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BACKGRQUND OF THE INVENTION
1. Field of the Invention

The present invention relates to an infrared sensor and,
more particularly, to a pyroelectric infrared sensor to be used
in, for example, a burglar alarm or security system for the purpose
of detecting a person.

2., Description of the Related Art

" Fig. 11 is a circuit diagram showing the basic circuitry
of an infrared sensor. The infrared sensor generally denoted by
1 has a pyroelectric element 2. The pyroelectric element 2 has,
for example, a pyroelectric substrate and electrodes formed on both
surfaces of the pyroelectric substrate. An example is described
below in connection with Fig., 12. Thus, a pair of pyroelectric
bodies polarized in opposite directions as indicated by arrows in
Fig. 11 are connected in series to form the pyroelectric element.
A resistor is equivalently connected in parallel with the series
connection of the pyroelectric elements. The pyroelectric element
2 has one terminal connected to the gate G of a field effect
transistor (FET) 3 and the other terminal connected to the ground
GND. The drain D and the source S of the FET 3 serve as the input
and output terminals of the infrared sensor 1.

In the operation of this infrared sensor 1, the
pyroelectric element 2 supplied with thermal enerqgy ygenerates
pyroelectric current that is output as a voltage through an
impedance transformation effected by the resistor and the PET 3.
The infrared sensor 1 is sensitive even to a very low intensity
of infrared rays. The high sensitivity to small energy input, on
the other hand, poses a problem in that the infrared sensor 1 is
not stable against external noise. In particular, the infrared
gensor 1 is liable to be affacted by RF noise of frequencies ranging
from 100 MHz to 2 GHz, resulting in malfunction. In order to
eliminate such R¥ noise, Japanese Laid-Open Patent Publication No.
60-125530 discloses a circuit in which capacitors are connected

between the drain D of the FPET 3 and the ground GND and between’

the source S and the ground GND of the FET 3.
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infrared sensor generally denoted by 1 has a pyroelectric elenent 2. The
pyroel ectric elenent 2 has, for exanple,,a pyroelectric substrate and
el ectrodes fornmed on both surfaces of TH% “pyroel ectric substrate. An
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of the pyrqﬁs(ic ape g@ﬁﬁc Lase Loaerll Ct:EhrrleCe %legminals 4b, 4c and 44
extending from the metallic base 4a. The terminal 4d of these three
terminals 4b, 4c, 4d is electrically connacted to the metallic base
4a, while other terminals 4b, 4c are insulated from the metallic
base 4a. These terminals 4b, 4c, 44 ara formed so as to project
upward above the metallic base 4a.

A substrate 5 rests on the metallic base 4a. Pattern
electrodes 6a, 6b, 6¢c and 6d are formed on the upper surface of
the substrate 5. Boles are formed in the portions of the substrate
5 where the pattern electrodes 6a, 6b, 6c are formed, and the
aforesaid terminals 4a, 4b, 4c are received in these holes. The
grounding terminal 4d is connected to the pattern electrode 6a,
while the electrodes 4b and 4c¢ are respectively connected to the
pattarn electrodes 6b and é6c.

To the pattern electrode 6d is connected the gate G of
the PET 3, while the pattern electrodes 6b, 6c are connected to
the drain D and the source S of the FET 3. Capacitors 7 are
connected, respectively, between the pattern electrodes 6a and 6b
and between the pattern electrodes 6a and 6c. A pyroelectric
element 2 is connected to the pattern electrodes 6a and 6d, through
supports 8 made of an electrically conductive material. The
described structure is capped with a cap 9 that has an
infrared-transmissive filter.

In this infrared sensor 1, RF noise is removed by the
capacitors 7 connected between the drain D of the FET 3 and the
ground GND and between the source S of the FET 3 and the ground
GND, whereby malfunctioning attributable to the RF noise is
suppressed. :

However, resistance and inductance are generated in the
pattern electrodes and terminals on the substrate. Similarly,
resistance and inductance are formed also in the grounding
terminal, between the metallic¢ base and the substrate.
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It is also to be noted that reduction in size of the
substrate is not easy because of the necessity of providing the
capacitors on the substrate. Moreover, the use of the capacitors
raises the cost. For these reaéons, the anti-noise measure

- employing capacitors can be used only for certain typés of products

that tolerate high price.

For the foregoing reasons, there is a need for an
inexpensive infrared sensor that can stably remove RF noise and
that is easy to miniaturize.

SUMMARY OF THE INVENTION

The present invention is directed to an infrared sensor
which satisfies the aforementioned need. The infrared sensor
comprises: a stem having a metallic base serving as a ground and
a terminal extending from the metallic base; a substrate disposed
on the metallic base; a field effect transistor attached to the
substrate; a pyroelectric element connected between the gate of
the field effect transistor and the ground; and a capacitor
connected between ground and either or both of the drain terminal
and the source terminal of the field effect transistor. One of
the electrodes of the capacitor is directly connected to the
metallic base of the stem, while the other electrode of the
capacitor is directly connected to the respective terxrminal by a
conductive bonding material.

In this infrared sensor, the arrangement may be such that
one of the electrodes of the capacitor is connected to a flat
surface portion of the metallic base and the other electrode of
the capacitor is connected to the terminal, and the capacitor is
disposed at a vertical lateral face presented by the substrate.

The capacitor may also be disposed in a hole or recess
formed in the substrate.

The infrared sensox may further comprise an insulating
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3 spacer provided between the metallic base and the substrate.

The axrangement also may be such that a protuberance is
formed on the metallic base of the stem, and wherein the one of
the electrodes of the capacitor is connected to the protuberance
while the other electrode of the capacitor is connected to the
terminal, at the upper side of the substrate.

The direct connection between one of the alectrodes of
the capacitor and the metallic base serves to reduce the influence
of resistance and inductance generated in the portion of the
grounding terminal between the substrate and the metallic base.
The direct connection between the other electrode of the capacitor
and the terminal by the conductive bonding material serves to
reduce the influence of resistance and inductance generated in
pattern electrodes. The resistance and inductance generated in
the terminal connected to the other electrode of the capacitor
forms, together with the capacitance of the capacitor connected
in parallel therewith, a tank circuit which effectively
accumulates RF noise.

‘The direct connection between one of the electrodes of
the capacitor and the metallic base eliminates the necessity of
laying a pattern electrode over a substantial length on the
substrate from the capacitor electrode to the terminal that is
necessary in the known art, thus contributing to a reduction in
the size of the substrate. This facilitates miniaturization of
the infrared sensor, and thus offers a reduction in the prLce of
the infrared sensor.

For the purpose of illustrating the invention, there are
shown in the drawings several forms which are presently preferred,
it being understood, however, that the invention is not limited
to the precise arrangelnents and instrumentalities shown.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a perspective view of an embodiment of the
infrared sensor in accordance with the present invention, with a

cap removed therefrom.
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stem 4 that serves also as a case. The stem 4 has a di sk-shaped netallic
base 4a and three term nals 4b, 4c and 4d extending fromthe netallic base
4a. The terninal 4d of these three terhinals 4b, 4c, 4d is electrically

"oul ated from & h?t% A ?ﬁﬁﬁ‘;%ﬂ%‘?ﬁé&% SRRy S et fEre
so as to pPepeer shown in Fig. 1.

Fig. 3 is a perspective view of a pyroelectric element
used in the infrared sensor of Fig. 1.

Fig. 4 is a circuit diagram showing a circuit equivalent
to the infrared sensor of Fig. 1.

