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2225108 - 1 "Sensor In I C Formation"” SPECI FI CATI ON Techni cal Background of
the I nvention: This invention relates to a sensor in IC formati on as 5

‘made’into a single chip. The sensor of the kind referred tQQa 56‘] 08(
Ne

effectively utilized as::.ia phot oel ectric - ‘#&noke sensor -
phot oel ectric intrusion sensor. Dilclosure of Prior Art: 10 The ~
phot ogl ectric sensor has been widely enployed in detecting snoke at initial
stage’ of occurrence of fire or in detecting any intrusion by a person or
the Iike into a detecting amngan@orCostidiEd ARsteidgran exanpl e of the known
phot oel ectric sensors, a 15 ——smoke-sensor—drsctosed in U S. Patent No.
4,481,506 of Hiroshi Honma may besprgieiehedonaccording to which the sensor
includes sensor circuit lines [err] and [err] connected to a receiver, and
a direct credlemicabl Bagkgroandpplfi athea@mosstiwse |ines [err] and [err] so
t hat, when these lines are 20 short-circulted, inherent increase in
circuit currerfhis|inbentiehecedadtes tcge«'nesaneorarin dGrfersaghan. as

More specifically, the sensor of this patent is provided with a di ode

bri d@e whikdfeacHitved ainglanFhdPerati on even when the lines [err] and
[err] are connected in rev swtchtgg ci.rc IS

| arjt
provi ded at nelte s$eQROHf© hegﬁl %/%16 rgg §°t Sk Rarf
short-ci reui 4y ng.ghe 1] ngf%ggrg.lotonfeég (L DY_80hd 098"l ) g

count circ
photoelectric intrusion sensor.

Disclosure of Prior Art:

10 The photoelectric sensor.has been widely employed in

detecting smoke at initial stage of occurrence of fire or

in detecting any intrusion by a person or the like into a
detectihg area or constructions. |

As an example of the known photoelectric sensors, a

15 smoke sensor disclosed in U.S. Patent No. 4,481,506 of

Hiroshi Hoﬁma.may be enumerated, according to which the

sensor includes sensor circuit lines &, and 25 eonhected

1

to a receiver, and a direct current voltage is applied

across these lines &, and !, so that, when these lines are

1 2
20 short-circuited, inherent increase in circuit current will
be detected to generate an alarm signal. More

specifically, the sensor of this patent is provided with a
diode bridge which achieves a normal operation even when
the liines zl and 22 are connected in reverse polarity, and

25 a switching circuit is provided at next stage of the diode
bridge so as to be turned ON for short-circuiting the
lines 21 and 2, by a trigger signal from a count circuit
cof a post stage.



- 2 Further, a constant-voltage circuit is connected to the lines [err]
and [err] for converting the direct current voltage obtained at a DC
out put term nal of the diode bridge into a predeterm ned constant voltage,

whi ¢ch. 5 voltage is applied to predetermined internal circuits. At next
stfe of the constant voltage circuity an oscillating circuit is connected
so that a reference clock signal will be provided fromthis oscillating

circuit to a timng control <circuit where the reference clock signal
is 10 frequency-divided to_pro

250 oy OEIE I S5 PR (e nd SEAR Lot onlestaae

trol signal for controlling

ot e S3hg) 114000, L8814 90k Midd g eLpgeninahidtk dee t kesrahndr L ven

intermtte I ghtl recei vilhg el enent 1's di 5posed for receiving a 15

faint pul sed,light geneialad As an i bhegurul s6dmbinaht bfonende dighd
emtting elenent” . is scattered by snoke particles, and an output signal

provi ded fpemgdqae iy rg£cep¥engterninet i kdmspmse volthgerecaihisth

pul sed light is anplified through an anplifier to be a first input to a 20
post - st agedo1¢@geariat @ppliedito iptedetmxmeimed antechedecdecsiigml At
provi ded as a second input to the conparator froma reference voltage
source, theet sttagrd ofeddred donmttantareo koapar edrahil ed8h odidrilatRB it is
t hus discrim nated whether or not the output signal fromthe 25 | i ght

recei vi ng eliewaritt iis atormestmd 89 rithateve| referepcenlofk®ignat sl case,
.the conparator is connected to a count circuyit which turns. ON a swtch
circuit sobenaprovikdadt Hrawnibhist oPSpiddPEERY t S1EGUISt EPgrdl %FiMNe

. control circuit where the reference clock signal is

10 frequenéy—divided to provide to a driving circuit for a

post-stage light emitting element a light-emission control

signal for controlling light-em.i'ssj_.on.timing of the light
emitting element which is thereby driven intermittently.

A light receiving elemént is disposed 'for-receiving a

15 . faint pulsed light generated as an emitted pulsed light

from the light emitting. element is scattered by smoke

particles, and an 6utp'ut signal provided from the liight

receiving element in response to the received pulsed light

-/ is amplified through an amplifier to be a first input to a

20 post-staged comparator. At this moment, a reference

signal is- provided as a 'éecond input to the comparator

from -a reference voltage source, the first and second

inputs are compared with each other, and. it 1is thus

discriminated whether or not the output 'éignal from the

25 light receiving elefnent is a_t' a scattering level due to

the smoke. In this case, the comparator is connected to a

count circuit which turns ON a switch circuit so that,

when the comparator provides its output signal to the



3 count cirguit nore than twice, for exanple, the count circuit wll
provide to the switch circuit a trigger signal. In order to fabricate
such'relatively large scale 5 sensor circuit as shown in the foregoing
U S. patent into a sensor mnimzed in size and wei ght and nade al so -

| nexpensive, the circuit will be.gengrally fornmed into a sem conduct or
integrated circuit enploying PN junction and isolation to formtherein
CMOS, DMOS and bi pol ar el ements 10 which are electrically isolated
from one another re e i | ed (o] ju I on, Wi | e
this cfrecd “ng:rrp 2%?%3% SHS) jﬁ{n%fi c?%ﬂgnéd i§8§‘at %gﬁmf’s%léi m’%f‘%r Rupt
'nexpens'V&ré&eéev;ﬂriﬂm%oei%obk ! %ﬁé.t g‘h&&he%{f%@it' spl i ppgOf the
el enents is I nconplete en 15 ight is caused to be I ncident Upon the
PN juncti qqyqiidnd, it is another problemthat a | eak current between the
respective €lenents is likely to becone relatively large to render an
interel enent cayplor@ert otbe gabfictte touenoirblaivelyeclungal stfid: A
primary object of the present invention is, therefore, to provide a sensor
in the | Cdertgtnt iixrovitthasl $bhasnaiaomect foregd bhgoU .50 Ipatarit eireto

bet ween respective constituent elenents irrespective of the 25

i nci dent 4 i gensozgveminimized réhatsveey anflargeightcadrdplnade| exlsoc
sensor arrangenent involving a variety of the elenents high and low in the
wi t hst and ingxpanrsived thecgpasudt will reemgeagnally cfloxmrad intee a

occurrence  of ) . . . . ]
semiconductor integrated circuit employing PN junction and

isolation to form therein CMOS, DMOS and bipolar elements ~
10 which are electrically isoclated from one another by a
reverse bias' applied to the PN junction. While this

circuit employing the PN junction and isolation is simpler
and inexpensive, there remains a problem that the
electrical isolation of the elements is incomplete when

15 light is caused to be incident upon the PN junction, and
it is another problem that a leak current between the
respective elements is likely to become relatively large
to render an interelement coupling to be difficult to
avoid.

20 Technical Field:

A primary object of the present invention |is,
therefore, to provide a sensor in the IC formation which
allows a complete isolation to be achieved between
respective constituent elements irrespective of the

25 incident 1light even in a relatively 1large scale
photoelectric sensor arrangement involving a variety of
the elements high and low in the withstand voltage, and is

capable of remarkably reducing the occurrence of



=4 mal function due to‘any-interference between the el enents by restraining
| eak current between themand |owering as far as possible the probability
‘of cdusing any false alarnming or of failing to give any alarmng. 5
Accerding to the present invention, the above obj.get is attained by a
sewsor in an 1C formation wherein sensor circuit [ines are connected to a
swi tching neans for short-circuiti ng between the lines and a power
source nmeans for taking out fromthé& |lines a source voltage, the 10
power sourgglFeABEibs @aBnad esnqt interfftersdigbet@ecan ither giknenls

operating neans, light emtting neans and driving mneans for the [|ight
emtting byeaestraihlag Neakndierénopbeaers nEees bedndlewernimed aksor
driving the driving neans to intermttently actuate the Ilight 15

enitting nBans,asa pogstiblecethengprebabild tyr ovifdedafisingecehnyi nfadsepul sed
l'i ght generated as light fromthe Ilight emtting nmeans is scattered, and a
conpari ng abamsing proefdédildngetsi @ van anpla¥ameirnggnal of an out put
fromthe light receiving nmeans together with a reference 20 nal , an

outpl! of the ReAPEFIAG ﬁ@aﬁé‘%eﬁ’ﬁ@sﬁ%vﬁdﬁfﬁfo’*%‘coEH?era%‘é%s°PgFCt

roviding a tr nal to the switchi ans, .characterjized in that
-?hewrelspgc%?v%{:ﬁ‘ghﬂ§3ag¥ PoFﬁBBOFn-ﬁ\c’S‘M i?ﬁ'eSEa SFTALAON ¢ %‘feil:%nEfelpfﬁgnt
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Dr awi ngs:
means for taking out from the lines a source voltage, the

vlo power source means is connected at its post stage to an

intermittent operating means, light emitting means and

driving means for the 1light emitting means, the

~ intermittent operating means being arranged for driving

_t,he driving means to intermittently actuate the light

15 emitting means, a light receiving means -is provided for

receiving a f—a—rn-t pulsed light generated as light from the

light emitting means is scattered, and a comparing means

_is provided to receive an amplified signal of an output

o/ from the light receiving means together with a reference

20 signal, an output of the comparing means being provided to

~a counter means for providing a trigger signal to the

switching means, characterized in that the respective

means are formed into integrated circuits of constituent
elements on. a dielectric isolation substrate.

25 Other objects and advantages of the present invention

sha,;l_ be made <clear in following explanation of

embodiments of the invention.

Brief Explanation of Drawings:




5 FIG 1 is a block diagramof a sensor in IC formation according to the
present invention; FIG 2 is a sectioned view of a dielectric isolation
type integrated circuit which realizing the sensor shown 5 in FIG 1;°°
FIG 3 is a nore detailed circuit diagramof the sensor of FIG 1; FIG ~dr
is a detailed circuit diagram show nd an oscillating circuit and a timng
control circuit in the 10 sensor of FIG 1; FIG 5 is a detailed circuit
di agram showi ng a counter circuit in the sensor of FIG 1; FIG 6 is a
detail ed circuFrtcdi agnamas biwvickg ddragyzen abf oaakeasplri firer IC nfbkmatiignng
control circuit in the 15 sensor of FIG 1; FIG 7 is a detailed circuit
di agr am shaecogdingeter ¢hee pr@sentsdwnmwsntcionuit in the sensor of FIG 1;
FIG 8 shows waveforms at various parts in the sensor of FIG 1, 20

FIG 9 shows Bp6ratd ckmla gagtiepss view toke acfiglactyyeuisolatipe
sensor of FIG 1; FIGS. 10 through 13 show in sectioned views bricating
sequence oFYEedﬁﬁqﬁﬂﬁﬁQ9qsﬁﬂ%ﬁWﬁh F?ﬁgmlﬁ%ﬁﬁ%ﬁkﬁﬂcFPGwﬁe?§£ﬁlngU"the
sensor of FIG. 1, 25 FIG 14 is a detailed circuit diagram show ng
anot her worRi éGas édct of the light enmitting element and its driving

circuit which are enployable [ n the;sensplaofcHlGids diagram of the

sensor of FIG. 1;
FIG. 4 is a detailed <circuit diagram showing an

oscillating circuit and a timing control circuit in the

~/
10 sensor of FIG. 1:
FIG. 5 is a detailed circuit diagram showing a counter
circuit in the sensor of FIG. 1;
FIG. 6 1is a detailed circuit diagram showing an
'operational amplifier in the timing control circuit in the
15 sensor of FIG. 1;
FIG. 7 is a detailed circuit diagram showing a
reference power source circuit in the sensor of FIG. 1;
FIG. 8 shows waveforms at various parts in the sensor
of FIG. 1; ~

20 FIG. 9 shows operational waveforms of the counter
circuit in the sensor of FIG. 1;

FIGS. 10 through 13 show in sectioned views a
fabricating sequence of a dielectric isolation type
integrated circuit realizing the sensor of FIG. 1;

25 FIG. 14 is a detailed circuit diagram showing another
working aspect of the 1light emitting element and its
driving circuit which are employable in the sensor of FIG.

1l;



.6 FIG 15 is also a detailed circuit diagramshow ng still another working
aspect of the light emtting elenent and its driving circuit enployable in
the sensor of FIG 1; 5 FIG 16 is a circuit diagramshowi ng a |ight
recei ving el ement enpl oyabl-e in conbination with the light emtting el enment
of=FIG 15; FIG 17 is a circuit diaframshowing a |ight receiving and
signal processing circuit in another working aspect 10 and enpl oyable in
the sensor of FIG 1; FIG 18 shows operational waveforns in the circuit of
FIG 17, FIG k8. ifs 8s Chis¥i ta diedghiaey sépweagt tdEagtafhishioeGeigli ng
el ement and signal processing circuit in still 15 anot her wor ki ng aspect
enpl oyabl e gith 1tth@nsenes wirkilng adspddiG of Otisdonsghpeeatiteialg wleafesrtts in
the circuit of FIG 19; FIG 21 shows the light receiving el enent and

si gnal proeedgsiitg dtivind cirouiyeemplayebiier in wohé&i mpnsaaspeét FAG.

enpl oyable in the sensor of FIG 1; FIG 22 is a detailed circuit diagram

I n anot her lwor ki ng aspect of the counter circuit enployable in the sensor
of FIG 1; and FIG 23 is a detailed fragnentary circuit diagram.in 25
anot hBr wor ki n§Ifspdét isf a e rsaHtordiapsMn cFhewtne ofntdmhE FEFEE VoI G

22 is enployed. Wile _the present invention shal w be.detailed. i.n the
.foIIomﬁngseéﬁﬁﬁnFeFEP@ﬂM?qH?t*ﬂaEﬂﬂBaPﬁﬁhPE ¥&£ﬂ:¥ﬁ? f;gﬁ% emitting
element of FIG. 15; '
FIG. 17 is a circuit diagram showing a light receiving

and signal processing circuit in another working aspect

- _
~ 10 and employable in thelsensor of FIG. 1:;

FIG. 18 shows operational waveforms in the circuit of
FIG. 17;

FIG. 19 ié 'a circuit diagram showing the 1light

~ receiving element and signal processing circuit in still
15 another working aspect employable in the sensor of FIG. 1;

FIG. 20 shows operational waveforms in the circuit of
FIG. 19;

FIG. 21 shows the light receiving element and signal

/ processing circuit in yet another working aspect
20 employable in the sensor of FIG. i;

FIG. 22 is a detailed. circuit diagram in another
working aspect of thg_counter circuit employable in the
sensor of FIG. 1; and

FIG. 23 1is a detailed“fragmentary circuit diagram in

25 another Qorking aspect of the sensor in which the counter

circuit of FIG. 22 is employed.
While the present invention shall now be detailed in

the followings with reference to the embhodiments shown in



7 the drawings, it should be appreciated that the intention is not to limt
the invention only to these enbodi nents but rather to include al

