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AN INFRARED RADIATION SEN
BACKGROUND OF THE INVENTION
1. Field of the Invention
Aevil?,

The present invention relates tom infrared radiation sensmv?\ and more
particularly to an infrared radiation sensitive device comprising a pyroelectric unit,
a light receiving face on said pyroelectric unit for receiving infrared light radiated
from an object to be detected, and a pair of external ‘electrodes on opposite end
surfaces of said pyroelectric unit respectively.

2, Deécription of the Prior Art
~ One prior known pyroelectric infra_lred sensor device 1 is shown in Fig.?A.
This prior art device includes a rectangular-pla_te shaped pyroelectric body 1a
having the top and bottom surfaces Z)n WhICh electrodes 2a, 3a are formed
respectively with the polarization treatment being applied between the electrodes
2a, 3a as designated by arrows shown_. Anocther prior -art pyr__c_:_glectic infrared
'sensor device 1 is shown in Fig.7B which includes a pyroelectric body 1b having
the both side surfaces on which electrodes 2b, 3b are formed with the polarization
treatment being carried out between the elec_trodes 2b-, 3b as indicated .by arrows.
With these pYroelectric infrared sensbr devices 1, the eledtrodes 2a, 3a and those
- 2b, 3b are each formed in the direction perpendicular to the 'polarization direction
as designated by the arrows.
In these prior art pyroelectric infrared sensor devices 1, when infrared light

rays 4 radiated from an object to be detected are incident on the light receiving
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One prior known pyroelectric infrared sensor device 1 is shown in Fig.7A
TFhis prior art *devi'ce includes a rectaﬁgular-plate shaped pyroel ectric body .
la having the top and bottom surfaces on which el ectrodes 2a, 3a are forned
respectively with the polarization treatnent being applied between the

el ectrodes 2a, 3a as designated by arrows shown. Another prior art
pyroelectric infrared sensor device 1 is shown in Fig.7B which includes a
pyroel ectric body 1b having the both side surfaces on which el ectrodes 2b,
3b are fornmed with the pol ari zation treatnent being carried out between the

sensor dovPEBE & edtflPepeEEr B ool S dbics | SioRphibetibis frpdld 20
can take place in pyroelectric body 1a, 1b. Such temperature t_:hange would result
in that a packet of surface charge carriers of the pyroelectric body 1a, 1b which
carriers have been in the equilibrium condition are forced to move causing a
voltage to arise accordingly. This voltage is for use in detecting or sensing the
object being detected in such a way that the voltage is electrically amplified by an
associated impedance conversion circuit employing field effect transistors (FETS)
and is then converted into a corresponding electrical signal.

In order for such prior art pyroelectric infrared sensor devices 1 to improve
the relative detection rate or "detectivity" indicative of the pyroelectric device
characteristics, it has been required that the .thermal insulation be attained by '
decreasing the thickness of the pyroe_lectric body per se while simultaneously
causing the light receiving section which are expected to receive incoming infrared
light rays to be formed in a hollow shape. This would allow the thermal or heat
capacitance to decrease with the thermal time constant being decreased as low as
possible thus improving resultant relative detectivity.

Unfortunately, the aforesaid prior art pyroelectric_ infrared sensor devices 1
are encountered with several difficulties which follow. Since it has been strictly
required that the thermal insulation be accomplished ~ while decreasing theé
thickness of the pyroelectric body, the mechanical strength of such pyrdelectric
body itself might be weakened with the durability against application of thermal
shocks being also weakened rendering difficult the handling of éuéh pyroelectric

infrared sensor devices. In other words, if the pyroelectric body is decreased in
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the direction perpendi cular to the poldrization direction as designated by
tthe arrows. In'these prior art pyroelectric infrared sensor devices 1, when

infrared |ight
on the |ight

rays 4 radiated froman object to be detected are incident
recei ving plane of each pyroelectric infrared sensor device

1, a slight tenperature change can take place in pyroelectric body 1a, 1b.
Such tenperature change would result in that a packet of surface charge

carriers: of

thickness then certain risks might arise: mechanical damages including micro-
clacks can occur in the pyroelectric infrared sensor devices per se due to
significant thermal variations upon application of external vibrations and shocks as
well as irradiation of strong infrared light rays thereonto while the performance
thereof can decrease due to degradation of heat flow balance. Furthermore,
since the pyroelectric body per se becomes brittle making it difficult for the
pyroelectric body to be reliably supported by adhesion on a substrate, which in turn
renders huch difﬁcult both settlement of its _supporf method and attainment of
accurate position alignment accuracy thereof. Due to the above difﬁcﬁlties the
resulting performance can decrease imdesirably.

Another problem faced with the prior art is that since in most cases the -
thickness of the pyroelectric body itself is designed to fall within the range of from
70 to 100 micrometer, the yield of produétion remains lowered rendering extremely
difficult the manufacture or fabrication of pyroelectric infrared sensor devices per
se. This would result in manufacturing costs of the prior art pyroelectric infrared
sensor deVices 1 being increased unwantedlj.

A prior art approach to avoidance of the aforementioned problems has been

'known which attempts to.specifically arrange electrodes of a pyroelectric infrared

* sensor device so that polarization of a pyroelectric body thereof occurs only near a

light incidence plane (a light receiving plane) of the device. One exemplary

- pyroelectric infrared sensor device employing such scheme is shown in Fig.8 as

generally indicated by numeral 5.  This structure comes in view of the fact that the

contribution of the top surface of the light receiving plane occupies most part of an
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t he 'pyroel ectric body l1la, 1b which carriers have been in the equilibrium
condition are forced to nove causing agoltage to arise accordingly. This
voltage is for use in detecting or sensing the object being detected in
such a way that the voltage is electrically anplified by an associ ated

| npedance conversion circuit enploying field effect transistors (FETs) and
. is then converted into a corresponding electrical signal. In order for such
~prior art pyroelectric i nfrared sensor devices 1 to inprove the relative
detection rate or "detectivity" indicative of the pyroelectric device

attainea Ui pthuoRBRrRIRPRHMSE e, ¥, el ect i c hody per se while

More specifically, the pyroelectric infrared sensor device 5 shown in Fig.8
includes, for example, a rectangular plate-shaped pyroelectric body 6 having a top
surface on which two opposed electrodes 7, 8 are formed with certain distance D
being defined therebetween. Polarization treatment has been effected between
the two electrodes 7, 8 by applying a direct current (DC) voltage therebetween. In

this case, polarization is generated mainly at a section positionally close to the light
incidence plane of infrared light rays 9 with its polarization direction being rendered
parallel to the light incidence plane' of infrared light rays 9; in other words, the
polarization direction is identical to the x-axis direction of Fig.8.

Accordingly, this pyroelectric infrared sensor device 5 is superior than those
of in Figs.7A and 7B in that the polarization of the pyroelectric body 6 rhay be
forced to locally take place only at or nc;ar the Iiéht incidence plane (light receiving
piane) of the pyroelectric infrared sensor device 6 improving the relative detectivity.

However, the above advantage of the prior art pyroelectric infraréd sensor
device 5 does not come without accompanying a penalty: a reduction in
controllability of the relative detectivity. More specifically, in the prior art
pyroelectrlc infrared sensor device 5, it should be required in order to change the
relative detectlwty that the pyroelectric body 6 for receiving-infrared light rays be
changed in light receiving area, which would result in increasing complexity and
time. For this reason, the prior art device is not adaptable for use in stable mass

production while at the same time rendering it difficult to manufacture the same at

low costs.
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si mul taneously causing the light receiving section which are expected to
rseceive incomng infrared |ight rays tff be formed in a hol | ow shape. This
woul d all ow the thermal or heat capacitance to decrease with the thernmal
time constant being decreased as | ow as possible thus inproving resultant
relative detectivity. Unfortunately, the aforesaid prior art pyroelectric

I nfrared sensor devices 1 are encountered with several difficulties which
follow. Since it has been strictly required that the thermal insulation be
acconpl i shed whil e decreasing the thickness of the pyroel ectric body, the
mechani cal strength of such pyroelectric body itself m ght be weakened with
the durability against application of thermal shocks being al so weakened

rendering gUMIMARM OETHE INVENTIO

It is therefore an object of the invention to provide a pyroelectric infrared
sensor device capable of ihcreasing the relative detection rate and simply
rendering the relative detection rate variable while at the same time rendering
mass production thereof easier and cheaper.

One aspect of the invention provides the above described pyroelectric
infrared sensor device which is charécterized in“that said pyroelectric unit
comprises a plurality of pyroelectric layers, internal electrodes are respectively laid
between adjacent ones of said plurality of pyroelectric layers, edges of said internal

electrodes are alternatively exposed and cohnected' to each said external
electrodes at each opposite end surface of said‘pyroelectric unit, said pyroelectric
unit is electrically polérized' among said-intemal electrodes, and side end edges of
said internal electrodes are exposed on said light receiving face.

In the above pyroelectric infrared sensor device, while the internal
electrodes are alternately disposed and laminated in .the pyroelectric unit, a
respective one of the pyroelectric layers is reduced in thickness allowing resultant
lamination of such plurality of layers to increase the opposing internal electrodes in
electrode area within the pyroelectric unit. Accordingly, any desired electrical
capacitance (electrostatic capacitance) may be aftainable as required to obtain a -
pyroelectric voltage.

This may be reworded in a way as follows: With the invention, since it

employs a lamination structure of the pyroelectric layers and internal electrodes, it
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handl i ng of such pyroelectric infrared sensor devices. In other words, if
tthe 3 pyroelectric body is decreasefl in thickness then certain risks
m ght arise: nechani cal danmages including mcro-clacks can occur in the
pyroelectric infrared sensor devices per se due to significant thermal
vari ations upon application of external vibrations and shocks as well as
irradiation of strong infrared light rays thereonto while the performance
t hereof can decrease due

becomes possible to render variable the_maghitude of the electrical capacitance
without having to change the light receiving area thereof by, for example,
increasing or decreasing the lamination numbér of the internal electrodes or
alternatively by changing the area of the opposed internal electrodes.
Consequently, the relative detection rate or "detectivity" of the pyroelectric infrared
sensor device becomes variable.

In the above pyroelectric infrared sensor deﬁce, a relative detection ratio
may be variable by changing the area of said internal electrodes.

_Wifth such an arrangement, the area of internal electrodes. may be variable
by changing the thickness of the pyroelectric unit in particular. In this case, only
the internal electrode area is rendered variable without having to change the area
of the light receiving plane of the p¥roelectrig unit. Whereby, the electrical
capacitance between the opposed internal electrodes is varied inside the
pyroelectric unit causiné the relative detectivity of the pyroelectric infrared sensor
device to be variable.

In the above pyroelectric infréred sensor device, a relative detection ratio
may be variable by changing the number of said internal electrodes.

In this case, only the number of the internal eleétrode area is rendered
variable withdut having to change the area of the light receiving plane of thé

'pwndedﬁcumt

Another aspect of the invention provides a manufacturing method of a

pyroelectric infrared radiation sensor device, said method comprising the steps of:

1)preparing a plurality of pyroelectric sheets made of a pyroelectric material,
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to degradati on of heat flow bal ance. Furthernore, since the pyroelectric
body per se becones brittle making it fifficult for the pyroelectric body
to be reliably supported by adhesion on a substrate, which in turn renders
much difficult both settlenent of its support nethod and attai nnment of
accurate position alignnent accuracy thereof. Due to the above difficulties
the resulting perfornmance can decrease undesirably. Another problemfaced
with the prior art is that since in nost cases the thickness of the

pyroel ectric body itself is designed to fall within the range of from70 to

Ot o ber L A S SRl L ol SRS
| each opposnte end surface thereof by alternately laminating said pyroelectric
sheets and said int_ernal electrodes,
3)backing said pyroelectric unit,
4)forming external electrodes on each opposite end surfaces of said pyroelectric
unit so as to said external electrodes are connected to said internal electrodes on
each said opposite end surface of said pyroelectric unit,
5)polarizing said pyroélectric unit electrically among ‘said internal electrodes via
~ said external electrodes, and
6)cutting said pyroelectric unit and said external electrodes in a direction
perpendibular to said internal electrodes in such a way that said internal electrodes
are exposed at terminate ends thereof on the cut pl.ane, wherein said cut plane'
acts as a light receiving face for receiving infrared light radiated from an object to
be dete_cted.. |
With such a method, the laminated pyroelectric unit is constituted by
alternately disposing the plurality of pyroelectric sheets and internal electrodes.
Also, the terminate ends of the internal electrodes which are externally exposed at
the both end surfaces of the pyroelectric unit are connected to the external
electrodes. The pyroelectric unit is polarized between the external electrodes.
Further, the pyroelectric unit is cut away fn the direction perpendicular to the -
internal electrode planes between the external electrodes. At this time, the
terminate edges of the internal electrodes are exposed on the cutout planes. The -

cutout plans on which these internal electrodes are exposed are formed as the light
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devices per se. This would result in nuf acturing costs of the prior art
pyroel ectric infrared sensor devices 1dbeing increased unwantedly. A prior
art approach to avoi dance of the aforenentioned probl ens has been known

~ which attenpts to specifically arrange el ectrodes of a pyroelectric

i nfrared sensor device so that polarization of a pyroelectric body thereof
occurs only near a light incidence plane (a |light receiving plane) of the
device. One exenplary pyroelectric infrared sensor device enpl oyi ng-such
schene is shown in Fig.8 as generally indicated by nuneral 5. This
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pyroelectric infrared sensor device.