Fig. 5 is a graph showing anti-RF-noise characteristics
of the iﬂfrared sensor in accordance with the present invention.

Fig. § is a graph showing anti-RF-noise characteristics
of a known infrared sensor.

Fig. 7 is a perspective view of another embodiment of
the infrared sensor in accordance with the present invention.

Fig. 8 is a perspective view of still another embodiment
of the infrared sensor in accordance with the present invention.

Fig. 9 is a perspective view of a further embodiment of
the infrared sensor in accordance with. the present invention.

Fig. 10 is a perspective view of yet a further embodiment
of the infrared sensor in accordance with the present invention.

Fig. 11 is a circuit diagram showing a known ordinary
infrared sensor.

Fig. 12 is an exploded perspective view of a known
infrared sensor.

Fig. 13 is a circuit diagram showing a circuit
substantially equivalent to the infrared sensor of Fig. 12..

Hereinafter, preferred embodiments of the present
invention are explained in detail with reference to the drawings.

Fig. 1 is a perspective view of an embodiment of the
infrared sensor in accordance with the present invention, with a
cap removed therefrom, while Fig. 2 is an exploded perspective view
of the infrared sensor. The infrared sensor generally denoted by
10 includes a stem 12. The stem 12 has a disk-shaped metallic base
14 that is stepped as at 14a. Three through-holes are formed in
the metallic base 14. These holes receive terminals 16a, 16b and
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upper surface of the substrate 5. Holes are forned in the portions of the
substrate 5 where the pattern el ectrodes 6a, 6b, 6c are forned, and the
aforesaid termnals 4a, 4b, 4c are receied in these holes. The grounding
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the FET 3. Capacitors re -
in electrical connection to the metallic base 14 by, for example,
brazing.

A spacer 18 made of an insulating material is secured
to the metallic base 14. Through-holes 18a, 18b and 18c are formed
in the spacer 18 at positions corresponding to the above-mentioned
three terminals 16a, 16b and i6c. The spacer 18 further has a
central through hole 18d. The through-holes 18a, 18b and 18c
receive the terminals 16a, 16b and 16c. A substrate 20 is placed
on the spacer 18.

Through-holes 20a, 20b and 20c are formed in the
substrate 20 at positions corresponding to the above-mentioned
three texminals 16a, 16b and 16c. .Electrodes 22a, 22b and 22c are
formed on one major surface of the substrate 20, at positions
adjacent to the through-holes 20a, 20b and 20c. Another electrode
22d is formed on this major surface of the substrate 20. Three
electrodes 24a, 24b and 24c are formed on the other major surface
of the substrate 20. The electrodes 24a and 24b are formed
side-by-side and are arranged to oppose the electrodes 22a, 22b,
while the electrode 24c is L-shaped and has one end that opposes
the electrode 22d. The electrodes 22a and 22b formed on the
first-mentioned major surface of the substrate 20 are electrically
connected to the electrodes 24a and 24b on the second-mentioned
major surface of the substrate 20, via through holes. Similarly,
the electrode 22d on the first-mentioned major surface of the
substrate 20 is connected to the electrode 24c on the second-
mentioned major surface of the same, via a through-hole.

A field effect transistor (FET) 26 is attached to the
second-mentioned major surface of the substrate 20. The drain D
and the source S of the FET 26 are connected to the electrodes 24a
and 24b, while the gate G of the same is connected to the electrode
24c. The terminals 16a, 16b and 16C are extended through the
through-holes 18a, 18b and 18¢ of the spacer 18 and through the
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connected to the electrodes 22a, 22b and 22c.

Supports 28a, 28b made of an electrically conductive
material are provided on the electrodes 22c, 22d of the substrate
20, and a pyroelectric element 30 is carried by the supports 28a,
28b. As will be seen from Fig. 3, the pyroelectric element 30 has
a pyroelectric substrate 32 on one major surface of which are formed
a pair of electrodes 34a and 34b. These electrodes 34a and 34b
are inter-connected by a connecting electrode 34c, whereby a
generally H-shaped electrode is formed. A pair of electrodes 36a
and 36b are formed on the other major surtace of the pyroelectric
substrate 32, so as to oppose the electrodes 34a and 34b. The
pyroelectric substrate 32 is polarized in the thicknesswise '
direction. The pyroelectric element 30, with the electrodes §6a
and 36b serving as input and output terminals, provides a eircuit
equivalent to a pair of pyroelectric elements polarized in opposite
directions and connected in series between these electrodes 36a
and 36b. These electrodes 36a and 36b are connected to the
electrodes 22¢ and 22d on the substrate 20, via supports 28a and
28b.

A pair of capacitors 38 and 40 are provided on a vertjcal
surface formed by side surfaces of the spacer 18 and the substrate
20. Each of these capacitors 38 and 40 may be a known monolithic
chip capacitor having external electrodes providéd on both ends
of a laminate structure constituted by dielectric layers and
internal electrode layers stacked alternately. One external
terminal of each of the capacitors 38 and 40 is bonded to the
metallic base 14 by an electrically conductive adhesive 42 that
serves as a conductive bonding material. The other external
terminal of the capacitor 38 is directly connected to the terminal
16a by the electrically conductive adhesive 42. The other external
terminal of the capacitor 40 is directly connected to the terminal
16b by the electrically conductive adhesive 42. .
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. The stem 12 is capped with a cap 44. The cap 44 is
provided with a window that is sealed with an infrared-transmissive
filter 46. The cap 44 fits on the step 14a of the metallic base
14,

The infrared sensor 10 has a circuit as shown in Fig.
4. A pyroelectric current is generated in the pyroelectric element
30 when thermal energy is given to the pyroelectric element 30.
The pyroelectric current is impedance-transformed by the
resistance in the pyroelectric element 30 and the FET 26, so as
to be output as a voltage.

In this infrared sensor 10, one of the electrodes of each
of the capacitors 38 and 40 is directly bonded to the metallic base
14 of the stem 12. Therefore, no resistance nor inductance is
generated between such electrode and the metallic base 14. The
remaining electrodes of the capacitors 38 and 40 arxe directly
connected to the terminals 16a and 16b by the electrically
conductive adhesive 42, skipping over the electrode portions of
the substrate 20, without causing generation of resistance and
inductance therebetween. Consequently, resistances and
inductances generated in the terminals 16a and 16b connected to
the electrodes 22a and 22b are major factors that affect the
characteristics of the infrared sensor 10. However, these
resistances and inductances form, in combination with the
capacitances presented by the capacitors 38 and 40 connected in
parallel therewith, tank circuits which effectively accommodate
RF noise, thus offering stable circuits for eliminating the
influence of RF noise.

Figs. 5 and 6 are graphs showing kr-resistance
characteristics of the infrared sensor 10 as described and those
of a known infrared sensor. As will be seen from these Figures,
the known infrared sensor is significantly affected by noise
especially at high frequencies above 900 MHz, whereas the infrared
sensor 10 of the present invention is not so seriously affected
by RF noise.

Thus, in the infrared sensor 10 of the present invention,
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in the pattern el ectrodes and the term nal s. It is also to be
noted that reduction in size of the substrate is not easy because of the
necessity of providing the capacitors=~of #he substrate. Mreover, the use
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by making an efficient uase of the resistances and inductances
generated in the other terminals l6a and 16b. Furthermore, the
capacitors 38 and 40, that are disposed on a vertical lateral face
defined by the spacer 18 and the substrate 20, can be located in
the vicinity of the terminals 18a and 16b. This eliminates the
necessity for the pattern electrodes to be laid-out over
substantial lengths on the substrate 20 and, thus allowing the
substrate 20 to have a reduced size. This facilitates
miniaturization of the infrared sensor 10 and, hence, a reduction
in the price of the infrared sensor 10.