-nodi fications, alterations and equi val ent arrangenents possible within the
scope of 5 appended cl ai ns. Di scl osure of Preferred Enbodi nents: ~
Referring nowto FIGS. 1 to 3, a sengor according to the present invention
I ncl udes sensor circuit lines [err] and [err] connected to a signal

recei ving means (not shown) and a 10 di ode bridge 11 connected to the

l i nes [err% and [err] for bejing_ operatable even when the connection of the

lines [erEpeafawangs 4 dt nEhepifabPer APBTEGIGtR N3 FRGelsd@ntian ¢
respect tqQ the sensor, circujt lines [err] and [err],, further, j.here are
connected1§aﬂ&ﬁtFSH%}Q%%W*%ENHQY%&?%Rﬂtoﬁ Y §9xﬁﬂﬁ%$teT§°&iqﬁﬂﬁ%ge
circuit 1 n opey at i. ifcuif,l s I Ng, {4 |t be

ei t her sugﬁ%t%ﬁﬂhﬁgr£§slﬁgqg4§ %i%rﬁgﬁgﬁqggggkﬁgfi&#%#§€k$pﬁgag?§nor
Tri and NRNGGEGARYRY OTarfandemé it &1 Goods ¥H1EN GieniRT Mpg a £

sel f - mai ntggl\"tﬁlg’%g&%(ﬁ cua}l;}.r I'n the IG%?t%r case, t&e PNP ZOSCORLEr ar?si stor
Trl §s cogpgeh@ddlcidimeni tter to a positive output termnal of the diode
bridge 11, while the NPN transistor Tr2 is connected at its emtter to a
negative oispllosrdlidhIpéféticedi Pbolindgesil. The base of the PNP
transistor IrT 1S connected to the collector of the 25 NPN transi stor :
Tr2 whil e t he Reffeermifndg heowPhlot FIGS .stlortdr 2,1 8 cemsaxt edccordhegcaid ect or
of the PNP transistor Trl, and resistors Rl and R2 are inserted

respecti véhe petesent tinventsionntnechedesi sengodf cihcuitaddingsorisl @nd

L2 connected to a signal receiving means (not shown) and a o’
10 diode bridge 1l connected to the lines %1 and %2 for being
operatable even when the connection of the lines tl1 and 22
to the signal receiving means is reversed. With respect
to the sensor circuit lines &1 and 12, further, there are
connected sequentially a switching circuit 12, a constant
15 voltage circuit 13 and an operation circuit 14.
The switching circuit 12 may be either such thyristor
as in FIG. 1 or such combination of PNP transistor Trl and
NPN transistor Tr2 as in FIG. 3 which are forming a
self-maintaining circuit. In the latter case, the PNP
20 transistor Trl is connected at its emitter to a positive
output terminal of the diode bridge 11, while the NPN
transistor Tr2 is connected at its emitter to a negative
output terminal of the diode bridge 11. The base of the
PN transistor Trl is connected to the collector of the
25 NPN transistor Tr2 while the base of the NPN transistor
Tr2 is connected to the collector of the PNP transistor
Trl, and resistors Rl and R2 are inserted respectively

between the base and the emitter of the transistors Trl



+8 and Tr2. In this case; the base of the NPN transistor Tr2 forns a -
trigger termnal of the switching circuit 12, which term nal being
tonnected to an output termnal of a |later detailed counter <circuit 15.
When-this counter 5 circuit 15 provides an H Level output, therefore, a
b&s® current is made to flow through agdiode DO to the NPN transistor Tr2,
an eventual collector current of this transistor causes a base current to
flowto the PNP transistor Trl, an eventual collector current of this PNP

10 trangh§t@po. T hn ¢RYSCTaddle thiRSBaséUbE CBhe REN tRansNBNdr amsi stor
Tr2 to flow, and the switching circuit 12 cones to a self-naintaining

state. Her gorkhbe PCrodbpelr t eepmiaky 0bft hehdi adei tuhiige Kirswit. 12,
short-circuited through the switching circuit 12 and 15 eventually a
short - ci r cwhichakegmihade badmes cdrirectedutd  annemtpartr | tandifhelrof due to
which a circuit current flowng between the lines [err] and [err]

i ncreases, lahdramettd jpled c woneriterd s cdataaditted 15y - t heWhereithers coovedhied t o
the other ends of the lines [err] and [err]. This state causes a reset 20
swi tch proeidedibnlSheraviedes ahebr davekrovbPnt, adhenefeney havdase -
state maintained until the circuit current flowng _through the circuit
lines [erfprrapl iserppde jto j fterr dpheuIhhé cOmSEantPYoftPagelei MEN t 13
conprises three NPN 25 transistors Tr3, Tr4 qu Tr5, in whig 3%?
transi st or ETpRSLELOTNNTELed 2R terYee‘bto‘F?Lct"tf’rllet%' O hEUHFSAY i But
termnal of the.diode bridge 11, ,and at_t base to n ti oyt

t er mi nal o;r?ﬂglﬁl 8te %?\‘ﬁ%% 13 t%arso%ghc%zh]?en@ %d O A1 B et
transistor Trl, an eventual collector current of this PNP

\_/10 transistor Trl causes the base current of 'the NPN
transistor Tr2 to flow, and the switching circuit 12 comes
to.a self-maintaining state.

Here, the DC output terminals of the diode bridge 11

are short-circuited through the switching ciréuit-lZ and

15 eventually a short-circuit takes place across the circuit
lines %21 and ¢2, due to which a circuit current: flowing
between the 1lines %1 and &2 increases, and an: output
current is detected by the receiver connected to the other

/ ends of the lines 21 and t2. This state causes a reset

20 switch provided on the side of the receiver to be actuated
to have the state maintained until the circuit current
.flowing throﬁgh the circuit 1lines - 21l and %2 is
interrupted.

The constant voltage circuit 13 comprises three NPN

25 t;ansistors Tr3, Tr4 and Tr5, in which the transistor Tr3
is connected at the collector to the positive output

terminal of the diode bridge 11, and at the base to the

negative output terminal of the diode bridge 11 through a



9 first constant voltage elenment conprising a series circuit of a Zener

di ode ZD1 and a diode D1 and a second constant voltage el enent conprising a
‘seriés circuit of a Zener diode ZD2 and a di ode D2. The diodes D1 and
D2 are 5 provi ded for conpensating for the tenperature coefficient g
Zener voltage of the Zener diodes ZBl1 and ZD2. To the first and second
constant voltage elenents, a current fromthe positive output terninal of
the diode bridge 11 is nade to flow, through a biasing resistor

connect ededdec MSIUBEN ) EOIL o6} Bhe ROICLAB, B83Ro0L RS ISt o %g%teﬂ?’

wher eby a constant v e sum’o ener Vo

[err] of e Zeaee didX ;Z%la%& QOE%hed'dleC&r{dmé" sEébth@Jr?&eaﬁ/f of

the diode D1 is generated across the first constant voltage el enent.

Across th@ol2age SELEMENEONSImpYiyDhgagGe sekeaBNicirdli € oot herzedand, a
constant voltage [err] which is the sumof a Zener voltage [err] of

t he Zener ddodde ZP2 aml aanaditde dipecti orteeé fdlddesol bageaB ob2t hereli ode
D2 is generated. At the base of the transistor Tr3, therefore, there is 20
genebat ed provildesigefdreredmpensahing tfloar sthe t bempevatuhe lomidf fiict tenfes
across the first and second constant voltage el enents. Assumi ng here that a
vol t age aefogenexe usHd@gPlertihe cfenert déogeandPdt @andrr2D2s [ da Jthen
emtter volta e of the transistor Tr3 is [err] which 25 I S made

const ant, fdx8% @nd RAqnHE q%“%‘l‘%’?'geW?'ﬁaaepS F'e%ﬁrcé CFFSorixem
through a_ resistor, R4 of W fesi sta ce rce oIIage
acr oss poﬁé‘F s%?ﬁ’c‘élY‘ang%‘%’% ndF AR Tﬁjeft ﬁ3| ‘? TP¥ é;gepr g
made to flow, through a biasing resistor R3 connected
10 between the collector and the base of the transistor Tr3,
+V_ which is the sum of a

2Dl 'F

of the 2Zener diode 2Dl and a normal

whereby a constant voltage V

Zener voltage VZDl

directional fall voltage V_, of the diode Dl is generated

F

across the first constant voltage element. Across the
15 second constant voltage element, on the other hand, a

constant voltage VZD2+VF which 1is the sum of a 2Zener

voltage VZDZ of the 2Zener diode 2ZD2 and a normal

directional fall voltage V_ of the diode D2 is generated.

F

At the base of the transistor Tr3, therefore, there is
20 generated a voltage VZD1+VZD2+ZVF which is the sum total
of the both voltages across the first and second constant
voltage elements. Assuming here that a voltage across the

base and emitter of the transistor Tr3 is V an emitter

BE3'
voltage of the transistor Tr3 is VZDl+VZ 2+2VF VBE3' which
25 is made constant, and this voltage is charged in a power

source capacitor Cl through a resistor R4 of a low
resistance, so as to be a source voltage across power

source lines Vc and Vsl. The transistor Tr4 is provided
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.10 for excess current -prevention and, as the voltage appearing
across the lowresistor R4 is snmall so long as the emtter current of the

.transistor Tr3 is of a proper level, the transistor Tr4 does not operate.
When the 5 emtter Cur.r ent of t he transi st or Tr3 I ncr eases
atsmornal |y, a vol tage appeari ng aer the resistor R4 causes a base

current to flowto the base of the transistor Tr4, the base current of the
transistor Tr3 is shunted through the <collector and emtter of the
10 tranghst opxEbds andrddhen preventient afdf heasr andist ovoItages
control l ed. Assum ng on the other hand that a voltage across the base and
emtter oOhppéhfingr aBsiosisorehelr bowi sefsasitor Rheiensmadl $mtkgﬁgoﬁsthe
transistor Tr5 will be constant at 15 [err] and this voltage is
charged ttheaepdneersamumentapati the Cransviston oThd assefr & PEPPEFe
across power source lines Vd and Vs2. The operation circuit 14 includes a
i ght emitlévglel drhent trensdsltmrng‘l‘éﬁrcdms 170t jepRrIkRei vi HRSR e Bfit 20
18, oscillation circuit timng control circuit 8 analo nal
processi ngewittart 2§u§ﬁG“Fhe ebunt gF‘em r EGPPSE8ERKI chThrovi Hﬁgr e rigger
output as in the above, and_a power-on reset circuit msgtedlﬁlaetween

i S
t he COﬂStaﬂPn95m?éé¥’CI§ cUPtltf§eanappFﬁ518|g| v'??’nﬁo%?rcﬁﬁ 28S1SLPF
driving circuit 17 _ing¢cludes two NPNtran rsJr 6, d t Qeee  NMOS
transi st or §2%F8S TR9 &AFSTr T8 &5H one %’I\/Cgf%‘?ans%_stol?gﬂ%%,;evm?%h 86 so
-arranged tgaahs¥g or Trd, the base current of the transistor Tr3 is
shunted through the <collector and emitter of the

N |
10 transistor Tr4, and the emitter current of the transistor

Tr3 is controlled.

Assuming on the other hand that a voltage across the
base and emitter of the transistor Tr5 is VBES' the
emitter voltage of the transistor Tr5 will be constant at

15 Vapa*Vp~Vggs”

source capacitor C2, so as to be a source voltage across

and this voltage is: charged to a power

power source lines Vd and Vs2.
The -operation circuit 14 includes a light emitting
N element 16, driQing circuit 17, 1light receiving element
20 18, oscillation circuit 19, timing control circuit 20,
analog signal processing circuit 21 and the cognter
circuit 15 which provides the trigger output as in the
above, and a power-on reset circuit 22 is inserted between
the constant voltage circuit 13 and -the driving circuit

25 17,

The driving circuit 17 includes two NPN transistors
Tr6 and Tr7, three NMOS transistors Tr8, T£9 and Trl0 and

one PMOS transistor Trll, which are so arranged that, when



a light em ssion control signal LEDON fromthe timng control circuit 20 is "
at Hlevel, a driving current 16 will be provided to the light emtting
“element 16 but, when the signal LEDON is at L level, the current will not 5
be fed to the element 16 and the driving circuit 17 itself is additionally
made to be in a high inpedance st-atig of consum ng no power. The |ight

em ssion control signal LEDON fromthe timng control circuit 20 is being
applied to the gate of the NMOS transistor Tr8, so that the source 10 of
this NMOS, tr. S ] e%ngft o] e line Vsl
whi | e theadﬁlali%% w%lﬁi'ﬁ%{égnnge%{‘%fjo?o t sou‘ri%gqlﬁ)ng}%g‘st E?gugki‘ggg asi ng
resi st or ] | 4 Nt cOf 4t hg RESISt Or -@{wq VS apgi st or
Tr6 is c‘gi??ltéf:éled%?g%?ﬁg g%%eésofa% hg I%l%l\/%lseqt'r aﬁs%lors ro angﬁl% i Tr1 O
and of tHe1 PMEE PBrdvideéd Oko TéHé . 1iVhit! eemi iR idmént SL® Sbhe) and
Tr1 O are connected at their sources to the source |line Vsl and the PMOS
transi st owhdnl thé SsstgnaECLEDONt ishatsaurbevéD, t BRes@wrdedt neidMr. nothe NMOS
transistor Tr9 and PMOS transistor Trll are connected at 20 their drains
commonly be féé basthefelémehBNl6r angi sher drif/iwig chireuibnhecitdedf t he
collector to the source line Vc and at the emtter through a resistor R6 to
t he cathoti® afidit¥enedlyi owslezDBot be alibde d&fighhi émpedaneenahate t 0ft he
source line Vsl. 25 To the cathode of the Zener diode ZD3, the drain
of the NVEBNEWBRRESG BPYEri-s cdRfecl bt afiigiiusEoptrde fpanal
transistor_Tr7 '#s al so_connect ed thI‘OLigh a serij egocanneé:t.ed arrahg]:i (n-1) -

di odes whrFRO¥hfEom, £fig; EiPAng, Fontrol” circuit 1s being app
to the gate of the NMOS transistor Tr8, so that the source ~
10 of this NMOS transistor Tr8 will be connected to the

source line Vsl while the drain will be connected to the
source line Vc through a biasing resistor RS5. A junction
point of the resistor RS5 and NMOS transistor Tré6 is
connected to the gates of the NMOS transistors Tr9 and

15 Trl0 and of the PMOS transistor Trll, while the NMOS
transistors Tr9 and Trl0 are connected at their sources to
the source 1line Vsl and the PMOS transistor Trll is
connected at the source to the source line Vc. The NMOS
transistor Tr9 and PMOS transistor Trll are connected at

20 their drains commonly to the base of the NPN transistor
Tré which is connected at the collector to the source line
Vc and at the emitter through a resistor R6 to the cathode
of a 2Z2ener diode ZD3 the anode of which is connected to
the source line Vsl. )

25 To the cathode of the Zener diode 2ZD3, the drain of
the NMOS transistor Trl0 is connected, and the base of the

NPN transistor Tr7 1is also connected through a series

connected array of (n-l) diodes while this transistor Tr7



.12 is also connected  at:the enmtter through a resistor R7 to the source

line Vsl1. Further, the collector of this NPN transistor Tr7 is connected
‘to the cathode of the light emtting elenment 16 which is connected at the
anode to the 5 source line Vc. Wien the |ight "em ssion control signal

LERON fromthe timng control circuit 20 is nade at H level in the driving
circuit 17, therefore, the NMOS tragsistor Tr8 is turned ON to render the
gate potential of the NMOS 10 transistors Tr9 and Tr10 and of the PMOS

transi stor Tilisd O ffduesche ee! BRlckbe N UgaNS! gbgisedid @NckdT! O

W Il be nade 11 state whereas the PMXS transistor Tril will be.turned
ON.  Due tgd r%éuré?elh?ﬂéevﬁqt.emﬁ‘@ftl@ér;h@hélpuotlfl@aﬁjc&t asf Thiiss NEwsed to
cause a current to flow, 15 through the collector and emtter of the NPN

transi st ore rHirfsistr aTEGr 15185 E€bhAdttedl tohethiescathodes afidtEenckighiode
ZD3, whereby a voltage is generated at the cathode of the Zener diode ZD3,

t he vol t aganiet ingg esluatent 16 swHbobr isobbageckedr pt thevanodse thitheis a
bal ance of the 20 thus generated voltage from which the normal

di rest i onadouwrdte alyend aWe. (n-1)x[err] at the series array of the (n-1)

di odes is deducted is applied to the base of the NPN transistor Tr7 to turn
it ON, and t héWhen vthg tightnemigsion @@ tr®y | HheRd! t HEDPNGHE i t17¢ ng

el ement 16. 25 . Wien the light enjssion control sjgnal LEDONfromthe
timing corft®ing AR Jo FIrgmiE égel 1s¢ H‘&“ﬁvoé‘ttt rgnsjr%\'?a)i T+ i $'%ade
o OFF LAl Prng 61 888 £ PPY Otk e2hrth® MERuiSENELShE 8L Al £ 10 and
turned ON to render the gate potential of the NMOS

\/;0 transistors Tr9 and Trl0 and of the PMOS transistor Tril
to be lowered, so that the NMOS transistors Tr9 and TrloO
will be made in OFF state whereas the PMOS transistor Trll
will be.turned-ON: Due to this, the base potential of the
NPN transistor TfG is raised to cause a curreﬁt-to flow,

15 through the collector and emitter of the NPN transistor
~Tr6, to a series éircuit of the resistor R6 and Zener

diode zD3, whereby a voltage is generated at the cathode

" of the Zener diode 2D3, the voltage being equal to 'its

Zb3~
20 thus generated 901tage_from which the normal directional

-/ Zener voltage V A voltage which is a balance of the
voltage fall (n—l)fol at the series array of the (n-1)
diodes is deducted is applied to the base of the NPN
transistor Tr7 to turn it 0N,-and the driving current 16
is made to flow to the light emitting element 16.

