WO 03/ 047002 PCT/JP02/ 12352 DESCRI PTI ON AN | NFRARED DETECTI NG Cl RCUI T AND
AN | NFRARED DETECTOR TECHNI CAL FI ELD This invention relates to an infrared
det ect i ngwo e3puidozand an infrared detector. BACKGROUND ARCTAPOR/MisAr ed
detector of the prior art is, as shown in FIG 15, provided with a

pyroel ectric el enent 100 for detecting infrared rays radiated froma human
body, a current-to-voltage converting circuit 200 for converting a
detection current signal of the pyrgelectric elenent 100 into a voltage
signal, a coupling capacitor C30 chﬁﬁé%?@HQMtrlthe current-to-vol tage

converting circuit 200, a voltagﬁ%aqplifﬁin circuit 300 connected with an
output of the cONpFNRRARERRETEST INGEIRGUL w@%&§§‘Fﬁf?é?EQdﬁﬂmﬁgﬁﬁected with
the voltage anplifying circuit 300, a high-pass filter 500 connected with

the |l owpass filter 400, an anplifying circuit 600 connected with the
hi gh-pass filter 500, and an output <circuit 700 connected with the
anpl i fyi ngFESHNEGRR BBERED The current-to-vol tage converting circuit 200
includes a FET (Field Effect Transistor) having a gate connected with the
pyroel ectric el dindst it@ention exilatter By sonimirteewd depectdielciwiculht ahé
opposite ends of the pyroelectric elenment 100, and a resistor Rs provided
bet ween a aounfeandd tdeteEdrand a ground. The | ow WD 03/ 047002
PCT/ JP02/ 12352 pass filter 400 and the high-pass filter 500 each include a
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 voltage amplifying circuit 300 connected 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 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-



swi tched capacitor. The infrared detector thus constructed operates as
follows. A detection current signal outputted fromthe pyroelectric

el ement W@sig7mwonverted into a voltage signal by the resicarmo/R3sand
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 Rs by the flow of the drain current.

After di rect-c%‘rﬁgt (cbc co(grpg:?lent s. of the so rce o({tage IS ¢ tdbyathe
coupl i ng BABACITOFCESSO%nERT hal8o T PYSF ¢ dgd 18 a7l i PRER APCIRIS
anplification factor é_1+R20/ R10) by the voltage anplifying circuit 300,
and is coR¥bHTREH ISPPRGAEPRY as a voltage signal in a specified frequency
band whose hi gh-frequency conmponents and | ow frequency conponents have
been cut by theTTl%wln%‘éaé%edf ideftertom ot qq’i‘étﬁPﬁFﬁdpaféPéﬂﬁtleﬁePSS@@@lq'fﬁ-s
voltage signal is anplified at a set gain by the anplifying circuit 600,
and is o0&t petecdions cargerectigngls cyhattted hnome thet proadieckyic gbanesftt er
bei ng conpared with a specified | evel therein. However, the above coupling
capaci t or 1880 iscanventédvénto karvpd tedpasiioyal nbyr dée txegiaserf Rgqeadcy
conponents around 1 Hz expressing the notion of the human body, etc. Thus,
a | arge- sappliedpacither ghtes ¢ the FEEJ wisersabyha Theih arwgeresitz€low@pagtddmor | S
obliged to be separately externally provided since it is difficult to
i nt egr at eth&uebuace ext etnal FyT ptoviadadatouphéngpf.apasi sotrdsOvohiargyebaan
standing as a |large hindrance to mniaturization or 2 W 03/047002
PCT/ JP02/ §@s&Fated 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 C30, 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 the 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



integration of the infrared detector. DI SCLOSURE OF THE INVENTION It is an
obj ect of the present invention to provide an infrared detecting circuit
and devi cwomsioatnoare free fromthe problens residing in tHeE/morssart.
According to an aspect of the present invention, an infrared detecting
circuit is constructed by a current-to-voltage converting circuit, an
anplifying circuit for anplifying the voltage signal outputted fromthe
current-to-voltage copverti.n circuit, a band-pass filter circuit

i i Y

i ncl udi ng™ A St ch8d°t apke it BF 2L 3R

°8d to pass conponents of a vol tage

signal fromthe anplifying circuit in a specified frequency band, a clock

generating circuit for generating a reference clock signal for

controlling

the switched capacitor, and an output circuit for outputting a voltage

si gnal ouPTRFHOSYRE OF, THE TWENTIONS filter circuit as a detection signal

when the voltage signal is at a threshold | evel or higher. The

current -to-vol t e i€orffer PPiRFici PEuithe] PregepE doWaBELI@R tqi togide an
pyroel ectric el enent operable to generate a current signal in accordance
w th a retefraned ndetgaidngaycimguiferassy @orioer twhieh axg r énee sifgoml the

outputted fromthe pyroelectric elenent into a voltage signal. The

current -

t prowlamsgeesddimy timnghei privt artncl udes an operational anplifier

connected with the pyroelectric elenent, a capacitor, and a feedback

circuit

for feetlcogrdiagkta a3 MDD/ 047002 REBeaAPO2AIRA3Sdn, an infrared

detecting circuit is constructed by a current-to-voltage
converting circuit, an amplifying c¢ircuit 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 band, a clock
generating circuit for generating a 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 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



direct current conponent. The capacitor and the feedback circuit are
connected between an output termnal and an inverting input termnal of

t he oper awniocoosa47emepl ifier in parallel with each other. A pamarb®ci3s: C

el enent is connected with the current-to- voltage converting circuit of the
above-nentioned infrared detecting circuit to produce an infrared
detector. These and ot her objects, features and advantages of the present

invention will, becone . nore appase upon a .readin the _follow ng,.
ot i | eq SEECTY SRR GoTeBB G ny T CHRAB TGS 2B Ehe pESEHBH (NG e
DRAWNGS FIG 1 is an expl oded perspective view of an infrared detector
accor di ng®td Sﬂn%effbtc% ﬁ‘iffﬁwe(?f‘ taﬁ‘e BUENTeIIIRH: i B 7} Glnveytdng dnpyg; ¢
diagram of an infrared detecting circuit wused in the infrared detector;
FIG 3 istarminaucf ghagirhadionat i pliddert o Pausll el i thiersht PRYERI r cui t
used in the infrared detector; FIG 4 is a circuit diagramof a second
modi fi ed i nfrar®dPYgeeteetHg celenant usedermnadted titdy ethelecertant-tPrG 5
is acircuit diagramof a third nodified infrared detecting circuit used
in the inVeHyaae der@dvegiting| Geiscukt a @f r ctiie dibyeamestiendduridfnapedf i ed
infrared detecting circuit used in the infrared detector; FIG 7 is a
circuit diepamngf caréuit torpdpfinee amfinfreded disttectong circuit used in the
infrared detector; 4 WO 03/047002 PCT/JP02/ 12352
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 4is 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 is 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;



FIG 8 is a circuit diagramof a main portion of a sixth nodified infrared
detecting circuit used in the infrared detector, showing a
current -t wovsldzye converting circuit and a voltage anpl iHGI/IPg2/ci3sL Ui t
FIG 9 is acircuit diagramof a seventh nodified infrared detecting
circuit used in the infrared detector; FIG 10 is a circuit diagramof an
eighth nodified infrared detecting circuit used in the infrared detector;

FIG 11 is a mﬁe' it_diagram, ofua%r? Ilporto on of a nlonttrlonm) th
nirared detect TR cfra e G4BaTh THETAN (o g TefediThton Rhwihg &
current-to-vol terdge converti nge&tr rcuit and a vaoltage arrpl i fyi nﬁgi; circuit;
FIG 12 9% &PFrar%%r 18%‘&%’??% {°6f b e StrarRbd ?‘feé’&Or
infrared detecting circuit used in the infrared detector, show n
current - t SRYBHIGgE CHHRFERET B YA AT SORVF 3Bt SGeCudvpl 319 Ag ¥ t@@iet
FIG 13 is a circuit diagramof a main portion of an eleventh nodified
infrared aepkeiving eirewlt: used in the infrared detector, showing a
current-to-voltage converting circuit and a voltage anplifying circuit;
FIG 14 is a ciFEait9 disgr apixsfuig shppréam conta ofdveanthpovdifhed ofnfraged
infrared detecting circuit shown in FIG 13; and FIG 15 is a circuit
di agr am s@eweaiging phirouiardsednfinatlesl indeteedi degrexitocwit. 5 WO 03/ 047002
PCT/ JP02/ 12352

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-to-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.



BEST MODE FOR CARRYI NG OQUT THE I NVENTI ON Referring to FIG 1 explodedly
showi ng a construction of an infrared detector according to an enbodi nent
of the preserto47donventi on, the infrared detector conprises@/moyksshaped
base 11 having three lead wires 12 connected with the bottom surface

t hereof, a disk-shaped printed circuit board 16 nounted on the upper
surface of the base 11 via two furrings 17, a pyroelectric elenent 1

nount ed s {r &ﬁ]i %ﬁ\&nq&% f gpg ﬁr'nted circuit board 16 and
havi ng a r%gg ﬁ%ﬂ Céﬁ P Se Hg ,Oh a bottomed hol | ow
cylindrical can_13 having an _gptical lter window 14 in its ceiling wall
and adapted to EBVEFTHE G ifed ! 8?‘?1:%9(‘1]‘306??’8‘”1%9 AnTPRE FEFEI ehafe A
| ar ge- di aneter condenser lens 15 nmounted on the ceiling wall of the can
13. The cAREBAEE} |961§CteB ACCOTAERE| -1ndni nePRRAIMENE nefbdiheof PresRAL
Infrared rays radiated froma human body and passed through the lens 15
and the opfveariqn . tidre wingeweds detectori emnrigest Re digk-shaeed rihasee| dnent
1. An infrared detecting circuit for processing a detection current signal
i s nount edagihng hehrear leagr fwteeof 12heopneated wiltbuitthebobettcd®. sThiéace
infrared detecting circuit is integrated into one piece. A detailed
construct itbaredf t he idiskaskapatbt peinteg cimuit iwardhdwn mounfle@ o tHe s
infrared detecting circuit is provided with a current-to-voltage
converti ngpperceutfad orf cioney @rasieng lavadr keat fusigivyl If7r,0ma theopyseetiect ri c
elenment 1 into a voltage signal, a voltage anplifying circuit 3 connected
W th an oetpuén®f 1t hfourfted 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 radiated 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 is 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



WD 03/ 047002 PCT/JP02/ 12352 current-to-voltage converting circuit 2, a
band-pass filter ~circuit 4 connected with an output of the voltage

anpl i fyi ngo @imzwet 3., and an output circuit 5 connected rdmwiroam3sut put of
the band-pass filter circuit 4. The pyroelectric elenent 1 generates

pol ari zati on charges corresponding to a tenperature increase when
tenperature increases due to radi ated heat waves, and outputs these

pol ari zati Q h@[%es 0128,8 detecti.qn current.signal. Tl"be rrent -%o-vol t age

n
converti né’ugf:g%w YN PUde OB T BpEr aftERatt arpt i 13 erP P REGTF ngt HhteT

inverting input, termnal cqonnected with one end of the %roel ecﬁ_ric_
el enent 1,015g1‘1é1édt§ac“k°mbe§§§ i t'BrEr 2R o PEREEd Yt 1v'\%‘?anvﬁrllE 8¢ pGEPLET Al
and the inverting input termnal of the operational anplifier 21, and a
resi st ancEEFPLEi - ARt O¥TRYN Rt B pRIRRGter Witk IheutPREIRRRe
capacitor Cf. A power supply E for outputting a reference voltage Vr used
to set anPapeéreeshdigdent cbfcuife4voltage signal to be outputted is
connected between the non-inverting input term nal of the operational
anplifier 21 andhg gvseadiectiSincelensntcuy r gerenaiesol nAGEicohver t irass cui t
2 includes the operational anplifier 21 and gives a negative feedback via
t he resi sbanespeidingi ttochehemper@gturke inareads omeof tehpegpnrat ingremsast i s
suppressed. This elimnates the need for a coupling capacitor

convent i odakl yo usadiidtedc bbat heawsr,i ahdonubputsheheper adblagi gzaiioh, charges
consequently making it possible to reduce the size of the infrared

det ecti ngasei acaetedqrieat tyrrent 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 CE£. A power supply E for outputting a
reference voltage Vr used to set an operating point of the voltage
signal to be outputted is 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 wvia 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.