The infrared sensor 10 may be constructed, as shown in
Pig. 7, without using any spacer. More specifically, in the
infrared sensor 10 shown in Fig. 7, the substrate 20 is placed on
the terminals 16a, 16b and 16c, and the capacitors 38 and 40 are
placed between the underside of the substrate 20 and the metallic
base 14. The capacitors 38 and 40 are directly connected to the
terminals 16a and 16b at the underside of the substrate 20, by an
electrically conductive adhesive.

The arrangement also may be such that, as shown in Fig.
8, through~holes axe formed in the spacer 18 and the substrate 20
so as to receive the capacitors 38 and 40, and connections between
the capacitors 38, 40 and the metallic base 14, as well as between
these capacitors and the terminals 16a, 16b, are achieved in these
through-holes.

The arrangement also may be such that, as shown in Fig.
9, electrical connections between the capacitors 38, 40 and the
metallic base, as well as electrical connections between these
capacitors and the terminals l16a, 16b, are achieved in recesses
formed in the spacer 18 and the substrate 20.

As shown in Fig. 10, the infrared sensor of the invention
may have a square or rectangular protuberance 48 formed on the
metallic base 14. The protuberance 48 is received in a
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40 are connected to opposite surfaces of the protuberance 48. The
pyroelectric element 30 is placed on the protuberance 48 and on
the substrate 20 through intermediate supports 28a, 28b. Although
not shown in Pig. 10, the FET 26 of this infrared sensor 10 is
secured to the substrate 20.

In each of these infrared sensors 10, tank circuits are
formed by the resistances and inductances formed by the terminals
16a and 16b together with the capacitances of the capacitors 38
and 40. At the same time, the influence of resistance and
inductance generated in other portions of the sensor can be
reduced. It is therefore possible to accumulate RF noise in the
tank circuits and to reduce the size of the infrared sensor 10.

According to the present invention, it is possible to
stably remove RF noise which otherwise would adversely affect the
performance of the infrared sensor. The invention also facilitates
miniaturization of the infrared sensor, offering a reduction in
the cost of the infrared sensor.

While preferred embodiments of the invention have been
disclosed, it is understood that the scope of the invention is not
to be limited by the disclosed embodiments. Rather, other modes
of carrying out the principles disclosed herein that might occur
to a skilled individual are contemplated as being within the scope
of the invention.
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the stem while the other el ectrode of the capacitor |s—dﬁm
to the respective termnal by a conductjye bonding materi n
this infrared sensor, the arrangement nﬁ’g/ e such that i l “!J“\
el ect rodes“ﬂhzt Eg %ﬁ# gﬁ .S connected to a flat surf
nmetal lic base an el ectrode of the capacitor is connect ed to the
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a hole or recess_forped in the substrat
extending from the metallic base;
a substrate disposed on said metallic base;
a field effect transistor attached to said substrate;
a pyroelectric element connected between the gate
terminal of said field effect transistor and the ground; and
a capacitor connected between the ground and one of the
drain terminal of said field effect transistor and the source
terminal of said field effect transistor;
wherein said capacitor has two electrodes, one of the
electrodes of said capacitor being directly connected to said
metallic base, and the other electrode of said capacitor being

directly connected to the corresponding said terminal.

2. An infrared sensor according to Claim 1, wherein
said one of the electrodes of said capacitor is connected to a flat
surface portion of said metallic base and said the other electrode
of said capacitor is connected to said terminal, and said capacitor
is disposed at: a vertical lateral face presented by said substrate.

3. An infrared sensor according to Claim 1, further
comprising an insulating spacer provided between said metallic
base and said substrate.

4. An infrared sensor according to Claim 1, wherein a
protuberance is formed on said metallic base of said stem, and
wherein said one of the electrodes of said capacitor is connected
to said protuberance while the other electrode of said capacitor
is connected to said terminal, said terminal being disposed on said
substrate.

5. An infrared sensor according to ¢laim 1, wherein said
capacitor electrodes are connected to said term:mals by an
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electrically conductive bonding material.

§. An infrared sensor according to claim 1, further
comprising a second capacitor connected between the ground and the
other of the drain and source terminals of said field effect

- transistor, said second capacitor having two electrodes, one being

directly connected to said metallic base and the other being
connected to the corresponding said terminal by an electrically
conductive bonding material.

7. An infrared sensor according to claim 1, wherein said
capacitor is disposed immediately adjacent to a lateral surface
defined by said substrate.

8. An infrared sensor according to claim ‘), further
comprising an insulating spacer provided between said metallic
base and said substrate, wherein said lateral surface is defined
by both said substrate and said insulating spacer.

9. An infrared sensor according to claim 7, wherein said
lateral surface is substantially flat.

10. An infrared sensor according to claim 7, wherein
said lateral surface is defined by a hole formed in said substrate.

11. An infrared sensor according to claim 7, wherein
said lateral surface is defined by a recess formed in said
substrate.
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capacitor is connected to the protuberance while the other electrode of the
capacitor is connected to the term ngl,;;all the upper side of the substrate.
The direct connection between one of the el ectrodes of the capacitor and
the netallic base serves to redug#FRARED SENSOK e of resistance and
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generated in
sexrving as a ground and a ground terminal extending from the

metallic base; a substrate disposed on the metallic base; a field
effect transistor attached to the substrate; a pyroelectrie
element connected between the gate of the field effect transistor
and ground; and a capacitor connected between ground and either
the drain terminal or the source terminal of the field effect
transistor. One of the electrodes of the capacitor is directly
connected to the metallic base of the stem, while the other
electrode of the capacitor is directly connected to the
corresponding terminal by a conductive bonding material.
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capaci tance of the capacitor connected in parallel therewith, a ta o05
circuit which effectively accunul ates RF noi se. The direct
connection between one of the el ectrodes of the capacitor and the netallic
base elimnates the necessity of laying a pattern el ectrode over a
substantial length on the substrate fromthe capacitor electrode to the
termnal that is necessary in the known art, thus contributing to a
reduction in the size of the substrate. This facilitates niniaturization of
‘the infrared sensor, §*f(3.h§s offers a reduction in the price of
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presently preferred, it being understood, however, that the invention is
not limted to the precise arrangenents and instrunmentalities shown.
BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a perspective view of

an enbadi nent of the infrared sensor in accordance with the presen
invention, with a

FIG. 2
10
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pyroel ectric elenent used in the infrared sensor of Fig. 1.

