0 3 OCT 2006 DESCRIPTION AN INFRARED DETECTING CIRCUIT AND AN INFRARED
DETECTOR TECHNICAL FIELD This invention relates to an infrared detecting circuit and an infrared
detector. BACKGROUND ART An infrared detector of the prior art is, as shown in FIG. 152Dﬁéovided

with a pyroelectric element 100 for detecting infrared rays radiated from a humanﬂb%cﬂp,Ta

current-to-voltage converting circuit 200 for converting a detection current signal of the pyroelectric
element 100 into a voltage signal, a coupling capacitor C30 connected with the current-to-voltage
converting circuit 200, a voltage amplifying Cistdcz@@semiected with an output of the coupling
capacitor C30, a low-pass filter 400 connected with the voltage amplifying circuit 300, a high-pass
filter 500 connectecwithvitrenione passHiter O G; mramplfyingagircnitiGi{rcopreeterbwith the
high-pass filter 500, and an output circuit 700 connected with the amplifying circuit 600. The
current-to-voltage converting circuit 200 includes a FET (Field Effect Transistor) having a gate
connected with the pyroelectric element 100, a resistor Rg connected in parallel with the opposite
ends of the 1RFEEALC BI&Hent 100, and a resistor Rs provided between a source of the FET and a
ground. The low- | (c) 3 OCT 2006 pass filter 400 and the high-pass filter 500 each include a

This invention relates to an infrared detecting circuit and

an infrared detector.

BACKGROUND ART

An infrared detector of the prior art is, as shown in FIG.
15, provided with a pyroelectric element 100 for detecting
infrared rays radiated from a human body, a current-to-voltage
converting circuit 200 for converting a detection current signal
of the pyroelectric element 100 into a voltage signal, a coupling
capacitor C30 connected with the current-to-voltage converting
circuit 200, a voltége amplifying circuit 300 connected with an
output of the coupling capacitor €30, a low-pass filter 400
connected with the voltage amplifying circuit 300, a high-pass
filter 500 connected with the low-pass filter 400, an amplifying
circuit 600 connected with the high-pass filter 500, and an output
circuit 700 connected with the amplifying circuit 600.

The current-to-voltage converting circuit 200 includes a FET
(Field Effect Transistor) having a gate connected with the
pyroelectric element 100, a resistor Rg connected in parallel with

the opposite ends of the pyroelectric element 100, and a resistor

Rs provided between a source of the FET and a ground. The low-



switched capacitor. The infrared detector thus constructed operates as follows. A detection current
signal outputted from the pyroelectric element 100 is converted into a voltage signal by the resistor
Rg and applied to the gate of the FET, whereby a drain current flows from the source of the FET to a
drain thereof. A source voltage is generated between the FET and the resistor Fsbypfe #8%v of the
drain current. After direct-current (dc) components of the source voltage is cut by the coupling
capacitor C30, and the source voltage is amplified at an amplification factor (1+R20/RIO) by the

voltage ampifying eireuit 30Q,0and ds gonseguenthhhandled asia oltage signahin aspagified,
frequency band whose high-frequency components and low-frequency components have been cut by
the low- pass/filtend4Q0andh the bigh-pass filter 500. This voltage signal is amplified at a set gain by
the amplifying circuit 600, and is outputted as a detection signal from the output circuit 700 after
being compared withiree specifieddevekthererr Howeverotise abovedcoasimngteapacitaf G30weeds to
have a large capacity in order to pass frequency components around 1 Hz expressing the motion of
the human Bodg tetet TousCariaggé-sizanedpauitor Hased Be esethss BhicheThetaige-simeapacitor is
obliged to be separately externally provided since it is difficult to integrate. Such an externally
provided cobpfing Bapiiet 80 hkteeh stadiRgSasss Hige hmdrdhice tbShiMaRTFiz&HorP8F 2 0 3

OCT 2006 integration of the infrared detector.
app

ied to the gate of the FET, whereby a drain current flows from
the source of the FET to a drain thereof. A source voltage is
generated between the FET and the resistor Rs by the flow of the
drain current. After direct-current (dc) components of the source
voltage 1is cut by the coupling capacitor €30, and the source
voltage is amplified at an amplification factor (1+R20/R10) by the
voltage amplifying circuit 300, and is consequently handled as a
voltage signal in a specified frequency band whose high-frequency
components and low-frequency components have been cut by the low-
pass filter 400 and éhe high-pass filter 500. This voltage signal
is amplified at a set gain by the amplifying circuit 600, and is
outputted as a detection signal from the output circuit 700 after
being compared with a specified level therein.

However, the above coupling capacitor C30 needs to have a
large capacity in order to pass frequency components around 1 Hz
expressing the motion of the human body, etc. Thus, a large-size
capacitor has to be used as such. The large-size capacitor is
obliged to be separately externally provided since it is difficult
to integrate. Such an externally provided coupling capacitor C30

has been standing as a large hindrance to miniaturization or



DISCLOSURE OF THE INVENTION It is an object of the present invention to provide an infrared
detecting circuit and device which are free from the problems residing in the prior art According to an
aspect of the present invention, an infrared detecting circuit is constructed by a c i? \é%gage
converting circuit, an amplifying circuit for amplifying the voltage signal outputted romt
current-to-voltage converting circuit, a band-pass filter circuit including a switched capacitor and
adapted to pass components of a voltage signal from the amplifying circuit in a specified frequency

band, a clogk generating ¢ecuihforiganeratingsa reference clock signal for controlling the switched
capacitor, and an output circuit for outputting a voltage signal outputted from the band-pass filter

circuit as a detection signal when the voltage signal is at a threshold level or higher. The
current-to-voltage converting circuit is to be connected with a pyroelectric element operable to
generate a BUACHRSURIICH FBEOTNVEINIWAN a received infrared ray to thereby convert the current
signal outputted from the pyroelectric element into a voltage signal. The current-to-voltage converting
circuit includes an éperationt arblifei cothedtet WrFFHRNSyrodleehic GlenentPa TapRitei? and a

feedback circuit for feedlng back a 303 OCT 2006 direct current component. The capacitor and the
feedback cit@fit HiecofRbeted BEtweER A butpi teffii&tanttifthvértfng fsit from the

problems residing in the prior art.

According to an aspect of the present invention, an infrared
detecting circuit is constructed Dby a current-to-voltage
converting circuit, an amplifying circuit for amplifying the
voltage signal outputted from the current-to-voltage converting
circuit, a band-pass filter circuit including a switched capacitor
and adapted to pass components of a voltage signal from the
amplifying circuit in a specified frequency Dband, a clock
generating circuit for generating a reference clock signal for
controlling the swi&ched capacitor, and an output circuit for
outputting a voltage signal outputted from the band-pass filter
circuit as a detection signal when the voltage signal is at a
threshold level or higher.

The current-to-voltage converting circuit is to be connected
with a pyroelectric element operable to generate a current signal
in accordance with a received infrared ray to thereby convert the
current signal outputted from the pyroelectric element into a
voltage signal. The current-to-voltage converting circuit
includes an operational amplifier connected with the pyroelectric

element, a capacitor, and a feedback circuit for feeding back a



terminal of the operational amplifier in parallel with each other. A pyroelectric element is connected
with the current-to- voltage converting circuit of the above-mentioned infrared detecting circuit to
produce an infrared detector. These and other objects, features and advantages gf.the present
invention will become more apparent upon a reading of the following detailed deg IFP[H?] 26,
accompanying drawings. BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 is an exploded
perspective view of an infrared detector according to an embodiment of the present invention; FIG. 2

is a circuit diageam ofai Bifraredsieiacting cireuit sigeskindbe infiareghdetestb ki, 3is-aircuit
diagram of a first modified infrared detecting circuit used in the infrared detector; FIG. 4 is a circuit
diagram of areeconchmodiiieddatrased deteciingaircuitusad i thenmfraredidetectdmd-lGnbus a circuit
diagram of a third modified infrared detecting circuit used in the infrared detector; FIG. 6 is a circuit
diagram of eefourtiain odified énfearach tdetesfingrartuitigsed in e inflarédwdatectarsFIGL Ireis .a circuit
diagram of a fifth modified infrared detecting circuit used in the infrared detector; 4 D 3 OCT 2006
FIG. 8 is a circuit dRgii & Eeriain porkibiera sikth rieaiiretiafrarettdetébthgBHeifniisé®m the

infrared detector, showing a current-to-voltage converting circuit and a voltage .
voltage converting circuit of the above-mentioned infrared

detecting circuit to produce an infrared detector.
These and other objects, features and advantages of the
present invention will become more apparent upon a reading of the

following detailed description and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an exploded perspective view of an infrared
detector according to an embodiment of the present invention;

FIG. 2 is a circuit diagram of an infrared detecting circuit
used in the infrared‘detector;

FIG. 3 is a circuit diagram of a first modified infrared
detecting circuit used in the infrared detector;

FIG. 4 is a circuit diagram of a second modified infrared
detecting circuit used in the infrared detector;

FIG. 5 1s a circuit diagram of a third modified infrared
detecting circuit used in the infrared detector;

FIG. 6 is a circuit diagram of a fourth modified infrared
detecting circuit used in the infrared detector;

FIG. 7 is a circuit diagram of a fifth modified infrared

detecting circuit used in the infrared detector;



amplifying circuit; FIG. 9 is a circuit diagram of a seventh modified infrared detecting circuit used in
the infrared detector; FIG. 10 is a circuit diagram of an eighth modified infrared detecting circuit used
in the infrared detector; FIG. 11 is a circuit diagram of a main portion of a ninth Odlfled mfrared
detecting circuit used in the infrared detector, showing a current-to-voltage corglrg it and a
voltage amplifying circuit; FIG. 12 is a circuit diagram of a main portion of a tenth mOdIerd infrared
detecting circuit used in the infrared detector, showing a current-to-voltage converting circuit and a

voltage amplifyingmiteuitgFIGs 13 is areitauit diagranmmof érmainparion of aiveleventh mogdified
infrared detecting circuit used in the infrared detector, showing a current-to-voltage converting circuit
and a voltage afplfyihgfeisewt; F& bt isg circtidtudiagresadofia switeh icohtrotkag pertaen oaf,the
infrared detecting circuit shown in FIG. 13; and FIG. 15 is a circuit diagram showing a prior art infrared
detecting ciicoiti 590 2OCTH 2096 BESTMODE FORGARRYING GUTiTHENVENTIONReferring to
FIG. 1 explodedly showing a construction of an infrared detector according to an embodiment of the
present ing@rdor YHedinfrafed Hetector comprises a disk-shaped base 11

FIG. 9 is a circuit diagram of a seventh modified infrared
detecting circuit used in the infrared detector;

FIG. 10 is a circuit diagram of an eighth modified infrared
detecting circuit used in the infrared detector;

FIG. 11 is a circuit diagram of a main portion of a ninth
modified infrared detecting circuit used in the infrared detector,
showing a current-to-voltage converting circuit and a voltage
amplifying circuit;

FIG. 12 is a circuit diagram of a main portion of a tenth
modified infrared detecting circuit used in the infrared detector,
showing a current—té—voltage converting circuit and a voltage
amplifying circuit;

FIG. 13 is a circuit diagram of a main portion of an
eleventh modified infrared detecting circuit used in the infrared
detector, showing a current-to-voltage converting circuit and a
voltage amplifying circuit;

FIG. 14 is a circuit diagram of a switch controlling portion
of the infrared detecting circuit shown in FIG. 13; and

FIG. 15 is a circuit diagram showing a prior art infrared

detecting circuit.



having three lead wires 12 connected with the bottom surface thereof, a disk-shaped printed circuit
board 16 mounted on the upper surface of the base 11 via two furrings 17, a pyroelectric element 1
mounted substantially in the middle of the printed circuit board 16 and having amher%angrular light
detecting surface, a bottomed hollow cylindrical can 13 having an optical filter A 2006 its ceiling
wall and adapted to cover the printed circuit board 16, and a dome-shaped large-diameter condenser
lens 15 mounted on the ceiling wall of the can 13. The condenser lens 15 is a multi-lens including a

number of {gsr lnbpEe FoRy ¢ racieiedt o arfagman/eady &@nd passed through the lens 15 and the
optical filter window 14 are incident on the pyroelectric element 1. An infrared detecting circuit for

processing a deteckeneatirtent signalris . moueted oddhe yeahsurfaceaofdhesprinted eincuitbaard 16.
The infrared detecting circuit is integrated into one piece. A detailed construction of the infrared
detecting cimc@itaseshowatind®ia:. 2 dafwgtdfraged deteeting eicaiingrovided withe a curesatato-voltage
converting circuit 2 for converting a current signal from the pyroelectric element 1 into a voltage signal,
a voltage amptifiAgoircit® connetied wititas eitp RBThES 80 3 OBT RoUBRefrehtis-vblkage
converting circuit 2, a band-pass filter circuit 4 connected with an output of the voltage amplifying
circuit 3, afd BhrGutpdtGrcuit 53bn i@ with aR BRBGEEHthE bandth&ss et Wrcuttg face

thereof, a disk-shaped printed circuit board 16 mounted on the
upper surface of the base 11 via two furrings 17, a pyroelectric
element 1 mounted substantially in the middle of the printed
circuit board 16 and having a rectangular light detecting surface,
a bottomed hollow cylindrical can 13 having an optical filter
window 14 in its ceiling wall and adapted to cover the printed
circuit board 16, and a dome-shaped large-diameter condenser lens
15 mounted on the ceiling wall of the can 13. The condenser lens
15 is a multi-lens including a number of lens.

Infrared rays éadiated from a human body and passed through
the lens 15 and the optical filter window 14 are incident on the
pyroelectric element 1. An infrared detecting circuit for
processing a detection current signal 1is mounted on the rear
surface of the printed circuit board 16. The infrared detecting
circuit is integrated into one piece.

A detailed construction of the infrared detecting circuit is
shown in FIG. 2. This infrared detecting circuit is provided with
a current-to-voltage converting circuit 2 for converting a current

signal from the pyroelectric element 1 into a voltage signal, a

voltage amplifying circuit 3 connected with an output of the



The pyroelectric element 1 generates polarization charges corresponding to a temperature increase
when temperature increases due to radiated heat waves, and outputs these polarization charges as
a detection current signal. The current-to-voltage converting circuit 2 includes an operational amplifier
21 having an inverting input terminal connected with one end of the pyroelectric @Ign{é@ﬁ 1068
feedback capacitor Cf connected between an output terminal and the inverting input terminal of the
operational amplifier 21, and a resistance circuit element Z connected in parallel with the feedback
capacitor Ctuk pawertsupplytader outputteng angefersncarvoltage Vr aisetddodsataarsoperatingrpoint of
the voltage signal to be outputted is connected between the non-inverting input terminal of the
operational @iplifidr 24 asdrngsiat. Bihbe thie careptto-vdltagécomartingireuip 2ifgiudes the
operational amplifier 21 and gives a negative feedback via the resistance circuit element Z, the

variation of $4¢ @perafing Hint s SUPPHIsseHF THi$ efinfiRBRCHfdn¥édfora Sttty Cdpadifor

conventionally used to cut the variation of the operating point, consequently making it possible to
reduce the SR GPHEinfrarE8 T dSiddting cifcuit greatly. 7 0 3 OCT 2006 The current-to-voltage
converting circuit 2 jﬁlgrovided \f/itg thecfee back %apacit%rn C;.a'];he currcfnt Con]{)ioonentﬁl_lin the
frequency band of around ¥ %o ?L& Hz of tié"Cutren oﬁ’tpu?ted front” ﬁleaﬁirzoae &Cttic elément 1 that is

”nponantK%g?gggﬁ%nding to a temperature increase when temperature increases

due to radiated heat waves, and outputs these polarization charges
as a detection current signal.

The current-to-voltage converting circuit 2 includes an
operational amplifier 21 having an inverting input terminal
connected with one end of the pyroelectric element 1, a feedback
capacitor Cf connected between an output terminal and the
inverting input terminal of the operational amplifier 21, and a
resistance circuit element Z connected in parallel with the
feedback capacitor ‘Cf. A power supply E for outputting a
reference voltage Vr used to set an operating point of the voltage
signal to be outputted 1s connected between the non-inverting
input terminal of the operational amplifier 21 and a ground.
Since the current-to-voltage converting circuit 2 includes the
operational amplifier 21 and gives a negative feedback via the
resistance circuit element Z, the variation of the operating point
is suppressed. This eliminates the need for a coupling capacitor
conventionally used to cut the variation of the operating point,
consequently making it possible to reduce the size of the infrared

detecting circuit greatly.



human body is converted into the voltage signal by the use of the feedback capacitor Cf. In the
conventional current-to-voltage converting circuit which converts a current signal from a pyroelectric
element into a voltage signal by use of a resistance member, there is the problem that the converted
voltage signal contains a considerable number of noises due to the fact that the br@sBtangssgmember
is likely to generate thermal noises. On the other, a capacitor is theoretically seen not to generate
thermal noises. Accordingly, it will be apparent that the current-to- voltage converting circuit 2 of this
embodiment using the: capacitot-Gfocan toayerta suaent sigralfeamta pyieelpetic &lementninto a
voltage signal having few noise. The voltage amplifying circuit 3 is in the form of an inverting
amplifying dihsuit,fzrdiirctidesaarr operatiofdl. amplifigh81 laningran imventinganpat temmingie
connected with an output terminal of the current-to-voltage converting circuit 2 via a resistor R1, and
a resistor R grogaed beaneer? &n dtppat térmlinalcant: thelAverfing heputushaiiial of tel bpedational
amplifier 31. Further, the power supply E for outputting the reference voltage Vr used to set the
operating pbiiftfof #i& vBKAGE S§alto belsMpritted is 'ditnedted WBPATBH-intartiA§ T8 T3 & C T
2006 input terminal of the operational amplifier 31. Since the operational amplifier 21 has a very low

output impBEARRe PR ndtnECBISAY D cHS &P theiRbte ARpaddhas dt¥a tirkult EonRectdtf with the

OUHMHtEHﬂngéggQE(%%%%%g@@r Cf. In the conventional current-to-voltage
converting circuit which converts a current signal from a
pyroelectric element intc a voltage signal by use of a resistance
member, there 1s the problem that the converted voltage signal
contains a considerable number of noises due to the fact that the
resistance member is likely to generate thermal noises. On the
other, a capacitor is theoretically seen not to generate thermal
noises. Accordingly, it will be apparent that the current-to-
voltage converting circuit 2 of this embodiment wusing the
capacitcr Cf can cohvert a current signal from a pyroelectric
element into a voltage signal having few noise.

