occur concentratedly only at or
near the light-receiving surface of the pyroelectric substrate 6, which in turn leads to
an improvement in relative detection rate.

Unfortunately, the above advantage of the conventional pyroelectric
infrared sensor device 5 shown in Fig. 15 does not come without accompanying
serious problems which follow. While it is no longer necessary to make thinner the
pyroelectric substrate per se, the area of its light-receiving section as well as the
electric capacitance (electrostatic capacitance) thereof remain less rendering it
unexpectable to. obtain a sufficient pyroelectric current while providing certain
limitation to improvement in sensitivity and in relative detection rate. Another
problem in the conventional techniques is that the electric capacitance (electrostatic
capacitance) remains smaller so that high-frequency noise components of white

noises are increased undesirably.

On the other hand, pyroelectric infrared sensor devices employing comb-



sensor substrate, an attenpt has been nade to mnimze the thermal capacity
by forcing the device per se to decrease in thickness. This would result in
a décréase in nechanical or physical strength while sinultaneously reducing
durability against thermal shocks applied thereto. As far as
performance concerned, the pyroelectric body can directly receive external
vi brations, nmechani cal shocks, and thermal shocks due to strong infrared
light illunination, causing the pyroelecthic infrared sensor device per se
to receive nmechanical vibrations, which in turn results in occurrence of
noi ses. This m ght reduce the signal-to-noise (S/N) ratio degrading or
| onering the performance. In short, since the thickness of pyroelectric
infrared sershapedelectredesplacstiioredymoeledticisupsirates hadd besh proposs®  This kind
mechani cal | y weakened, the mechanical and therrmal reliability is
undesi r abl y afgyrealeciria infraradisensgravarehdisclosedin Japanesé daidiopeg publication No.
pyroelectric infrared sensor devices. In addition, the reduction
in thicknesd-b9847% oel ectric devices can increase the risk of occurrence of
mal functi ons due to the piezoelectric effect of the pyroelectric body per
se. This mght lead to a reduction in reliability. Therefore, it is
difficult fq s ' pyroel ectric infrared sensor nodules 101, 201
to attain e N h the S/N ratio enhanced.

/

Wth regard to the bri t.i n nuf acture, the mechani cal ~or physical
9 it 1S an gbjegt of t eumventlon to provide a pyroelectric inﬁgrgd sensor

device having comb-shaped electrodes capable of avoiding the problems faced with
the conventional techniques.

The invention provides a payroelectric infrared sensor device of the al.;ove
mentioned kind, which is characterized in that an electrode is formed on the remaining
principal plane of said substrate, and said electrode has a portion opposing said
comb-shaped electrode.

In the above mentioned payroelectric infrared sensor device, said comb-
shaped electrode may have three or more of electrode pairs.

In the above mentioned payroelectric infrared sensor device, a plurality of
said comb-shaped electrodes may be electrically connected on said one principal
surface of said substrate.

In the above mentioned payroelectric infrared sensor device, sald comb-
shaped electrode may be variable in electrode pitch. The electrode pitch may be
successively increased in interval in a specified direction.

In the above mentioned payroelectric infrared sensor device, said comb-

shaped electrode has an interelectrode distance greater than 100 micrometers.

In this type of payroelectric infrared sensor device, since the substrate is

polarized by the comb-shaped electrodes, thermal or heat energy of incoming infrared



weakness of the pyroelectric body per se renders difficult both rigid
support qQf the pyroelectric device and retainnent of its positioning
accuracy during fabrication. Mre practically, it becones difficult to
accurately nmount and support by adhesion the pyroelectric sensor device on
an associ ated substrate at an intended | ocation thereof. This would al so

af fect performance. A further problemencountered with the
conventional techniques is that specific8thermal insulation (thermal
resistivity) schenes are required for rendering the light-receiving section
hol l ow i n shape thus nmaking it unable to easily formthe pyroelectric
light-receiving section. Mreover, because in nost cases the thickness of

t he pyroel dight isdoibedaphueed eplyias thiesnaypentipal stifhte vf thbisabétrate saniiey 86 théd to
100 microneters, for exanple, the resulting yield of production is |owered
rendering dRirarefidight decdivingplaneie Asoordingly,uinterafeds pgrbelegtriceturednt i ray i ar ed
sensor device itself. A still further problemfaced with the
convent i onfbtaiaahiaicklvedus o haat exchange ator meansuch vnemyincipat sudace of the

i ncrease in punber of parts or conponents required. WMre specifically, in
t he sensor ¥#t8s 101, 201 of Figs. 13A to 14C, necessary parts or
conponents are inc&ggg&d I n ,nunmber due to the necessity of making use of

the hol der plate 1 tionsifFe 19 KBRSt elestiors a8 iepdsedi en dhr eemaining

principal plane of the substrate has certain portion opposing or overlapping the comb-
shaped electrodes, it becomes possible to improve dipole concentration toward
between the comb-shaped electrodes, which may in turn increase the polarization rate
of the substrate. This has been found out by simulation results using the ffnite
element method. It is also possible by increasing the polarization rate of the
substrate to increase the electrical capacitance (electrostatic capacitance) of the
device structure as the pyroelectric infrared sensor.

Furthermore, use of the comb-shaped electrodes may increass the area of
opposing electrode portions whereby the current path increases so that electric
resistance decreases accordingly.

In accordance with one aspect of the invention, a plurality of comb-shaped
electrode pairs are connected in series or in parallel on the top surface of the
substrate. These comb-shaped electrode pairs are connected in serial or parallel
manner constituting a plurality of light-receiving elements on the infrared light
receiving surface. Any desired pyroelectric current is obtainable only due to heat
exchange at or near the one principal plane of the substrate acting as the infrared light
receiving surface. It is thus possible to suppress or eliminate crosstalk of sensitivity
between adjacent ones-of the light-receiving elements concerned.

| In accordance with another aspect of the invention, at least one comb-

shaped electrode pair has parallel open;ended finger portions variable in interval or



el ement 203 forned thereon, for attachnent of the resistor chip 103

t her.et o. One conventional approach to avoi dance of such probl ens
i s to- enﬁloy a pyroelectric infrared sensor device 5 shown in Fig. 15. This
sensor device 5 has electrode arrangement forcing the polarization of

pyroel ectric body to concentratedly take place only at or near the infrared
l'ight incidence thereof. This structure conmes in view of the fact that the
contribution of surface |layers of the |i8ht-receiving surface occupies
nost part of an output of pyroelectric infrared sensor devices.

More specifically, the conventional pyroelectric infrared sensor device 5
of 6 Fig. 15 includes a

pyr oel ect r i pitdhdtigrebetwsenst Uae of suabfvariabkecfingeg pitety intha pembishaped aleptredes
Substrate 6 has a surface on which two electrodes 7, 8 are fornmed in such a
manner may render likewise different the energy amount of infrared light incident every time
when it crosses successive fingers of each electrode.  Due to this, the time period
spanning from incidence of infrared light to issuance of a corresponding output
electrical signal—namely, the time constant—may increase or decrease
accordingly.
In accordance with a further aspect of the invention, the interelectrode
distance of each comb-shaped electrode is specifically selected so as to exceed 100
micrometers. With this numerical setting, the sensitivity may be further enhanceci
One significant advantage of the invention is that it is possible to provide a
pyroelectric infrared sensor device capable of further improving the sensitivity and
relative detection rate while simultaneously enabling mass production at low costs.
More specifically, it is possible by employing the electrode having certain portion
opposing the comb-shaped electrodes to increase the polarization rate thus enabling
the electrical capacitance (electrostatic capacitance) to further increase. It is thus
possible to provide increased pyroelectric current while enhancing the S/N ratio,
thereby improving the sensitivity and relative detection rate.
Another advantage of the invention is that capability of rendering the
pyroelectric infrared sensor characteristics independent of the direction of the
substrate thickness makes it unnecessary to have to reduce the thickness of a
pyroelectric substrate per se. Therefore, the mechanical and thermal strength may
be enhanced enabling elimination of degradation of electrical characteristics otherwise
occurring due to them.
Still another advantage of the invention is that the comb-shaped electrodes

are formed on the one principal plane of the substrate making it possible to fabricate



that these oppose each other with a predeterm ned di stance D bei ng defined
t her ebet ween. Pol ari zation treatnment has been effected in advance between

t hre* two,‘el ectrodes 7, 8 by application of a dielectric current (DC) voltage
thereto. In this case, polarization tends to nostly occur at nearby
portions of the substrate surface acting as the radiation receiving plane,
causing the direction of polarization to be parallel with the
infrared-l1ight (9) incidence surface. |d%ther words, the polarization
direction is set identical to the "x" axis direction in Fig. 15. Wth such
an arrangenent, this conventional sensor device 5 is advantageous over
those of Figs. 11 to 12 in that the fornmer enables pol arization of
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Unfortunately, "the above advantage of the conventional “pyroelectritc
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acconpanyi ng serious problens” which follow Wile it is no |onger
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its light-receiving section as well as the electric capacitance
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to obtain a sufficient pyroelectric current while providing certain
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Anot her problemin the conventional techniques is that the electric
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substrate for rigid support of the pyroelectric substrate while at the same time reducing
complexity in support structure and in thermal insulation scheme therefor.

Again, a reduction in complexity of manufacturing methodology with less
number of required parts or components makes it possible to provide a pyroelectric
infrared sensor device excellent in electrical refiability and in manufacturability with
manufacturing cost reduced.