FIG. 3
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characteristics of the i nfrared sensor

i nventi on.

characteristics of a known infrared sensor.
perspective view of another enbodi ment of the infrared sensor

FIGLR"

with the present
anot her enbodi ment
i nventi on.

of the infrared sensor
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in accordance mnth t he present

Fig. 6 is a graph show ng anti-RF-noi se

i nfrared sensor

Fig. 7is a

I n accordance
Fig. 8 is a perspective view of stil

i n accordance with the present

Fig. 9 is a perspective view of a further enbodi nent

I n accordance with the present

i nventi on.
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circuit diagram showi ng a known ordinary infrared sensor. Fig. 12
i s an expl oded perspective view of a known infrared sensor. : Fi g.
13 is a circuit diagramshowng a circuit substantially equivalent to the
infrared sensor of Fig. 12. DETAI LED DESCRI PTI ON- OF PREFERRED EMBCODI MENTS
Hereinafter, preferd@Gepodi nents of the present

FIG. 8
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Fig. 1 i99%ripdispdsiityve FRPe\BRTRFGenbodi nent of TOhe i nPRE BPISREFEHr F-g2/25
with a cap renoved therefrom while
Fig. 2 is an exploded perspective view of the infrared sensor. The infrared
sensor generally denoted by 10 includes a stem 12. The stem 12 has a

accordance with the present invention,

di sk-shaped netallic base 14 that

is stepped as at 14a. Three through-hol es

are fornmed in the mquGi gbase 14. These hol es recei ve and
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a glass, while the remainder 16¢c is fixed while being in electrical
connection to the netallic base 14 by, for exanple, brazing. A
spacer 18 namde of an insulating material is secured

FIG. 11
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16a, 16b and 16c. The spacer 18 further has a central through hole 18d.

The through-holes 18a, 18b and 18c receive the termnals 16a, 16b and 16c.
A substrate 20 is placed on the. spacer 18. Thr ough- hol es 20a, 20b
and 20c are formed in the substrate 20 at positions corresponding to t he
above- nenti oned thr?lﬁ als 16a, 16b and 16c. El ectrodes 22a, 22b and
22c are formed on o j surface of the substrate 20, at positions

adj acent to the through-holes 20a, 20b agp
formed on this major surfacq of the 2

" //// /////-/
/ //// //{,/;

Anot her el ectrode 22d is
Thr ee
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arranged to oppose the el ectrodes 22a, 22b, while the el ectrode 24c is
L-shaped and has one end that opposes the el ectrode 22d. The el ectrodes 22a
and 22b formed on the first-nentioned nmajor surface of the substrate 20 are
el ectrically connected to the el ectrodes 24a and, 24b on the

second- menti oned nisjGR. dleace of the substrate 20, via t hrough hol es.
Simlarly, the electrode 22d on the first-nenti oned major surface of the
substrate 20 is connected to the el ectrode 24c on the second- nentioned
maj or surface of the sanme, via a through-hole. Afield effect
transi stor (FET) 26 is attached to the
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second-nenti oned maj or surface of the substrate 20. The drain D and tliﬁg

source S of the FET 26 are connected to the el ectr G S
d
hg é“’fllsﬂ?g togpaged O
aim paged Io

the gate G of the sanme is connected to the electr
..... to paged

18a, 16b and 16C are extended througlrthe t hr ough-
t he spacer 18 and through the  INFRARED SENSOR
i J¥ Drawing(s) : paged. Q0 paged
B Abstract  : paged !2 - to paged 2
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hield o ent i DATE OF RECEIPT...2929K9..

The present invehtion relates to an infrared sensor and,

more particularly, to a pyroelectric infrared sensor to be used
in, for example, a burglar alarm or security system for the purpose
of detecting a person. |

. Description of t te

Fig. 11 is a circuit diagram showing the basic circuitry
of an infrared sensor. The infrared sensor generally denoted by
1 has a pyroelectric element 2. The pyroelectric element 2 has,
for example, a pyroelectric substrate and electrodes formed on both
surfaces of the pyroelectric substrate. Aan example. is described
"below in connection with Fig. 12. Thus, a pair of pyroelectric
bodies polarized in opposite directions as indicated by arrows in
Fig. 11 are connected in series to form the pyroelectric element.

A resistor is equivalently connected in parallel with the series
connection of the pyroelectric elements. The pyroelectric element
2 has one terminal connected to the gate G of a field effect
transistor (FET) 3 and the other terminal connected to the ground
GND. The drain D and the source S of the FET 3 serve as the input
and output terminals of the infrared sensor 1.

In the operation of this infrared sensor 1, the
pyroelectric element 2 supplied with thermal energy generates
pyroelectric current that is output as a voltage through an
impedance transformation effected by the resistor and the FET 3.
The infrared sensor 1 is sensitive even to a very low intensity
of infrared rays. The high sensitivity to small energy input, on
the othef hand, poses a problem in that the infrared sensor 1 is
not stable against external noise. 1In particular, the infrared
sensor 1 is liable to be affected by RF noise of frequencies ranging
from 100 MHz to 2 GHz, resulting in malfunction. 1In order to
eliminate such RF noise, Japanesé Laid-Open Patent Publication No.
60-125530 discloses a circuit in which capacitors are connected
between the drain D of the FET 3 and the ground GND_and between
the source S and the ground GND of the FET.B. REPLACEMENT SHEET
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-7- through-hol es 20a, 20b and 20c of the substrate 20, and the FET 26 is
received in the through-hole 18d fornmed in the spacer 18. In this state,
the term nals 16a, 16b and 16c are respectively connected to the el ectrodes
22a, 22b and 22c. Supports 28a, 28b made of an electrically
conductive material are provided on the Zlectrodes 22c, 22d of the
substrate 20, and a pyroelectric elenent 30 is carried by the supports 28a,

28b. As wil'l be seelf aeRerAlg. an infraned sepserot theckind drparibed can
pyroel ect pife SRR R 43N 19N8s¥RReEaS¥hf AEG. Of 2 Whinde ang raelPdensor

1 has a stem 4 that serves also as a case. The stem 4 has a
disk-shaped metallic base 4a and three terminals 4b, 4c and 4d
extending from the metallic base 4a. The terminal 4d of these three
terminals 4b, 4c, 4d is electrically connected to the metallic base
4a, while other terminals 4b, 4c are insulated from the metallic
base 4a. These terminals 4b, 4c, 4d are formed so as to project
upward above the metallic base 4a.

_ A substrate 5 rests on the metallic base 4a. Pattern
electrodes 6a, 6b, 6c and 64 are formed on the upper surface of
the substrate 5. Holes are formed in the portiohs of the substrate
5 where the pattern electrodes 6a, 6b, 6c are formed, and the
aforesaid terminals 4a, 4b, 4c are received in these holes. The
"grounding terminal 4d is connected to the pattern electrode 6a,
while the electrodes 4b and 4c are respectively connected to the
pattern electrodes 6b and 6c.

To the pattern electrode 6d is connected the gate G of
the FET 3, while thelpattern electrodes 6b, 6c are connected to
the drain D and.the source S of the FET 3. Capacitors 7 are
connected, respectively, between the pattern electrodes 6a and 6b
and between the pattern electrodes 6a and 6c. A pyroelectric
element 2 is connected to the pattern electrodes 6a and 6d, through -
supports 8 made of an electrically conductive material. The
described structure is capped with a cap 9 that has an
infrared-transmissive filter.

In this infrared sensor 1, RF noise is removed by the
capacitors 7 connected between the drain D of the FET 3 and the
ground GND and between the source S of the FET 3 and the ground
GND, whereby malfunctioning attributable to the RF noise is
suppressed.