25 . When the light emission control signai LEDON from the
timing control «circuit 20 is at L level, the NMOS
transistor Tr8 is made into OFF state, the gate'potential

of the NMOS transistors Tr9 and Trl0 and PMOS transistor



13 Trll is raised by the biasing resistor R5 to turn the NMOS transistors
Tr9 and Tr10to be in ON state while PMOS transistor Tril is thereby turned
‘to be in OFF state, due to which the base potential of the NPN transistor
Tr6 5 falls so that no current will flow through the collector and ..
emtter of the NPN transistor. Tré6. As a short-circuited
state is attained across the Zener didde ZD3 through the NMOS transistor
Tr10 the cathode potential of the Zener diode ZD3 is |lowered, so that the

NP t Tr./ [l OFF d d t. 16
Wi I | fl ovI\JT F‘i?gﬁlg?\rt%heelrd gbrYWIt tehrﬁt 1|a‘ns'g”(‘a e%%%gﬁgp Eotﬁz):/v\é:rng ur r Sci rcuit
22 et ect SrURLiggeeL! SRebh Al BOMB SOURES ERDEN t¥t§i:ear\9h9£§v' s 2

power - on reset to the oscillation circult

control CtESHbEs%QraW4r¥NH§E¥hé¥é5&“éué§éd tghﬁeiﬁﬁﬂéfw gkaral, Rivressing
circuit 21 conprises, as will be detailed later, an anplifier, conparator
and ref er epcasyith ag@:ecmayet poteht SaXli oFCt e CoNPeCitathris ter | ITge

recei ving 20 el enent 18. In the present instance, a reference clock

si gnfl OSFaildsf eb ftrloat t he csrirlenat ivoil i frowt th¥ogh hehe i wiold exarr ol
circuit 20 where the reference clock signal OSC is frequency divided, and
the timngndontemitiercuiaf 20the  NRN ovitd@nsiisteamg Teéntrol A$gnd s

PH1 and PH12 to _the analog signal processing circuit 21, in addltlon
to the suSBPytofirraitieghtSeatesisn AdAinad sAGHAFSLAHEN $@neke &Hadd n

circuit 17, _and also!PrOV|des a reset signpal RST

Zb3~ throug the NMOS transistor Trl0, the cathode
potential of the Zener diode 2ZD3 is lowered, so that the “
10 NPN transistor Tr7 will be in OFF state and no driving

current I6 will flow through the light emitting element
16.

The power-on reset circuit 22 detects voltage rise in

the power source capacity Cl and provides a power-on reset
15 signal RESET to the oscillation circuit 19, timing control

circuit 20 and counter circuit 15. The analog signal

processing circuit 21 comprises, as will be detailed

later, an amplifier, comparator and reference voltage

circuit, and is directly connected to the light receiving
20 element 18.

In the present instance, a reference clock signal 0SC
is fed from the oscillation circuit 19 to the timing
control circuit 20 where the reference clock signal 0OSC is
frequency divided, and the ¢timing control circuit 20

25 provides timing control signals PHI1 and PHI2 to the
analog signal processing circuit 21, in addition to the
supply of the light emission control signal LEDON to the

driving circuit 17, and also provides a reset signal RST



14 and an up-cl ock si'gnal - UPCLK to the counter circuit 15. Fromthe anal og
signal processing circuit 21, a conparison output signal COW is supplied
to the counter circuit 15. These oscillation circuit 19, tim ng control
circuit 20, 5 anal og signal .processing circuit..2]1 and counter circuit 15
ar® capabl e of being operated at a | ow vol tage and consume | ess current,
and they receive a source power fromthe capacitor C2. On the other hand,
the driving circuit 17 for the lightlemtting el ement 16 consunmes a | arge
current 10 I nstant aneously and is nade to receive the power fromthe

ot her capacitor Cl1 than the capacitor C2. By separating _in this manner

t he sour ceahdnenf ep-theak isignpki VRCGLK to fthemedentetr €arouid \ASf or
other circuits, it is nmade possible to prevent the source voltage for
such ot heFroB thecppalpgs SigsmtherRgersidte & i4¢ W thotknt @ UPBTHPARE SOyt
em ssion of the |ight enittingéelenent 16, an hus to preven

. t t.
7l funct i oRUtPRENEIERAY; FOHE 18 SUPRIic: e The GRLSRFLFTRAG aPso t o
FIG 4, th i |1 ati Ci it 19 20 i i
Choacitor EnaRyoreedpsioRy Gircis 10, T3NS SRohPrkl® SAMRIELED,
d @, iLLat] ol liing : {NAND _ gat r cifRBit ARUL
P g CofnflogRikhal’ bIBasSATNGok ih A el (Couiter o ifBA i 1B

out put terﬁkaakag%bigfokn%&her ofbrated 3% a IdW auditdde sRAaebheuneT t o

an input termn the inverter GL and an output term nal of the

inverter ResWhid@ramtout pnd taey neécoivé ha NGdRrgat epdider i Emsmnetieed t o
an input termnal of the inverter & and the power-on
capacitor C2. On the other hand, the driving circuit 17

~ for the light emitting element 16 consumes a large. current
10 instantaneously and is made to receive the power from the
| other capacitor Cl than the capacitor C2. By separating
in this manner the source line for the driving circuit 17
from the source line Vd for other circuits, 'it is made
_.possjl.ble to prevent the source voltage for such cher
15 circuits from being lowered in a moment upon the 1light
emission o_f_the light emitting element 16, and thus  to
prevent any malfunction from occurring at  the. o:c_.her

N2 circuits.
Referring also to FIG. 4, the oscillation circuit 19
20  comprises in the concrete a capacitor CT and resistor RT
for setting a time constant, two inverters Gl and G2, and
- an _oscillation _c_:ori,lt_rolli_ng NAND gate G3. . One . input
. terminal of this NAND gate G3 is coqn_eq:ted through the
resistor RT to an output terminal of the inverter Gl, .and
25 through the capacitor CT to_ an _input terminal -of the
inverter Gl and an output terminal of the inverter G2,
while an output terminal of -the NAND gate G3. is connected

to an input terminal of the inverter G2 and the power-on



15 reset signal RESET is provided through an inverter G to the other input -
termnal of the NAND gate G3. When t he power-on reset signal RESET is at
L Ievel, an output of the inverter G4 will be on Hlevel to have the NAND
gate 5 G3 turned to be in a state for passing therethrough any signah,.a
reference clock signal OSC of a cycle determned by a tinme constant of the
resistor RT and capacitor CT is provig§d out of the output term nal of the
inverter Q. This reference clock sighal OSCis provided to a 10

frequency, diyiden 208 iRESER §5MHRGGAUd OthFoEgHi hn2QnvEiadsF eglengy .

di vi der 26a Itsel " 1s forned preferably by neans of a cascade connection in

15 stageseRé BthlerP-fAppe teeneahilveley thaVNAMD afaté NESLt edwheHt RiHe
terminal [err] connected to its own data input termnal D and also to a 15

cl ock i nppbweershnaleddtK 9igndl arBEET | i 9- Blto[L. alevelxl, wrmgéutpube of
reference clock signal OSCis received at a clock input termnal of the D
flip-flopthe finvertsraged windllabler aspuciic}edeli dod hawguth&1BAND glade
reference clock signal OSC is obtained at an output terminal Q of the |ast
20 5 stagd burhied fYopbe T saf sd@tencioui vRgsd ngut thereuhroyghr @nvded to
a seven stage shift register 20b also in the timng control_circuit 20, the
shift regfigaplzoB XeLEXENRR ISHIRK o5 7IRRLGRSCaCE afleC¥E AR AEtSTMa%he D

flip-flops respectively havin out put _t erm_nal 25 connected to the
data i npuPYt&r Pime cOMStAMt Tonine 5 Elbif’ﬁnb&f ﬁS@ CaRLhBT d&ta i%hput
termnal D of .the first stage L p- e kr eq VAN out put Bl15
IS provi d%(er?VI Fﬁeotuﬁ'e orést%%ct%égégaéépﬁi?%?ﬁ?I gﬁg ?g%glq\l'/:\ér %

‘ This reference clock signal OSC is provided to a

o’
10 frequency divider 20a in the timing control circuit 20.
The frequency. divider 20a itself is formed preferably by
means of a cascade connection in 15 stages of D flip-flops
respectively having an inverted output terminal @
connected to its own data input terminal D and also to a
15 clock input terminal CLK of adjacent flip-flop at next
stage. The reference clock signal OSC is received at a
clock input terminal of the D flip-flop at first stage,
and a frequency divided output BlS5 of the reference clock
signal OSC is obtained at an output terminal Q of the last
20 stage D flip-flop. This fregquency divided output Bl5 is
provided to a seven stage shift register 20b also in the
timing control circuit 20, the shift register 20b also
comprising a 7 stage cascade connection of the D
flip~-flops respectively having an output terminal Q
25 connected to the data input terminal D of the next stage D
flip-flop. To the data input terminal D of the first
stage D flip-flop, the frecuency divided output Bl5 is

provided, while the respective stage D flip-flops receive



.16 at their clock input termnal CLK a frequency divided output B2 from
the output termnal Q of the second stage Dflip-flop in the frequency

di vi dér 20a. To reset input termnals R of the respective D flip-flops of
bot'h.-of the 5 frequency - di-vider 20a and shift register 20b, the power-on
reset signal RESET is being suppli-ed. Qutputs fromthe output termnals
@B, [err] 4, b, [err] and [err] ofhgthe third to seventh stage D
flip-flops in the shift register 20b as well as the frequency divided

out put B15,0f ¢fi6i d0c1ock CAHPAEY €b¥ndRE1I208LRT € PERUARML LY A GRELs
through & formng a logical circuit 20c in the timng control circuit 20,

SO as to psEPBLE BESEe6h thet FUtpUt Stérl 8aPHh lof PEhe, sbEBRM.- skageansl
UPCLK. The anal og signal processing circuit 21 includes an 15 anpl i fying

means 2la gbiphfliepprirseshéhfeedqiagey cdsoaderc@uect i Mo ofesper dinpatal
anplifiers OP1, OP2 and OP3, to non-inverted input termnals of which a
ref erence tekrmagelsrRi ofapblel ewdpert ive eberfdipe flopisage dhothi pf2Hhe To an
inverted input termnal of the first stage operational 20 anplifier
OP1, 2 sil freaupneyodiyddesPBForanchgshhit | retistete?0bngthrepPOWerr®r s
connected at its cathode, while the anode of the elenent 18 is connected to
the pover ¥88fte SighalysBESETt Hat PRAPENGURR 188 ¢ he Ot&MEH BOWi IYhepe

reverse biased, and a .,phaqtoelectric current_caused 25 ow i hrqugh the
PN j unct i oﬂ“Fﬂ“Fe\F&%'Bf"cﬁquecbgm éﬂ.!e éé'a (tf"‘i:’gh i’r régi ﬁq%n%iys et écted by
the operatjgnal. anplifier,OPl _as v g Lgnal . .To thiscen f,eedback
rosi otor REPEEANCE: BAVEEFcar0e Rt phebt o OPHaL T rehEEEcrpdd s te

20b. as well as the fregquency divided output B1l5 of the

.
10 frequency divider 20a are provided to AND gates G5 through
G9 forming_a logical circuit 20c in the timing control
~circuit 20, so as to prepare respective control signals

PHI1, PHI2, LEDON, RST and UPCLK.
The analog signal processing circuit 21 includeS'an
15 amplifying means 2la which comprises three stage cascade
connection of operational amplifiers OPl, OP2 andl0P3, to
non-inverted input terminals of which a reference voltage
Vr is applied from a reference voltage circuit 21lb.  To an
N .inverted input terminal of the first stage operational
20 -amplifier OP1l, a silicon photodiode SPD forming the light
_receiving element 18 is connected at its cathode, while
the anode of the element 18. is' connected to ‘the power
- source line Vs2 so that PN juncfion in the element 181will
~ be reverse biased, and a photoelectric current caused to
25  flow through the PN junction in reverse direction due to a
light irradiation is detected by the operational amplifier
OPl as a voltage signal. To this end, a feedback resistor

R8 connected between an output terminal and the inverted



17 input termnal of the first stage operational anplifier OPl is nmade to

be of a high resistance val ue. For the second operational anplifier OPZ2,
"a vottage anplification circuit is enployed, the voltage anplification ~
factor of 5 which is determned by a ratio of an input resistor RO angﬁa

f eedback resistor R10. An output. termnal of the third stage operational
anplifier OP3 is connected to an end_of a direct-current cutting capacitor
C3 the other end of which is connfcté to a non-inverted input term nal of

10 f h | Al | .aof_ thi
gperationg{‘f’ﬁer 4%%;% Z%qugg Egg%ttosF?%egﬁﬁgﬁﬁaﬁf{ern}na ﬁggéﬁﬁ{ﬁa
d i h
conver t er SPTna% ele e BY 0¥ & Hibh Se A Dy gty @‘39 18he |

al so conngglgfgt %@%&Aw Qaailkak&eropczormaru%ﬂgaeers&{oi&e&calﬁoqﬁd a

capacitor CA to a non-inverted Tnput term nal of ‘an Operational anplifier

OP5 enpl oyedcagtd iSOBp Poped, tHE dblesfe CampeRfichltliond favtert ¥y C3 s
connected also at the other end through an analog switch 20 SW. to an

out psit tewnishl ief deherndima@se aotatde ofrani inpdb, residsedrorYpWndf this
circuit 21b is provided also to a non-inverted input termnal of a further
oper at i onal feapgbatkere@iGtwr L0 s cAnneutpdtatteriminalt ppf tbhemthdlrd hr ough
resistors Rl4 and R15 to the power source |line 25 Vs2, and these

resi st or ssRageappeRay ipnalc anrki £ier PP3 hasr cpnnected ot nant endn afhvert ed
i nput termnal of the operational anplifier OP6. Here, a reference voltage.
VREF obt afnediZaCETRUFESNE (FutiNg s apacd tro\FAedhey giher end of

which is connected to a non-inverted input terminal of a o/
10 further operational amplifier OP4. An output terminal of
this operational amplifier OP4 is fed back to its own
inverted input terminal, and is thus regarded as a buffer
amplifier operating as an impedance converter.
The output terminal of the operational amplifier OP4
15 is also connected through a low pass filter comprising a
resistor R13 and a capacitor C4 to a non-inverted input
terminal of an operational amplifier OP5 employed as a
comparator. The direct-current cutting capacitor C3 1is
connected also at the other end through an analog switch
20 SW1l to an output terminal of the reference voltage circuit
21b, and an output of this circuit 21lb is provided also to
a non-inverted input terminal of a further operational
amplifier OP6 which is connected at its output terminal
through resistors R14 and R1l5 to the power source line
25 Vs2, and these resistors R1l4 and Rl5 are connected at
their junction point to an inverted input terminal of the
operational amplifier OP6. Here, a reference voltage V

REF
obtained at the resistor Rl4 1is being provided to an



. ¥8 inverted input term nal of the operati-onal anplifier OPS as the
conparator, and an output of <this operational anplifier OP5 is

er‘g_)l oyed as a SET input to RS flip-flop 15a conprising NOR gates GLO and
GLT .which formng part of 5 the counter circuit 15. As a RESET i nput
t6>this RS flip-flop 15a, a reset -si ggal RST fromthe AND gate &8 is

enpl oyed, and an output of the RS flip-flop 15a is made as an up-down

sel ection signal UDS for an.up-down counter 15b i.n.the counter circuit 15.