The voltage amplifying circuit 3 is in the form of an
inverting amplifying <circuit, and includes an operational
amplifier 31 having an inverting input terminal connected with an
output terminal of the current-to-voltage converting circuit 2 via
a resistor Rl, and a resistor R2 provided between an output
terminal and the inverting input terminal of the operational
amplifier 31. Further, the power supply E for outputting the

reference voltage Vr used to set the operating point of the

voltage signal tc be outputted i1s connected with a non-inverting



amplifier 21. Accordingly, the inverting amplifying circuit 3 having a low input impedance is connected
with the output terminal of the operational amplifier 21 to thereby amplify the voltage. An inverting
amplifying circuit is used as the voltage amplifying circuit 3 in this embodiment. If g non-inverting
amplifying circuit is, conversely, used, the power supply needs to be connected t&&w@% gtugﬁain
resistor connected with the inverting input terminal of the operational amplifier 31 and the ground. If
the power supply is connected in this way, a current flows thereinto and the power supply becomes
unstable dumnioua vodtagen siecegase caniseddny tha interpaliresistance therein. Thus, a power supply
needs to be connected separately from the power supply E connected with the pyroelectric element 1
and the current-to- $aoktage tbrvertieg zircoited. GmiHe biver hahdhHsheavolege amplifyirigpeircuit 3 is
constructed by the inverting amplifying circuit as in this embodiment, the power supply E can be
directly corif@aeangith tHé ndh-invErtingEnpeR erntinarefticepeidibnbrrarhplif@edanFarthér, since
the non-inverting input terminal has_a high input impedance, no current flows into the power supply E
and no voltage”dEEHdse CERFS i thHAB irftefndt PEBIstante Tl iid pOWer8Gp iy & A ahe

reference voltgge of the ?vertin% 90 I(Bj,OC 20016_} ampli in% circuit can be stabilized. Theregore, the
power suppRFE thtBe Ermmonly TeEd it e chfBntdditade ciRrting ! B cuit's Bhtithe voltage
amplifying circuit %, and the dete%tinlgnpceir uit can be accordingly made smaller. Furthermare, the

common oW Inpu ancé 1S conhec e outpu ermin
of the operational amplifier 21 to thereby amplify the voltage.

An inverting amplifying circuit is wused as the voltage
amplifying circuit 3 in this embodiment. If a non-inverting
amplifying circuit is, conversely, used, the power supply needs to
be connected between a gain resistor connected with the inverting
input terminal of the operational amplifier 31 and the ground. 1If
the power supply is connected in this way, a current flows
thereinto and the power supply becomes unstable due to a voltage
decrease caused by tﬂe internal resistance therein. Thus, a power
supply needs to be connected separately from the power supply E
connected with the pyroelectric element 1 and the current-to-
voltage converting circuit 2. On the other hand, if the voltage
amplifying circuit 3 is constructed by the inverting amplifying
circuit as in this embodiment, the power supply E can be directly
connected with the non-inverting input terminal of the operational
amplifier 31. Further, since the non-inverting input terminal has
a high input impedance, no current flows into the power supply E
and no voltage decrease occurs due to the internal resistance in

the power supply E. Thus, the reference voltage of the inverting



use of the power supply E permits the reference voltage for the current-to-voltage converting circuit 2
and the reference voltage for the voltage amplifying circuit 3 to be identical with each other,
consequently making the respective operating points of the both circuits 2 and Sbi entical with each
other. Accordingly, the operating point can be regulated to a negligible variation vaRTvidk6ut
providing a coupling capacitor between the both circuits 2 and 3. The band-pass filter circuit 4 is
provided with a switched capacitor filter to miniaturize the infrared detecting circuit, and gives a
specified gaifddix yottage signakindhe frequenceyi bandiof OThta-2 £HHz, witeh tewepodapbiry
detecting a human body, and then outputs the voltage signal. The switched capacitor filter has a
resistor secionzarhe lpesistomsection isiscohstfwctedby a switched-capasitoraoeluding eecapagitor and
a switching element such as a MOSFET connected with a clock generating circuit 6. The switching
element is FHEY o and ol bYw fdefasce apekisiypapirerrgitiélodk gaméraiiey eREsiE6LRI charge
and discharge the capacitor, whereby causing the capacitor to equivalently function as a resistance
member. AﬁW&Ieﬁ??e@%tﬁﬁ@%&&@ﬁ%%sﬁﬁéﬁé&Eapa%%lt%eé%"é%seﬂtlﬁ/ REMAF0 3 O

CT 2006 1/f.C wherein fand C denotefl frequenc%,(ﬁamﬁlling fref%uenccyg of tlhe clock si nalégiven to
the switchin’ &leffent Bhd RECapadity 18t the Rapitltdr, Fe8pd&ively ihthd i pads filtd? Circuit 4

FHOWded\N@&yyag'pgglvoltage converting circuit 2 and the reference voltage

for the voltage amplifying circuit 3 to be identical with each
other, consequently making the respective operating points of the
both circuits 2 and 3 identical with each other. Accordingly,
the operating point can be regulated to a negligible variation
even without providing a coupling capacitor between the both
circuits 2 and 3.

The band-pass filter circuit 4 is provided with a switched
capacitor filter to miniaturize the infrared detecting circuit,
and gives a specifiéd gain to a voltage signal in the frequency
band of 0.1 to 1.0 Hz, which is important in detecting a human
body, and then outputs the voltage signal. The switched capacitor
filter has a resistor section. The resistor section 1is
constructed by a switched capacitor including a capacitor and a
switching element such as a MOSFET connected with a clock
generating circuit 6. The switching element is turned on and off
by a reference clock signal from the clock generating circuit 6 to
charge and discharge the capacitor, whereby causing the capacitor
to equivalently function as a resistance member. An equivalent

resistance value R by the switched capacitor is expressed by R =

10



mentioned switched capacitor filter, there is a likelihood that a return noise occurs when an inputted
voltage signal contains many high-frequency components. However, in this embodiment, the
current-to-voltage converting circuit 2 performs the current-to- voltage conversiongb the capacitor Cf.
The impedance of the capacitor Cf is expressed by 1/(27c-f.Cf). The impedance fih@%aﬁﬂ@ﬁ:itor Cf
becomes smaller as the frequency becomes higher. Accordingly, the voltage signal is outputted from
the current-to- voltage converting circuit 2 after the high-frequency components are greatly cut. In
other wordg, the valiege signgll hading regligibleahigh-drpguency componentsiis éapetiotheot
band-pass filter circuit 4. The return noise in the band-pass filter circuit 4 can be suppressed. The
output circuihb indludés aicormparsiveto tomphee thel Wditage sigrakottpatted fiem the dandipass
filter circuit 4 with a specified threshold level, and outputs a detection signal when the voltage signal
is at the thre5hblte|esR 3P Highier. TRFBSGfraFed Betector operates as follows. A detection current
signal outputted from the pyroelectric element 1 is inputted to the current-to-voltage converting circuit

2. The voltage sigrd of the BRIEERT Eurteht&ignal it s it AL 6ot Bo b fréfiediicy band

of 0.1to 1.0 Hz, _WhicQ is imﬁortant in detec;:j[inrg a .human b%d , IS ,converlteg igtoha Vé)ltggetsignal by
the impedafgR® t8RFbrght 1G5 R thé CapatitbF B, IS why, the At FRSqiendy Components

anaCUtanQE%%§ﬂ“£%w%g;@yg§¥§dWhen an inputted voltage signal contains many

high-frequency components. However, 1in this embodiment, the
current-to-voltage converting circuit 2 performs the current-to-
voltage conversion by fhe capacitor Cf. The impedance of the
capacitor Cf is expressed by 1/ (2n-£Cf). The impedance of the
capacitor Cf becomes smaller as the frequency becomes higher.
Accordingly, the voltage signal is outputted from the current-to-
voltage converting circuit 2 after the high-frequency components
are greatly cut. In other words, the voltage signal having
negligible high—freqﬁency components is input to the band-pass
filter circuit 4. The return noise 1in the band-pass filter
circuit 4 can be suppressed.

The output circuit 5 includes a comparator to compare the
voltage signal outputted from the band-pass filter circuit 4 with
a specified threshold level, and outputs a detection signal when
the voltage signal is at the threshold level or higher.

This infrared detector operates as follows. A detection
current signal outputted from the pyroelectric element 1 1is
inputted to the current-to-voltage converting circuit 2. The

voltage signal of the detection current signal that is in the

11



Subsequently, after being amplified at an amplification factor of R2/R1 in the voltage amplifying circuit
3, the voltage signal converted by the current-to-voltage converting circuit 2 has components in the
frequency band of 0.1 to 1.0 Hz cut off by the band-pass filter circuit 4. Since the high-frequency
components are cut in the current-to-voltage converting circuit 2, the occurren HO&tubhoise in
the band-pass filter circuit 4 is suppressed. Subsequently, the resulting voltage signal is compared
with the threshold level in the output circuit 5, which then outputs a detection signal. As described
above, accatdingdadhenafiared detecting Tircuitzthevboupling capaciteshaving bees daisathinsthe
conventional infrared detecting circuit can be omitted and the power supply E connected with
pyroelectridetermertctthe torrennversithgentonvertirrgl tirogit 2 iandhthebuoltbiye armplfgmereircuit 3
can be commonly used. Thus, the infrared detecting circuit can be made smaller. Further, since the
high-frequetRYPCRIRPBNENtSare Céut IRf thd@urFéRri-tBkage convertifiErctit2, theeodttffence of
return noise in the band-pass filter circuit 4 can be suppressed. FIG. 3 is a circuit diagram of a first

modified infrafSHePSY 3 BRCI6S Sdefdding Bircutsed fethé firarett dtedidr. AR MYRTed

detecting circuit is identical to the infrared detecting circuit, shown in F|G, 2 exce égor that a second
% éi r E) fl%lc l’g %

amplifying Greait F18"5ddioRaHS brovided sEtReen's band-passiter dirdiit 4 nd a5 o °

R2/R1 in the voltage amplifying circuit 3, the voltage signal
converted by the current-to-voltage converting circuit 2 has
components in the frequency band of 0.1 to 1.0 Hz cut off by the
band-pass filter circuit 4. Since the high-frequency components
afe cut 1in the current-to-voltage converting circuit 2, the
occurrence of return noise in the band-pass filter circuit 4 is
suppressed. Subsequently, the resulting voltage signal is
compared with the threshold level in the output circuit 5, which
then outputs a detection signal.

As described ébove, according to the infrared detecting
circuit, the coupling capacitor having been used in the
conventional infrared detecting circuit can be omitted and the
power supply E connected with pyroelectric element 1, the current-
to-voltage converting circuit 2 and the voltage amplifying circuit
3 can be commonly used. Thus, the infrared detecting circuit can
be made smaller. Further, since the high-frequency components are
cut by the current-to-voltage converting circuit 2, the occurrence
of return noise in the band-pass filter «circuit 4 can be
suppressed.

FIG. 3 is a circuit diagram of a first modified infrared

12



output circuit S. The second amplifying circuit 7 is a non- inverting amplifying circuit, and includes an
operational amplifier 61 having a non-inverting input terminal connected with an output terminal of
the band-pass filter circuit 4, a resistor R3 connected between an output termingl and an inverting
input terminal of the operational amplifier 61 and a resistor R4 connected with &éairq\%rtﬁqﬁﬁinput
terminal of the operational amplifier 61. A power supply E for setting the operating point at a specified
level is connected between the resistor R4 and the ground. A signal component in the frequency band
of 0.1 to 1.Qiklzeist importdntinidetestny humandodies-arddividgtergasisms. Tors this: feasenri the
frequency performance characteristic of a band- pass filter circuit 4 arranged prior to the second
amplifying dirtait7iisgsset bt @upsak frequenty of aroundthe Haf Corstqdendyt arsigral component in
the frequency of around 0.1 Hz is attenuated by the band-pass filter circuit 4. Accordingly, the
threshold le¥ePvr tHerodthait crcGX Sods foPbe 5ot fovdersty asltordektt THE Gittehbaved signap
component in the frequency of around 0.1 Hz conform to the attenuated voltage signal, which
inevitably niskET MR NREBFHtige BRI RGRegRgHIe 713 683 CET2006 4niiRadt to a

higher possibig%lof an. erroneoys deteTcHon. If it isdassu ed that a vo,Itaé)ge,signal in the fregugncy
band aroun@“bPt Hz ¢ Attdhtiatdd, for exampis By abst 26 4B By e band-pdss’ fitét it 4 (the

amplitude O:]E111@%Pyiggtteda%lgpﬁlfﬁp§g8meéi rcuit, and includes an operational

amplifier 61 having a non-inverting input terminal connected with
an output terminal of the band-pass filter circuit 4, a resistor
R3 connected between an output terminal and an inverting input
terminal of the operational amplifier 61 and a resistor R4
connected with the inverting input terminal of the operational
amplifier 61. A power supply E for setting the operating point at
a specified level 1is connected between the resistor R4 and the
ground.

A signal compoﬁent in the frequency band of 0.1 to 1.0 Hz is
important in detecting human bodies and living organisms. For
this reason, the frequency performance characteristic of a band-
pass filter circuit 4 arranged prior to the second amplifying
circuit 7 1s set at a peak frequency of around 1.0 Hz.
Consequently, a signal component in the frequency of around 0.1 Hz
is attenuated by the band-pass filter circuit 4. Accordingly,
the threshold level of the output circuit 5 has to be set lower so
as to detect the attenuated signal component in the frequency of
around 0.1 Hz conform to the attenuated voltage signal, which

inevitably makes the influence of noise and the like no negligible
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1/10 with respect to the inputted signal), the amplitude of the voltage signal outputted from the voltage
amplifying circuit 3 has to be 10 times the threshold level in order to cause the output circuit 5 to
precisely compare the voltage signal and the threshold level and output the detection signal. In order
to secure an output voltage having an amplitude which is 10 times the threshold(qei/é?,cg s?lg@ﬁr)ly
voltage level of the operational amplifier 31 needs to be at least 10 times the threshold level. The
supply voltage level is normally about 15 V although it depends on the characteristics of the
operationalaaraplifierd3l wisesl andjraccopdingly, ithetey isod spaciéie dionie tuncteasiagitbe. supmy
voltage level of the operational amplifier 31. On the other hand, it may be considered to maintain the
supply voltage levelsfuhedpdratioral e phfier 31 tove by redtbing theatlreshokiievebobtheoutput
circuit 5. However, if the threshold level is reduced, the output circuit 5 may output the detection
signal everfinlréépohseabtenviseeSignbP havifiya smaltYaipfittide? BndBabrofditglya tisemaissalso a
specific limit in reducing the threshold level. Thus, the threshold level is normally set at about half the
supply voltdde t&Fel of B dpetationt arfpfiktr e HoweVR?, if St ¢dse theadutPEEARES 3 OCT

2006 circuilt/E cannothothrput the deétection si%nal if th%1 amplitude of tthe voltagetsignal in the frequency
ntP0. 112 is” &iRntatedto 113 ot 16Wer By thé Bahd-pase fitd&rclitd S acdorditgly, in the

band of aro

CUNEHPIOA@% EEEOQ%QQQQ‘%Q%ﬂﬁgged from the voltage amplifying circuit 3 has

to be 10 times the threshold level in order to cause the output
circuit 5 to ©precisely compare the voltage signal and the
threshold level and output the detection signal. In order to
secure an output voltage having an amplitude which is 10 times the
threshold 1level, a supply voltage level of the operational
amplifier 31 needs to be at least 10 times the threshold level.
The supply voltage level 1s normally about 15 V although it
depends on the characteristics of the operational amplifier 31
used ana, accordinglg, there is a specific limit in increasing the
supply voltage level of the operational amplifier 31. On the
other hand, it may be considered to maintain the supply voltage
level of the operational amplifier 31 low by reducing the
threshold 1level of the output circuit 5. However, 1f the
threshold level is reduced, the output circuit 5 may output the
detection signal even in response to a noise signal having a small
amplitude and, accordingly, there is also a specific 1limit in
reducing the threshold level. Thus, the threshold 1level 1is

normally set at about half the supply voltage 1level of the

operational amplifier 31. However, in such a case, the output
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this modification, the amplifying circuit 7 is connected between the band-pass filter circuit 4 and the
output circuit 5 to solve the above problem by amplifying the amplitude level of the voltage signal
attenuated in the band-pass filter circuit 4 substantially to the threshold level. As described above,
according to the first modified infrared detecting circuit, an erroneous detection b@ ﬁengﬁtﬁmﬁcircuit 5
is prevented by connecting the amplifying circuit 7 between the band-pass filter circuit 4 and the
output circuit 5 to amplify the attenuated amplitude of the voltage signal outputted from the
band-pass tilteraircuib4 sastantialiydotihe tleresbold-teivel. Acgoadingly, the detestibtuaecusadcy of
this circuit is considerably increased. FIG. 4 is a circuit diagram of a second modified infrared
detecting cirbgit. Thetsacondimodified infrated derwtiggairchirnig identiealctanthe thftaréid détecting
circuit shown in FIG. 2 except for that a high-pass filter 8 is provided between a band- pass filter

circuit 4 an@ &rPBURREIfkItS 2TRE higHadyy fifles SomRflikes anfdperatiorar akiglifier 71 having a
non- inverting input terminal connected with an output of the band-pass filter circuit 4 via a capacitor
Cl, a capacitor C2 5ifiected 9180 30ET*2686 *Htween Yntbafut TeBHE MY &nifVetingfinput
termin_al of the opr%g_ti%ggl %rpgrllifi_ert 1, %r;nd S it%hedcc%%%(l;@%qr (;L go_rég%ctedtig N pgra}cll% V\gth t_he
capacitor C2'The"Switched capactitor 'SC8 adopted’for the MiniaturiZatioh of the Circlit as described
above. the band-pass filter circuit 4 and the output circuit 5 to solve

the above problem by amplifying the amplitude level of the voltage

signal attenuated in the band-pass filter circuit 4 substantially

to the threshold level.