However, resistance and inductance are generated in the
pattern electrodes and terminals on the substrate. Similarly,
resistance and inductance are formed also in the grounding

terminal, bétween_the metallic base and the SUbStrateF_RﬂnACEMENTSHEET
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a pair of electrodes 34a and 34b. These el ectrodes 34a and 34b are
I nter-connected by a connecting el ectrode 34c, whereby a generally H shaped -
electrode is formed. A pair of electrodes 36a and 36b are formed on the

ot her maj or surface of the pyroelectric substrate 32, so as to oppose the
el ectrodes 34a and 34b. The pyroel ectr+c3stibstrate 32 is polarized in the
t hi cknesswi se direction. The pyroelectric el ement 30, with the el ectrodes
36a and 3éensedventlis t'rhﬁ)l;{nfg‘ RFeguspnsorek rhaﬁaPsClJEﬁmﬁ@éssboﬂnrJemiFtlgo

equi val eni st engePahi1ef +HYEEEbES! EbfiofL CRPTI100! ALY +s PPEON

directions and connected in serles between these ectrodes 36a and 36b.
These el eindugbangsgenrramd dnetherpritern o) adteases apddeke Xarmima@lsad on

the substrate 20, vig $UPRPLLStE8Be®dted that reduction in size of the

substrate is not easy because of the necessity of providing the
capacitors on the substrate. Moreover, the use of the capacitors
raises the cost. For these reasons, the anti-noise measure
employing capacitors can be used only for certain types of products
that tolerate high price.

For the foregoing reasons, there is a need for an
'inexpensive infrared sensor that can stably remove RF noise and
that is eésy to miniaturize.

Su (6) 9]

The present invention is directed to an infrared sensor
which satisfies the aforementioned need. The infrared sensor
comprises: a stem having a metallic base serving as a ground and
a terminal extending from the metallic base; a substrate disposed
on the metallic base; a field effect transistor attached to the
substrate; a pyroelectric element connected between the gate of
the field effect transistor and the ground; and a capacitor
connected between ground and either or both of the drain terminal
and the source terminal of the field effect transistor. One of
the electrodes of the capacitor is directly connected to the
metallic base of the stem, while the other electrode of the
capacitor is directly connected to the respective terminal by a
conductive ‘bonding material.

In this infrared sensor, the arrangement may be such that
one of the electrodes of the capacitor is connected to a flat
surface portion of the metallic base and the other electrode of
the capacitor is connected to the terminal, and the capacitor is
disposed at a vertical lateral face presented by the substrate.

The capacitor may also be disposed in a hole or recess
formed in the substrate. | '

The infrared sensor may further comprise an insulating .,
REPLACEMENT SHE::
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- 28b. A pair of capacitors 38 and 40 are provided on a vertica
surface forned by side surfaces of the spacer 18 and the substrate 20. Each
of these capacitors 38 and 40 may be a known nonolithic chip capacitor
havi ng external el ectrodes provided on both ends of a |am nate structure
constituted by dielectric layers and irtérnal el ectrode |ayers stacked
alternately. One external term nal of each of the capacitors 38 and 40 is
bonded t o spascexrepaoVidedabetveepy the mesalldicabapec andutheysuhgtsatee 42

of the capacitop a8 LS grrandrRshEihiRh Hivhe pER YRR FEERLIBC-fCE

el ect ri calfiormednduc theemgethddivebage Pfiectbehetenxt andawherein the one of
the electrodes of the Capécitor is connected to the protuberance
while the other electrode of the capacitor is connected to the
terminal, at the upper side of the substrate.

The direct connection between one of the electrodes of
the capacitor and the metallic base serves to reduce the influence
of resistance and inductance generated in the portion of the
grounding terminal between the substrate and the metallic base.
The direc@ connection between the other electrode of the capacitor
and the terminal by the conductive bonding material serves to
reduce the influence of resistance and inductance generated in
‘pattern electrodes. The resistance and inductance generated in
the terminal connected to the other electrode of the capacitor
forms, together with the capacitance of -the capacitor connected
in parallel therewith, a tank circuit which effectively
accumulates RF noise.

The direct connection between one of the electrodes of
the capacitor and the metallic base eliminates the necessity of
laying a pattern electrode over a substantial length on the
substrate from the capacitor electrode to the terminal that is
necessary in the known art, thus contributing to a reduction in
the size of the substrate.. This facilitates miniaturization of
the infrared sensor,'and thus offers a reduction in the price of
the infrared sensor. _

For the purpose of illustrating the invention, there are
shown in the drawings several forms which are presently preferred,
it being understood, however, that the invention is not limited

to the precise arrangements and instrumentalities shown.

RIE SC TION OF WIN
Fig. 1 is a perspective view of an embodiment of the

infrared sensor in accordance with the present_invention.,-with-a.

CPLACEMENT SHEL:
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termnal of the capacitor 40 is directly connected to the term nal 16b by
the electrically conductive adhesive 42. REPLACENMENT SHEET
- 8-. '

-5 -

Fig. 2 is an exploded perSpectlve view of the infrared
sensor shown in Flg. 1. K

Fig. 3 is a perspective view of a pyroelectric element
used in the infrared sensor of Fig. 1.

Fig. 4 is a circuit diagram showing a circuit equivalent
to the infrared sensor of Fig. 1. '

Fig. 5 is a graph showing anti-RF-noise characteristics
of the infrared sensor in accordance with the present invention.

Fig. 6 is a graph showing anti-RF-noise characteristics
of a known infrared sensor.

Fig. 7 is a perspective view of another embodiment of
the infrared sensor in accordance with the present invention.

Fig. 8 is a perspective view of still another embodiment
of the infrared sensor in accordance with the present invention.

Fig. 9 is a perspective view of a further embodiment of
the infrared sensor in accordance with. the present invention.

Fig. 10 is a perspective view of yet a further embodiment
of the infrared sensor in accordance with the present invention.

Fig. 11 is a circuit diagram showing a known ordinary
infrared sensor.

Fig. 12 is an exploded perspective view of a known
infrared sensor.

~Fig. 13 is a circuit diagram showing a circuit

substantially equivalent to the infrared sensor of Fig. 12.

Hereihéfter, preferred embodiments of the present
invention are explained in detail with reference to the drawings.

Fig. 1 is a perspective view of an embodiment of the
infrared sensor in accordance with the present invention, with a
cap removed therefrom, while Fig. 2 is an exploded perspective view
of the infrared sensor. The infrared sensor generally denoted by
10 includes a stem 12. The stem 12 has a disk-shaped metallic base
14 that is stepped as at l4a. Three through-holes are formed in

‘the metallic base 14. These holes receivi 16b and

~terminais—16a;
REPLACEMENT &
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that is sealed with an infrared-transm ssive filter 46 Thagcéb s ion
the step 14a of the netallic base 14. The infriared_sensor
acircuit as shown in Fig. 4. A pyroelectric current ip generated in th
pyroel ectric el enent 30 when thernal eneg gy is given th.the pyreeteetrit
el ement 30. The pyroelectric current is inpedance-transforned by the

resi stancké¢n Tiwe permixals rlita ,elléheamm@ these thrEETt@6pisal ssane fimed

o entt oaoif fife iffes wnize peinkihBuiatBl PLEH SRESReI DL TRRA 1 By,

metal | i c beasexample, a glass, while the remainder 16c is fJ.xed while being

The stem 12 is capped with a cap 44.. The cap 44 i-s prlo ided'mnhhgg?mﬂn ow
AL

in electrical connection to the metallic base 14 by, for example,
brazing.

A spacer 18 made of an insulating material is secured
to the metallic base 14. Through-holes 18a, 18b and 18c are formed
in the spacer 18 at positions corresponding to the above-mentioned
three terminals 16a, 16b and 16c. The spacer 18 further has a
central through hole 18d. The through-holes 18a, 18b and 18c
receive the terminals 16a, 16b and 16c. A substrate 20 is placed
on the spacer 18.