7 WO 03/047002 PCT/JP02/ 12352 The current-to-voltage converting circuit 2
is provided with the feedback capacitor Cf. The current conponents in the

f r equencywoansd4mivzaround 0.1 to 1.0 Hz of the current out pamwird2/135Dm t he
pyroel ectric elenent 1 that is inportant to detect a 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 froma ﬁérgele tric elenment. into_a voltage si qgl b se of
a resistance nmERDETIERET B0 TR RICFIBY B P Faf TFRE bt chvk rP’éa‘gjv 74 %&H
signal contains 2 cgnsiderable gﬁgber of _noi ses d%e to the fact that the
r esi st ancERFrefiSEAPRER | (RRRGLEQT gétter at e TTREr NBITTF8iTs eCOTRITEMEE it héPe a
capacitor is theoretically seen_not to generate thermal noises.
Accor di ngfFeayenay; Barge o4pFarERt Phat ot Rel cHFr 8ht th8- chETeRigePHdWFérEi ng
circuit 2 of this enbodi nent using the capacitor Cf can convert a current
si gnal fr&rP8 BYe oPrEeetetris epdamentntlo Bhafol LagdmepyieRt hbQi Agteev Aoi se.
The voltage anplifying circuit 3 is in the formof an inverting anplifying
circuit, hween rrddydds ganveerett iigwal thanpeltage sgbnhdvbngthen usey @rft ithg
input termnal connected with an output termnal of the current-to-voltage
convert i nfeedbanlk tcadagiiioraCfesi st otn Rh¢ snoventiagiadt crurR2npr owivibddabget ween
an output termnal and the inverting input term nal of the operational
anpl i fi erc@dvediimphecirtliet powsichs upphyertd ora owtupueht ngsidal r eremenae
voltage Vr used to set the operating point of the
pyroelectric element into a voltage signal by use of a resistance
member, there 1is 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
capacitor Cf can convert 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 R1l, 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 to be outputted is connected with a non-inverting



vol tage signal to be outputted is connected with a non-inverting 8 WO
03/ 047002 PCT/JP02/ 12352 input term nal of the operational anplifier 31.
Si nce t hewwpmsroatdoonal anplifier 21 has a very | ow output ROpRPdEM3Se2 it isS
not necessary to consider the input inpedance of a circuit connected with
the output termnal of the operational anplifier 21. Accordingly, the
inverting anplifying circuit 3 having a |low input inpedance is connected

wi th the out put et%r.rrlrg{;\aol rﬁf t he 9 .erat]ji‘ona %r&l [ fli er 21 to thereby
anplify t hPYVolTATE A APT AP8r PPRE WifRas $PRG Ti¥cdi't i s used as the vol t age
anplifying circuit 3 in this enbodinment. If a non-inverting _anplifying
circuit is, conveEt€eljPe | RFAHEREpoRBPLILIEH y2heBBE fo VF¥ dOHnAURYL
between a _gain resistor connected with the inverting .input termnal of the
oper at i onHPeAANCES | &F 3% 2Rk FIRCSFEOUNEC FPRSIIRE SRedPBUpplYPedaneENRECt ed
in this way, a current flows thereinto and the power supply becones
unst abl e gueirenit vennggdeddaditbadbec @usedt bperhenadnt @f nbhe r ereratdional
therein. Thus, a power supply needs to be connected separately fromthe
power sup@hgdifEiegorect edcapr@indle .pythse| deventingl empitifyinadctiheuit 3
current-to- voltage converting circuit 2. On the other hand, if the voltage
anpl i fyi ngacingc i flo@ ispwonistpedehed 1y ddmpecheérwitly thepbutyuingemminali t as
in this enbodi nent, the power supply E can be directly connected with the
non- i nver of nthe Ppetatsmdlnamphifide 20pevathernsdy aapphifyieie IbLthkys! her,
since the non-inverting input termnal has a high input inpedance, no
current flows ixdoihberpnver afppPEying circuit is used 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. If
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 the 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 wvoltage
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



and no vol tage decrease occurs due to the internal resistance in the power
supply E. Thus, the reference voltage of the inverting 9 WO 03/047002

PCT/ JP02/ wzBBd470mepl i fying circuit can be stabilized. Therrfrarre2/12382 power
supply E can be commonly used for the current-to-voltage converting
circuit 2 and the voltage anplifying circuit 3, and the detecting circuit
can be accordingly made snmaller. Furthernore, the common use of the power

ly E i1s the ref | for th t-to-volt
Conver t | nTRIHORRS SERHTE R SForPSAELL VG aganeF BFoTive oI PRV RARFYi ng

circuit 3_to be Ldentical W th eac? ot her, consequently meking the
respectivB OBt aPPnFPBIORLE J15q8%het Obotteci FEHAE ~30aKet P9 e FOFERU T iIR% h
each ot her. Acpordin%!y, t he operating point can be regulated to a
negl i gi bl €154 atd AP pen VR ERgRItE YdREgCE eI nGraphei e ddtdeen
the both circuits 2 and 3. The band-pass filter circuit 4 is provided with
a swi t chefiTeabdadaloef idccerding i mageusmaélene | Fiirthesnodet ethe repmioncui t ,
and gives a specified gain to a voltage signal in the frequency band of
0.1 to 1.0s¢izefwhhehrpwer npapRlantE | pemittec ttheg refhueree bohagearfdrt Hive
outputs the voltage signal. The switched capacitor filter has a resistor
section. Fheremsitot-gplbagd i ornvegtipgnsiracite® mnda tdw trelfedenap acilitaige
including a capacitor and a sw tching el enent such as a MOSFET connect ed
with a cl 6ok thenepatage emprtifiting direuswi Bchiangpel pa@ittidad twirthedaeh and
off by a reference clock signal fromthe clock generating circuit 6 to
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 wvariation
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 specified 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 is
constructed by a switched capacitor including a capacitor and a
switching element such as a MOSFET connected with a c¢lock
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



charge and di scharge the capacitor, whereby causing the capacitor to

equi valently function as a resistance nenber. An equivalent resistance

val ue R bwadsm4mset ched capacitor is expressed by R = 10 P/ p82/023D02

PCT/ JP02/ 12352 1/fC wherein f and C denote a frequency (sanpling
frequency) of the clock signal given to the switching elenent and the
capacity of the capacitor, respectively. In the band-pass filter circuit 4

provi ded \é{l/%rk twf}leer%bov%- rlrﬁntd' 0. ee%t%vvi t%%ed caé)ac' tor fil t%r teher [ S: @
i kel i hood/ERat™ RSt 8t dr 101 % & BCEGr & WASAUERY nptATRdd Yo FrEgReiSn T
cont ai ns ny _high-fre uency conpanents. However, in this enbodi nent, the
current -t &¥olrt868 & ?I‘i‘/%'rt?lngfncﬁpcﬁhle SYEEFR RS teenEu APEn ERE 0CaRF Y e
conver si on b¥ the capacitor Cf. The_i npedance of the capacitor Cf is
expr essed %y TRP (ARACIECY . TRLGGRI¥8AHce of the capacitor Cf becones
smal | er as the frequency becones higher. Accordingly, the voltage signal
is outputted frém the bardepass ELlkert gdEcebhver®yonidedr wiicth Phefakeve-he
hi gh-frequency conponents are greatly cut. In other words, the voltage
si gnal hawengiomed| $wjitishedhicgha¢iequeidyereobperrents 4 slikepdhoed thet a
band-pass filter circuit 4. The return noise in the band-pass filter
circuit 4re&anrpensigpressed. vibe et puputdiedc woltége nelgmeds cantaimparmemy to
conpare the voltage signal outputted fromthe band-pass filter circuit 4
with a spaghtffeshudicgshobmpdmangls,, andicwsvent s #n dahaet | ebwiigeat, whgre t he
voltage signal is at the threshold | evel or higher.
current-to-voltage converting circuit 2 performs the current-to-
voltage conversion by the capacitor Cf. The impedance of the
capacitor Cf is expressed by 1/(2m£-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-frequency components 1is input to the band-pass
filter circuit 4. The return noise in 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 f£from the pyroelectric element 1 is

inputted to the current-to-voltage converting circuit 2. The

voltage signal of the detection current signal that is in the

11



This infrared detector operates as follows. A detection current signal
outputted fromthe pyroelectric elenent 1 is inputted to the
current - twovsliwage converting circuit 2. The voltage sigradT/mh2aise2
detection current signal that is in the 11 WO 03/047002 PCT/JP02/ 12352
frequency band of 0.1 to 1.0 Hz, which is inportant in detecting a hunan
body, is converted into a voltage signal by the inpedance conponent 1/

(21tfCf ) .of the c aéitgr |s %ﬁiﬁ? t.he, hi fre ugnc conponent s
are cut ahtcTHEY %%P P rrprlc)ve e&ﬁeﬁ‘f‘?@‘maé’ftt éﬁ %‘f%@tl’o\"%ﬁ fied
at an anp |f|cah (fn factor of R2/Rl in the voltage arrpllfﬁ]?’egg circuit 3,
the vol t af8™&} ghtY - cHRVETRET Y tRECCGr Vortaps- §593yeP¥ r PR C Ui t
2 has conponents in the frequency band of 0.1 to 1.0 Hz cut off by the
band- pass  PTPRE il dGTit &) 9fnd8et RBRPFFHIRT (Equeddy thdfpBRentde dHgbcut in
the current-to-voltage converting circuit 2, the occurrence of return
noi se i n ERARIWRAMT- pESHPPIINter 8F¢ cHUt 410G téapp‘fr/é“sséatlgubéequmqvgﬁd t he
resulting voltage signal is conpared with the threshold level in the
out put ci Pubseauwentilyi. chftenepeing pupd ifiedt @ttdmmmulgdalcatien destorhed
above, according to the infrared detecting circuit, the coupling capacitor
havi ng beBa/Rbsedni rchehevoldmgeerdnpdidlyingf caredideBecttheg wiItaget <iagmale
omtted and the power supply E connected with pyroelectric elenment 1, the
current - torvettedigebgonutes t ichgrentcid-tvo2tagel tdvmveekiage dmelitying haisr cui t
3 can be commonly used. Thus, the infrared detecting circuit can
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
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 above, 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
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be made smaller. Further, since the high-frequency conponents are cut by
the current-to-voltage converting circuit 2, the occurrence of return

noi se i n woeosmamaz pass filter circuit 4 can be suppresse®CTAP®R/1B521Ss a
circuit diagramof a first nodified infrared 12 WO 03/047002

PCT/ JP02/ 12352 detecting circuit used in the infrared detector. This
infrared detecting circuit is identical to the infrared detecting circuit

hown in ELG .2 for that . d .anplif yi ircuit, 7 i
2 11 onaPPSHTE0 o0 BAEwdSHoa BathopdRE P PE ol =bPFEtr 4TAH SR put

a Band<pass

i it 5. The . d anpli.fyi, I it 7. - inverting anplifyin
Circui t, ARETHACFE O Copar AAPBREFL arfbl H1Y o g e rdy ARG e HHBN SRR ng

input term nal connected with an output term nal of the band-pass filter
circuit 450y e} FIG- REPRGERAEPEITBRE WR PP D AL LY ERF FTCUTd Tards
inverting input termnal of the operational anplifier 61 and a resistor R4
connect ed2dttHaned LY nPEPY1HRS ikpfiveerepnPrRd -Riss He 1par SLrem 4 Aans iami er
61. A power supply E for setting the operating point at a specified |evel
i s connecfetPiet aeesnittheSr esi Bteor seprghdampel Eygingurglrcaisi ghals cenpoment in
the frequency band of 0.1 to 1.0 Hz is inportant in detecting human bodies
and | i vi ngneegaimigs neampAdiEyingi s cieagon, thedfr égoéndss pead or npecetional
characteristic of a band- pass filter circuit 4 arranged prior to the
second anphpIiiey 6¢i hasiihg7/ai soseinv@irtanpeakplt ecperioplotoanetel kidkhHz .

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 is connected between the resistor R4 and the

ground.

A signal component in the frequency band of 0.1 to 1.0 Hz is

important in detecting human bodies and 1living organisms. For

this reason, the frequency performance characteristic of a band-

pass filter circuit 4 arranged prior to the second amplifying

circuit 7 1is 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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Consequently, a signal conponent in the frequency of around-0.1 Hz is
attenuat ed by the band-pass filter circuit 4. Accordingly, the threshold

| evel of woeosgutat circuit 5 has to be set |ower so as tRCTdPOBCA3SL he
attenuat ed signal conmponent in the frequency of around 0.1 Hz conformto
the attenuated voltage signal, which inevitably makes the influence of

noi se and the like no negligible 13 WO 03/047002 PCT/JP02/ 12352 and | eads

t hi gh Lhi Lt i detection. if it | d t hat
ol tage s giarorart ke r Bualte POEELT sTnhE ot 1orptrcosh deRadE ot

exanpl e, about. 20 dB t he _band- pass ilter.circuit 4 (the_anplitude
of '[rﬁe ou:%utlt ed°8§1y ‘gl t%%%o?m‘é()ﬂf/gfg S\?ﬂ?f‘ﬁiré’épy&? :Flc")e‘i“r?élcﬁ’gﬁﬁ?flegrp@?%al ),

t he anplitugeHof.the vol tage signal outputted fromthe voltage anplifying
circuit 3%dsPZtdS pEEUTUACREs e SHARLR0l BY |2RAE 20 SR de¥ the bandepatr

output circuit 5 to precisely conpare the voltage signal and the

t hreshol d fF&VeF ShEcHHE pht (Fhe aBPEEtydsn of gihe . owtpusitedr signakebesemem

out put vol tage having an anplitude which is 10 times the threshold |evel,

a supply VdlPayétheFerrest t he bher anPeiisd sigplili ethelampbifondeo dfe die

| east 10 tinmes the threshold level. The supply voltage |level is normally

about 15 Vodtegeugional odépehtid diromhéhe hwokiciger iasibiltsynfg tdiecaper athanal

anplifier 31 used and, accordingly, there is a specific limt in

i ncreasi ngot fpe  19uppimegsv stheagbrésheld dfevelle imperrdieironal canpéi fher o@dputOn

the other hand, it may be considered to maintain the supply voltage |evel

of the opedatubnals anpl i brecisSdly owohparedutieng vbleage 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 is normally about 15 V although it
depends on the characteristics of the operational amplifier 31
used and, accordingly, 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 level of the output circuit 5. However, if the
threshold 1level 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 limit in
reducing the threshold level. Thus, the threshold 1level is

normally set at about half the supply voltage level of the

operational amplifier 31. However, in such a case, the output
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threshold | evel of the output circuit 5. However, if the threshold |evel
is reduced, the output circuit 5 may output the detection signal even in
response W @/0awnioge si gnal having a snmall anplitude and, raacmoziiasgty,
there is also a specific limt in reducing the threshold Ievel. Thus, the
threshold level is normally set at about half the supply voltage |evel of
the operational anplifier 31. However, in such a case, the output 14 WO

03/ 047002 PCT/ JP02/ 1235 circuit.5 capnot. out put hhe d hectio .signal_if
the anpli COAS b gt?ﬁ?%&)t%ﬁf?u iéﬁ%lg?ﬁe?$ﬁ?%r%;ﬂﬁg cﬁfbg 8 8P Eﬂﬁ%ij 1 He
s at teny ted 1/2 aor |lower by the band-pass filter circuit 4. .
Accor di ngl 3? P ERES ¢ FHOBAL - £8- VOIS aGEPRERFEr thaRg 9% careunst Othi §z is
nodi fication, the anplifging circuit 7 is connected between the band-pass
filter ciPERPRUAESEFOL Ad2 Rk prpwegi PEUFRe Dand-Bessfilitee abBo thitebl em by
anplifying the anplitude level of the voltage signal attenuated in the
band- pass filtefCepFERILYA dpbERarmyraeny-te vvalf@ageneertrittdngegetcuifs of
descri bed above, according to the first nmodified infrared detecting
circuit, &hiermedbbigntdenectthenapplifwinsutgipcuditr Juiils Sonnsciprd Viesitvegnby
connecting the anplifying circuit 7 between the band-pass filter circuit 4
and t he oghpubandtmass B ltterappretit theandtthenuatipdtanpretitdes ofo tdrdve
vol tage signal outputted fromthe band-pass filter circuit 4 substantially
to the ththshabavd ereblemAoy caniliglyyngtitee dedpadtiuoe bl a€ythé ddlitage
circuit is considerably increased.