In the above manufacturing method, the step of cutting said pyroelectric
unit may further include a step of rendering said internal electrodes variable in area
by changing a thickness of said pyroelectric unit being cut.

" Advantageously, at the step of cutting the pyroelectric unit, the area of
internal electrodes is rendered variable by changing the cutting thickness.
Whereby, the electrical capacitance (electrostatic capacitance) of opposed internal
electrodes may be varied permitting suitable variation of the rﬁagnitude of the
relative detectivity of the pyroelectric infrared sensor device.

In accordance with the principles of the invention, it is possible to provide a
pyroelectric infrared sensor device capable of improving the relative detectivity,
simply rendering the relative detectivity ;/ariable, and being stably manufactured at
low cost without having to degrade the electrical characteristics.

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

of the invention, as illustrated in the accompanying drawings.

BRIEF DESCRIPTION OF THE D GS
Fig.1 is a perspective view of one embodiment of the present invention.
Figs.2A to 2F illustrate, in perspective view, some of the major steps in the
manufacture of the pyroelectric infrared sensor device shown in Fig.1. '

Fig.3 is an explosive perspective view of one exemplary sensor structure
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4 occupi es nost part of an output of pyroelectric infrared sensor devices.
Mre specifically, the pyroelectric infrared sensor device 5 shown in Fig.8
i ncl udes, for exanple, a rectangul ar pl ate-shaped pyroel ectric body 6
having a top surface on which two opposed electrodes 7, 8 are formed with
certain distance D being defined therebetween. Pol arizati.on treatnent has
been effected between the two el ectrodes 7, 8 by applying a direct current
(DC) vol tage therebetmeen In this case, polarization is generated mainly
at a

employing the pyroelectric infrared sensor device of Figs.1 end 2.

Fig.4 depicts electrical equivalent circuitry of the pyroelectric infrared
sensor device shown in Fig.3.

Fig.5 is a circuit diagram showing another example of the pyroelectric
infrared sensor employing therein the pyroelectric infrared sensor device of Figs.1
and 2.

Fig.6 is an explosive perspective view of a further exemplary sensor
structure employing the pyroelectric infrared sensor device of Figs.1 and 2.

Figs.7A-7B are perspective views illustrating prior art eyroeledﬁc infrared
sensor devices.

Fig.8 is a perspective view of a further prior art pyroelectric infrared sensor

device.

DETAILED DESCRIPTION OF THE INVENTION

Referring now to Fig.1, a pyroelectric infrared sensor device 10 includes a
pyroelectric unit 12 which is of the planar fectangular shape and has a predefined
thicknesst. The pyroelectric unit 12 contains a plurality of pyroelectric layers 14,
wherein rectangular plate-like internal electrodes 16 are formed between the
pyroelectric layers 14, by way of example. In other words, the internal electrodes
16 are disposed within the pyroelectric unit 12 in such a manner that these are
spaced apart at specified distances in the width direction thereof.

In this case, the internal electrodes 16 involve those extending from one

end side of the pyroelectric unit 12 to the other end side thereof perpendicular to
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section positionally close to the light incidence plane of infrared |ight
rays 9 with its polarization directi o being rendered parallel to the |ight
i nci dence plane of infrared light rays 9; in other words, the polarization
direction is identical to the x-axis direction of Fig.8. Accordingly, this
pyroel ectric infrared sensor device 5 is superior than those of in Figs.7A
and 7B in that the polarization of the pyroelectric body 6 may be forced to.
local Iy take place only at or near the |ight incidence plane (light
receiving plane) of the pyroelectric infrared sensor device 6 inproving the

relative ﬁﬁ%ei%nélfigfré%ﬁﬂc’%\‘%f,’ ahd h& PAMEINATY 8RE8ReRliingHorR thé tr¥rlend

roel ect
"V side.to the one end side in a way such that the former and the latter are alternately

fdrmed. These internal electrodes 16 are formed such that certain terminate
edges thereof are alternately exposed on the both end suffac_es - i.e. the one end
surface and the other'end surface - perpendicular to the length of the pyroelectric
unit12, | |

Furthermore, external electrodes 18, 18 are formed respectively on the one
end surface and the other end surface of the pyroelectric unit 12 perpendicular to
the length directio_n thereof such that these are connected to the in'ternal electrodes
16. In addition, the side end edges of internal electrodes 16 are exposed on the
top and bottom surfaces of the pyroelectric unit 12 in the illustrative state. More
specifically, the pyroelectric unit 12 is such that certain side end edges of the
internal electrodes 16 perpendicular to :the thickness direction are exposed on the
top surface of pyroelectric unit 12 whereas the opposite side end edges of the
internal electrodes 16 perpendicular to the thickness direction are exposed on the
bottom surface of it.. |

In the pyroelectric infrared sensor device 10 in accordance with this
embodiment, .the top surface of the pyroelectric unit 12 on which.the certain side
‘end edges of the internal electrodes 16 are'exposed is formed as what is called the
"infrared light receiving plane" for incidence of infrared light rays. In this _
pyroelectric infrared sensor device 10, polarization treatment has been effected
among the internal electrodes 16 by application of a DC voltage via the opposite

external electrodes 18. In other words, in this pyroelectric infrared sensor device
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sensor device 5 does not cone w thout acconpanying a penalty: a reduction
i.-n controllability of the relative detéctivity. Mre specifically, in the
prior art pyroelectric infrared sensor device 5, it should be required in
order to change the relative detectivity that the pyroelectric body 6 for
receiving infrared light rays be changed in |light receiving area, which
woul d result in increasing conplexity and time. For this reason, the prior
art device is not adaptable for use in stable mass production while at the
sanme time rendering it difficult to

10, the polarization treatment has been done in the horizontal direction with
respect to its infrared light receiving plane. _

An explanation will now be given of one exemplary manufacturing method
of the pyroelectric infrared sensor devicé 10 of Fig.1 with reference to Figs.2A to
oF. '

" To fabricate the pyroelectric infrared sensor device 10 shown in Fig.1, first
| of all, a pyroelectric ceramics measuring 50 to 100 mm in thickness, for example, is
prepared, which is then subject to lapping treatment to have a predetermined
shape. When this is done, as shown in Fig.2A, a pyroelectric ceramics sheet 14a
constituting the pyroelectric layer 14 is manufactured which is of a planar
rectangular shape and has a predefined size. Similarly, a plurality of pyrpelectric
ceramics sheets 14a are prepared. Tetragonal-system lead titanate ceramics may
be preferably employed as the material thereof.

Then, a conductive pattern 16a which is made of an electrode material
acting as the internal electrode 16 is formed by printing techniques such as the
screen print method on a respective one of the plurality of pyroelectric ceramics
sheets 14a. In this embodiment, as shown in Fig.2B, electrode patterns 16a are
respectively formed on the pyroelectric ceramics sheets 14a corresponding to
intermediate layers except the uppermost and lowermost ones of the pyroelectric
layers 14. These electrode patterns 16a are formed in such a manner that the
edges of them are alternately exposed on the both terminate edges of the
pyroelectric ceramics sheets 14a perpendicular to the length direction thereof.

Typically, gold (Au), silver (Ag), aluminum (Al) or the like is preferably. employed as
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manuf acture the sanme at |ow costs. SUMYARY.OF THE INVENTION It is therefore
an object of the invention to provide &xpyroelectric infrared sensor device
capabl e of increasing the relative detection rate and sinply rendering the
. relative detection rate variable while at the sane tine rendering nass

© production thereof easier and cheaper. One aspect of the invention provides
- the above described pyroelectric infrared sensor device which is

- characterized in that said pyroelectric unit conprises a plurality of

pyroel ectric layers, internal electrodes are respectively |aid between

adj acent  oges ol 385 tdtbhidiFor b¥e 85 tRY TEInSF bldcfroliy T6°hoREkrS aftdysShls
of nickel (Ni), chrbmium (Cr) or the like may alternatively be used for formation of
the same. |

Next, these pyroelectric ceramics 14a are laminéted_ and adhered to be
hardened together by use of ah adhesive forming a multilayer lamination structure
20 of pyroelectric ceramics as shown in Fig.2C. Note that the pyroelectric
ceramics lamination structure 20 may alternatively be formed by a method
including the steps of laminating the pyroelectric” ceramics sheets 14a and
adhering them together by a baking process.

Furthermore, metal paste (not shown) are deposited on the opposite
terminate surfaces of this pyroelectric ceramics lamination structure 20
perpendicular to the length direction ;h_ereof, which pastes are made of a chosen
electrode materials to constitute the external electrodes 18. Thereatfter, this
lamination structure 20 is backed for hardening. Whereby, as shown in Fig.2D,
external electrodes 18a are formed on the both terminate surfaces of the
pyroelectric ceramics lamination structure 20 perpendicular to the length direction
thereof.

The pyroelectric ceramics lamination structure 20 is then subject to
polarization treatment among the internal electrodes 16a via the opposite external
electrodes 18a. In this case, a DC voltage of for example from 2.0 to 4.0 kilovolts
per millimeter (KV/mm) is applied between the external electrodes 18a for sixty (60)
minutes at temperatures of 100 to 150°C.

Thereafter, as shown by dash-and-two-dot lines in Fig. 2E, the pyroelectric
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i nternal electrodes are alternativéfy exposed and connected to each said
external el ectrodes at each opposite end surface of said pyroelectric unit,
said pyroelectric unit is electrically polarized anong said internal

el ectrodes, and side end edges of said internal electrodes are exposed on
said light receiving face. In the above pyroelectric infrared sensor
device, while the internal electrodes are alternately disposed and

| aminated in the pyroelectric unit, a respective one of the pyroelectric
| ayers is reduced in thickness allow ng resultant |anination of such

R A A SR G 25, RORER L B b pptRtorned
thickness t perpendicular to the plane of internal electrodes 16, thus forming a -
plurality of pieces of pyroelectric units 12 each of which may be identical to that
shown in Fig.1 and Fig.2F.

Note that the manufacturing method of the pyroelectric infrared sensor
device 10 should not be exclusively limited to the above embodiment only; the
pyroelectric infrared sensor device 10 may alternatively be formed by use of a
manufacturing method as will be set forth below. First, a base material sheet is
prepared which is made of a pyroelectric ceramics green sheet. * This base
material sheet is formed to a thin-film sheet member (thin plate shape) measuring,
for example, 30 to 80 micrometer in thickness by pyroelectric material slurrying.
The base-material sheet is suitably cut into a_specified shape thus forming a
plurality of pyroelectric sheets.

Next, electrode patterns made of a chosen electrode material aré formed
by print techniques for example on the pyroelectric sheets in the same fabrication
method as that discussed previbusly. These pyroelectric sheets are laminated by
solderless contact bonding on one another in a disposal 'arrang'ement' similar to
that of the aforesaid fabrication method; then, resultant structure is backed
providing one integral pyroelectric sheet Iaminatioh structure.  Further, external
electrodes made of an electrode material is formed on the both terminate surfaces
of the pyroelectric sheet lamination structure; next, polarization treatment is carried

" out between the external electrodes in a way similar to that of the fabrication

method stated supra. Thereatter, the pyroelectric sheet lamination structure is cut
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desired el ectrical capacitance (el ectrpostatic capacitance) nmay be.

attainable as required to obtain a pyrd%lectric vol tage. This nmay be
reworded in a way as follows: Wth the invention, since it enploys a

| am nation structure of the pyroelectric layers and internal electrodes,
6 it becones possible to render variable the magnitude of the electrical

?apacitance-mﬁthout havi ng to change the |ight receiving area thereof by,
or

at a specified thickness in the direction perpendicular to the principal plane of
internal electrodes, thereby fabricating a pyroelectric unit 12.