Through-holes 20a, 20b and 20c are formed in the
substrate 20 at positions corresponding to the above-mentioned
three terminals 16a, 16b and 16c. .Electrodes 22a, 22b and 22c are
formed on one major surface of the substrate 20, at positions
adjacent to the through-holes 20a, '20b and 20c. Another electrode
22d is formed on this major surface of the substrate 20. Three
electrodes 24a, 24b and 24c are formed on the other major surface
of the substrate 20. The electrodes 24a and 24b are formed
side-by-side and are arranged to oppose the electrodes 22a, 22b,
while the electrode 24c is L-shaped and has one end that opposes
the electrode 22d. The electrodes 22a and 22b formed on the
first-mentioned major surface of the substrate 20 are electrically
connected to the electrodes 24a and 24b on the second-mentioned
major surface of the substrate 20, via through holes. Similarly,
the electrode 22d on the first-mentioned major surface of the
substrate 20 is cohnected to the electrode 24c on the second-
mentioned major surface of the same, via a through-hole.

A field effect transistor (FET) 26 is attached to the
second-mentioned major surface of the substrate 20. The drain D
and the source S of the FET 26 are connected to the electrodes 24a
and 24b, while the gate G of the same is connected to the electrode
24c. The terminals l6a, 16b and 16C are extended through the
through-holes 18a, 18b and 18c of the spacer 18 and through the



14 of the stem 12. Therefore, no resistance nor ‘i nductance is generated

bet ween such el ectrode and the netallic base 14. The renmi ni ng el ectrodes
of -t he capacitors 38 and 40 are directly connected to the termnals 16a and
16b by the electrically conductive adhesive 42, skipping over the el ectrode
portions of the substrate 20, w thout -cdusi ng generation of resistance and
I nduct ance t herebetween. Consequently, resistances and inductances

gener at edchrpughe-hakes il 20P and 206 odnkdet subssrake 3pecﬁpddQBGZQﬂTand'
22b are B?d %s Tl dived A viid @il ﬁ-ﬁ%grea(igﬁr edmea ?ﬁ Lhe. éﬁééﬁ%eﬂs
10. wever, t In

sensor ese resi st_anc S an uctances form in conbi nation
wi t h the Impvis skate pridve riiegmninalisnd 6@apdditt and I$candeiTespecsdvedyi n

connected to the electrodes 22a, 22b and 22c. '

Supports 28a, 28b made of an electrically conductive
material are provided on the electrodes 22¢c, 22d of the substrate
20, and a pyroelectric element 30 is carried by the supports 28a,
28b. As will be seen from Fig. 3, the pyroelectric element 30 has
a pyroelectric substrate 32 on one major surface of which are formed
a pair of electrodes 34a and 34b. These electrodes 34a and 34b
are inter-connected by a connecting electrode 34c, whereby a
generally _H-shaped electrode is formed. A pair of electrodes 36a
and 36b are formed on the other major surface of the pyroelectric
substrate 32, so as to oppose the electrodes 34a and 34b. The
pyroelectric substrate 32 is polarized in the thicknesswise
direction. The pyroelectric element 30, with the electrodes 36a
and 36b serving as input and output terminals, provides a circuit
eguivalent to a pair of pyroelectric elements polarized in opposite
directions and connected in series between these electrodes 36a
and 36b. These electrodes 36a and 36b are connected to the

- electrodes 22¢ and 22d on the substrate 20, via supports 28a and
28b.

A pair of capacitors 38 and 40 are provided on a vertical
surface formed by side surfaces of the spacer 18 and the substrate
20. Each of these capacitors 38 and 40 may be a known monolithic
chip capacitor having external electrodes provided on both ends
of a laminate structure constituted by dielectric layers and
internal electrode layers stacked alternately. One external
terminal of each of the capacitors 38 and 40 is bonded to the
metallic base 14 by an electrically conductive adhesive 42 that
serves as a cohductive bonding'.material. ' The other external
terminal of the capacitor 38 is directly connected to the terminal
16a by the electrically conductive adhesive 42. The other external
terminal of the capacitor 40 is directly connected to the terminal

16b by the electrically conductive adhesive 42. REPLACEMENT SHEET
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parallel therewith, tank circuits which effectively accommbda ot-se
thus offering stable circuits for elimnating the influence pf RF n0|%ﬁm
Figs. 5 and 6 are graphs show ng RF-resistance characteristiig JARe
infrared sensor 10 as described and those of a known infrated sensor. _As

will be seen fromthese Figures, the know 4 nfrared sensor significantly

affected by noise especially at high frequeppies above 900 MHz.—whet-eas—tre
infrared sensor 10 d¢fhe [rtem dskrits icapprd onitls actapotser iThs|camffedsed by

RE g(r)\it ?gh provided willBwihBolEhd 0likHEH EFUIh 49 1 e 21838 hissive
i nv , .
filter 46. The cap 44 fits on the step 1l4a of the metallic base
14. '

The infrared sensor 10 has a circuit as shown in Fig.
4. A pyroelectric current is generated in the pyroelectric element
30 when thermal energy is given to the pyroelectric element 30.
The pyroelectric current is impedance-transformed by the
resistance in the pyroelectric element 30 and the FET 26, so as
to be output as a voltage. '

In this infrared sensor 10, one of the electrodes of each
of the cap—acitors 38 and 40 is directly bonded to the metallic base
14 of the stem 12. Therefore, no resistance nor inductance is
generated between such electrode and the metallic base 14. The
remaining electrodes of the capacitors 38 and 40 are directly
connected to the terminals 16a and 16b by the electrically
conductive adhesive 42, skipping over the electrode portions of
the substrate 20, without causing generation of resistance and .
inductance therebetween. Consequently, resistances and
inductances generated in the terminals 16a and 16b connected to
the electrodes 22a and 22b are major factors that affect the
characteristics of the infrared sensor 10. However, these
resistances and inductances form, in combination with the
capacitances presented by the capacitors 38 and 40 connected in
parallel therewith, tank circuits which effectively accommodate
RF noise, thus offering stable circuits for eliminating the
influence of RF noise.

| Figs. 5 and 6 are graphs showing ﬁF-resistance
characteristics of the infrared sensor 10 as described and those
of a known infrared sensor. 'As will be seen from these Figures,
the known infrared sensor is significantly affected by noise
especially at high frequencies above 900 MHz, whereas the infrared
sensor 10 of the present invention is not so seriously affected
by RF noise.

Thus, in the infrared sensor 10 of the present invention,



-0-

the sane tine, the influence of RF noise is also supp

the influence of resistances and inductances gehefated in the
grounding termnal 16c and the substrate electrodes i$ ig%rkﬂnpd%ﬂnd
e$s
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the influence of resistances and inductances generated in the
grounding terminal 16c and the substrate electrodes is diminished
and, at the same time, the influence of RF noise is also suppressed
by making an efficient use of the resistances and inductances
generated in the other terminals l6a and 16b. Furthermore, the
capacitors 38 and 40, that are disposed on a vertical lateral face
defined by the spacer 18 and the substrate 20, can be located in
the vicinity of the terminals 1l6a and 16b. This eliminates the
necessity for the pattern electrodes to be laid-out over
substantial lengths on the substrate 20 and, thus allowing the
substrate 20 to have a reduced size. This facilitates
miniaturiiation of the infrared sensor 10 and, hence, a reduction
in the pricé of the infrared sensor 10.