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 bytthe 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 circuit 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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FIG 4 is a circuit diagramof a second nodified infrared detecting
circuit. The second nodified infrared detecting circuit 1is identical to

t he i nfrawed3datmeti ng circuit shown in FIG 2 except forpdinen2/a3st gh- pass
filter 8 is provided between a band- pass filter circuit 4 and an out put
circuit 5. The high-pass filter 8 includes an operational amplifier 71
havi ng a non- inverting input termnal connected with an output of the
band- pass ar ac onpect ed

filter_circuit gﬁyia capacitar C1, . apaci tor C2

15 WD 03/ GETHES" Fer gL 225850 (A 7 " BRS { D e BB L bR t i ng
i nput termnal, of the rational lifier 71, and a sw tched capacitor
SC connecPRE RFR-OG8 z?l"\PgE%i'i\f¥ h7%'h€n§23aﬁV%B?h%2 CAPRELERN t¥hegnespheitt sC
is adopted for the miniaturization of the circuit as described above. A
pover supPPyRELSS FbhRedPed SHPRAIERE hCA: nonthivEeFTehed mpRaciterniStal iof
the operational anplifier 71 and the switched capacitor SC. Since a gain
in a pass&§erbatdf It Wige MApdptyaigatipp| ertise joireupkeas edprrihedapbeve y
ratio Cl/C2, a desired gain can be obtained by suitably setting the
capaci ti ed dfoweiFe suppdacik ois Chnapected. witke bbflchi vemedsveftide pnmvi sion
of the anplifying circuit 7 between the band-pass filter circuit 4 and the
out put ci rreginindl jof deder i lpdranicred f iampllifrbelr f | Tht iaond  Ithet hewitched
anplification factor (gain) of the anplifying circuit 7 is set |arger
there i s cappessethi$dty efintargebgivanyi ng paseagpeband ngr pehat hafhthess
out putted vol tage signal because the offset conponent of the

filter 8 is expressed by a capacity ratio Cl1/C2, a desired gain

can be obtained by suitably setting the capacities of the

capacitors Cl1 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 largely varying the operating point of the
outputted voltage 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 variation of the operating point is
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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vol tage signal outputted fromthe band-pass filter circuit 4 is anplified
at the larger anplification factor. Accordingly, the variation of the
oper at i ngwmoi3r7G0g  suppressed by connecting the hi gh- pasdiviPpei2382 havi ng
a gain between the band-pass filter circuit 4 and the output circuit 5 to
cut | owfrequency conmponents of the voltage signal outputted from the
band-pass filter circuit 4. Since the voltage signal of frequency

conponent t is 0 utted after bein anplified to a | evel
appr oxi ma% 59{)%9? e t8 ﬁ%ee('gs)#(;(%znd ﬁ%vg%‘,g é)H%pT \f\‘ﬁrﬁgflﬁm%oo‘?argﬁ?\] P&y ¢DReD-
erroneous tiaon by the outpyt circuit 5 can be prevented. Accordingly,
t he det ectAlg g}ﬁg%%n cELrYa'cythoel‘ ?%%ec?féf’gctalcﬁtjrﬁ?ﬁzcﬂft the degratiaml Girdititeated.

As descri bercl?l ve, .,according to the second nodified infrared detecting
circuit, An@h oS °qeR8eti on by the output circuit 5 can be prevented
since the variation_of the operating point of the voltage signal outputted
from the hi gh- paSs fifFeeibeg pRo¥gppracanxdiagd the thequmeopdcompdhiidd of
0.1to 1.0 Hz are outputted after being anplified to the |level approximte
to the tRPESHEAY fefadtingcedrdihgl yan t ferefsoust deneatton aoy e t betput
detecting circuit is remarkably increased. Further, since the swtched
capaci t or cSerEkt ugedlamsba pesvertmd ssigideorthef wdrdahigh- opaske f bpéeditihg t he
detecting circuit can be mniaturized and the tenperature characteristic
t hereof canibe of athd iwddagEl Gigmal Dutpuittedi Erot agiaanioh-pasdi £ vgdigd i ed
infrared

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 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 stabilized.

FIG. 5 is a circuit diagram of a third modified infrared

detecting circuit. The third modified 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 are 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

17



detecting circuit. The third nodified infrared detecting circuit 1is
identical to the infrared detecting circuit except for that there is
provi ded wdomrd7gass filter circuit 41 constructed by al tRImMEOZI2352
connecting high-pass filters and |owpass filters at one stage after
anot her. The high-pass filters and |owpass filters are both constructed
by switched capacitors. Mire specifically, a total of five filters of

hi gh- pass _filt. r3(HPF) 411, lowpass filter (LPF) 412, high-pass filter
(HPF) 413°*YBWw" pass filter (LPF) 414 and high-pass filter (HPF) 415 are

successi vely connected from an output of a voltage(ﬂnplif¥[gg 17 WO,
03/ 047002 PCT/ JPHeLF355 8T8 PREj 2 SPAYSE 7P| RePPtidssniy 1oy VEF R ta
band-pass filter circuit_ for - extracting the signal conponents necessary to
detect a PeFefEtTRSHRIbiHeaFdgnAhyEOTRRIONGE| ARCR§SITHCET ofrtecthe MugRPpass
filter 411 at the first stage suppresses the variation of an operating
oi nt by BeAY Y awsPrbgire Eerpovtrd Suwehianrped The &igbte fiditgmal
P y com LS .
outputted fromthe voltage anplifying circuit 3. The |ow pass filter 412
at the setbhdatt tige Sdrput stage/oturnpessegnahei variaidny egfuearcyoprratiob 1 Hz
or lower while giving a specified gain thereto. The high-pass filters 413,
415 at t hpoirit rioy acwk finfg Host-dgeguersuppragenehes vaontdined dih an vaddagei ng
point by cutting |low frequency conponents of the voltage signals outputted
fromthe sigvalpasspliticbdr $rdi2{hd 1do hitadeheampad@gila@nelifaiird 8 .stmges.owthe
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 wvariation of an operating point by cutting low-
frequency components of the wvoltage signals outputted from the
low-pass filters 412, 414 at the second-and fourth stages. The
capacity of a capacitor 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 f£rom
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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capacity of a capacitor used in a swtched capacitor needs to be reduced
in order to increase a resistance value of a resistor formng the
band- passwua d3togroogi rcuit 4 and integrate this circuit 41.pdifJrPohessapacity
of the capacitor is reduced, feedthrough noise occurring during a
sw tching operation by a pul se signal noticeably increases. The increase
in the feedthrough noise in turn increases offset conponents of an

operational anplifier causin %h . operating points of the voltage signals
out put t ed°P™ '“%%é-lBﬁfp§§§ﬂng é& 1§iffagig'to largely vary. For this
reason, the variations of the operating points are suppressed %y cutting
the | owfrequenty dORpREIR-926§ tHetRFgIRIFSESTT 41t o} FPBRSTHYE ed) gbyp2
03/ 047002 PCT/JP02/ 12352 connected at the third and fifth stages. If the
band- passSirgterlay-pagst fhtars vBdakt Fucthar 9Hvar 3 Irfiee 98WRphsse £ IHher
which is then given a large gain (i.e., the band-pass filter circuit 41 is
const r uct bandypasse fAllgar pabecuiit] ¢ér is 4qanstrystpdvbpade filghepagd Xigigr
hi gh-pass filter 413), there is a possibility that direct current
conponent 414ar etHearlget-paasptifteed 412nand Heighobeagef Sitgpraldé 180t ptitemsl ifsr em t he
| ow-pass filter 412 is saturated. Accordingly, in the band-pass filter
circuit 4poséiteiliggi rthias diiseet botecehet amgonehesr aspetbhryely camplaisied
filters 412 and 414 to prevent the saturation of the voltage signals
out putt edandir one t Weldys pasmali btepst el , £rbid thandolhgasr falteanst1Qf ikhe
operating points caused by the |owpass filters 412, 414 at the second and
fourth stggesratedl.SeAHRINMieYLy PYid hendi ghhcdPpessf iEhl €68 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 wvariations 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 operating point. Further, if the gain is
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 wvoltage
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413, 415 at the third and fifth stages to remarkably suppress the
variation of the operating point. Further, if the gainis distributed
bet ween tW® w3agpeeti ve | ow pass filters 412 and 414, the i Irohrexss2
capacitors of the lowpass filters 412, 414 can be constructed by

| ow- capacity capacitors, enabling the mniaturization of the infrared
detecting circuit. As described above, according to the third nodified

infrared detecti circguit wherein two | oy s filter 12, 414 are
o ovited FOSURL: 1 ERAAF LR EA! T Ealaatane: Reohat sata e eto T fltsEhe (P4 s
412 and 414, it can be acconplished to prevent the saturation of the

vol t age sPRaIE I eEp GEEERtE rom@Re PPofEPase T PRFRUY BITCHEE S RHtRAWe t he
high gain to the outputted voltage 19 WO 03/047002 PCT/JP02/12352 si gnal
Accor di ngEje PeresAdtivagé SMBREFYIO\R Jdet ¥alFadtn 1 aand- Tpassher| yerds.
circuit 41 can be sent to the output circuit 5 without the necessity of
anpl i fyi ngnt APLidiviage cdirgnat . negd gatetonwbedsrovidedanmyihilithi Agaeds ricuitheneed
not to be provided, which leads to the mniaturization of the infrared
det ect | ngméhizuitizaEdphhef | the dodrarh@ deowqidey fitewrt.41Futhdy, j since
arranged between the high-pass filters 411, 413, 415, the variation of the
oper at i ngtpei dbw-pasul £1gef ram t (e H)eedt hrmaglgedoibseeween bbe absgln-qedss
suppressed. FIG 6 is a circuit diagramof a fourth nodified infrared
detectingreitets t 41The 41murt hispditheedvatifatdoad ot @bkl Ngpeddtdngt point
identical to the infrared detecting circuit shown in FIG 2 except for
t hat ther gek81{iyicdofl ehdatutapassudh |daseCcbfUbd #bduredly 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 is 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 is
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constructed by connecting a lowpass filter 421 at the first stage and a
hi gh-pass filter 422 at the second stage. As described in connection with
t he i nfranwedo3datmeti ng circuit shown in FIG 2, the curr ediPoz2/va3bl age

converting circuit 2 perforns the current- to-voltage conversion using the
capacitor Cf to decrease the return noi se fromoccurring in the band-pass

filter circuit 4 However , i's dlfflcult to conpletely suppress the
occurrence._of ret oi se Iy| uch a c verS|Qn
AccordlnngppreSS je f HFF ﬁbdlg &FF%ﬁgBF %ﬁa§§m?i BY Pointg is

provided at the fjrst st e of the band-pass f Iter circuit 42 to
|ntroducesﬁppﬁﬁﬁ%%éy§¥ﬂ?§n P8 £HE HYgﬁhﬁagégﬁlﬁﬁﬁﬁ'ﬁﬁéﬁeﬁfﬂé? 89????&?@n gh-
frequency conponents of the voltage signal, whereby the occurrence of the

return noPEethe@sEPPPRR $1afR -t he ASHACABELE aphles t E0UTE modifigrd3inaroos
PCT/ JP02/ 12352 suppressed. Further, the variation of the operating point

is suppr€§§%QF%ﬂgu9§r§§Fhgc%ﬂnsqﬁpr?ﬁé e mosagsente t@f wEtnraopneee depreat
t he second stage. Accordingly, the fourth nodified infrared detecting
circuit caecerpkw-ess the occurrence of return noise nore securely. FIG 7
is acircuit diagramof a fifth nodified infrared detecting circuit. The
fifth nodified FhéraFedsdet ecinaujtcidiegram bf kdéiffitbamotidfidd infraredd
detecting circuit shown in FIG 2 except for that there is provided a
current -t Gevetitiage ciarvett i Nghe CEL£tH tmaA fiSpethfianmdd Hetek@ing circuit
current-to-voltage converting circuit 22 is constructed by connecting a
resistor B agdn@ichl €€d 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 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 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 is 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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current feedback circuit DF in parallel wth an operational anplifier 221
having an inverting input term nal thereof connected wth a pyroelectric
el enent 1woensddwiorh a capacitor Cf connected between an aampipp24ssm nal
and an inverting input termnal of the operational anplifier 221. The
direct current feedback circuit DF is an integrating circuit, and includes
an operational anplifier 223 having a non-inverting input term nal thereof