To a reset;jyiiled eiApaal termifal bhe tii- dopdr solivhel Bmp) itffiepooRs - on
reset signal RESET is supplied, while an up-clock signal UPCLK provided out
of the ANQat®eDcbhpBratostsd hnadananp-sheplti npfit tleisi reperPCldnal
Referring also to FIG 5, the up-down counter 15b 15 conprises in the
concret e tampldfiép-OPBpdsDEmpduyd® 0ast he GRIernput r beeRSsi Hhep-FESPT i s
supplied to reset input termnals R of the respective flip-flops, and the
up-cl ock sigmatompising ROBvgabdst 610h@ind ddckwhighutf aRiR PR ELRE

Qut puts of these flip-flops D10 and D20 are provi ded 20 to an AND gate
GL2, 5and a@heucpunter (GiEcWAD ddie GIBSi & nBBEETo wuth &@phbisi gREI ouT
of the counter circuit 15. Data input termnals D of the both fljp-flops
D10 and DXL iReflep rkRdi v %FAghl &1g8Rdr & THPT o afNBi FAHS: SG%:L%sand

i anal's T rRLRNE0T 2R rPRaPOLRRT OFnE ol AR TIS 152 | £ (R E8ent
Lot ance, SRR SLIRRL G sh3rHa Op 8 U o akeh W ok chay
Y in the counter circuit 15. To a reset input terminal of
10 = the up-down counter 15b, the power-on reset signal RESET
is supplied, while an up-clock signal UPCLK provided out
of the AND gate G9 is provided to an up-clock- input

terminal UPCLK. .

Referring also to FIG. 5, the up-down’ counter 15b
15 comprises in the concrete two D flip-flops D10 and D20,
| the power-on reset signal RESET is supplied to reset input
terminals R of the respective flip-flops, and the up-clock
signal UPCLK is provided to their clock input terminals
. CLK. Outputs of these flip-flops D10 and D20 are provided
20 to an AND gate Gl12, and -an output of this AND gate Gl2 is
made to be an output signal OUT of the counter circuit 15.
Data input terminals D of the both flip~flops D10 and D20
are to receive singals generated by logical circuits G13
~and Gl4 on the basis of the up-down selection signal UDS
25 and output signals from output terminals Q of the both
_flip—flops. In the present instance, the output signal
OUT is made to be at H 1level when three sequential

presence at H level of the comparison output signal COMP,



19 and the switching circuit 12 is thereby triggered. In the driving
circuit 17, on the other hand, the driving current for the light emtting
element 16 will be, with the Zener voltage of the Zener diode ZD3 assunmed’
to 5 be [err], 16 = [err] wherein the voltage VBE7 across the base ang, .
emtter of the transistor Tr7 is assuned to be equal to the nornal
directional fall voltage VF of each P the (n-1) diodes. 10 In the
driving circuit 17, as will be clear from the above, the tenperature
char act er i ahdcshef swhiechdnigage BEA alc? obs tiherddag et niiggenetiter of the
transistor Tr7 are to give influence on the tenperature characteristics of
the driving culnerthe 6 drdvimnge tighuignilii ngnel ehentotleer 1hand, the
Referring to FIG 6, the operational anplifiers OP1 to OP6_of the anal og
si gnal pro@Ed¥ing enreent FPrcdfin iLight remifet tomceberent b6t WaAdi Seors
Tr18 through Tr30, resistor R17 and Jinverter GL5, which are arranged SO
that, whenWikB &bt (Zaney gral tase1ofs the HFeree| digdea 2P raggumed to
voltage signal, of a differential voltage at both input termnals INlL and
IN2 i3 genéfaten3at an output terninal OUT1 and, when the control signal

PHI'1 is at L Ieyel, the aqutpyt, termnnal 1_ig,made t t L level so as
not to cause agé Eur{&G@B 3%‘ %)ovt\\fl’a(rgﬁﬁ‘é}t e pom?v/eZD3oﬁrgE??F2es vd 25 and .

Vs2. More N y oRjrol gi I I gate
Ty R R S W g T T S

{\I ﬁged, sothBal rlah® iRMSE tFanskst s Sunda Web! Pee éGuslF o atife WAGKRRAY t he

directional fall voltage V_ of each of the (n-1) diodes.

F ~/
10 In the driving circuit 17, as will be clear from the
| above, the temperature characteristics of the voltage VBE7
across the base and emitter of the transistor Tr7 are to
give influence on the temperature characteristics of the
driving current I6 for the light emitting element 16.
15 Referring to FIG. 6, the operational amplifiers OPl to
OP6 of the analog signal processing circuit 21 comprise,
in the concrete, MOS transistors Trl8 through Tr30,
resistor R17 and inverter Gl5, which are arranged so that,
when the control signal PHI1 is at H level, an amplified et
20 voltage signal of a differential voltage at both input
terminals INl and IN2 is generated at an output terminal
OUT1 and, when the control signal PHI1l is at L level, the
output terminal OUTl is made to be at L level so as not to
cause any current to flow across the power source lines Vd
25 and Vs2. More specifically, the control signal PHI1 at H
level causes the gate potential of the PMOS transistor

Trl8 and NMOS transistor Tr20 to be raised, so that the

PMOS transistor Trl8 will be in OFF state whereas the NMOS



. -

.20 transistor Tr20 wi1l be in ON state. The other PMOS transistors

Tr19, Tr21, Tr26 and Tr28 are made to | ower the gate potential and are
caused to act as resistive elenents. Due to this, a voltage

correspondl ng toabs difference of the voltage_$ applied to the
i APuUt terminals INL and IN2 is pre'pai'oed by a differential anplifier forned

by the MOS transistors Tr22 to Tr25,

bot h

and this voltage is anplified through

two stages of the MOS transistors Tr27 and Tr29 and provi ded at the output
t er mtrans@dtbr MDp20 whildh bke MOSON assiasiecr s TG atchehr 2@Mre t o

10

operate as a |load resistance of the MOS transistors Tr27 and Tr29.

cont rol Tihe6 gand Tl8 agre imadeowepedoater t he

si gmainsRiditbriss Brl9, | 8wal,

PMOS transistor Tr18 and NMOS transistor Tr20, so that the PMOS 15
transi st or the1ggate mpgtent istlat anghiaxe t FAURASS FPamdTht s Tregiissivgde to
be OFF
Tr28 rai se®lf@etFate potentil thAd t ufn Y%Ba%?eaﬁ@‘fﬁe%?%’?‘élngo %hat? no
curre
ot her

power from
enbodi nent are a consisting o

As the

state. Accordingly, the PMOS transistors Trl9, Tr21, Tr26 and

. de tg flow fromthe tq the 20
poud T TESTREE | PEncthye YOLCAE SRR T 87 § BBl PRI he

MG RO | BRRS YilaAngYS2 DULe, 35 LD | BYer Ler 8 kR LR A gsent

urren

f) perzgt hr oug 3§l ot *}.%z%{e% %yt ra{alﬁégntxfg%leltae% Trlfb the erbeveliny ate

anplifiersegRl t\,cb

ther control signal” PH 1, therefore, the operational
d1eysr a&r@ﬂsltfmﬁecﬁnvh%ﬁ@hr itwdPO¥RAEgat M . tivef &g ng

nowto FIG 7, the reterence voltage circuit

N

10

15

20

25

tran51stors Tr27 and Tr29 and prov1ded at the output

terminal OUT1, upon which the MOS transistors Tr26 and

- Tr28 are to operate as a locad resistance of the MOS

transistors Tr27 and Tr29. As the control signal PHI1l is

‘at L level, the gate voltage is lowered at the PMOS

transistor Trl8 and NMOS transistor Tr20, so that the PMOS
transistor Trl8 is made ON state while the NMOS transistor
Tr20 is made to be OFF state. Accordingly, the PMOS
transistors Trl9, Tr2l, Tr26 and Tr28 raise their gate
potential and turn into breaking state, so that no curéent
will be made.to flow from the power source line V4 to the
other power source line Vs2,. ' The inverter Gl5 is
receiving the power from the both lines Vd and Vs2 but, as
the inverters in the present embodiment are all consisting
of CMOS inverter, no current will flow therethrough after
the state transition took place. 1In the L levél state of
the control signal PHI1, therefore, the operational
amplifiers OPl to OP6 never consume any electric power at
all. |

Referring now to FIG. 7, the reference voltage circuit



21 21b, in the concrete, generates the reference voltage *Vr at its output
termnal OUT2 when an inverted signal [err] of the control signal [err] is
“at L'level and, when this inverted signal PH1is at Hlevel, operates td
have the 5 current fromthe power source line Vd to the power source .
line Vs2 to be interrupted. More specifically, assum ng that the voltage
across the base and emtter of the téﬁnsistors Tr36 and Tr39 are [err] and
[err] and the current flow ng through the transistors Tr36 and Tr39 is 10

I, [err] 21p, 'nt$Pe concrete,. enerateéllhéfﬂé?éféﬁé&lgglkgaé”@fter

surface areas e both transistors Tr36 and Tr39 is selected™to be 1:S,

their CO|Hﬂﬂﬂﬂs(bﬁﬁgﬁéstéehﬁhaambdiir%héﬁ'hanHﬂﬂfdedmgﬁgh&1|$ﬁﬁﬂ
saturated current, = kT/q.k is the Boltzmann's factor, q is an el ectron
charge, aed khHe cdsololestignadr FHATE. iSuladt i L ullenglt endpowhenorthlis (1)
by these equations, 20 | = [err] and, assum ng that the nunber of

t he transiisiverte® 4igiali2PHIl iis mt [@r ipveélen opleratespctat haye the
characteristics are to be made zero, [err] Selecting here that m= 2 and S

= 2, 5t hencuraent fromp the power source line Vd to the power source
line Vs2 to be interrupted. More specifically, assuming

that the voltage across the base and emitter of the

transistors Tr36 and Tr39 are ‘VBE36 and VBE39 and the
current flowing through the transistors Tr36 and Tr39 is ~
10 I,
+ IR i (1)

Vee36 = VBE39
If the ratio of the emitter surface areas of the both

transistors Tr36 and Tr39 is selected to be 1:S, their

collector currents IC36 and Ic39 will be
15 IC36 = IS'exP(ZPEBG/VT)' IC39 = S-Is-exp(VBE39/VT)
wherein Is is sMturated current, V., = kT/g+k 1is the

Boltzmann's factor, q is an electron charge, and T is
absolute temperature.
Substituting the above formula (1) by these equations,
20 I = (VT/R)an
and, assuming that the number of the transistors Tr4l,
Tr42 ... is m,

Vo = I« KR+mV = mVBE+(VT/R)2nS

0 BE
When the temperature characteristics are to be made zero,
25 QVO/GT = m-aVBE/3T+k-LnS-3VT/3T =0
Selecting here that m = 2 and $ = 2, then,
- - o
aVBE/aT 2 mv/°C

3V,/3T = 0.085 nv/°C



and k = 67.89. Wien R= I [err], then KRwII| be 67.9 [err], and will be a
constant voltage circuit of tenperature coefficient 0. Wth mand s _
optimunmy selected, the output voltage Vr can 5 be mai nt ai ned const ant.

| n"t-he present enbodi ment, an optical detecting circuit the received-1ight
ot put Vo of which does not fluctuate with respect to the tenperature is to
be realized by régulating the tenpe?&ture characteristics of 10 t he
driving current 16 for the driving circuit 17 on the basis of the

t enper at urand def$i€7e8@.0of the light enitting and receiving. elements 16 and
18, resistor R8 of high resistance value for the current-voltage conversion
and out put volWihgfe Rr=of ke thenrBRcwild| begd oi% duft and. widl be a A
received-light output current [err] is made to flowto the high resistor R8
of first StORfFBPer¥PLbAIP HiHGHitfer Pt URPEIFNESR t SPaLfiisient| Oage

si gnal . en an ouf put vo]tage of the reference voltage circuit 21b is
made to bgﬁﬁh m ¢ st?&Fl%ﬁgﬁﬁtse@SFFﬁ e 9§ oyEPut,Folfage, Vi zar 20

anplifier4gﬁk%gﬁgaf§%3kéé%g%éégéR8 When the partial differential :

coef fi ci ent” w respect vafiation [err] in the tenperature T on both
S Sl L0 AT et S d B, AL BB LERS) W0
: circuit the received-light output Vo of which does not
fluctuate with respect tQ the  temperature is * to be
realized by regulating the temperature characteristics of-
10 the driving current 16 for the driving circuit 17 on the
basis of the temperature coefficient of the light emitting
and receiving  elements 16 and 18, res-istdr R8 of high
resistance value for the current—véltage- conversion ‘and
output voltage Vr of the reference voltage circuit 21b. .
15 A received-light output current 118 is made to flow to
the high resistor R8 of first stage operational amplifier
OPl and converted. into a voltage signal. When .an output
voltage of the reference véltage circuit 21b is made to be
_/ Vr, then the output voltage Vo of the operational
20 amplifier OPl will be
Vo = Vr-I8.R8 |
When the partial differential coefficient with respect to
a variation 3T in the tempera_t-ure T on both sides of this
equation is obtained, the same will be .
25 3Vo/3T = 3Vr/3aT - (I8.3R8/3T + R8+3I8/3T)
When the equation is modified so that aVr/eT = 0, it will
be

aVo/3T = —(I8+3R8/3T + RB+3I8/3T)



[err] .Assum ng here that the high value resistor R8 for the
current-vol tage conversion conprises a diffusion resistor of an integrated
circuit, that its tenperature fluctuation 5 conmponent {(1/R8).(aR8/aT)}
is 2,000 ppmi[err], and further that t he tenperature ~-
fluctuation conponent {(l/18)y.(aR8/ aT)} of the received-Ilight output
vol tage 18 at the light receiving ment 18 is -2,000 ppm[err], then the
partial differential coefficient w be [err] However, so long as the

i ght receiving el emeat -1 .IR8 (AYR® diaRBATHi+ i o08 - phnBgdrode  (SPD),

t he tenperature coefficient of the received-light output current 18 is
positive, asdumings hepesshate tberdnidgh wvhduecernmpesihstioe 1IK8 fdr ucheati on
of the output voltage Vo to be zero. For rendering the fluctuation to
be zero, curreptiivoltageufdonversion camprikescd tdicktfusipn zesistost t he
light emtting el enent 16 reduced as the tenperature rises so that the

t enper at ur ©f an| istesriaged cdnHdnt that ite bemperatrreyEJurityatiom: put
current 18 of the |ight receiving ement 18 will havg a negative gradient.