 The pyroelectric unit 12 thus fabricated by the foregoing 'manufacturing
methods is such that the terminate edges of the internal elec{rqdes 16 as laminated
and diéposed at certain intervals therebetween are exposed on the opposite
terminate surfaces of pyroelectric unit 12 perpendicular the length thereof while
causing the external electrodes 18 to be connected to the internal electrodes 16.
Moreover, the both side terminate edges of such internal electrodes 16
perpendicular to the width thereof are exposed on the top and bottom surfaces of
the pyroelectric unit 12 in the illustrative state; in this embodiment, the top surface
serves as the infrared light receiving plane. The pyroelectric unit 12 as fabricated
in this way is adaptable for use with infrared light sensor modules.

Turming now to Fig.3, a pyl:oelectric infrared sensor module 30 in
accordance with one possible example employing the pyroelectric infrared sensor
.devices shown in Figs.'1 and 2 includes a stem 32. The pyroeleptric infrared
sensor device 10 discussed supra is disposed on the stem 32. Also disposed on
the stem 32 is a field effect transistor (FET) 34 which is spaced apart from the .'
pyroelectric infrared sensor device 10 with certain distance being defined
therebetween. Further disposed on the stem 32 are terminal pins 36a, 36b and
36¢ for electrical interconnection. '

The gate terminal of FET 34 is connected to one external electrode 18
through an electrode pattern 38, by way of example. The drain terminal of FET 34

is connected via a conductive wire 40 to the terminal pin 36a. The source

[
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exanpl e, increasing or decreasing theJennnatlon nunber of the internal
el ectrodes or dlternatively by changi é\the area of the opposed I nt ernal
el ectrodes. Consequently, the relative detection rate or "detectivity" of
the pyroelectric infrared sensor device becones variable. In the above
pyroel ectric infrared sensor device, a relative detection ratio may be
vari abl e by changing the area of said internal electrodes. Wth such an
arrangenent, the area of internal electrodes nmay be variabl e by changi ng
t he thickness of the pyroelectric -unit in particular. In this case, only

the i“t'er“férgﬁ{ F%ﬁes&f.seeome& derg Pﬁ@-ﬁaﬁelﬁmﬂa%e Wil ;Wsﬁaange

the area o recelving ane 0 e pyroelectric unit.
The terminal pin 36¢c is used as the Earth terminal, which is connected via a

conductive wire 44 to the qt_her external electrode 18 of the pyroelectric infrared
sensor device 10. ™ | _

As may be readily seen by those skilled in the art from viewing Fig.4, a
resistor 46 for conversion of a pyroelectric current into a corresponding voltage is
connected in parallel to the pyroelectric infrared sensor device 10. Note here that
a chip component may be employed as this resistor 46, or alternatively, such
resistor 46 may be formed of a resistive pattern as printed on the Stem 32.

An associated can casing 50 is of a square bracket (}) shape in cross-
section. The can casing 50 has a top plate or "ceiling" with a through-going hole
50a of almost the rectangular shape being de_ﬁned at the center thereof. An
optical filter 48 is rigidly attached to the i—nner surface of ceiling plate of casing 50 to
ensure that filter 48 overlies the pyroelectric infrared sensor device 10 as mounted
on the substrate thus enabling. sensor device 10 to receive incoming rays of
infrared light radiated from a target object being detected through filter 48. The
can casing 50 is adhered to the stem 32. The interior spacé as defined by the
optical filter 48, can casing 50 and stem 32 assembled may be environmentally
sealed. ' '

The pyroelectric - infrared sensor 30 of Fig.3 has electrical equivalent
circuitry shown in Fig.4. In this pyroelectric infrared sensor module 30, when
thermal energy is given upon incidence of infrared light rays onto the top surface

(light receiving plane) of the pyroelectric infrared sensor device 10, some
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the el ectrical capacitance between the,,opposed internal electrodes is
varied inside the pyroelectric unit cdﬁsing the relative detectivity of the
pyroel ectric infrared sensor device to be variable. In the above

pyroel ectric infrared sensor device, a relative detection ratio may be

vari abl e by changi ng the nunber of said internal electrodes. In this case,
only the nunber of the internal electrode area is rendered variable w thout
having to change the area of the |ight receiving plane of the pyroelectric
uni t. Anot her "aspect of the invention provides a nmanufacturing nethod of a

- pyroel ectr i bpbiRr S AURLIOTh FRPPFodlstiS Snirstdl SeRBbP QIS Y. | SiThf t he

st eps
| pyroelectric current may be obtained as a voltage by use of the synthetic

resistance of the resistor 46 and inherent electrical resistance of the sensor device
10 per se. This voltage is input to the gate terminal of FET 34. At this time, a
bias voltage is applied to the drain terminal of FET 34 while causing the source
terminal of FET 34 to be coupled to ground.

Accordingly, resultant pyroelectric current in the pyroelectric infrared
sensor device 10 is impedance-converted by a combination of the pyroelectric
infrared sensor device 10, resistor 46 and FET 34 into an output voltage which is
derived from the terminal pin 36b.

With this pyroelectric infrared sensor 30, since the pyroelectric infrared
sensor device 10 is formed using the manufacturing method shown in Fig.2, the
internal electrodes 16 are disposed so‘as to oppose each other perpendicular to
the width direction of the pyroelectric unit 12 and the pyroelectric unit 12 is
poiarized in the horizontal direction with respect to the infrared light receiving plane
thereof. For this reason, there can be obtained the pyroelectric infrared sensor
device 10 which does no longer depend upon the thickness direction of the
pyroelectric body unlike the prior art including those shown in Figs.7 and 8.

Further, the pyroelectric infrared sensor device 10 is specifically arranged
to have the alternate lamination structure of pyroelectric layers 14 and internal
electrodes 16. In this case, the pyroelectric layers 14 are decreased in thickrie_ss
per layer while allowing opposed internal electrodes 16 in the pyfoelectric unit 12 -

to increase in electrode area as a result of the lamination of muitiple layers.
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of: l)preparing a plurality of pyroeld@?ric sheets made of a pyroelectric
mat eri al , 2)forming a pyroelectric unit with internal electrodes being
exposed alternately at each opposite end surface thereof by alternately

| am nating said pyroelectric sheets and said internal electrodes, 3)backing
said pyroelectric unit, 4)form ng external el ectrodes on each opposite end .
- surfaces of said

Consequently, there can be obtained the electrical capacitance (electrostatic
capacitance) as required for attainment of an intended pyroelectric voltage.
Furthermore, due to the lamination structure of pyroelectric layers 14 and internal
electrodes 16, this pyroelectric infrared sensor 30 may be enhanced in
polarizability of itself also, which in turn leads to an improvement of sensitivity.

“Yet further, with this pyroelectric'infrared sensor device 10, it becomes
possible to render variable the magnitude of the electrical capacitance by
increasing/decreasing the lamination number of the internal electrodes 16 andjfor
by changing the area of opposed internal electrodes 16. Accordingly, it is
possible to render variable the relative detectivity of the pyroelectric infrared sensor
device 10.

In this embodiment, the area of internal electrodes 16 may be changed by,
during the manufacturing process of the pyroelectric infrared sensor device 10,
changing the thickness of the pyroelectric unit 12 - namely, by increasing or
decreasing the length of the cut width t at the cutting step shown in Fig.2E. - -

In this embodiment it is possible, by causing the electrode area of the
internal electrodes 16 to increase proportionally to the cut width t, to change only
the.area of internal electrodes 16 without having. to change the area of the light
receiving plane of the pyroelectric infrared sensor device 10. Therefore, the
electrical capacitance can be changed likewise. In this case, a packet of charge
carriers as produced from the top surface (light receiving plane) of the pyroelectric
infrared sensor device 10 is propoftional to the light receiving areé thereof while

causing its output voltage to be inversely proportional to the electrical Capacitance.
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pyroelectric unit so as to said exterjal electrodes are connected to said
i-nternal el ectrodes on each said oppdsite end surface of said pyroelectric
unit, 5)polarizing said pyroelectric unit electrically anpong said internal
el ectrodes via said external electrodes, and 6)cutting said pyroelectric
unit and said external electrodes in a direction perpendicular to said

i nternal electrodes in such a way that said internal electrodes are exposed
at term nate ends thereof on the cut plane, wherein said cut plane acts as
a light receiving face for receiving infrared |ight radiated from an obj ect

L onos vet dfishius BostioRd! s itdbiy Aeflst b utglE Viage iR PyRSIeLtic ifrdretis
sensor device 10 by rendering variable the magnitude of the electrical capacitance.

In this case, white noise components will vary with certain frequéncy as

~ determined by the electrical capacitance of the internal electrodes 16 laminated to
oppose each other in the pyroelectric unit 12 and the output impedance of the
pyroelectric infrared sensor device 10. Therefore, it is possible to render variable
the relative detectivity of pyroelectric infrared sensor device 10 also by changing
this electrical capacitahce.

Furthermore, since this pyroelectric infrared sensor device 10 is fabricated
by the manufacturing method as discussed supra in 'connection with Fig.2, it is no
longer required to render thinner the pyroelectric body unlike the prior art sensor
deﬁces 1, 5 shown in Figs.7 and 8. For this__:_reason, the embodiment sensor
device 10 shown in Figs.1 and 2 is sucr; that the resulting mechanical and thermal
strength increases enabling elimination of a decrease in electrical characteristic
otherwise occurring due to them. It is also possible for this device 10 to form a
leakage resistance using the pyroelectric body by itself.

A further advantage of this pyroelectric infrared sensor device 10 is that
any kinds of support methods or heat insulation schemes as employed in the
conventional devices 1, 5 of Figs.7 and 8 are no longer required, which may in turri
enable simple formation of the infrared light receivihg plane. Therefore, use of
this pyroelectric infrared sensor device 10 may increase the production yield while
simultaneously reducing complexity and cost of the manufacture thereof.

It may be appreciated by those skilled in the art from the foregoing
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alternately di sposing the plurality of 4wToeIectric sheets and i nternal

el ectrodes. Al so, the term nate ends the internal el ectrodes which are

externally exposed at the both end surfaces of the pyroelectric unit are

connected to the external electrodes. The pyroelectric unit is polarized

bet ween the external electrodes. Further, the pyroelectric unit is cut away

~in the direction perpendicular to the internal electrode planes between the
external electrodes. At this time, the term nate edges of the internal

el ectrodes are exposed on the cutout planes. The cutout plans on which

t hese i nt e&%@ﬁbﬁ%ﬁ@&gﬁt@ @H-?él% %f’iéF‘eJ Qé@ﬂﬁ@éitc%g?)eib;%rdﬁﬁ@ witH'9

pl ane onto ys ‘are inci
this embodiment, it becomes possible to improve the relative detectivity while

easily enabling. the relative detectivity to be variable. In addition, it is als_o
possible to render the manufacture of the same stable while reducing
manufacturing costs without having to degrade the electrical characteristics thereof. -
" Furthermore, with the pyroelectric infrared sensor device 10, since the

plurality of internal electrodes 16 which are disposed or "sandwiched" between the
plurality of pyroelectric layers 14 within the pyroelectric unit 12 are electrically
connec;ted in parallel, it becomes possible to further decrease the entire dielectric
resistance of the pyroelectric infrared sensor device 10. In this case, the dielectric
resistance may typically measure 10" ohms; this dielectric resistance value may be
dropped down at or near 10° _ohm_s when one hundred (1 00) layers are laminated.

As a consequence, use of the i;npedance converter circuit employing FET
34 is no longer required like the pyroelectric infrared sensor 30 shown in Fig.3. It
can thus be directly connected to an amplifier circuit 60 including therein an
operational amplifier 62 as shown in Fig.5. In this casé, the non-ihverting.input-
terminal of operational amplifier 62 is connected to one external electrode 18 of the
pyroelectric infrared sensor device 10 allowing an electrical signal to be sent forth
from the pyroelectric infrared sensor device 10 at a low resistance, which signal is
then amplified by the amplifier circuit 60 to be output from an output terminal of the
operational amplifier 62. .