connected_ wyjth out put rmi nal _of _the . operational lLjfier 221, a
capaci torz%l%ogrlegc & g)gt \sﬁg%nu?%ec’f(r)lotﬁl-el %}égﬂg ng™ it %{égflh’?ﬂélcﬁduﬁn
out put te]r)m' naIA of the oper tior_JL%I anplifier 223, and a resistor RS
connect ed®i t hAPH2" it GPCCT LRI HEY WESEREr COURPISPEE 15 Fedetd®CKg t he
operating point at a specified level is connected between the resistor R5
and a groWtle | Reipe AGtpRMtad- volfhagePeEahiRy t PRENEI PEuithex2outmydtedt put
fromthe operational anplifier 21 WO 03/047002 PCT/JP02/ 12352 221 is fed
back by tWeltR¥e Sfioppé @R &a meger ehtbikiefdack Ehveuitthe pperaging diodgly,
the alternating current conponents is fed back while being attenuated. The
oper at i ngcppike sdhbihdzedtgient wilthowt tthgeuse golala canpbéngrorawastiabi! i zed.
Thus, the operating point can be stabilized even wi thout the use of a
coupl i ng capaci dor degerilestraiyae, albdee, fitfivh mddifiieddihfearedfdeiteeding
detecting circuit, in which the direct current feedback circuit is
connect edcimguit,t He ehicknthd GHivektagermaity Eebdbgekeidiceuti t22s E@athectdice
the wvariation of the operating point of the outputted voltage signal,
enabl i ng with atilee @itreatt tbovaldalgageoftseiy Wirchi6 28, | Sad 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 circuit, 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 dinput 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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circuit diagramof a part of a sixth nodified infrared detecting circuit.
The sixth nodified infrared detecting circuit is identical to the fifth
nodi fi cat wanosaMoept for the of two reference voltage cir®dweod0B32 and
1004. In the sixth nodified infrared detecting circuit, the tw reference
voltage circuits 1003 and 1004 are used to apply a reference voltage for
setting the operating points of the pyroelectric elenent 1, a current-to-

vol tage converting circujt 22 and a voltage a Ii% ing circuit 3.. The
ref er ence™ Vol d'be%’g ERFELI %h]i?ﬂ%’ i%s cBBﬁ?\%Eta%PWNBht %ep 1§Ftrif e lement
pyr oel ectEi C ﬁl egent 1, whereas_the reference voltage circuit 1004 is
connect ed* wPPH EPRoAYFRERTTENGOLhpER CRRYRTHEMRIoCIZRULBpEr at iTEnQRLdMEPES i er
221 and a non-inverting input termnal of an operational anplifier 31.
Si nce t heTPhRTRACEC Ol agp e RAREUHE | 5 eRFSHSRD FoRo@RPeTins theerefaneaced
detecting circuit formed into an integrated circuit, 22 WO 03/047002
PCT/ JP02/ Y2B5We néPse-heayperraieatmisughlemeadnt bct thet vawrenhetpyradlaget ri ¢
elenent 1 and the current-to-voltage converting circuit 2. If only one
r ef er encecomtertgadgciaiqeiutiti @ parsli tesl Voltagepl gnpig fiyhegr efieceice 3, vabeage
to the pyroelectric elenment 1, the current-to-voltage converting circuit 2
and t he vopemsgjeioaspbitf thagcurrent tto3yol hege opervairitang oirddiec 2 and the
current-to-voltage converting circuit 2 and the voltage anplifying circuit
3 becone uobtadd enpaefying heiddditusnbecond wotsdiendaeedot Broupir Tdgice
contact. Thus, the separate reference voltage circuits are provided for
appl yi ng é¢he nefsRr eBfi€ered 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 circuit 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) /CE£}x(-R2/R1)+Vnlx(R1+R2)/R1+Vn2x(-Cs/CFf)x(-R2/R1)
= Vnl-(R2/R1)x(Cs/CE)x(Vnl-vn2) w(1)
wherein Cs denotes a capacitance component of the pyroelectric
element. R2/R1 1is 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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voltage to the pyroelectric elenment 1 and for applying it to the
current-to-voltage converting circuit 22 and the voltage anplifying
circuit 3wiowo3toamogi xt h nodi fication. However, this constr rdi/p2/msyg2 have
the followng problenms. |If Vnl, Vn2 denote a noise voltage normally
outputted fromthe reference voltage circuit 1003 and a noi se vol tage
normal ly outputted fromthe reference voltage circuit 1004, respectively,
a value of cont i$ut'on of the noise voltages Vnl, Vn2 to a voltage

si gnal outPat &8+ J(ﬁd't he operational anplifier 31 is expressed by the
foll ow ng Equationﬁgl): )

Vnl { ( Cs+Cf) / Cf } 20~ ROPRR Fusin Barky + &) A REQWAIY (RefSrenys (voYaRe) cizcuit is

Vnl - (R2/ R1) x(Cs/ Cf)x(Vnl-Vn2) ...(1) wherein Cs denotes a capacitance
conponent YSPYt RE FPPoEPER¥INGS VEllEagat CIROUIUS | K0G8 famidr |POKkar gbe naabend
since the voltage amplifying circuit 3 has a gain of several tens.
Further, itermhef Ekpdauezhor CbhponedtimCeated sufdf iooilgnvhly temages hbetmoi se
vol tages 23 WO 03/047002 PCT/JP02/12352 are anplified. On the other hand,
i f a comwAghef eiéacef vidid dpmadtipouil) i sinasethlas t.r efler enee uehéage
circuits 1003 and 1004, the second termof the Equation (1) is elimnated
and only ‘okbordimglys dt whel te gltensicHet ofhd he FEgUAbHOR dal)iosl HE8rYHhe
Vn2. In this aspect, accordingly, it will be seen that the fifth

modi fi cat ireflenbiete voEtageci@irenge okt agR1¢ingUichel QbrapPhod Noitlfe to
reference voltage to the pyroelectric elenent 1, the current-to-voltage
converti nghe 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 voltage 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-voltage converting circuit 2 to the output
circuit 5, can be integrated into a single chip, and the influence
of external noises is suppressed. Even if the reference voltage
circuit is constructed by a single power supply E, the external
noisés 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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circuit 22 and the voltage anplifying circuit 3 is constructed by one
circuit, that is, the power supply E, the contribution of the noise
vol t age owadse4poner supply E to the voltage signal out pwrdremrot/izs t he
voltage anplifying circuit 3 can be nore suppressed regardl ess of the gain
of the voltage anmplifying circuit 3 and the capacitance conponent of the
pyroelectric elenment 1. Further, there is not provided a coupling
capacitor in the infrared detecting circuit. Accordingly, all the parts,
i.e., frORFFeREdprveRtags- GortadedBomErtihg? i rictRFuUeRCY o CPRRORSR utof
circuit 5, can be integrated into a single chip, and the influence of
external ABPERE 9 sl sippt <sd. amey dPPrtant iof @eldrdidndohiage bediqtiiang s
constructed by a single power supply E, the external noises is reduced.
FIG 9 islavinpg corgandisagr agndf the seoeiwtrniodiif iaad iRyf odr ddie gureentnip-
circuit. The seventh nodified infrared detecting circuit is identical to

t he si xt hvobtade catdnmeréinegpt cioguitthathaveesicst obs ReomsmiguRbedr eby onstghuct ed
by switched capacitors SCin a 24 WO 03/047002 PCT/JP02/ 12352
current -t @eydétaage cmamMeets NgnCi oedetr 2d. Beefuevidy csugiondois foéquaraund
0.1to 1.0 Hz are inportant in detecting human bodies and |iving

or gani sis sighghd he giagkestneshiyh ardiRbante tinbeur hest at argeolbngerature
converting circuit have to be constructed by high resistance nenbers in

order to dgaladiddistieh Ay teeniency vehghatBer&dMaes tdaRsBagbor estgd@nce

menber has a |arge tenperature characteristic, the resistance val ue

thereof igaeausednt &y a850€1Yght temperature change, thereby hindering a
stable current-to-voltage conversion.

Accordingly, in the seventh modified infrared detecting
circuit, the above problem is solved by wusing 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 above, in the seventh modification, a stable
current-to-voltage conversion is 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 1l0a is connected with the clock control
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vary even by a slight tenperature change, thereby hindering a stable
current-to-voltage conversion. Accordingly, in the seventh nodified
infrared d@@ouroog circuit, the above problemis sol ved mcumponpsshe
switched capacitors SC having a good tenperature characteristic despite
their high resistance value as the resistors R, R5 of the
current-to-voltage converting circuit 23. As described above, in the
seventh nodification, a stable current-to-voltage conversion is possible
si nce t heCsirithel Vicafac i SFEPESC HRAth Feamgddt ¥lenp@datuFenERat- =t difPst i ¢
despite their high resistance value are used as the resistance nenbers of
t he curreif- teRRASICEEfe EbHVetbPngCEeFenicERPBOL FIAdrcRdt| 2 g VdRr c@i tCific%gr am
of a eighth nodified infrared detecting circuit. The eighth nodified

i nfrared dwitching termé¢ndt P3.s identical to the infrared detecting circuit
shown in FIG 2 except for that a clock control circuit 9 is provided
between a cl ockhgerbrckt icogtcol cuiintcul taddsaldydricrepasswitidhesr agdrowitutd, an
external clock generator 10a is connected with the clock control 25 WO

03/ 047002 aPE3£fiiye]l 2302k €idgrall Er8mvike adleki genatatinguicienit n@laddl a and
a controller 10b is connected with the clock control circuit 9 via a clock
swWi t chi ngctesr 8adndR. £ddie €l tdst@malolc16bk CUbhefatsdl exta el yerssM Bgiaes and

outputs a reference clock signal fromthe clock generating circuit 6 and a
clock sigpaksfromdieiexuetnal igl sskoaRnecal9tn 1Hactidrkt ikaAdhg 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 l0a 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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pass filter circuit 4 in accordance with a clock switching signal inputted
fromthe controller 10b. The clock generating circuit 6 generates a

r ef er encewd @@ki7008i gnal having a frequency during a nornalpcapeoziizsn of the
infrared detecting circuit and feeds it to switching elenents of the
switched capacitors in the infrared detecting circuit. The external clock
generator 10a generates a clock signal to be fed to the switching el enents
of the switched capacitors, for exanple, during a test before shjpnent.
The frequBReSEOIT t hi Se°8EKk & ghauiged sk (t6She, SYBr x SMBFESTABEF tires
that of the clock signal generated in the clock generating circuit 6. This
i s becaus€2¥H'F PedOBERy M Fe PeferBHESACFBEKEIRS FraF PojEstsr sbéameytt he
clock generating circuit 6 is so set as to determ ne an equival ent

resi stance val ueén Rtde tdidheswihaited b apRefabing t bhdaswlbchekgoaprgitors
characteristic around 1 Hz since frequency conponents of around 1 Hz are

i npor t ant usingldthectcilogk higral hedieg, tladl @h&oddi frémbrcypandt oememted
operated using this <clock signal. In other words, since the frequency

char act erist kthe ektéhmal nélarkedgateiratbirngoeai r ¢het firsgseicyt oclrraarteundsl Hz,
at 26 WD 03/047002 PCT/JP02/ 12352 shortest 1 second is required to test
such a chanacseitddd,capatitong @sl| sROEted | te dfbund nequinzed fmiust,hankest
before shipnment. On the other hand, by operating the swi tched capacitors

usi ng t hetghdCledriigal thavédy thae cABPad@dd sfiequancye anbréensd atedi /1o t he
external clock generator 10a, the frequency character of
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 a 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, i.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 is

caused to operate in accordance with the high-frequency clock
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the switched capacitors is shifted to around 100 Hz. Thus, the tine
required to test the characteristic can be shortened to 1/100 sec. Next,

t he oper awniooos/oafooehi s nodi fication is described. Wien a dcuiozw3szhi ng
signal is outputted fromthe controller 10b, the «clock control circuit 9
swi tches connection to the external clock generator 10a to feed a cl ock
signal of the external clock generator 10a to the band-pass filter circuit
4, thereby, causin the switched capacitors to operate in accordance with
the exter naJcIQfg'i?r?ft@ﬁall.n WhEn xXtREReL s echi ﬂg“%‘r""ﬂ-'r?é] 502 SANTIBOt d8ef r om
the controller 10b, the clock control circuit 9 switches connection to

t he cl ockt®Ehebafioneg SHimegrt-6 (Theregara r Bher bl repuResi graltest tge

clock generating circuit 6 to the band-pass filter circuit 4, thereby
causi ng t¢rarpgteshetiieapmsl ber sheptenmst-ate in accordance with the
reference clock signal generated in the clock generating circuit 6, i.e.,
the cl ock signafI@sed dis ingitreeinhofdhadram s & irewt AS destntiheubdilfded, in
the eighth nodification, the clock control circuit 9 is provided and the
swi t ched tmpaateidor sdesectcaused ctiocoper at eshowiagcoralancmrwiehh-tdevoltage ,
hi gh-frequency clock 27 WO 03/047002 PCT/JP02/ 12352 signal generated in
the exteroeivertasly gamenstoendla dulicaget BrRpliBgingoafidicaishi prm@iRt .ninth
Therefore, the tine required to test the characteristics can be shortened.
FIG 11 igodifGidaCUiderl@r adefctangardirfuid nigt hadmelidaiedto 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 1leakage 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 operating 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 c¢ircuit 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 CE£. For this purpose, the
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infrared detecting circuit, showng a current-to-voltage converting
circuit and a voltage anplifying circuit. The ninth nodified infrared

det ecti ngwa (3ou7@2i s i dentical to the fifth nodification raempr/ifisr that a
| ow-pass filter 80 is connected between the output term nal of an
operational anplifier 221 and the non-inverting input term nal of an
operational anplifier 31. Upon the application of power, a mnute |eakage
current Qccurs at the in¥egﬁgn? i nput term nal of the operational

anpl i fier 22138 Rice™ ndBPtiftyg FRpdtCTerRfinat® of'eVhe pbidhi FeALStanRifier
221 has a _considerably high i npedance, the | eakage current causes the