That Ps, aSOMPOREngontildidy” {1 /?e'hé}réé_ei%/e%‘miBﬁf“/ogt'pﬁ“‘éuﬁ’é erg of
e Lo RBSELY! 9ot At R0 L1 OBy R ADgR L el grount
o hecos Y187y s RO | B8, R RURALY RO SUSSELYbSrobt, o>
el ement 16,teqyeeq igh2CrotdahEigelibneh® 18 2fs -2,000 ppm/°c, then
the partial differential coefficient will be
10 avVo/aT = -I8-R8:0 ppm/°C = 0 v/°C
However, so long as the light receiving element 18 is an
ordinary silicon photodiode (SPD), the temperature
coefficient of the received-light output current I8 is
positive, and it is impossible to render the temperature
15 fluctuation of the output voltage Vo to be =zero. For
rendering the fluctuation to be zero, it will Dbe
sufficient to have the emitted light amount of the 1light
emitting element 16 reduced as the temperature rises so
that the temperature fluctuation component of the
20 received-light output current 18 of the 1light receiving
element 18 will have a negative gradient. That is, as it
is considered that the received-light output current I8 of
the light receiving element 18 1is proportional to the
emitted light amount of the 1light emitting element 16
25 while this emitted 1light amount of the element 16 is
proportional to the driving current 16, it becomes only
necessary to have the emitted light amount of the light

emitting element 16 reduced in accordance with the
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. tenperature rise. It-should be appreciated here that, when the tenperature
coefficient of the received |ight output-current of the |ight receiving
elenent 18 alone is assumed to be 3,000 ppni[err], the tenperature
coéf.ficient 5 [err] substantially can approximate zero by rendering the
t&nperature coefficient of the enitgpged |ight anount of the light emtting
el enment 16 to be -5,000 ppmi[err]. Referring further to the tenperature
characteristics of the driving circuit 17, it shoul d be assunmed here that
10 t he Zemperwauiragerdééthe . zen%h&nMebmapﬁfEe&akean é e %ha@@d that
the voltage across the base and emitter of the transistor Tr7 as well

t he nor mal wilenecthenalenpeldatuye/ obbade iatieeachodf e &%déeﬁv@drémgﬁt(n 1)
diodes are [err], the current flowing to the light emtting elenment 16 15
will be [eentpuhepuriengacifi dhelifighenreakivielf icicamnt sl@btaioned 8 t h
respect to the variation [err] in the tenperature T on both sides of the
equati on, RESWmed &92&? OOO[EPW¥°€:U¢UE temperatiiRy . cperfifjicigriRy.

[err]_+ 1/ RY. [err] err] -n. [err] - Jerr] . - (2)
Wien ? he té?ﬁf@/é’t"ur é%ﬁﬁﬁ‘lf'a’t‘? oFaAhARR PR iMake s &g oy readeirdinghcy of
the |ight t he

16 d b 6, 25
emitted |1 BAE GRBBRES fqgﬁf]&qe.ffm Y o ohe comt €98 PREREL ambianty 506 1 0
"25% 1N 3 LROPELGhY" EmitRING Yrembhe % (€S e -5 860 SOhybRd 1ont 25

. Referring further to the temperature characteristics

Y of the driving-éircuit 17, it should be assumed here that

10 the Zener voltage of the Zener diode 2ZD3 is V 'in FIG.

ZD3
3, and that the voltage across the base and emitter of the

transistor Tr7 as well as the normal directional falling
. voltage at each of  the series array of (n-1) diodes "are

V., the current flowing to the light emitting -element 16

FI
15 will be

I6 = {V - n-VF}/R7

ZD3
When the partial differential coefficient is obtained with
respect to the variation 3T in the temperature T on both

N2 sides of the equation, it will be

2 = . - o .
0 316/3T 1/R7 (aVZD3/aT) 1/R7+(3/R7/3T) VZD3

-n/R7-(aV /3T) + l/R7-(aR7/aT)-n-VF

= 16 [{1/(V *n-vF)}-{(avZD3/aT)-

ZD3
-ne(3V,/3T)} - (3R7/3T)] ceeee (2)

When the temperature fluctuation of the 1light emission

25 efficiency of the light emitting element 16 is assumed to

be -6,250 ppm/°C, the emitted ‘light amount of the 1light

emitting element 16 fluctuates by +25% to -25% in a

temperature range of -15 to. 65°C. The emitted 1light



¢

anount of the light emtting elenent 16 decreases as the tenperature rises
and, even if the received |light output current 18 of the light receiving
elenent 18 is decreased, the emtted |ight output current of the light
receiving 5 elenent 18 alone as well as the high resistance value of (he
resistor R8 for the current-voltage co$¥ersion show a tendency of being

I ncreased as the tenperature rises. |ITthe emtted |light anmount of the
light emtting elenent 16 is -5,000 ppm[err], therefore, the tenperature

coefficienind@nt olfeliie OfidMe EMiR¥EnYOld1atkenY0 1§ BBErkagRls r&ceikiend

circuit can be made zero, and it 1s posSsible to render the tenperature

coef fi ci entempet B8uYBOIraseis @Hd, t&vBR gfeninel t¥céeveaby ifid | Batphe
tenperature coefficient of the driving current 16 in the driving circuit 17

for the 15curréhght8esit theg lalghe redki vind e lenthit Y81 {erdécreasktdg above
formula (2), the resistor R7 is to be forned by a discrete part having a

t enper at urehe oenfiittiesht 1l iglht houspuyl ¢grbént afid the | dighit thetefiwdinhg = 6.9
V, [err] =3 nV/[err], [err] = -2 [err] and V = 0.7V, then 20 it is
suf fiTi entelemephddB EHoneag vel%a.a@ the yhigly)resdstpace] valuerpfto be
1,250 ppm[err] = 1.25x _[err], upon which n =_1.956 2. Accordingly, the
nunber of the HE84&tRRYRBe fffddi® SRITRNEyvVeltagesconversion rghay dut
optimumy in the foregping manner the setiing,of the nunber, of the_(n-1)
Fodes i 1 tendtiey e Beila doereaned S5 the panPEEALRIE HIRFT cpdfat ut o

coef ficienty of of e QUt RYERYLOLERRTof Nend | 905nECLRT IR ePlnent 16

is -5,000 ppm/°C, therefore, the temperature coefficient
10 (3Vo/3T) of the output voltage Vo of the light receiving
circuit can be made zero, and it is possible to render the
temperature coefficient of the whole c¢ircuit to be
eventually zero by setting the temperature coefficient of
the driving current I6 in the driving circuit 17 for the
15 light emitting element 16 to be 1,250 ppm/°C.
In the above formula (2}, the resistor R7 is to be
formed by a discrete part having a temperature coefficient
which is negligible, and it is set that V = 6.9 Vv,

Z2D3

aVZD3/aT = 3 mv/°C, IVL/IT = -2 mv/°C and Vp = 0.7 V, then

20 it is sufficient to render the value

3 3

{1/(6.9 - nx0.7)}+(3x10 ~ + nx2x10 °)
to be 1,250 ppm/°C = 1.25x10 >, upon which n = 1.956 = 2.
Accordingly, the number of the diode may be made to be
(n-1) = 1.

25 Carrying out optimumly in the foregoing manner the
setting of the number of the (n-1) diodes in the driving

circuit 17, it is possible to render the temperature

coefficient of the output voltage of the light detection
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_circuit to be zero. Referring to FIG 8, there is shown & tinme chart of an
operation of the sensor according to the present invention, along

t he operation at respective parts of the 5 sensor. When the reference
clock signal OSC fromthe«oscillation circuit k2 is of a frequency
of~"10 KHz (waveforns (a) and (b)y imp&l G 8), the frequency divided out put
B15 of the 15 stage frequency divider 20a (waveform(d) in FIG 8) wll
be a clock having a cycle of 3.276 10 sec. This frequency divided

out put Blicimscypivvidedetverhe 7 stage shift register circuit 20b, which
circuit is made to shift by neans of -the second stage frequency divided

out put B2 of tReféreiyugnt9 HIGhdﬁngtﬁQﬁﬁn&S:ﬁh?%WwWé#%W%1?E?réf°ﬁlEP 8),
and thus the outputs QL through Q7 of the 15 _ respective stages of the
shift rePReRRtIRR c@ft B (RERSOS ns2FEPrdngk) 7. Frde g)PEpEent
prepared. . Signals of ihese out puts gr.e decoded at %he | ogi cal c'rg It 20c,
and the colftYSRtLPYNaPLOPR ENEnPRSEEF19T Rt ERFRSFEAVELHIGLS s?%jn ©LEDON,

up-cl_ock si gnal

(1) %0 | %?15 Up%%gh%r{ee.sr%teefseir%g%l Rgogﬁ’ sﬁﬂ Iprdﬂst@r %&m( V__V?ﬁgf orme

FI G control signal Ts to render
anal og si gnal; ing; cLE Y 181 {aclydi ng the AlMhESi ese 21pg 1 RESr ence
vol t age sourc;fg%gfgﬁd %%ﬁ%%?gtor§21c tdgge ef fective é%d, for a period of

time in whigd,dFbSmsO0PhhOlandP (b) SigngcRHg) i stRé frdfiidloy abeigesrce
current to the analog signal processing circuit 21 is Interrupted so as to

be abl e t musceBiheor egrer 868 etagenFriejuedicyt i widet r2¢acywaeaform At
the sane time, the other control - 27
(d) in FIG. 8) will be a clock having a cycle of 3.276

\410 sec. This frequency divided output Bl5 is provided to the
| 7 stage shift register circuit 20b, which circuit is made

to shift by means of the second stage frequency divided
output B2 of the frequency dividing circuit 20a- (waveform

(c) of FIG. 8), and thus the outputs Ql.through Q7 of - the

15 respective stages of the shift regiéter circuit 20b
(waveforms (e) to (k) of FIG. 8) are prepared. Signals of

these outputs are decoded at the logical circuit 20¢, and

the control signals PHI1 and PHI2, light emission con£r01

U signal LEDON, up-clock signals UPCLK and reset signal RST
20 are prepared (waveforms. (1) to (P) of FIG.  8). The
control signal PHI1 is to render the analog signal
processing ¢ifcuit 21l including the amplifier 21;,
reference voltage source 21b and comparator 2lc to be
effective and, for a period of time in which this control

25 signal PHI1 is at L 1level, the sburce current to the
analog signal processing circuit 21 is.interrupted so as

to be able to reduce the required consumption of ‘the

electric current. At the.same time, the other control
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signal PHI 2 rises to turn the analog switch SWL ON, the buffer side
termnal of the DC cutting capacitor C3 is charged by the reference voltage
"Vo, and a voltage equal to the reference voltage Vo is attained across the
5 capacitor C3. When on the other hand the control signal PH 2 is at [l

| evel and the analog switch SW i-s tRdreby turned OFF, the light em ssion
control signal LEDON becones at H level, and the driving current 16 is made
to flowto the light 10 emtting elenent 16 by the driving circuit 17.
Buring thssghalewsir2ofrises| kghtt i sehen Hidlldy| seiganl SWDODN,t ke
consum ng current of the driving circuit 17 is also nade zero. The

out put sbgfifer fiddetekmghtl refCethiengoe! etdtink eapabktidioredCdi tis t he
detection signal of the 15 emtted light from the light emtting

el enent thargeday ithedrafergncenpiolitiage Mo, afud & vorktageeiemrhl i ght
signal CPLS (waveform (qgq) of FIG 8) exceeds the reference voltage VREF of
t he conpat8&ct $he21sefegensenpaidltAgeutRt i gnattabtnedof ackestonpdiaat or
21c gvvaveform g_r) of FIG 8) 20 will be at Hlevel. This conparison
out pat si GARRC €3 -subj ected to the self-holding by the RS flip-flop 15a

[ h ' it 15 d -d l ' [ | UD!
e SO Bkt oA gk ke IR, (O WEoARUD ELSELLOBIEL 455,
h -d b i t.h ' | h
P SOLBAIVIE R SRE, b O 1, RGN, 15 RETERRS, Spd e

Lo o SALBRE i fod Lty O ORI cise! e 1! S
and the driving current I6 is made to flow to the 1light

10 emitting element 16 by the driving circuit 17. During
this L level of the light emission control signal LEDON,

the consuming current of the driving circuit 17 is also

made zero. The output signal of the 1light receiving
element 18 as obtained with the detection signal of the

15 emitted 1light from the 1light emitting element 16 is
amplified at the amplifier 2la and, as the received-light
signal CPLS (waveform (g) of FIG. 8) exceeds the reference
voltage VREF of the comparactor 21lc, the comparison output
signal COMP of the comparator 21c (waveform (r) of FIG. 8)

20 will be at H level. This comparison output signal COMP is
subjected to the self-holding by the RS flip-flop 15a in

the counter circuit 15 and, when the up-down selection
signal UDS (waveform (s) of FIG. 8) is at H 1level, the
signal COMP is to be taken into the up-down counter 15b in

25 the counter circuit 15 by means of the up-clock signal
UPCLK. At the counter circuit 15, the sequential excess

for three times of the received-light signal CPLS over the

reference voltage VREF will cause an output signal OUT of
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_the counter circuit 15 to be at H level (see also FIG 9). The nunber of
times for which the received-light signal CPLS and the reference signa
VREF ‘are conpared with each other can be increased or decreased by properly
sefting 5 the counter circuit 15. A larger number of the sensors of the
kPﬁd referred to are generally di spoged as mutual |y separated between the
€ircuit lines [err] and [err], and it is desirable to reduce the consum ng
power . In the foregoing anal og signal 10 processing circuit

21, too, ithéscatheaptedrtaisals tle beorurd nepolhwelsed ahsoaRalGeg 99i-gnal
processing circuit 21. In the present i nstance, the anal og signal

pr ocessi ngTber awinber2lof | ¢ imast bnwdwhigherttia t sgceyjvesdrlight edsnagd!
signal PH' 1 generated at the timng control circuit 20, so 15 as to save
t he power.CPL3ssndi khe meferenge tﬂi@n%buV,Q@FvéFﬁag’@‘P\kr%ﬁ]dw%’HhaPécl’o v
and 5V, resgectlvely, and the H | evel period of the contral nal, PHI 1
whi ch rendetBerh&amdpregisrgrasesr db‘ésé?ﬁﬁeélsre@w}?i’ 2 PIOPST Yof Fg(‘f‘itll\?(,g i s
1.4 nsec., then a current cons tion of 10 mA practically 20 requi red
for the enthPfecanRFEY §F§ﬁ3Ftp cessing circuit 21 here should only result

in the presence gérégg @E?ﬁ gggp% rkpd‘gpr @F4kf§30rek§§%§%ni% in a

cycl e of about nsec 2 sec
achi eving g .re the rn&ﬂﬂiarl PRUBLrdRed BOOILOR! ip
Furt her, Qré rre 1% ro ‘%o%gh e ?QIV|%5 gerU|t 17 at all so
long as th&kbam ¢ghasi o aaat 9l, Singnale LEPQLd sra1é LevekauBeernshen
the driving current 16 for the Ilght emtting elenent 16 is to be 100 29
consuming power.. . In the foregoing -analog  signal

"

10 . processing circuit 21, too, it is attempted to save the

consuming power of. the analog_signai processing - circuit

21. 1In the present instance, the analog signal processing
circuit 21 is actuated intermittently by the control
signal PHIl generated at the timing control circuit 20, so

15 ‘as to save the power. Assuming here that ' the source
voleages Vc and Vd are 10 V and 5 V, respectively; and the

H level period of the control signal PHIL which renders

the analog signal processing circuit 21 to be effective is

U/ 1.4 msec., then a current consumption of 10 mA practically
20  required for the entire analog signal processing circuit
21 here should only result in the presence of the power

~ consuming period for 1.4 msec. just once -in a cycle of
~about 3.2 sec. so that 10 mA x 1.4 msec./3.2 sec. = 4.38

uA, achieving a remarkable saving of .the required power

25 consumption. Further, no current flows -through the
driving circuit 17 at all so long as the light emission
control signal LEDON. is at L level.  Even when the driving

current I6 for the light emitting element 16 is to be 100
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mA, therefore, with the Hlevel period of the |ight em ssion control signal
LEDON set to be 200 [err]., it is then attainable that 100 mA x 200 .
"psec. /3.2 sec. = 6.25 [err], and there can be attained a remnarkabl e power
saving. 5 In addition, there is a further power consunption of ahgut
7 [err] at the constant voltage circuit2%21b and power-on reset circuit 22
but, since the logical circuit part including the timng control circuit 20
and counter circuit 15 is of |ess power consunption, the entire power 10
consunpti gR Showd de BErbi, M & ednW ke N HO 18/l periiodend hgmsciligid on
circuit 19 of 10 KHz is included. Therefore, the power consunption in the
sumtotal emibkiba boltrob. 8bgrial LEDON skt 66 [Bér Roang dduis, t he s@nsor as
a whole is of a | ow power 15 consunption of Jless than 30 [J[err].