A further advantage of the invention is as follows. A plurality of light
receiving elements are constituted which are connected in series or in parallel on the
infrared light receiving surface while simultaneously enabling creation of pyroelectric
current only due to heat exchange at or near the one principal plane of the substrate
which acts as the infrared light receiving surface; as a consequence, any sensitivity
crosstalk occurrable between the light receiving elements can be suppressed.
Therefore, it is possible, by appropriate optical treatments such as optical chopping for
example, to provide one-dimensional images or two-dimensional images with less
crosstalk. This may in turn improve the detection accuracy of a target object being
detected.

A still further advantage is that since the time constant may be rendered

longer by use of variable finger pitch comb-shaped electrodes, where an object under



noi ses are increased undesirably. On the ot her hand,
pyroelectric infrared sensor devices enpl oyi ng conb- shaped

el ,.ectroQues placed on pyroelectric substrates have been proposed. This kind
of pyroelectric infrared sensors are disclosed in Japanese | ai d-open
publication No. 7-198478. SUMVARY OF THE | NVENTI ON It is an
object of the invention to provide a pyroelectric infrared sensor device
havi ng comb-shaped el ectrodes capabl e dft avoi ding the problems faced with

detection is a human body for example, slow or moderate movements thereof may be
successfully detected with enhanced accuracy.

These and other objects, features and advantages of the invention will be
apparent from the following more particular description of preferred embodiments of

the invention, as illustrated in the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.1 is a diagram showing a perspective view of a pyroselectric infrared
light sensitive device in accordance with one preferred embodiment of the pre;ent
invention.

Fig.2A is a diagrammatic representation, using a simulation by the finite
element method, of the distribution of an electric field as created in a substrate of the
infrared sensor device shown in Fig.1 with no opposite electrode on its bottom ; and
Fig. 2B is a diagrammatic representation of the distribution of an electric field in a
substrate with an opposite electrode employed on its bottom.

Fig.3 is an explosive view of a pyroelectric infrared sensor module
including therein a pyroelectric infrared sensor device in accordance with another
embodiment of the invention.

Fig.4 shows electrical equivalent circuitry of the pyroelectric infrared
sensor module shown in Fig.3.

Figs.5A and 5B are graphs each showing the relationship of the sensitivity
of the infrared sensors of Figs.3 and 4 versus the finger pair number N of comb-
shaped electrodes, wherein Fig.5A shows variations of the sensitivity with the
interelectrode distance a and interelectrode pitch b changed and with the intersection

width W kept constant in value whereas Fig. 5B shows the same with W changed and



t he conventi onal techniques. The invention provides a

payroel ectric infrared sensor device of the above nentioned kind, which is
characterized in that an electrode is formed on the remaining principal

pl ane ‘'of said substrate, and said el ectrode has a portion opposing said

conb- shaped el ectrode. In the above nmentioned payroelectric
I nfrared sensor device, said conb- shaped el ectrode may have three or nore
of electrode pairs. In the abdve mentioned payroel ectric

i nfrared sensor device, a plurality of said conb-shaped el ectrodes may be
el ectrically connected on said one principal surface of said substrate.
In the above nentioned payroelectric infrared sensor device, said conb-

shaped el ec¢: li‘ﬁaﬁ ariable in electrode pitch. The el ectrode pitch
may be suc?‘é@gér??'e y ?ﬁ@erde{ased in interval in a specified direction.
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shaped el ectrode has an int ectrode distance greater than
m cronet er gecordance with a furtte? ebodirhamtrf e iRaartRAl ectric infrared sensor

device, since the substrate is polarized by the conb-shaped el ectrodes,
thermal or heat enfigy7 ahd Breopany dnfdrgad gfhn views of pyroelectric infrared sensor
devices also embodying the invention.

Fig.9 is a graph demonstrating how the time constant changes with time by
showing the relation of an output voltage of the sensors of Fig. 8 versus elapsed time
upon irradiation of incoming infrared light from a moving object under detection. .

Figs.1 0A to 10C illustrate perspective views of several pyroelectric infrared
sensor devices also embodying the invention.

Fig.11 shows a perspective view of one conventional pyroelectric infrared
sensor device.

Figs.12A to 12C show another conventional pyroelectric infrared sensor
device, wherein Fig.12A is its plan view, Fig.12B is its side view, and Fig.12C is a
bottom view thereof.

Fig.13 is an explosive view of one conventional pyroelectric infrared sensor
module méking use of the sensor device shown in Fig.12.

Figs. 14A to 14C show another conventional pyroelectric infrared sensor
module employing the sensor device shown in Figs.12A to 12C, wherein Fig. 14Aisits
plan view, Fig.14B is its side view, and Fig.14C is a bottom view of a holder plate used
therein. |

Fig.156 shows a perspective view of a further conventional pyroelectric

infrared sensor device,



8 light is to be captured only at the one principal surface of the

substrate serving as the infrared |ight receiving plane. Accordingly,

i ht ended pyroel ectric current may be obt ai nabl e only due to heat exchange

at or ‘near such one principal surface of the substrat e. In

addition, since the opposite el ectrode as di sposed on the renaining

princi pal plane of the substrate has certain portion opposing or

overl appi ng the conb- shaped el ectrodes?® it becomes possible to inprove

di pol e concentration toward between the conb-shaped el ectrodes, which may

in turn increase the polarization rate of the substrate. This has been

found out by sinmulation results using the finite el emrent nethod. It is

al so possi M%mmﬂPHmNWWHEQNVmﬁ]QN rate of the substrate to

i ncrease the electrical capacitance (electrostatic capacitance) of the
Referring to Fig.1, a pyroelectric infrared sensor device in accordance with

one preferred embodiment is generally designated by numeral 10. This sensor
device 10 includes a substrate 12 of a rectangular shape with the thicknesst. The
substrate 12 may be made of a chosen pyroelectric material. Preferably, this material
is less in pyroelectricity along the thickness of substrate 12 than along its surface in
order to provide a greater output voltage at the surface of substrate 12. This may be
met by use of tetragonal-system lead titanate pyroelectric ceramics for substrate 12,
A pair of comb-shaped electrode patterns 14 are disposed on the' top
surface of the substrate 12 in such a manner that each has a specifically selected
number of substantially equally spaced, parallel conductive open-ended “finger"
portions. More specifically, one comb-shaped electrode 14 is patterned to have five
equal-spaced, open-ended fingers 14a which are consecutively shorted to each other
. at one end and remain unconnected at the other end. Likewise, the other comb-
shaped electrode 14 has five open-ended fingers 14b. These electrode fingers 143,
14b are spatially interdigitated in relation to each other with a certain gap defined
therebetween as shown in Fig.1. The comb-shaped electrodes 14 are such that the
finger pair number N is set at five (5) while the interelectrode distance is represented
by &, the interelectrode pitch is b, and the electrode interdigitation width is W. The
interelectrode distance g, as used herein, may refer to the distance or gap between
the fingers 14a and 14b of the comb-shaped electrodes 14. The interelectrode pitch
b used herein refers to the center-to-center distance of each pair of one finger 14a and
its neighboring finger 14b as interdigitated in relation to each other. The electrode
interdigitation width W refers to the length of overlapping portions of such

interdigitated fingers 14a, 14b on substrate 12 as may be readily seen from Fig.1.



device structure as the pyroelectric infrared sensor.

Furt hernore, use of the conb-shaped el ectrodes may i ncrease the area of
opposi ng' el ectrode portions whereby the current path increases so that
el.ectric resistance decreases accordingly. In accordance with
one aspect of the invention, a plurality of conb-shaped electrode pairs are
connected in series or in parallel on the top surface of the substrate.
These conb-shaped el ectrode pairs are cokhected in serial or parallel

manner constituting a plurality of light-receiving elenents on the infrared
| ight receiving surface. Any desired pyroelectric current is obtainable
only due to heat exchange at or near the one principal plane of the

substrate acting asThd\gyroBletficetibbiratBt1 X eLary bpfositd! drasetom durfage loAUGich
possi ble to suppress or  elimnate crosstal k of sensitivity between adjacent

W Th anol hor et e R o B e Fom- Uhapod o eaere e

pair has paslettrede v eninemdivkly bvertippirgy thewvmbstidpaal etedtrodentair v4akloay the
thickness of pyroelectric substrate 12 so that it includes portions opposing the comb-
shaped electrodes 14 on the top substrate surface with substrate 12 being
sandwiched therebetween, Electrode 16 may act as an opposite electrode.

In this embodiment the pyroelectric substrate 12 is made of (Pb,Ca,
H(NiyaNb,z) ., Ti}Os-based pyroelectric ceramics.  Substrate 12 may measure 0.30 to
0.50 millimeters (mm) in thickness t. Preferably, the comb-shaped electrodes 14- and
opposite electrode 16 are made of metals of good conductivity, such as gold (Au),
silver {Ag) or aluminum (Al). Alternatively, these electrodes may be mads of an alloy
of nickel (Ni), chromium (Cr) and the like. Note here that in order to increase the
sensitivity when reduction to practice, a heat absorption film or heat sink layer {not
shown herein) may be additionally provided on the exposed surfaces of electrodes 14,
16 when appropriate.