oper at i ng O8EHET of thePdIDI PEER KGWRI BiRthuthed infegratinn of resistors
current-to-vol tage converting circuit 22 to largely deviate fromthe

oper at i on B33iRE Bn PdgRorRELSE R Nakes ddw dreagereparatshmrassenistiacefiat es
and is consequently stabilized at the operating point in the normal state.
Thi s fl uctthgt i Bfisftorke gusséeat | myipbi rmonseangstbogtusing sat Wiktlbimoaf t he
voltage anplifying circuit 3. As described earlier, the signal conponents
of around that tthel resistanee ivgioet aritseso idettbet opehatieon. bodyhe Thise in
current-to-voltage converting circuit 22 is adapted to convert a current

si gnal havtheg relistédnsgueicye lbEndhentarsevol iageltaggnednsrttiRg Usec@it a
capacitor Cf. For this purpose, the 28 WO 03/047002 PCT/JP02/ 12352

resi st or s 2Rishafitls Rbhé pea(irtgdeidy Evena bigfudiRy shansCterildewBVebwadd has
been known that the integration of resistors having a high resistance
makes the thenpeghat BF€gedasyacidel. St | Gheh the peak frequency is beyond 0.1
Hz, the'signal components in the frequency}band of 0.1 to 1.0 H=z
is difficult to be converted into the wvoltage signal by the
capacitor C£. 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 a 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 is connected between the output
terminal of the operational amplifier 221 and the non-inverting

input terminal of the operational amplifier 31. The resistor Ré6
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the resistors greater, which consequently causing a |ikelihood that the
resi stance value rises in the operation. The rise in the resistance val ue
of the cuwoensto4tm2vol tage converting circuit 2 shifts theqemke/izsguency
of the frequency characteristic toward the high frequency side. \Wen the
peak frequency is beyond 0.1 Hz, the signal conponents in the frequency
band of 0.1 to 1.0 Hz is difficult to be converted into the voltage signa
by the capacito& @] go this,reasaon, in consideration of the resistance
rise due to tHESERGES tfi?}’ea‘&hb’P%‘EPetrYré‘PFa‘?l’i%eéurPPéﬂﬁl%bQ%meé@étance
converting circuit 2 is set to have a peak frequency considerably | ower
than 0.1 rtemeny. thatois mphe Eesdabaret (embert 45 ppde apfepolysiddcps et as
a time constant of the current-to-voltage converting circuit 22. This

| engt hens YHEY | Rt t YBRE R Ypets o8ibfusathe ofBpatdapgcepednt Chi llas one end
stabilization, resulting in a problem that the voltage anplifying circuit
3 is sat ure@gcind vibes thet nopetpertingr iapeertermingdr pHdihe qperatbonal
several mnutes. This problemis solved by using the |ow pass filter 80 in
t he ni nt h ampddiffipcadl cmd The bbhepassl forbtieded@Oriana pdesr asupgdiysEor Roe and
a capacitor C4. The resistor R6 is connected between the output term nal
of the opermditagralsianplli faugpulPdd afidom hehaompeRdeLidndly ahpipiftiekeraginals of
the operational anplifier 31. The resistor R6 29 WD 03/047002

PCT/ JP02/ 123h2he8 @aBst tw6] e6ndybaing Npurddaiynotmglickbused pakysnkbsOing

resistance element, that is, the resistance menber is nmade of polysilicon
In input terminal of the operational amplifier 31 via the resistor R1
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 not 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

30



which no inpurity is diffused. The capacitor C4 has one end connected with
the non-inverting input termnal of the operational anplifier 31 and the
ot her endwgrauadmed via a power supply E. The voltage sigradT/apot/mssted from
t he operational anplifier 221 is branched into two, one being directly
inputted to the inverting input termnal of the operational anplifier 31
via the resistor RL and the other being inputted to the non-inverting

i nput terni . 4 the operational anplifier il via the | owpass filter 80.
The vol tagegg%ﬁ%lrg 688‘%&%%%%%@' thgﬂoﬂ%ﬁdba% Y1 tPer vedtrge eHBALE®tRd o
t he non-iré\zerti g%in ut . termnal of the operational anplifier 31 after
havi ng fre&ﬁgﬂﬁg &%&?&n??tﬂ?ﬁf’é} RecaRse thitHorad egieeRspt epBYeinimhys,
potential at the non-invertin input termnal is not changed by these
hi gh- f r eqdEREYCRGAPSAERANSLS; Howes dhgRaltheoysaéht topauercw.ol t age sthynal
outputted fromthe operational anplifier 221 and containing frequency
conponent §1PBdkr CPRRPRYHe bikghT 9 egretrythe papuratddnatoft hthe aneltagease
to the inverting input termnal and the non-inverting input termnal of
t he oper aeMBhdfyineplg¢ifdcait3B, is neotnemphipled ited the wdicagel bageifying
anplifying circuit 3. On the other hand, a signal conponent of the voltage
si gnal oucpuoeesd Iromthe operational anplifier 221 and containing
frequency conponents higher than the cutoff frequency of the |ow pass
filter 80 i s anphef nkdtloymddieiedolih@geredpléefattiggCichedilt 3is1 neRain
inputted only to the 30 WO 03/047002 PCT/JP02/12352 inverting input =
term nal . 1éeepash n@gliytet h@ovols agenasptéd Yiwi¥h 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 infrared detecting circuit. This modification is
identical to the ninth modification except for that a low-pass
filter 81 is 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 is connected in parallel with the

resistor RS8. The respective resistors R8, R9 have resistance

values set smaller than that of the resistor R6 shown in FIG. 11
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circuit 3 is not saturated because the signal conponent containing
frequency conponents |ower than the cutoff frequency, i.e., the signal

. conponenwd o3kabop2t 0 cause the saturation of the voltage romuiPot/yizsy
circuit 3, is not anplified by the voltage anplifying <circuit 3. The ninth
nodified infrared detecting circuit in which the lowpass filter 80 is
connected with the non-inverting input termnal of the operational
anplifier 31 can reliably prevent the saturation of the voltage anplifying
circuit 3 61anEIT“PWth}T'P(?ﬁr?ﬁEfu?ef‘b(ﬁq.}éfﬁ%hc‘?}f Ta%d SEpRFat ‘i’%ﬁg“%ﬁn?r%fu?%

vol tage signal outputted fromthe current-to-voltage converting circuit 22
during a 3Sp&BfRied period after the application of power. FIG 12 is a
circuit diagram showi ng an essential portion of a tenth nodified infrared
det ecting circuithe FWlchwdntireddinm digcuife® i euitrodst hlee rfwittieh S81 to
nodi fication except for that a lowpass filter 81 is connected between a
current - t &eepl tidgeorcodueing ng specttied 28enietl aafbdt agke ampbligatigncigiui t
3. The lowpass filter 81 is provided with resistors R3, R9, a switch S81
and a swipbebrcendriod |kewp ditr offift a®Oer Tiiee rlegpiset ofStR8 spubiR9edr period.
connected between the output term nal of an operational anplifier 221 and
t he non-i rmuner witch it rogl Mhé¢adifuianoopeiciudyiala capplhif i®r sméasdieng
switch S81 is connected in parallel with the resistor R8. The respective

resistors ffe, RBoha¥gah®Rd Stk tedl, UaSa Sstast@l dRintliRgn biyhatrfind hene
resistor R6 showmn in FIG 11 31 WO 03/047002 PCT/JP02/ 12352
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 is preferably used as the switch
sS81.

Upon the application of power, the switch controlling
circuit 90 turns the switch S81 on, thereby short-circuiting the
resistor R8. Thus, the 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

32



and inmpurity-not-diffused polysilicon resistance elenents are used as
such. The switch controlling circuit 90 controls the swtch S81 to keep it
on duri ngw® ®panioki ed period after the application of poweaT/B0Y11362 keep it
off after the |apse of the specified period. The switch controlling
circuit 90 includes a circuit for neasuring tinme, for exanple, a counter,
and starts counting by turning the switch S81 on after the application of

power. Wen a caun iga\l}\#l% o] th% S, count er _rea&ches a predeterm ned val ue
set bef or hdhtf > Pret “Ewrteh %gi I EPHEd SO FAMROREL LRt e §REFFDNE 0FOY he
circuit, sem conguct or_ swtching elenment is preferably used as the
switch SEECIUFBAYt RBApPhicht PEHET FRRMET  thensSakmrethoroRtr shei Nglteage cuit
90 turns the switch S81 on, thereby short-circuiting the resistor R8.
Thus, the FPHELESRSt SATCHET t Be 356w Pads €7t t Eurdng i §hedsperifivdl byriork
capacitor CA and the resistor R9. As a result, the tinme constant of the
| ow- pass fafitegr e i sprkatdeonwnd) pewer swardhisghdts brtndisredheaw i the s
of f, making the cutoff frequency higher. The inpurity-not-diffused
pol ysi | i corlitesesemptefwinanerirscuitis@d as Folre thiési seasen RA\cdR@diogly hein
integration of the circuit have a fairly large tenperature characteristic,
and t he cufhef ftenfthegquedntycatidrhe tlow passraftibhebf8@hsheovttage Fi{ndil is set
at a small value so as to cope with a variation of the resistance val ue
caused by prieiventedpey atsimy cliry dotwephasti €i1Aacdiwiglon &na®lesi She 32ime
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 S82 is connected with a switch controlling circuit 91 for
controlling the switch S82. The switch S82 and the resistor R10
are connected in series and are connected in parallel with the
resistors R8, R9. Impurity-not-diffused polysilicon resistance
elements are used as the resistors R8, R9, RI10. 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 R10
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WO 03/ 047002 PCT/JP02/ 12352 a possibility that | ow frequency signal
conponents having a |low frequency band which brings about the saturation
of the vowoag@47mmeplifying circuit 3 are nuch cut during thoa/mpwcissi ed
period after the application of power, and is not introduced to the
voltage anplifying circuit 3. For this reason, Accordingly, in the tenth
nodi fi cation, the saturation of the voltage signal is prevented by using
the lowpass fjlter 81 which enables the tine  _constant to decrease during
t he speci ﬁnédtb%r?ﬂ%? HPEFPRheCT N TOUPAFE o P6ReP2 £ detpimined By &yt
di agram showi ng an essential portion of a eleventh nodified infrared

det ecti ng C@f“P&g?‘E. TeR SRS IS A The | BRHISTOEF (RS-t R -t diiOh and the
modi fication except for that a lowpass filter 82 is connected between a
curr ent - t GAPEPLEYC GV EPei AgPATIHAFUCE - 22T ref IPEPE aRE0 dirfplconppatedi¥ui t
3. The lowpass filter 82 includes a swtch S82 and a resistor R10 in
addi ti on treraihebevigh tthe Iresigpters RBl.tBP @nngfcteleiresetiarndi Theat itthe The
switch S82 is connected with a switch controlling circuit 91 for

control | i mgmbhered\wea<ist882e Thtus\wi ctheS82sdntiot$heRd eHSt R1IOR1S smakler
connected in series and are connected in parallel with the resistors RS,
RI. | npur ithganat sdinf s athepakpsstamon resiest afc @heelrepRstSrares uaell &5, t he
resistors R8, R9, R10. A sem conductor switching elenent is used as the
swi t ch S8ZheFbeosa tiHe cofild @dnisfgnei bEUthe 9low g0l 1kBe W BEBr&8d 0

turn it on when anbient tenperature falls to a specified tenperature or
bel ow, whemehytpOVEsitich 8RR iLdtdraekihenr esi stor R10
The impurity-not-diffused polysilicon resistance elements
are used as the resistors R8, R9 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
amplifyin‘g 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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33 WD 03/047002 PCT/JP02/ 12352 and the time constant of the | ow pass
filter 82 is determned by a conbined resistance value of the resistors
R8, R9, RwW® @nd7mhe capacitance of the capacitor C4. The pcazgipe2/o35R10 i s
connected in parallel with the resistors R8, R9 connected in series. Thus,
the conbined resistance value of the resistors R8, R9, R10 is smaller

than a sum of the resistance values of the resistors R8 and R9. Therefore,
the tinme constant of the | owpass filter 82 decreases when the switch S82
is turned on. THA&Ct ngdrits- ?lotClHF’f‘:f“Bsgaa%B"i"S‘/stl B8R rditehaf8e Avhetits

are used as the resistors R8, RO for the integration of the_ detectin
circuit. SWHE%htﬂ%n%%HGéanﬁ&FPPytn%% di FReisB tPFolSEA [incdHdee st sE6+EChave
a property of increasing their resistance values as tenperature decreases,
the resi sB3hcecoaptivactest thie reesininegstiRge) RoyHenc MOSFETWhdAehabi epride
tenperature falls, wth the result that the tinme constant of the |ow pass
filter 81sempcemdimawrandiiaial cueffedctf r etpamsdptoher eehddecr easvsisiciThe82F or e,
there is a possibility that voltage signal conponents in a | ow frequency
band whi cleobstmgsteabdyt a hd peatitiiwae) -orypef MOBEEYVOI t Fge swinplh fopnngotiimoyit 3
are introduced to the voltage anplifying circuit 3 w thout being

suf fi ci entcliycaitt . 9 Actaididegl w, conttdEel idlge\wamthivodif i ssk iddntabeditet &ed i ng
circuit, the saturation of the voltage anplifying circuit 3 caused by |ow
t enper at uls@itSnprRYedmd By ¢itie1theg | @wrpass ikt efo82combidin i@gabiws t he

time constant to decrease when tenperature is
switch 822.

The controlling circuit 911 is comprised of a resistor R11,
switched capacitors SCl 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 terminal GP. The switched capacitor SC1 includes
switching elements SCll, SCl2 and a capacitor C5, whereas the
switched capacitor SC2 includes switching elements SC12, SC13 and
a capacitor Cé6.

