PYROELECTRI C | NFRARED RAY SENSOR BACKGROUND GF THE | NVENTI ON PhiO® 2 e %
rel ates to pyroelectric infrared ray sensors enployable as radi ant heat

neter and the like 5 which detect radiant infrared ray energy rad

from human body to determne the presence_or novenent of the human body

or detecting radiant energy - and room t enperatures. DESCRI PTI ON OF
RELATED ART 10 The pyroelectric infrared ray sensors of the

kind referred to has been porprLEBetIRDE ENERARED!RAY| E§BYSORONVeErting circuit
enpl oyi ng FET. This current-voltage converting circuit is so constituted

that an infrared ray receivi BACKSROUND iIOF [THEVIIGRENTTONONNECt a single type
15 pyroelectric elenent and a high resistor in parallel to the gate of
FET and to get a volt agehssgnavehtdonamedatpst troepystarlesunriact edftarefe
source and ground of FET, a signal current output fromthe pyroelectric
el ement whi chray sensors employable as radiant heat meter and the like
5 which detect radiant infrared ray energy radiated from
human body to determine the.presence or movement of the
human body or detecfing radiant enerqgy and room
temperatures.
DESCRIPTION OF RELATED ART
10 The pyroelectric infrared ray sensors of the
kind referred to has been comprised of a current-voltage
converting circuit employing FET. This current-voltage
converting circuit is so constituted that an infrared ray
receiving section is provided- to connect a single type
15 pyroelectric element and a high resistor in parallel to
the gate of FET and to get a voltage signal from an output
resistor connected to the source and ground of FET, a
signal current output from the pyroelectric element_which
has detected any radiant heat is converted at the high
20 resistor to a voltage, the converted voltage is received
at the gate of FET to cause a source voltage of FET varied
by a current made to flow to FET and the resistor, and the
voltage applied to the resistor at this time is provided
as an output to a signal amplifying circuit.
25 There has been also suggested a current-voltage
converting circuit in which ﬁwo dual type pyroelectric
elements constitute two infrared ray receiving sections,

which sections are connected in series.



has detected any radiant heat is converted at the high 20 resistor to a
yol tage, the converted voltage is received at theirgate of FET to cause a
source voltage of FET varied by a current made to flow to FET and the
resistor, and the voltage applied to the resistor at this tine is provided
as an output to a signal anplifying ciréuit. 25 There has been
al so suggested a current-voltage converting circuit in which two dual type
pyroel ectric el enents Ednstheut £orREoiAPr arcad nenrveddiageng SRRYFBRENIwhi ch
sections are connected in series -2- 1n the foregoing current-voﬁtage
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formula.

FORMULA 1:
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wherein the emissivity: n; effective ray receiving area:

A; input resistance: R; pyroelectricity coeffiéient: A
-thermal diffusion coefficient: G; thermal time constant:
Tt;. and electric time constant: rte.

In such current-voltage coﬁverting circuit
employing FET, further, generated noise can be obtained
with such formulae as follows.

FORMULAE 2:

Noise output voltage: VN=\/7Vr2+V52+Viz+Vn2+VtZ
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Input resistance noise: Vr
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FET voltage noise : Vn=En
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Thermal noise : Vit=
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FORMULA 1: [err] wherein the em ssivity: n; effective ray receiving area:
A; input resistance: R pyroelectricity coefficient: [err]; thermal

di ffusion coefficient: G thermal tinme constant: tt;.and electric tinme
constant: re. In such current-voltage converting circuit enploying FET,
further, generated noise can be obt aimed With such formul ae as fol i ows.
FORMULAE 2: Noi se out put voltage: [err] Input resistance noise: Vr =

LorrL L0 Lo bheR@iAchol EInGH® 5 0ondlatt 1V dbddfitd FEY Ok 2@t eiihie
capacity: Ci; element's dielectric loss: tan §; current
noise of FET: In; and voltage noise of FET: En.

However, what is important for the infrared ray
5 sensor is not merely the largeness of the output signal S
at the pyroelectric element, but rather its ratio with
respect to the generated noise N, that is, to attain the
éptimum S/N ratio. Even when the output signal with
respect to'the same incident. infrared ray power 1is made
10 twice as large as conventionally obtained signal by
improving the pyroelectric element, for example, a
steady-state output_noise happened to be increased four
times as large eventually renders the output resolving or
detecting precision decreased to 1/2, so that the infrared
15 ray sensing ability méy happen to be decreased adversely.
In order to improve the sensing ability of the
infrared ray sensor, therefore, it 1is decisive of the
éonformity and non-conformity of the infrared ray sensor,
that is, the product value of the sensor, how the output
20 noise N can be restricted to be small or how the larger
S/N ratio can be pbtained, in addition to how the output
signal S can be enlarged, with respect to the same
infrared ray input.
When the conventional pyroelectric element
25 employing FET 'is analyzed here, the basic sensibility is
determined by the emissivity =n, effective ray receiving
area A, input resistance R, pYroelectricity coefficient X

and thermal diffusion coefficient G, while the frequency



+3- wherein Boltzman's constant: k; absolute zero: T; elenent capacity: C
elenment's dielectric loss: tan 6; current noise of FET: In; and voltage
noi se of FET: En. However, what is inportant for the infrared ray 5
sensor is not nerely the |argeness of the output signal S at the

pyroel ectric el enent, but rather its Tdtio with respect to the generated
noise N, that is, to attain the optimum S/ N ratio. Even when the out put

' I th t to . th t f d
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pyr oel ectri C anq:t Ef ?arnd exilg’g!tglc taln% eca;‘ng 'L.e Cth P tS n‘g-li- £ be

happened to be |ncrease our times as large even ly T'en ers t he out put
resol ving or %eﬁt SCtA NG BEEGST LM dcgf:ria.ees gséq"d‘;/‘ﬁ) Sfyd Rat the infrared 15
ray sensing a 'ty may happen to be decrea versely. In order to
i mprove the sensing abijily e t&€nsor has been arranged for obtaining
5 the largest possible signal output by optimumly setting
these parameters respectively, but in practice it has been
mainly important to develop the pyroelectric element of
any new material to improve the pyroelectricity
coefficient, or to develop mounting process of the element
10 to improve the thermal diffusion coefficient.

Further, the noise in the pyroelectric element
consists of 1) the input resistance noise Vr, 2) tan $
noise V§, 3) FET current noise Vi, 4) FET voltage noise Vn
and 5) thermal noise Vt, and can be obtained by the

15 foregoing Formulae 2, and ultimately the noise output
voltage VN is determined by a square average of the
respective noises.

When tYpical one of the parameters is analyzed,
taking notice the frequency around lHz which is important

20 as a sensing frequency for sensing the human bodj as the
most remarkable application of the pyroelectric element, a
ruling one wili be the thermal noise due to the input
resistance. It should be clear that this input.resistance
thermal noise can be reduced when the- resistance value is

25 further increased.

When the high resistance_is of a value exceeding
100G%, however, the resistance is almost of the limit

value, taking into account the operational stability of



infrared ray sensor, therefore, it is decisive of the conformty and
fion-conformty of the infrared ray sensor, that is, the product val ue of

t he sensor, how t he output 20 noi se N can be restricted to be snall or
how the larger S/INratio can be obtained, in addition to how t he out put
signal S can be enlarged, with respedtfid'the sanme infrared ray input. Wen
the conventional pyroelectric elenent 25 enpl oying FET is anal yzed

here, the basigheseppibblbt¥ris datiditIedehytt he eNbagl Véidernatf fReidee
ray receiving area A input resistance R pyroelectricity coefficient [err]

and thernal diffiffeieit ieeef {h cbeakihgr Idur st eof heefl, eqis#diicition - 4n the

characteristics are determned by the thermal tine constant tt and electric

ti me constant resisasangd | védkue of the high resistance itself, and any
further noise | reduction is almost impossible.

5 Accordingly, the conventional pyroelectric infrared ray
sensors almost have reached the limit in respect of the
noise characteristics.

According to a result of investigation made by

the present inventors as -to the possibility of improvement

10  in the S/N ratio of the case employing the conventional

current-voltage converting circuit with FET employed, the

reduction of noise almost cannot be expected, and the only

measures left remained - will be to increase the output

signal with improvements in, for example, the

15 pyroelectricity coefficient, thermal diffusion coefficient

and the like. In practice, however, various improvements

in the output characteristics are approaching the limit so

that, in the status quo, the improvement of S/N ratio to

an extent_of twice or tripple as much will be extremely

20 difficult to be expected only by changing the element or
mounting conditions.