As described above, according to the first modified infrared

detecting circuit, an erroneous detection by the output circuit 5

is prevented by connecting the amplifying circuit 7 between the

band-pass filter circuit 4 and the output circuit 5 to amplify the

attenuated amplitude of the voltage signal outputted from the

band-pass filter ciréuit 4 substantially to the threshold level.

Accordingly, the detection accuracy of this circuit is

considerably increased.

FIG. 4 is a circuit diagram of a second modified infrared

detecting circuit. The second modified infrared detecting circuit

is identical to the infrared detecting circuit shown in FIG. 2

except for that a high-pass filter 8 is provided between a band-

pass filter circuit 4 and an output circuit 5. The high-pass

filter 8 includes an operational amplifier 71 having a non-

inverting input terminal connected with an output of the band-pass

filter circuit 4 via a capacitor Cl, a capacitor C2 connected
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A power supply E is connected with both a non-inverting input terminal of the operational amplifier 71
and the switched capacitor SC. Since a gain in a passage band of the high-pass filter 8 is expressed
by a capacity ratio C1/C2, a desired gain can be obtained by suitably setting the capacities of the
capacitors Cl and C2. The effectiveness of the provision of the amplifying circuit §73bgtyyeegghe
band-pass filter circuit 4 and the output circuit 5 is described in the first modification. If the
amplification factor (gain) of the amplifying circuit 7 is set larger, there is a possibility of largely

varying the,gneraino point.ofie euitied valiaoe sional becatise the nffsel omponent afbe

voltage signal outputted from the band-pass filter circuit 4 is amp at the larger amplification
factor. Accoyslingly; the Yadation of dhe pperating pointiis-suRPraSsEs By cosnestingdhedighpass
filter 8 having a gain between the band-pass filter circuit 4 and the output circuit 5 to cut
low-frequencyraomppnentshof the veltage signal aatputtechisons wihe-hand-pasa filtes eir@gt 4. sSince the
voltage signal of frequency components of 0.1 to 1.0 Hz is outputted after being amplified to a level
approximatedorthethfeshalddewvel aat 161G 3-OCT 2006herronecwustdetectiondyyi theloatputecircuit 5
can be prevented. Accordingly, the detection accuracy of the detecting circuit is remarkably
increased. As Hesetibethabdve, Bicddrdingnoahessbcoadimddifidd @ non-inverting input

terminal of the operational amplifier 71 and the switched
capacitor SC. Since a gain in a passage band of the high-pass
filter 8 is expressed by a capacity ratic Cl/C2, a desired gain
can be obtained by suitably setting the capacities of the
capacitors Cl and C2.

The effectiveness of the provision of the amplifying circuit
7 between the band-pass filter circuit 4 and the output circuit 5
is described in the first modification. If the amplification
factor (gain) of the amplifying circuit 7 is set larger, there is
a possibility of l;rgely varying the operating point of the
outputted vcltage signal because the offset component of the
voltage signal outputted from the band-pass filter circuit 4 is
amplified at the larger amplification factor.

Accordingly, the wvariation of the operating point 1is
suppressed by connecting the high-pass filter 8 having a gain
between the band-pass filter circuit 4 and the output circuit 5 to
cut low-frequency components of the voltage signal outputted from
the band-pass filter circuit 4. Since the voltage signal of

frequency components of 0.1 to 1.0 Hz is outputted after being

amplified to a level approximate to the threshold level, an
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infrared detecting circuit, an erroneous detection by the output circuit 5 can be prevented since the
variation of the operating point of the voltage signal outputted from the high-pass filter 8 is
suppressed and the frequency components of 0.1 to 1.0 Hz are outputted after being amplified to the
level approximate to the threshold level. Accordingly, the detection accuracy offti3e ggetegsgng circuit is
remarkably increased. Further, since the switched capacitor SC is used as a resistor section of the
high- pass filter 8, the detecting circuit can be miniaturized and the temperature characteristic thereof

can be stalilizgdeElG- Sdstw@ cireuit diggram of a thipd mogdified,infrared cdategling gitapit, dde, third
modified infrared detecting circuit is identical to the infrared detecting circuit except for that there is
provided a hassl-pass filter eireuitakk eopstbctedy alternatelyrconnectiag tvigh-passfiltersiand
low-pass filters at one stage after another. The high-pass filters and low-pass filters are both
constructed-by=switttied capaciorsi More specifically, a total of five filters of high-pass filter (HPF)
411, low-pass filter (LPF) 412, high-pass filter (HPF) 413, low- pass filter (LPF) 414 and high-pass
filter (HPF) 415 are®sucéessivéieconmésted fromcse baiput oftpvoltige apgslifpihg 17E GET 2006
circuit 3. These filters not only serves as a band-pass filter circuit for extracting the signal components
necessary {6 868@% KA Hetly Chiso hafe thETONBRTy AR ThEMidhpasy HreF

circuit 5 can be prevented since the variation of the operating
point of the voltage signal outputted from the high-pass filter 8
is suppressed and the frequency components of 0.1 to 1.0 Hz are
outputted after being amplified to the level approximate to the
threshold level. Accordingly, the detection accuracy of the
detecting circuit 1is remarkably increased. Further, since the
switched capacitor SC is used as a resistor section of the high-
pass filter 8, the detecting circuit can be miniaturized and the
temperature characteristic thereof can be stabilized.

FIG. 5 is a c&rcuit diagram of a third modified infrared
detecting circuit. The third mocdified infrared detecting circuit
is identical to the infrared detecting circuit except for that
there is provided a band-pass filter circuit 41 constructed by
alternately connecting high-pass filters and low-pass filters at
one stage after another. The high-pass filters and low-pass
filters aré both constructed by switched capacitors. More
specifically, a total of five filters of high-pass filter (HPF)
411, low-pass filter (LPF) 412, high-pass filter (HPF) 413, low-
pass filter (LPF) 414 and high-pass filter (HPF) 415 are

successively connected from an output of a voltage amplifying
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411 at the first stage suppresses the variation of an operating point by cutting low-frequency
components contained in a voltage signal outputted from the voltage amplifying circuit 3. The low-
pass filter 412 at the second stage outputs a voltage signal in the frequency band of 1 Hz or lower
while giving a specified gain thereto. The high-pass filters 413, 415 at the third an@j:?ifﬁfﬁaﬂgfﬁ
suppress the variation of an operating point by cutting low- frequency components of the voltage
signals outputted from the low-pass filters 412, 414 at the second and fourth stages. The capacity of
a capacitor ysed, in- a-switched capacitor needs to be reduced in order to increase a resistance value
of a resistor forming the band-pass filter circuit 4 and integrate this circuit 41. If the capacity of the

capacitor is reducegh feedthrqugh Naise osguyring dudng o switehing-ppetiomby a pulse signal
noticeably increases. The increase in the feedthrough noise in turn increases offset components of an
operationalfamphtier acausigg the opesatiilg points oé the vakage signals outpidted: framhthefow-pass
filters 412, 414 to largely vary. For this reason, the variations of the operating points are suppressed
by cutting thellowfrequery dcemponeats by the high-passtfilters.413 41 51118 Bp3 BCTi2066
connected at the third and fifth stages. If the band-pass filter circuit 41 is constructed by a single
low-pass fifdrllwhieh i thehigiven atlagge garPEssStfe bandipssafiliereiebit @ iseonatrieted by the
high-pass filter

point by cutting low-fregquency components contained in a voltage
signal outputted from the voltage amplifying circuit 3. The low-
pass filter 412 at the second stage outputs a voltage signal in
the frequency band of 1 Hz or lower while giving a specified gain
thereto.

The high-pass filters 413, 415 at the third and fifth stages
suppress the variation of an operating point by cutting low-
frequency components of the voltage signals outputted from the
low-pass filters 412, 414 at the second and fourth stages. The
capacity of a capaciLor used in a switched capacitor needs to be
reduced in order to increase a resistance value of a resistor
forming the band-pass filter circuit 4 and integrate this circuit
41. If the capacity of the capacitor is reduced, feedthrough
noise occurring during a switching operation by a pulse signal
noticeably increases. The increase in the feedthrough noise in
turn increases offset components of an operational amplifier,
causing the operating points of the voltage signals outputted from
the low-pass filters 412, 414 to largely vary. For this reason,

the variations of the operating points are suppressed by cutting

the low-frequency components by the high-pass filters 413, 415
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411, the low-pass filter 412 and high-pass filter 413), there is a possibility that direct current
components are largely amplified and the voltage signal outputted from the low-pass filter 412 is
saturated. Accordingly, in the band-pass filter circuit 41, the gain is distributed between the respective
low-pass filters 412 and 414 to prevent the saturation of the voltage signals outpltde@Cfroppghe
low-pass filters 412, 414, and the variations of the operating points caused by the low-pass filters 412,
414 at the second and fourth stages are securely cut by the high-pass filters 413, 415 at the third and

fifth stages tg remarkably. suppress;the yagiafipn, of t@@a%ggr_ating point. Further, if the gain is

distributed between the respective low-pass filters 412 and 414, the switched capacitors of the
low-pass filters 4127 414 gan baneopsisucted bydow-gapagity capaciars,gpakling-they migiatyrization
of the infrared detecting circuit. As described above, according to the third modified infrared detecting
circuit whereimgwe lowwpass filteis 432, 4hdarei pravideddowdistributa the gain between thenespective
low-pass filters 412 and 414, it can be accomplished to prevent the saturation of the voltage signals
outputted frosndhedew-Fadss: ditters Ad2] 1141 ahsl givethettighdydim totiheloidputied svoftaee 49 0 3
DCT 2006 signal. Accordingly, the voltage signal outputted from the band- pass filter circuit 41 can be
sent to the éliputtdirculos wagsutt e aecésgitpof ahidityiprsthefvdltgge sighal. hetherwordls, an

amplifying circuit need not to be provided, which leads to the
possibility that direct current components are largely amplified

and the voltage signal outputted from the low-pass filter 412 is
saturated. Accordingly, in the band-pass filter circuit 41, the
gain is distributed between the respective low-pass filters 412
and 414 to prevent the saturation of the voltage signals outputted
from the low-pass filters 412, 414, and the variations of the
operating points caused by the low-pass filters 412, 414 at the
second and fourth stages are securely cut by the high-pass filters
413, 415 at the third and fifth stages to remarkably suppress the
variation of the oéerating point. Further, if the gain 1is
distributed between the respective low-pass filters 412 and 414,
the switched capacitors of the low-pass filters 412, 414 can be
constructed by low-capacity capacitors, enabling the
miniaturization of the infrared detecting circuit.

As described above, according to the third modified infrared
detecting circuit wherein two low-pass filters 412, 414 are
provided to distribute the gain between the respective low-pass
filters 412 and 414, it can be accomplished to prevent the

saturation of the voltage signals outputted from the low-pass

filters 412, 414, and give the high gain to the outputted voltage
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miniaturization of the infrared detecting circuit. Further, since the low-pass filter 412 (414) is arranged
between the high-pass filters 411, 413, 415, the variation of the operating point resulting from the
feedthrough noise can be assuredly suppressed. FIG. 6 is a circuit diagram of a fourth modified
infrared detecting circuit. The fourth modified infrared detecting circuit is identi&;@td}me Pbared
detecting circuit shown in FIG. 2 except for that there is provided a band-pass filter circuit 42
constructed by connecting a low-pass filter 421 at the first stage and a high-pass filter 422 at the

second stage, As descrned in ; gannection withthe jnfrated detecting ciraujt showndp FIG, 2 the

current-to-voltage converting circuit 2 performs the current- to-voltage conversion using the capacitor
Cf to decregge {he ; return poisesfremieceuring.indthe-band-passdilignaircuit4.,, Howeyerbisdifficult

to completely suppress the occurrence of the return noise only by applying such a conversion.
Accordinglyshin thedesistheoglification; the dowqassuiitera42l isi previded atthe fiststagesf, the
band-pass filter circuit 42 to introduce a voltage signal to the high-pass filter 422 after cutting high-
frequency compopéntsydihtheaioltagie sigead, wberety the qoourietce ofthelreliradiise resigting
from the switched capacitor is 20 030CT2006 suppressed. Further, the variation of the operating
point is suppressedrdines wing Euthy thefighasastefikart422 cohneeied atfthetdwoondsstagre.
Accordingly, the fourth modified infrared detecting circuit can suppress the occurrence of return noise
more the low-pass filter 412 (414) is arranged between the high-pass
filters 411, 413, 415, the wvariation of the operating point
resulting from the feedthrough noise can be assuredly suppressed.
FIG. 6 is a circuit diagram of a fourth modified infrared
detecting circuit. The fourth modified infrared detecting circuit
is identical to the infrared detecting circuit shown in FIG. 2
except for that there is provided a band-pass filter circuit 42
constructed by connecting a low-pass filter 421 at the first stage
and a high-pass filter 422 at the second stage. As described in
connection with the infrared detecting circuit shown in FIG. 2,
the current-to-voltage converting circuit 2 performs the current-
to-voltage conversion using the capacitor Cf to decrease the
return noise from occurring in the band-pass filter circuit 4.
However, it 1is difficult to completely suppress the occurrence of
the return noise only by applying such a conversion. Accordingly,
in the fourth modification, the low-pass filter 421 is provided at
the first stage of the band-pass filter circuit 42 to introduce a
voltage signal to the high-pass filter 422 after cutting high-

frequency components of the voltage signal, whereby the occurrence

of the return noise resulting from the switched capacitor 1is
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securely. FIG. 7 is a circuit diagram of a fifth modified infrared detecting circuit. The fifth modified
infrared detecting circuit is identical to the infrared detecting circuit shown in FIG. 2 except for that
there is provided a current-to-voltage converting circuit 22. Specifically, the current-to-voltage
converting circuit 22 is constructed by connecting a resistor Ri and a direct curf@gt f8Jdt38isk circuit
DF in parallel with an operational amplifier 221 having an inverting input terminal thereof connected
with a pyroelectric element 1, and with a capacitor Cf connected between an output terminal and an

inverting inpuit terminah of the- gperationalamplifier 221, The 9”%&”@5825%%@@305&1@9“ DE is an
integrating circuit, and includes an operational amplifier 223 having a non-inverting input terminal
thereof connggied yuidla theipudenginal of e eperatiogalgalifier 22d- a capagitan L3 &onnected
between the non-inverting input terminal and an output terminal of the operational amplifier 223, and a
resistor Ratonnectedawitl the agpacitor K3:druriher] y, pawer soppiyhE ferd seitiy thefepeeating point
at a specified level is connected between the resistor R5 and a ground. In the current-to-voltage
converting @frceitt22itheicutpiut froam theippesatiordlcarmplifier 21cb 3 OCTR2006 122sis feckeack by
the use of the direct current feedback circuit DF. Accordingly, the alternating current components is
fed back wisirBsEH-attenuated. The operating point of the outputted voltage signal can be more

stabilized. Thus, the oGperating point . _ _ o .
FIG. 7 1Is a circuit diagram of a fifth modified infrared

detecting circuit. The fifth modified infrared detecting circuit
is identical to the infrared detecting circuit shown in FIG. 2
except for that there is provided a current-to-voltage converting
circuit 22. Specifically, the current-to-voltage converting
circuit 22 is constructed by connecting a resistor Ri and a direct
current feedback <circuit DF 1in parallel with an operational
amplifier 221 having an inverting input terminal thereof connected
with a pyroelectric element 1, and with a capacitor Cf connected
between an output tegminal and an inverting input terminal of the
operational amplifier 221. The direct current feedback circuit DF
is an integrating circuit, and includes an operational amplifier
223 having a non-inverting input terminal thereof connected with
the output terminal of the operational amplifier 221, a capacitor
C3 connected between the non-inverting input terminal and an
output terminal of the operational amplifier 223, and a resistor
R5 connected with the capacitor C3. Further, a power supply E for
setting the operating point at a specified level 1is connected

between the resistor R5 and a ground. In the current-to-voltage

converting circuit 22, the output from the operational amplifier
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can be stabilized even without the use of a coupling capacitor. As described above, the fifth modified
infrared detecting circuit, in which the direct current feedback circuit is connected with the
current-to-voltage converting circuit 22, can reduce the variation of the operating point of the
outputted voltage signal, enabling a stable current-to-voltage conversion. FIG. 8 & Mifcditgiagram
of a part of a sixth modified infrared detecting circuit. The sixth modified infrared detecting circuit is
identical to the fifth modification except for the of two reference voltage circuits 1003 and 1004. In the

sixth modified) infraredydetecting circull, the twe referenge yoltagg circhits 1003and 1004 are used to
apply a reference voltage for setting the operating points of the pyroelectric element 1, a current-to-
voltage comyerting\eireuit 22and arreltageramplifying cirguitsh t Thetgtaienes volage girelait 1003 is
connected with one end of the pyroelectric element 1, whereas the reference voltage circuit 1004 is
connected wtitli a nbaiingerting énpatttstminalbfcanoppetational amiplifierc221@rd apnoptdnverting input
terminal of an operational amplifier 31. Since the pyroelectric element 1 is externally mounted on the
infrared detsctirag eirsuig fermedintocamirtegrdatedidiiciat] . 22 0I3 GCTR2B0G neaise imayemitat through
a contact between the pyroelectric element 1 and the current-to-voltage converting circuit 2. If only
one referefit Wiltage Biréiit $§ prodtedifoh apblyiRg tHeSefdrehcecvdlane tothapyreelectric element

1, the current-to-voltage , , o _ ‘
As described above, the fifth modified infrared detecting

circuit, in which the direct current feedback circuit is connected
with the current-to-voltage converting circuit 22, can reduce the
variation of the operating point of the outputted voltage signal,
enabling a stable current-to-voltage conversion. FIG. 8 1is a
circuit diagram of a part of a sixth modified infrared detecting
circuit. The sixth modified infrared detecting circuit is
identical to the fifth modification except for the of two
reference voltage circuits 1003 and 1004. In the sixth modified
infrared detecting éircuit, the two reference voltage circuits
1003 and 1004 are used to apply a reference voltage for setting
the operating points of the pyroelectric element 1, a current-to-
voltage converting circuit 22 and a voltage amplifying circuit 3.
The reference voltage circuit 1003 is connected with one end of
the pyroelectric element 1, whereas the reference voltage circuit
1004 is connected with a non-inverting input terminal of an
operational amplifier 221 and a non-inverting input terminal of an
operational amplifier 31.