One end of the capacitor C5 is grounded while the other end
thereof is connected between the switching elements SCll and SCl2.
Further, one end of the capacitor C6 is grounded while the other
end thereof is connected between the switching elements SC12 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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low. 34 WO 03/047002 PCT/JP02/12352 FIG 14 is a circuit diagramof the
switch S82 and the switch controlling circuit 91. The switch S82 includes a
switch 88D @wasweucted by a n(negative)-type MOSFET (net #ACToro2i€23s2
sem conductor field effect transistor) and a switch 822 constructed by a
p(positive)-type MOSFET. The switch controlling circuit 91 includes a
controlling circuit 911 for controlling the swtch 821 and a control Igllgg
circuit 912 for._.cantrolling the swtch 822. The controlling circuit ¢ is
conpri sed ©of a F%‘% s?gr thfl,‘:loé’%i tE1Ed-c é’itFSst tecithéhdteEinath €A edf st or
R11 is an jr’g) rity- not-diffused poJysilicon resistance el ement and has one
end theredt “%5ﬁ eb? et TH VBT t Qlippfy2 VG2 dhdFerménet Het- eda thier eof
connected with a voltage-dividing termnal GP. The switched capacitors
SCl, SC2 dfe rs(dCeS¥iFehing ontrRard® \CLA -t BE12vaFe agbtelinAteilyg tuened nah GP.
The switched capacitor SC1 includes swtching elements SC11, SC12 and a
capaci t or &% eP@8s e swilifh e e kaapasst 6£15Cand n8ClResres v litelrnage 1y
el ements SC12, SC13 and a capacitor C6. One end of the capacitor C5 is
grounded \iinedt pe @rderffond Thuberdnd switcbedecamtitornesol | IBe2s v sphang
el enments SC11 and SCl12. Further, one end of the capacitor C6 is grounded
whi | e t he tdtedar fendtidrer eof Ans egnheslerd: betesdemahbe Sy t cilieng sahiesrsd s
SC12 and SC13.
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 is 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 R12. 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 SC4. The resistor R12 1is 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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A clock signal is inputted to the swtching elenents SCl11, SCl13 via a
termnal CA. A clock signal having a phase opposite 35 WO 03/047002

PCT/ JPO2/ waBBAd47d0eom t hat of the clock signal inputted to rdrerpomiassnal CA
is inputted to the switching element SCl2 via a terminal CB. In this way,
the switching el enents SCl1, SCl12 are alternately turned on and off and
the switching elenents SCl12 and SC13 are alternately turned on and off.

Thus, the itch capacitors SCl1, S i splay. their function. An
equi val entlﬁ%r/gessﬁ stance by the' s%%ch@gz tg‘ﬁpa‘@i%’(]fr FHI Y r By ey 1R =thef-C

if f denotes a _freqguency of th clock signal inputted to the sw tching
el enent . §enr(r:“énég %lé Wp@ﬁgegn&"t hERS r SHhERRIPY 6flemert cPERk &ilgnat to

be inputted taq he termnals CA, CBis set at 100Hz (f = 100Hz) in this

modi fi cat i SH™PAS €fui val ent resistance of the switched capacitors SCI,

SC2 are 20GQQ, respectively. The voltage-dividing termnal GP is connected

with a gate of tH&4{rt Ep Bpa . switehednearrditingsciSCiui 8CB 2thes eguipalerd of

swi tched capacitors SC3 and SC4 and a resistor R12. One end of the

swi t ched cZQ5AELRBEESCAE | the iidched whpécitors! 1S€Ge SApphye VEE atvmoaEas t he

ot her end thereof is connected with the switched capacitor SC4. The

resi stor REEPEStavelypur iStipcpotthei fdfaudedlepol yesisentvd ey St Cewet emant

and has one end thereof connected between the switched capacitor SC4 and a

vol t age- diogpdicagor ers@ilnadnd Ghhandnieheopt hae afd toheteagacovsdedc2There

swi tched capacitor SC3 includes switching elenents SC31, SC32 and a

capaci t or d0hpewhed eas series in the controlling circuit 911, the equivalent
resistances of the switched capacitors SCl, SC2 are 40 GOQ.
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, 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 can be prevented when temperature

is low since a voltage signal component which is in the low

37



the switched capacitor SC4 includes switching elenments SC32, SC33 and a
capacitor C8. A clock signal is inputted to the switching elenents SC31,
SC33 via waermimal CA. A clock signal having a 36 WO 03/F@A70212352

PCT/ JP02/ 12352 phase opposite fromthat of the clock signal inputted to
the terminal CAis inputted to the switching elenment SC32 via a termna
CB. Simlar to the switched capacitors SCl, SC2, the equival ent

resi stances of the switched capacitors SC3, SC4 are set at 20GQ
respect | veF§IURRGE e PRRE @8Mi HBEE Aborst dite %?UPﬁﬁlgﬁnﬁﬁhéﬂ“icﬁﬁ%kﬁﬁ%n
SCl1 and the one by the switched capacitor SC2 are connected in series in
t he cont r SPPLAEYEIS ckit¥cwgfl 3 the RRjui dRlddiedr esi sthenceesistange sirewhed
capacitors SCl, SC2 are 40 GQ Likew se, the equivalent resistances of the
swi tched (S"/&SE@P’EOZ sis JE%d ge4a &@%t(aﬁprﬁﬁﬁsdlngf bRk H%Rmrecnocwent
potentials at the voltage-dividing termnals GP, GN are 'VCC at nor nal
anbi ent tcemperenturim Beceunteatristetldrage wahvestig tdrierquEgi. st orkt Ry,
R12 increase as tenperature falls, potential at the voltage- dividing
term nal @GR hpbtreciatieidh tbhese esulintehabt o entricati tabsttise diaktageuthtadtdi ng
term nal GP decreases and potential at the voltage-dividing termnal GN

i ncr eases fedlipacek oterciiite sai pLhes o082the822sakCaied hcitdwiad érendedtampl vy
power to the resistor R10.' As described above, according to the infrared

detecting InCithesi tasd, tHie eliguant Borgslidnteabkadr tieh SWid GrS82 anerddte

resistor R10 are connected in parallel wth the resistors R3, R9
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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and the switch controlling circuit 91 is provided to turn the switch S82
on when tenperature is low. Thus, the saturation of the voltage anplifying
circuit 3woens/bmoprevented when tenperature is |ow since rCTVIPOL/8362 Si gnal
conmponent which is in the low 37 WO 03/047002 PCT/JP02/ 12352 frequency
band and brings about the saturation of the voltage anplifying circuit 3
is not anplified. The resistance circuit elenment Zis used as a circuit
for feeding back the direct current component in the current-to-voltage
converti ngEPPRERTS Pt AayOlbR9%pHt B lateiP™ otifs A IENERYr SEFFL i dRuft as
the direct current feedback circuit in place of the resistance circuit

el enent z.SPechfied s £zpEiencye BpBRal 2onpHifdnt SederBELIRfarcksaidi r which
current conponent are fed back while being greatly attenuated, which
consequentdepegftett _nFeFerenas apl etk atigmlof fehecopurodiliing pbentswigthede
out putted vol tage signal. As described above, a novel infrared detecting
circuit, capapitees:ardcanrentrtv-gdtrtuwige womberaitpgtsi mcuidltabeclsipgsato be
connected with a pyroelectric elenment operable to generate a current

si gnal i n catpottadcérom tthea haadepaes fiftrear edrcayt asdatdetection signal
current-to-vol tage converting circuit converting the current signal

out put t ed wheanthdevgiytage! etynar el emeat thirdshoddvakveyer siignat, the
current-to-voltage converting circuit including an operational anplifier

connected with trhe pyéoetiads I iconetLei@da aAnreapati tq¥fecltly a Jigedback 5

circuit for feeding back a direct current conponent, the capacitor and the

feedback @etedtiodetBrent 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 invérting 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 operating 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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connected between an output termnal and an inverting input termnal of
the operational anplifier in parallel with each other; an anplifying
circuit whiocds/oampbi fi es the voltage signal outputted fromamhmro2/12352
current-to-voltage converting circuit; a band-pass filter circuit
including a switched capacitor and adapted to pass 38 WD 03/047002

PCT/ JP02/ 12352 conponents of a voltage signal fromthe anplifying circuit

in a specified frequency bapd; cl.ock generating. circuit which generates
a reference cl ock sm%gnz?ﬁ PS?P%%?ﬁalreoltloi Hggi’h%es%h%%aas\%aﬁ%ﬁro#ﬁvaaa an

out put circui t,fv_\/nidch outputs a voltage signal _outputted fromthe band-pass
filter cirtBRAT 38% %R RATERsFRdrandupasst ReL iR dgsudt grrd the gutaut
threshol d | evel or hi%_her. In the thus constructed infrared detecting
circuit, &£ TFEEctionVEth rBhts sFpfdirustipnt t Ebe f vohtadre pigned| evttputted
element is outputted fromthe output termnal of the operation anplifier
after bei fF¥oiler PeRAIRRSS &£1M6PT agferaiignhkbsbyts howdpegieney cBmpondhtect
current conponents of the outputted voltage signal are fed back to the
i nverting duiply teenhhgtl-tasst fidlber. ofThuse thedbaclationr ofii the Apeaadingl v,
the variation of the direct current conponents of the outputted voltage
signal is muppre§sele handrpake fikisad tcitrbatitahs opar.at i Rgrgémt the high-
stabilized. This elimnates the need for a coupling capacitor for cutting
the vari atgass dfiltdee hapertisi repepaEDed bhen eby rasakbiibggd heigleircid Nghe
circuit to be mniaturized. It may be preferable to provide an anplifying
circult 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 filters 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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bet ween the band-pass filter circuit and the output circuit. Wth this
construction, the voltage signal outputted fromthe band-pass filter
circuit iwaostwoodaced to the output circuit after being aqilirbz/exdsio a
specified anplitude | evel by the second anplifying circuit, thereby
setting the threshold level of the output circuit at a suitable value to
i ncrease the detection accuracy. 39 WO 03/047002 PCT/JP02/ 12352 It may be

preferable to provide a hjgh-pass filter having a specified gain between

t he band- pass {IHAERSEr r LR PRE ?ﬁﬁﬁﬁﬁ:th@?r%&ﬁt¥owmpﬁﬁst¢ﬁ er has a
construction, .the voltage signal outputted fromthe band-pass filter
circuit ha®9%t 1?‘3\/\/—9“arlé‘quenggt]&oﬁﬁ‘&ﬁerﬁ‘%‘StEHf’tb?ﬂ't h&hej RngaBass j fidter
Thus, the variation of the operating point of the band-pass filter circuit
is cut. FUtITEAT PAR HEYR- 2padEIeT | 9340 Hexllehsuppeessingl e reignidivant age
signal in the desired frequency band that has the specified gain is

i nt roducedaigtipe 8fbddguaperstiput peirttupf. thecadrutrpags, fihemet eThion
accuracy can be remarkably increased. The band-pass filter circuit may be
pr ef er abl \eljminptes Wwheh negdhigh- pessidinigt ean atmplfiyiag Stiagesita dtOWERASS
filter at a second stage, and a high-pass filter at a third stage. In

ot her wor @gibsetthenthasichgeass fthlet andipats tfimapgrbeicomnst riwtedrB¥pond to
alternately connecting |low pass filters and high-pass filters one stage
after andeerdet¥tthon hievebnst rtigd | @t putheivelt 8gecsh@tflen@il,Pehbgdind rom
the anplifying circuit has the variation of the operating polnt thereof
cut by thehki ghnpaiascifddiion at e abibstind agecand.

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 alternately 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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has the hi gh-frequency conponents thereof cut by the |ow pass filter
connected at the second or |later stage. Then, the variation of the
oper at i ngwaoisre7waused by feedt hrough noi se during the swamrhpongssi 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
havi ng the variation of the operating point and the return noises cut. 40

WO 03/ 047 0 52 . Further, it. nmay be preferable that the

| ow pass 1(‘&?) ﬁp 5?‘%%{ ?%gg%?‘?‘? ecj:lnggc?lﬁ. Wlﬁ?gzéhi gt t PHRYGHA tHEhakle pass
filter ci Lt._can have a | arger gain while suppressing the significant
variation a@?)%%%ug%e?:aﬁ FihtCH the? | oMmGpidsatbedt BpongRj kY &he niewt es

t he need of grfg_v]igi ng 'an ar‘rgl ifying circuit at the subsequent stage of
the band- P88 fifter LWHTEGtEdt 8t cEh? eShoid @ get han deeeentenwel efelrethirt he
output circyit, consequently enabling the mniaturization of the detecting
circuit. PPLiByCHE J5 &tBPE®FEG-0 provide a high-pass filter having a

speci fied gain between the band-pass filter circuit and the out put

circuit, and thé&hBaRUTERRYS to-vpékagd reviventioyudinguic hieyh-beapserbidtyy at
a first stage, a lowpass filter at a second stage, and a high-pass filter
at a thir&8revidrd with ehisyitohedr uepacitor.he whemdtpass cbhbtRictGionCuid

i ncludes the high-pass filters and the |owpass filters alternately
connect edhiwlk hremies tancehemenbhe  vaht age signakahantng t Beny@ridtdaon f the

operating point due to the feedthrough noises and the return noises cut is

sent to theitching 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 generating 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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hi gh-pass filter at the follow ng stage. The high-pass filter has the
specified gain. Accordingly, the voltage signal in the desired frequency
band havi wg @3lve70g2i n is sent to the subsequent output cirrI/IP02/T3385, the
detection accuracy can be remarkably increased. The band-pass filter
circuit my be preferably provided wwth a lowpass filter at a first

stage, and a high-pass filter at a second stage. Wth this construction,

t he hi gh-frequenc 41 WD 03/ 047002 PCT/JP02/12352 conmponent s contalned in
t he vol t agB®s? - out P® S SFGREY hEPABRPIS it SF‘PcBPt et ?%Feéi
concentrated manner by the |ow pass filter connected at the first sta

an occur r Bicefe39im& uthe nbi g fEequBRCE ugpr¥&sedionpb dift r &he- t BYHirh

converting circuit may be preferably provided with a swtched capaC|tor
Wt h thi scepsttarfildiera a Hisgitipgsttase® Renderieasedbe equivalently
constructed by switching a small capacitor as the current-to-voltage
converting cirEuéfernbly.cldek shfrated THebecting cedraritt- t bs vohtegeated
converting circuit having a snmall size and a good tenperature
char act er iste cacainpée obemicmdiucRoef ehdbl. y, Thea,i rtheariedrdee@ctiebecttingui t
may be further provided with a clock control circuit connected between the
swi t ched eapagit @anabd mbwiaduadkiendg generating circuit and being
connectable with an external clock generator for generating an external
clock signal havh8g seedbgber direqienaayt hB8 therefd®leNgLovided 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 signal 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 c¢ircuit 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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cl ock signal of the clock generating circuit. The clock control <circuit
changes over the reference clock signal and the external clock signal