SUMMARY OF THE INVENTION

The present inventors have experimentally tried

to use the frequency characteristics of the impedance of

25 the element capacity which the pyroelectric element has,

and, as a result of repeated investigation, have reached

the present invention, recognizing that the use is

advantageous and realizable in improving the S/N ratio of



clear “fromFornula 1 of the output voltage V. Thus the sensor has been
arranged for obtaining 5 the | argest possible signal output by optinmmnmy
setting these paraneters respectively, but in practice it has been nainly

i nportant to devel op the pyroelectric el enment of any new materi al to
| nprove t he pyroel ectricity coeffi & ent, or to devel op nounting process
of the elenent 10 to inprove the thernal diffusion coefficient. Further,

the noise in %%ﬁ ég%égﬂﬁ?éiﬁﬁ d ishsdf. 1) the input resistance

noi se Vr, 2)11 noi se curréent noise Vi, 4) FET vol tage noise

Vn and 5) thermal noisepdy aNd GAR LR Wbt Al aPFi Ry bheahd meafswiregoifwr
Formulae 2, and ultinmately the noise output voltage VN is determ ned by

a square averRgs Rfirddlethespatkiria1naseshe Wisir delRicialiconelehehhe the

paranmeters is analyzed, taking notice the frequency around 1Hz which is

I mport ant 20 pred®ent SAnsmgols enaeacy ehan zedndileg pheseéntrainbvedyian the

5 constituting a current-voltage converting circuit with a

connection to- a pyroelectric element of an operational

amplifier to which another pyroelectric element is added

as a 'feedback capacit&, and carrying out various

simulations and empirical désigns for reducing the input

10 conversion noise of this current-voltage converting
circuit.

In the present invention, the infrared ray
sensor comprises the current-voltage converting circuit
formed by connecting a first pyroelectric element to an

15 operational amplifier to which an AC feedback circuit and
a DC feedback circuit are additionally connected, and the
AC feedback circuit is constituted Dby a second
pyroelectric element, so that the foregoing problem in the
conventional examples can be overcome. In the above

20 arrangement, the pyroelectric element can be used as it is
in the AC feedback «circuit, without employing any
capacitor manufactured as an electronic part.

Other objects and advantages of the present
invention shall become clear as the description of the

25 invention advances as detailed with reference to
embodiments shown in accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

FIGURES 1A to 1C show respectively a schematic



nost remarkabl e application of the pyroelectric elenment, a ruling one wll
be the thermal noise due to the input resistance. It should be clear that
this input resistance thermal noise can be reduced when the resistance
value is 25 further increased. Wen the high resistance is-of a value
exceedi ng 100 err], however, the rési’sttance is alnost of the linit

val ue, taking into account the operational stability of -5- the

pyroel ectri cé:?ire?n}glrlg ét(l{igaatrajm?, gﬂgw%éer,gal paQ;Se, #ﬁﬁ?g&n i 5§ bi ggkng .

current of FET, in the resi stance value o resi st ance

itself, and bd I e i AP SEeq £§gU%EBQBr_aE%ord§hGD%b tHdPSSsbhe. S

Accordingly, e conventional pyroelectric infrared ray sensors al nost
have reached {headdf8d; i n respect of the

FIG. 2 is a schematic circuit diagram showing a
5 concrete aspect of the sensor of FIG. 1;
FIGS. 3 and 4 are schematic circuit diagrams
showing further concrete aspects of the sensor of FIG. 1;
FIGS. 5a and 5b are explanatory views for a
concrete example of the pyroelectric element employed in
10 FIG. 1; |
FIG. 6 is an equivalent circuit diagram of the
pyroelectric element shown in FIGS. 5a and 5b;
FIGS. 7a and 7b are explanatory views for
another concrete example of the pyroelectric element
15 employed in the sensor of FIG. 1;
FIG. 8 is an equivalent circuit diagram of the
pyroelectric element shown in FIGS. 7a and 7b;
FIGS. 9a and 9b are explanatory views for
another concrete example of the pyroelectric element
20 employed in the sensor of FIG. 1;
FIG. 10 is an equivalent circuit diagram of the
pyroelectric element shown in FIGS. 9a and 9b;
FIG. 11 1is a schematic circuit diagram of
another concrete aspect of the sensor of FiG. 2;
25 | FIG. 12 is a diagram showing convertion
impedance characteristics in the sensor of FIG. 2;
FIG. 13 is a diagram showing noise

characteristics in the sensor of FIG. 2;



noi se ‘characteristics. According to a result of investigation nmade by the
present inventors as to the possibility of inprovenent 10 in the S/N
ratio of the case enploying the conventional current-voltage converting
circuit with FET enpl oyed, the reduction of noise al nost cannot be
expected, and the only neasures left Tehmined will be to increase the

out put si gnal wth | mprovenents in, for exanpl e, the 15

pyroel ectricity coeffic%get, ibeﬁgpladiaigéigﬁ qﬁ§gJ%p 'Sg@ﬁggg t@%l%%@%

In practice, however, various i|nprovenen I the ou racterrstics

are appr0achi gaLhgeLiaht 188 BEahoskB Lo HEALUAANOoe BEGl MpyOVerent of

SINratio to an extent of twice or tripple as muc be extremely 20
difficult to be expectegygnl ¥sbyschaagiage¢athensl@ABNE /A cRBYAELBGistics

condi tions. SUMVARY OF THE | NVENTI ON Thé present inventors have

experinment al | ynt ¢ehedskasugeoifh@1tr.egqyency characteristics of the inpedance

! 5 FIG. 16 is a schematic circuit diagram showing
the sensor including a DC feedback circuit employed
according to the present invention;

FIG. 17  is a diagram showing frequency
characteristics of converting impedance in the circuit of

10 FIG. 16;

FIG. 18 is - a diagram showing frequency
characteristics of converting impedance it the case where
the featured arrangement of FIG. 16 is absent ;

FIG. 19 is a schematic circuit diagram showing

15 another concrete aspect of the sensor of FIG. 16;

FIGS. 20A to 20C are explanatory views for the
operation of the sensor of FIG. 19; and

FIG. 21 is a characteristic diagram of the
sensor of FIG. 16.

20 While the present invention shall now be
described with reference to the respective embodiments
shown in the drawings, it should be appreciated that the
intention is not to 1limit the invention only to these
embodiments shown but rather to include all alterations,

25 modifications and cquivalent arrangementé.possible within
the scope of appended claims.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to FIGS. 1A to 1C, there are shown



25 the el ement capacity which the pyroelectric elenment has, and, as a
result of repeated investigation, have reached the present invention,
recogni zing that the use is advantageous and realizable in inproving the
S/Nratio of -6- the pyroelectric infrared ray sensor. That is, instead
of relying on any measures for nodifyrn¥ the naterial of the pyroelectric
el ement, the present inventors have realized the present invention by 5

conety 41 19 Sy ghC" 0L AaLLARR CONYRLRR a2 SEPRRELIBRLLGe?

ool SCl LS bRk 1A RIUBLLES ectufREOHRCls AR e R UL Yot
conversion ngjfferht tHbSkifylTAPeU t 33 thRNVERELRBed ray sensor
according to the present invention, in the arrangement of
S FIG. 1A of which a pyroelectric element 1 is connected at
an end to the ground and at the other gnd to an input
terminal (inverted input terminal in the drawing) of an
operational amplifier 2, and a capacitor 1' is connected
as a feedback capacity Cf across the input and output
10 terminals of the operational amplifier 2. Here, the
feedback capacity cf is forming an AC feedback circuit.
Across the input and output terminals of the operational
amplifier 2, further, a DC feedback circuit 3 is provided
for stabilizing the circuit operation in low input range,
15 so that an.output of the operational amplifier 2 will be
fed back through an input resistor Ri.

Such DC feedback circuit 3 can be constituted by
an integration circuit comprising another operational
amplifier 31 than the operational amplifier 2 for the

20 impedance conversion and provided with a capacitor Cl and
a resistor R1l, as shown in FIG. 2.

According to the current-voltage converting
circuit of this arrangement, a current output from the
pyroelectric element 1 is converted into a voltage with an

25 impedance of the feedback capacity Cf utilized.