In the pyroelectric infrared sensor device 10 shown in Fig.1, the top surface
with the comb-shaped electrode pair 14 formed thereon serves as the radiation
sensitive plane for receipt of incoming rays of infrared light as radiated from an object
being detected. In this infrared sensor device 10, upon application of a DC voltage
between the interdigitated electrode fingers 14a and 14b, the comb-shaped electrode
pair 14 allows jts underlying pyroelectric substrate material to be polarized in a
selected direction identical to the Y axis direction in Fig. 1. The polarization may be
done in such a way that a DC voltage of from 2.0 to 4.0 kilovolts per millimeter
(kV/mm) is applied between fingers 14a, 14b of comb-shaped electrode pair 14 for
sixty (60) minutes at temperatures of from 100 to 150°C.



9 pitch therebetween. Use of such variable finger pitch in the
conb-shaped el ectrodes may render |ikew se different the energy anount of
infrared light incident every time when it crosses successive fingers of
each electrode. Due to this, the tinme period spanning frominci dence of
infrared light to i ssuance of a correspondi ng output electrical

signal -nanely, the tinme constant-may increase or decrease accordingly.

In accordance with a further aspect of t¥e invention, the interel ectrode

-di stance of each conb-shaped electrode is specifically selected so as to
exceed 100 mcroneters. Wth this nunerical setting, the sensitivity may
be further enhanced. One significant advantage of the invention

is that it is possifbe FigsprRoviand 2B, pyThedeedigutes idefmonstates ¢s aesulvicte
capabl e of further inproving the sensitivity and relative detection rate
whi | e si nmul egperimezitsl simalaltion gasis slipole dontentration fooanelyzing. howtine internal
specifically, it is possible by enploying the el ectrode having certain
portion opplestricdietdie creatdst inbide ¢k pyreelectidesibsteate rierad &ige1.t Ndoredpecifizaltyl, on
rate thus enabling the electrical capacitance (electrostatic capacitance)
to further FigZAdsa diagrammatichtepresendation, eising praim@§on iyr hestnjte element
pyroel ectric current while enhancing the S/INratio, thereby inproving the

sensi ti vi t ymethpd; ef theidistritision of ao glackicdield created in subgiraie AN Kpcaseaders

the inventign is that capability of rendering the
'816 oppos{ge electrgde 16 ins){.zlatively overlapp%g comb-shaped electrodes 14 is not

provided; and, Fig.2B is a diagrammatic representation, using such simulation by the
finite element method, of the distribution of an electric field created in substrate 12 with
the bottom-surface electrode 16 opposing comb-shaped electrodes 14 dispc;sed
thereon.

As may be readily seen by those skilled in the art from viewing Figs. 2A to
2B, the simulation results reveals the fact that it is possible, by forming the bottom-
surface electrode 16 having portions opposing the comb-shaped electrodes 14 on the
top surface of substrate 12, to improve the dipole concentration toward between the
spatially interdigitated fingers 14a, 14b of comb-shaped electrode pair 14 at a nearby
location of the top substrate surface. To this end, with the pyroelectric infrared
sensor device 10 of Fig. 1, the opposite electrode 16 is formed on the entire bottom
surface of the substrate 12 in order to enhance the dipole concentration with respect
to the fingers 14a, 14b of comb-shaped electrodes 14 while improving the polarization
rate.

Turning now to Fig.3, a pyroelectric infrared sensor module structure in
accordance with another embodiment of the invention is generally designated by
numeral 30. This sensor module 30 includes a pyroelectric infrared sensor device 20
as meunted on a support base plate 32 called the stem. The sensor device 20 is

similar to that shown in Fig.1 with a series combination of two comb-shaped electrode



pyroel ectric infrared sensor characteristics independent of the direction
of the substrate thickness nmakes it unnecessary to have to reduce the

t hi,ckrness of a pyroelectric substrate per se. Therefore, the nechanical and
t hermal strength may be enhanced enabling elimnation of degradation of

el ectrical characteristics otherw se occurring due to them

Still another advantage of the invention is that the conb-shaped el ectrodes
are formed on the one principal plane offé he substrate making it possible
to fabricate 10

electrical circuitry directly on the infrared [ight receiving surface with
such circuitry being integral with the substrate. Furthernore, the

present |y ayaltd 24126 patiehogn adyyoelectric substrate 22 of rectangular planar shape. The
sensor device 20 with such serially coupled comb-shaped electrode pairs 24, 26 may
be called the "dual comb-shaped electrode sensor” in some cases,

More specifically, as shown in Fig.3, the pyroelectric infrared sensor device
20 includes on the top surface of the pyroelectric substrate 22 two pairs of comb-
shaped electrodes 24, 26, each of which electrodes has five parallel open-ended
fingers as spatially mated or interdigitated in relation to those of its associated comb-
shaped electrode on substrate 22. These comb-shaped electrode pairs 24, 26 are
centrally disposed on substrate 22 and are electrically coupled in series to each oiher.

The substrate 22 is polarized by the pair of comb-shaped electrode pairs 24, 26.
The substrate 22 has an opposite or bottom surface not visible in Fig.3, on which an
_electrode 28 is entirely formed so that it has portions opposing comb-shaped electrode
pairs 24, 26. Substrate 22 is mounted on the stem 32 with a thin dielectric film shest
member (not shown) being laid therebetween.

As shown in Fig.3, a field effect transistor (FET) 34 is mounted on the top
surface of the pyroelectric substrate 22 such that FET 34 is disposed near one
elongate peripheral side edge of substrate 22 with certain distance being defined
between it and comb-shaped electrode pairs 24, 26 as shown. The stem 32 on which
substrate 22 is insulatively mounted has a predetermined number——three, here——
of upstanding linear conductive pins 36a, 36b, 36¢c acting as terminals for electrical
connection with external circuitry on a printed circuit board (PCB) as operatively
associated with the sensor module 30.

On the substrate 22 of the pyroelectric infrared sensor device 20, the FET
34 has a gate node electrically inter-connected through a lead pattern 38 to a first set

of parallel fingers 26b of the comb-shaped electrode 26 in one pair. A second set of



techni ques as widely enployed in the IC manufacturing field may al so be
enpl oyed as the formation nethod of such conb-shaped el ectrodes, enabling
m°crof abri cati on of any intended infrared |ight receiving section with
reduced conplexity. Mreover, avoiding the necessity of enploying
extra-thin pyroelectric substrate as in the conventional techni ques nakes
it unnecessary to make use of any additional support substrate for rigid
support of the pyroelectric substrate wdi’/l e at the same tine reducing
conplexity in support structure and in thermal insulation scheme therefor.
Again, a reduction in conplexity of manufacturing nethodology wth | ess
nunber of required parts or conponents nakes it possible to provide a

pyr oel ect r ifiggénmfacarsithis @BWshd?é& eRcirsagideené comadtetiinispahtermbdiaty leatly and
i n manufacturability with manutfacturing cost reduced. A further

advant age &0 tb fisst firgyees R of drie eomib-shhpadelectfode 24 ialthé ythef pair.gThe sewendi ng
el enments are constituted which are connected in series or in parallel on
t he i nfrar didgéis@4a of tearemiaining corhbchapéd blecisoda?4 areammnabyted visd lead 4@rteat i on
of pyroelectric current only due to heat exchange at or near the one
princi pal @ comeectfontpesl 4italleddie "side electiodss” a$histedsdtnotle dddsloh thghoppasitei vi ng
surface; as a consequence, any sensitivity crosstal k occurrabl e between the
| i ght receisidenyalbtfsubsirate @2roppesisigphe EESatiourtisidecedgectheraoti sSigesiadiiode by
appropriate optical treatnments such as optical chopping for_examle, to
provi de ond4diorgaiesoriang thedbiskness efissbairate? amshowhindda3wi Thedeajg node
crosst al k. j.s.pay in turn inprove the detectian curacy of, a target
obj ect bei ﬁg riyg,il't %@%’seaqnnected via'a conductt]lve onding wire 46 %6 'one’termingl pin §6a.
The source of FET 34 is connected via a wire 48 to another terminal pin 36b. The
remaining terminal pin 36¢ is used as the Earth terminal, which is in electrical contact
with the side electrode 44 of substrate 22 through a conductive adhesive (not shown).

Still referring to Fig.3, the stem 32 with substrate 22 thereon is assembled
with a can casing 50 providing an environmentally sealed interior space in which the
pyroelectric sensor device 20 is packed. The can casing 50 may be of a hat-like
shape as shown. Can casing 50 has a circular top surface or “ceiling" in which a
rectangular opening 50a is centrally defined as a radiation entrance window. An
optical filter 52 is rigidly attached on the inner surface of the cap ceiling to cover
opening 50a thereby allowing incoming rays of infrared light to enter through optical
filter 52 to hit the underlying pyroelectric sensor device 20 sealed inside of an
enclosure as constituted by the can casing 50 and stem 32 after assembly. Optical
filter 52 may be a 5 micrometers cut-on long-path filter, by way of example.