In the theagaitng iadlk nenat lof0urimlex, 200 heseco/i3uledeqovner 6.2%vi ng
Is attenpted not by connecting and di sconnecting the power source of the
source |i nds ¥odantheve iqan rheerattaimed yadréemankablie hpawekogasiimggli t parts

as the driving circuit 20 17, anal og signal processing circuit 21 and
the Bi ke, but Inataesitionnt theggt iisg a hEuetheenpowerh eerserphipat 6
provi ded di scretel for controllin the current interruption with

respect tB8PPHE réspeltidk aﬁﬁ?ogcePFEﬁPngﬁ?%§?9§o EhEEUAEquiti&Y (AR for
th ti | 25 . _cirtcui ts t f fi tate will b
shorter tRANSF oM daks shereifnezsdiive Faeey Ehesdoriedt Rulduttng
di sconnec%ggtgfr{g‘tc%glrhsﬁ%_e%éyt|ihing o i B0 PRESLD! ©df CaflgV oMt dECel ved

| i ght out
circuit 15 is of less power consumption, the entire power

-’
10 consumption should be limited within 10 A even when the
oscillation circuit 19 of 10 KHz is included. Therefore,
the power consumption in the sum total will be
4.38 + 6.25 + 7 + 10 = 27.63 (uA)
and thus the sensor as a whole is of a 1low power
15 consumption of less than 30 uA. In the foregoing
embodiment, further, the consumed power saving is
attempted not by connecting and disconnecting the power
source of the source lines Vc and Vd in intermettently
'

driving such analog circuit parts as the driving circuit
20 17, analog signal processing circuit 21 and the 1like, but
rather by i.nterrupting the current with the transistors
provided discretely for controlling the current
interruption with respect to the respective analog circuit
parts, so that required time for the respective analog
25 circuit parts to reach effective state will be shorter
than iﬁ 'the case where the source 1line voltage is
connected and disconnected and consequently it will be

made possible to have the received light output of the



_light receiving el ement 18 taken up at the counter circuit 15 within such a
short period of tinme as 1.4 nsec. as a whole. Accordingly, the effective
‘operation tinme at the analog circuit parts is thereby nade shorter and an 5
attenpt to save the consuned. power can be attained:.- According to one of

r err kabl e features of the present iB@ention, main circuit parts formng
the sensor in the foregoi ng enbodi ment are provi ded as a seni conduct or
integrated circuit formed on a dielectric isolation 10 substrate.

Ref erri ng igght ord¢edring ebengntah8Ntakepe up @il £he y2AWILeY | fEbRuit
substrate 31 is subjected to a known sem conduct or processing to have an

i nsul ati ngt ¥ iwhtBEnosugh @xishoNterPeriefned tHPRoAS ded r BESFor t3%n? of
this oxide film 32 are etched throug? ghotolitho%ra,hic %5 qu

oxi de- f i | fhoX& chi Agcorfdpgiyqudde €tfertaleePPe a?r?p’eﬂﬂ s5tP8pidt eFBfing i s
carried out wth respect, to the silic crystal_.by _.nean of . san

al kal i ne aa‘?ﬁ’s‘iﬂrdb‘i’gc‘é’t*chiﬂ?d:tfsf quid Ot FHERY s G gsrho%x\%ésrar%n hef 8by
fornmed (see FIG, 10). _The f ' [ f ' | so 20

forned on %tutr?r%%test%fs?%g %ﬁ%oégé.SUPng?n?%%% S Iﬂn% BrQZéiTZasi %‘?' i nsul ati ng

purpose, it W?M%Pﬁg:\tﬂ bhd 89: ¥eh@rRatA P Heabuds Vs té’ﬁ‘e'%ﬁéséﬁi

comonly be utiliZe , a polycrystalline silicon layer 33 is forned

as a suppofddnOfot NemaiRSWdtdde phkWs32fofmbeg Fefe lddnsor Wi ethaot 25
specifically limted, this polycrystalline silicon |ayer 33 should

pr ef er abl yrdreding t hemkoasaeatbshast i pidoyiekdal a0 tahatserfii¢coedschgre
crystal silicon substrate. Surface grinding is then carried out fromthe
side of thmtddr®eed c3tcuit formed on a dielectric isolation

\JIO substrate. Referring now to FIGS. 10 to 13, an N type
single crystal silicon substrate 31 is subjected to a
known semiconductor processing to have an insulating film
32 of an oxide (sioz) formed thereon, desired portions of
-this oxide film 32 are etched through photolithographic

15 and oxide-film etching - techniques, "thereafter an

_anisotropic etching_is carried out with respect to the
silicon crystal by means of an alkaline anisotropic
etching liquid, and V-shaped grooves are thereby formed

Y (see FIG. 10). Thereafter, the isulating film 32 is also

20 formed on surfaées of the grooves. Since this film 32 is
for insulating purpose, it may not be limited only to.sio2
but Si;N, or the like may commonly be utilized. Next, a
polycpystalline silicon layer 33 is formed as a supporter
on. the insulating film 32 (see FIG. 11). -While not
25 _specifigally limited, this polycrystalline silicon layer
33 should preferably be of a thickness substantially equal

to that of the single crystal silicon substrate. Surface

grinding is then carried out from the side of the silicon



| 8 -
Eiorvven s o e T

substrate 31 to renove the substrate until the insulating film 32 and
.polycrystalline silicon layer 33 at bottom portions of the etched grooves
are exposed (see FIG 12). The grinding is started with a coarse Iapplng
and is 5 continued with gradually finer lapping, and finally a
polishing is carried out for a mrror finishing. Through the foregoing
steps, the dielectric isolation substrdte including a plurality of single
crystal silicon zones enclosed by the insulating film 32 and di sposed in 10
t he form alubstinatd adildst@nréheveokyer yalbadtriate witiXrothkajdersudatiing
conpleted. On the respective land-like single crystal silicon zones 31,
such constfiitlmen82merrokr podiycriystadddme csituconadaysr bédn atsdadstmuip t hat
is, the sensor elenents to be provided in the IC formation are forned. 15
In the foRediinpsaictheietched greovendneserpPERdcisrst Flié"-prl(i/h ded in
the IC formation will be_ the power-source capacitors Cl and C2, ght
emtting dNEeATInGiRgd the FHYRTHR 1 M Hhd 3 oFPAGES antPPPHRT/ e%‘Pét a&ﬁe

| t.h | r 13, 20
i oRit - o EAad it {oRos B BARAbYT of B C'ra[%”s"oﬂbech. P nipe B 4

circuits, e effe %gye I ght si mul t aneousl y
achi eved. 1}%2\ J %ﬁy %\(&a{"hlf@#] ' andgtgpgage F3nd hi gh )
resistance Va'ﬂf‘r&lﬁ}h b@hé “%Edadlha st;%p@e tqm Pai&PetOBYcaS dd1dtSidIPt 25
problem that occupying area” of el enents becones | arger.

Accor di ng dubdtiaty Qﬁ&!‘!udﬂ\kfr\&l gmurfamrittberof B MG iet ¥robeaesisdn icon
nodi fi cation is possible.
zones enclosed by the 1nsu1at1ng film 32 and disposed in
10 the form of many lands on the polycrystalline silicon
layer 33 is completed. On the respective land-like single
crystal silicon zones 31, such constituent members of the
sensor circuit as has been disclosed, that is, the sensor
elements to be provided in the IC formation are formed.
15 In the foregoing sensor circuit, the elements which cannot
be provided in the IC formation will be the power-source
capacitors Cl and C2, light emitting element 16 and the
high withstand voltage and high resistance value resistor
R3 in the constant voltage circuit 13, and all other ~
20 circgit elements than these can be formed into one-chip
integrated circuits, with the effective minimization in
size and weight simultaneously achieved. The resistor R3
of the high withstand voltage and high resistance value
may be included in the one chip, so long as it is not
25 problem that occupying area of the elements becomes
larger. |

According to the present invention, further, a variety

of design modification is possible.



., Referring to FIG 14; another working aspect of the driving circuit for the

sensor according to the present invention is shown. |In the present
instance, the driving circuit 117 differs fromthe driving circuit 17 of
FIG 35 in respect that a current mirror circuit. conprising PNP

t rafisi stors Tr14 and Tri15 i's added to ¥thieve a constant current as the
base current source for the transistor Tr6, and that the vol tage [err]
across the base and emtter of the transistor Tr7 is cancelled by a voltage
[err] across l1B8efertrheghase BRE.edi4t eanofthert mariigtoragpegtse hihet he
tenperature characteristics of the driving current 16 for the Iight
enmitting efeawhngliBinguit pEodettheni peBser| RasPadag Zeferthsli BYESEPE3 and
(n-1) diodes. Al'l other arrangenents are the sane as thos i.n.the

driving ci itR¥eption llehG’P’nFl GI“B *alhﬁ PRESERfe WGFANG rentnel FaNi8%s

h h f FI G d db h f
heral o, PRrehiEoniTe Al s T from G %ﬁfﬂ%y cedtyitiad ?%fr??éﬁm LEDON
t HI | d b 0 h IG. 3,
the NOOS t FBnd %rpiéctngﬁ?% SR ELEE (il reRe N pe YLD R ol O 8
turned OFF and tQe Méf@%t@hi” s s Q) awhsesRY 4 héoaattant

potenti al |s raised transistor Trl2 and NMOS transistor Trl 3,

SO as to tuLRrkRe BMD%U Pa%eS I UrrEnk? dsurde £6€ th&EFcrandistbe TGS

transistor Trl3 to be ON Consequently, a constant current determ ned

by the resapalorh@t6 tife nW.itBté@erg}g{ t @ddtsPNFhé rpasestnd Teniteer af
I dentical current is also nade FIOM/through t he 33
the transistor Tr7 is cancelled by a voltage VBEl7 across

le the base and emitter of a transistor Trl7 so that the
temperature characteristics of the driving current I6--for
.the light emitting element.116 will be determined only by
the Zener diode 2D3 and (n-1) diodes. All * other
‘arrangements are the same as those in the driving cirecuit
15 17 of FIG. 3 and the same constituent elements as those in
the cifcuit 17 of FIG. 3 are denoted by the same reference
numerals.

In the present instance, the 1light emission conérol
\_/ - signal LEDON at H level renders, as has been referred to
20 with reference to FIG. 3, the NMOS transistor Tr8 - to be
turned ON, the NMOS transistors . Tr9 and Trl0 turned- OFF
and the PMOS transistor Trll turned ON, whereby the gate
potential is raised at the PMOS transistor Trl2 and NMOS
transistor Trl3, so as to turn the.PMOS transistor Trl2 to

25 be OFF ~and the NMOS transistor -Trl3 to be ON.
Consequently, a constant current determined by - the

resistor R16 is made to flow to the PNP transistor Trld

and an identical current is also made to flow through the



-

& ..
PNP transistor. Tr1l5 to the base of the transistor Tr6. The gate potenti al

at the NMOS transistor Trl6 is low at this nonent, and this transistor Trl6
"is turned OFF and the NPN transistor Trl7 is placed to be ready to operate.
5 This NPN transistor Trl7 is to carry out a negative feedback .,
control in such that, as the volt-age across the resistor R6 rises, the base
current of the NPN transistor Tr6 B3 shunted to |l ower the voltage across
the resistor R6 so as to be equal to the voltage [err] across the base and

10 em %&fgtﬁﬁglﬂﬁtgﬁ'\'ﬂ@s&at YhelMbdse o@omueegh&i_sa&e@féyi ng

current | rt t emtting elenent 116 in the driving circurt 117

Wil be I6he b8te] potedtilalThae tRedwmosO triis idorortage ilseridwaaioss the
base and 15 emt{ter of the transistor Tr7 and the voltage [err] across

the base @nfsefionedit ,Ofaride thianstsansidtdy ard 6 oisavaehedacdFbt dad Next,
the Iight em ssion control signal LEDON at L |evel renders the NMOS

transi st othdrBPKNotbhensished @ER7 N¥OPllaceditss dres fe@dyuntio Topératebe ON and
the PMOS 20 transistor Trll to be OFF, so that the gate potential of the
PMOS5t r anBhés orNPIY 1 Xrans iewes t Taddl stisr Tel13cpsryowerdd /o negatiNe PMOS
transistor Trl2 to be ON_and the NMOS transistor Trl3 to be OFF.

Accor di ngf§edhackureBiErols ifmdeuelh £hak:t &%t HhPNBOLERAS ATTOSF| Fhenor to

the PNP 25 _ transistor 15. _As _the NMOS transi_stors 6. and Trl O are
turned ONFeBhatBEsBS pELEREr athsr RaRe NPAFTERRsPE: d:?‘se #%“}aﬁﬁa’?ﬁ‘sit?rt her eby

| ower ed,_gng Lhe ot NPN! 0203l StoLs JHE AN L7069 Bnk N85 §RURLERG OFF

so as to be equal to the voltage V across the base and

BE17 ~’'
10 emitter of the NPN transistor Trl7. Consequently, the
driving current I6 for the light emitting element 116 in
the driving circuit 117 will be

I6 = {(Vv (n—l)’VF}/R7

Z2D3

This is due to that the voltage VB across the base and

E7

15 emitter of the transistor Tr7 and the voltage V across

BE17
the base and emitter of the transistor Trl7 are to cancel
each other. Next, the light emission control signal LEDON
at L level renders the NMOS transistor Tr8 to be turned
OFF, NMOS transistors Tr9 and Trl0 to be ON and the PMOS

20 transistor Trll to be OFF, so that the gate potential of
the PMOS transistor Trl2 and NMOS transistor Trl3 is
lowered to turn the PMOS transistor Trl2 to be ON and the
NMOS transistor Trl3 to be OFF. Accordingly, no current
is made to flow to the PNP transistor Trl4, nor to the PNP

25 transistor 15. As the NMOS transistors Trl6é and Trl0 are
turned ON, the base potential of the NPN transistors Tré6

and Tr7 is thereby lowered, and the both NPN transistors

Tr6 and Tr7 come into complete OFF state. Therefore, the



L l'evel of the contrel :si.gnal PH 1 causes no current to flow fromthe
source line Vc to the other source line V at all. Now, the nunber of the .
(n-1) “di odes enployed in the 5 driving circuit 117 is to be set so that
thé tenperature coefficient on the light enmitting side and |ight receiving
sile Wi ll be zero as a whole, takimng into consideration the tenperature
coefficient of the Zener voltage [err]3‘bf the Zener diode ZD3, |ight

em ssion efficiency of the 10 light emtting elenent 116, |ight

recei ving af fievencyf ofchichecontrght signedeiRHDY cagkesermo camdentt higo
tenperature coefficient of t he hi gh resi stor R8 for t he
current - volfilage forwerhe spurce nlime ¥onteettdhe tother i sPH§Ceulia® VY& to

the light emtting elenent 116 will be 15 6 = [err] The sane
calcul ati oretca&Xlied out as in the foregoing results in n = 3, and the
nunber of the diodes should be (n-1) = 2, Therefqre, the |ight-emgsion
driving circui N, BheoRubar eEnbbeatRel) cHLPArS e‘?ﬁpl?%?q e ts}b%t put

20 | t be. th i zed., Ref ' to Fl th | S,

<111 Shnot ROR B AR SE1 THRe 1 159 mF cPPELEE. d0bat ofinto TeRP Rk drei

the ICf ti di t h N At hi | : :

| ntonded | GO 4o ThnpLs kALt SIAE LAl PoR 06 and ot rediifing
in the drivj; ' it 2 ' Jalo) MY €5 sPECIddneal |'i ght
e sston s GFL beiedh, b8 b RGRLTT el CLAREC o b a i ok

transi stor (206 A0 N\EFet £BBEESEQentr 0. tR@dzbher vSbrage Vop3 ©f

the Zener diode ZD3, 1light emissioh efficiency of the
10 light emitting element 116, light receiving efficiency of
the light feceiving element and the - temperature
coefficient of the = high resistor R8 for the
current-voltage conversion. In the concrete, the driving
current I6 to the light emitting element 116 will be