In another aspect of  FIG. 1B, only a

pyroelectric element 1' is connected across the input and

output terminals of the operationél amplifier 2, and the



circuit. In the present invention, the infrared ray sensor conprises the
current-voltage converting circuit fornmed by connecting a first

pyroel ectric elenent to an 15 operational anplifier to which an AC
feedback circuit and a DC feedback circuit are additionally connected, and
the AC feedback circuit is constifl@ted by a second pyroelectric
el enent, so that the foregoing problemin the conventional exanples can

be overcone. I he above 20 arrapgenent., the roel ectric el enment
can be used agﬁeld?’laéﬁ nCaPREILXC C’?ee‘t?oaegga&f‘f%uil?i,’ %o Y TSR 1y
any capacitor nuf act.yred an el ectroni art . Ot her object

Y antbacs. of STRRERRCAN 8% 3530 L SHddAE PO Aleifler HepRk HH rrq

advant ages Of. p!’ esent 1 nvent | epo . as
O ot sl b her AU % ap ARl palld ol S B 40
DRAW NGS FI GURES ;1A F1® 1GaShQw FR3RREd W) ke $1¥BA&Eric element, and
5 the feedback capacity Cf is obtained by this pyroelectric
element 1°'. In these aspects of FIGS. 1B and 1C, other
respects than those have‘been described are substantially
the séme as in the arrangement of FIG. 1lA.
FIGS. 3 and 4 show an arrangement 1in which a
10 voltage dividing circuit 4 is further connected to the DC
feedback «circuit 3, in which constituent elements
corresponding to the elements shown in FIG. 1 are denoted
by the same reference symbols and their description shall
be omitted. In this working aspect shown in FIG. 3, the
15 DC feedback circuit 3 comprising the integration circuit
receives as an input the output voltage from the
operational amplifier 2 as divided by the voltage dividing
circuit 4.
In a working aspect of FIG. 4, three input
20 resistors R2-R4 are connected mutually at their one end
into T-shape and at their other ends respectively to the
input terminal of the operational amplifier 2, output
terminal of another operational amblifier 31 and the
ground, so that a nominal feedback gain of the feedback
25 circuit will be reduced by the T-shape connection of the
resistors R2-R4, and the feedback time constant of the
integration circuit will be caused to shift to the lower

zone to render the time constant substantially enlarged



=7- circuit diagram showi ng a basic arrangenent of the pyroelectric
infrared ray sensor according to the present invention; FIG 2 is a
schematic circuit diagramshowing a 5 concrete aspect of the sensor of
FIG 1; FIGS. 3 and 4 are schematic circuit diagranms show ng further
concrete aspects of the sensor of FIGY;-FIGS. 5a and 5b are explanatory
views for a concrete exanple of the pyroelectric el enment enployed in 10
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concrete exanpl e of theTQXrQSH%SSEi%f®f§¥E¥ circuit 4 is not required
to be éiways of the three resistors in the T-shape as
shown in FIG. 4, but may be of an aspect of ordinary
5 connection of two resistors, while the T-shaped resistors
will be more advantageous when properties in respect of
the off-set and the like of the DC feedback circuit are

taken into account.
Since in the above arrangement an element
10 current from the first pyroelectric element 1 is converted
into thé voltage by the utilization of the impedance of
the feedback capacity Cf, in contrast to the conventional
circuit employing the FET buffer, the thermal noise of the
resistor which has been rulihg the output noise voltage 1is
15 removed as will be clear from a later.described analysis,
whereby a fundamental elimination of noise source can be
realized, and a reduction of total noise can Dbe

established.

Since the second pyroelectfic element 1' also
20 operates as the infrered ray sensing element, further, it
is possible to obtain a larger sensibility by setting the
polarity of this second element 1' to be the same as that
of the first pyroelectric element 1 so as to add their
outputs to each other.l When at this time the first and
25 second pyroelectric elements 1 and 1' are made mutually
inverse polarity, any simultaneously sensed infrared rays
at both pyroelectric elements 1 and 1' due to sunbeams or

fluctuation in the temperature can be cancelled as a



15 “enpl oyed in the sensor of FIG 1; FIG 8 is an equivalent circuit

di agram of the pyroelectric elenment shown in FIGS. 7a and 7b; FIGS. 9a and
9b are explanatory views for another concrete exanple of the pyroelectric
el enment 20 enployed in the sensor of FIG 1; FIG 10 is an equival ent
circuit diagramof the pyroelectric el¥fent shown in FIGS. 9a and 9b; FIG
11 is a schematic circuit diagram of another concrete aspect of the sensor

o peines charleiystpcinek iy ahieshesin Gogea Sl O inpoR

| npedance charac% res 1n sensor

di agram shom&gglabggigg_character|stlcs in the sensor of FIG 2; FI G
14 is a dlagran1shomﬁng ut put vol tage

In FIGS. 5 to 8,  there are shown concrete

examples in which a dual type pyroelectric element is

5 | used. When such dual type pyroelectric elements are used

as the first and second pyroelectric elements, it is made

_ possible to employ two infrared ray receiving sections

formed on a pyroelectric element substrate and connected

in series respectively as the first and second

10 pyroeléctric elements or to employ each of these two

infrared ray receiving sections as the first and second
pyroelectric elements.

More specifically, FIGS. 52 and 5b show

conductor patterns on both surfaces of the pyroelectric

15 element substrate 10 in which the two infrared ray

réceiving sections 10a (A) and iOb (B) are connected in-

series and employed as the first and second pyroelecfric

elements. The conductor pattern on the reverse side

surface of FIG. 5b is shown as seen through from the front

20 " side surface. A further conductor pattern 10e forming a

conducting path connecting between respective connecting

terminals or the receiving sections may be provided. As

shown in an equivalent circuit of FIG. 6, a pair of

capacity elements CA and CB are formed by the two infrared

25 ray receiving sections 10a and 10b on the front and rear

surfaces of the pyroelectric element substrate, and the

first and second pyroelectric elements are constituted

respectively by connecting in series the two capacity



characteristi

cs of noise in the sensor of FIG 2; FIG 15 is a diagram

showi ng S/ N characteristics in the sensor of FIG 2; 5 FI
16 is a schematic circuit diagram show ng the sensor including a DC

feedback circuit enployed according to_the present invention; FIG 17
a diagram show ng frequency charactléristics of converti ng i npedance

the circuit of 10 FIG 16; FI G 1

S a diagram show ng

8
frequency characteristics o nv Lhg i nmped e i.n the case where the
featured arranganehe® & If’fré @% i gﬁtgﬁé'en*? # nﬂlg's}?%w aﬁssc%earra‘f?%é%?é%ﬁ

di agram show
FIGS. 20A to

n iﬁ”?k@% eEOQ%F_ag\% ?%{)g:ﬁ]e % dde aﬁaswfea%f FFadds

are explanatory v e operation o the sensor
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the rear side pattern as seen through the front side) and
FIG. 8 shows an equivalent circuit of the pattern. In
this equivalent circuit, tﬁe capacity elements CA and CB
are formed by the two infrared ray receiving sections 10a

and 10b formed on the front and rear surfaces of the

‘substrate 10, and the capacity element CB is arranged to

10

15

20

25

form the second pyroelectric element which functions as
the feedback capacity.

| FIGS. 9 and 10 show an example of an aspect in
which multielement type pyroelectric elements are
employed. Thus, in FIGS. 9a and 9b, conductor patterns on
the front and rear side surfaces of the pyroelectric
element subsfrate in which four infrared ‘ray ‘receiving
sections are used as connected in series and parallel are
shown, and FIG. 10 shows an equivalent circuit of the
patterns. In this aspect, among four infrared ray
receiving sections 10a (A) to iOd (D), a pair' of the
sections 1l0a (A) and 10c (C) as weli as another pair of
the sections 10b (B) and 104 (D) are respectively
connected in parallel and.used as the firét and second
pyroelectric elements 1 and 1', the sections in the
parallel connection of.the capacity elements CA and CC
constitute the first pyroelectric element 1, and others in
the parallel connection of the capacity elements CB and CD

constitute the second pyroelectric element 1°'. FIG. 11



20 ’ Wiile the present invention shall now be described
with reference to the respective enbodi nents shown in the drawi ngs, it
shoul d be appreciated that the intention is not to limt the invention only
to these enbodi nents shown but rather to include all alterations, 25
nodi fi cations and equi val ent arrangeredt!s Jpossible w thin the scope of
appended cl ai ns. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

Referring t G du® a &ArkentCrvoliRabe doavelewng, ci‘r%uib;a&i&xsﬁ{im%s
respectively of a current-voltage converting Circuit form ng an essenti al

part of eachewd gufiteeeshener ki aspecébedfridcelBhents] Yy SEeHsSAGed
according to the present invention, 1n the arrangenent of 5 FIG 1A of

whi ch a pyr ool eclorresgiergricel witbhonFBEt e@.at In FIGS. 9a and 9b,

further, the respective sections on left and right sides

5 are short-circuited through the conductor parts 10e on the

front and rear side surfaces.

Next, the frequency charécteriétics of the

current-voltage convertiﬁg circuit shall be described. . A

result of simulation in respect of the circuit shown in

10 FIG. 2 in which the DC.feedback circuit is formed by the
integration circuit is referred to first. The aspect
employing the dual type or multielement type pyroelectric
elements will become the same when the values of resultant
capacity and resultant feedback capacity are replaced.

15 Analyzing initially the output voltage V which
will be the signal output, a conversion impedance Z and
element current ip can be obtained through the following
Formulae 3, and its conversion impedance characteristics
are shown in FIG. 12.