The pyroelectric infrared sensor assembly or package 30 of Fig. 3 has
electrical equivalent circuitry shown in Fig.4. When rays of infrared light are
introduced which may be radiated from an object being detected, such as a moving
target human body, thermal or heat energy is given to the radiation sensitive

surface——i.e. the top surface of substrate 22 with the series combination of comb-



A still further advantage is that since the tinme constant nmay be rendered
| onger by use of variable finger pitch conb-shaped el ectrodes, where an
obj,ect’ under detection is a human body for exanple, slow or
nmoder at'e novenents thereof may be successfully detected with enhanced
accuracy. These and ot her objects, features and advant ages of
the invention will be apparent fromthe followi ng nore particul ar
description of preferred enbodi nents of 1& he invention, as illustrated in
t he acconpanyi ng draw ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS

Fig.1 is a diagramshow ng a perspective view of a pyroelectric infrared

shaped electrode pairs 24, 26 formed thereon——of the built-in pyroelectric sensor
device 20 packed. When this is done, sensor device 20 produces a corresponding
amount of pyroelectric current.  This pyroelectric current produced is obtainable as a
voltage by passing to through a synthesis resistance of an FET gate coupled resistor
Rg and an inherent resistance of the pyroelectric infrared sensor device 20. The
resulting voltage is then input to the gate (G) of FET 34. At this time, a bias voltage is
applied to the drain (D) of FET 34 whereas the source (S) of FET 34 is coupled to
ground. The pyroelectric current as derived at infrared sensor device 20 is
impedance-converted by the sensor device 20, resistor Rg and FET 34, and is t-hen
generated at output terminal pin 36b as a detection voltage signal.
See graphs shown in Figs.5A and 5B, which experimentally demonstrate
that the pyroselectric infrared sensor module 30 of Fig.3 was with increased sensitivity.
More specifically, the e_xperiments have been done using several dimension
parameters of sensor mo&ule 30, including the finger pair number N of the comb-
shaped electrode pairs, the ratio k of the finger gap a to the finger pitch b as given by
k=a/b, and the finger interdigitation width W, each of which was varied in value in a
way as follows. The graph of Fig. 5A shows the relation of resultant sensitivity versus
finger pair number N when the finger gap-to-pitch ratio k was changed in value from
0.5 through 0.6 to 0.7 with the interdigitation width W kept constantly at 1.0mm. The
graph of Fig. 5B indicates variations of the sensitivity when the interdigitation width W
was changed between 0.6 mm and 1.0 mm with the value of k fixed at 0.5 mm. As
can be readily seen from these experimental results, it has been found that the
pyroelectric infrared sensor module 30 of Fig.3 could exhibit good sensitivity
especially when N is greater than or equal to three (3) and simultaneously a goes

beyond 100 micrometers in value.



| i ght sensitive device in accordance with one preferred enbodi nent of the
present invention. Fig.2A is a diagrammtic representation,
usi,ng a,sinmulation by the finite el enent nmethod, of the distribution of an
el'ectri'c field as created in a substrate of the infrared sensor device
shown in Fig.1 with no opposite electrode on its bottom and Fig. 2B is a
di agrammatic representation of the distribution of an electric field in a
substrate with an opposite el ectrode enpl®yed on its bottom

Fig.3 is an explosive view of a pyroelectric infrared sensor nodul e
including therein a pyroelectric infrared sensor device in accordance with
anot her enbodi nent of the invention. Fig.4 shows el ectrical

equi val ent circuit r@n@%ibgnh@aﬁb’éd%ﬁh%@brdf thié piroaleetticSAfared seRSeH rBodheso is n
Fig. 3. Fi gs. 5A and 5B are graphs” each showi ng the relationship

of the sensiHat ¢iricy thé colmd-shaped etsttds irs 2, 26 188 parraiftthgipol&ri2ition il éhe
finger pair nunber N of conb- shaped el ectrodes, wherein Fig.5A shows

variations pfroeleetricesubstratei 2% avé fdmmieteori theesiataret sfasibstiatet 22 senvingaasl the

i nterel ectrode pitch b changed and with the intersection width Wkept

const ant i ninfrarack lighteneeeisingi pland Bt Heoormes possialee tavcaich \the Hhageal enedgy of
infrared light only at or near the top surface of substrate 22. For this reason, sensor
module 30 may function as a pyroelectric infrared sensor that does no longer depend
upon the thickness direction of its pyroelectric body unlike the prior art as discussed in
the introductory part of the description.

Another advantage of this embodiment sensor rﬁodule 30 lies in capaf;ility
of attaining, due to presence of the opposite electrode 28 having portions opposing
the comb-shaped electrode pairs 24 and 26, dipole concentration toward between the
fingers 24a and 24b of the comb-shaped electrode pair 24 as well as between the
electrode fingers 26a and 26b of comb-shaped electrode pair 26. This in turn makes
it possible to increase the polarization rate of comb-shaped electrode pairs 24, 26.
Moreover, it is also possible to increase the electrical capacitance (electrostatic
capacitance) between the comb-shaped electrode pairs 24, 26 and opposite electrode
28. Accordingly, sufficient pyroelectric current is obtainable while at the same time
rendering the S/N ratio excellent. As a consequence, with the pyroelectric infrared
sensor module 30 of this embodiment, further improved sensitivity is expectable.

Still another advantage of the embodiment 30 is that since the opposite
efectrode 28 having portions insulatively overlapping the comb-shaped electrode pairs
24, 26 is on the botiom surface of the substrate 22, the electric resistance of the
pyroelectric infrared sensor device 20 can be further decreased as a whole.
Therefore, it becomes possible to eliminate use of an external resistor to be provided

between the gate (G) of FET 34 and the ground (GND). Note here that the resistor



12 with a, b unchanged. Fig.6 is an explosive view of a
pyroelectric infrared sensor nodule in accordance with a further

erffodi meEnt of the invention. Figs.7 and 8 are partly enl arged
pl an views of pyroelectric infrared sensor devices al so enbodying the
I nventi on. Fig.9 is a graph denonstrating how the tinme constant

changes with tinme by showing the relation of an output voltage of the
sensors of Fig. 8 versus elapsed tinme ugln irradiation of inconing infrared

i ght froma noving object under detection. Fi gs. 10A to 10C
il lustrate perspective views of several pyroelectric infrared sensor
devi ces al so enbodyi ng the invention. Fig.11 shows a perspective

vi ew of ondRgoanvéme isheuificapyeqevatertr iciccuinfdiagrech ofnBigr4 devacemere symbolic
Figs.12A to 12C show anot her conventional pyroelectric infrared sensor
devi ce, wheepiesefetioridfdhé inhietent pésistaniecof, pyFoaledd@infrardd sensotdevides2q, aadd
Fig.12Cis a bottomview thereof. Fig.13 is an expl osive view
of one conignol anyalisqstesisraentito beisaparatalyiceumedihereto.

Yet another advantage of module 30 is that the pyroelectric infrared sensor
device 20 used therein does not operationally depend upon the thickness direction of
the pyroelectric substrate 22; therefore, it is no longer necessary for substrate 22 to be
much reduced in thickness. Accordingly, the mechanical and thermal strength may
be enhanced thereby eliminating, or at least greatly suppressing, any possible
degradation of the electrical characteristics otherwise occurring due to a decreaée in
substrate thickness.

One advantage of infrared sensor device 20 lies in that the comb-shaped
electrode pairs 24, 26 are on the surface of the pyroelectric substrate 22 acting as the
infrared light receiving plane, thereby making it possible to integrally form electrical
circuitry with substrate 22 on the infrared light receiving surface thereof. Also, since
any currently available lithography techniques as widely employed in the IC fabrication
field are directly applicable without any modifications as the formation methodology of
comb-shaped electrode pairs 24, 26, it is possible to readily fabricate the infrared light
receiving section with reduced complexity. Yet further, any pyroelectric substrate
support plate is no longer required while simultaneously rendering it unnecessary to
perform a variety of kinds of complicated support methods for support of such
pyroelectric substrate as well as any extra thermal insulation schemes.

As a consequence, with the pyroelectric infrared sensor device 20,
reducing complexity of manufacture and parts in number may .make it possible to
enhance the electrical reliability and manufacturability with production costs reduced.

A pyroelectric infrared sensor module in accordance with a further



nmodul e maki ng use of the sensor device shown in Fig.12. Fi gs.
14A to 14C show anot her conventional pyroelectric infrared sensor nodul e
enpl oyi‘ng the sensor device shown in Figs.12A to 12C, wherein Fig. 14Ais
its plan view, Fig.14B is its side view, and Fig.14Cis a bottomview of a

hol der pl ate used therein. Fig. 15 shows a perspective view of a
further conventional pyroelectric infrared sensor device.
13 DETAI LED DESCRI PTI ON OF THE | NVENZRON Referring to Fig. 1,

a pyroelectric infrared sensor device in accordance with one preferred

enbodi ment is generally designated by nuneral 10. This sensor device 10

I ncl udes a substrate 12 of a rectangular shape with the thickness t. The
embodiment of the invention is shown in Fig. 6. This module is generally designated
by numeral 60 as shown. While the previous sensor module 30 of Fig.3 is of the
hermetic seal-type, module 60 shown in Fig.5 is of the surface-mount component type
in structure. In Fig.6, like parts or components are indicated by like reference
characters for purposes of explanation only.

Principally, the pyroelectric infrared sensor module 60 of Fig.6 is similar to
that shown in Fig.3 with the can casing 50 being modified in shape and also with the
terminal pins 36a to 36¢ being deleted moreover with the FET 34 being modified in
electrical interconnection scheme relating to the source, drain and gate thereof. " As
illustrated, can casing 50 resembles in outer appearance a thin rectangular box, rather
than the hat shown in Fig.3. The drain, source and gate of FET 34 are respectively
connected to external electrode pads which are distributed at specified locations on
the pyroelectric substrate 22 as will be described in detail below.