It should be noted that while the pyroelectric infrared sensor device 10 in

accordance with the above embodiment is arranged so that it is applied to the
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8 obtaining the pyroelectric infrared sensor device. In the above
manuf act uri ng met hod, the step of cuttdong said pyroelectric unit may
further include a step of rendering said internal electrodes variable in
area by changing a thickness of said pyroelectric unit being cut.

Advant ageously, at the step of cutting the pyroelectric unit, the area of
internal electrodes is rendered variable by changing the cutting thickness.
Wher eby, the electrical capacitance (el ectrostatic capacitance) of opposed

pyroelectric infrared sensor 30 with its structure of the hermetic seal type as
exemplarily shown in Fig.3, the same may also be applicable to a pyroelectric
infrared sensor 70 with its structure of the surface mount component type shown in
Fig.6. | _

| More specifically, in the pyroelectric infrared sensor 70 shown in Fig.6, as
compared with the pyroelectric infrared sensor 30 of an.3,' the pyroelectric infrared
sensor device 10 is in particular supported on a dielectric substrate 72 made of
alumina, for example, while causing spaced-apart electrode patterns 74a and 74b
to be formed at certain distance on one side end surface of the dielectric substrate
72 perpendicular to the width direction thereof. In addition, an electrode pattern
74c is formed as the Earth terminal on the remaining side end surface of the
dielectric sﬁbstrate 72. The drain terminal of FET 34 is connected via a
conductive wire 40 to the electrode patt:am 74a. Also, the source terminal of FET
34 is connected via conductive wire 42 to the electrode pattern 74b. Further, the
other external electrode 18 of the pyroelectric infrared sensor device 10 is
connected via a conductive pattern 76 to the electrode pattern 74c. Note in Fig.6
that the same parts or components as those of the embodiment of Fig.3 designated

by the same reference characters are identical or similar in structure thereto.
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in_férnal el ectrodes may be varied permtti n“g suitabl e variation of the
magni tude of the relative detectivity &f the pyroelectricinfrared—sensor.

device. In accordance with the principles of the i nVI%QtsLO it is possible
to provide a pyroelectric infrared sensor device capafeaesi 58 t he
relative detectivity, sinply rendering the relativedlﬂﬂ IL I abl e,
and being stably manufactured at |l'ow cost w thout hav t he
el ectrical characteristics. These and ot her objects, features and
advant ages of the invention will be apparent fromthe followi ng nore -
parti cul ar rj, pti of preferred enbodinents of the invention, as
WhekEddeddsman |

illustrate %rrpanyi ng draw ngs.

1. An infrared radiation sensitive device (10), comprising

a pyroelectric unit (12), _

a light receiving face on said pyroelectric unit (12) for receiving infrared light
radiated from an object to be detected, and

a pair of external electrodes (18) on opposite end surfaces of said pyroelectric unit
(12) respectively,

characterized in that _

said pyroelectric unit (12) comprises a plurality of pyroelectric layers (14),

internal electrodes (16) are respectively laid between adjacent ones of said
plurality of pyroelectric layers (14), ]

edges of said internal electrodes (16) are alternatively exposed and connected to
each said external electrodes (18) at each opposite end surface of said
pyroelectric unit (12), _

said pyroelectric unit (12) is electrically polarized among said internal electrodes
(14), and

side end edges of said internal electrodes (16) are exposed on said light receiving

face.

2. An infrared radiation sensitive device (10) according to Claim 1,
characterized in that |

a relative detection ratio is variable by changing the area of said internal electrodes

N O O



BRI EF DESCRI PTI ON. OF THE DRAW NGS Fi g.1 is a perspective view of one
enbodi nent of the present invention. Bigs.2A to 2F illustrate, in
perspective view, sone of the major steps in the manufacture of the

pyroel ectric infrared sensor devi-ce-shownin Fig-1_Fig.3 is an explosive

perspective view of one exenplary sensor structure enploying the

pyroel ectric infrared sensor devi c@imhi"‘mﬁ]inﬂvﬁ@

(16). |

3. An infrared radiation sensitive device (10) according to Claim 1 or 2,
characterized in that _
a relative detection ratio is variable by changing the number of said internal

electrodes (16).

4, A manufacturing method of a pyroelectric infrared radiation sensor device,
said method comprising the steps of:

1)preparing a plurality of pyroelectric sheets (14a) made of a pyroelectric material,
2)forming a pyroelectric unit (20)' with internal electrodes (16a) being exposed
alternately at each opposite end surfa_ce thereof by alternately laminating said

pyroelectric sheets (14a) and said intemnal electrodes (16a), _

3)backing said pyroelectric unit (20), 7 I ‘
Wm/@er,?f Clotin 4.

4)forming external electrodes (18a) on each opposite . T2 g B
pyroelectric unit (20) so as to said external electrodes (20)u7’”°?‘f‘ée Peorrect “beaua
(Ma) (6a) (20) gt sne

“pndnmeclite " products,

internal electrodes (16a) on each said opposite end surfa -
unit (20),

5)polarizing said pyroelectric unit (20) electrically among s i Plase ’2”’{674% A ha-em
(16a) via said external electrodes (18a), and L
6)cutting said pyroelectric unit (20) and said external electror.:. = & éﬁﬂl&\
perpendicular to said internal electrodes (14a) in such ai&

electrodes (16a) are exposed at terminate ends thereof on the cut plane, wherein

D



Fig.4 depicts electrical equival ent cidcuitry of the pyroelectric infrared
sensor device shown in Fig.3. Fig.5 is a circuit diagram show ng anot her
exanpl e of the pyroelectric infrared sensor enploying therein the

pyroel ectric infrared sensor device of Figs.1l and 2. Fig.6 is an expl osive
perspective view of a further exenplary sensor structure enploying the
pyroelectric infrared sensor device of Figs.1l and 2. Figs.7A-7B are
perspective views illustrating prior art pyroelectric infrared sensor
devices. Fig.8 is a perspective view of a further prior art pyroelectric

I nfrared said cut plane acts as a light receiving face for receiving infrared light radiated from

an object to be detected.

5. A manufacturing method of a pyroelectric infrared radiation sensor device
according to Claim 4, cﬁaracterized in that

the step of cutting said pyroelectric unit (20) further includes a step of rendering
said internal electrodes (16a) variable in area by changing a thickness of said

pyroelectric unit (12) being cut.
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sensor device. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Referring now to
Fig.1l, a pyroetectric infrared sensorzqevice 10 includes a pyroelectric
unit 12 which is of the planar rectangul ar shape and has a predefined
thickness t. The pyroelectric unit 12 contains a plurality of pyroelectric
| ayers 14, wherein rectangular plate-like internal electrodes 16 are forned
bet ween the pyroelectric |ayers 14, by way of exanple. In other words, the
internal electrodes 16 are disposed within the pyroelectric unit 12 in such
a manner that ‘these are spaced apart at specified distances in the width

direction thereof. ABSTRACT :

A pyroelectric infrared sensor device (10) capable of improving the relative
detectivity while rendering it easier to change the relative detectivity and also
reducing manufacturing cost thereof. This sensor device (1 d) includes a
pyroelectric unit (12) having an alternate Iamination'of pyroelectric- Iéyers (14) and
internal electrodes (16) with a predetermined thickness t. The end edges of the
opposite internal electrodes (16) perpendicular to the the length direction thereof
are alternately exposed on the both terminate surfaces of the pyroelectric unit (12)
while allowing the external electrodes (18) to be connected to the end edges of
those internal electrodes (16), respectively. The pyroelectric infrared sensor
device (10) is horizontally polarized among the internal electrodes (16) via the
external electrodes (18) with respect to the infrared light receiving plane thereof.
The end edges of the internal electrodes (16) perpendicular to the width direction |
thereof are exposed on the top and bottom surfaces of the pyroelectric unit (12) in
a manner such that its top surface side will act as the light receiving plane of the

pyroelectric infrared sensor device (10).
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In this case, the internal electrodes 16 involve .those extending from one
end side of the pyroelectric unit 12 to the other end side thereof
perpendicul ar to the lengh direction thereof, and the renaining ones

ext endi nGEERFEEt heJ R heg @rdgsydg to the one end side in a way spichy ?ayt

‘the former and the latter are 10 alternately forned. These |ntern
el ectrodes 16 are fornmed such that certain term nate edges thereof are
alternately exposed on the both end surfaces - i.e.
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the‘one end surface and the other end surface -
ext er nal

of the pyroelectric unit 12. Furthernore,
formed respectively on the oné end surface and the other end surface of the

pyroel ect¥FE R t JP pefp@BiXcqi&r to the length direction tRe:epf syely

that these are connected to the internal

si de end ed

surfaces of the pyroelectric unit 12 in the illustrative state.

ges of internal

el ectrodes 16.
el ectrodes 16 are exposed on the top and bottom

perpendicular to the length
el ectrodes 18, 18 are

In addition, the

Mor e

specifically, .the pyroelectric unit 12 is such that certain side end edges
Egil el ectrodes 16 perpendicular to the thickness direction are
2th p surface of pyroelectric unit 12

of the inte
exposed on
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whereas the opposite side end edges of the internal electrodes 16
perpendi cul ar to the thickness direction are exposed on the bottom surface
of it. In the pyroelectric infrared sensor device 10 in accordance with
this e ' , -1 ap of gcg of the pyroelectric unit 0Rs WhhC he
certaizggg%gggidfgggesgo?%?g%?iﬁternal el ectrodes 16 are-eiﬁbséé ig’? r med
as what is called the "infrared |ight receiving plane" for incidence of
infrared light rays. In this pyroelectric infrared sensor device 10,

pol ari zation treatnept has been effected anong the internal electrodes 16

by application oF%g.i[:voltage via the opposite external electrodes 18. In
ot her vvord§i3n] this pyroelectric infrared

0
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sensor device 10, the polarization treatnment has been done in the

- horizontal direction with respect to.its infrared light receiving plane.
An explanation will now be gi ven of one exenpl ary manufacturing nethod of

the pyrodsdB@ e iR ar 86 FBsBr8 device 10 of Fig.1 with refdreste 49/ 7
Figs.2A to 2F. To fabricate the pyroelectric infrared sensor device 10

showmn in Fig. 1, first of all, a pyroelectric ceramcs neasuring 50 to 100
mmin thickness, for :
Fig.4
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exanple, is prepared, which is then subject to | apping treatnment to have a
~predeterm ned shape. Wen this.is done, as shown in Fig.2A a pyroelectric
ceram cs sheet 14a constituting the pyroelectric layer 14 is manufactured
which is wfmaa anap regt@ryl grgshape and has a predefined Rizey
Simlarly, a plurality of pyroelectric ceram cs sheets 1l4a are prepg|/ea7.
Tetragonal -system |l ead titanate ceram cs nay be preferably enpl oyed as the
material thereof. Then, a conductive pattern 16a which is made of an

el ectrode matg.’af acting as the internal electrode 16-is formed by
printing tech i%’ues such as the screen print nethod on a respective one of
the plurali [ 5f] pyroelectric ceramics sheets 14a. In this enbodi ment, as
shown in Fig.2B, electrode patterns 1l6a
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are respectively formed on the pyroelectric ceram cs sheets 1l4a
corresponding to internediate | ayers except the uppernost and | ower nost
ones of the pyroelectric |ayers 14. These el ectrode patterns 16a are fornmed
in such FEMEEE tHR DefFi@ey 9f themare alternately expogedspn 6?7both
term nate edges of the pyroelectric ceram cs sheets 14a perpendi cul af to
the length direction thereof. Typically, gold (Au), silver (Ag), alum num
(Al') or the like is preferably enployed as the el ectrode material for use
as the inter @g@l ectrodes 16; however, alloys nade of nickel (N),

chrom um (CE 6r]the like may alternatively be used for formation of the
sane.
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12 Next, these pyroelectric ceramcs 14a are | am nated and adhered to be
har dened toget.her .by use of an adhesive formng a nmultilayer |am nation
structure 20 of pyroelectric ceramcs as shown in Fig.2C. Note that the
pyr oel ect a Jd td gngstructure 20 may alternatively s d
by a neth %ﬁ ﬁug“:r(rg t%gsg?eng of lam nating the pyroel ectrlc KZraz\/nF
sheets 14a and adhering themtogether by a baking process. Furthernore,
netal paste (not shown) are deposited on the opposite
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Fcpn3-3 -

: termnate surfaces of this pyroelectric ceramics |lamnation structu 20
Wmch pastes are mad%

.Perpendi cular to the Iength direction thereof,
.chosen electrode materials to constitute t he

"Thereafter, this lamnation structure 20 is b‘é@‘&ﬁi?i&cﬁ&ﬁlﬁ%
Deseription; paged
g’rgam@t i orpaged
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al electrodes 18a. In thIS
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as shown in Fig.2D, external electrodes 18a §
term nate surfaces of the pyroelectric ceram
perpendicular to the I ength direction thereof|.
| ami nation structure 20 is then subj ect” to pdl
I nternal el ectrodes 16a via the .opposite extdgr
case, a DC voltage of for exanple from2.0 tg
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AN INFRARED RADIATION SENSITIVE DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an infrared radiation sensitive device,

and more particularly to an infréred radiation sensitive device comprising a

pyroelectric unit, a light receiving face on said pyroelectric unit for receiving

infrared light radiated from an object to be detected, and a pair of external

electrodes on opposite end surfaces of said pyroelectric unit respectively.