20 FORMULAE 3:

Conversion impedance : Z =

1
wchCf\[ 1+ (Qadg) 2\/ 1+ (_a—:%(_:)z

wlpo
Element current : Ip=
. \/ ( ) 7
I +\wt .
As seen in FIG. 12, the impedance

characteristics of a sloped portion with respect to the



an end to the ground and at the other end to an input termnal (inverted
tnput termnal in the drawing) of an operational anplifier 2, and a

capacitor 1' is connected as a feedback capacity Cf across the input and
out put 10 termnals of the operatjonal anplifier 2. Here, the
feedback capacity Cf is formng an AC $2etdback circuit. Across the input
and output termnals of the operational amplifier 2, further, a DC feedb
circuit 3 is provided for stabilizing the circuit operation in.low.i t
[) anEe, h15 i BEURARCAN 356t FHVES ktlheZ%bZF‘&t‘thal Sgn%kﬁafti etf’rh% me%’dgg@?: e
ack through an_input resistor R . Such DC feedhack circuit. 3 e

constituted by2hHei htehPatish &Pfr EOFt %ESHBFPSP’n egﬁg% S(ré %%5%%?@%% the

anplifier 31 the' tioj i f.i i ,
conver st on_aniCotseiRaT Ry CH UL b pan sl SReFEeeds; Hle ipREERIEE LS

LG 2, oo SL8oh0 b U Ay} poerERYar ey deohriihea. by
5 the time constant tdc of the feedback circuit.
That is, the impedance 2 draws a curve having a
peak at an angular velocity wdc determined by the time
constant tdc of the feedback circuit.

Here, the time constant of the feedback circuit

10 is:

tdc = Y(R1+Cl+Ri«Cf)
= 1/wdc

Further, the element current Ip.output from the
pyfoelectric element shows such characteristics as HPF

15 having a pole at a thermal time constant rtt.

Now, the output voltage V is a product of the
conversion impedénce Zz and the element current Ip, and is
obtained as V = ZxIP.

As a result,_the impedance eventually shows such

20. characteristics as BPF of which a low range cut-off
frequency is determined by the time constant tdc and a
high range cut-off frequency is determined by the thermal
time constant tt.

Analyzing next the noise characteristics, FIG.

25 13 shows a result of analysis of the respective noise
voltages, in which the thermal noise and 1/f noise of the
operational amplifier are not much influenced, and

represent their ruling parameter.

ack

d



pyroelectric elenent 1 is converted into a voltage with an 25 | npedance
of the feedback capacity Cf utilized. In anot her aspect of FI G

1B, only a pyroelectric elenment 1' is connected across the input and
output termnals of the operational anplifier 2, and the - 10 - feedback
capacity Cf is obtained by this pyroel®®tTic elenent 1' in this
arrangenent. In another aspect of FIG 1C, further, the arrangenent is so
made that the capacitorqfe indides odfphé NHRA 85mphesPyf ol eClsanC &

el enent, and 5 t he feedback capacity Cf is obtained by this pyroelectric
element 1'. hpitbese, aspeopsamp.FbGbrenB avdséCzigt I3gr orespmpt svohaagehose
have been described are substantially the sanme as in the arrangenent of
FIG 1A. Fl Gmo8sanve4 ahdv4)n EB rapgeamnhoinewlifblh shich are obtained

through such Formulae 4 as in the followings.

FORMULAE 4:

tan 0 noise: ve=2V 4kTw (Cftan6f+Citan6'i)

OP Amp. Current.Noisé: Vi _=Z V 2qlb

OP Amp. Voltage Noise: Ve=vnGv

. Z 1 2

Ri Thermal Noise: Vnf= Z\/'4 kT/Ri

1

wherein Z=
wdCXCffl + Qc%) 2[1 + (Zaéz)z
2V 1 ()

Ri

GV= +1

FIG. 14 sﬁows a result of the simulation carried
out by calculating in fact the respec;ive noises with the
typical parameters, while FIG. 15 shows results of the
simulation of S/N ratio. As will be clear from the
respective noise characteristics, the noise Vé§ due to the
dielectric loss tan 6 of capacitor is overwhelming (around
l1Hz), and FIG. 15 shows its total noise as Nv and the
signal output as Sv. S/N ratio can be obtained by Sv/Nv.

For the purpose of comparison with conventional



10 voltage dividing circuit 4 is further connected to the DC feedback
circuit 3, in which constituent elenents corresponding to the elenents
shown in FIG 1 are denoted by the sane reference synbols and their
description shall be omtted. In this working aspect shown in FIG 3, the
15 DC feedback circuit 3 conprisingithe integration circuit receives as
an input the output voltage from the operational anplifier 2 as

di vided by the voltage dividing circuit 4. In a working, aspect of FIG _4,
three i nput 2ne epRIP¥iRystRe. RETy M ifSvecte ﬁﬁf“HéF“gio&t Yatei FabheeEnd

into T-shape and at .their other ends respectively to the input ternjnal of
the operati o}t an’ﬁFFP‘i erreEPSSkR putet eFE‘FnaIC‘Bﬁ‘r —t"i?ép:atgfer a‘f?%ﬁ%ﬂlng

anplifier 31 and the ground that _a nom hal. f eedhack.gai f

feedback 25 CM&F¥euit Wﬁﬁ%r bigﬁedﬁ%%% tEPQ4¥}1f¥§ha%% c%ﬁneg?gonggés?ﬂg
resistors RQ-ggYeégmk he feedback tinme constant of the integration circuit
w |l be caus 0 shift to the | ower

5 As a result of both analysis, the S/N ratio

according to the present invention is:

Nv(out) = 2.4 [uv/"Hz]
Sv(out) = 3.0 [uv]
therefore,
10 - S/N = 1.3 (but 1lHz).

On the other hand, S/N ratio according to a conventional

system employing FET buffer was:

"Nv{out) = 2.4 [pv//Hz]
Sv(out) = 1.4 [uv] '
15 therefore,

S/N = 0.58 (but 1Hz)
as a result of calculation.
From the foregoing results of the simulation, it
has been found that, according to the present invention,
20 an improvement in S/N fatio is attained to an extent of
about twice as much as that in the case where the FET
buffer has been wused, around 1lHz important as the
frequency for detecting the human body.
It has been also found that, since the element
25 capacity Ci has changed from 20pF to lOpF} the noise
reduction has been realized wiih the same element
sensibility..

Qualitatively analyzing the above, it éppears



zone t0o render the tine const ant substantially enl arged and respective
parts of the DC feedback circuit mnim zed. The voltage dividing circuit 4
is not required to be always of the three resistors in the T-shape as shown
in FIG 4, but may be of an aspect of_ glrgc,iv: nary 5 connection of two
resistors, while the T-shaped resistor 11 be nore advant ageous when
properties in respect of the off-set and the |ike of the DC feedback
circuit are taken into account. Since in the above arrangenent an el enent
10 current $1%m the PPLSE FRBEAY iES & ofepte 108 BBRVer SRl 13RD Phe
Cont ract Lot RICGVERIF DT ¥he CURTEBADI Byt Ay THE FeT 0 (e 11 TP Rl
noi se of the rgs§f o, i B35, DEEMEIMIAG e CHEPULLRILRE: ¥RL1 2080k Se
component. While in the results of simulations of FIGS.
5 14 and 15 the noise has not been reduced in the absolute
value since the conversion impedance has risen than in the
case of using the FET buffer, the signal outéut voltage Sv
is also raised by that extent and, consequently, the S/N
‘ratio has been improved.

10 According to a noise analysis performed by the
present inventors, further, it has been found that the
smaller the feedback capacity of the operational
amplifier, the higher the S/N ratio made obtainable. In
the éxample of the simulation, it has been also possibie

15 to attain a further twice as high improvement as that in
the conventional syétem; by rendering the elemeﬁt capacity
of the pyroelectric element constituting the feedback

‘capacity to be a smaller value than 1l0pF.
In view of the results of the noise analysis

20 confirmed by the present inventors, further, the current
noise of the operational amplifier used for the 1I/V
conversion should preferably be smaller for obtaining the
higher S/N ratio, and the operational amplifier of a type
small in the input bias current, that is, of a type high

25 in the input impedance is desirable. As the operational’
amplifier satisfying such conditions, in general, the one

of a type'using FET at input stage may properly be used.

Referring next to the pyroelectric infrared ray



15 renoved as will be clear froma |later described analysis, whereby a
ffundanental elim nation of noise source can be realized, and a reduction
of total noise can be established. Since the second pyroelectric
elemrent 1' also 20 operates as the infrered ray sensing el enent,

further, it is possible to obtain a Faﬂaef sensibility by setting the
polarity of this second elenent 1' to be the sane as that of the first

| ectri I t 1 t, | t hej ts_t h ot her. W t
Thi o time the TTTE anaSBs™™ ‘udbir pif oof cthFi BrerehintevEiiP EPE
d tually_j | arj t Lk mul I I f . t
ot h pyr ool el A& Enk 44 Yenl¥e S e RER e “GeRts  ReaRERT ToE, 0
tenperature C@EbtﬁbéE%Ef%A§P dnpfifier 32 to which a feedback capacitor

Cl is connected and the inverted input terminal of the

5 operational amplifier 2 to which a certain feedback
capacity Cf of the second pyroelectric element 1' is
added, the further resistor Rl is connected to a source of
reference voltage Vr, and the DC féedback circuit 1is
thereby constituted. The first pyroelectric element 1 is

10 connected to the inverted input terminal, and in this
respect the c¢ircuit arrangement 1is the same as the
foregoing circuits. Further, the output terminal of the
operational amplifier 2 is directly connected to a
non-inverted input terminal of the operational amplifier

15 32, and the reference voltage Vr is provided to a
non-inverted input terminal of the operational amplifier
. .