Still referring to Fig. 6, the rectangular pyroelectric substrate 20 has three
electrode pads 45, 47, 49. Pads 47, 49 are for electrical interconnection with the FET
34 mounted on substrate 20, and are formed along one of {ongitudinal opposite side
edges of substrate 22 with certain distance defined therebetween. These pads 47,
49 are electrically connected by lead wires 46, 48 to the drain and source of FET 34.

Pad 47 serves as an input terminal whereas pad 49 acts as an output terminal. The
remaining pad 45 is formed at the other longitudinal substrate side edge so that it
faces pad 49 across the width of substrate 22. Pad 45 also extends on a
corresponding portion of the side wall of substrate 22 as shown. Pad 45 acts as the
ground terminal. This pad is electrically coupled to the gate of FET 34 through a
series combination of two comb-shaped electrode pairs 24, 26. Specifically, ground

pad 45 is connected via an on-surface lead pattern 42 to first fingers 24a of one



substrate 12 may be made of a chosen pyroelectric material. Preferably,
this material is less in pyroelectricity along the thickness of substrate
12°than‘.along its surface in order to provide a greater output voltage at
the surface of substrate 12. This may be net by use of tetragonal -system
| ead titanate pyroelectric ceramcs for substrate 12. A pair of
conb-shaped el ectrode patterns 14 are disposed on the top surface of the
substrate 12 in such a nmanner that each ?@s a specifically sel ected nunber
of substantially equally spaced, parallel conductive open-ended "finger"
portions. Moire specifically, one conb-shaped electrode 14 is patterned to
have five equal -spaced, open-ended fingers 14a which are consecutively
shorted to eamh-sheped elactrodaepain4amttiahehas rsecond fingense2dnconmectend thyrarend.
Li kew se, the other conb- shaped el ectrode 14 has five open-ended fingers
14b. These #termadiate anisiiace lead 401tobther firsk fiageral26a ofther ethgi cembshaped
relation to each other with a certain gap defined therebetween as shown in
Fig.1. The eleelodeppedbe| Eie serpnd ﬁme@r%bpmh'@reqf Rea elepacallyrepapledaia an@ber N
is set at five (5) while the interelectrode distance is represented by a,
the int er el E¥FacsIBagpattan38 tp thegrte OhEEEI3%et rode interdigitation width is
W The interel ectrode distance_a, as.,used herein ngﬁ efer to the di%iance
i .

or gap between the ?Wﬁ‘@r@"i@aﬁﬁﬁdnﬂbp of APYERFIREIGighapdseaser dRMice
TP Ler el EALIRE L VG Lol SRR SheA ot PRl B g PTG HRleg, e
e S Bel AT LA Wiiun I B SRR RO RS
fingers ldapail¢ths 055 BRGreRhted By 3R dIRY SoWeaf donb3dRpel 'hBybhE pats 74.
More specifically, a plurality of series combination of comb-shaped electrode pairs 74
are provided in a serial or parallel fashion on the light-receiving surface of a
pyroelectric substrate 72. Each comb-shaped electrode pair 74 in each row consists
of two conductive comb-shaped electrode patterns 74a, 74b each having a selected
number——three or greater——of parallel open-ended fingers. Comb-shaped
electrode 74a has four fingers including its outermost ones whereas electrode 74b has
three fingers each of which is positioned between a pair of successive fingers of its
associated comb-shaped electrode 74a. The substrate 72 has a similar bottom-
surface electrode (not visible in Fig. 7) which has portions opposing the array of
serial/parallel comb-shaped electrode pairs 74.

With such an arrangement, since an increased number of serially coupled
comb-shaped electrode pairs 74 are grouped in parallel rows on the infrared light
receiving surface of substrate 72 while allowing each pair to function as radiation
sensitive element, any intended pyroelectric current responsive to irradiation of
incoming rays of infrared light is obtainable only due to thermal conversion at or near
this substrate surface. This may advantageously serve to minimize or at least greatly

reduce occurrence of crosstalk between adjacent ones of the comb-shaped electrode



14 The pyroel ectric substrate 12 has an opposite or bottom
surface on which a conductive layer 16 is entirely fornmed as a further
el'ectrode. This bottomsurface electrode 16 is insulatively overlapping

t he conb-shaped el ectrode pair 14 along the thickness of pyroelectric
substrate 12 so that it includes portions opposing the conb- shaped

el ectrodes 14 on the top substrate surface with substrate 12 being

sandwi ched t herebetween. Electrode 16 n&p act as an opposite el ectrode.

In this enbodi ment the pyroelectric substrate 12 is nade of (Pb[err]Ca[err]
[err])(Nerr]/Nerr])[err]Ti[err])Jerr]-based pyroel ectric ceram cs.
Substrate 12 may neasure 0.30 to 0.50 mllineters (m) in thickness t.

Pref er abl y, pdifaeraC oo ieh&omedd8Sssitle 85 MaRiPMSS oF Bt RlaCgreathe eARariiee
made of net'als of good conductivity, such as gold (Au),
detection accuracy while simultaneously enabling successful acquisition of one-
dimensional or two-dimensional images with less or no crosstalk by performing optical
chipping procedures.”

The array of muitiple comb-shaped electrode pair rows 74 shown in Fig. 7
is modifiable such that all of the first fingers 74a of them are connected together while
causing the second fingers 74b thereof to be subdivided intp rows and columns of
blocks each of which includes commonly coupled second fingers. This arrangement
makes it possible to more accurately detect movement of an object under detecti oz'"u.

A pyroelectric infrared sensor device 80 also embodying the invention is
shown in Fig.8. As shown, infrared sensor device 80 is similar to that 10 of Fig. 1 with
the slectrode fingers 142, 14b being replaced with fingers 84a, 84b which are variable
in distance or interval between adjacent fingers——say, finger pitch b. More
specifically, sensor device 80 includes a pyroelectric substrate 82 having a pair of
comb-shaped electrodes 84. Each electrode includes a preselected number——
three or more——of paraliel open-ended fingers 84a or 84b consecutively coupled
together at one end. Electrode fingers 84a and 84b are spatially interdigitated with
each other as shown in Fig.8. These fingers are different or "variable” in pitch b in
such a way that pitch values b1, b2, b3, b4,... are sequentially incremented along the
length of substrate 82 as defined by the direction X in Fig.8. Such sequential
increase in pitch value b causes the gap defined between one finger 84b and its
associated pair of fingers 84a to gradually increase in the direction X. Substrate 82
has a similar bottom-surface electrode (not visible in Fig.8) having portions opposing
comb-shaped electrodes 84.

With the electrode finger pitch b varied, an output voltage of the infrared



silver (Ag) or aluminum (Al). Alternatively, these electrodes may be nade
of an_ alloy of nickel (N), chromum(Cr) and the like. Note here that in
order to increase the sensitivity when reduction to practice, a heat
absorption filmor heat sink layer (not shown herein) may be additionally
provi ded on the exposed surfaces of electrodes 14, 16 when appropriate.

In the pyroelectric infrared sensor device 10 shown in Fig.1l, the top
surface with the conb-shaped el ectrode B4 r 14 fornmed thereon serves as the
radi ati on sensitive plane for receipt of incomng rays of infrared |light as
radi ated from an object being detected. In this infrared sensor device 10,
upon application of a DC voltage between the interdigitated el ectrode

fingers 14asensar desice 8thmay yaty- withnlireel as shewn invkigShwhichdemonsivetasnariations
underlying pyroelectric substrate material to be polarized in a selected
direction i¢elte dae constari—y—iis Sfaglor dvaY cwrieRPEng to1a mgdmab|daviatiani oh may
be done in_such a way that a DC voltage of from2.0 tao 4.0 kil ovolts per
mi | 1i et er Q&/PARY Detwegp m tingichanaret ndqang Eas of infraradihohdand st isayarre
electrode Y L) Jahel) Slnioud T he ot e alerd SPELAN Hesdh OB
onto the top surface of substrate 82 with comb-shaped electrode pair 84 formed
thereon. More specifically, suppose that infrared light radiated from a target object,
such as a human body, is incident on the substrate surface of sensor device 80.
Imagine that the object is moving. Consider that as the object moves, a spot or beam
of incident infrared light hitting sensor substrate 82 moves along the direction X In
this situation resultant energy of infrared light becomes different in amount every time
when it passes through a respective pair of interdigitated fingers 84a, 84b of comb-
shaped electrodes 84. [n other words, as can be readily seen by those skilled in the
art by comparatively viewing Figs.8 and 9, as a beam spot of incident infrared light on
substrate 82 moves along the length of substrate 82 in the direction X, the resulting
thermal energy produced therein becomes different in intensity every time when the
spot crosses a respective one of electrode ﬁn'gers 84a of variable pitch, thereby
causing a corresponding sensor output voltage to vary in waveform.  Such output
voltage variation may force the time constant——namely, the time taken from
incidence of infrared light to issuance of an electrical output signal in response
thereto——to increase accordingly as well demonstrated by the graph of Fig. 9. ltis
thus possible for sensor 80 to offer increased sensitivity in low-frequency bands in
particular. This may in turn enable attainment of maximized detectability with respect
to slow or moderate movement of an object being detected, in cases of detection of

people who are walking slowly, by way of example.