15 _ I6 = {V -(n-1)V_-V_.}/R7 = {VZD3-(n—l)VF}/R7'

zp3*VBE F~VBE
The same calculation carried out as in the foregoing
results in n = 3, and the number of the diodes should be
(n-1) = 2. Therefore, the light—emission-driving circuit
U/ ‘of a constant temperature coefficient for the output
20 - voltage can be thus realized.
Referring to FIG. 15, there is shown still another
embodiment of the driving circuit adapted to the sensor in
~the IC formation according to the present invention, and
it is also intended to . render the temperature fluctuation
25 component to be zero in the driving circuit 217 of this
embodiment. More specifically, the light emission signal

S is applied in the present instance to the gates of PMOS

_transistor Tr206 and NMOS transistor Tr209, and the



| ogi cal value inverted by an inverter N200 is provided to the gates of the -
NMOS transistors Tr210 and Tr2l1. As the light em ssion signal S becones H
"level, therefore, the PMOS transistor Tr206 is turned OFF while the NMOS 5
transistor Tr209 is turned ON, whereby a current mrror circuit fornmed Q%s
PMOS transistors Tr207 and Tr208,~NMOS transi stor Tr209 and resistor R2
I s actuated. The output of the geverter N200 beconmes L level, and the
NMOS transistors Tr1O and Trll are turned OFF. Therefore, a 10 band
cap refeneatealcivaluid irfweneedbyyNBN invertiext N2X00T 28 1provided w203 and
Tr204 and resistors R201, R202 and R203 receives a supply of a current. A
vol t age VBheegeatesniodd tthe NMOS$ | omangisborsl Ar2d 0t hedeBy2ddner A==cthedt poi nt
Binthe driving circuit 217 of 15 FIG 15: [err]
.. (3) Whghsi remiBE3ion stignadr nél bgicomsts dhallevely agehexetoset hedhmase and
emtter of the transistor Tr203, and VT is to be represented by a follow ng
formul a, RMPR k tr@pedstiny ngTod06 ife tRspednnfEFs whdde afthe N9
representing the electron charge agd T representing the absol ute
t enper at ut&3ngstor /fr209 is turned ON, whereby a” curreng,ym " as

t he NPN t I st Tr 205 | t, ' - ti t [
e NN LLSRRL3IOre AP b3 SNl D008 46463, L She3. IR
Lhi's trangeghan ATadsh0 DEnber tLosled:® Hphs 0 AadplsEnt od e [er]

so that a const current represente
output of the inverter N200 becomes L level, and the NMOS

transistors Trl0 and Trll are turned OFF. Therefore, a

10 band cap reference circuit formed by NPN transistors
Tr201, Tr202, Tr203 and Tr204 and resistors R201l, R202 and
R203 receives a supply of a current.

A voltage V_ represented by a following formula is

B
thereby generated at point B in the driving circuit 217 of

15 FIG. 15:

VB = VBE3 + VT{(R202/R203)-En-(RZOZ/RZOl)} ..... (3)

wherein V is the normal directional voltage across the

BE3
base and emitter of the transistor Tr203, and VT is to be
represented by a following formula, with k representing ~

20 the Boltzmann's constant, g representing the electron
charge and T representing the absolute temperature,

VT = kt/q ----- (4)
Here, as the NPN transistor Tr205 is operating in
non-saturating state, there is generated at point C, with

25 a voltage across the base and emitter of this transistor
assumed to be VBEZOS' such a voltage as represented by

Ve = VB ~ VBE20S
so that a constant current represented by



16 = [err] o (5) will flow through the:light
emtting el enment 216. As the | i ght em ssion signal S becones L |evel here,
the transistor Tr206 is turned ON while the transistor 5 Tr209 is
turned OFF so as not to cause any current to flow t.Q the current mrror
ciAcuit formed by the transistors Tr367, Tr208 and Tr209 and the resistor
R205, and the transistors Tr210 and Tr211 are turned ON to render no base
current to flowto the transistors Tr205 and Tr206 so 10 as to turn them
OFF, so that ndfuar rgafR344 1=1 (¥ t’ngﬁgogi)éﬁt‘* em tting e eneht 216.

Assumi ng now_t hat. a photoel ectric_current enerated at such light -
recei vi ng &idredd M EREMIEN | pe }%gaﬁlSFéBtPHQrégﬁm%¥ﬁnﬁ%Qﬂlon conponent

(&) 1n {‘h?L‘eciésp“*%m%ﬁhgn¥°e‘ﬁ5g&§';p§be%fgq$§e A gy
216’1 s 32h§§%d EnBsheE’ o tﬁi%éLSﬁLt‘%ﬁ i gP%eg,égfcgrav%&mm.

the akove s(et)u é%ﬂl‘ﬁfé as ndP EBec gﬁatélr&n@urr%rm! fd ef
%g de&' F

t he out put rontt ere erence vol t age source 1b i s being provi
the aboves #r¥ nEhﬁrenQ:(S)mlrréf‘ec:LrQ:@l'iEerﬁSﬂﬂ@d 2y thé UG d Xtors

conmponent of [err] will ‘be [err] ....... (7) Assuming here that the |ight

recei ving aruent 23808s a’;_hd T2209 and the resistor R205, and the
transistors Tr210 and Tr21ll are turned ON to render no
base current to flow to the transistors Tr205 and Tr206 so

10 as to turn them OFF, so that no current will flow to the
light emitting element 216.

Assuming now that -~ a photoelectric current 1I8.  is
generated at such light receiving element 218 with light
irradiated thereon, a variation component Vo in the output

15 Vo of this element will be

vy = I8-R206 o i e (6)

In this case, the input impedance of the operational
amplifier 221la is very high, and the photceiectric current
Y I8 in the 1ight receiving element 218 is caused to flow
20 all through the feedback resistor R206, and the above
formula (6) is satisfied. To the operational amplifier
22la, the output from the reference voltage source 221b is

- being provided.
From the above formula (6),. the temperature

- 25 fluctuation component . of vV, Will be

(l/vo)°(3vo/8T) = (1/18)+(318/3T)+(1/R206)+(3aR206/3T)

Assuming here that the 1light receiving element 218 is a



phot odi ode, the resistor R206 conprises a diffusion resistor in IC
formation and their tenperature fluctuation conponents (1/18).([err]) and
"(1/R206).([err]) are 3,000 ppmi[err] and 3,700 ppmi[err], respectively,
then the 5 tenperature fluctuation conponent (1/[err]).([err]) of the
output voltage [err] will be 6,700 pggi[err]. In an event where the Iié]'ﬁt
emtting elenent 216 shown in FIG 15 is nade to be a generally enpl oyed
light emtting diode (LED) and the entire tenperature fluctuation conponent
i s attenppedtcdildie, behé&ereesittbry Reosuf fdonmnisd® randdifithision
tenperature fluctuation conponent of the driving current 16 of the driving
circuit 2rédfigtdmed iIhtfeamdtiony aidnene iR ltehpebatidrdOf lpotdagriidn The

driving current 16 can be represented by the 15 formula (5), its

t enper at ucenpansnts i ofl Lohbohehd/ ) | ib'ed(l !1.632%)3“(]3?296/”) are
[{([err])-([er ])}/([oerr])] |/ R204) . ([err])  ..... (8) Fromthe

f or egoi ng 3f ([S’r%ll EP C fapfhet, 79%e &rrat GREPESEAMELYont tdten hdh® poi nt

voltage will be 2

(9) " RS umcmmrar e f@neipeg%gpop%&%@mr&”ft& L £VadsTIoioh R 1 g
Ve 0 i gi bl e
and the. vaRSES ¢ “%eée?%%aé‘ia?ﬁ%fres.é 94 st RBpacpocterosbers
Eg; f] VB _Q.%.es lé%t{._l.f"rénl:tﬁ[@nfggﬁ r?ormj é](sglgévﬂ?“i%gi*?&‘.”ﬂ@ O GaRlEd ormul a
be a generally employed light emitting diode (LED) and the .
entire temperature fluctuation component is attempted to
10 be zero, it may be sufficient to render the temperature
fluctuation component of the driving current I6 of the
driving circuit 217 for the light emitting element 216 to
be 3,300 ppm/°C.
The driving current I6 can be represented by the
15 formula (5), its temperature fluctuation component will be

(1/16)+(a16/3aT) = [{ (avB/aT)—(av /aT)}/(VB—V

BE206 BE206’
-(1/R204)-(3R204/3T) ..... (8)

From the foregoing formula (3), further, the temperature

coefficient of the B point voltage will be ~

20 (3VB/3T) = (3V /3T) + (SVT/aT)'(RZOS/R203)

BE203
-an- (R202/R201)  ..... (9)
Assuming here that the resistor R204 is a discrete part of

a negligible temperature fluctuation and setting V

BE203
= = - - 0
VBe2oe = 9-7 Vv ?Vpppg3/3T = 3Vppjqe/?T = ~2 mV/TC, 3V,/3T
25 = 0.085 mV/°C and the value of the respective resistors

R201 to R203 to be R201 = 3 K@, R204 = 30 K2 and R205 = 1

K2, then, from the foregoing formula (3), VB = 2.5 V.

From the above formula (9),



lerr] =-2 nV/[err] + 5.87 nV/[err]= 3.87 .nV/[err] .70 (10)
Substituting the above fornulas (10) and (11) by the foregoing
formila (8), (1/16). [err] = {3.87 nV/[err]-(-2 nV/[err])}/(2.5-0.7)-0 5
3,300 ppmi[err] It may be appreC|ated fromthe above that the tenperature
fLuétuatlon conponent " of such related circuits as shown in FIGS. 15 and 16
of the Ilight emtting and receiving elenments 216 and 218 can be nade
zero by optimumy setting 10 the vl ue of the fésistors R201- R203.
Referring now bw _fA@ = 172 inwht ch 5agot hey *coskBng7aspglc aof.. .t.hg 1anal og
signal processing circuit applicable to the sensor in IC formation

accor di ng. Sobisitd tprtsisgnt - theveabbye | Soshobas tHEOki rand t- 42D | dDyorthe

sinplified in 15 the structure than in the case of the circuit 21 shown
in FIG 4 énaeswengnﬁgnmnlatQSbf the CIFCUIt to the one chip formation is
thereby el evated, mepts corres to those in

FIG 4 are dendtddly (tar?é/s% Tef%r%ﬁc@vﬁuﬁ:reﬁa?smgé Fﬁgéégl'ﬁ “B-@)® put as

added_ by 400. 20 Referring nori iﬁSCIflga y, the anal og signal ,
procé§3|ng circuit 421 in the prese nt conprises three stage

operatlona# angl % ZK”ét%eo§roﬁaQ%%' e\éy§ ghcnggmgggg%%&%g

respectivel y across & rit Ral “and &N i ed 1 npu rm na

the operati ?ﬂ%ku%i ‘ﬂgﬂ Jﬁéﬁé ofFéidn fgﬂaégéoélfcéﬁéf FQ'E% O§n

swi t chi ng el enment Ao connected to t hie operati ona | er I n

paral | el weilsthe)apacst are CHIS. tné?eflelrgrwtngealﬁchh@ Fhﬁd 18ec 98y
signal SWat H |l evel causes the sw tching

elements 216 and 218 can be made zero by optimumly setting

\v.-
10 the value of the resistors R201-R203.

Referring now to FIG. 17 in  which  another working
aspect of . the analog signal processing circuit applicable
to the sensor in IC .formation according to the present

u_invention is shown, the circuit 421 is more simplified in

15 the structure than in the case of the circuit 21 shown in
FIG. 4 and the adaptability of the circuit to the oneichip
formation is thereby elevated. In FIG. 17, elements
corresponding to those in FIG. 4 are denoted by'the.same

Y reference numerals as those in FIG. 4 but as added by 400.
20 Referring more specifically, the analog: signal processing
circuit 421 in the present embodiment comprises three

stage operatiohal amplifiers OP401-0P403, capaéitors C401

and C403 .connected respectively across an output - terminal

~and an inverted input ‘terminal of the operational

25 amplifiers OP401 and OP403, and a bilateral switching
element SW40l1l connected to the operational amplifier OP403

in parallel with the capacitor C403. Referring also to

FIG. 18, a gate signal SW at H level causes the switching



el ement SWI01 turned ON, and the output voltage of the operational

anplifier OP403 is set to be the reference voltage [err] The gate signa
"SWi’'s held at Hlevel for a predetermined period of tine and is thereafter
made to be 5 L level. In the compprator 421c, JFET or MOS transistor ‘of
a high input inpedance is enployed as an input stage transistor, an inde*u
bypassing current of which is extrenely small as to be several pA to about
100 pA. Therefore, the output term nal voltage of the operational 10

anpl i fier eQRAEHY Ssiedl Twisieant O} | andt the out ¢ eRAtEYd age [ene] for
several nsec. after turning OFF of the swtching el enent SWM01, even if the
capacity opelrat ioneci anpd iE4A@2 a0P403d03s sset stml beasthe heefdwencd 0 pF.
As the gate signal SWrises and the oscillation signal of 15 t he

osci | | ati owldiageuit, ausekhe hgateghigralt SWngseheddnats 15 Mevedni for i ght ,
the anplifying neans 421a of the anal og signal processing circuit generates
an out put P¥egesiermimgd pgoledheEntine and: diF rihereatrer smade ito ke OFF
state and_the operational anplifier OP403_ operates as an _inverting 20

anpl itier lofle¥&fai n &P thEeucRMRITRYUED) 421F) JFET SLinfiPS, tEANSLSEOM3, the
out put si gnal ;{.the,anﬁlif,iquneans,421a I phvol ying even.an error voltage
of [err] §&n& R ATPRE BRCRi AECtERIPERE PENT sTBRYENVEYYITS

out put signal af .the output,.sigpal,of .the aoperatli | anplifjer .25 . OP403°
oa Phe ©noeAnez iy A, iAbe plbelatind e R AR Wi D ke

W
r. Varias on put S

mor € tha”e@:lt%%ﬁ%‘hiyrﬁgf? Rl Ug, e QQ?E?H“ Pa $61CaboQY! A% Badetection.

si gnal . present enbodi nment, e reference voltage provided to
the 40Therefore, the output terminal voltage of the operational

-
10 amplifier OP403 is held substantially at the reference
voltage Vref for several msec. after turning OFF of the
switching element SW401, even if the capacity of the
capacitors C402 and C403 is so small as to be about 10 pF.
As the gate signal SW rises and the oscillation signal of
15 the oscillation circuit causes the light emitting element
416 to emit light, the amplifying means 42la of the analog
signal processing circuit generates an output signal Vs,
upon which the switching element SW40l1 is in OFF state and
the operational amplifier OP403 operates as an inverting ~
20 amplifier of a gain of -(jwC403/jwC402). 1If, for example,
C402 = C403, the output signal of the amplifying means
42la involving even an error voltage of AV generated in
the sense of direct current renders an inverted output
signal of the output signal of the operational amplifier
25 OP403 as the inverting amplifier. If the variation of
this input voltage is more than a predetermined value, the
comparator 42lc provides a detection signal. In the

present embodiment, the reference voltage provided to the



,non-inverted input terminal of the operational anplifier OP403 as the
i_nverting anplifier may be different fromthe reference voltage [err] which
is provided to the anplifying neans 42l1a. 5 Accordi ng to anot her
feature of the present invention, there is suggested an arrangenent

alfowi ng even a faint input signal “to b&0%accurately detected. Referring
here to FIG 19, there is inserted a DC cutting circuit between the
anplifying neans 521a and ttie¢ conparator 521c, and*a 10 CMCS transi stor
Tr501 conprici+inhNfGedr dnpust ctefimbddh afd thdOSoperationed Tamel bfier
connected between the output term nal of the capacitor 502 and the .

ref erence QR4 @Yeasotheeifvert inThampVbs iersmeaiys ber diiffErentanf pemnhle ON
and OFF by neans of the gate signal SWwhile the PMOS 15 transi stor
Tr501b is tiRFRAENSE aveltrgepy ap WhAehr déd PEoyigdedoita HdrgyAmPLi §Hirgsw

t hrough an invert N500. The reference voltage [err] may be a ground
vol t age -(ﬁ@%oﬁ]aﬁe). Accordingly, referring also to FIG 20, the
gate signal SWjyeachin | evel . causes N ransi la and
PMOS t% ansi stor}{ﬁ?%‘ﬁi&’og?gkgea?ﬁifn% %ﬁ:as:g'%(? {%tb& ?’Z‘Jge}t & AR ngﬁgg()ut put
term nal of capacgj LS - e of =gy e ate
si gnal SWitsﬁ%g? dggt %ﬁ%%gfo?ﬁab%gﬁ%éﬁ{r];fgﬁggﬁg '(tgh‘{aé;}ga tegg%ge to
be L level .;niie cOIPRLPt 06 BelackaraBiiapbiadnesd! REFes¥Ehdhere to
structure as the conparator 421c of FIG 17, the input bypassing current is
so smal |l agi®, bgoabaHersevesali N rit@dl0) p8 asfitktsndiekdrauithebseheeance
voltage [err] for several nsec. even when the capacity of the capacitor
C502 41 the amplifying means 52la and the comparator 521c, and a

o/
10 CMOS transistor Tr501 comprising NMOS transistor Tr50la

and PMOS transistor Tr501lb is connected between the output
terminal of the capacitor 502 and the reference voltage

source V'r The NMOS transistor Tr50la can be made ON

ef’

~and OFF by means of the gate signal SW while the PMOS

15 transistor Tr501b is turned ON and OFF. by an inverted
signal of the gate signal SW through an inverter N500.