Further, in this circuit, the arrangement is so
made that, with the reference voltage Vr provided to both

20 operational amplifiers 2 and 32, the output signal can be
obtained with reSpeét to the input signal of either the
positive or negative polarity, by raising the operative
point to the 1level of Vr, even when the operational
amplifiers are of unilateral sdurce driving system. In

25 this case, the reference voltage Vr is set to be within a
range of (0<Vr<vVDD {(wherein VDD is a d?iving source voltage
of the operational amplifier), and it is made possible to

obtain the largest operational range with respect to the



noi se,” so that any malfunction is nmade less to inprove the reliability. In
FIGS. 5to 8, there are shown concrete exanples in which a dual type
pyroel ectric elenent is 5 used. Wen such dual type pyroelectric
el enents are used as the first and sggggd pyroel ectric elenents, it is nade
possible to enploy two infrared ray r iving sections forned on a
pyroel ectric el enent substrate and connected in series respectively as
the first ;and <3ga@Nd dfther PWroelRE! Iddsitah@NeaG negaltd veTpiaputeach
of these two infraréd ray receiving sections as the first and second
pyroel ectric & &NEN Soy Méetifgechéi e8kb¥ence Fr&btageSur ardDDAR. s8awh
conductor patterns on both surtfaces of the pyroelectric 15 el enent
substrate 10pci Bee@bbieh clifeuitwEurictfiiarsedas raybapdepaissg Siddtéonsanda
(A) and 10b (B) are connected in series and enpl oyed as the first and
second pyroel act rimpedansat Z(S) Hte dcdriductdmepatsernepoasenthed rkyer de
si de

following Formula 5:

FORMULA 5:

___1___3

CfRi

1., 1
CfRi ~ C1R1CIfRi

Z (S) =—Rds -

S2+

Here, as the standard type of - secondary
band-pass filter is represented by a following Formula 6,
a further Formula 7 is obtained from both Formulae 5 and 6

as in the following:

FORMULA 6:
w0
“~ /S
T (S) = (OQ)
Sz+(£Q—) S+w0?
FORMULA 7:
1 CIRi(_L0)
w0= Q=V . =
Vf7CilRﬁlC fR1 C]iR]_- b

That is, it is séen that the frequency
characteristics of the conversion impedancé in this

circuit perform the function of band-pass filter. Here,



Surface of FIG 5b is shown as seen through fromthe front 20 side’
surface.. A further conductor pattern | Ce form ng a conducting path
connecting between respective connecting termnals or the receiving
sections may be provided. As shown in.an equivalent circuit of FIG 6, a
pair of capacity elenents CA and CB érglfGrned by the two infrared 25

ray receiving sections 10a and 10b on the front and rear surfaces of the

pyroel ectri I nt bstrate, d the first d. d I i
ol enent s are CoRs it (R FURHEE FOERYORGY coRREcE b | SRR EbLY TGS

Yy
es’t he
capacity - 13.-. elepgents CA and CB. FIGS. 7a and 7b show al so a :
conduct or pat?&rﬁhﬁnsgﬁgf ¥i%dsect on the front and rear surfaces of the

pyroel ectric el ement subgt e ch. Gl Guofl a0 HoRber 88 e Shdlt. Baf i as

seen through the front Side) an

pyroelectric infrared ray sensor at this time, the thermal
5 noise due to the resistor Ri comes into question as one of
the noise components. In order to restrain this, the
value of Ri must be set to be of such high resistance as
to be more than about 1T(tera)f, but this high resistance
is large in the temperature characteristics, so that the

10 value of Ri will be caused to be remarkably fluctuate due
to temperature variation. As the resistance value becomes
large, a peak is caused to appear in the frequency
characteristics of the conversion impedance, and the
circuit falls in an unstable state.

15 Here, there are taken measures for not causing
any peak to occur in the frequency characteristics of the
conversion impedance of the current-voltage converting
circuit even when the temperature varies, that is, for
rendering the stability of the circuit to be strong

20 against the temperature change.

For the resistors Rl and Ri which eventually
form the band-pass filter in this DC feedback circuit,
ones having the same temperature characteristics are
selected, so that, even when the value of Ri is caused to

25 remarkably vary due to the temperature variation, the
value of Rl will also vary in similar manner to achieve a
temperature compensation, and the selectivity Q is

eventually not caused to vary. In other words, there



5 FIG 8 shows an equivalent circuit of the pattern. In this equival ent
circuit, the capacity elenents CA and CB are fornmed by the two infrared ray
receiving sections 10a and 10b fornmed on the front and rear surfaces of the
substrate 10, and the capacity elenent CB is arranged to 10 formthe
second pyroel ectric el enment which fun_ct#ons as the feedback capacity. "FIGS.
9 and 10 show an exanpl e of an aspect M which mul ti el enent type

pyroel ectric el ement s re.employed. Thus, in FIGS. 9a.and 9b, copductor
patterns on I1FFC%%Hhe™%r (BFE- andt rJé}é%/ %§Fﬂélen§é’rf%{?:%’§ac%?n?ﬂjecs pyX oeF&%tri c
el ement substra I .h. which r infrared ray, r.eceivin [ used as -
connected in cgs(?a&r‘:;ee]!ssnlagn\‘t(; lp“é?éaﬁ?%%?éhr%ﬁéh%’vﬁy%%%fﬁg %?gk%végé%fégﬁfval'ent _

circuit of the patternsy, pi@ thys 183%?}5?, 2¥oNng ; fA! tid;[rﬂf r&¢ edepLay

20 recei.ving sections 10a (A) t0 a pair o e sections

10a (A) and 1fcd@nds WBhkadse2Rathes RA Mtk LBEve$8EbhONHpekihcd Bln and
10d (D) are respectively -

5 the above current-voltage converting circuit are shown.
Circuit constants are so set that the element capacity Ci
= 12pF for the pyroelectric element A, the element
capacity Ci = Cf = 12pF for the other pyroelectric element
B which functions as the feedback capacity Cf, Ri = 1Tgq,

10 Rl = 2.4G2 and Cl = 10nF. In the drawing, the simulation
results are shown by a curve (A) for the case in which the
rgsistors Ri and Rl are made 1 time as large, by a curve
{B) for the case éf 5 times as large and by a curve (C)
for the case of 10 times as large.

15 FIG. 18 represents the frequency characteristics
of the impedance in the case where the - temperature
characteristics of the resistors Ri and Rl are not
provided. While the circuit constants are the same as the
case of_FIG. 17, the characteristics are shown with the

20 resistor Ri only varied to be 1 time in the curve (A), 5
times in the curve (Bi and 10 times in the curve (C).

As will be élear from these results, the
frequency characteristics of the conversion impedance has
a sharper peak as the resistance becomes larger, whereas

25 in FIG. 17 no sharp peék is present, and any fluctuation
has been removed from the characteristic curve. According
to such curreht-voltage converting circuit, the

selectivity Q of the circuit does not vary even when the



connected in parallel and used as the first and second pyroelectric
elenments 1 and 1', the sections in the 25 paral l el connection of the
capacity elenents CA and CC constitute the first pyroelectric elenent 1,
and others in the parallel connection the capacity elenments CB and CD
constitute the second pyroel ectric elefirent 1'. FIG 11 - 14 - shows a
current-vol tage converting circuit constituted by the multiel enent type
pyroel ectric egfnents as_arranged in £q{res ondence mﬁEF FLfe Zircuit

ht

Fi C(}IBS 59a and h§‘6, Pfir tHT , B SSETIVE S e &R Son et £ and F i g
si des are_short-gircuited th t t
and rear sidergﬂ?Fgéégy R ?ﬁge hgggggﬁhgﬁggqgﬂgégg?ggﬁit?%égg?p?ﬁghet%&pnt

current-voltaggrggg¥éggggglgk§cggh el o AEP ¥ diedundéy variation in

ambient temperature. Particularly around 1Hz which is the

5 frequency. for detecting the human body 1is present in a
much lower sloped level than a.flat peak wvalue, and it
will be appreciated that the circuit is extremely stable
in respect of the ftequency characteristics for the human
body detection.