Since the pyroelectric element 1 is externally mounted on

the infrared detecting circuit formed into an integrated circuit,
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converting circuit 2 and the voltage amplifying circuit 3, the operations of the current-to-voltage
converting circuit 2 and the voltage amplifying circuit 3 become unstable due to the influence of noise
entered through the contact. Thus, the separate reference voltage circuits are provided for applying
the reference voltage to the pyroelectric element 1 and for applying it to the cufrénffd-viige
converting circuit 22 and the voltage amplifying circuit 3 in the sixth modification. However, this
construction may have the following problems. If Vnl, Vn2 denote a noise voltage normally outputted

from the referencewgltage circuit 1003,20d a,peisevaltage. pRrmally Qutputted from the reference

voltage circuit 1004, respectively, a value of contribution of the noise voltages Vnl, Vn2 to a voltage
signal outputtedhfomthe apearationab amplifieg31dsexpressed by rthe following Foustion (dke
Vnl{(Cs+Cf)/Cf}x(-R2/R1)+VnIx(R1+R2)/R1+Vn2x(-Cs/Cf)x(-R2/R1) Vnl-(R2/RI)x(Cs/CfH)x(Vnl-Vn2)
...(1) wheretre £s-denetesd tapacitanca:camponenbot tedpyioelegiia velemetiheR 243 entadrly large
number since the voltage amplifying circuit 3 has a gain of several tens. Further, if the capacitance
componentv©$ isgaffidientlyargeytheepeiseniglitagésm2d Q) 3LOCTIRO0G varecamptifiedo Crative other
hand, if a common reference voltage circuit is used as the reference voltage circuits 1003 and 1004,
the secondCestwe bf e EGhAGSA {1)3s ehminkied &ivd briie Varehdinsiat tisd rcuit 3, the

operations of the current-to-voltage converting circuit 2 and the
voltage amplifying circuit 3 become unstable due to the influence
of noise entered through the contact. Thus, the separate
reference voltage circuits are provided for applying the reference
voltage to the pyroelectric element 1 and for applying it to the
current-to-voltage converting circuit 22 and the voltage
amplifying circuit 3 in the sixth modification.
However, this construction may have the following problems.

If vnl, Vn2 denote a noise voltage normally outputted from the
reference voltage clrcuit 1003 and a noise voltage normally
outputted from the reference voltage circuit 1004, respectively, a
value of contribution of the noise voltages Vnl, Vn2 to a voltage
signal outputted from the operational amplifier 31 is expressed by
the following Equation (1):

vnl{(Cs+Cf) /Cf}x(-R2/R1)+Vnlx (R1+R2) /R1+Vn2x (-Cs/Cf)x (-R2/R1)

= Vnl-(R2/R1)x(Cs/Cf)x(Vnl-vn2)  ..(1)
wherein Cs denotes a capacitance component of the pyroelectric
element. R2/R1 is a fairly 1large number since the voltage

amplifying circuit 3 has a gain of several tens. Further, if the

capacitance component Cs is sufficiently large, the noise voltages
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right side of the Equation (1) since Vnl = Vn2. In this aspect, accordingly, it will be seen that the fifth
modification where the reference voltage circuit for applying the reference voltage to the pyroelectric
element 1, the current-to-voltage converting circuit 22 and the voltage amplifying circuit 3 is
constructed by one circuit, that is, the power supply E, the contribution of the ndisg yettaggef the
power supply E to the voltage signal outputted from the voltage amplifying circuit 3 can be more
suppressed regardless of the gain of the voltage amplifying circuit 3 and the capacitance component
of the pyroglggtrgqnﬁgm_l. Further, there is not provided a coupling capacitor in the infrared
detecting circuit. Accordingly, all the parts, i.e., from the current-to-voltage converting circuit 2 to the

output circuit 5, capberintegrated iMem single ghipmshthesindiuence 06 exteyaakbnoisestsi s
suppressed. Even if the reference voltage circuit is constructed by a single power supply E, the
external naises iskedticedrEferorsa cirduitdiagtamanfia seventh modifietoinfrarect deteetiag circuit.
The seventh modified infrared detecting circuit is identical to the sixth modification except for that
resistors Ritanth REE aréd eoRstrattethby Switcheelldapaeiters SG@dn@a 2] U8l OCTR006 at the
current-to-voltage converting circuit 22. Frequency components of around 0.1 to 1.0 Hz are important
in detectingrh@RtansBégies Anehdivibgieigktiisms) ad 1ise résistors Riand RS offhé cafetlio- voltage

converting circuit have to be constructed by high . o _
accordingly, it will be seen that the fifth mcdification where the

reference voltage circuit for applying the reference voltage to
the pyroelectric element 1, the current-to-voltage converting
circuit 22 and the voltage amplifying circuit 3 is constructed by
one circuit, that is, the power supply E, the contribution of the
noise voltage of the power supply E to the voltage signal
outputted from the wvecltage amplifying circuit 3 can be more
suppressed regardless of the gain of the voltage amplifying
circuit 3 and the capacitance component of the pyroelectric
element 1. Further,\there is not provided a coupling capacitor in
the infrared detecting circuit. Accordingly, all the parts, i.e.,
from the current-to-vcltage converting circuit 2 to the output
circuit 5, can be integrated into a single chip, and the influence
of external noises is suppressed. Even 1f the reference voltage
circuit is constructed by a single power supply E, the external
noises is reduced.

FIG. 9 is a circuit diagram of a seventh modified infrared
detecting circuit. The seventh modified infrared detecting

circuit is identical to the sixth modification except for that

resistors Ri and R5 are constructed by switched capacitors SC in a
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resistance members in order to deal with such low-frequency signals. Since the high resistance
member has a large temperature characteristic, the resistance value thereof is caused to largely vary
even by a slight temperature change, thereby hindering a stable current-to-voltag% %o(r)qéiri@?.
Accordingly, in the seventh modified infrared detecting circuit, the above problem is’s d®y using
the switched capacitors SC having a good temperature characteristic despite their high resistance
value as the resistors Ri, R5 of the current-to-voltage converting circuit 23. As described above, in the

seventh mogjficaion.a siahlea gueskiaveliage conversion s pesslbie sinpedin iehied gapacitors

SC having a good temperature characteristic despite their high resistance value are used as the
resistance meynhgrsoQfi the currentsto-weltagenservering:Gircait23:th G 1Qisa cikeuit siagram of a
eighth modified infrared detecting circuit. The eighth modified infrared detecting circuit is identical to
the infrared detaciingejtauitsslowaid FtGe 2 rexdeptdos thrit aaelack soptrolgiecuiti issprovided
between a clock generating circuit 6 and a band-pass filter circuit 4, an external clock generator |0a is
connected wathttmeeclockmostriol n25 0cd GOTR2006aGircuit® viaean exteshabiciped tefmyinahPdhand a
controller 10b is connected with the clock control circuit 9 via a clock switching terminal P2. The clock
control circiR O séReEiGely siWienes aritl oalpias to deal with such low-frequency

signals. Since the high resistance member has a large temperature
characteristic, the resistance value thereof is caused to largely
vary even by a slight temperature change, thereby hindering a
stable current-to-voltage conversion.

Accordingly, in the seventh modified infrared detecting
circuit, the above problem is solved by using the switched
capacitors SC having a good temperature characteristic despite
their high resistance wvalue as the resistors Ri, R5 of the
current-to-voltage converting circuit 23.

As described ;bove, in the seventh modification, a stable
current-to-voltage conversion 1s possible since the switched
capacitors SC having a good temperature characteristic despite
their high resistance value are used as the resistance members of
the current-to-voltage converting circuit 23.

FIG. 10 is a circuit diagram of a eighth modified infrared
detecting circuit. The eighth modified infrared detecting circuit
is identical to the infrared detecting circuit shown in FIG. 2
except for that a clock control circuit 9 is provided between a
clock generating circuit 6 and a band-pass filter circuit 4, an

external clock generator 10a is connected with the clock control
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a reference clock signal from the clock generating circuit 6 and a clock signal from the external clock
generator 10a to the band- pass filter circuit 4 in accordance with a clock switching signal inputted
from the controller 10b. The clock generating circuit 6 generates a reference clock_signal having a
frequency during a normal operation of the infrared detecting circuit and feeds it t8 §\Aﬁl@:ﬁit2@9’élements
of the switched capacitors in the infrared detecting circuit. The external clock generator 10a
generates a clock signal to be fed to the switching elements of the switched capacitors, for example,

during a testbefore shipment, The frequency of this clagk signal s set fo be, forexample, 40 times

that of the clock signal generated in the clock generating circuit 6. This is because the frequency of
the referengg clogl signal igenerateddpy the. clock gepgrating cirgyit Giis s set ag to, detarmipe an
equivalent resistance value R of the switched capacitors to have a frequency characteristic around 1
Hz since fraguencyneormpanents obaround 1 Hz are important in detecting human bodies, and the
switched capacitors are operated using this clock signal. In other words, since the frequency
characteristic of thehnfrated detecting tircuit is set to belarouhdel Hzvatt 263 30E To2BP6t shortest 1
second is required to test such a characteristic, causing a longer time to be required for the test
before shipmemntf Ortlve otherctrand gby bperating tive shitchegkcayaditors asinguthie dlogkaignal

having the 100-fold frequency and generated
clock signal from the external clock generator 10a to the band-

pass filter circuit 4 in accordance with a clock switching signal
inputted from the controller 10b.

The clock generating circuit 6 generates a reference clock
signal having a frequency during a normal operation of the
infrared detecting circuit and feeds it to switching elements of
the switched capacitors in the infrared detecting circuit. The
external clock generator 10a generates a clock signal to be fed to
the switching elements of the switched capacitors, for example,
during a test before\shipment. The frequency of this clock signal
is set to be, for example, 100 times that of the clock signal
generated in the clock generating circuit 6.

This is because the frequency of the reference clock signal
generated by the clock generating circuit 6 1is so set as to
determine an equivalent resistance value R of the switched
capacitors to have a frequency characteristic around 1 Hz since
frequency components of around 1 Hz are important in detecting
human bodies, and the switched capacitors are operated using this

clock signal. In other words, since the frequency characteristic

of the infrared detecting circuit is set to be around 1 Hz, at
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in the external clock generator 10a, the frequency character of the switched capacitors is shifted to
around 100 Hz. Thus, the time required to test the characteristic can be shortened to 1/100 sec. Next,
the operation of this modification is described. When a clock switching signal is outputted from the
controller 10b, the clock control circuit 9 switches connection to the external clo8k3 giver2mggr 10a to
feed a clock signal of the external clock generator 10a to the band-pass filter circuit 4, thereby causing
the switched capacitors to operate in accordance with the external clock signal. When a next

switching signalds qutpptted from thes coptrglier J9b.dhe elogk caniral circuitd switches gonnection to
the clock generating circuit 6 to feed a reference clock signal of the clock generating circuit 6 to the

band-pass éilies Tirguif 4.ofherebyicausibgshe swjtchedicapacitas t-gperaiedracseidanse .with the
reference clock signal generated in the clock generating circuit 6, i.e., the clock signal used during the
normal operation. &s deseribechaboveairitheleighth enadificatioth ¢heselockheantroh sireut & s
provided and the switched capacitors is caused to operate in accordance with the high-frequency
clock 27 0B OQT 2006 bigrkalgenmeratéad i tie ekterhal clbckgdireratent@a ahrtingetier agstbefore
shipment. Therefore, the time required to test the characteristics can be shortened. FIG. 11 is a circuit
magﬁﬂn(ﬁ%Ppé@%fﬁ%ﬁﬁﬁpmbdﬁﬁﬁpk generator 10a, the frequency character of

the switched capacitors is shifted to around 100 Hz. Thus, the
time required to test the characteristic can be shortened to 1/100
sec.

Next, the operation of this modification is described. When
a clock switching signal is outputted from the controller 10b, the
clock control circuit 9 switches connection to the external clock
generator 10a to feed a clock signal of the external clock
generator 10a to the band-pass filter circuit 4, thereby causing
the switched capacitors to operate in accordance with the external
clock signal. When ; next switching signal is outputted from the
controller 10b, the clock control circuit 9 switches connection to
the clock generating circuit 6 to feed a reference clock signal of
the clock generating circuit 6 to the band-pass filter circuit 4,
thereby causing the switched capacitors to operate in accordance
with the reference clock signal generated in the clock generating
circuit 6, 1.e., the clock signal used during the normal
operation.

As described above, in the eighth modification, the clock

control circuit 9 1is provided and the switched capacitors 1is

caused to operate in accordance with the high-frequency clock
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infrared detecting circuit, showing a current-to-voltage converting circuit and a voltage amplifying
circuit. The ninth modified infrared detecting circuit is identical to the fifth modification except for that
a low-pass filter 80 is connected between the output terminal of an operational ap1 Iiﬁ,ﬁzﬁﬁaﬂd the
non-inverting input terminal of an operational amplifier 31. Upon the application o §o : inute
leakage current occurs at the inverting input terminal of the operational amplifier 221. Since inverting
input terminal of the operational amplifier 221 has a considerably high impedance, the leakage

current causeghe opatatingReintof the vallage signakoutputied, rom dhe edyenigtorugltage:
converting circuit 22 to largely deviate from the operation point in a normal state. The deviated
operating paiRtflustsates ad ismeonsequenty stahilized aktheieperaitng pet tothedyrmad state.
This fluctuation of the operating point brings about the saturation of the voltage amplifying circuit 3.
As describetl @aslier the sigzalc eonposentstefrardund 0.1 to 1.0 Hz are important to detect a human
body. The current-to-voltage converting circuit 22 is adapted to convert a current signal having this
frequency band intd Evolidgel signat bythetusti efaatapatiter ol For ispurpose, thed28i@d OCT
2006 resistors Ri and R5 is required to have a high resistance. However, it has been known that the
integration B f&3EEsts hdRfrRFAHIgh resistade maked il peratureseRhapittefistiv of theresistors

greater, which consequently causing a likelihood S , , ,
converting circuit and a voltage amplifying circuit. The ninth

modified infrared detecting circuit is identical to the fifth
modification except for that a low-pass filter 80 is connected
between the output terminal of an operational amplifier 221 and
the non-inverting input terminal of an operational amplifier 31.
Upon the application of power, a minute leakage current
occurs at the inverting input terminal of the operational
amplifier 221. Since inverting input terminal of the operational
amplifier 221 has a considerably high impedance, the leakage
current causes the oéerating point of the voltage signal outputted
from the current-to-voltage converting circuit 22 to largely
deviate from the operation point in a normal state. The deviated
operating point fluctuates and is consequently stabilized at the
operating point in the normal state. This fluctuation of the
operating point brings about the saturation of the voltage
amplifying circuit 3. As described earlier, the signal
components of around 0.1 to 1.0 Hz are important to detect a human
body. The current-to-voltage converting circuit 22 is adapted to

convert a current signal having this frequency band into a voltage

signal by the use of a capacitor Cf. For this purpose, the
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that the resistance value rises in the operation. The rise in the resistance value of the
current-to-voltage converting circuit 2 shifts the peak frequency of the frequency characteristic toward
the high frequency side. When the peak frequency is beyond 0.1 Hz, the signal cl%@wezba in the
frequency band of 0.1 to 1.0 Hz is difficult to be converted into the voltage signal by the ¢ %Citor Cf.
For this reason, in consideration of the resistance rise due to the temperature characteristic, the
current-to-voltage converting circuit 2 is set to have a peak frequency considerably lower than 0.1 Hz,

e.g., a few miHz sEopsequenthn @ faidy lakge \aluels setas aifipe constanyf the suskentde-voltage
converting circuit 22. This lengthens the fluctuating period of the operating point till stabilization,
resulting invpeaiem that thesvoliage ampdiftingteieauit 8Hs sdtutaipchandtoes notceaspaiikfor a
certain period, e.g., for several minutes. This problem is solved by using the low-pass filter 80 in the
ninth modifieation. Ehenloy-pass fiterBOeinclakles attesistemBérand ze capacihot€4i Fhiecresistor R6 is
connected between the output terminal of the operational amplifier 221 and the non-inverting input
terminal of the op@iidhar amphfeitst, THeedistcrorR6e 2940 BIC T 200851 4s constrictbthiepdn
impurity-not-diffused polysilicon resistance element, that is, the resistance member is made of
polysilicon i'athiERhoTRTIFRFIS YiffiisEt: TheSCapakitor B2 RS BARENY conféGed With tHe

non-invertin% input terminal of the operational , , _
the resistance value of the current-to-voltage converting circuit

2 shifts the peak frequency of the frequency characteristic toward
the high frequency side. When the peak frequency is beyond 0.1
Hz, the signal components in the frequency band of 0.1 to 1.0 Hz
is difficult to be converted into the voltage signal by the
capacitor Cf. For this reason, in consideration of the resistance
rise due to the temperature characteristic, the current-to-voltage
converting circuit 2 is set to have a peak frequency considerably
lower than 0.1 Hz, e.g., a few mHz. Consequently, a fairly large
value 1is set as ; time constant of the current-to-voltage
converting circuit 22. This lengthens the fluctuating period of
the operating point till stabilization, resulting in a problem
that the voltage amplifying circuit 3 is saturated and does not
respond for a certain period, e.g., for several minutes. This
problem is solved by using the low-pass filter 80 in the ninth
modification.