2. Description of the Prior Art

One prior known pyroelectrib infrared sensor device 1 is shown in Fig.7A.

This prior art device includes a rectangular-plate shaped pyroelectric body 1a

having the top and bottom surfaces on which electrodes 2a, 3a are formed

respectively with the polarization treatment being applied between the

electrodes 2a, 3a as designated by arrows shown. Another prior art

pyroelectric infrared sensor device 1 is shown in Fig.7B which includes a

) pyroelectnc body 1b having the both side surfaces on which electrodes 2b 3b

are formed with the polarization treatment being carried out between the

electrodes 2b, 3b as indicated by arrows. With these pyroelectric infrared

sensor devices 1, the electrodes 2a, 3a and those 25, 3b aré each formed in

the direction perpendicular to the polarization direction as designated by the

arrows.

In these prior art pyroelectric infrared sensor devices 1, when infrared

light rays 4 radiated from an object to be detected are incident on the light

This
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- 4.0 kilovolts per mllineter (KV/nmm is applied between the externa
el ectrodes 18a for sixty (60) mnutes at tenperatures of 100 to 150[err]C.
. Thereafter, as shown by dash-and-two-dot lines in Fig. 2E the pyroelectric
cerami cs |amnation structure 20 is cut away at a pitch of a predeterm ned.
t hi ckness t perpendicular to the plane of internal electrodes 16, thus

formng a plurality of pieces of pyroelectric units 12 each of which nay be
identical to that shown in Fig.1l and Fig. 2F.

receiving plane of each pyroelectric infrared sénsor device 1, a slight
temperature change can take place in pyroelectric body 1a, 1b. Such
temperature change would result in that a packet of surface charge carriers of
the pyroelectric body 1a, 1b which carriers have been in the equilibrium
condition are forced to move causing a voltage to arise accordingly. This
voltage is for use in detecting or sensing the object being detected in such a
way that the voltage is electrically amplified by an associated impedance
conversion circuit employing field effect transistors (FETs) and is then
converted into a corresponding electrical signai.

In order for such prior art pyroelectric infrared sensor devices 1 to
improve the relative detection rate or "detectivity” indicative of the pyroelectric
'device characteristics, it has been required that the thermal insulation be
attained by decreasing the thickness of the pyroelectric body per se while
simultaneously causing the light receiving section which are expected to receive
incoming infrared light rays to be formed in a hollow shape. This would allow
the thermal or heat capacitance to decrease with the thermal time constant
being decreased as low as possible thus improving resultant relative detectivity.

Unfortunately, the aforesaid prior art pyroelectric infrared sensor devices
1 are encountered with several difficulties which follow. Since it has been
strictly required that the thermal insulation be accomplished while decreasing
the thickness of the pyroelectric body, the mechanical strength of such
pyroelectric body itself might be weakened with the durability against
application of thermal shocks being also weakened rendering difficult the

handling of such pyroelectric infrared sensor devices. In other words, if the

This is the replacement sheet
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73 Note that the manufacturing method of the pyroelectric infrared sensor
dévi ce”10 shoul d not be exclusively linited to the above enbodi ment only;
the pyroelectric infrared sensor device 10 nay alternatively be formed by
use of a manufacturing nethod as will be set forth below First, a base
material sheet is prepared which is made of a pyroelectric ceram cs green
sheet. This base material sheet is forned to a thin-filmsheet nenber (thin
pl ate shape) neasuring, for exanple, 30 80 80 nicronmeter in thickness by
pyroel ectric material slurrying. The base-material sheet is suitably cut

into a specpyioslectiiebodyhissdéareasent) im thibkiieds thenoéertain aRikeohight izeet s.
mechanical damages including micro-clacks can occur in the pyroelectric
infrafed sensor devices per se due to significant thermal variations upon
application of external vibrations and shocks as well as irradiation of strong
infrared light rays thereonto while the performance thereof can decrease due
to degradation of heat flow balance. Furthermore, since the pyroelectric body
per se becomes brittle making it difficult for the pyroelectric body to be reliably
supported by adhesion on a substrate, which in turn renders much difficult both
settlement of its support method and attainment of accurate position alignment
accuracy thereof. Due to the above difficulties the resulting performance can
decrease undesirably. .

Another problem faced with the prior art is that since in.most cases the
thickness of the pyroelectric body itself is designed to fall within the range of
from 70 to 100 micrometer, the yield of production remains lowered rendering
extremely difficult the manufacture or fabrication of pyroelectric infrared sensor
devices per se. This would result in manufacturing costs of the prior art
pyroelectric infrared sensor devices 1 being increased unwantedly.

A prior art approach to avoidance of the aforementioned problems has
been known which attempts td specifically arrange electrodes of a pyroelectric
infrared senso.r device so that polarization of a pyroelectric .body thereof occurs
only near a light incidence plane (a light receiving plane) of the device. One
exemplary pyroelectric infrared sensor device employing such scheme is shown
in Fig.8 as generally indicated by numeral 5. This structure comes in view of

the fact that the contribution of the top surface of the light receiving plane
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~_I\Iext, el ectrode patterns made of a chosen el ectrode material are formed b
iprint techniques for exanple on the pyroelectric sheets in the sanme - Y
] fabrication nmethod as that discussed previously. These pyroelectric sheets
are | am nated by sol derless contact bonding on one another in a disposal
arrangenment simlar to that of the aforesaid fabrication nethod; thgn
resul tant structure is backed providing one integral pyroelectric sheét
I ami nation structure. Further, external4electrodes made of an el ectrode
material is formed on the both term nate surfaces of the pyroelectric sheet

| et | onoSLHGd st St SROLDUES pfocléut arcssanacr cauias. bet veen
stated supra. TRjrgapkeffically)he pyroelectric infl?ared itengcfar ég\?ic; %bsrhlosv%t in Fig et hod
includes, for example, a rectangular plate-shaped pyroelectric body 6 having
a top surface on which two opposed electrodes 7, 8 are formed with certain
distance D being defined therebetween. Polarization treatment has been
effegted between the two electrodes 7, 8 by applying a direct current (DC)
voltége therebetween. In this case, polarization is generated mainly at a
section positionélly close to the light incidence plane of infrared light rays 9 with
its polarization direction béing rendered parallel to the light incidence plane of
infrared light rays 9; in other words, the polarization direction is identical to the
x-axis direction of Fig.8.

Accordingly, this pyroelectric infrared sensor device 5 is superior than
those of in Figs.7A and 7B in that the polarization of the pyroelectric body 6
may be forced to locally take place only at or near the light incidence plane
(light receiving plane) of the pyroeleciric infrared sensor device 6 improving the
relative detectivity.

However, the above advantage of the prior art pyroelectric infrared
sensor device 5 does not come without accompanying a penalty: a reduction
in controllability of the relative .detectivity. More specifically, in the prior art
pyroelectric infrared sensor device 5, it should be required in order to change
the relative detectivity that the pyroelectric body 6 for receiving infrared light
rays be changed in light receiving area, which would resuit fn increasing
complexity and time. For this reason, the piior art device is not adaptable for

use in stable mass production while at the same time rendering it difficult to
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pyroel ectric sheet |lamnation structure is cut at a I fi [ [

_ _ _ _ specified thickness in

: Ee direction perpendicular to the principal plane of internal electrodes

- gr_eby fabricating a pyroelectric unit 12. The pyroelectric unit 12 t hus
abricated by the foregoi ng manufacturing nethods is such that the

term nate edges of the internal electrodes 16 as '

: f ot as 14 | am nated an

di sposed at certain intervals therebetween are exposed on the |
=

manufacture the same at low costs.

SUMMARY OF THE INVENTION

It is therefore an object of the invention to provide a pyroelectric infrared
sensor device capable of increasing the relative detection rate and simply
rendering the relative detection rate variable while at the same time rendering |
mass production thereof easier énd cheaper.

One aspect of the invention provides the above described pyroelectric
infrared sensor device which is characterized in that said pyroelectric unit
comprises a plurality of pyroelectric layers, internal electrodes are respectively
laid between adjacent ones of said plﬁrality of pyroelectric layers, edges of said
internal electrodes are alternatively exposed and connected to each said
external electrodes at each opposite end surface of said pyroelectric unit, said
pyroelectric unit is electrically polarized among said internal electrodes, and
side end edges of said internal electrodes are exposed on said light receiving
face. |

In the above pyroelectric infrared sensor device, while the internal
electrodes are alternately disposed and laminated in the-pyroelectric unit, a
respective one of the pyroelectric layers is reduced in thickness allowing
resultant lamination of such plurality of layers to increase the opposing internal
electrodes in electrode area within the pyroelectric unit. Accordingly, any
desired electrical capacitance (electrostatic capacitance) may be attainable as
required to obtain a pyroelectric voltage. | |

This may be reworded in a way as follows: With the invention, since it

employs a lamination structure ofthe pyroelectric layers and internal electrodes,
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‘opposite term nate surfaces of pyroelectric unit 12 perpendicul ar the
| éngt K" t her eof while causing the external electrodes 18 to be connected to
the internal electrodes 16. Mreover, the both side term nate edges of such

i nt er nal

el ectrodes 16 perpendicular to the width thereof are exposed on

the top and bottom surfaces of the pyroelectric unit 12 in the illustrative
state; in this enbodinent, the top surface serves as the infrared |ight
receiving plane. The pyroelectric unit 12-as fabricated in this way is
adaptable for use with infrared |ight sensor nodul es. Turning now to Fig.3,
a pyr oel ect itihedomiesapedsibéen to rendeturagiable ithe avagmitddecsf thietdlectnieapossi bl e
exanpl e enployin? t he pKroeIectric I nfrared

a

capacitance without having to change the light receiving area thereof by, for
example, increasing or decreasihg the lamination number of the internal
electrodes or alternatively by changing the area of the opposed internal
electrodes. Consequently, the relative detection rate or "detectivity" of the
pyroelectric infrared sensor device becomes variable.

In the above pyroelectric infrared senéor device, a relative detection
ratio may be variable by changing the area of said internal electrodes.

With such an arrangement, the area of internal electrodes may be
variable by changing the thickness of the pyroelectric unit in particular. In this
case, only the internal electrode area is rendered variable without having to
change the area of the light receiving plane of the pyroelectric unit. Whereby,
the electrical capacitance between the opposed internal electrodes is varied
inside the pyroelectric unit causing the relative detectivity of the pyroelectric
infrared sensor device to be variable.

In the above pyroelectric infrared sensor device, a relative detection
ratio may be variable by changing the number of said internal electrodes.

In this case, only the number of the internal electrode area is rendered

variable without having to change the area of the light receiving plane of the

pyroelectric unit.