10 FIG. 19 is a circuit diagram showing a concrete
working aspect of the circuit of FIG. 16, in which the
feedback capacity Cf is provided with a rapid start
circuit 4, in addition to the basic arrangement of FIG.
16. This rapid start circuit 4 is provided to connect two

15 switching elements TA and TB in parallel to the feedback
capacity Cf, to connect a delay circuit 41 formed by a
series connection of a resistor R and a capacitor C to the
gates of the switching elements TA and TB, and to supply a
DC source power Vcc to this delay circuit 41. The two

20 switching elements TA and TB should preferably be
constituted by pMOSFET, while not required to be limited
thereto.

FIGS. 20A to 20C show results of simulation upon
connecting the circuit of this working aspect to the power

25 source. The circuit constants of this circuit are made
the same as those in the simulation of FIG. 17. 1In FIG.
20C, Vr denotes a reference potential, Vcc denotes a DC

source potential, and Vg denotes gate potential of the



result of simulation in respect of the circuit shown in 10 FIG 2 in

whi ch the DC
referred to f

feedback circuit is formed by the integration circuit is

i rst. The aspect enploying the dual type or nultiel ement

type pyroelectric elenents wll beconeaéhe sanme when the val ues of

resul tant capacity and resultant feedb

Anal yzing ini
conversion i
fol l owi ng For
shown in FIG
current
characteristl

10

k capacity are replaced. 15
tiaIIy t he output voltage V which wll be the signal output,
e nee Z a

B05EnE 2CnSLENRL CHETBRL | BrEan BY ARIed Lhepugp e

rsion |rrpe ance C aracteri ICS are

fi‘own%g tT)FCBlVeULégléchgﬂgvgrl%ﬁ%&tlsnp%agﬁa T%—[vﬁ{é;]reﬂeng'ﬁt

Seen |npedance
£5c0f 2651 9BGH RerLi pBt¥hiRafieapesh bathhe node and Vin is

a potential at an input nocde.

In the circuit of this working aspect of FIG.
19, a voltage at an output terminal of the capacitor C in
the delay circuit 41 rises a delayed immediately after the
connection to the source, and the capacitor holds its ON
state until the gate potential Vg of a PMOS transistor

forming the switching element reaches an OFF level,

whereby the input-equivalent capacity is caused to be

15

20

25

rapidly charged and discharged. As a result, it is
appreciated that as seen in FIG. 20A the potential Vout at

the output node is already stabilized at the time when the

" source voltage has fully risen.

The present invention as has been described is
applicable to all circuits for converting the output
current of the pyroelectric element into the oﬁtput
voltage with the wuse of the operational amplifier
utilizing the feedback capacity. While in this case the
use of the pyroelectric element as the feedback capacity
is optimum in the present invention, any other arrangement
employing a feedback circuit including an ordinary
capacitor for obtaining a proper feedback capacity may
even be employed as still another working aspect of the
present invention. Further, while in the foregoing there
have been disclosed a variety of working aspects in which

the pyroelectric elements are connected in many ways, even

a



- 15 - frequency are given by Z=I/(w Cf), so that the inpedance value is to
rise as the frequency decreases but, since the DC feedback circuit is being
operated, the inpedance is caused to fall inversely after a frequency
determ ned by 5 the tine constant tii% of the feedback circuit. That is,

the i npedance Z draws a curve having a“peak at an angul ar velocity wdc

determ ned by the tine constant tdc of the feedback circuit. Here, the tine
constant of the feedback cir.cuit .1%

| P Conef :llle\w_(fi't::uret @t{ené he
el ement curr &fit 3 FSFEHR" rlélm“f}ﬁec py?’%e?%%%?i 8nél é%ﬁte shows sioh
characteristies as ngté‘@ exd1QYiRNE 1 p%e %t Rl ctBRiEOMARNbd T -
Now, the out plt voﬁltage IS a product of the
effectively employed. Further, the equivalent capacity at
the input stage of the operational amplifier upon the
5 connection to the power source of course needs not be

~limited to the one performing the charge and discharge

with the high resistance employed.

10

15

20

25



conversi on i npedance Z and the element current Ip, and is obtained as V =
ZXIP. As a result, the inpedance eventually shows such™20

characteristics as BPF of which a low range cut1ﬁﬁ§m;ﬂ§gggﬂg
determ ned by the time constant tdc an?sa hi gh range cut Xﬂ&éﬂ
determ ned by the thermal tinme constan Anal yzi ng nej I w
characteristics, FIG 25 13 shows a result of analysi tive

noi se vol tages, i ich the, rpal noise and 1/f noise of the operatlonal
anplifier are n@?g@nﬁ%h Taﬁ?‘?gen%ed and’ repr esent their ruling

t . - T t _ ) . _
06, °2) o Amp. cutent AnBY %%;e%g?uo&%}*ﬂa_ Prdsor ‘dohpbeks] anol se

first pyroelectric element, a current voltage converting

circuit for converting a current signal output from the
pyroelectric element into é voltage signal, and an
amplifying circuit for amplifying an. output from the
current-voltage converting circuit, wherein the
current-voltage converting circuit comprises an
operational amplifier, a DC feedback circuit for feeding
back a DC component to the operational amplifier, and an
AC feedback circuit for feeding back an AC component to
the operational amplifier.

2. The sensor according to claim 1 wherein the AC
feedback circuit comprises a capacitor.

3. The sensor according to claim 1 wherein the AC
feedback circuit comprises a capacitor component of a
second pyroelectric element.

4. The sensor according to claim 1 wherein thé AC
feedback circuit comprises a second pyroelectric element.

5. The sensor according to claiml 4 wherein the
first and second pyroelectric elements respectively
comprise a plurality of selected ones of infrared ray
receiving sections formed on an identicél pyroelectric
element substrate.

6. The sensor according to claim 4 wherein the
first and second pyroelectric elements respectively
comprise éelective one of two infrared ray receiving

sections formed on the same pyroelectric element substrate

THIS SHEET HAS BEEN

(NI L eetace




ﬁoiée’ve, and 4) FB system noise Nfb, which are obtained through

h oiicoh
Formulae 4 as in the follow ngs. FORMULAE 4. tan [err] noisg,. °

V[err]= [err] OP Anp. Current Noise: V i=[err] OP Anp. Vol t atgns cen ced
= v n Gv FB System Noi se: Nf b= [err% Ri Thernmal Noise: WV u ul, |
wherein Z =[err] FIG 14 shows a res ft~of the simulation I
calculating in fact the respective noises with the typical paraneters,

while FLe 12 BBOy8nsgaULhe BlchbfeStBURE!bONa Alar Shbealio 48 W1

be c¢lear from e respective nolse characteristics, the noise V6 due to

the dielectric |ossytan f,of SARAGH! Yodok AR Wes! M6 1Ml anOURtielrtah, @nd

FIG 15 shows its tofql noil se as Nv and the signal output as Sv. S/Nratio
can be obtai negpobyaSvbil1 ERE1ERE RUMRRS el i KPP AT hseAaNEe hsashyeabhensyl

large enough for rendering a current noise component of
the amplifier to be smaller than a noise component
occurring due to a dielectric loss of the pyroelectric
element.

8. The sensor according to claim 1 wherein the DC
feedback circuit includes an integration circuit.

9. The sensor according to claim 8 Wherein a
voltage dividing circuit is connected to an input end of
the integration circuit.

10. The sensor according to claim 9 wherein the
voltage dividing circuit comprises a circuit of resistors
in a T-shape connection.

11. The sensor according to claim 8 wherein the
integration circuit comprises a first resistor of a high
resistance and a second resistor, the first and second
resistors having substantially. the same temperature
characteristics.

12. The sensor according to claim 1 wherein the
operational amplifier 'has an input-equivalent capacity
matching with an equivalent capacity of the first
pyroelecﬁric element.

13. Thé sensor according to claim 12 wherein the
operational amplifier includes an input transistor, and
the input-equivalent capacity of the-operational amplifier

is determined by dimensions of gate electrode of the input

[TriS SHEET HAS BEEN
[




# 17 T one enpl oyi ng the FET buffer, the sinulation was carried out wth
respect to the current-voltage converting circuit, under the sane

conditions as in the present invention. 5 As a result of both
analysis, the S/Nratio according to ghe present invention is: Nv(out) =
2.4 [err] Sv(out) = 3.0 [Hv] t hereforg® 10 : SIN=1.3

(but 1Hz). On the other hand, S/N ratlo according to a conventional system
enpl oyi ng FEdrSwE{etoras: Nv(out) = 2.4 [err] Sv(out) = 1.4 [[err]vV]

THIS SHEET HAS BEEN |
| REPLACED i

This Sheet Has Been Rerlaced
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15 therefore, S/IN = 0.58 (but 1Hz) as a result of cal cul ation
Fromthe foregoing results of the sinulation, it has been found that,
according to the present invention, 20 an inprovenent in SINratio is
attained to an extent of about twice as,druch as that in the case where the
FET buffer has been used, around 1Hz inportant as the frequency for
detecting the human body. It _has been_also found that, since the elenent 25

capacity C has changed fr%ﬁ?@EBECT%IC165§5ARFﬂeRA%o$§§S?§duction has

been realized with the sane elenen Lhility., Qualitatively
anal yzi ng the above, it appears - 18£§§$£§b¥

A pyroelectric infrared ray sensor is
constituted with a current-voltage converting circuit
utilizing an impedance of feedback capacity, obtained by
adding the feedback capacity to an operational amplifier
receiving as an' input an element current from a
pyroelectric element, whereby the current-voltage
converting circuit can be improved in S/N ratio without

altering characteristics of the pyroelectric element.