The low-pass filter 80 includes a resistor R6 and a
capacitor C4. The resistor R6 1s connected between the output

terminal of the operational amplifier 221 and the non-inverting

input terminal of the operational amplifier 31. The resistor R6
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amplifier 31 and the other end grounded via a power supply E. The voltage signal outputted from the
operational amplifier 221 is branched into two, one being directly inputted to the inverting input
terminal of the operational amplifier 31 via the resistor R1 and the other being i tﬁ%tm
non-inverting input terminal of the operational amplifier 31 via the low-pass fllte tage
signal passed through the low-pass filter 80 is inputted to the non-inverting input terminal of the
operational amplifier 31 after having frequency components higher than a cutoff frequency removed.

Thus, potential gt the peRrinwering. Nputdarinalis not changed hthese highhfrequereyince
components. Since a signal component of the voltage signal outputted from the operational amplifier
221 and coslainkg:freguancy sconmpeneiatsilowatdbandhputaff fieguensy ipdaiputiad abtheisame
phase to the inverting input terminal and the non-inverting input terminal of the operational amplifier
31, it is notwmplifieddy itheivdltageiampliffifigseidcuit 370N thepildithand; 4 sigrral @ompangnt of the
voltage signal outputted from the operational amplifier 221 and containing frequency components
higher thanaprenegtsf fregtienepofpe 1onvpass fittei BOUS araplified byahe thsltage aatplifymy circuit
3 since being inputted only to the 30 0 3 OCT 2006 inverting input terminal. Accordingly, the voltage
amplifying ¥ekitE fndtsaRfateithetite B! sRRIGPRpIRENECHNETTing U ebtiehcy cBiiponents

lower than the cutoﬁ fre uency, i.e., the signal comgonent likely to cause the saturation of the voltage
tage si outputted” from operational amplifier 221

branched into two, one being directly inputted to the inverting
input terminal of the operational amplifier 31 via the resistor Rl
and the other being inputted to the non-inverting input terminal
of the operational amplifier 31 via the low-pass filter 80.

The voltage signal passed through the low-pass filter 80 is
inputted to the non-inverting input terminal of the operational
amplifier 31 after having frequency components higher than a
cutoff frequency removed. Thus, potential at the non-inverting
input terminal is nog changed by these high-frequency components.

Since a signal component of the voltage signal outputted
from the operational amplifier 221 and containing frequency
components lower than the cutoff frequency is inputted at the same
phase to the inverting input terminal and the non-inverting input
terminal of the operational amplifier 31, it is not amplified by
the voltage amplifying circuit 3. On the other hand, a signal
component of the voltage signal outputted from the operational
amplifier 221 and containing frequency components higher than the
cutoff frequency of the low-pass filter 80 is amplified by the

voltage amplifying circuit 3 since being inputted only to the
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amplifying circuit 3, is not amplified by the voltage amplifying circuit 3. The ninth modified infrared
detecting circuit in which the low-pass filter 80 is connected with the non-inverting input terminal of
the operational amplifier 31 can reliably prevent the saturation of the voltage amplifying circuit 3
resulting from the fluctuation of the operating point of the voltage signal outputted &0 thgggs
current-to-voltage converting circuit 22 during a specified period after the application of power. FIG.
12 is a circuit diagram showing an essential portion of a tenth modified infrared detecting circuit. This

modification j5, Jdeqfical 1o, fhg ninth moglification,exeentiioy that alpw-pass. fifer 81,15 ¢agaggted

between a current-to-voltage converting circuit 22 and a voltage amplifying circuit 3. The low-pass

filter 81 is providedwih resistarsR8uR9 exswiteh 881 and a ;ymitah eonoling:circhit 90n The
resistors R8 and R9 are connected between the output terminal of an operational amplifier 221 and
the non-inverting syl teysripahehap opskationahamplifier sltdhe siviteuS8dyis consectedrs parallel
with the resistor R8. The respective resistors R8, R9 have resistance values set smaller than that of
the resistorRGshbwadndeent]l 3ike ByOED 2086sand mpuritynoctediffused palysilicori regjstance
elements are used as such. The switch controlling circuit 90 controls the switch S81 to keep it on
during a speuvifiedfyériad aftecthid applicationdf amplified by the voltage amplifying

circuit 3.

The ninth modified infrared detecting circuit in which the
low-pass filter 80 is connected with the non-inverting input
terminal of the operational amplifier 31 can reliably prevent the
saturation of the voltage amplifying circuit 3 resulting from the
fluctuation of the operating point of the voltage signal outputted
from the current-to-voltage converting circuit 22 during a
specified period after the application of power.

FIG. 12 is a circuit diagram showing an essential portion of
a tenth modified inf;ared detecting circuit. This modification is
identical to the ninth modification except for that a low-pass
filter 81 1is connected between a current-to-voltage converting
circuit 22 and a voltage amplifying circuit 3. The low-pass
filter 81 is provided with resistors R8, R9, a switch S81 and a
switch controlling circuit 90. The resistors R8 and R9 are
connected between the output terminal of an operational amplifier
221 and the non-inverting input terminal of an operational
amplifier 31. The switch S81 1s connected in parallel with the

resistor R8. The respective resistors R8, RS9 have resistance

values set smaller than that of the resistor R6 shown in FIG. 11
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power and to keep it off after the lapse of the specified period. The switch controlling circuit 90
includes a circuit for measuring time, for example, a counter, and starts counting by turning the

switch S81 on after the application of power. When a count value of this counter reaches a
predetermined value set beforehand, the switch S81 is turned off. For the integrali@ngifthggggircuit, a
semiconductor switching element is preferably used as the switch S81. Upon the application of power,
the switch controlling circuit 90 turns the switch S81 on, thereby short-circuiting the resistor R8. Thus,

the time copstant of the JowRassfilkgr,81 s p@%}%ﬁﬁi@%@rpyrté‘éai%%%%%ore%r&‘é‘}ﬁjc‘shea&eesi%%59- As a

result, the time constant of the low-pass filter 81 is smaller when the switch S81 is on than when it is
off, making the sutqff frequency higher. The impurity-not-diffused polysilicon resistance elements
used as the resistors R8, R9 for the integration of the circuit have a fairly large temperature
characteristic, and the:cuyteff: frequeneyof theylov-passdiler &b shewmsinthks slitisisedst asmall
value so as to cope with a variation of the resistance value caused by this temperature characteristic.
Accordinglkdhpreiis 32hD 3B CTg2006 sapuissikitity tratilow festhuencylsignabpbimponents having a
low frequency band which brings about the saturation of the voltage amplifying circuit 3 are much cut
during the spsetifiedpéribd kftep the applicatidreof pbwet amed i Aotitrotkreditoetheperiod.

The switch controlling circuit 90 includes a circuit for measuring
time, for example, a counter, and starts counting by turning the
switch S81 on after the application of power. When a count value
of this counter reaches a predetermined value set beforehand, the
switch S81 is turned off. For the integration of the circuit, a
semiconductor switching element 1s preferably used as the switch
S81.

Upon the application of power, the switch controlling
circuit 90 turns the switch S$81 on, thereby short-circuiting the
resistor R8. Thus, éhe time constant of the low-pass filter 81 is
determined by the capacitor C4 and the resistor R9. As a result,
the time constant of the low-pass filter 81 is smaller when the
switch S81 is on than when it is off, making the cutoff frequency
higher.

The impurity-not-diffused polysilicon resistance elements
used as the resistors R8, R9 for the integration of the circuit
have a fairly large temperature characteristic, and the cutoff
frequency of the low-pass filter 80 shown in FIG. 11 is set at a

small value so as to cope with a variation of the resistance value

caused by this temperature characteristic. Accordingly, there is
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voltage amplifying circuit 3. For this reason, Accordingly, in the tenth modification, the saturation of
the voltage signal is prevented by using the low-pass filter 81 which enables the time constant to
decrease during the specified period after the application of power. FIG. 13 is a circuit diagram
showing an essential portion of a eleventh modified infrared detecting circuit. Thisﬁrﬁo%@ﬂc%@n is
identical to the tenth modification except for that a low-pass filter 82 is connected between a
current-to-voltage converting circuit 22 and a voltage amplifying circuit 3. The low-pass filter 82

includes a gwijeh 532 pd A fasiston RACRAAHeD o ipse oldhedauapass Hies i obihedgnth

modification. The switch S82 is connected with a switch controlling circuit 91 for controlling the switch
382. The switeh 382 and4he resistar RAEQ aye coppectedhin sesiesand are eennacted; iy parallel with
the resistors R8, R9. Impurity-not-diffused polysilicon resistance elements are used as the resistors
R8, R9, RIGhnA semiganddciaer switching-elemert isaised @srthegswiteh 382e dheiswitchecanisolling
circuit 91 controls the switch S82 to turn it on when ambient temperature falls to a specified
temperaturefarlvelcwewhanebyqeovienis applisdvtorthe aesistos R t33i0 Bro@ic2006 @ndt ttiee time
constant of the low-pass filter 82 is determined by a combined resistance value of the resistors R8,
R9, R10 arip i@ ssapigithhési6fah€ tapatitoPC4. THeFedibib? RIER Botonferted dangaallelwith the

resistors R8, R9 connected in series. Thus, the _
the tenth modification, the saturation of the voltage signal is

prevented by using the low-pass filter 81 which enables the time
constant to decrease during the specified period after the
application of power.

FIG. 13 is a circuit diagram showing an essential portion of
a eleventh modified infrared detecting circuit. This modification
is identical to the tenth modification except for that a low-pass
filter 82 is connected between a current-to-voltage converting
circuit 22 and a voltage amplifying circuit 3. The low-pass
filter 82 includes a\switch S82 and a resistor R10 in addition to
those of the low-pass filter 81 of the tenth modification. The
switch S$82 1is connected with a switch contrelling circuit 91 for
controlling the switch S$82. The switch S82 and the resistor RI10
are connected 1in series and are connected in parallel with the
resistors R8, RO. Impurity-not-diffused polysilicon resistance
elements are used as the resistors R8, R9, R10. A semiconductor
switching element is used as the switch S82.

The switch controlling circuit 91 controls the switch S82 to

turn it on when ambient temperature falls to a specified

temperature or below, whereby power is applied to the resistor RI10
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combined resistance value of the resistors RB, R9, R10 is smaller than a sum of the resistance values
of the resistors R8 and R9. Therefore, the time constant of the low-pass filter 82 decreases when the
switch S82 is turned on. The impurity-not-diffused polysilicon resistance elements are used as the
resistors R8, R9 for the integration of the detecting circuit. Since the above impuilty-riéIdiiised
polysilicon resistors have a property of increasing their resistance values as temperature decreases,
the resistance values of the resistors R8, R9 increase when ambient temperature falls, with the result

that the time, congtant of the. lowrpass filler gl ingreasesand the cujoff frequancy thergof degreases.

Therefore, there is a possibility that voltage signal components in a low- frequency band which brings
about the safksationiof thevaltage: amnplifying eireuit3 aes infreducegkto the voltage amplifying circuit
3 without being sufficiently cut. Accordingly, in the eleventh modified infrared detecting circuit, the
saturation ebthe-vakage aniplifyingoeipeiii Bccaused byHewrtesmperatura (s peevernted dyedsing the
low-pass filter 82 which enables the time constant to decrease when temperature is low. 34 0 3 OCT
2006 FIG.pkisla lrcuittdiagram cfthe swiscREZ2RAnd thasetitch dontsellingTircUilYE., Théswitch
S82 includes a switch 821 constructed by a n(negative)-type MOSFET (metal oxide semiconductor
ﬁekieﬁectﬁ%ﬁ@$ﬁ9®iﬁﬁ?éﬁﬁ@mﬂ$8zﬂlue of the resistors R8, R9, R10 is smaller

than a sum of the resistance values of the resistors R8 and R9.
Therefore, the time constant of the low-pass filter 82 decreases
when the switch S82 is turned on.

The impurity-not-diffused polysilicon resistance elements
are used as the resistors R8, RY9 for the integration of the
detecting circuit. Since the above impurity-not-diffused
polysilicon resistors have a ©property of increasing their
resistance values as temperature decreases, the resistance values
of the resistors R8, R9 increase when ambient temperature falls,
with the result that‘the time constant of the low-pass filter 81
increases and the cutoff frequency thereof decreases. Therefore,
there is a possibility that voltage signal components in a low-
frequency band which brings about the saturation of the voltage
amplifying circuit 3 are introduced to the voltage amplifying
circuit 3 without being sufficiently cut.

Accordingly, in the eleventh modified infrared detecting
circuit, the saturation of the voltage amplifying circuit 3 caused
by low temperature is prevented by using the low-pass filter 82

which enables the time constant to decrease when temperature is

low.
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constructed by a p(positive)-type MOSFET. The switch controlling circuit 91 includes a controlling
circuit 911 for controlling the switch 821 and a controlling circuit 912 for controlling the switch 822.
The controlling circuit 911 is comprised of a resistor R11, switched capacitors SC1 and SC2. The
resistor R11 is an impurity- not-diffused polysilicon resistance element and has dhé &6d #heof
connected with a voltage supply VCC and the other end thereof connected with a voltage-dividing
terminal GP. The switched capacitors SC1, SC2 are successively connected with the voltage-dividing

terminal GP. The switghed gapgcitar S&Jrg&qlgdecﬁaswgqpin(gfelet@gntgéggﬂ, 3612 ang agapacitor

C5, whereas the switched capacitor SC2 includes switching elements SC12, SC13 and a capacitor

C6. One end, ot the capagitonGads grounded while the othsyiend, thgreof is coprectedfigtwaen the
switching elements SC11 and SC12. Further, one end of the capacitor C6 is grounded while the other

end thereokisiconnecied between e switchingelemeris-SGpe ando SE3. Aslackisigraligdnputted
to the switching elements SC11, SC13 via a terminal CA. A clock signal having a phase opposite 35
0 3 OCT 2G8mifromdtinat of thefdlotk sigaéFmputted tatke $erminal @Ads iaputteditocdihe sedtzhing
element SC12 via a terminal CB. In this way, the switching elements SC11, SC12 are alternately
turned on and vftaatiade kwitthingPekiménts) SCAEal@SEII ard Afteiatélgh controlling

circuit 91 includes a controlling circuit 911 for contrelling the
switch 821 and a controlling circuit 912 for controlling the
switch 822.

The controlling circuit 911 is comprised of a resistor R11,
switched capacitors SCl1 and SC2. The resistor R11l is an impurity-
not-diffused polysilicon resistance element and has one end
thereof connected with a voltage supply VCC and the other end
thereof connected with a voltage-dividing terminal GP. The
switched capacitors SCl, SC2 are successively connected with the
voltage-dividing terainal GP. The switched capacitor SC1 includes
switching elements SC11, S8Cl2 and a capacitor C5, whereas the
switched capacitor SC2 includes switching elements SC12, SC13 and
a capacitor C6.

One end of the capacitor C5 is grounded while the other end
thereof is connected between the switching elements SCl1l and SCl12.
Further, one end of the capacitor C6 is grounded while the other
end thereof is connected between the switching elements SC1l2 and
SC13.

A clock signal is inputted to the switching elements SCl11,

SC13 via a terminal CA. A clock signal having a phase opposite
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turned on and off. Thus, the switched capacitors SC1, SC2 display their function. An equivalent
resistance by the switched capacitor is expressed by R = 1/fC if f denotes a frequency of the clock
signal inputted to the switching element. Since CS = C6 = 0.5pF and the frequency f of the clock
signal to be inputted to the terminals CA, CB is set at 100Hz (f = 100Hz) in this difidadens, the
equivalent resistance of the switched capacitors SC1. SC2 are 200Q, respectively. The
voltage-dividing terminal GP is connected with a gate of the switch 821. The controlling circuit 912 is

comprised ef switched. capacitgrs 363 and SG4and a.reaistos R12. @ne end of he: swilched

capacitor SC3 is connected with a voltage supply VCC, whereas the other end thereof is connected
with the switghad+ eapacitamaCéw Thenrasistor &k s animpyity-notditfiused pelysiliegndgsistance
element and has one end thereof connected between the switched capacitor SC4 and a
voltage-diviging terminalw Gitienchthelether enddbereof gropnded. Ehe switchetycapaaiton S42:3
includes switching elements SC31, SC32 and a capacitor C7, whereas the switched capacitor SC4
includes swatchingf éleaments IBC 3% 1SCBBnandl@napasitaidC8. ArslociCiignakis inpukteddodhs
switching elements SC31, SC33 via a terminal CA. A clock signal having a 36 D 3 DCT 2006 phase
opposite frémzhad opthe e ckiignalitpiteth® thiel temmmhat @R ¢ impirtefio thiECswiehmkpEglement

SC32 via a terminal CB. Similar to the switched capacitors SC1, SC2, the equivalent
their function. An equivalent resistance by the switched

capacitor is expressed by R = 1/f-C if f denotes a frequency of the
clock signal inputted to the switching element. Since C5 = C6 =
0.5pF and the frequency f of the clock signal to be inputted to
the terminals CA, CB 1s set at 100Hz (f = 100Hz) in this
modification, the equivalent resistance of the switched capacitors
SCl, SC2 are 20GQ, respectively. The voltage-dividing terminal GP
is connected with a gate of the switch 821.