Some other embodiments or modifications also embodying the principles



15 See Figs. 2A and 2B. These figures denonstrate the
results of experinental sinulation as to dipole concentration for
angtyziny how the internal electric field is created inside the

pyroel ectric substrate 12 of Fig.1. Mre specifically, Fig.2Ais a

di agrammatic representation, using a sinulation by the finite el enent

met hod, of the distribution of an electric field created in substrate 12 in
the case where the opposite el ectrode 162%nsul atively overl appi ng
conb-shaped el ectrodes 14 is not provided; and, Fig.2B is a diagrammtic
representation, using such sinmulation by the finite el enent nethod, of the
distribution of an electric field created in substrate 12 with the

bot t om sur f af theeingettiondare Ishovppin gy 184 b -186ap dhhesk dnfrared eendet divigessard

t her eon. As may be readily seen by those skilled in the art from
vi ewi ng Fi gfeataradtio exploymentsofnthres-dimensiopal (3D)rsiustures asewifl da sethfarthiin i s
possible, by form ng the bottom surface el ectrode 16 having portions
opposi ng t h&etadhelahaped el ectrodes 14 on the top surface of substrate 12,
to improve the dipole concentration toward hetween the spatially

i nterdigitated fingBrRyragigetrig infrased seRgorsAayierl 98Athaveue big 10A4ncudes a
near by |l ocation of th substrate surface. this end ith the

t T ,
yr 6l ectr | CUPREMEPEE B3 SHHCBI TS AN ORI SBURBA RIeRL el 88 16
s formed O?ﬁr%gqegﬁél%@%ﬁﬁc Eseldtas gﬁgsfb%té@gsggtgg 48" Pe Loty hSSHed By

enhance the
adhesion except for the bottom. © Cubic base 92a may be made of insulative materials.

Each sensor substrate 94 is similar in structure and function to that shown in Fig. 1,
by way of example. With such 3D sensor structure, multidirectional detection is
attainable by use of a single device. For instance, the exact movement direction of
an object being detected is accurately detectable while reducing complexity.

A pyroslectric infrared sensor device 80B shown in Fig. 10B includes a
triangulfar pyramid support base structure 92b with three slant side walls on which
sensor substrates 94b are centrally placed respectively. With such an arrangement,
similar advantages are attainable.

A pyroelectric infrared sensor device 90C shown in Fig. 10C includes a
columnar support base structure 92¢ with a circumferential side surface on which
spacéd-part sensor substrates 94¢ are mounted along the axis thereof. With such an
arrangement, similar advantages are also attainable. _

In each of the devices S0A to 90C, the 3D support bases 92a to 92¢c may
alteratively be made of a chosen pyroelectric material on which required comb-shaped
electrode pairs are directly formed. Obviously, these bases may also be of any one
of other shapes in appearance, such as rectangular solids, pyramids, circular cones,
and the like.

Although the invention has been disclosed and illustrated with reference to



to the fingers 14a, 14b of conb-shaped el ectrodes 14 while inproving the
pol arization rate. Turning now to Fig.3, a pyroelectric infrared
sensor “nodul e structure in accordance with another enbodi ment of the
invention is generally designated by nuneral 30. This sensor nodule 30
includes a pyroelectric infrared sensor device 20 as nounted on a support
base plate 32 called the stem The sensor device 20 is simlar to that
shown in Fig.1 with a series conbi nat i oR®of two conb- shaped el ectrode

pairs 24, 26 pattern on a pyroelectric substrate 22 of rectangul ar planar
shape. The sensor device 20 with such serially coupl ed conb-shaped

el ectrode pairs 24, 26 may be called the "dual conb-shaped el ectrode
sensor" i n padiawlar gmehodiments, the principlascinvplved Are ausogptible fonusein AUMRUS, t he
pyroel ectric infrared sensor device

other embodiments, modification and alterations which will be apparent to persons

skilled in the art to which the invention pertains. The invention is, therefore, to be

limited only as indicated by the scope of the appended claims.



20 includes on the top surface of the pyroelectric substrate 22 two pairs
of conmb- shaped el ectrodes 24, 26, each of which electrodes has five
paralrél open- ended L;v %ff; ,w guﬁlly mated or interdigitated in

relation to those of i [INECRNE - shaped el ectrode on substrate 22.
These conb-shaped el eet FEOTHR YT 26 are centrally disposed on
substrate 22 and are el ectrlcally coupled in series to eaghmot
substrate 22 is polarized by the pair of2conb-shaped el ec rf&%slgd:r '
26. The substrate 22 has an opposite or bottom surface not_.visi PEA
Fig.3, on which an electrode 28 is entirely fornmed so that it has portions
opposi ng conb-shaped el ectrode pairs 24, 26. Substrate 22 is nounted on the
stem 32 wi tWhat is kiaimeld ist ectric fil m sheet nenber (not shown) being laid

t her ebet ween. As shown in Fig.3, a field effect transistor (FET)
34 is mounted on the top surface of the pyroelectric substrate 22 such that
FET 34 is disposed near one el ongate peri pheral si de edge of substrate 22
with certaita di st afdraymesledriciofrarasisansondevice (1QurPMRsIFNGS haped el ect rode
pairs 24, 26 as shown. The stem 32 on which substrate 22 is insulatjyvely
mount ed hadl wq@tra@e(ﬁa} ¢t % Byroalgsisicrmatarialchaving ene Bringipal piang sng & renaaining
conductive pjns 36a, 36b, 36¢ aCtItPE%‘ as termnals, for electrical connection

with ext er PENCPRLRIANS, e Bpe H”r;‘ﬁ‘li”ﬂ ed'ieP%'l‘ﬁnQ repnelinrees)idht operatively
ted th th tratg 22 of
Che_pyr ool @HaTRSTHRaLAEa L4 on B ane pripoinehplape P s RUBSRR A O

paral | 1 B0k (a1 BEhE belarpBd Rl yfh it shBbuEbBeris 028 Liair . A second

set of characterized in that

-

an electrode {16) is formed on the remaining principal plane of said substrate (1 2),'and

said electrode (16) has a portion opposing said comb-shaped electrode (14).

2. The payroelectric infrared sensor device (10} according to claim 1,
characterized in that

said comb-shaped electrode (14} has three or more of electrode pairs {14a,14b).

3. The payroelectric infrared sensor device (70) according to claim 1 or 2,
characterized in that a plurality of said comb-shaped electrodes (74) are electrically
connected on said one principal surface of said substrate (72).

4. The payroslectric infrared sensor device {80) according to one of claims 1
to 8, characterized in that

said comb-shaped electrode (84) is variable in electrode pitch (b1,b2,b3,b4).

5 . The payroelectric infrared sensor device (80) according to claim 4,

characterized in that

This Sheet Has Been Replaced

T




17 fingers 26a of this conb- Sﬁﬁﬁéﬁ‘éfEttrode—%@—are connected via an
internediate lead 40 to first finggessRdli=nis.one conb-shaped el ectrode 24
inthe other pair. The second f|H§ | ;"ﬁﬂ ‘ remai ni ng conb- shaped
el ectrode 24 are connected via a hCograiie nnecti on pad 44 called the
"side electrode.” This electrode 44 is on the opp05|te Sif ,
substrate 22 opposing the FET nount side edge thereof. Sild PEEET Has nEaN
el ongates al ong the thickness of substrat® 22 as shown i FEQIEWL$ﬁEDdrai
node of FET 34 is connected via a conductive bonding wire 46 to one
termnal pin 36a. The source of FET 34 is connected via a wire 48 to
remai ning termnal pin 36¢c is used as the

anot her termnéﬁcg% %’

Earth term ndiod PRI sPitGt dpbb2.bBkd) arensacdessively m%a%bdeineirﬁéﬁxép‘f’r? ¢4
of substrate pr?%lfl grd’% h a conductive adhesive (not shown

Still referry i P%‘oﬁ‘ the stem 32 with substrate 22thereon s
assenbled with a can casing 50 providing an environnentally sealed interior

space in which the
6.

The payroelectric infrared sensor device (10) according to one of claims 1
to 5, characterized in that

said comb-shaped electrode (14) has an interelectrode distance (a) greater than 100
micrometers.

_
This Sheet Has Been Re
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pyroel ectric sensor device 20 is packed. The can casing 50 may be of a
hat-|i ke shape as shown. Can casing 50 has a circular top surface or

"cei ling" in which a rectangul ar opening 50a is centrally defined as a

radi ati on entrance window. An optical filter 52 is rigidly attached on the
i nner surface of the cap ceiling to cover opening 50a thereby allow ng
incomng rays of infrared light to enter through optical filter 52 to hit

t he underlying pyroelectric sensor device220 seal ed i nside of an enclosure
as constituted by the capyReSLEETRIC AINFRARED 3ENSOReDEYICENDIy. Opti cal
filter 52 may be a 5 mcroneters cut-on long-path filter, by way of

exanpl e. The pyroelectric infrared _sensor assenbly or package 30
of Fig. 3 has electrical equivalent o$B§ERAPJ shown in Fig. 4. Wen rays of
infrared light are introduced which nmay be radi ated from an object being
detected, such as a noving target human body, thermal or heat energy is

iven to the radi atLpn sensjtive rface-i.e. the .t urface of .substrate

18 comprising a substrate (12) of a pyroelectric material having one principal plane and a
remaining principal plane, the one principal plane receiving rays of infrared light, a
comb-shaped electrode (14) on the one principal plane of said substrate, and the
substrate (12) being polarized by the comb-shaped electrode (12), characterized in
that. an electrode (16) is formed on the remaining principal plane of said substrate (12},
and said electrode (16) has a portion opposing said comb-shaped electrode (1 4),
The pyroelectric infrared sensor device is capable of further improving the

sensitivity and relative detection rate while reducing manufacturing costs.