[ THIS SHEET HAS BEEM
REPLACED -




t hat the noise reduction as a whole has been realized by the renoval of the
thermal noise due to the resistance Rg which has been overwhel mi ng as the
conventional noi se conponent. While in the results of sinmulations of
FIGS. 5 14 and 15 the noi se has not been reduced in the absol ute val ue
since the conversion inpedance has risen than in the case of using the FET
buffer, the signal output voltage Sv-4slaso raised by that extent and,
consequently, the S/Nratio has been inproved. 10 Accordi ng
to a noise analysis perforned by the present inventors, further, it has
been found thﬁg'ﬁ ngl | er the feedback capacity of t he

(]

oper ati onal the higher the S/N ratio made obtai nabl e. In the
exanple of the simulation, it has been al so possible 15 to attain a
further twice as high |rrproverre‘rNPlé'5 that |@ft he conventional system by
rendering. the el enment capag w® y el ement constituting the

f eedback capacity to be a ‘,mal | er vaI ue tha\n 1 OpF.

24\\<T 2 OUTPUT
' ©

DC FEEDBACK
CIRCUIT

FIG.1B

2 OUTPUT

J:%AMP J@_

DC FEEDBACK
CIRCUIT




In view of the results of the noise analysis 20 confirmed by the present
inventors, further, the current noise of the operational anplifier used for
the I/V conversion should preferably be snaller for obtaining the higher
S/Nratio, and the operational anplifier of a type small in the input bias
current, that is, of a type high 25 in the input inpedance is desirable.
As the operational anplifier satisfyifg2sdach conditions, in general, the
one of a type using FET at input stage may properly be used. Referring next
to the pyroelectric infrared ray - 19 - sensor as shown in FIG 16 of

t he present invention he resistor R is connected between the output

term nal of thdegdGia]' nal anplifier 32 to which a feedback capacitor G
is connected and the inverted input ‘term nal of the
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5 operational anplifier 2 to which a certain feedback capacity Cf
of the second pyroelectric elenent 1' is added, the further resistor R is
connected to a source of reference voltage Vr, and the DC feedback circuit
is thereby constituted. The first pyroelectric elenent 1 is 10

connected to the inverted input termnal, and in this respect the
circuit arrangenent is the sane as the 3o+e90|ng circuits. Further, the
out put term nal of the operational anplifier 2 is directly" connected to a
non-i nverted | nal of the operational anplifier 15 32, and

t he reference gr1 is provided to a non-inverted input
termnal of the operatlonal 3 ifier 2. rther, in this circuit, the
arrangenent is so nade that, th the ygference voltage Vr provided to both

20 ° operational fanplifrers &7and 32, | ﬁ\1outp1t signal can be.obtained
with respect to thd:qn ut signpl of ei t hef 'the positive or negatlve |

polarity, by raisimng er - ? outTPUT
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poiht to the | evel of Vr,

uni | ateral source driving system In 25

voltage Vr is set to be within a range of O<Vr<VDD (wherein VDD is a

driving source voltage of the operational
possi ble to obtain the | argest operational
20 - input signal

setting the reference voltage Vr = VDD 2.

even when the operational

this case, the referenc

anplifier), and it is nade
range with respect to the

Such DC feedback circuit

functions as a band pass filter, and an inpedance Z(S) at this
is represented by a follomnng Formul a 5: FCRNULA 5: [err] Here,
the standard type of secondary
FI1G. ba
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time
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band-pass filter is represented by a followng Fornmula 6, a further Fornula
7 is obtained fromboth Formulae 5 and 6 as in the foll ow ng: FORMILA 6:
[err] FORMULA 7: [err] That 1is, it is seen that the frequency
characteristics of the conversion inpedance in this circuit perform
the function of band-pass filter. Her e, - 21 - w10 is the center
frequency, and Qis generally regarded gs the selectivity. In the
current-vol tage converting circuit in the pyroelectric infrared ray sensor
at this tinme, the thernal :
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5 noi se due to the resistor R cones into question as one of the noise
conponents. In order to restrain this, the value of R nust be set to
be of such high resistance as to be nore than about | T(tera)[err], but this
high resistance is large in the tenperature characteristics, so that the 10
value of R will be caused to be remarkably fluctuate due to tenperature
variation. As the resistance val ue becobes | arge, a peak is caused to
appear in the frequency characteristics of the conversion inpedance, and

the circuit falls in an unstabl e state. 15 Here, there are
t aken neasures Tbg S|ng any peak to occur in the frequency
characteristics he conver si on ed¥0ce the current-vol tage
converting circuit even when the ﬂ er ure ries, that is, for rendering
the stability of the circuit tg {irong—26 apai nst the tenperature
change. For the resistors Rl a1d Rl whi ch evéntua}ly formthe band-pass
filter in this DC feedback cirguit,
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ones having the sane tenperature characteristics are selected, so that,

even when the value of R is caused to 25 ° remarkably vary due to the
tenperature variation, the value of RL will also vary in simlar manner
to achieve a tenperature conpensation, and the selectivity Qis eventually
not caused to vary. In other words, there - 22 - occurs no peak in

the frequency characteristics of the cenversion i npedance, and the
stability can be attained. In FIG 17, results of sinulation of the

frequency characteristics of the conversion inpedance in 5 t he above
current-vol tage E%hQigfﬁhg circuit are shown. Eggfuit constants are so set
that the elenent capacity G = |2pF fror- the py ect+iL£ elenent A the
el enent capacity G = Cf = | 2pF for tjhe other'byr%elect'ic el enent
B Ve
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B whi.ch functions as the feedback capacity Cf, R = 1T[err], 10 R =
2.4 err] and CL = I OnF. In the drawing, the sinmulation results are shown
by a curve (A) for the case in which the resistors R and R are made 1
time as large, by a curve (B) for the case of 5 tines as large and by a
curve (C) for the case of 10 times as large. 15 FIG 18
represents the frequency characteristi@s of the inpedance in the case
where the tenperature characteristics of the resistors R and R are not
provided. While the circuit constants are the same as the case of FIG 17,
t he characterlsfm@al«gshom with the 20 resistor R only varied to be
1 time in the cur 5tinmes in the curve (B) and 10 tines in the curve
(©. As will be clgar fromthese results, the frequency characteristics of
t he conversion i npgdance has a sharper peak as the resistance becones

| arger, whereas 25 in FIGyg7 no sharp peak is present and any.

fluctuation has Begn removed fromthe char gksrqﬁl s%z QHE Y, eve%_ggﬂrbdi ng
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to such

the circuit
resi stance
tenperature

current-vol t age converting circuit, the selectivity Q of
does not vary even when the - 23 value of the high

elenent in the <circuit remarkably changes due to the
change, and the circuit stability can be inproved even under

variation in anbient tenperature. Particularly around | Hz which is the 5
frequency for detecting the human body ps-present in a much | ower sl oped

| evel than a flat peak value, and it will be appreciated that the circuit
is extrenmely stable in respect of the frequency characteristics for the
human body det eF!J@;. tg FIG 19 is a circuit diagram show ng
a concrete working asp

capacity Cf

M of the circuit of FIG 16, in whi.ch the feedback
i s provi ded-994 o bos

a raprd start
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circuit 4, in addition to the basic arrangenent of FIG 16. This rapid
start circuit 4 is provided to connect two 15 switching el enents TA and
TB in parallel to the feedback capacity Cf, to connect a delay circuit 41
formed by a series connection of a resistor R and a capacitor Cto the
gates of the switching elenents TA and TB, and to supply a DC source power
Vcc to this delay circuit 41. The tw$026 switching elenents TA and
TB should preferably be constituted by pMOSFET, while not required to be
limted thereto. FIGS. 20A to 20C show results of sinmulation upon

connecting the circuit of this working aspect to the power 25 sour ce.
The circuit constants of this circuit are made the sane as those in the
simulation of FIG 17. In FIG 20C, Vr denotes a reference potential, Vcc
denotes a DC source potential, and Vg denotes gate poteﬁgiqL of the
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- 24 - switching elenents TA and TB. FIG 20B shows a current i flowing to
the switching elenents TA and TB whereas, in FIG 20A, Vout is a potential
at an output node and Vin is a potential at an input node. 5