The controlling circuit 912 is comprised of switched
capacitors SC3 and \SC4 and a resistor RI12. One end of the
switched capacitor SC3 is connected with a voltage supply VCC,
whereas the other end thereof is connected with the switched
capacitor SCA4. The resistor R12 is an impurity-not-diffused
polysilicon resistance element and has one end thereof connected
between the switched capacitor SC4 and a voltage-dividing terminal
GN and the other end thereof grounded. The switched capacitor SC3
includes switching elements SC31, SC32 and a capacitor C7, whereas
the switched capacitor SC4 includes switching elements SC32, SC33

and a capacitor C8. A clock signal is inputted to the switching

elements SC31, SC33 via a terminal CA. A clock signal having a
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resistances of the switched capacitors SC3, SC4 are set at 20G0, respectively. Since the equivalent
resistance by the switched capacitor SC1 and the one by the switched capacitor SC2 are connected
in series in the controlling circuit 911, the equivalent resistances of the switched capacitors SC1, SC2
are 40 GO. Likewise, the equivalent resistances of the switched capacitors SC3USCHGke2d6 GO.
Thus, if RIl = R12 = 40 GO, potentials at the voltage-dividing terminals GP, GN are ',~VCC at normal
ambient temperature. Since the resistance values of the resistors RIl, R12 increase as temperature

falls, potenfiglatthe ypliages dividing terminaleP fglls, withdhe gghit that pptential atthe o

voltage-dividing terminal GP decreases and potential at the voltage-dividing terminal GN increases.
Therefore, the switchesc82%,:822 3581tk turped:ar toapRlyPoWer ta the fesistennR1Q;As described
above, according to the infrared detecting circuit of the eleventh modification, the switch S82 and the
resistor R1@areicennested in parallel with the resistors R8, R9 and the switch controlling circuit 91 is
provided to turn the switch S82 on when temperature is low. Thus, the saturation of the voltage
amplifying circuit 3 €¢aniie prevented veher terppecatore iisdow Sidte £¢8ltagd sigral comiponent
which is in the low 37 0 3 OCT 2006 frequency band and brings about the saturation of the voltage
amplifying ieedis BaBgst avdiplified]. Thetexistasee ittt elevrent 2¢4 usee asst cirduilfdi%eeding

back the direct current component in the current-to-voltage converting circuit. It may
respectively. Since the equivalent resistance by the switched

capacitor SCl and the one by the switched capacitor SC2 are
connected in series in the controlling circuit 911, the equivalent
resistances of the switched capacitors SC1l, SC2 are 40 GQ.
Likewise, the equivalent resistances of the switched capacitors
SC3, SC4 are 40 GQ. Thus, if R11 = R12 = 40 GQ, potentials at
the voltage-dividing terminals GP, GN are »VCC at normal ambient
temperature. Since the resistance values of the resistors R11,
R12 increase as temperature falls, potential at the voltage-
dividing terminal GP‘falls, with the result that potential at the
voltage~dividing terminal GP decreases and potential at the
voltage-dividing terminal GN increases. Therefore, the switches
821, 822 are both turned on to apply power to the resistor R10.
As described above, according to the infrared detecting
circuit of the eleventh modification, the switch S82 and the
- resistor R10 are connected in parallel with the resistors R8, RO
and the switch controlling circuit 91 is provided to turn the
switch S$S82 on when temperature is low. Thus, the saturation of
the voltage amplifying circuit 3 can be prevented when temperature

is low since a voltage signal component which is in the low
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be appreciated to use an integrating circuit as the direct current feedback circuit in place of the
resistance circuit element Z. In this case, the signal components other than the direct current
component are fed back while being greatly attenuated, which consequently effecting more
stabilization of the operating point of the outputted voltage signal. As described ab8véLa r26as
infrared detecting circuit, comprises; a current-to-voltage converting circuit which is to be connected
with a pyroelectric element operable to generate a current signal in accordance with a received

infrared ray, 2 . pusieqtozypliage Genyedig,circuit conartig the, cugrent, sianalayipyted from

the pyroelectric element into a voltage signal, the current-to-voltage converting circuit including an

operationalgmplifier ggnnacted:withsthespyraelegtficiglement, a capacitess and.a feedback,gircuit for
feeding back a direct current component, the capacitor and the feedback circuit being connected

between ar: ostRuitteyminalandhapdnveringonput fermiralahihercperativnal apyplifiesin patallel with
each other; an amplifying circuit which amplifies the voltage signal outputted from the
current-to-vaitggemeanverting loircaitra dxandepass 1ftlterecircuitviectuiding aiswitched capacitonand
adapted to pass 38 0 3 OCT 2000 components of a voltage signal from the amplifying circuit in a
specified frequeney dail; edcloek e erating thaxitbwhiche eneratessa teferéhce clocki sigerat for
controlling the switched capacitor; and an output circuit which outputs a voltage signal

feedback circuit in place of the resistance circuit element 2.

In this case, the signal components other than the direct current

component are fed back while being greatly attenuated, which

consequently effecting more stabilization of the operating point

of the outputted voltage signal.

As described above, a novel infrared detecting circuit,
comprises: a current-to-voltage converting circuit which is to be
connected with a pyroelectric element operable to generate a
current signal in accordance with a received infrared ray, and the
current-to-voltage converting circuit converting the current
signal outputted from the pyroelectric element into a voltage
signal, the current-to-voltage converting circuit including an
operational amplifier connected with the pyroelectric element, a
capacitor, and a feedback circuit for feeding back a direct
current component, the capacitor and the feedback circuit being
connected between an output terminal and an inverting input
terminal of the operational amplifier in parallel with each other;
an amplifying circuit which amplifies the voltage signal outputted

from the current-to-voltage converting circuit; a band-pass

filter circuit including a switched capacitor and adapted to pass
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outputted from the band-pass filter circuit as a detection signal when the voltage signal is at a
threshold level or higher. In the thus constructed infrared detecting circuit, a detection current signal
outputted from the pyroelectric element is outputted from the output terminal of the operation amplifier
after being converted into a voltage signal by the capacitor. The direct current qpmmegggsof the
outputted voltage signal are fed back to the inverting input terminal by the way of the feedback circuit.
Accordingly, the variation of the direct current components of the outputted voltage signal is

suppressed wifh{bg. cesyit thatan pperatingpgint i§r%tﬁbi9%%d-aﬁlﬁ§ieﬂwi1@&te§i 1he neegdfor,a

coupling capacitor for cutting the variation of the operating point, thereby enabling the detecting circuit
to be minigpkizeg: dumay hepeeferablgdadrovide an apxplifyagesitcuit hetweeadhe bapd:pass filter
circuit and the output circuit. With this construction, the voltage signal outputted from the band-pass
filter circuitysriptradusechtotbecautpot cicduit afteriegiay amplifiechta alSpecifiechamplititderesel by the
second amplifying circuit, thereby setting the threshold level of the output circuit at a suitable value to
increase theagetection;aceudacyn 39 83IACTC20 duunaywel preferatia te provideladdgh-passdilter
having a specified gain between the band-pass filter circuit and the output circuit. With this
constructiopi: v Ve gé sgnditsutpattddr e thiel band Pz fifferadrcitdraseies iow-frelfiency

components ) . .
when the voltage signal is at a threshold level or higher.

In the thus constructed infrared detecting circuit, a
detection current signal outputted from the pyroelectric element
is outputted from the output terminal of the operation amplifier
after being converted into a voltage signal by the capacitor. The
direct current components of the outputted voltage signal are fed
back to the inverting input terminal by the way of the feedback
circuit. Accordingly, the variation of the direct current
components of the outputted voltage signal is suppressed, with the
result that an operaéing point is stabilized. This eliminates
the need for a coupling capacitor for cutting the variation of the
operating point, thereby enabling the detecting circuit to be
miniaturized.

It may be preferable to provide an amplifying circuit
between the band-pass filter circuit and the output circuit. With
this construction, the voltage signal outputted from the band-pass
filter circuit is introduced to the output circuit after being
amplified to a specified amplitude level by the second amplifying
circuit, thereby setting the threshold level of the output circuit

at a suitable value to increase the detection accuracy.
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cut by the high-pass filter. Thus, the variation of the operating point of the band-pass filter circuit is
cut. Further, the high- pass filter has the specified gain. The voltage signal in the desired frequency
band that has the specified gain is introduced to the subsequent output circuit. Accordingly, the
detection accuracy can be remarkably increased. The band-pass filter circuit ma9 @e[}ﬁr'éfé%ly
provided with a high-pass filter at a first stage, a low-pass filter at a second stage, and a high-pass
filter at a third stage. In other words, the band-pass filter circuit may be constructed by alternately

connecting low-passfiliers and pighrpags filters, opestade after s ghother s With this copstrygtign, the

voltage signal outputted from the amplifying circuit has the variation of the operating point thereof cut
by the highspass filtea at;tie first isiaga angk hasniehigh-freguency: cospanenis thaeeefagday the
low-pass filter connected at the second or later stage. Then, the variation of the operating point
caused by teedthiaugh noisie: ldutingsthe swvtching Dbthe switched capacitargsaut bythe tigh- pass
filter connected at the third or later stage. Accordingly, this construction can output a voltage signal
having the Yasatiohe obttelopesating: poiit aridethel tetbas nbiseslout; 20cQSEOCT 200BoFerther, it may
be preferable that the low-pass filter has a specified gain. With this construction, the band-pass filter
circuit can RaVvelYIar§er Bam wPAesSsuppressing thelsignifieant aFarddd of the BpePRfTF pofit of the

low-pass filter. This . , o .
point of the band-pass filter circuit is cut. Further, the high-

pass filter has the specified gain. The voltage signal in the
desired frequency band that has the specified gain is introduced
to the subsequent output circuit. Accordingly, the detection
accuracy can be remarkably increased.

The band-pass filter circuit may be preferably provided with
a high-pass filter at a first stage, a low-pass filter at a second
stage, and a high-pass filter at a third stage. In other words,
the band-pass filter circuit may be constructed by alternately
connecting low-pass éilters and high-pass filters one stage after
another. With this construction, the voltage signal outputted
from the amplifying circuit has the variation of the operating
point thereof cut by the high-pass filter at the first stage and
has the high~-frequency components thereof cut by the low-pass
filter connected at the second or later stage. Then, the
variation of the operating point caused by feedthrough noise
during the switching of the switched capacitor is cut by the high-
pass filter connected at the third or later stage. Accordingly,

this construction can output a voltage signal having the variation

of the operating point and the return noises cut.
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eliminates the need of providing an amplifying circuit at the subsequent stage of the band-pass filter
circuit to correspond to the detection level of the output circuit, consequently enabling the
miniaturization of the detecting circuit. It may be preferable to provide a high-pass filter having a
specified gain between the band-pass filter circuit and the output circuit, and the g%%ﬁ%ter
circuit including a high-pass filter at a first stage, a low-pass filter at a second stage, and a high-pass
filter at a third stage. With this construction, the band-pass filter circuit includes the high-pass filters

and the low-pass fifters glternately,gonpeciad with-gne anotherbe: ¥oltage signalaving dhe
variation of the operating point due to the feedthrough noises and the return noises cut is sent to the
high-pass filtes @t thedollgwing stage. thhe figh-pass fitienbasoihe specified gaipaAscordingdy the
voltage signal in the desired frequency band having the gain is sent to the subsequent output circuit.
Thus, the detectiort aceuraby candelerngartkabhinncreased stibe trarri-pass filkersdioeLiif iaanbe
preferably provided with a low-pass filter at a first stage, and a high-pass filter at a second stage.
With this corstiudtion thefhigh<freepreneyidd 00 OCT 2DDEcohfpora®s conidined in theimltage
signal outputted from the amplifying circuit are cut in a concentrated manner by the low- pass filter
connected &t i fitdtStage an BReArréfceR Tl hoide caRbklduppressedcuit at the

subsequent stage of the band-pass filter circuit to correspond to
the detection level of the output circuit, consequently enabling
the miniaturization of the detecting circuit.

It may be preferable to provide a high-pass filter having a
specified gain between the band-pass filter circuit and the output
circuit, and the band-pass filter circuit including a high-pass
filter at a first stage, a low-pass filter at a second stage, and
a high-pass filter at a third stage. With this construction, the
band-pass filter circuit includes the high-pass filters and the
low-pass filters aléernately connected with one another, the
voltage signal having the variation of the operating point due to
the feedthrough noises and the return noises cut is sent to the
high-pass filter at the following stage. The high-pass filter has
the specified gain. Accordingly, the voltage signal in the
desired frequency band having the gain is sent to the subsequent
output circuit. Thus, the detection accuracy can be remarkably
increased.

The band-pass filter circuit may be preferably provided with
a low-pass filter at a first stage, and a high-pass filter at a

second stage. With this construction, the high~-frequency
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The current-to-voltage converting circuit may be preferably provided with a switched capacitor. With
this construction, a high-resistance member can be equivalently constructed by switching a small
capacitor as the current-to-voltage converting circuit by a clock signal. Thus, the current-to-voltage
converting circuit having a small size and a good temperature characteristic can de3oBgmeshs
Preferably, the infrared detecting circuit may be further provided with a clock control circuit connected
between the switched capacitor and the clocking generating circuit and being connectable with an

external clogkgrrerptar fogenerating an exiernahglocksigaahhaving abighesdreqyencythan the
reference clock signal of the clock generating circuit. The clock control circuit changes over the

reference clagkisignahand ikeexteraak clagk signad. Wihdbiseanstiuctiiomarclogk sigaallaving a
frequency different from the one during a normal operation can be fed to the switched capacitor filter
of the bandgpass filidrteircuibFercexdnyle tihe ffégquencytebaracieristiccofrttenciecwit shiftsuoward a
higher frequency side by feeding a clock signal having a frequency higher than the clock signal fed
during the morb3sl 42r0 B:OSPROOSS ©Peration. Since frequency characteristic can be quickly tested
by feeding the high-frequency clock signal to the switched capacitor filter, a testing time can be
shortened. Preferadifethe'infizhéd RstEedng TircGRIS fiterategi rcuit may be preferably

provided with a switched capacitor. With this construction, a
high-resistance member can be equivalently constructed by
switching a small capacitor as the current-to-voltage converting
circuit by a clock signal. Thus, the current-to-voltage
converting circuit having a small size and a good temperature
characteristic can be obtained.

Preferably, the infrared detecting circuit may be further
provided with a clock control circuit connected between the
switched capacitor and the clocking generating circuit and being
connectable with an\ external clock generator for dgenerating an
external clock signal having a higher frequency than the reference
clock signal of the clock generating circuit. The clock control
circuit changes over the reference clock signal and the external
clock signal.

With this construction, a clock signal having a frequency
different from the one during a normal operation can be fed to the
switched capacitor filter of the band-pass filter circuit. For
example, the frequency characteristic of the circuit shifts toward
a higher frequency side by feeding a clock signal having a

frequency higher than the clock signal fed during the normal
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into a single semiconductor chip. Then, the infrared detecting circuit can be miniaturized. The
feedback circuit may be preferably provided with a resistance member. With this construction, the
operating point of the voltage signal outputted from the operation amplifier can be stabilized by a
simple construction. Preferably, the feedback circuit may be provided with an -int@gﬁ”aﬁ&'@ @0ouit. With
this construction, the signal components other than the direct-current component are fed back while
being greatly attenuated. The operating point of the outputted voltage signal can be more stabilized. It

may be preferable that the amplifyirgeciiruitincludesan onerationahamplifie), aRxautputtarminal of
the operational amplifier of the current-to-voltage converting circuit is connected with an inverting
input termimgl oftbedipryational amplifierrekihenamplifyibgicircslitgriala resistatice foswamghifieation,
and a low-pass filter is connected between the output terminal of the operational amplifier of the
current-to- veltage tconveifing circaittaryt amor-imgertiag inpus termiead df the operational amplifier of
the amplifying circuit. With this construction, the voltage signal outputted from 13 D 3 OCT 2006 the
output terminal of theobrratidiial abiysiificndfravecdurdgite-ioliagelesmidrtin cirbuitdg Braadhed into

two, one being inputted to the inverting input terminal of the operational amplifier of the amplifying
circuit via th@tesigtafdd¥ae semiconductor chip. Then, the infrared detecting

circuit can be miniaturized.

The feedback circuit may be preferably provided with a
resistance member. With this construction, the operating point of
the voltage signal outputted from the operation amplifier can be
stabilized by a simple construction.

Preferably, the feedback circuit may be provided with an
integrating circuit. With this construction, the signal
components other than the direct-current component are fed back
while being greatly attenuated. The operating point of the
outputted voltage sighal can be more stabilized.

It may be preferable that the amplifying circuit includes an
operational amplifier, an output terminal of the operational
amplifier of the current-to-voltage <converting circuit is
connected with an inverting input terminal of the operational
amplifier of the amplifying circuit wvia a resistance for
amplification, and a low-pass filter is connected between the
output terminal of the operational amplifier of the current-to-
voltage converting circuit and a non-inverting input terminal of
the operational amplifier of the amplifying circuit.

With this construction, the voltage signal outputted from
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amplification and the other being inputted to the non-inverting input terminal of the operational amplifier
of the amplifying circuit after having the high-frequency components removed upon passing the
low-pass filter. Accordingly, a signal component of the voltage signal outputted from the
current-to-voltage converting circuit containing frequency components lower tharla® @pffogquency of
the low-pass filter is inputted at the same phase to the inverting input terminal and the non-inverting
input terminal of the operational amplifier of the amplifying circuit. Thus, an output from the amplifying
circuit is nog amplified. tOr1ctehr§amoth r hgﬁo(i,\clﬁince a siaqcnlaé ggﬂ]paonelnttcontaigpgtﬁreequeprcgncto_mponents

higher than t]?'u% coulﬁgﬁl%requencﬁ/noa the [e)asogﬁﬁer is not inpﬂﬁeé o the non-lnver(f#]g input terminal

of the operatiana| amplifier,qf the amplifying gireuit, potential 2t thengnsinyeding input ermipal does

not vary, with the result that this signal component is outputted after being amplified by the amplifying
circuit. The igltage-signal coppronentsipthedow freaueney-hanshwhich ake likelyde.causs the

amplifying circuit to saturate is not amplified by the amplifying circuit. This prevents the amplifying
circuit fromQging Sadurated byt Hkictuaiian of ihe opetating pointief thenwltagessignahestputted 44 0 3
OCT 2006 from the current-to-voltage converting circuit due to the influence of a leakage current at
the invertingnpput teratinahofathe aperatahalranvelifier of tipe tuerentto-vbltageccoriverdingi cgcuit
during a specified period after the application of power.
input terminal of the operational amplifier of the amplifying
circuit after having the high-frequency components removed upon
passing the low-pass filter. BAccordingly, a signal component of
the voltage signal outputted from the current-to-voltage
converting circuit containing frequency components lower than a
cutoff frequency of the low-pass filter is inputted at the same
phase to the inverting input terminal and the non-inverting input
terminal of the operational amplifier of the amplifying circuit.
Thus, an output from the amplifying circuit is not amplified.