The infrared sensor 10 may be constructed, as shown in
Fig. 7, without using any spacer. More specifically, in the
infrared sensor 10 shown in Fig. 7, the substrate 20 is placed on
the terminals 16a, 16b and 16c, and the capacitors 38 and 40 are

- placed between the underside of the substrate 20 and the metallic

base 14. The capacitors 38 and 40 are directly connected to the
terminals 16a and 16b at the underside of the substrate 20, by an
electrically conductive adhesive.

The arrangement also may be such that, as shown in Fig.
8, through~holes are formed in the spacer 18 and the substrate 20
so as to receive the capacitors 38 and 40, and connections between
the capacitors 38, 40 and the metallic base 14, as well as between
these capacitors and the terminals 16a, 16b, are achieved in these
through-holes.

The arrangement also may be such that, as shown in Fig.
9, electrical connections between the capacitors 38, 40 and the
metallic base, as well as electrical connections between these
capacitors and the terminals 16a, 16b, are achieved in recesses
formed in the spacer 18 and the substrate 20.

As shown in Fig. 10, the infrared sensor of the invention
may have a square or rectangular protuberance 48 formed on the
metallic base 14. The prdtuberance 48 is received in a



by maki ng an efficient use of the resistances and i nductances generated in
the other termnals 16a and 16b. . Furthernore, the capacitors 38 and 40,
that are disposed on a vertical l|lateral face defined by the spacer 18 and
t he substrate 20, can be located in the vicinity of the termnnals 16a and
16b. This elimnates the necessity for tlie-pattern el ectrodes to be

| ai d-out over substantial |engths on the substrate 20 and, thus allow ng

t he subst FarsespondinglE eonthgweed hoke fonmed 48 theasvbshrateatif i z&neon

ot o ELAEEHORgBE ld lfhcyieio e SrOE bOB:tfoRbLPIOe Ghicitey

shown i n RPgare connesked tioi eppesite sarfacasps @m@m%mqrﬁnqmwhe The
pyroelectric element 30 ié placed on the protuberance 48 and on
the substrate 20 through intermediate supports 28a, 28b. Although
not shown in Fig. 10, the FET 26 of this infrared sensor 10 is
secured to the substrate 20. _

In each of these infrared sensors 10, tank circuits are
formed by the resistances and inductances formed by the terminals
16a and 16b together with the capacitances of the capacitors 38
and 40. At the same time, the influence of resistance and
inductance generated in other portions of the sensor can be
reduced. It is therefore possible to accumulate RF noise in the
tank circuits and to reduce the size of the infrared sensor 10.

According to the present invention, it is possible to
stably. remove RF noise which .otherwise would adversely affect the
-performance of the infrared sensor. The invention also facilitates
miniaturization of the infrared sensor, offering a reduction in
the cost of the infrared sensor.

While preferred embodiments of the invention have been
disclosed, it is understood that the scope of the invention is not
to be limited by the disclosed embodiments. Rather, other modes
of carrying out the principles disclosed herein that might occur
to a skilled individual are contemplated as being within the scope

of the invention.




i nfrared sensor 10 shown in FIE -7, the substrate 20 i

termnals 16a, mumg‘ “ Mﬂ the capacitors 38 and
t he undersi de

20 and the netallic bas
38 and 40 are dfrectly connected to the termnals 16a

undersi de of the substrate 20,” by an el gtt+ically cond ctlve adhe
, through- holes

The arrangenent al so may be such that, as shown in Fig.

are for nedHAT I CIRIMER ISy and the substrate 20 SO as {9 _Lecoiwe—ttrE
capacitors 38 and fllo aq,)rq1 rgs?%eg jaci itors 38, 40 and the
metal lic base 14, @s wel en ese ca aC|tor and the term nals

16a, 16b, are achl ei/metaihlnneluSQ lsewg-nqh@ @sground and a ground terminal

extending from the metallic base;

a substrate disposed on said metallic base;

a field effect transistor attached to said substrate;

a pyroeleétric element connected between the gate
terminal of said field effect transistor and the ground; and

a capacitor connected between the ground and one of the
drain terminal of said field effect transistor and the source
terminal of said field effect transistor;

-wherein said capacitor has two electrodes, one of the
electrodes of said capacitor being directly connected to said
metallic base, and the other electrode of said capacitor being
directly connected to the corresponding said terminal.

2. An infrared sensor accordihg to Claim 1, wherein
said one of the electrodes of said capacitor is connected to a flat
surface portion of said metallic base and said the other electrode
of said capacitor is connected to said terminal, and said capacitor
is disposed at a vertical lateral face presented by said substrate.

3. An infrared sensor according to Claim 1, further
comprising an insulating spacer provided between said metallic
base and said substrate.

4. An infrared sensor according to Claim 1, wherein a
protuberance is formed on said metallic base of said stem, and
wherein said one of the electrodes of said capacitor is connected
to said protuberance while the other electrode of said capacitor
is connected to said terminal, said terininal being disposed on said
substrate.

5. An infrared sensor according to claim 1, wherein said
capacitor electrodes are connected to said terminals by an
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The arrangenment alsSo nay be such that, as shown in Fig. 9, electrical

connection citors 38, 40 and the netallic base, as well as
el ectrical Qﬂﬂ pmlimm mzen t hese capacitors and the term nals 16a, 16b,
are achieve n recesses fOrmed in the spacer 18 and the substrate 20.

As shown in Fig. 10, the infrared sensor_of the invention may have a square
or rectangul ar protuberance 48 fornmed=ob?the metal lic base 14. The

rot uberance 48, i eceived in
P l.Electrlca f& con uctlve bonding material.

6. An infrared sensor according to claim 1, further
comprising 'a_ second capaci‘l:_or connected between the ground and the
other of the drain and source terminals of said field effect

. transistor, said second capacitor having two electrodes, one being
directly connected to said mefallic base and the other being
connected to the corresponding said terminal by an electrically
conductive bonding material.

7. An infrared sensor according to claim 1, wherein said
capacitor is disposed immediately adjacent to a lateral surface
defined by said substrate.

8. An infrared sensor according to claim 7, further
comprising an insulating spacer provided between said metallic
base and said substrate, wherein said lateral surface is defined
by both said substrate and said insulating spacer.

9. An.infrared sensor according to-claim 7, wherein said
lateral surface is substantially flat.

10. An infrared sensor according to claim 7, wherein
said lateral surface is defined by a hole formed in said substrate.

11. An infrared sensor according to claim 7, wherein
said lateral surface is defined by a recess formed in said
substrate. -
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- 10 - correspondingly configured hole forned in the substrate 20. One

el ectrode_of the capacitor 38 and one el ectrode of the capacitor 40 are
connected to opposite surfaces of the protuberance 48. The pyroelectric
.element 30 is placed on the protuberance 48 and on the substrate 20 through
i ntermedi ate supports 28a, 28b. Al thoughzngt shown in Fig. -10, the FET 26
of this infrared sensor 10 is

INFRARED SENSOR
ACT O 0S

An infrared sensor has a stem with a metallic base
serving as a ground'and a ground terminal extending from the
metallic base; a substrate'disposed on the metallic base; a field
effect transistor attached to the substrate; a pyroelectric
element connected between the gate of the field effect transistor
and ground; and a capacitor connected between ground and either
the drain terminal or the source terminal of the field effect
transistor. One of the electrodes of the capacitor is directly
connected to the metallic base of the stem, while the other
.electrode of the capacitor is directly connected to the
corresponding terminal by a conductive bonding material.