Wth thi swoonsaraeeti on, a cl ock signal having a frequency paifPomiBsar from
the one during a norrmal operation can be fed to the swtched capacitor
filter of the band-pass filter circuit. For exanple, the frequency
characteristic of the circuit shifts toward a higher frequency side by
feeding a ¢l ock sign having a frequency higher than the clock signal fed

I al heg !
during t héiforWEPUt 43003} 027 o2 r?ﬁé??‘ﬁgB%'Qlecfﬁé’Fatoifor’F.heSiCHEEent‘

frequency characteristic can be quickly tested by feeding the _

hi gh- f r eqUENTPLERBR k COPYREFIND EHECEI; t dRhedrapghedi €Hiof jiwoer one t Beifgg

time can be shortened. Preferably, the infrared detecting circuit is

i nt egr at edPP§teda & nghe sEmvdiadct Hrpwhi fermheml ofe he r apegaddorat i ng

circuit can be mniaturized. The feedback circuit may be preferably

provi ded wWimpRifier esifst dipee mupbEfyingy t birdust corist r tbei oresisttenoper ¢y ng

point of the voltage signal outputted fromthe operation anplifier can be

stabi |l i zeanplifisatiyre awhstheicotiver Beiaiceraiguttetiheof egdbanda-dnreutingray

be provided with an integrating circuit. Wth this construction, the

signal cdmpoatentemihber dthashé hepdirattdnaaur &Ml fE@APOSENthar anpbedsPatK

while being greatly attenuated. The operating point of the outputted

vol t age siggrehi€arrherMpaeisyakbhbi #8dh-frequency components removed upon
prassing the low-pass filter. Accordingly, 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 dinputted 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 «c¢ircuit from being saturated by

fluctuation of the operating point of the voltage signal outputted
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It may be preferable that the anplifying circuit includes an operational
anplifier, an output term nal of the operational anplifier of the
current -t wovsldzye converting circuit is connected with aCtrpepiIi3sng i nput
termnal of the operational anplifier of the anplifying circuit via a
resistance for anplification, and a | owpass filter is connected between
the output termnal of the operational anplifier of the current-to-
vol t age canvert| 1?6? circuit and a_non-inverti n?{li nput termnal of the

[

oper at i on&FCBnpfifi eFUBfet&CakptT39A nFVEEERI WHFPHH s BonsttPucti™én,
t he vol tage signal outputted from 43 WD 03/047002 PCT/JP02/12352 the
out put t erRFRERGE dthé dFekage oriarreayfplats the RV nQuAREHE - teuil &de
converting circuit is branched into two, one being inputted to the
i nverti ngthapuperetippal ompikEieipheprht ithreal CUBRRAG-tPeVobfagehecamyR i tfiyiong
circuit via the resistance for anplification and the other being inputted
to the nomirewkr tdurdngi apspedidripiinp¢riofd lfdeppehatdppddcabhpl idf pevwef. t he
anplifying circuit after having the high-frequency conponents renoved upon
passi ng the | owFpasiserf. | the. baodepasnglfylter sicgmaticompgnerd plefdrdubly
vol tage signal outputted fromthe current-to-voltage converting circuit
cont ai ni ngrévedpeneyticoaphiight pasO®WeLltdranat aciofst fategeency Déwidees
| ow-pass filter is inputted at the sane phase to the inverting input
term nal amndtéheatneNselyRdtstihd NPHE atRIgH-MRAlssOtilber epeathonal swigel,i fier
of the anplifying circuit. Thus, an output fromthe anplifying circuit is
not anplifheddadition 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 dinput terminal of the operational amplifier of the
amplifying circuit via a resistance for amplification, and a low-
pass filter 1is 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 wvoltage
signal outputted £from the amplifying circuit. The low-pass
filters at the second stage cut the high frequency 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 variation of the operating point and without

return noises can be sent to the output circuit.
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On the other hand, since a signal conponent containing frequency
conponents higher than the cutoff frequency of the low pass filter is not
i nputted Wo @3lvg7002n-i nverting i nput term nal of the oper adrarrat/1Baplifier
of the anplifying circuit, potential at the non-inverting input term nal
does not vary, with the result that this signal conponent is outputted
after being anplified by the anplifying circuit. The vol tage signal
conponents in the | ow freguen%]}/ band which are ikelﬁ to cause.the

et

I

anpl i fyi ng circtlt Y -tags: i WERGE ST ddepPuERet ARG ndt i t .
This prevents the _anpli f%/_i ng circuit frombeing saturated by fluctuation
of the op8PEFRHPIGSi AIPSifiafe afolthagarRl HiE I GLpGRiRALS ArapEhed) b 7t
PCT/ JP02/ 12352 fromthe current-to-voltage converting circuit due to the
i nfl uencelpvertinsakagRrueurteeningt e & eoPrRgtioml eBPHFLET off tihe
operational anplifier of the current-to-voltage converting circuit during
a speci fi atdppefYioy afinmuitheigppihec atdsdistencporer. ampiifitgatione Badd-yvass
filter circuit may be preferably provided with a high-pass filter at a
first stagbe aohelmymazdngfiinpet &aérmirsdcont] Hieagmermtdonahi ghpliikierf idft er
at a third stage, in addition to that the anmplifying circuit includes an
oper ati onahe amplifytig afreuwitputrid erhendlowebatbe fapeeat whnakt amel iHigdr of
the current-to-voltage converting circuit is connected with an inverting
i nput ter freghedy t beme@edrad | o8alcdnpl | fAcdoralinghe, ampl iJylitageCi $Latidl vi a
a resistance for anplification, and a low pass filter is connected between
the out putohsémBdalinOkhbherequency band lower than the cutoff frequency of

the low-pass filter is dinput 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 non-inverting 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 is outputted after being amplified by the amplifying
circuit. The voltage signal components in the low frequency band
which are 1likely 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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operational anplifier of the current-to-voltage converting circuit and a
non-inverting input termnal of the operational anplifier of the

anpl i fyi nggacosrogmior. Wth this construction, the high-pass Hdl/irer/1862t he
first stage cut the variation of the operating point of the voltage
signal outputted fromthe anplifying circuit. The lowpass filters at the
second stage cut the high frequency conponents. The high-pass filter at
the third stage cuts the variation of the operati ngegoi nt caused by the

f eedt hr ouGHThoRs e loc difr i MPVHHETY t HEPEh t tHEH "Rdpalft ofg s “BFEr bt et
Thus, the voltage signal havi ng a smal ler variation of the operating point
and wi t hoGPPLLELRE nOhoithes c¥aReBE- LMo E898 hEOBYEPANT | FETATLE Anmipg a
03/ 047002 PCT/JP02/ 12352 The vol tage_signal outputted fromthe output
term nal &PeEhEieh@eaipranaftemiiter pepligatileoa afpPP¥sAing circuit is branched
to the inverting input term nal of the operational anmplifier of the
anpl i fying circlhe vdiqer-leesr efikteancwmayorbaanpreferaitlivonprantied wibe a
non-inverting input termnal of the operational anplifier of the
anpl i fyi ngesiistande vinembdie tomvrgrassl fhdiweenwhibee ¢uimputi glermfineguercythe
component is cut. Accordingly, the voltage signal conponent in the
frequency obandtianadr ampanfide ctittofed curegnenorvelltaybecodwrenrdayg Eitdwrt i s
input to the inverting and non-inverting input termnals of the
oper at i onahdafpéi howsirdfertthagamppat yidiguingllr i the abfetstitaalCanpelmt | y
anplified by the anplifying circuit.
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 construction, the switch is 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 wvoltage 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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On the other hand, the voltage signal in the frequency band higher than
the cutoff frequency of the lowpass filter is not inputted to the

non- i nver wiong/oumpet term nal of the operational anplifi erpcafiroiie2ss2
anplifying circuit, consequently not changing the potential at the
non-inverting input termnal of the operational anplifier of the
anplifying circuit. Accordingly, this signal conponent is outputted after
being anpljfied hy the anplifying  circuit. The voltage signal _conmpgnents
'n the | ORI FF GHEEREY Hanthe WAPERFGRE 1390, FHRR8stS hERSHLPRy BRgLERr cui ¢
to saturate is not anplified by the anplifying circuit. This grevents t he
anpl i fyi ngFEsT dier 2PPLHFHeiWg O aPeireli €3nhPef MR FLCUBRALHIPTVELtBPer at i ng
poi nt of the voltage signal outputted fromthe current- to-voltage
converting circlii® TAFESCENEAASHIETUBAY P PTefeEakbe dnades R SMAZoGY -

PCT/ JP02/ 12352 current at the inverting input termnal of the operational
anpl i fi ernot-difdusadr palysbliasin.age Eopvethisngagisteurtior i ¥y alowspeasefi ed
period after the application of power. The |low pass filter may be

pr ef er abl §iprepvicked v t nieegnagedsisance hkebeestormeet emberweenmafie ofit put
termnal of the operational anplifier of the current-to-voltage converting
circuit amputite-non-dnfmrdddngpdigptili¢et.m nahuof hdeeopermill paak aeplsfier
of the anplifying circuit, and a capacitor connected between the

non-i nver té6 gk induted st iaFrhhed Geteatingatiruplki.fier of the

anplifying circuit and the ground. Wth this construction, the | ow pass

filter can be npgectdr,a it MRlyeroed Piereabi®Nthat 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 with the secondary resistance member.

With this construction, the resistance wvalue of the
secondary resistance member increases when temperature is low
since the secondary resistance member is 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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Further, it may be preferable to provide a switch connected wth the

resi stance nenber in parallel with each other, and a switch controller for
control | i wg a3wa7®ni t ching circuit. Wth this construction,PAiPozw3szh is
turned on in accordance with a command fromthe switch controller to
short- circuit the resistance nenber connected in parallel wth the swtch
i medi ately after the application of power. Thus, the time constant of the
| ow- pass filter decreases and the cutoff fre uenc¥ t her eof increases

i mredi at elfPeat PEPANTe TAPHPT CHRFTHRSEE - ponets - ADeT, TRERGFFLULE, d S, {PY g e
signal outputted fromthe current-to-voltage converting circuit is .

i nt roduced@ot&eghesidRtl 118 nptdofeaee et Bhe aPRIGGYIRG cdERrPbheRtteh e | ow
frequency band which is likely to cause the anplifying circuit to saturate
i s secur elsjgeat . comppneattoda, thhelgwt fireauedsyorhial edipiast yibgg appieiyindue
to the 47 WO 03/047002 PCT/JP02/12352 fluctuation of the operating point
during theispett fiedararnbd iafserurehy app! i dderefoné . pdwersatanabeompric
securely prevented. The resistance nenber may be preferable nade of an

i mpurity- thet apIifiyied pokysit iwhen. t¥ipdraturse tonkew et dbe, prdeedted. pass
filter can be integrated since the resistance nenber is nade of

i mpuri ty-not - di Phusetayict,y shlel GeBonddmtis , swikcBX tontadlxar imafe®ds proei deel
nounted on the infrared detecting circuit. Further, it nay be preferable
that the h@whpasswitdied depachidbihesr psauedgWahheduseoRadamssi eshisdance

circuit connected in parallel with the resistance nenber, and a secondary
swi tch 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 polysilicon
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 using the dimpurity 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 wvoltage, the reference voltage circuit being connected
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controller for turning the secondary switch on when the anbi ent

tenperature is |lower than a predeterm ned val ue. The secondary resistance
circuit ha® @/m@aoondary resistance nmenber nmade of an i npwdyponadssdi f f used
pol ysilicon, and a secondary switch connected in series wth the secondary
resi stance nenber. Wth this construction, the resistance value of the
secondary resistance nenber increases when tenperature is |ow since the
secondary resi stance nmenber is constructed by the inpurity-not-diffused
pol ysi | i cdit HPesit®fan®FerLrehtc Vi&merhe aPési§P§nc€°9§Pﬁ6ﬂFé8€he§nHUt
predeterm ned val ue or higher, the secondary switch is turned on by the
secondary 'SHPERALE o ridie érespreethpplpesaherned ARl ifdesndaf ythee SUSraRte
menber. In other words, since the two resistance nenbers are connected in
paral | el torveh&agevEqwestinpt eirard ené thermmpdAfyamg @fraquié. | ow pass
filter decreases when tenperature is |low, the cutoff frequency of 48 WO
03/ 047002 PCT/ JPEZh12352 cbhettwwiripass thel referemaeeardsagéhis, beahéad to
tenperature is low, the voltage signal is introduced to the anplifying
circuit afther pymsoelsicgmak calmpenéntand the low fteqhencfedhitoh tsusasnt he
anplifying circuit to saturate is securely cut. Therefore, the saturation
of the amphiekying ehpati tewhemalsnger thell €wod S op&Maihale gnipryenéed. are
Preferably, the secondary switch controller nay be provided wth a