On the other \hand, since a signal component containing
frequency components higher than the cutoff frequency of the low-
pass filter is not inputted to the non-inverting input terminal of
the operational amplifier of the amplifying circuit, potential at
the non-inverting input terminal does not vary, with the result
that this signal component is outputted after being amplified by
the amplifying circuit. The voltage signal components in the low
frequency band which are likely to cause the amplifying circuit to
saturate is not amplified by the amplifying circuit. This

prevents the amplifying circuit from Dbeing saturated Dby

fluctuation of the operating point of the voltage signal outputted
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Further, the band-pass filter circuit may be preferably provided with a high-pass filter at a first stage, a
low-pass filter at a second stage, and a high-pass filter at a third stage, in addition to that the
amplifying circuit includes an operational amplifier, an output terminal of the operational amplifier of
the current-to-voltage converting circuit is connected with an inverting input ternirgalpefrthggs
operational amplifier of the amplifying circuit via a resistance for amplification, and a low- pass filter is
connected between the output terminal of the operational amplifier of the current-to-voltage converting

circuit ands pan-iRyerting.inpubtermingbek the.operational amplifier of. the angplifying gircuitcWith this
construction, the high-pass filter at the first stage cut the variation of the operating point of the voltage

signal outpufed fserethe mnplifying giscut riiaa towpasse filtarsat theysaend stagansukthedrigh
frequency components. The high-pass filter at the third stage cuts the variation of the operating point
caused by the feedthreughnzdisesrgdcufting when the switched capacitol isagperatedvdiisydhe
voltage signal having a smaller variation of the operating point and without return noises can be sent
to the outpgticirtuit. 451013 DB T2G0E fTke vottagedsighakoutiirtebfrohe td output eemrmal of the
operational amplifier of the amplifying circuit is branched to the inverting input terminal of the
operational amplifiélgther amplfyingTHEUreia thelidsistartde foridmpiification, atferably

provided with a high-pass filter at a first stage, a low-pass
filter at a second stage, and a high-pass filter at a third stage,
in addition to that the amplifying circuit includes an operational
amplifier, an output terminal of the operational amplifier of the
current-to-voltage <converting circuit is connected with an
inverting input terminal of the operational amplifier of the
amplifying circuit via a resistance for amplification, and a low-
pass filter is connected between the output terminal of the
operational amplifier of the current-to-voltage converting circuit
and a non-inverting input terminal of the operational amplifier of
the amplifying circuit.

With this construction, the high-pass filter at the first
stage cut the wvariation of the operating point of the voltage
signal outputted from the amplifying circuit. The low-pass
filters at the second stage cut the high freguency components.
The high-pass filter at the third stage cuts the variation of the
operating point caused by the feedthrough noises occurring when
the switched capacitor is operated. Thus, the wvoltage signal

having a smaller wvariation of the operating point and without

return noises can be sent to the output circuit.
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the non-inverting input terminal of the operational amplifier of the amplifying circuit via the low-pass
filter while the high frequency component is cut. Accordingly, the voltage signal component in the
frequency band lower than the cutoff frequency of the low-pass filter is input to the inverting and
non-inverting input terminals of the operational amplifier of the amplifying circuit) 8n80% rHoes
consequently amplified by the amplifying circuit. On the other hand, the voltage signal in the
frequency band higher than the cutoff frequency of the low-pass filter is not inputted to the

non-inverting input termipal ef the opgrational sgmplfier of sheamphfying circuitngonseduenthy not
changing the potential at the non-inverting input terminal of the operational amplifier of the amplifying
circuit. Accogdinglyi shisisighal ComporentisOUpuited afier kainguarplitied byribrsampbfying circuit.
The voltage signal components in the low frequency band which are likely to cause the amplifying
circuit to satoratetis ngot amplifiedbythe ampifyingleircuib s prevéntsuiyel isplifying citdust from
being saturated by fluctuation of the operating point of the voltage signal outputted from the current-
to-voltage csmRAerfiligndregit Bieito théanfluehce ot bsleaikage £46 630G T DOD6L currepndt the
inverting input terminal of the operational amplifier of the current-to-voltage converting circuit during a
specified péfiGd BRBT 1R 2ppliedtio B polweF ™ the fow-hastilteP At besrefctdBR provAdetf with a

the amplifying circuit wvia the low-pass filter while the high
frequency component 1s cut. Accordingly, the wvoltage signal
component in the frequency band lower than the cutoff frequency of
the low-pass filter is input to the inverting and non-inverting
input terminals of the operational amplifier of the amplifying
circuit, and is not consequently amplified by the amplifying
circuit.

On the other hand, the voltage signal in the frequency band
higher than the cutoff frequency of the low-pass filter is not
inputted to the nonlinverting input terminal of the operational
amplifier of the amplifying circuit, consequently not changing the
potential at the non-inverting input terminal of the operational
amplifier of the amplifying circuit. Accordingly, this signal
component 1is outputted after being amplified by the amplifying
circuit. The voltage signal components in the low freguency band
which are likely to cause the amplifying circuit to saturate is
not amplified by the amplifying circuit. This prevents the
amplifying circuit from being saturated by fluctuation of the

operating point of the voltage signal outputted from the current-

to-voltage converting circuit due to the influence of a leakage
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resistance member connected between the output terminal of the operational amplifier of the
current-to-voltage converting circuit and the non-inverting input terminal of the operational amplifier of
the amplifying circuit, and a capacitor connected between the non-inverting input terminal of the
operational amplifier of the amplifying circuit and the ground. With this COhStI‘UCtIOfil @%v@@&ss
filter can be made in a simpler construction. Further, it may be preferable to provide a switch
connected with the resistance member in parallel with each other, and a switch controller for

controlling the-switehing:cireuit Withhis cagstruction, thesswiteh is twredwr in Gecordaneg with a
command from the switch controller to short- circuit the resistance member connected in parallel with
the switch dmpnediataly afterdhe applieatian of posiaradhuscihestitnen gonstash of thedevnpass filter
decreases and the cutoff frequency thereof increases immediately after the application of power. As
a result, thesweltagdié sigpalrdwip utteckfronhtheapairent-to-amltafepcoaverting circuit is introduced to the
amplifying circuit after its signal component in the low frequency band which is likely to cause the
amplifying circuit toBurdtevisesesurefil e r Thepeforee the safigraaiohvof ecaafiiifyingidifcui due to

the 47 0 3 OCT 2006 fluctuation of the operating point during the specified period after the
application BYPbWEEEn BERRGE seclifsly{fveitedethe FESistatEe HienBErARR bePprefdtable

made of an impurity- not-diffused polysnlcon With this construction, the low-pass
operational amplifier of the current-to-voltage converting circuit

and the non-inverting input terminal of the operational amplifier
of the amplifying circuit, and a capacitor connected between the
non-inverting input terminal of the operational amplifier of the
amplifying circuit and the ground. With this construction, the
low-pass filter can be made in a simpler construction.

Further, it may be preferable to provide a switch connected
with the resistance member in parallel with each other, and a
switch controller for controlling the switching circuit.

With this cokstruction, the switch 1s turned on in
accordance with a command from the switch controller to short-
circuit the resistance member connected in parallel with the
switch immediately after the application of power. Thus, the time
constant of the low-pass filter decreases and the cutoff frequency
thereof increases immediately after the application of power. As
a result, the voltage signal outputted from the current-to-voltage
converting circuit is introduced to the amplifying circuit after
its signal component in the low frequency band which is likely to

cause the amplifying circuit to saturate 1is securely cut.

Therefore, the saturation of the amplifying circuit due to the
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filter can be integrated since the resistance member is made of impurity-not-diffused polysilicon.
Thus, no external part needs to be mounted on the infrared detecting circuit. Further, it may be
preferable that the low-pass filter is further provided with a secondary resistance circuit connected in
parallel with the resistance member, and a secondary switch controller for turnin tﬁe@gc@m?ary
switch on when the ambient temperature is lower than a predetermined value. The secondary
resistance circuit has a secondary resistance member made of an impurity-not-diffused polysilicon,

and a secordantswitcbnconneeted inpergs wigh heisecondainesisiancegaembes Withvthia
construction, the resistance value of the secondary resistance member increases when temperature
is low since the secoadapy resistance afembesis canstracied by dheuirapyrityrnotdiffused polysilicon
resistance elements. When the resistance value reaches a predetermined value or higher, the
secondary switch isThened orsbyrthe seagretarpawitch cortrelieb te apply povemtoitheugedaondary
resistance member. In other words, since the two resistance members are connected in parallel in
the low-passfitetididttise tinelegsndtheRdf the |Mipass fitecaBéiedsesiRRen Bmpérature 7§ low, the
cutoff frequenc%{1 of 48 0 3 OCT 2096 the low-pass filter increases. Thus, when temperature is low,

the voltage siyha¥ isiAttolGcedMe e ARIiRARG Tirblit after its talnal E5mpdhertintAg9ow

frequency which causes the lifying circuit to saturate is securely cut. Therefore, the saturation of
9 y\qmpuéity—not—d?¥¥%£%dgpoiysg icon. T%us, noyexterna? part needs

to be mounted on the infrared detecting circuit.

Further, it may be preferable that the low-pass filter is
further provided with a secondary resistance circuit connected in
parallel with the resistance member, and a secondary switch
controller for turning the secondary switch on when the ambient
temperature is lower than a predetermined value. The secondary
resistance circuit has a secondary resistance member made of an
impurity-not-diffused polysilicon, and a secondary switch
connected in series Qith the secondary resistance member.

With this construction, the resistance value of the
secondary resistance member increases when temperature is low
since the secondary resistance member 1is constructed by the
impurity-not-diffused polysilicon resistance elements. When the
resistance value reaches a predetermined value or higher, the
secondary switch is turned on by the secondary switch controller
to apply power to the secondary resistance member. In other
words, since the two resistance members are connected in parallel

in the low-pass filter and the time constant of the low-pass

filter decreases when temperature is low, the cutoff frequency of
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the amplifying circuit when temperature is low can be prevented. Preferably, the secondary switch
controller may be provided with a switched capacitor for producing an equivalent resistance, thereby
controlling the switching circuit using a voltage divided by an equivalent resistam@;pr@gy%gsby the
switched capacitor and resistances of the resistance member. With this construction, when ambient
temperature is low, the resistances of the impurity-not-diffused polysilicon resistance members
increase and the voltage divided by the resistances acts to turn the secondary switch on, thereby
turning thersecandary=SwitGh ofe N otheltwords, sinee hamges indihge Fesistancesvalyes afibe
impurity diffuse polysilicon resistance members are detected using the impurity diffuse polysilicon
resistance membee, chianges ihdhd nesistancalvalues tauseg byfhendemperatiite elfaractearistic of the
impurity diffuse polysilicon resistance members can be precisely detected. In addition, since the two
resistance miembérs-are aredd of imindty diffude qanlysitizonhiiehdetaeting ditctiitasan. béyatenrated.
Preferably, the infrared detecting circuit may be further provided with a reference voltage circuit for
generating & feferbnEe \EYE Hie t6feteAEE Ybitagetcirc it BEmEPESnnédeds Ao DB oTT 2006 with
the pyroelectric element and the non-inverting input terminals of the respective operational amplifiers

of the curréMetRBiAgE Thvertiny Crdthtand TR ARG g SirdGit. Wath ifis RERYERERDN, the

reference vol f .
eterence Otaget%£§%5¥ggiy, the secondary switch controller may be provided

with a switched capacitor for producing an equivalent resistance,
thereby controlling the switching circuit using a voltage divided
by an equivalent resistance produced by the switched capacitor and
resistances of the resistance member.

With this construction, when ambient temperature is low,
the resistances of the impurity-not-diffused pelysilicon
resistance members increase and the voltage divided by the
resistances acts to turn the secondary switch on, thereby turning
the secondary switch‘on. In other words, since changes in the
resistance values of the impurity diffuse polysilicon resistance
members are detected wusing the impurity diffuse polysilicon
resistance member, changes in the resistance values caused by the
temperature characteristic of the impurity diffuse polysilicon
resistance members can be precisely detected. In addition, since
the two resistance members are made of impurity diffuse
polysilicon, the detecting circuit can be integrated.

Preferably, the infrared detecting circuit may be further

provided with a reference voltage circuit for generating a

reference voltage, the reference voltage circuit being connected
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the pyroelectric element and the one to be fed to the non- inverting input terminals of the two
operational amplifiers are given by the single reference voltage circuit. This sets off amplification of
noises which are likely to influence the output of the amplifying circuit, and reduces the occurrence of
noises of the infrared detecting circuit. A novel infrared detector comprises the aBdvéiheMBned
infrared detecting circuit, and a pyroelectric element for receiving an infrared ray and produces a
current signal in accordance with the received infrared ray. With this construction, an infrared

detector cap beminigturizgghsince chaving thedniaturized infrared dedecting cireuttgAs thisdavention
may be embodied in several forms without departing from the spirit of essential characteristics
thereof, the presentlexamptes-atetheretdresilluptrative andl naimpesttictive, sihcehkecsaape of the
invention is defined by the appended claims rather than by the description preceding them, and all
changes thabfatowithiremetesardi bounds of the atainté cormelivialénge of suchtmetes and bounds
are therefore intended to embraced by the claims. 50 O 3 OCT 2006 INDUSTRIAL APPLICABILITY
A novel infrared defétting idirctiit @1t e tiodete st cepf peenmsialitizerPby Bireltly é6fnéding a

current-to-voltage converting circuit and a voltage amplifying circuit, The variation of the operating
point can bé%nﬁéfé%lﬁ%ﬁjcﬁ element an the one to be fed to the non-

inverting input terminals of the two operational amplifiers are
given by the single reference voltage circuit. This sets off
amplification of noises which are likely to influence the output
of the amplifying circuit, and reduces the occurrence of noises of
the infrared detecting circuit.

A novel infrared detector comprises the above-mentioned
infrared detecting <circuit, and a pyroelectric element for
receiving an infrared ray and produces a current signal in
accordance with the received infrared ray. With  this
construction, an inErared detector can Dbe miniaturized since
having the miniaturized infrared detecting circuit.

As this invention may be embodied in several forms without
departing from the spirit of essential characteristics thereof,
the present examples are therefore 1illustrative and not
restrictive, since the scope of the invention is defined by the
appended claims rather than by the description preceding them, and
all changes that fall within metes and bounds of the claims, or

equivalence of such metes and bounds are therefore intended to

embraced by the claims.
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increase the detection accuracy remarkably. A novel infrared detecting circuit and novel infrared
detector which are smaller in the size and have a higher detection accuracy are widely usable in the
infrared detection field. 51 V 3 OCT 2006 CLAIMS 1. An infrared detecting circuit, comprising: a
current-to-voltage converting circuit that is connectable to a pyroelectric element 8 r%E) @ﬁﬁgenerate
a current signal in accordance with a received infrared ray, wherein the current-to- voltage converting
circuit converts the current signal output from the pyroelectric element into a voltage signal, the
current-to- ysiiagerIxvexbrg DiaBITintitides an operational amplifier, a capacitor, and a feedback
circuit for feeding back a direct current component, the capacitor and the feedback circuit being
connected betweeh arwvelputtéraneal. datleart imertingdnptt terdhinafobthed cparational amplifier in
parallel with each other; an amplifying circuit that amplifies the voltage signal output from the
current-to-Ritagelediiertingceircuty a bhHtRpasE filtepeiRedit that istonfigtired fo passcsatsonents of
a voltage signal from the amplifying circuit in a specified frequency band, wherein the band-pass filter
circuit inclGd8Y &ditehe FLapatitor; 2docR geReHHYF ciréi Xﬁrg%ne?été%”é%ferené@%lock

signal for controlllng the swﬂcthed capacitor; and an output CII’CUIt that outguts a voltage S|gnal output
from the Variatron Bera ting point' can considerab

increase the detection accuracy remarkably. A novel infrared
detecting circuit and novel infrared detector which are smaller in
the size and have a higher detection accuracy are widely usable in

the infrared detection field.
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band-pass filter circuit as a detection signal when the voltage signal is at a threshold level or higher,
wherein a high-pass filter having a specified gain is connected between the band-pass filter circuit
and the output circuit. 52 0 3 OCT 2006 2. An infrared detecting circuit according to claim 1, wherein
an additional amplifying circuit is connected between the band-pass filter circuit ah@ theropgpg!t circuit.
3. An infrared detecting circuit, comprising: a current-to-voltage converting circuit that is connectable to
a pyroelectric element operable to generate a current signal in accordance with a received infrared
ray, wherein the current-to- voltage converting circuit converts the current signal output from the
pyroelectric element into a voltage signal, the current-to- voltage converting circuit includes an
operational amplifier, a capacitor, and a feedback.gifcuit for feeding back a direct current component,
the capacitor and the feedback circuit being connected between an output terminal and an inverting
input terminal of the operational amplifier in parallel with each other; an amplifying circuit that
amplifies the voltage signah oityiuta frigindbescurtent-td-voltage conyertingneitcuit; a band-pass filter
circuit that is configured to pass components of a voltage signal from the amplifying circuit in a
specified frequerfcyWarig rivhepeirPtHe Ban89rarss filked cifd it heludesta Stvitepeaccapadiforta clock

generating circuit which 9ener?tes a reference clock , _
a~ pyroelectrIc element operable to generate a current signal in