Fig. 1
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secured to the substrate 20. - In each of these infrared sensors
10, tank circuits are formed by the resistances and i nductances fornmed by
the term nals 16a and 16b together with the capacitances of the capacitors
38 and 40. At the same tinme, the influence of resistance and i nductance
generated in other portions of the sensor can be reduced. It .is therefore
possible to accunulate RF noise in the tank circuits and to reduce the size
of the infrared sensor 10. Actording to the present invention, it
is possible to stably "renove RF noise which otherw se woul d adversely
affect the performance of the infrared sensor. The invention al so
facilitates mniaturization of the infrared sensor, offering a reduction in

FIG. 1
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the cost of the infrared sensor. . Whi | e ‘preferred enbodi nents of
the invention have been disclosed, it is understood that the scope of the
invention is not to be limted by the disclosed enbodi nents. Rather, other
nodes of carrying out the principles disclosed herein that m ght occur to a

ski I-l ed individual are contenplated as being within the scope of the
I nventi on. ' '
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CLAI VE:
serving as a ground and a ground term nal

1

An infrared sensor conpri sing:

a netallic base

FIG. 3
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a substrate disposed on said netallic base; a field effect transistor

attached to said substrate; a pyroelectric elenent connected between
the gate termnal of said field effect transistor and the ground,
sai d pyroelectric el enent disposed on said substrate; and a capacitor

connected between the ground and one of the drain termnal of said field
effect transistor and the source termnal of said field effect transistor,
sai d capacitor disposed on said net al 14c base; wherein said capacitor
has two el ectrodes, one of the electrodes of said capacitor being directly
connected to said netallic base, and the other electrode of said capacitor

bei ng FIG. 5

I S S T S R
NOISE 1000 .... ...... ...... ., ....... ' ...... r ..... LS u ...... , ........
o N O

S O T VT e e ey e S |
0 100 200 300 400 500 600 700 800 900 1000
_FREQUENCY [MHz]

FIG. 6

2500 : : T :
73070)¢) U S — S— VERTICAL ~~-beneenes ;-,-Ak
............. oot DIRECTION —i—~-"
noisg 1090 : 5 E
[mv] 1000 ""'" ST
- BOO f-ovevsreesssemfenammses oo icanmaname ol -~ HORIZONTAL™
Y ST 4 DIRECTION |
0 800 850 800 950 1000

FREQUENCY [MHz]

REPLACEMENT SHEDY

29 JAN 1999




directly connected to one of the drain termnal and the source termnal.
2. An infrared sensor according to Caiml, wherein said one of the

el ectrodes of said capacitor is connected to a flat surface portion of
said netallic base and said the other electrode of said capacitor is
connected to said one of the drain termnal and the source terminal, and
said capacitor is disposed at a vertical |lateral face presented by said
substrate.. '

FIG. 7
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3. An infrared sensor according to Claim1l, further conprising an

I nsul ating spacer provided between said netallic base and said substrate.
4. An infrared sensor according to Claim1, wherein a protuberance is
formed on said netallic base of a stem and wherein said one of the

- electrodes of said capacitor is connected to said protuberance while the
ot her el ectrode of

6
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12 said capacitor is connected to said ternminal, said termnal being
di sposed on sai d substrate. '

FIG. 11
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5. An infrared sensor according to claim1, wherein said capacitor

el ectrodes are connected to said termnals by an electrically conductive
bondi ng materi al . ' 6. An infrared sensor according to claiml, _
further conprising a second capacitor connected between the ground and the
other of the drain and source termnals of said field effect transistor,
sai d second capacitor having two el ectrodes, one being directly connected
to said metallic base and the other bei8g connected to the corresponding
said termnal by an

FIG. 12
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el ectrically conductive bonding materi al. 7. An infrared sensor
according to claiml1l, wherein said capacitor is disposed i mediately

adj dcent to a lateral surface defined by said substrate. - 8. An
infrared sensor according to claim?7, further conprising an insulating
spacer provi ded between said netalllc base and said substrate, wherei-n said
| ateral surface is defined by both said substrate and said insulating

spacer . | 9

FIG. 13
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9. rar e%m@}ﬁm%gg\t m@!ia'timﬁq. 980um08in said lateral surface

1s ntially
wh said | ateral

An i nfrared sensor according to claim?7,
surface is defined by a hole fornmed in said substrat e,

1%)&(‘01“‘?@2%5&?0&@&‘ according to crarm 7, wherefm saidtarerat —surface

ss forned in said

T An 1nfrared sensor has a stem (12) with a metalhc base (14) serving as a ground and a ground
terminal (16c) extending from the metallic base, a substrate (20) disposed on the metallic
base, a field effect transistor (26) attached to the substrate, a pyroelectric element (30) .
connected between the gate of the field effect transistor and ground, and a capacitor (38, 40)

- connected between ground and either the dram terminal or the source terminal of the field
effect transistor. One of the electrodes of the capacitor (38,40) is directly connected to the .
metallic base (14) of the stem (12) while the other electrode of the capacitor is directly
connected to the corresponding terminal by a conductive bonding material (42).

INFRARED SENSOR
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CLAIMS:

1. An infrared sensor comprising:

a metallic base serving as a ground and a ground terminal
extending from the metallic base; ' '

a substrate disposed on said metallic base;

a field effect transistor attached to said substrate;

a pyroelectric element connected between the gate terminal
"of said field effect transistor and the ground, said
pyroelectric element disposed on said substrate; and

a capacitor.connectéd between the ground and one of the
drain terminal of said field effect transistor and the source
terminal of said field effect transistor, said capacitor

.’ -’-.\!
.("

disposed on said metallic base;
wherein said capacitor has two electrodes, one of the
electrodes of said capacitor being directly connected to said
metallic base, and the other electrode of said capacitor being
directly connected to one of the drain terminal and the source
 terminal.

2. An infrared sensor according to Claim 1, wherein said
one of the electrodes of said capacitor is connected to a flat
surface portion of said metallic base and said the other
electrode of said capacitor is connected to said one of the
drain terminal and the source terminal, and said capacitor is
disposed at a vertical 1lateral face presented by said
substrate. '

3. An infrared sensor according to Claim 1, further
comprising an insulating spacer provided between said metallic
base and said substrate.

4. An infrared sensor according to Claim 1, wherein:a
protuberance is formed on said metallic base of a stem, and
wherein said one of the electrodes of said capacitor is
connected to said protuberance while the other electrode of

o\gbﬁr—b hc\——Q
s\ gy
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said capacitor is connected to said termurai-—-—sa-i:d-—-t-erm-iﬁe:l.
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belng dlsposed on said substrate.

5. An infrared sensor according to clalm 1, wherein said
capac1tor electrodes are connected to said terminals by an
electrically conductive bonding material.

6. An infrared sensor according to claim 1, further
comprising a second capacitor connected between the ground and
the other of the drain and source terminals of said field
effect transistor, said second capacitor having two electrodes,
one being directly connected to said metallic base and the
other being connected to the corresponding said terminal by an
electrically éonductive-bonding material. )

7. An infrared sensor according to claim 1, wherein said
capacitor is disposed immediately adjacent to a lateral -surface
defined by said substrate.

8. An infrared sensor according to claim 7, further
comprising an insulating spacer provided between said metallic

‘base and said substrate, wherein said lateral surface is

defined by both said substrate and said insulating spacer.

9. An infrared sensor according to claim 7, wherein said
lateral surface is substantially £flat.

10. An infrared sensor according to claim 7, wherein said
lateral surface is defined by a hole formed in said substrate.

11. An infrared sensor according to claim 7, wherein said
lateral surface is defined by a recess formed in said
substrate. '