Another aspect of the invention provides a manufacturing method of a

- pyroelectric infrared radiation sensor device, said method'com.prising the steps

of:

1)preparing a plurality of pyroelectric sheets made of a pyroelectric material,

This is the replacement sheet

Date: .. 7 AUG 1887



- sensor devices shown in Figs.1 and 2 includes a stem 32. The pyroel ectric
infrared sensor device 10 discussed supra is disposed on the stem32. Also
. disposed on the stem32 is a field effect transistor (FET) 34 which is
spaced apart fromthe pyroelectric infrared sensor device 10 with certain
di stance being defined therebetween. Further disposed on the stem 32 are
termnal pins 36a, 36b and 36c for electrical interconnection. The gate
termnal of FET 34 is connected to one &xternal electrode 18 through an
el ectrode pattern 38, by way of exanple. The drain term nal of FET 34 is
connect ed 2¥Smiin A pydelectricviuntt with internbBkeleetroties bejngeqtesedTalternately e

termnal of" FET 34 1's connected via a conductive wire 42 to the term nal

prn at each opposite end surface thereof by alternately laminating said pyroelectric
sheets and said internal electrodes, |
3)backing said pyroelectric unit,
4)forming external electrodes on each opposite end surfaces of said
pyroelectric unit so as to said external electrodes are connected to said internal
electrodes on each said opposite end surface of said pyroelectric unit,
5)polarizing said pyroelectric unit electrically among said internal electrodes via
said external electrodes, and
6)cutting said pyroelectric unit and said external electrodes in a direction
perpendicular to said internal electrodes in such a way that said internal
electrodes are exposed at terminate ends thereof on the cut plane, wherein
said cut plane acts as a light receiving face for receiving infrared light radiated
from an object to be detected. |

With such a method, the laminated pyroelectric unit is constituted by

alternately disposing the plurality of pyroelectric sheets and internal electrodes.
Also, the terminate ends of the internal electrodes which are externally exposed
at the both end surfaces of the pyroelectric unit are connected to the external
electrodes. The pyroelectric unit is polarized between the external electrodes.
Further, the pyroelectric unit is cut away in the direction perpendicular to the
internal electrode planes between the external electrodes. At this time, the
terminate edges of the internal electrodes are exposed on tﬁe cutout planes.
The cutout plans on which these internal electrodes are exposed are- formed

as the light receiving plane onto which infrared light rays are incident, thereby
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‘36b. The terminal pin 36¢c is used as the Earth terminal, which is connected
via a tonductive wire 44 to the other external electrode 18 of the

pyroel ectric infrared sensor device 10. 15 As may be readily seen by
those skilled in the art fromviewing Fig.4, a resistor 46 for conversion

- of a pyroelectric current into a corresponding voltage is connected in

parallel to the pyroelectric infrared sensor device 10.
8

—

obtaining the pyroelectric infrared sensor device. |

In the above manufacturing methaod, the step of cutting said pyroelectric
unit may further include a step of rendering said internal electrodes variable in
area by éhanging a thickness of said pyroelectric unit being cut. -

Advantageously, at the step of cutting the pyroelectric unit, the area of
internal electrodes is rendered variable by changing the cutting thickness.
Whéreby, the electrical capacitance (electrostatic capacitance) of opposed
internal electrodes may be varied permitting suitable variation of the magnitude
of the relative detectivity of the pyroelectric infrared sensor device. |

In accordance with the principles of the invention, it is possible to
provide a pyroelectric infrared sensor device capable of improving the relativ_e
detectivity, simply rendering the relative detectivity variable, and being stably
manufactured at low cost without having to degrade the electrical
characteristics.

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

embodiments of the invention, as illustrated in the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig.1 is a perspective view of one embodiment of the present invention.
Figs.2A to 2F illustrate, in perspective view, some of the major steps in
the manufacture of the pyroelectric infrared sensor device shown in Fig.1.
Fig.3 is an explosive perspective view of one exemplary sensor structure

employing the pyroelectric infrared sensor device of Figs.1 and 2.
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Note here that a chip conponent may be enployed as this re
sal ternatively, such resistor 46 nay be ngnEé of a resistiiesgg:tg?h g;

_ printed on the stem 32. An associated can casing 50 is of a square bracket
(]) shape in cross- section. The can casing 50 has a top plate or "ceiling"
wi th a through-going hole 50a of al nost the rectangul ar shape being defined
at the center thereof. An optical filter 48 is rigidly attached to the
inner surface of ceiling plate of casiddg 50 to ensure that filter 48
overlies the pyroelectric infrared sensor device 10 as nounted on the

THr e i) ohe PUEP Sepiag tao siradt eyl et afere
sensor device shown in Fig.3.

Fig.5 is a circuit diagram 'showing another exarhple of the pyroelectric
infrared sensor employing therein the pyroelectric infrared sensor device of
Figs.1 and 2.

- Fig.6 is an explosive perspective view of a further exemplary sensor
structure empldying the pyroelectric infrared sensor device of Figs.1 and 2.

Figs.7A-7B are perspective views illustrating prior art pyroelectric
infrared sensor devices.

Fig.8 is a perspective view of a further prior art pyroelectric infrared
sensor device.

DETAILED. DESCRIPTION OF THE INVENTION |

Referring now to Fig.1, a pyroelectric infrared sensor device 10 includes
a pyroelectric unit 12 which is of the planar rectangular shape and has a
predefined thickness t. The pyroelectric unit 12 contains a plurality of
pyroelectric layers 14, wherein rectangular plate-like intérnal electrodes 16 are
formed between the pyroelectric laYers 14, by way of example. In other words,
the internal electrodes 16 are disposed within the pyroelectric unit 12 in such
a manner that these are spaced apart at specified distances in the width
direction thereof.

In this case, the internal electrodes 16 involve those extending from one
end side of the pyroelectric unit 12 to the other end side there&f perpendicular
to the lengh direction thereof, and the remaining ones extending from the other

end side to the one end side in a way such that the former and the latter are
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through filter 48. The can casing 50 is adhered to the stem 32. The
il nter:i or space as defined by the optical filter 48, can casing 50 and stem
.32 assenbl ed may be environmental |y sealed. The pyroelectric infrared
sensor 30 of Fig.3 has electrical equivalent circuitry shown in Fig.4. In
this pyroelectric infrared sensor nodule 30, when thermal energy is given
upon incidence of infrared light rays onto the top surface (light. receiving
pl ane) of the pyroelectric infrared sebh@or device 10, some pyroelectric
current occurs in the pyroelectric infrared sensor device 10. This

Fesi st ancBrtRlY TR e e R Bd e e e nee ot the
Sensor  tarminate edges thereof are alternately exposed on the both end surfaces - i.e.

the one end surface and the other end surface - perpendicular to the length of
the pyroelectric unit 12.

Furthermore, external electrodes 18, 18 are formed respectively on the
one end surface and the other end surfacé of the pyroelectric unit 12
perpendicular to the length direction the.reof such that these are connected to
the i'ntern.al electrodes 16.. In addition, the side end edges of internal
electrodes 16 are exposed on the top and Bottom surfaces of the pyroelectric
unit 12 in the illustrative state. More specifically, the pyroelectric unit 12 is such
that certain side end edges of the internal electrodes 16 perpendicular to the
thickness direction are exposed on the top surface of pyroelectric unit 12
whereas the opposite side end edges of the internal electrodes 16
perpendicular to the thickness direction are exposed on the bottom surface of
it. o

In the pyfoelectric infrared sensor device 10 in accordance with this |
embodiment, the top surface of the pyroelectric unit 12 on which the certain
side end edges of the internal electrodes 16 are exposed is formed as what is
called the "infrared light réceiving plane" for incidence of infrared light réys. in
this pyroelectric infrared sensor device 10, polarization treatment has been
effected among the internal electrodes 16 by application of a DC voltage via the
opposite external electrodes 18. In other words, in this pyroélectric infrared
sensor device 10, the polarizatioh treatment has been done in the horizontal

direction with respect to its infrared light receiving plane.

This is the replacement sheet

| Date: « 7 AUG 1997



‘device 10 per se.’ This voltage is input to the gate terminal of FET 34. At
this ' 16 tinme, a bias voltage is applied to the drain termnal of FET 34
whil e causing the source termnal of FET 34 to be coupled to ground.
Accordingly, resultant pyroelectric current in the pyroelectric infrared
sensor device 10 is inpedance-converted by a conbination of the
pyroelectric infrared sensor device 10, .resistor 46 and FET 34 into an

out put vol tage which
11

An explanation will now be given of one exemplary. manufacturing
method of the pyroelectric infrared sensor device 10 of Fig.1 with reference to
Figs.2A to 2F.

To fabricate the pyroelectric infrared sensor device 10 shown in Fig.1,
first of all, a pyroelectric ceramics measuring 50 to 100 mm in thickness, for
example, is prepared, which is then subject to lapping treatment to have a
predetermined shape. When this is done, as shown in Fig.2A, a pyroelectric
ceramics sheet 14a constituting the pyroelectric layer 14 is manufactured which
is of a planar rectangular shape and has a predefined size. Similarly, a
plurality of pyroelectric ceramics sheets 14a are prepared. Tetragonal-system
lead titanate ceramics may be preferably employed as the material thereof. _

Then, a conductive pattern 16a which is made of an electrode material
acting as the internal electrode 16 is formed by printing techniques such as the
screen print method on a respective one of the plurality of pyroelectric ceramics
sheets 14a. In this embodiment, as shown in Fig.2B, electrode patterns 16a
are respectively formed on the pyroelectric ceramics sheets 14a corresponding

- to intermediate layers except the uppermost and lowermost ones of the
pyroelectric layers 14. These electrode patterns 16a are formed in such a
manner that the edges of them are alternately exposed on the both terminate
edges of the pyroelectric ceramics sheets 14a perpendicular to the length
direction thereof. Typically, gold (Au), silver (Ag), aluminum (Al) or the like is
preferably employed as the electrode material for use as the intérnal electrodes
16; however, alloys made of nickel (Ni), chromium (Cr) or the like may

alternatively be used for formation of the same.
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Is derived fromthe termnal pin 36b. Wth this roelectric
.sensor 30, since the pyroelectric infrared sensoPydevice 10 isn;gﬁagg usi ng
: the manufacturing nmethod shown in Fig.2, the internal electrodes 16 are

di sposed so as to oppose each other perpendicular to the width direction of
the pyroelectric unit 12 and the pyroelectric unit 12 is polarized in the
horizontal direction with respect to the infrared light receiving plane
thereof. For this reason, there can bel@btained the pyroelectric infrared
sensor device 10 which does no | onger depend upon the thickness direction

of e Pyt 02! eCiei, tRESY pyfleldcié Berdiicd 144 drolaminated gridruiteratidarbel n
hardened together by use of an adhesive forming a multilayer lamination
mMmmdwmmmwmm%mwwmwcmmmme
pyroelectric ceramics lamination structure 20 may alternatively be formed by a
method including the steps of laminating the pyroelectric ceramics sheets 14a
and adhering them together by a baking process.

| Furthermore, metal paste (not shown) are deposited on the opposite
terminate surfaces of this pyroelectric ceramics lamination structure 20
perpendicular to the length direction thereof, which pastes are made of a
chosen electrode materials to constitute the external electrodes 18. Thereafter,
this lamination structure 20 is backed for hardening. Whereby, as shown in
Fig.2D, external electrodes 18a are formed on the both terminate surfaces of
the pyroelectric ceramics lamination structure 20 perpendicular to the length
direction thereof.

The pyroelectric ceramics lamination structure .20 is then subject to
polarization treatment among the internal electrodes 16a via the opposite
external electrodes 18a. In this case, a DC voltage of for example from 2.0 to
4.0 kilovolts per millimeter (KV/mm) is applied between the external electrodes
18a for sixty (60) minutes at temperatures of 100 to 150°C.

Thereafter, as shown by dash-and-two-dot lines in Fig. 2E, the
pyroelectric ceramics lamination structure 20 is cut away at a pitch of a
predetermined thickness t perpendicular to the plane of internél electrodes 16,

- thus forfning a plurality of pieces of pyroelectric units 12 each of which may be

identical to that shown in Fig.1 and Fig.2F.
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"Further, the pyroelectric infrared sensor device 10 is specifically
arranged to have the alternate | anination structure of pyroelectric |ayers
14 and internal electrodes 16. In this case, the pyroelectric |layers 14 are
decreased in thickness per layer while allow ng opposed internal electrodes
16 in the pyroelectric unit 12 to increase in electrode area as a result of
the lamnation of nmultiple |layers. Consequently, there can be obtained the
el ectrical capacitance (electrostatic cdgacitance) as required for

attai nment of an intended pyroelectric voltage. Furthernore, due to the

It ﬁlrr;ngty Ir on St lrJICE:NkIBtEfﬂ?gtr gtfﬁﬁhﬁfédhhﬁnd Mthad Mtr?é‘ﬁyﬂo%ie‘é‘tﬁ@'iqfﬁérsats’e?&‘a? 16,
_device 10 should not be exclusively limited to the above embodiment only; the
pyroelectric infrared sensor device 10 may alternatively be formed by use of a
mmmmmmwwmwmﬁmmWWJMAMwmwumm
is prepared which is made of a pyroelectric ceramics green sheet. This base
material sheet is formed to a thin-film sheet member (thin plate shape)

- measuring, for example, 30 to 80 micrometer in thickness by pyroelectric
material slurrying. The base—matérial sheet is suitably cut into a specified
shape thus forming a plurality of pyroelectric sheets.