In the circuit of this working aspect of FIG 19, a voltage at an out put
termnal of the capacitor Cin the delay circuit 41 rises a del ayed

i medi ately after the connection to theysource, and the capacitor holds its
ON state until the gate potential Vg of a PMOS transistor 10 form ng
the switching elenment reaches an OFF |evel, whereby the-

i nput - equi val ent capacity is caused to be rapidly charged and di scharged.
As a result, it 1is appreciated that as seen in FIG 20A the potenti al
Vout at the output node is already stabilized at the tinme when the 15

source voltage has fully risen. The present invention g¥has been descri bed
is i&
| ™
T
o\—‘
= >
] o
3 z
. [T}
. 2
1 &
1 E e
o
uj -.g
2 1%
w S i
(Duj 4
£t |
<z E
4o
1
1€
o
T -
o,
©
o
3 0
:f“
]
(e 0 12
L o
0 2
o O -
= 5 8 g 8
— o o -—
1. = =
e

(T ) 3ONVA3dNI ONILY3ANOD -



applicable to all circuits for converting the output current of the
pyroelectric elenent into the output voltage with the use of the
operational anplifier 20 utilizing the feedback capacity. Wile in this
case the use of the pyroelectric elenent as the feedback capacity is
optimumin the present invention, any other arrangenment enploying a
feedback circuit including an ordi naryl@apaci tor for obtaining a proper

f eedback capacity may 25 even be enpl oyed as still another working
aspect of the present invention. Further, while in the foregoing there
have been disclﬁsgg§a3¥9riety of wor ki ng aspects inTAhﬁththe pyroel ectric
el ements are connect'ed ¥n nmany ways, even - 25p-—gharrangenent i n which
at | east one pyroelectric element is conngcted exﬁ& ively to a feedback
circuit may be ém\\ i 41
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efféctively enpl oyed. Further, the equivalent capacity at the input stage

of the operational anplifier upon the 5 connection to the power source
of course needs not be limted to the one perform ng the charge and

di scharge with the high resistance enployed. 10 15 20 25 -26- What is
clainmed is: 1. A pyroelectric infrared ray sensor conprising a
first pyroelectric el enent (1), -18 -current-voltage converting

circuit for converting, a current signal output fromthe pyroelectric
el ement into a voltage signal
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and an anplifying circuit for anplifyi ng an output fromthe q}ouls'l~2~
current-vol t age converting circuit, ~characterized in that t htPOY
current-vol tage converting circuit conprises an operational anplifier (2),

a DC feedback circuit (3) for feeding back a DC conponent to the

operational anplifier (2), and an AC feedback circuit (Cf) for feeding back

only an AC conponent. to the operational amplifier (2). 2. The sensor
according to claim 1, characterlzgg in that the AC feedback circuit
(Cf) conprises a capacitor . Thé “densor according to claim 1,

characterized in that the AC feedback circuit. (Cf) conprises a capacitor
conponent of a second pyr GHRQELECIRAG ANRRARED RAY SENSMR sensor

according to claim 1, characterized in that the AC feedback circuit .
(Cf) conprises a second pyroel ectri c‘@%ﬁ“’(l ) 5. The sensor '
according to claim 4, characterized in {hat first and second

pyroel ectric el ements (1, 1'BYTRIRRET Ry 1R ?? e J3Yp| uPRRSLY ofis

sel ected oNgR néiltuted with a current-voltage converting circuit

utilizing an impedance of feedback capacity, obtained by
adding the feedback capacity to an operational amplifier
receiving as an input an: element current from a
pyroelectric elemeﬁt, whereby the current-~voltage
converting circuit can be improved in S/N ratio without

altering characteristics of the pyroelectric element.

Figure 1
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i nfrared ray receiving sections (10a- 10d)' formed on an identical
pyroel ectric el enent substrate (10) The _sensor according to claim

res ly conprise selective ne of two frared ‘ray receiving
sec (10a, 10b) formed on the sa pyr oel ectr - 27 - el enent

4, mterl zeSEARCE REPORTFt Apphcmmh’mﬂﬂﬂiﬂe&!ectrl c elements (1,1")

TF@AP@TVE@QW thée elenent to De of a dual type. 7. The — Sensor
a(\(\nr characterized in that the operational anplifjer

(2) has an i nput i rrpedance sufficiently large enough for rendering a
cur r enPYROEEECTRIO INFRARED RAYXRSBNSORr to be snaller than a noise
conponent occurring due to a dielectric |oss of the pyroelectric el enent.
A pyroelectric infrared ray sensor is constituted with a current-voltage converting circuit
utilizing an impedance of feedback capacity (Cs), obtained by adding the feedback capacity to
an operational amplifier (2) receiving as an input an element current from a pyroelectric
_ element (1), whereby the current-voltage converting circuit can be improved in S/N ration
without altering characteristics of the pyroelectric element.

Figure 1A.
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8. The sensor according: to cl ai3n;: 1, cih:ar;acteri zed{ i _EPL GEMENT SB’ECET
feedback circuit (3) includes an jntegration:circuit (3}]) The _sensjpr

; - 9.
.according to claim 8, . characterized_igcthat a voltape @ ARRN99 (L
citcuit (4) is connected to an.input e 3 of the integfalion circuit 1

10. The sens accordi o, ¢claim 9, characterizéd_ it
vol t age di vi di nylﬁﬁ cut téij(%q“%%rflp% ses a circuit of r sﬂ@&\éggiﬁa&)—

AY

in a T-shape gonnegtigoysadi e in¥eRsed GO ddikor! akdmpBisi . l
characterized inf’t ha_?&t hggfﬁ%eg?gf%n éinrcuit (31) “conpri soes a fieslt' e POS’
resistor (R) &fia¢hi gfytesistapee anchamsPeonNd 1)gsi shor ¢iryentiveltagest
and second resistors (R ,R) having substantially the sane tenperature
characteri sddoferting Ehecuiensfor eonveditigg ta chairentl,sigrr acttputed
in that the operational anplifier (2) has an input-equival ent capacity
rr:atchl ng Wi#dm aBheeqpiywaledrictrdapacélement theofirasst ywylrgectsignal,
el ement (1). :

and an amplifying circuit for amplifying an output from

the current-voltage converting circuit, characterized

in that the c&rrent—voltage conv?rtiﬁé circuit comprises

an operational amplifier (2), a DC feedback circuit (3)

— for feeding back a DC component to the operational amplifier
(2), and an AC feedback circuit (Cf) for feeding back

only an AC" component to .the operational amplifier (2).

2. The sensor according to claim 1, ,characterized
in that the AC feedback circuit (Cf) comprises a capacitor.-

3. The sensor according to claim 1, characterized

in that the AC feedback circuit (Cf) comprises a capacitor
component of a second pyroelectric element (1').

4, The sensor according to claim 1, gharacterized

in that the AC feedback circuit (Cf) comprises a 'second
pvroelectric element (1').

5. The sensor according to claim 4, -characterized

in that the first and second pyfoelectric'élements (1,1')
respectively comprise a plurality of selected ones of
infrared ray receiving sections (iOa-lOd) formed on an
" identical pyroelectric_elemeng substrate (10). |

6. The sensor according . to claim 4, characterized

in that the first and second pyroelectric elements (1,1')
respectively 'comprise selective one of two infrared ray

receiving sections (10a,10b) formed on the same pyroelectric

TN A RO |




13 The sensor according to claim12, characterized in that the
operational anplifier (2) includes input fransi stors (TA TB), and
the input-equivalent -capacity - 28-.0f the operational anplifier (2)
i s. determ ned by di mensi ons of gate el éc??oae of the input transistors

(TA. TB). R%Pll'e'?‘n%% N-I;;u%lg Er-lé.tze 7 (AIF()B 1%:909 render the element to be of

a dual type.

7. The sensor according to claim 1, characterized

in thatéthe operational amplifier (2) has an input impedance
sufficiently large enough for rendering a current noise
component of the amplifier to be smaller than a noise
.component occurring due to a dielectric 1loss of the
pyroelectric element.
8. The sensor according to claim 1, gcharacterized
— jn that the DC feedback circuit (3). includes an integration
circuit (31).

9. The sensor according to claim 8, gcharacterized

in that a voltage dividing circuit (4) is connected to

-an input end of the integration circuit (31).

10. The sensor accofding to claim 9, gcharacterized

in that the voltage dividing circuit (4) comprises a

circuit of resistors (R2-R4) in a T-shape connection.
11. The sensor according claim 8, characterized

| in that the jintegration circuit (31) comprises a first
resistor (Ri) of a high resistance and a second resistor
(R1), the first and second resistors (Ri,Rl) having
substantially the same temperature characteristics.

12, The sensor according' to claim 1, characterized

in that the operational amplifier (2) has an input—gquivélent
capacity matching with .an equivalent capacity of the
first pyroelectric element (1l).

13. The sensor according- to claim 12, characterized

in that the operational amplifier (2) includes input

transistors (TA,TB), and the input-equivalent capacity
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- 287~
of the operational amplifier (2) is determined by dimensions

of gate electrodé of the input transisters (TA,TB).
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