accordance with a received infrared ray, wherein the current-to-
voltage converting circuit converts the current signal output from
the pyroelectric element into a voltage signal, the current-to-
voltage converting circuit includes an operational amplifier, a
capacitor, and a feedback circuit for feeding back a direct current
component, the capacitor and the feedback circuit being connected
between an output terminal and an inverting input terminal of the
operational amplifier in parallel with each other;

an amplifying circuit that amplifies the voltage signal output
from the current-to-voltage converting circuit;

a band-pass filter circuit that is configured to ©pass
components of a voltage signal from the amplifying circuit in a
specified frequency band, wherein the band-pass filter circuit
includes a switched capacitor;

a clock generating circuit which generates a reference clock
signal for controlling the switched capacitor; and

an output circuit that outputs a voltage signal output from the
band~pass filter circuit as a detection signal when the voltage
signal is at a threshold level or higher, wherein a high-pass filter
having a specified gain is connected between the band-pass filter

circuit and the output circuit.
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signal for controlling the switched capacitor; and an output circuit that outputs a voltage signal output
from the band-pass filter circuit as a detection signal when the voltage signal is at a threshold level or
higher, wherein the band-pass 53 0 3 OCT 2006 filter circuit includes a high-pass filter at a first stage,
a low- pass filter at a second stage, and a high-pass filter at a third stage. 4. Anfrfraen dgggecting
circuit according to claim 3, wherein the low-pass filter has a specified gain. 5. An infrared detecting
circuit according to claim 1, wherein the band-pass filter circuit includes a high-pass filter at a first
stage, a low-pass filter at a second stage, and a high-pass filter at a third stage. 6. An infrared

detecting circuit gceordingy Ip claipy 1, cwhefein the and-passifilter circuil {agludes aloyupass filter at a
first stage, and a high-pass filter at a second stage. 7. An infrared detecting circuit, comprising: a

current-tesvetiage converdingraiscuil thahis cophegtablerto:ia pyreelestiic-eleraenicoperablettbegenerate
a current signal in accordance with a received infrared ray, wherein the current-to- voltage converting
circuit coP¥efsPesclirehe Bidhdl BHtbut HOM N the pyRselettricBigment into a voltage signal, the
current-to- voltage converting circuit includes an operational amplifier, a capacitor, and a feedback
circuit for feeding back a direct current component, the capacitor and the feedback circuit being

connected 3. An infrared detecting circuit, comprising:

a current-to-voltage converting circuit that is connectable to
a pyroelectric element operable to generate a current signal in
accordance with a received infrared ray, wherein the current-to-
voltage converting circuit converts the current signal output from
the pyroelectric element into a voltage signal, the current-to-
voltage converting <c¢ircuit 1includes an operational amplifier, a
capacitor, and a feedback circuit for feeding back a direct current
component, the capacitor and the feedback circuit being connected
between an output terminal and an inverting input terminal of the
operational amplifier in parallel with each other;

an amplifying circuit that amplifies the voltage signal output
from the current-to-voltage converting circuit;

a band-pass filter circuit that is configured to ©pass
components of a voltage signal from the amplifying circuit in a
specified frequency band, wherein the band-pass filter circuit
includes a switched capacitor;

a clock generating circuit which generates a reference clock
signal for controlling the switched capacitor; and

an output circuit that outputs a voltage signal output from the
band-pass filter circuit as a detection signal when the voltage

signal 1is at a threshold level or higher, wherein the band-pass
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between an output terminal and an inverting input terminal of the operational amplifier in parallel with
each other; 54 0 3 OCT 2006 an amplifying circuit that amplifies the voltage signal output from the
current-to-voltage converting circuit; a band-pass filter circuit that is configured to pass components of
a voltage signal from the amplifying circuit in a specified frequency band, whereinftiie ahk8bss filter
circuit includes a switched capacitor; a clock generating circuit which generates a reference clock
signal for controlling the switched capacitor; and an output circuit that outputs a voltage signal output

from the bari®pass fiftet tirtift B8 5 Hetedtid ki te 96Itdye’ Sighalis3d titedivdid level or
higher, wherein fhe glirent-to; valtage copyering giruitingludgs a,switchad capagitor. 8 /in infrared
detecting circuit, comprising: a current-to-voftage converting circuit that is connectablé to a
pyroelectgegjement operable to generate a current signal in accordance with a received infrared ray,
wherein the current-to- voltage converting circuit converts the current signal output from the
pyroelectric element into a voltage signal, the current-to- voltage converting circuit includes an
operational amplifier, a capacitor, and a feedback circuit for feeding back a direct current component,

the capacitor and’he feedﬁhc%ﬁﬁﬁﬁﬁ%inﬁe&:@ﬁﬁé‘%d Petiden ST 6UFUCRmiNal &t Bn ifverting
input termina] of the  gperational amplifier i, parallel with sach gther;

5. An infrared detecting circuit according to claim 1,
wherein the band-pass filter circuit includes a high-pass filter at a
first stage, a low-pass filter at a second stage, and a high-pass

filter at a third stage.

6. An infrared detecting circuit according to claim 1,
wherein the band-pass filter circuit includes a low-pass filter at a
first stage, and a high-pass filter at a second stage.

7. An infrared detecting circuit, comprising:

a current-to-voltage converting circuit that 1is connectable to
a pyroelectric element operable to generate a current signal in
accordance with a received infrared ray, wherein the current-to-
voltageb converting circuit converts the current signal output from
the pyroelectric element into a voltage signal, the current-to-
voltage converting circuit includes an operational amplifier, a
capacitor, and a feedback circuit for feeding back a direct current
component, the capacitor and the feedback circuit being connected
between an output terminal and an inverting input terminal of the

operational amplifier in parallel with each other;
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an amplifying circuit that amplifies the voltage signal output from the current-to-voltage converting
circuit; a band-pass filter circuit that is configured to pass 55 0 3 OCT 2006 components of a voltage
signal from the amplifying circuit in a specified frequency band, wherein the ban%-@aﬁﬁilﬁ]lbgircuit
includes a switched capacitor; a clock generating circuit which generates a reference clock signal for
controlling the switched capacitor; an output circuit that outputs a voltage signal output from the
band-pass filter circuit%p?]fa etectionilsi%q I\(/}v%gn the vo,ltfageeS signal islagaa thresholqlevel orthigher;

and a clock control citCtit wHichis connecte e%w%réﬁlthelswitc &d Vcoapacqforséﬁél the Rlock”

generating, gircyit..and is connestable with @@n%tj_eg%%cl@%r%e,rator for generating an external clock
signal having a higher frequency than the reference clock signal of the clock generating circuit,

whereby the clock contiol eiresit chetges: ovet the referenee clack signakfagddbe externabciaek
signal. 9. An infrared detecting circuit according to claim 1, wherein the current-to-voltage converting
circuit, thEAPpIIRAGRG cEuid theebandspassdrel cifdar arbetheBbigdtvdircLit ErecHtegratedanto a

single chibp. 10. fAn (i]pfr?red detectingocirguit a&gordin}g tot?llaimbl,n&vpertsain the Eetedback circuié includes
a resistanée member. it. Al infrared dae?eéting circuft accoraing fo'Cidim°t, wherein the té&dback circuit

indUdeS?ﬂé@ﬁgggﬂggéwﬂggﬁed capacitor;

a clock generating circuit which generates a reference clock
signal for controlling the switched capacitor; and

an output circuit that outputs a voltage signal output from the
band-pass filter circuit as a detection signal when the voltage
signal 1is at a threshold level or higher, wherein the current-to-

voltage converting circuit includes a switched capacitor.

8. An infrared detecting circuit, comprising:

a current-to-voltage converting circuit that is connectable to
a pyroelectric element operable to generate a current signal in
accordance with a received infrared ray, wherein the current-to-
voltage converting circuit converts the current signal output from
the pyroelectric element into a voltage signal, the current-to-
voltage converting c¢ircuit includes an operational amplifier, a
capacitor, and a feedback circuit for feeding back a direct current
component, the capacitor and the feedback c¢ircuit being connected
between an output terminal and an inverting input terminal of the
operational amplifier in parallel with each other;

an amplifying circuit that amplifies the voltage signal output
from the current-to-voltage converting circuit;

a Dband-pass filter circuit that 1is configured to pass
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56 0 3 OCT 2006 12. An infrared detecting circuit, comprising: a current-to-voltage converting circuit
that is connectable to a pyroelectric element operable to generate a current signal in accordance with
a received infrared ray, wherein the current-to- voltage converting circuit converts ﬁkga ﬁt’f%ﬁf?ignal
output from the pyroelectric element into a voltage signal, the current-to- voltage converting Circuit
includes an operational amplifier, a capacitor, and a feedback circuit for feeding back a direct current

componegg thoenca@gcith and t@g fgaedgaglgcirgggit ?E%i(g\lg cgggectgd ll)g[vi/een %Qroclﬁtgltﬂ termigal and
an inverting l%pu??erminal of thé ope?ationa?ampli Ierin paralle?vxﬁt]h egcﬁ%ther; an amﬁlﬁying circuit

that amplifies. the ygltagesigaal-gutiuitn from {he culrentstgavoliage converting gireuit; adand-pass filter
circuit that is configured to pass components of a voltage signal from the amplifying circuit in a

specified frequelrcy bandi wwirereindbe diand=-pass filter circuit includes a switched capacitor; a clock
generating circuit which generates a reference clock signal for controlling the switched capacitor; and
an output circuit thatteafputs anriltge Sighar Buigut trofilth@epaRalassXilter EREEcEs & Hetéction

signal when thelvglcgageogitgrnoallgs ata %hresho d Eav&lcor haigpter, wherein the amplifying circuit includes

an operaﬁcl)lqgfl ampﬁfigr, an ou ﬁﬁ]tgtet_rmeingr% %eeope?gtlonaf)é:mplifier of the current-to-voltage

ConVe”"KJC"CU“A%CQEEEE%GQ¥WQ&§BiBN&H"&&tputs a voltage signal output from the

band-pass filter circuit as a detection signal when the voltage
signal is at a threshold level or higher; and

a clock control circuit which is connected between the switched
capacitor and the clock generating circuit, and is connectable with
an external clock generator for generating an external clock signal
having a higher frequency than the reference clock signal of the
clock generating circuit, whereby the clock control circuit changes

over the reference clock signal and the external clock signal.

9. An infrared detecting circuit according to claim 1,
wherein the current-to-voltage converting circuit, the amplifying
circuit, the band-pass filter circuit, and the output circuit are

integrated into a single chip.

10. An infrared detecting circuit according to claim 1,

wherein the feedback circuit includes a resistance member.

11. An infrared detecting c¢ircuit according to claim 1,

wherein the feedback circuit includes an integrating circuit. ’
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input terminal of the operational amplifier of the amplifying circuit via a resistance for amplification,
and a low-pass filter is 57 0 3 OCT 2006 connected between the output terminal of the operational
amplifier of the current-to-voltage converting circuit and a non-inverting input temlﬂ | of the
operational amplifier of the amplifying circuit. 13. An infrared detecting circuit accord dJFJ cPihn 12,
wherein the band-pass filter circuit includes a high-pass filter at a first stage, a low-pass filter at a
second stage, anp2a highhoass {ilter a aflthird stage. 14. An infrared detecting circuit according to
. . n in are etecting .circult Comprising.
claim 12, whereinthe low-pass lter inc ques: a resistance member connected between the output

terminal of the operationalarpplifier of the curreattorvpltage-converting circuit.and-the,nen-yverting
input terminal of the operational amplifier of the amplifying circuit; and a capacitor connected between
the non-iavestimgenpuatterminal eoketite operational aneplitenet the amplifyingeicuit andathe iground.
15. An infrared detecting circuit according to claim 14, further comprising: a switch connected with the
resistanc®STRIABAFf patitel dith SE&LH Sthet"dRa 2 Swifch contfdiie? Which Confrofs B¢ shtch. 16.

An infrared etectingqocircui;: accordjng to.claim 15 Whergin the si%tance melmber compgses an
nverting cir e Cu rom

anurhy-ﬁg- ﬂﬁﬁ%e uit converts t gf%n signa output
the pyroelectric element into a voltage signal, the current-to-
voltage converting circuit includes an operational amplifier, a
capacitor, and a feedback circuit for feeding back a direct current
component, the capacitor and the feedback circuit being connected
between an output terminal and an inverting input terminal of the
operational amplifier in parallel with each other;

an amplifying circuit that amplifies the voltage signal output
from the current-to-voltage converting circuit;

a band-pass filter «circuit that is configured to pass
components of a voltage signal from the amplifying c¢ircuit in a
specified frequency band, wherein the Dband-pass filter circuit
includes a switched capacitor;

a clock generating circuit which generates a reference clock
signal for controlling the switched capacitor; and

an output circuit that outputs a voltage signal output from the
band-pass filter circuit as a detection signal when the voltage
signal is at a threshold level or higher,

wherein the amplifying circuit includes an operational
amplifier, an output terminal of the operational amplifier of the
current-to-voltage converting circuit is connected with an inverting
input terminal of the operational amplifier of the amplifying circuit

via a resistance for amplification, and a low-pass filter 1is
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58 0 3 OCT 2006 polysilicon. 17. An infrared detecting circuit according to claim 16, wherein the
low-pass filter further includes: a secondary resistance circuit connected in parallel with the resistance
member, and comprising: a secondary resistance member comprising an impurityBrtadiffugpesl
polysilicon; and a secondary switch connected in series with the secondary resistance member; a
secondary switch controller which turns the secondary switch on when the ambient temperature is

lower than.a predetermined value, 19, An,infrared,defecting circuit according to clajm 17, wherein the
secondary swﬂcﬁ Controlier includes a sE\)N&:checf capacitor Wﬁlch ﬁro uces an eqlﬁvalﬂen? resistance,

thereby conpiralling the -switch using axoltage. diided by,an equivalent mesistance: praduced, by the
switched capacitor and resistances of the resistance member. 19. An infrared detecting circuit,
comprisingraicuiepteto=ueltage eoniversingaoirduit thad is Corteciaple ty iapyroelectric element
operable to generate a current signal in accordance with a received infrared ray, wherein the
current-to- voltage converting circuit converts the current signal output from the pyroelectric element
into a voltage signal, the current-to- voltage converting circuit includes an operational ampljfier, a
capacitor, and a %%dbacl%%irch?t o?%%%d%atﬁéj&lg%irgéf gblrlr!énta%(éor 1y e tain ié

wherein the band-pass filter circuit includes a high-pass filter at a
first stage, a low-pass filter at a second stage, and a high-pass

filter at a third stage.

14. An infrared detecting circuit according to claim 12,
wherein the low-pass filter includes:

a resistance member connected between the output terminal of
the operational amplifier of the current-to-voltage converting
circuit and the non-~inverting input terminal of the operational
amplifier of the amplifying circuit; and

a capacitor connected between the non-inverting input terminal
of the operational amplifier of the amplifying circuit and the

ground.

15. An infrared detecting c¢ircuit according to claim 14,
further comprising:

a switch connected with the resistance member in parallel with
each other; and

a switch controller which controls the switch.

16. An infrared detecting circuit according to claim 15,

wherein the resistance member comprises an impurity-not-diffused
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030 C T 2006 component, the capacitor and the feedback circuit being connected between an
output terminal and an inverting input terminal of the operational amplifier in parallel with each other;
an amplifying circuit that amplifies the voltage signal output from the current-to-volhage ;qmé@#ing
circuit; a band-pass filter circuit that is configured to pass components of a voltage's gf? ront the
amplifying circuit in a specified frequency band, wherein the band-pass filter circuit includes a
switched caipac_iﬁo.r' a clock generating circuit which generates a reference clock signal for controlling
. polysiliton, .2 . .
the switchéd capa(:l?or; an output circuit that outputs a voltage signal output from the band-pass filter
circuit as a detection signal when the voltage signal is at a threshold level or higher; and a reference
voltage circuit which generates a reference voltage, the reference voltage circuit being connected with
the pyroelectric ?ls;ment ggd tlrlrgfgggélgv%{ggg Jpput te(r:mlrg:%lis,tqf yé% Oreépneé:tné% o%eirg%)nqlémphflers
of the current-to-voltage converting circuit and the gmphl ing circuit. 50
wherein the low-pass filter further includes:
a secondary resistance circuit connected in parallel with the
resistance member, and comprising:
a secondary resistance member comprising an
impurity-not-diffused polysilicon; and
a secondary switch connected in series with the
secondary resistance member;

a secondary switch controller which turns the secondary switch

on when the ambient temperature is lower than a predetermined value.

18. An infrared detecting circuit according to claim 17,
wherein the secondary switch controller includes a switched capacitor
which produces an eqﬁivalent resistance, thereby controlling the
switch using a voltage divided by an equivalent resistance produced

by the switched capacitor and resistances of the resistance member.

19. An infrared detecting circuit, comprising:

a current-to-voltage converting circuit that is connectable to
a pyroelectric element operable to generate a current signal in
accordance with a received infrared ray, wherein the current-to-
voltage converting circuit converts the current signal output from
the pyroelectric element 1into a voltage signal, the current-to-
voltage converting circuit includes an operational amplifier, a

capacitor, and a feedback circuit for feeding back a direct current
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component, the capacitor and the feedback circuit being connected
between an output terminal and an inverting input terminal of the
operational amplifier in parallel with each other;

an amplifying circuit that amplifies the voltage signal output
from the current-to-voltage converting circuit;

a band-pass filter «circuit that is configured to ©pass
components of a voltage signal from the amplifying circuit in a
specified frequency Dband, wherein the band-pass filter «circuit
includes a switched capacitor;

a clock generating circuit which generates .a reference clock
signal for controlling the switched capacitor:

an output circuit that outputs a voltage signal output from the
band-pass filter circuit as a detection signal when the voltage
signal is at a threshold level or higher; and

a reference voltage circuit which generates a reference
voltage, the reference voltage circuit being connected with the
pyreoelectric element and the non-inverting input terminals of the
respective operational amplifiers of the current-to-voltage

converting circuit and the amplifying circuit.
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