FIG. 1



shaped el ectrode pairs 24, 26 fornmed thereon-of the built-in pyroelectric
sensor device 20 packed. When this is done, sensor device 20 produces a
correspandi ng anount of pyroelectric current This pyroelectric current
produced is obtainable as a voltage by passing to through a synthesis

resi stance of an FET gate coupled resistor Rg and an inherent resistance of
the pyroelectric infrared sensor device 20. The resulting voltage is then
input to the gate (G of FET 34. At thig tinme, a bias voltage is applied
to the drain (D) of FET 34 whereas the source (S) of FET 34 is coupled to
ground. The pyroelectric current as derived at infrared sensor device 20

i s i npedance-converted by the sensor device 20, resistor Rg and FET 34, and
is then generated at output termnal pin 36b as a detection voltage signal.
See graphs shown in Figs.5A and 5B, which experinentally denonstrate that
the pyroelectric infrared sensor nodule 30 of Fig.3 was with increased
sensitivity. More specifically, the experinents have beenZdone using
several dinension paraneters of sensor nodul e 30, includifg the finger pair
nunber N of the conb- shaped el ectrode pairs, the ratio kjof the finger gap
atothe finger pitch b as given by k=a/b, and the fingerlinterdigitation
wdth W each of which was varied in value in a way as f ows. The graph
of Fig. 5A shows the ﬂ%zﬂicwlof resultant sensitivi finger pair
nunber N when the finger gap-to-pitch ratio k was anged in va¥Yue fromO0.5
through 0.6 to 0.7 with the interghgitation wi dth Wkept constantly at
1.0nmm The graph of Fig. 5B indic $&@s variations of the sensitivity when
the interdigitation width W




was changed between 0.6 nmmand 1.0 nmwi th the value of k fixed at 0.5 mm
As can be readily seen fromthese experinmental results, it has been found
that the-pyroelectric infrared sensor nodule 30 of Fig. 3 could exhibit
good sensitivity especially when Nis greater than or equal to three (3)
and simul taneously a goes beyond 100 m croneters in val ue.

19 One significant advantage of this pyroelectric infrared
sensor nodule 30 is that since the conp-shaped el ectrode pairs 24, 26 for
permtting polarization in the pyroelectric substrate 22 are fornmed on the
surface of substrate 22 serving as the infrared |light receiving plane, it
becones possible to catch the thernmal energy of infrared |light only at or
near the top surface of substrate 22. For this reason, sensor

12
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nodul e 30 may function as a pyroelectric infrared sensor that does no

| onger depend upon the thickness direction of its pyroelectric body unlike
the-priar art as discussed in the introductory part of 'the description.
Anot her advantage of this enbodi nent sensor nodule 30 lies in capability of
attaining, due to presence of the opposite electrode 28 having portions
opposi ng the conb-shaped el ectrode pairs 24 and 26, dipole concentration
toward between the fingers 24a and 24b »f the conb-shaped el ectrode pair 24
as well as between the electrode fingers 26a and 26b of conb-shaped

el ectrode pair 26. This in turn nmakes it possible to increase the

pol ari zation rate of conb-shaped el ectrode pairs 24, 26. Mrreover, it is

al so possible to increase the electrical capacitance (electrostatic

capaci tance) between the conb-shaped el ectrode pairs 24, 26 and opposite

el ectrode 28. Accordingly, sufficient pyroelectric current is obtainable
while at the sane tine reatdering the SINratio excellent. As a consequence,
with the pyroelectric infrared sensor nodule 3 f this enbodi ment, further

i nproved sensitivity is expectable. 411 another advantage of
t he enbodinent 30 is t si nce ctrode 28 having portions
i nsul atively overl appi Te~€ ] 3 I 24, 26 is on the
bottom surface of the substr/ate 32zaEuRagbaCtric NSsistance of the

er decreased as a whol e.
an external resistor to
ground (GND). Note here

pyroel ectric infrared senso
Therefore, it beconmes possi

that the resistor




20 Rg in the electrical equivalent circuit diagramof Fig.4 is a nere
synpolic , representation of the inherent resistance of pyroelectric

i nfrared:sensor device 20, and is not any discrete elenent to be separately
coupl ed thereto. Yet anot her advantage of nodule 30 is that the
pyroel ectric infrared sensor device 20 used therein does not operationally
depend upon the thickness direction of the pyroelectric substrate 22;
therefore, it is no |longer necessary fo¢ substrate 22 to be nuch reduced
in thickness. Accordingly, the mechanical and thernmal strength may be
enhanced thereby elimnating, or at |east greatly suppressing, any possible
degradation of the electrical characteristics otherw se occurring due to a
decrease in substrate thickness. One advantage of infrared
sensor device 20 lies in that the conb-shaped el ectrode pairs 24, 26 are on
the surface of the pyroelgctric SUbSEEFte 22 acting as the
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infrared light receiving plane, thereby nmaking it possible to integrally
formelectrical circuitry with substrate 22 on the infrared |ight receiving
surface thereof. Also, since any currently available |ithography techniques
as widely enployed in the IC fabrication field are directly applicable

wi t hout any nodifications as the formation nmet hodol ogy of conb-shaped

el ectrode pairs 24, 26, it is possible to readily fabricate the infrared
light receiving section with reduced codpl exity. Yet further, any

pyroel ectric substrate support plate is no longer required while

simul taneously rendering it unnecessary to performa variety of kinds of
conplicated support nethods for support of such pyroelectric substrate as
wel | as any extra thernmal insulation schenes. As a consequence,
with the pyroelectric infrared sensor device 20, reducing conplexity of
manuf acture and parts in nunber may make it possible to enhance the
electrical reliability and manufacturability with prqoduction costs reduced.
A pyroelectric infrared sensor nodule in accor daffce i 'mma furt her
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enbodi nent of the invention is shown in Fig. 6. This nodule is generally
designated by nuneral 60 as shown. Wile the previous sensor nodul e 30 of
Fig'3 isof the hernetic seal-type, nodule 60 shown in Fig.5 is of the

surface-nmount conponent type in structure. In Fig.6, |like parts or
conponents are indicated by |like reference characters for purposes of
expl anation only. Principally, the pyroelectric infrared sensor

nodul e 60 of Fig.6 is simlar to that shown in Fig.3 with the can casing 50
being nodified in shape and also with the term nal pins 36a to 36¢ being
del eted noreover wth the FET 34 being nodified in electrical

i nterconnection schene relating to the source, drain and gate thereof. As
illustrated, can casing 50 resenbles in outer appearance a thin rectangul ar
box, rather than the hat shown in Fig.3. The drain, source and gate of FET
34 are respectively co cted to external electrode pads which are _
distributed at specifi | ocations on the pyroelectric substrate 22 as wl|l
be described in detail bel ow Still referring to Fig. 6, the
rectangul ar pyroelectric substrate 20 has three el ectrode pads 45, 47, 49.
Pads 47,49 are for electricah2intercox ectioquéh t he FET 34 npunted on
substrate 20, and are forned algpg one 0k _I ongi tudi nal opposite side edges
of substrate 22 with certain _gdir'st\ance defi q%ﬁen. These pads 47,
49 are electrically connecte i the drain and source

med at

output termnal. The r{ew : %3,gsi$ e ot her | ongitudinal
substrate side edge sdg 3 -w,'rﬂﬂgﬁb- wi dt h of substrate

22. Pad 45 also e

FIG. 6



correspondi ng portion of the side wall of substrate 22 as shown. Pad 45
acts, as the ground termnal. This pad is electrically coupled to the gate
of FET 34 through a series conbination of two conb-shaped el ectrode pairs
24, 26. Specifically, ground pad 45 is connected via an on-surface |ead
pattern 42 to first fingers 24a of one

22 conb-shaped el ectrode pair 24, which has second fingers 24b connected
by an internediate on-surface lead 40 t® the first fingers 26a of the

ot her conb-shaped el ectrode pair 26. The second fingers 26b thereof are
electrically coupled via an on- surface |lead pattern 38 to the gate of FET
34. Turning now to Fig.7, main part of a pyroelectric infrared
sensor device 70 in accordance with a still further enbodi nent of the
invention is shown. The infrared

FIG. 7



sensor device 70 is simlar to that 20 shown in Fig. 3 with the conb-shaped
el ectrode, pairs 24, 26 being replaced by an array of rows of comb-shaped

el egtrode pairs 74. More specifically, a plurality of series conbination of
conb- shaped el ectrode pairs 74 are provided in a serial or parallel
fashion on the light-receiving surface of a pyroelectric substrate 72. Each
conb-shaped el ectrode pair 74 in each row consists of two conductive

conb- shaped el ectrode patterns 74a, 74bgeach having a sel ected nunber-three
or greater-of parallel open-ended fingers. Conb-shaped el ectrode 74a has
four fingers including its outernost ones whereas el ectrode 74b has three
fingers each of which is positioned between a pair of successive fingers of
its associ ated conb-shaped el ectrode 74a. The substrate 72 has a simlar
bottom surface electrode (not visible in Fig. 7) which has portions
opposi ng the ‘array of serial/parallel conb-shaped el ectrode pairs 74.