Next, electrode patterns made of a chosen electrode material are
formed by print techniques for example on the pyroelectric sheets in the same
fabrication method as that discussed previously. These pyroelectric sheets are

“laminated by solderless contact bonding on one another in a disposal
arrangement similar to that of the aforesaid fabrication method; then, resultant
structure is backed providing one integral pyroelectric sheet lamination
structure. Further, external electrodes made of an electrode material is formed
on the both terminate surfaces of the pyroelectrié sheet lamination structure;
next, polarization treatment is carried out between the external electrodes in a
way similar to that of the fabrication method stated supra. Thereafter, the
pyroelectric sheet lamination structure is cut at a specified thickness in the
direction perpendicular to the principal plane of internal electljodes_, thereby
fabricating a 'pyroelectric unit 12. | |

The pyroelectric unit 12 thus fabricated by the foregoing manufacturing

methods is such that the terminate edges of the internal electrodes 16 as
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: sensor 30 may be enhanced in polarizability of itself also, which in turn
leads: to an inprovenent of sensitivity. Yet further, with this pyroelectric
.infrared sensor device 10, it becones possible to render variable the

magni tude of the electrical capacitance by increasing/decreasing the

| am nation nunber of the internal electrodes 16 and/or by changing the area
of opposed internal electrodes 16. Accordingly, it is possible to render

variable the relative detectivity of tB& pyroelectric infrared sensor
devi ce 10.

laminated and disposed at certain intervals therebe'tween are exposed on the
opposite terminate surfaces of pyroelectric unit 12 perpendicular the length
thereof while causing the external electrodes 18 to be connected to the internal
electrodes 16. Moreover, the both side terminate edges of such internal
electrodes 16 perpendicular to the width thereof are exposed on the top and
bottom surfaces of the pyroelectric unit 12 in the illustrative state; in this
embodiment, the top surface serves as the infrared light receiving plane. The
pyroelectric unit 12 as fabricated in this way is adaptable for use with infrared
light sensor modules.

Turning now to Fig.3, a pyroelectric infrared sensor module 30 in
accordance with one possible example employing the pyroelectric infrared
sensor devices shown in Figs.1 and 2 includes a stem 32. The pyroelectric
infrared sensor device 10 discussed. supra is disposed on the stem 32. Also
disposed on the stem 32 is a field effect transistor (FET) 34 which is spaced
apart from the pyroelectric infrared sensor device 10 with certain distance being
defined therebetween. Further disposed on the stem 32 are terminal pins 36a,

* 36b and 36c¢ for electrical interconnection.

The gate terminal of FET 34 is connected to one external electrode 18
through an electrode pattern 38, by way of example. The drain terminal of FET
34 is connected via a conductive wire 40 to the terminal pin 36a. The source
terminal of FET 34 is connected via a conductive wire 42 to the terminal pin
36b. The terminal pin 36¢ is used as the Earth terminal, whiéh is connected
via a conductive wire 44 to the other external electrode 18 of the pyroelectric.

infrared sensor device 10.
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In this enbodiment, the area of internal electrodes 16 ma be ch
«during the manufacturing process of the pyroelectric infrgred geﬁggsddgzice
: 10, changing the thickness of the pyroelectric unit 12 - nanely, by
increasing or decreasing the Iength of the cut width t at the chtting ste
shown in Fig.2E. In this enbodinment it is possible, by causing the P
el ectrode area of the internal electrodes 16 to increase proportionally to
the cut width t, to change only the arg& of internal electrodes 16 without
having to change the area of the |ight receiving plane of the pyroelectric

hars Senar AU e Radl Sesiohy s slonin ar m ot b
from the tppegistol Aeefordonbersio of W pgroplentriy cufreghinto a tl:grrresspiasn irngduced
voltage is connected in parallel to the pyroelectric infrared sensor device 10.
Note here that a chip component may be employed as this resistor 46, or
alternatively, such resistor 46 may be formed of a resistive pattern as printed
on the stem 32.

An associated can casing 50 is of a square bracket (]) shape in cross-
section. The can casing 50 has a top plate or "ceiling" with a through-going
hole 50a of almost the rectangular shape being defined at the center thereof.
An optical filter 48 is rigidly attached to the inner surface of ceiling plate of
casing 50 to ensure that filter 48 overlies the pyroelectric infrared sensor device
10 as mounted on the substrate thus enabling sensor device 10 to receive
incoming rays of infrared light radiated from a target object being detected
through filter 48. The can casing 50 is adhered to the stem 32. The interior
space as defined by the optical filter 48, can casing 50_ and stem 32 assembled
may be environmentally sealed.

The pyroelectric infrared sensor 30 of Fig.3 has electrical equivalent
circuitry shown in Fig.4. In this pyroelectric infrared sensor module 30, when
thermal energy is given upon incidence of infrared light rays onto the top
surface (light receiving plane) of the pyroelectric infrared sensor device 10,
some pyroelectric current occurs in the'.byroelectric infrared sensor device 10.
This pyroelectric current may be obtained as a voltage by use of the synthetic
resistance of the resistor 46 and inherent electrical resistance of the sensor

device 10 per se. This voltage is input to the gate terminal of FET 34. At this
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- pyroelectric infrared sensor device 10 is proportional to the |ight
receiving area thereof while causing its output voltage to be inversely

.proportional to the electrical capacitance. It is thus possible to suitably
adj ust an output voltage of this pyroelectric infrared sensor device 10 by

rendering variable the magnitude of the electrical capacitance. 18 In
this case, white noise conponents will vary with certain frequency as
16

time, a bias voltage is applied to the drain terminal of FET 34 while causing the
source terminal of FET 34 to be coupled to ground.

Accordingly, resultant pyroelectric current in the pyroélectric infrared
sensor device 10 is impedance-converted by a combination of the pyroelectric
infrared sensor device 10, resistor 46 and FET 34 into an output voltage which
is derived from the terminal pin 36b.

With this pyroelectric infrared sensor 30, since the pyroelectric infrared
sensor device 10 is formed using the manufacturing method shown in Fig.2, the
internal electrodes 16 are disposed so as to oppose each other perpendicular
to the width direction of the pyroelectric unit 12 and the pyroelectric unit 12is
polarized in the horizontal direction with respect to the infrared. light receiving
plane thereof. For this reason, there can be obtained the pyroelectric ihfrared
sensor device 10 which does no longer depend upon the thickness direction of
the pyroelectric body unlike the prior art including those shown _in Figs.7 and
8.

Further, the pyroelectric infrared sensor device 10 is specifically
arranged to have the alternate lamination structure of pyroelectric layers 14 and
internal electrodes 16. In this case, the pyroelectric layers 14 are decreased

~ in thickness per layer while allowing opposed internal electrodes 16 in the
pyroelectric unit 12 to increase in electrode area as a result of the lamination
of multiple layers. Consequently, there can be obtained the electrical |
capacitance (electrostatic capacitance) as required for aﬁaiﬁment of an
intended pyroelectric voltage. Furthermore, due to the lamination structure of

pyroelectric layers 14 and internal electrodes 16, this pyfoelectric infrared
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-~ determ ned by the electrical capacitance of the internal electrodes 16
l'am nated to oppose each other in the pyroelectric unit 12 and the output

_ inpedance of the pyroelectric infrared sensor device 10. Therefore, it is
possible to render variable the relative detectivity of pyroelectric
I nfrared sensor device 10 al so by changing this electrical capacitance.
Furthernore, since this pyroelectric infrared sensor device 10 is
fabricated by the manufacturing nethodids di scussed supra in connection
with Fig.2, it is no longer required to render thinner the pyroelectric

Chi s 1 eascTeBn B R e S oo T oo, T and 3 I's such
that the rgsay §hpeovement of sensitivity. |

Yet further, with this pyroelectric ihfrared sensor device 10, it becomes
possible to render variable the magnitude of the electrical capacitance by

" increasing/decreasing the lamination number of the internal electrodes 16
and/or by changing the area of opposed internal electrodes 16. Acco'rdingly,
it is possible to render variable the relative detectivity of the pyroelectric infréred
sensor device 10.

In this embodiment, thé area of internal electrodes 16 may be changed
by, during the manufacturing process of the pyroelectric infrared sensor device
10, changing the thickness of the pyroelectric unit 12 - namely, by increasing
or decreasing the length of the cut width t at the cutting step shown in Fig.2E.

In this embodiment it is possible, by causing the electrode area of the
internal electrodes 16 to increase proportionally to the cut width 1, to change
only the area of internal electrodes 16 without having to change the area of the
'Iight receiving plane of the pyroelectric infrared sensor device 10. Therefore,
the electrical capacitance can be changed likewise. In this case, a packet of

~ charge carriers as produced from the top surface (light receiving plane) of the
_pyroelectric infrared sensor device 10 is proportional to the light receiving area
thereof while causing its output voltage to be inversely proportionai to the
electrical capacitance. It is thus possible to suitably adjust an output voltage
of this pyroelectric infrared sensor device 10 by rendering variable the

magnitude of the electrical capacitance.
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‘mechani cal and thernmal strength increases enabling elimnmnation of a
decrease in electrical characteristic otherwi se occurring due to. them It
is also possible for this device 10 to forma | eakage resistance using the
pyroel ectric body by itself. A further advantage of this pyroelectric
infrared sensor device 10 is that any kinds of support nethods or heat

I nsul ati on schenes as enployed in the conventional devices 1, 5 of Figs.7
and 8 are no |longer required, which nmay ig turn enable sinple formation of
the infrared light receiving plane. Therefore, use of this pyroelectric

L Shesenty” ¢ NN, ThHe R cahpbiere iy R MLy oo
determined by the electrical capacitance of the internal electrodes 16 laminated
to oppose each other in the pyroelectfic unit 12 and the output impedance of
the pYroelectric infrared sensor device 10. Therefore, it is possible to render
variable the relative detectivity of pyroelectric infrared sensor device 10 also by
changing this eleé.trical capacitance.

Furthermore, since this pyroelectric infrared sensor device 10 is
fabricated by the manufacturing method as discussed supra in connection with
Fig.2, it is no longer required to render thinner the pyroelectric body unlike the
prior art sensor devices 1, 5 shown in Figs.7 and 8. For this reason, the
‘embodiment sensor device 10 shown in Figs.1 and 2 is such that the resulting
mechanical and thermal strength ihcreases enabling elimination of a decrease
in electrical characteristic otherwise occurring due to them. It is also possible
for this device 10 to form a leakage resistance using the pyroelectric body by
itself.

A further advantage of this pyroelectric infrared sensor device 10 is that
any kinds of support methods or heat insulation schemes as employed in the
conventional devices 1, 5 of Figs.7 and 8 are no longer required; which may in
turn.enable simple formation of the infrared light receiving plane. Therefore,
use of this pyroelectric infrared sensor device 10 may increase the production
yield while simultaneously redqcing complexity and cost of the manufacture

thereof.

It may be appreciated by those skilled in the art from the foregoing
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‘thereof. It may be appreciated by those skilled in the art fromthe

f or egoi ng description that with the pyroelectric infrared sensor device
10 in accordance with this enbodinment, it beconmes possible to inprove the
relative detectivity while easily enabling the relative detectivity to be

t variable. In addition, it is also possible to render the manufacture of the
sane stable while reducing manufacturing costs w thout having to degrade
the electrical characteristics 19

description that with the 'pyroe.lectric infrared sensor device 10 in accordance
with this embodiment, it becomes possible to improve the relative detectivity
while easily enabling the relative detectivity to be variable. In addition, it is also
possible to render the manufacture of the same stable while reducing |
manufacturing costs without having to degrade the electrical characteristics
thereof.