switched capael Wy {88 BLAGLE! PErareR@Ui valliRie IESicktiance, Thidesehy off
controlling the switching circuit using a voltage divided by an equival ent
resi st ancenip19dueeeidly dhensiddsCRRdc8aBa6i 19keBPdto 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 infrared detector can be 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 illustrative 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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resi stances of the resistance nenber. Wth this construction, when anbient
tenperature is low, the resistances of the inpurity-not-diffused

pol ysi | i ce® 03ro@®iogst ance menbers increase and the vol tage dioaimbeziidsyg2 t he
resi stances acts to turn the secondary switch on, thereby turning the
secondary switch on. In other words, since changes in the resistance

val ues of the inpurity diffuse polysilicon resistance nenbers are detected
usi ng theeﬁ{ﬁg’%&éix di ffuse %ol silicon resistance nenber, changes in the
resi stanc ' EMW EREE tenperature characteristic of the inpurity
di ffuse polysilicon resistance nenbers can be precisely detected. In

addi tion, since? MR¥LndniERTest dREeCHiRDH&ITCHiE MR draraduietertars fame
polysilicon, the detecting circuit can be integrated. Preferably, the
infrared & ediiPAgterizedt Bay dBaerliyheeonpraiiinged ani chraereftar-andtage
voltage circuit for generating a reference voltage, the reference voltage
circuit belonyerbim@ctetrcwid Wen03/ 84700RtRET/ HAP2AE2BEP adirticaithe  The
pyroel ectric el enent and the non-inverting input termnals of the
respect i vevasgetaononel &hpl idueersing tdvdnturcant bet ocorslilagebTpn\veitt i By
circuit and the anplifying circuit. Wth this construction, the reference
vol t age t dineerehed tthe tAetgutrioal exddurace! ersmatrkanlyt he ©®naotel bankedré® t he
non- inverting input termnals of the two operational anplifiers are given
by the sinpltecteherensaiitolahagfoes Cltiftrardi Se SitoorOfvhi ch adm isfiag abi oy of
noi ses which are likely to influence the output

the size and have a higher detection accuracy are widely usable in

the infrared detection field.
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of the anplifying circuit, and reduces the occurrence of noises of the
infrared detecting circuit. A novel infrared detector conprises the

above- nenwicomsad7ooe nfrared detecting circuit, and a pyroel edwiroz/eissnent for
receiving an infrared ray and produces a current signal in accordance with
the received infrared ray. Wth this construction, an infrared detector
can be mniaturized since having the mniaturized infrared detecting
circuit. As this invention nay be enbodied in several fornms wthout
departing fromthe spirit of essential’@f¥facteristics thereof, the
present exanples are therefore illustrative and not restrictive, since the
scope of the inventiofn dnferretedefg¢cthed cipiseidedcemnrivingat her than by

t he description preceding them and all changes that fall within nmetes and
bounds of the clai gErrert-tequblbhenceoorestiy netiesuiind vbhdohdsisr éo  be
therefore intended to enbraced by the clains. 50 WD 03/047002

PCT/ JP02/ IxgmectefDUSTRI Ah ARRPLECAS 1T YePemevie| opafalated tdetgatdrmagecidcui t
and infrared detector can be mniaturized by directly connecting a

current - t cumilenfigeigrdn\ver aicngrdanceuiviitand fesdiviedgenapptdd WagQ ahé Ctihd .

The wvariation of the operating point can be considerably cut to increase
t he det ectdunireacetiv-al tagBur kahbertihdnolrcult r acesveHahgcCt itAg8 Cicligdeht and

novel infrared detector which are snaller in the size and have a hi gher
det ecti on sAcREN AL tPuE Bl dEHMUSA epyFbelectric 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 components of a voltage signal from the
amplifying circuit in a specified frequency band;

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

an output circuit which outputs 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.

2. An infrared detecting circuit according to claim 1,
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the infrared detection field. 51 WO 03/047002 PCT/JP02/ 12352 CLAIMS 1. An
infrared detecting circuit, conprising: a current-to-voltage converting
circuit whioccds/umoro be connected with a pyroelectric el emmetiropesabl e to
generate a current signal in accordance with a received infrared ray, and
the current-to-voltage converting circuit converting the current signal
outputted fromthe pyroelectric elenent into a voltage signal, the
current-to-vol tage converting circuit including an erational anplifier

0
connect ed WY IPHEPABILEETY cCHTBHENtES £onogphest Betvesh e oRSS
circuit for feeding back a direct current conponent, the capacitor and the
f eedback cirld@t ChEPREE ¢hibet eyrEt WéEAAR- out put term nal and an
inverting input termnal of the operational anplifier in parallel with
each other; an anmplifying circuit which anplifies the voltage signal
outputted fromthe current-to-voltage converting circuit; a band-pass
filter circuit idhcludifng infgwredhddteapsng t oircwrid aadaptiéngt bopadsim 1,
conponents of a voltage signal fromthe anplifying circuit in a specified
frequency #Wenina aclloigh-gener &tlbgr chaving ahbspécifiedr ajan ds edamerted
clock signal for controlling the swtched capacitor; and an output circuit

whi ch out mHtsweanvohé agmdaipgsal foliquuictieduit ram tuhe banshtpasschikter circuit
as a detection signal when the voltage signal is at a threshold |evel or
hi gher.

4. 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.

5. An infrared detecting circuit according to claim 4,

wherein the low-pass filter has a specified gain.

6. An infrared detecting circuit according to claim 1,
wherein a high-pass filter having a specified gain is connected
between the band-pass filter circuit and the output circuit, and
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.

7. 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.
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2. An infrared detecting circuit according to claim1, 52 WO 03/047002
PCT/ JP02/ 12352 wherein an anplifying circuit is connected between the
band- passwdasldam2ci rcuit and the output circuit. 3. An irdaTarrei1236t ecti ng
circuit according to claim1l1, wherein a high-pass filter having a
specified gain is connected between the band-pass filter circuit and the
output circuit. 4. An infrared detecting circuit according to claim1,
wherein the band-pass filter circuit includes a high-pass filter at a
first stage, a lowpass filter at a second stage, and a high- pass filter
at a third stage. 5. An infrared detecting circuit according to claim 4,
wherein the | ow$ass 31t Erfnpgedy defectiredoymr it crcoRrdingr &zpe@ldéhedti ng
circuit according to claiml1l, wherein a high-pass filter having a

speci fi ed Wueins Ebaneerexknthépnkehtadre Isondephtnrg f iditreniti ringludesd ehe
output circuit, and the band-pass filter circuit includes a high-pass
filter at switfdhedt cgpagietora | ow pass filter at a second stage, and a

hi gh-pass filter at a third stage. 7. An infrared detecting circuit
according to claim1l1l, wherein the band-pass filter circuit includes a

| ow-pass filter at a first stage, and a high-pass filter at a second
stage. 53 WO 03/947002aPCGIr 03201 A3%2c8ind\nNcitduias estdetiesyi e eilbemi b,
according to claim1,

further comprising:

a clock control circuit which is connected between the
switched capacitor and the clocking 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.

10. 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.

11. An infrared detecting circuit according to claim 1,

wherein the feedback circuit includes a resistance member.

12, An infrared detecting circuit according to claim 1,

wherein the feedback circuit includes an integrating circuit.
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wherein the current-to-voltage converting circuit includes a swtched
capacitor. 9. An infrared detecting circuit according to claim11, further
conpri si ngo @/atmek control circuit which is connected betrgaerror/inss:2
swi tched capacitor and the clocking generating circuit, and is connectable
wi th an external clock generator for generating an external clock signal
havi ng 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. 10. An infrared
detecting circuit according to claiml1l, wherein the current-to-voltage
converting circuid:, tH® aHfGEPRnGetertEng t Citqe thAceopasRIf £t stadmr Eui t
and the output circuit are integrated into a single chip. 11. An infrared
det ect i ng ‘Biarednt thecompihfyiny @laichit, inghedas mnt loperabiideak anplddier,
i ncludes a resistance nenber. 12. An infrared detecting circuit according
to clai m1an ontensi hermimdleedbibk epexaiiitniahchnpleisizmr Pt Ege atumegnei-todi t .
54 WD 03/ 047002 PCT/JP02/ 12352 13. An infrared detecting circuit according
t o cl ai m voltalger @omveheimgptifquity 14 r condedtedl wieh an apsfeatingalinput
anplifier, an output term nal of the operational amplifier of the
current - t ccervdhbagefcameerdgei@tebha&lli ampBifiinest echav adpairvinyeicii-agit nput
term nal of the operational anplifier of the anplifying 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.

14. An infrared detecting circuit according to claim 13,
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.

15. An infrared detecting circuit according to claim 13,
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
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via a resistance for anplification, and a |lowpass filter is connected
between the output termnal of the operational anplifier of the
current -t wovsliame converting circuit and a non-inverting PamMPar/11367 m nal

of the operational anplifier of the anmplifying circuit. 14. An infrared
detecting circuit according to claim13, wherein the band-pass filter
circuit includes a high-pass filter at a first stage, a lowpass filter at
a second stage, and a high- pass filter at a third stage. 15. An infrared
det ecti ng %%féﬁ¥¥958%%qding to claim13, wherein the lowpass filter

i ncludes: a resistance nenber connected between the output termnal of the
operational anplifier of the current-to-voltage converting circuit and the
non-inverting input termnal of the operational anplifier of the
anpl i fying circuth- arfh adnfapaedt eteorimec icddchét weerotdiaondie- ialaémt iLAg
input termnal of the operational anplifier of the anplifying circuit 55
WO 03/ 04700 ET/ ¢Popri23%2 and the ground. 16. An infrared detecting
circuit according to claim15, further conprising: a switch connected with
the resistance nendertdn gamakclted wathhthackesi fieanceantbmdesWint hazanteol | er
whi ch controls the switching circuit. 17. An infrared detecting circuit
accor di ng wicicleacm d€her; and

a switch controller which controls the switching circuit.

17. An infrared detecting circuit according to claim 16,
wherein the resistance member is made of an impurity-not-diffused

polysilicon.

18. An infrared detecting circuit according to claim 17,
wherein the low-pass filter further includes:
a secondary resistance circuit connected in parallel with
the resistance member, and having:
a secondary resistance member made of 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.

19. An infrared detecting circuit according to claim 18,
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wherein the resistance nenber is nmade of an inpurity-not-diffused
polysilicon. 18. An infrared detecting circuit according to claim 17,
wherei n tW® d3amrqass filter further includes: a secondary RCGIRIPS2/&3CE
circuit connected in parallel with the resistance nenber, and having: a
secondary resistance nenber made of an inpurity-not-diffused polysilicon,;
and a secondary switch connected in series with the secondary resistance
menber; a ecan aryhsmjtch @pntroller whi ch turns the secondary switch on

when the anbient tenperdtUPEFE | BWECh hERRETO bk deddrhifAes vl g@itehed an
infrared detectLgﬁ ci#cuit according to claim 18, 56 WO 03/047002
PCT/ JP02/ £285851  *Gher BFCR hePERBHIRFar s wiG%H VESRRT ol FRFistRTIcedes thesabY ched
capaci tor which froduces an equi val ent resistance, thereby controlling the
swi t chi ng OPEEAM 1R Hoe asvbie diiFicHél Mying 2egoiltvasentdividsdstimncan
produced by the sw tched capacitor and resistances of the resistance
menber. 2GIUANaleR¥ arresigbares i myodineedi tbyacsbedi swittohed! acapaaitofrur andr
conprising a reference voltage circuit which generates a reference
vol t age, tIREiFEfRPE Pt Bepistiancei melleemg connected with the
pyroel ectric el enent and the non-inverting input termnals of the
respective operational anplifiers of the current-
20. An infrared detecting circuit according to claim 1,
further comprising a reference voltage circuit which generates a
reference voltage, the reference voltage circuit being connected
with the pyroelectric element and the non-inverting dinput
terminals of the respective operational amplifiers of the current-

to-voltage converting circuit and the amplifying circuit.

21. An infrared detecting device, comprising:

a pyroelectric element which receives an infrared ray and
produces a current signal in accordance with the received infrared
ray:

a current-to-voltage converting circuit which converts the
current signal outputtedx 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:
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to-vol tage converting circuit and the anplifying circuit. 21. An infrared
detecting device, conprising: a pyroelectric elenment which receives an
i nfrared wayosaatho2 pr oduces a current signal in accordance PdTvIPo2/IO352 ecei ved
infrared ray; a current-to-voltage converting circuit which converts the
current signal outputted fromthe pyroelectric elenent into a voltage
signal, the current-to-voltage converting circuit including an operational
anplifier connected with the pyroelectric elenent, a capacitor, and a
feedback circui t°F of " H-eddrRY B%/%Eﬁuét FPiekt aERLiEReS cbhpoventage heignal
capaci tor and gﬁhe f eedback circuit being connected between an out put
terninal &NdPH t?ﬁv%"i‘"l e ﬁbﬁ’fentc‘éf)m"ﬂégagﬁ corFespEraitdigeaitamplifier in
paral lel with each other; 57 WD 03/047002 PCT/JP02/12352 an anplifying
circuit which afplhFtdkP2Ere fidlengeisryHal inehndimot ed $widiehele capacitor
current-to-voltage converting circuit; a band-pass filter circuit including
a swi t chedid&pacrrdradgntietdeo apes admpredents pas s coipegent el aruvel tixge
signal fromthe anmplifying circuit in a specified frequency band; a clock
gener at i nG@MLLEVing whHinchigeheratseecafied efmymency osdndsi gnal for
controlling the switched capacitor; and an output circuit which outputs a
vol t age signal eutpatkegbnefraginy heiband- passh fdddcdiateks! § hdfeaendedei&ad i ONn
signal when the voltage signal is at a threshold |evel or higher. 58
signal for controlling the switched capacitor; and

an output circuit which outputs 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.
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