The reference voltage Vref may be a ground voltage (zero

voltage). Accordingly, referring also to FIG. 20, the

U gate signal SW reaching H level causes the NMOS transistor

20 _TrSOla and PMOS transistor TrS501lb to be turned ON, and the

voltage V

Cc
set at the reference voltage. The gate signal SW is held

at the output terminal of the capacitor C502 is

at H level for about 50 psec. and is thereafter made to be
L level. The comparator 521c is substantially of the same
25 structure as the comparator 421c of FIG. 17, the inbut
bypassing. current is so small as to be about several pA to
100 pA and is held at the reference voltage Vref' for

several msec. even when the capacity of the capacitor C502



Is small, and a detection signal is provided in response to a conponent of
t he output signal Vs in the sane manner as in the enbodi nent of FIG 17. In
this case, the output termnal voltage of the capacitor C502 is set at the
5 reference voltage Vref in accordance with the gate signal SM/prlorES
the detection period of the input-sigdd , even when the output of the
operational anplifier OP502 involves the error signal [err] due to an
of f-set voltage of the operational anplifiers OP501 and OP502 and a dark 10
current ofist mdllghtanacai deteet Boensigi8l asd privey iledr ifi gealpdisd] i S
not provided to the conparator 521c. Accordingly, it is nmade possible to
accur at el yodet ecmparignt hef f ehatoutput siignall. Veefiox rthg serme marrex 21,

there is suggested an 15 anplifying arrangement which is nore

i nproved asnint thed@mbadinentinefi BEGof 17he ni thisucaset ithen auteuwtnal og
signal processing circuit of FIG 17. That is, in the present instance,
three st&g&mi avpatage arhl i ther scammpitor PSP 2andsorses a?'é g ded

in the sane _manner as 20 in the anplifier of FIG 4, and
trandi st of STPFERFaVPHEIWR Yoemi nf AFETHARSC Hikh | HﬁecﬁPEﬁl§¥%P§%at

h ELG 17 d, bet th t |.of th d
operat L‘n& RO (B RGO GRACE e PREASL BF g %?u?ﬁ&%ma&f&évﬁ%?. onal

anplifi er 039%2 bc%'\é%@g tla% Zihseo téfga%é?ﬁ{)&@ #lgﬁggl p<gH03 and”

t he conparator ectively, ng Crrcuit Tnserted

bet ween t ha,39¢wad ¢l diad Qpeﬁailpoahuanwd farﬁréffI@Q@ 9B c&gR0B M | | be.

effective to prevent the error Vvoltage
the operational amplifiers OP501 and OP502 and a dark

-~/
10 current of the light receiving element 518, and the error
signal AV is not provided to the comparator 52lc.
Accordingly, it is made possible to accurately detect only
the faint input signal.
Referring next to FIG. 21, there is sﬁggested an
15 amplifying arrangement which is more improved in the
detecting function of the faint current than the analog
signal processing circuit of FIG 17. That is, in the
present instance, three stage operational amplifiers
OP601, OP602 and OP603 are provided in the same manner as ~
20 in the amplifier of FIG. 4, and CMOS transistors Tr601 and
Tr602 forming the same DC cutting circuit as that shown in
FIG. 17 are inserted between the output terminal of the
second operational amplifier OP602 and the input terminal
of the third operational amplifier OP603 and between the
2% first operational amplifier OP603 and the comparator 62lc,
respectively, so that the DC cutting circuit inserted
between the second and third operational amplifiers OP602

and OP603 will be effective to prevent the error voltage



.[err] generated by the output of the second operational anplifier OP602
frombeing anplified by the third operatlonal anplifier OP603. Wi | e
the anplification factor can be thus increased, the anplification of any 5
er‘ror- can be avoi ded so that the sen5|{g function of the sensor can be
rehékably I ncreased. According to-still another feature of the present

I nvention, the up-down counter is provided with an automatic resetting

function. Referring to=FIG 22, 10 anot hef= wor ki ng aspect of the
up- down couvit eyenkltstesdovry t ltdreei pucpyir | ©fs fther Betbngd- f bppratDob@1D613
and three logical circuits 613-615. . In the present instance, the

function amplifpepvi OPE§2 tfirom t bejgar = amphhfied f by shohe - cithderid i ng

the sensor circuit lines [err] and %err] upon 15 Bresence.ot three

sequentlaI°PP¥%Van6htp%@Blbflﬁﬁe 2\ &W@g slgW&Plﬁro§ §si aARPELEdAgGRLiPS t he

sane as the up-down counter, 15b in FIG 5. Instead of such thyristor

enpl oyed ak2¢ S\ﬁ%hpﬁg fé’!‘é‘?mﬁt“%??ﬁ‘h Gthe m%%%caWt s F‘é‘tYor

Tr611 and resistor ar %eqw@ own 20 2 g 03) E

even Jwhen THePouf Bt ?l ganvac?l t WASRB AP e FuRESHONg evel ,

the vol tagg, ﬁgéps%aﬁhg sgg&gﬁ %lne é%é% gd [err] wll be maintained at a
T Frerence

vol tage correspon Seeh t he vol tage across the lines

[err] and [errzlc@aﬁams ‘ﬂ% '{]ﬁ' lad A dr aleddifd Ode 28ne gi»leggﬁt that

IS, [err] so as clrcult operation contlnue this

case, a Ciﬁxféﬁ‘hoﬁlo%ﬂé thbamx{ hecdB: bEangisst Qr ohFifiela Cansen taa

circuit current to be increased, the receiver connected between -
- automatic resetting function. Referring to FIG. -22,
&/10 another working aspect of the up-down counter 715b shown
therein comprises four D flip-flops-  D610-D613 and three
logical circuits 613-615. In the present instance, the
function of - pfqviding the trigger signal for
short-circuiting the sensor circuit lines %1 and 22 upon
15 presence of.three.sequential H level oqtputs of the analog
signal processing circuit is the same as the up-down
counter 15b in FIG. 5. Instead of such thyristor employed
as the switching element as in FIG. 5, however, NPN
N\ transistor Tr6ll and resistor R61l1 are employed as shown
20 in FIG. 23 so that, even when the output signal OUT of the
up—-down counter 715b is at H'level, the voltage across the

source lines V and V

Cl S1
corresponding to a difference between the Voltage across

will be maintained at a voltage

the lines 21 and 22 and the voltage fall 2VD at the diode

25 bridge, that is, V_ -2V so as to have the circuit

IN D’
operation continued. In this case, a current flowing
through the NPN transistor Tr6ll causes the circuit

current to be increased, the receiver connected between



the circuit lines [err] and [err] detects this increased circuit current
and an alarmsignal is to be thereby generated. Therefore, the output

signal OUT of the up-down counter 715b of FIG 22 is made to be at L |evel
when the 5 detection input disappears, the NPN transistor Tr61l is _
turned OFF in response thereto and-t8 circuit is to be automatically =
reset. 10 15 20 25 44 CLAI MS: 1. A sensor in [|IC formation,

whi ch sensor conprising sensor circuit lines, a switching neans
connect ed thesaiitcuiitcUiinds NES 4fd S20aétEEESUEhiRY iRRANRRIL 4 NGB oy POVer
source nmeans connected to said circuit lines for taking a source power

vol tage ourusirerite dridiean alhrghisignal efdttbnpe thErslsy generﬁQ@'&eCt ed

to said power source neans, a driving nmeans connected to sai d power
source nedhereforg, viheg outputi ghigrenl t DUAY otatbe aip+adwen Niddiiter
operati on reans connect ed to said power sour ce means

for actuat’gPsaPl FI1Gt n@Zredfs PedRaveo sdrel |atghtl edievedg whesms taper at ed
i ntergl tteg l&%&tta | ight receiving nmeans di sposed for receiving pulsed

li ght &0" by Rt HAFPRECEE S GFhe e NBN ebrpRsAssard Trehl o tting
means, a c ans_of _si naI ecei ved as anplified fromsaid |ight
recei vi ng %eggﬁs Wi Fma a 't ef EPBROES taheol'i' to and the circuit is to be
automatically reset.
-~/
10
15
e’
20

25



and a counter means dispesed for providing a trigger signal to said

swi tching nmeans in response to an output signal from said conparison neans,
whérein constituent elenents of respective said neans and capabl e of being
i said IC formation being forned as integrated circuits on a dielectric

i #ef ation substrate. 2. A senddr according to claim 1 wherein said
constituent elenments fornmed as integrated circuits are all of el enent s
constituting sai d swi t-chi ng, driving, intermttent operation, |ight
emitting, light recei @MStonpari son and counter neans other than a |ight
emtting el enent 45 of said light emtting neans and a resistor of a

hi gh withstandi ng valt agenabgd a iw ghicesi séaie€iom) uewhich cosshast vol t age
circuit included in said intermttent operation neans. 3. A sensor
accor di ngrontprx idiaign 2s@hgoei n cisaiud tr esl sies, | saal switdhiglgudedeanssai d
integrated circuit. 4. = A sensor according to claim1 which further
conpri sesammateidbr tegueaid ngcivrper at Lires oefdy cishorofcirehivinmg current
of said driving nmeans with respect to tenperature coefficient of a |ight
em tti nghataaan thesai dal iRpHeRnisNiNgg nigads sconnechedentdr REdrding to
claim1l which further conprises neans for rendering the sumtotal of a

t enper at FIE IS iaehitf Lok NP Y SRYTGhtPHRDU gt‘iﬁ?“érﬁ“? rfm €BE€d | ght
recei vi ng .neans and tenperature, coefficient of a resistance value of a
fesi stor qﬁé’fﬁs fao:ll@g}ﬁ/erti fPELE 8 eceiBRPTi ght FRHARSES rent §hto a

said power source means, a driving means connected
to said .. power source means for driving said
light emitting means, an intermittent operation means
connected to said power source means for
actuating_said driving means to have said light emitting
means operated intermittently, a light receiving means
disposed for reééiving pulsed light‘ genérated by
scattering of 1light emitted from said 1light emitting
means, a comparison means of signals received as ampiified
from said light receiving means with a reference signal,
and a counter meéns disposed for providing a trigger
_\,i signal to said switching means in response to an output
signal from said comparison means, wherein constituent
elements of respective said means and capablé of being in
said 1C formatioﬁ being formed as integréted circuits on a
dielectric.isolation substrate.
2. A sensor according to claim 1 wherein said
constituent elements formed as integrated circuits are all
of elements constituting said switchiﬁg, driving,

intermittent operation, L%ﬂ*- emitting, light receiving,

comparison and counter means other than a light emitting element




- ——

vol tage signal to be substantially zero. 6. A sensor according to claim
.1 which further conprises first and second power supply |ines connected to
said circuit lines, said switching nmeans being positioned in an electric
pat h between said first and second power supply lines for being shifted
into a | ow i npedance state when a ‘bgntrol signal generated at said
intermttent operation neans is of one of |ogical values thereof but into a
hi gh i npedance state when said control signal is of the other |ogical

val ue. 7of saiAlsenght asebtting meaokaiand whixdsistdoheof adbhigghpri ses
an anplifying means connected between said |ight receiving neans and said
conpar i sehthesasdisgi dvahpagéyiang neadsigh ncesdstgnge valwetekln a
anplification nmeans; first capacitor inserted between an inverted input

t er mi nal censsang i vobtags HFHTGYittainshufednsinandaid d intgrmitdant,ing
means; and a parallel circuit of a switching el enment and second capacitor
connect eﬂp‘éﬁﬁgéé’“sa‘PG“isnput terminal and an output terminal of the inverted

anplification neans, said swtching. elenment bein de ,ON and OFF prior to
sai d oper atign of the PPRRPT e itd "hgeggg_ %.fa“g n% SNEES N &S ng to

ol aim 7 whigh, LULLhGH LMD ReR PG I TR0 L aReled [l gl ded with

respect to sard inverted anplification . ensor according
toclaim 7 wiereing SgLflsafPlddo-BdnBPAls CAMRM SES dh il Furlehdd
anplifying elenments and a plurality of DC cutting transistors. 10. A

sensor  a6hPrdsRe nledird ¥R lr¥H€l £ fhg SBéMperature coefficient of
a driving current of said driving means with respect to .;/
temperatﬁre coefficient of a light emitting element of
said light emitting means.

5. A sensor according to claim 1 which further
comprises means for rendering the sum total of a
temperature coefficient of a received-light output current
from said 1light receiving means and a temperature
coefficient of a resistance value of a resistor means for
converting said received-light output current into a
voltage signal to be substantially zero.

6. A sensor according to claim 1 which further
comprises first and second power supply lines connécted to
said circuit lines, said switching means being positioned
in an electric path between said first and second power
supply lines for being shifted into a low impedance state
when a control signal generated at said intermittent
operation means is of one of logical values thereof but
into a high impedance state when said control signal is of
the other logical value.

7. A sensor according to claim 1 which further

e

o



. counter neans includes an up-down counter having an autonatic resetting
Sfunction. 11, A sensor as hereinbefore described with reference to and
as shown in Figures 1-13 or Figures 1-13 as nodified by Figures 14-23 of
t he acconpanyi ng draw ngs.

'
comprises'an amplifying means connected between said light
_receiving means and-éaid comparison meéns; said amplifying
means including an inverted amplification ﬁeans; first
éapacitor inserted between an inverted input terminal of
said inverted amplification means and said light receiving
means;-anq a parallel circuit of a switching element and
second capacitér connected across said input terminal and
an output terminal of the inverted amplification means,

said switching element being made ON and OFF prior to said

~ operation of the light emitting means.

8. A sensor according to claim 7 which further
comprises a DC cutting transistor provided with respect to
said inverted amplification means.

9. A sensor .accordingl to claim 7 wherein said
amplifying means comprises a plurality of amplifying
.elements and a plurality of DC cutting transistors.

10. A sensor according to claim 1 wherein said
counter means includes an up-down counter having an

W/ automatic resetting fuﬁction.

11. A sensor as hereinbefore described with refefence
to and as shown in Figures 1-13 or Figures 1-13 as modified

by Figures 14-23 of the accompanying drawings.

A