Wth such an arrangenent, since an increased nunber of serially coupled
conmb- shaped el ectrodeBQairs 74 are grouped in parallel rows on the infrared
i ght receiving surfac® of substrate 72 while allow ng each pair to
function as radi ation sensitive el enent, any intended pyroel ectric current
responsive to irradiation of rntUﬂrng—rays-ﬁﬁ>1n[)ateﬂchlgﬁt i s obtainable
only due to thernml, conversion at or near this substrate surface. This my
advant ageousl y se to ®FNim ze or at |east greatly reduce occurrence of
crosstal k between djacenk ones of the conb-shaped el ectrode

843 —

84b—

b1 b2

FIG. 8



23 pairs 74. Accordingly, it becones possible to maximze or at |east
greatly enhance detection accuracy while sinultaneously enabling successful
actiui sition of one- dinensional or two-dinensional inmages with I ess or no
crosstal k by performing optical chipping procedures. The array
of multiple conb-shaped el ectrode pair rows 74 shown in Fig. 7 is
nodi fi abl e such that all of the first fingers 74a of them are connected

t oget her whil e causing the second fingers 74b thereof to be subdivided into
rows and col ums of bl ocks each of which includes commonly coupl ed second
fingers. This arrangenent makes it possible to nore accurately detect
novenment of an object under detection. A pyroelectric infrared
sensor device 80 al so enbodying the invention is shown in Fig.8. As shown,
infrared sensor device 80 is simlar to that 10 of Fig. 1 with the

el ectrode fingers 14a, 1 4b being replaced with fingers 84a, 84b which are
variable in distance or interval between adjacent fingers-say, finger pitch
b. More specifically, sensor device 80 includes a pyroelectric substrate

82 having a pair of
\
f > Divecdion X

Ou&?u'l‘ Voltege.




conb- shaped el ectrodes 84. Each el ectrode includes a presel ected nunber-
threge or nore-of parallel open-ended fingers 84a or 84b consecutively
coupl ed stogether at one end. Electrode fingers 84a and 84b are spatially
interdigitated with each other as shown in Fig.8. These fingers are
different or "variable" in pitch b in such a way that pitch values bl, b2,
b3, b4,... are sequentially increnmented along the length of substrate 82 as
defined by the direction X in Fig.8. Surdéh sequential increase in pitch

val ue b causes the gap defined between one finger 84b and its associ ated
pair of fingers 84a to gradually increase in the direction X. Substrate 82
has a simlar bottomsurface el ectrode (not visible in Fig.8) having

portions opposi ng conb-shaped el ectrodes 84. Wth the el ectrode
finger pitch b varied, an output voltage of the infrared
24
0A
S4a
g FIG. 10A
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FIG. 10B
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sensor device 80 may vary with tinme as shown in Fig.9, which denonstrates
variations of the time constant-this factor may correspond to a maxi mal
devication or difference between a tine change of incident rays of infrared
| i ght and actual issuance of an electrical output signal responding
thereto-upon irradiation of infrared light onto the top surface of
substrate 82 with conb-shaped el ectrode pair 84 formed thereon. Mre
specifically, suppose that infrared |ligit radiated froma target object,
such as a human body, is incident on the substrate surface of sensor device
80. Imagine that the object is noving. Consider that as the object noves, a
spot or beam of incident infrared |[ight hitting sensor substrate 82 noves
along the direction.X. In this situation resultant energy of infrared |ight
becones different in anmount every tinme when it passes through a respective
pair of interdigitated fingers 84a, 84b of conb- shaped el ectrodes 84. In
ot her words, as can be readily seen by those skilled in the art by
conparatively viewi ng Filgs.8 and 9, as a beam spot of incident infrared
light on substrate 82 noves along the Iength gf substrate 82 in the
direction X, the resulting thermal energy prodjﬁéﬁ‘rhé}ein becones
different in intensity every tinme when the.spot; crosses a respective one of
el ectrode fingers 84a of variable pitch, ltherely causing a corresponding
sensor output voltage to vary in vef orm Such out put vol tage vari ation
may force the tinme constant-nanely,: the tjine taken from incidence of
infrared light to issuance of an,eqect T gnal in response

1
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thereto-to increase accordingly as well denonstrated by the graph of Fig.
9. |f is thus possible for sensor 80 to offer increased sensitivity in

| owrfreqpency bands in particular. This may in turn enable attainnent of
maxi m zed detectability with respect to slow or noderate novenent of an
obj ect being detected, in cases of detection of people who are wal ki ng
slowy, by way of exanple. Sonme ot her enbodi nents or

nodi fications al so enbodyi ng the princil es

25 of the invention are shown in Figs.10A to 10C. These infrared sensor
devices are featured in enploynent of three-dinensional (3D) structures as
Wil be set forth in detail bel ow A pyroelectric infrared
sensor device -90A shown in Fig. 10A includes a cubic support base
structure 92a having its top and bottom square planes as well as

1
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four side walls on which pyroelectric sensor substrates 94a are centrally
moynt ed, by adhesi on except for the bottom Cubic base 92a may be nmade of
i nsul at;i ve materials. Each sensor substrate 94 is simlar in structure and
function to that shown in Fig. 1, by way of exanple. Wth such 3D sensor
structure, nultidirectional detection is attainable by use of a single
devi ce. For instance, the exact novenent direction of an object being
detected is accurately detectabl e whihba reduci ng conplexity. A
pyroel ectric infrared sensor device 90B shown in Fig. 10B includes a
triangul ar pyram d support base structure 92b with three slant side walls
on whi ch sensor substrates 94b are centrally placed respectively. Wth such
an arrangenent, simlar advantages are attai nable. A
pyroel ectric infrared sensor device 90C shown in Fig. 10C includes a
col umar support base structure 92c with a circunferential side surface on
whi ch spaced- part sensq_ibubstrates 94c are nounted al ong the axis thereof.
Wth such an arrangenent, simlar nftages are al so attai nabl e.
In each of the devices 90A to 9 Wpport bases 92a to 92c may

' c material on which required

med. CQbviously, these bases may
ce,]o,?uch as rectangul ar

e Al t hough the

with reference to

solids, pyram ds, circular coneps
i nvention has been discl osed 3
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26 particul ar enbodi nents, the principles involved are susceptible for
use.in nurerous other enbodi nents, nodification and alterations which wll
be apparent to persons skilled in the art to which the invention pertains.

The invention is, therefore, to be Ilimted only as indicated by the scope
of the appended cl ai ns. 27
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What is clainmed is: 1. A pyroelectric infrared sensor device
(10)% compri sing: a substrate (12) of a pyroelectric materia

haviing ome principal plane and a renmining principal plane, the one

princi pal plane receiving rays of infrared |light; and a conb- shaped
el ectrode (14) on the principal plane of said substrate, characterized in

t hat said substrate (12) is polarized by the conb-shaped el ectrode
(12) such that the polarizing direction®f said substrate is in parallel
with the principal plane, an electrode (16) is fornmed on the
remai ni ng principal plane of said substrate, and said el ectrode (16)
continuously covers a portion of the remaining principal plane opposing
sai d conb-shaped el ectrode (14). 2. The pyroelectric infrared
sensor device (10) according to claim1, characterized in that said

conb-el ectrode (14) has three or nore of electrode pairs (14a, 14b).

3. The pyroelectric infrared sensor device (70) according to claim1l or 2,
characterized in that a plSirality of said conb-shaped el ectrodes (74) are
el ectrically connected on~Said one principal surface of said substrate
(72).
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4. The pyroelectric infrared sensor devi 'c%ﬂ%@)%?éélc’dsr ding to claimone of
clains 1 to 3, characterized 1n that said conb-shaped el ectrode (84) is

variable dn electr , b3, b4).
infrared sensor dej gm Iﬂﬂ ng to claim4, characterized in that
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sai.d el ectrode pitch I S successively
28 increased in interval in a speC|f|ed di rection.
pyroel ectric infrared sensor device (1%8) according to

is claimed is:

5. The pyroelectric
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1. A pyroelectric infrared sensor device (10), comprising:

a substrate (12) of a pyroelectric material having one principal plane and

a remaining principal plane, the one principal plane receiving rays of infrared light;

and

a comb-shaped electrode (14) on the principal plane of said substrate,

characterized in that

said substrate (12) is polarized by the comb-shaped electrode (12) such

that the polarizing direction of said substrate is in parallel with the principal plane,

an electrode (16) is formed on the remaining principal plane of said

substrate, and said electrode (16) continuously covers a portion of the remaining

principal plane opposing said comb-shaped electrode (14).

2. The pyroelectric infrared sensor device (10) according to claim 1,

characterized in that said comb-electrode (14) has three or more of electrode

pairs (14a, 14b).

3. The pyroeisctric infrared sensor device (70) according to claim 1 or 2,

characterized in that a plurality of said comb-shaped electrodes (74) are

electrically connected on said one principal surface of said substrate (72).

4. The pyroelectric infrared sensor device (80) according to claim one of

claims 1 to 3, characterized in that said comb-shaped electrode (84) is variable in

electrode pitch (b1, b2, b3, b4).

5. The pyroelectric infrared sensor device (80) according to claim 4,

characterized in that said electrode pitch (b1, b2, b3, b4) is successively



1 to 5, characterized—ntfat said conb-shaped el ectrode (14) has an

i nt e.r el-ect rode di st Tﬂﬁm“ﬁnlﬂﬂlﬂ“‘t han 100 m cr onet er%. )
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increased in interval in a specified direction. I ——
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6. The pyroelectric infrared sensor device (10) according to one of claims
1to 5, characterized in that said comb-shaped electrode (14) has an

interelectrode distance (a) greater than 100 micrometers.