Furthermore, with the pyroelectric infrared sensor device 10, since the
plurality of internal electrodes 16 which.are disposed or "sandwiched" between
the plurality of pyroelectric layers 14 within the pyroelectric unit 12 are
electrically connected in parallel, it becomes possible to further decrease the
entire dielectric resistance of the pyroelectric infrared sensor device 10. In this
case, the dielectric resistance may typically measure 10" ohms; this dielectric
resistance value may be dropped down at or near 10°ohms when one hundred
(100) layers are laminated. _

As a consequence, use of the impedance converter circuit employing
FET 34 is no longer required like the pyroelectric infrared sensor 30 shown in
Fig.3. It can thus be directly connected to an amplifier circuit 60 including

therein an operational amplifier 62 as shown in Fig.5. In this case, the non-

inverting input terminal of operational ampliﬁer 62 is connected to one external
electrode 18 of the pyroelectric infrared sensor device 10 allowing an electrical

signal to be sent forth from the pyroelectric infrared sensor device 10 at a low
resistance, which signal is then amplified by the amplifier circuit 60 to be output
from an output terminal of the operational amplifier 62.

It should be noted that while the pyroelectric infrared .sénsor device 10
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- thereof. Furthernore, with the pyroelectric infrared sensor device 10,
since the plurality of internal electrodes 16 which are disposed or

. "sandw ched" between the plurality of pyroelectric layers 14 within the
pyroelectric unit 12 are electrically connected in parallel, it becones
possible to further decrease the entire dielectric resistance of the
pyroel ectric infrared sensor device 10. In this case, the dielectric

resi stance nmay typically nmeasure 10[ errR0Oohns; this dielectric resistance
val ue may be dropped down at or near 10[err] ohnms when one hundred (100)

Layers are hARRldifte AfinnG UERIE ERBGAMEHE 8 bridhget RE A GIs AppRY' &'
the pyroelectric infrared sensor 30 with its structure of the hermetic seal type
as exemplarily shown in Fig.3, the same may also be applicable to a
pyroelectric infrared sensor 70 with its structure of the surféce mount
component type shown in Fig.6.

More specifically, in the pyroelectric infrared sensor 70 shown in Fig.6,
as compared with the pyroelectric infrared sensor 30 of Fig.3, the pyroelectric
infrared sensor device 10 is in particular supportéd on a dielectric substrate 72
made of alumina, for example, while causing spaced-apart electrode patterns
74a and 74b to be formed at certain distance on one side end surface of the

. dielectric substrate 72 perpendicular to the width direction thereof. In addition,
an electrode pattern 74c is formed as the Earth terminal on the rerhaining side
end surface of the dielectric substrate 72. The drain terminal of FET 34 is
connected via a conductive wire 40 to the electrode pattern 74a. Also, the
source terminal of FET 34 is connected via conductive wire 42 to the electrode.
pattern 74b. Further, the other external electrode 18 of the pyroelectric i'nfrared
sensor device 10 is connected via a conductive pattern 76 to the electrode
pattern 74c. Note in Fig.6 that the same parts or components as those of the
embodiment of Fig.3 designated by the same reference characters are identical

or similar in structure thereto.
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“FET 34 is
ih Fig:3.
i ncluding
case, the
connect ed
- device 10

no longer required like the pyroelectric infrared sensor 30 shown
It can thus be directly connected to an anplifier cirtcuirt—66

therein an operational anplifier 62 as shown.in s! ee?Hasl t hi S ed
non- inverting input term nal of operational anp

to one external electrode 18 of the pyroelectric ’, lor
allowing an electrical signal to be sent forth f _

pyroel ectric infrared sensor device 10 agia | ow resistance, which signal is |

t hen anpl i

fied by the anplifier circuit 60 to be output from an out put

termnal of the operational anplifier 62. It should be noted that while the
pyroelectric infrared sensor device 10

What is claimed is:

1. An infrared radiation sensitive device (10), comprising

a pyroelectric unit (12),

a light receiving face on said pyroelectric unit (12) for receiving infrared light
radiated from an object to be detected, and

a pair of external electrodes (18) on opposite end surfaces of said pyroelectric
unit (12) respectively, | |
characterized in that -

said pyroelectric unit (12) comprises a plurélity of pyroelectric layers (14),
internal electrodes (16) are respectively laid between adjacent ones of said
plurality of pyroelectric layers (14),

edges of said internal electrodes (16) are alternatively exposed and connected
to each said external electrodes (18) at each opposite end surface of said
pyroelectric unit (12),

said pyroelectric unit (12) is electrically polarized among said internal
electrodes (14), and

side end edges of said internal electrodes (16) are exposed on said light
receiving face. '

2. An infrared radiation sensitive device (10) according to Claim 1,
characterized in that .

a relative detection ratio is variable by changing the area of said internal

electrodes (16).
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20 in accordance with the above enbodinent is arranged so that it is
appl'ied to the pyroelectric infrared sensor 30 with its structure of the
hernmetic seal  type as exenplarily shown in Fig.3, the sane may al so be
applicable to a pyroelectric infrared sensor 70 with its structure of the
surface nount conponent type shown in Fig.6. Mre specifically, in the
pyroelectric infrared sensor 70 shown in Fig.6, as conpared with the
pyroel ectric infrared sensor 30 of Fig.322the pyroelectric

3. An infrared radiation sensitive device (10) according to Claim 1 or 2,

characterized in that

a relative detection ratio is variable by changing the number of said internal

electrodes (16).

4. A manufacturing method of a pyroelectric infrafed radiation sensor

device, said method comprising the steps of:

1)preparing a plurality of pyroelectric sheets (14a) made of a pyroelectric

material, _

2)forming a pyroelectric unit (20) with internal electrodes (16a) being exposed

alternately at each opposite end surface thereof by alternately laminating said
| pyroelectric sheets (14a) and said internal electrodes (16a),

3)backing said pyroelectric unit (20),

4)forming external electrodes (18a) on each opposite end surfaces of said

pyroelectric unit (20) so as to said external electrodes (20) are connected to

said internal electrodes (16a) on each said opposite end surface of said

pyroelectric unit (20), |

5)polarizing said pyroelectric unit (20) electrfcally amorig said internal

electrodes (16a) via said external electrodes (18a), and

6)cutting said pyroelectric unit (20) and said external electrodes (18a) in a

direction perpendicular to said internal electrodes (14a) in such a way that said

internal electrodes (16a) are exposed at terminate ends thereof on the cut

plane, wherein said cut plane acts as a light receiving face for receiving infrared

light radiated from an object to be detected.

5. A manufacturing method of a pyroelectric infrared radiation sensor
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o TR,

infrared sensor device 10 is in particular supported on a dielectric
substrate 72 made of alum na, for exanple, while causing spaced-apart

. electrode patterns 74a and 74b to be forned at certain distance on one side
end surface of the dielectri-c substrate 72 perpendicular to the width
direction thereof. In addition, an electrode pattern 74c is forned as the
Earth termnal on the remaining side end surface of the dielectric
substrate 72. The drain term nal of FET284 is connected via a conductive
wire 40 to the electrode pattern 74a. Al so, the source term nal of FET 34

i S connect i i 1 : ode pattern 74b. Further,
the ot her g%yigreﬁgf&gﬁg@{ {rdégém%sb%gﬁgt%%gggi:ng&hﬁi c infrared sensor device
10 i's conngké sebp/bfciting SdidcpyrogleRfric 6hib () furhéhinckidestd siép of rendering

said internal electrodes (16a) variable in area by changing a thickness of said

pyroelectric unit (12) being cut.
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~pattern 74c. Note in Fig.6 that the sane parts or conponents as those of
t*he’ embodi nent of Fi g.3 designated..by . the:sanme reference characters are

N de_nt [ ca! or simlar in structure thereto. '~ REPLACEMENT SHEET 21 Wat is
clainmed is: 1. An infrared radiation sensitive device (10), conprising
24
ABSTRACT

AN INFRARED RADIATION SENSITIVE DEVICE

A pyroelectric infrared sensor device (10) capable of improving the
relative detectivity while rendering it easier to change the relative detectivity and
also reducing manufacturing cost thereof. This sensor device (10) includes a
pyroelectric unit (12) having an alternate lamination of pyroelectric layers (14)
and internal electrodes (16) with a predetermined thickness t. The end edges

- ofthe opposite internal electrodes (16) perpendicular to the the length direction
thereof'are alternately exposed on the both terminate surfaces of the
pyroelectric unit (12) while allowing the external electrodes (18) to be _
connected to the end edges of those internal electrodes (16), respectively. The
pyroelectric infrared sensor device (10) is horizontally polarized among the
internal electrodes (16) via the ekternal electrodes (18) with respect to the
infrared light receiving plane thereof. The end edges of the internal electrodes
(16) perpendicular to the width direction thereof are exposed on the top and
bottom surfaces of the pyroelectric. unit (12) in a manner such that its top
surface side will act as the light receiving plane of the pyroelectric infrared
sensor device (10).

—FIG. 1
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. a pyroelectric unit (12), a light receiving face on said pyroelectric unit
¢12) for receiving infrared light radiated froman object to be detected,
~and a pair of external electrodes (18) on opposite end surfaces of said
pyroel ectric unit (12) respectively, characterized in that said

pyroel ectric unit (12) conprises a plurality of pyroelectric |ayers (14),
internal electrodes (16) are respectively laid between adjacent ones of
~said plurality of pyroelectric layers (14), edges of said internal

el ectrodes (-16) are alternately exposed and connected

| 1§ 14 14 16
16 7 { ) 14 / ! 7
16 ' —r

t
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FIG. 1
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to each said external electrodes (18) at each opposite end surface of said
Is electrically

and side end edges of said

pyrodelectric unit (12),

pol ari zed anong said interna
el ectrodes (16) are exposed on said |ight receiving face. 2. An

i nt er nal

said pyroelectric unit (12)

el ectrodes (14),

infrared radiation sensitive device (10) according to Caiml,
characterized in that a relative detection ratio is variable by changing
the area of said internal electrodes (16%.
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- 22 3. An infrared radi ati on sensitive device (10) according to Caiml
or :2, -characterized in that a relative detection ratio is variable by
.changing the nunber of said-internal electrodes (16). 4. A manuf ac¢turi ng
met hod of a pyroelectric infrared radi ati on sensor device, said nethod
conprising the steps of:

3

. FIG. 3
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. L)preparing a plurality of pyroelectric sheets (14a) made of a pyroelectric .
material, 2)formng a pyroelectric unit (20) with internal electrodes (16a)
bei ng exposed alternately at each opposite end surface thereof by

“alternately lam nating said pyroelectric sheets (14a) and said interna
el ectrodes (16a), 3)backing said pyroelectric unit (20), 4)form ng external
el ectrodes (18a) on each opposite end surfaces of said pyroelectric unit
(20) so as to said external electrodes 420) are connected to said internal
el ectrodes (16a) on each said opposite ®&nd surface of said pyroelectric
unit (20), '
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»5)pol ari zing said pyroelectric unit (20) electrically anong said internal
et ettrodes (16a) via said external electrodes (18a), and 6)cutting said
.pyroelectric unit (20) and said external electrodes (18a) in a direction
perpendi cular to said internal electrodes (14a) in such a way that said
internal electrodes (16a) are exposed at term nate ends thereof on the cut
pl ane, wherein said cut plane acts as a |light receiving face for receiving
infrared |ight radiated froman object t% be detected. 5. A

manuf acturi ng nmet hod of a pyroelectric infrared radi ati on sensor
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. 23 device according to Caim4, characterized in that the step of cutting
sarkd pyroelectric unit (20) further includes a step of rendering said
.internal electrodes (16a) variable in area by changing a thickness of said
pyroel ectric unit (12) being cut. _
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REPLACEMENT SHEET

What is claimed is:

1. An infrared radiation sensitive device (10), comprising

a pyroelectric unit (12), | |

a light receiving face on said pyroelectric unit (12) for receiving infrared light
radiated from an object to be detected, and

a pair of external electrodes (18) on opposite end surfaces of said pyroelectric
unit (12) respectively,

characterized in that

said pyroelectric unit (12) comprises a plurality of pyroelectric layers (14),
internal electrodes (16) are respectively laid between adjacent ones of said
plurality of pyroelectrlc layers (14),

edges of said internal electrodes (16) are alternately exposed and connected
to each said external electrodes (18) at each opposﬁe end surface of said
pyroelectric unit (12),

said pyroelectric unit (12) is electrically polarized among said internal
electrodes (14), and |

side end edges of said internal electrodes (:16) are exposed on said light
receiving face. _

2. An infrared radiation sensitive device k1 0) according to Claim 1,
characterized in that '

a relative detection ratio is variable by changing the area of said internal

electrodes (16).
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