*;e3e6Z6X6TZL 2 D MAY 2003 1 DESCRI PTI ON OPTI CAL | NTEGRATED ELEMENT
TECHNI CAL FI ELD The present invention relates to an optical integrated
,element which is enployed, for exanple, in an optical disk, an20ptMARI2003
magneti c di sk, an optical servo type nmagnetic disk or the |ike. BACKGROUND
ART An optical integrated elenent usually radiates |laser |ight outputted
froma | aser dlode .onto an optical disk, an optical magnetic disk, an

opti cal servo £y nagnetlc disk or the like (hereinafter, referred to as
"optical IIy , hekes the reflected Iight incident to a

si gnal pho ﬂ W ’ thereafter, replays and detects

signal or gnal whi ch axe recorded on the oHMﬂmwm"m”mm rom an
out put detected Tron1the si gnal photo di ode. Herei

above-nenti oned conventi onal opPESGRIPRIGYr at ed elenent vmlfcqﬁg descri bed
with reference to figure 7 to figure 10. Figure 7 is a diagramillustrating
a signal detecting systemof the optical disk enploying the conventional
optical integrated

OPTICAL INTEGRATED ELEMENT

TECHNICAL FIELD
The present invention relates to an optical integrated element
‘ which is employed, for example, in an optical disk, an optical

magnetic disk, an optical servo type magnetic disk or the like.

BACKGROUND ART

An optical integrated element usually radiates laser light
outputted from a laser diode onto an optical disk, an optical
magnetic disk, an optical servo type magnetic disk or the like
(hereinafter, referred to as “optical disk” generically), makes the
reflected light incident to a signal photo diode, and thereafter,
. replays and detects an information signal or a locating signal which
are recorded on Lhe gptical disk from an output detected from the
signal photo diode.

Hereinafter, the above-mentioned conventional optical
integrated element will be described with reference to figure 7 to
figure 10.

Figure 7 is a diagram illustrating a signal detecting system
of the optical disk employing the conventional optical integrated

element,



el enent. 2 0 MAY 2003 2 In figure 7, nuneral. 1 denotes an optical
I ntegrated el enent, nuneral 4 denotes an optical disk, nuneral 6 denotes a

.field I ens which converges a laser light into the optical disk. 7h8 MAYi20483
integrated elenent is constituted of each device described hereinafter.
Nuneral 2 denotes a | aser diode whizh radiates laser |ight toward two
directions. Nuneral 3 denotes rising mrror which changes the proceeding
path of one of the laser lights emtted fromthe | aser diode 2 so as to
direct to the optical disk 4. Nuneral 5 denotes a hol ogram which diffracts
a light which is produced by that the laser light incident to the optical
di sk 4 is A& féguEe 1harwmmralninderotes denepsical sinfiraratmd ¢lémend t o
which the reflected light diffracted by the hologram5 is incident. Nuneral
8 demmresad dudeanyesolaragptiephli tiiek, whtBeradbn aanptiafe odfilnid densent of
the signal photo diode 7 into a voltage signal with a desired anplification
f act eihiciuraomate I eervtleser noghttorintiwtthediopdd cad diaskh The optdcalaser
light is incident. Further, the laser diode 2, the raising mrror 3, the
si gndintyeyxtakall oda ementhe isonconstphoteddi ofie e@cdnddeldceur deatribktage
anplifier 8 are provided integrated on the sanme sem conductor substrate 10.
An opileiredind fitteans aiamle vd b mdenidties aobaserudiodeviwiidie rded@tdxedaser
particularly on an operation thereof, with reference to figure 7. At first,
t he lldsgit diceded?tivordiere ot dre. SRumepall Uk denosebst L it g Il skt aindghl aser
light toward two directions. The

changes the proceeding path of one of the laser lights emitted from

. the laser diode 2 so as to direct to the optical disk 4. Numeral
5 denotes a hologram which diffracts a light dhich is produced by
that the laser light incident to the optical disk 4 is reflected
thereby. Numeral 7 denotes a signal photo diode to which the
reflected light diffracted by the hologram 5 is incident. Numeral
8 denotes a current/voltage amplifier which converts the output
current of the signal photo diode 7 into a voltage signal with a
desired amplification factor. Numeral 9 denotes a monitor photo
diode to which the other laser light is incident.

. Further, the laser diode 2, the raising mirror 3, the signal
photo diode 7, the monitor photo diode 9 and the current/voltage
amplifier 8 are provided integrated on the same semiconductor
substrate 10.

An optical integrated element thus constituted will be
described, particularly on an operation thereof, with reference to
figure 7.

At first, thg.laser diocde 2 formed on the semiconductor

substrate 10 radiates laser light toward two directions. The



2 0 MAY 2003 3 proceeding path of one of the laser lights is changed b thf
raising mrror 3, and one of the laser lights is converged by the £ 8 éAY 003
.lens 6 to be radiated onto the optical disk 4. The.laser |ight radi ated
onto the optical disk 4 is reflecteg acconpani ed by an output conponent
which is recorded on the optical disk 9, and is diffracted by the hol ogram
5 to be incident to the signal photo diode 7. The output current of the
signal photo diode 7 is converted into a voltage signal by the
current/voltage anplifier 8 with a desired anplification factor. However,

the oth i di at] i.ght he | di i S kNG t t
roni (BT SRABEG H SHET Q" TS ThelE 1rght Srettbacr o dsd HLEES A tarS 1
di t|y incident,to th it hot.q di ode 9 d .th [
pr OpGPTTERE L SR SLRNEST b Taut PLE™ O A1 | 56 EPRYe 38692 SHLEROLECE? om ¢ he
hot o_di 9. Fi [ di i |4 ust ' iew, ~f _the..
Ceni Bt i SRR teohBe VBT St Ky e BRaF FobtFBEI TTHRER: e
I t f t he di ti f th i cal disk. As sh in fi 8, th
ci gnaPRBROEB i B o7 sEBhaf it A B G her S SRR HTBE PR ARGHITh are
di vi ded i nt I lity. Fi 10 i [ jt,.di f t i I
opt 1 PP b E5E MIEP S EREOEAE SHbRRe, PP FHGbk S50 Th RS 4F L GEROTES an
optical integrated el enment, nungral 2 denotes, a |aser diode ich radi ates
| aserPYighe HoteyEtw th R dngidentuier §I‘e7sél%6fe3h%t%i‘g¥%‘wpﬁot'5h%i ode
whi ch detects a light which is_produced bg that one of the laser_lights 2
0 MAYOYERUL AugifanteQ Pt ARal et isade J 18 conveddsd 1P ReVobt3Rl di sk
(not shown_in figure) and is reflected. Nuneral 8 denotes a current/voltage
| i $18Ralhi By cbRGerturpeRtfYehtage: c¥RI £ 9hal® odiith t &1 IR ML S gnal
ﬁgto diode 7 into a voltage and anplifies it. In addition, QL, @@ and (4

denot AMPAPL{FaRsPRL 5ASECEnd nuneral 14 denotes a current mrror circuit

whi ch controls the em ssign out put of the | aser diode_ 2 io be onatant.
Nureral 15 HRFRYRS/ atpvierieerimapdiatinfeddigty T00 3ReqaASEE AMBRFf Fers,
nunmeral 20 denotes a voltage term nal and nuneral 19 deng&es a I?ser power
Cont rbf ERGEERRE 1 The ALl trh AR 18108E SrefPEndaR8 T denBhEs®RIEERT- fi xed
resister for |aser power Correctijon. Furthe&, the | aser diode 2

const T¥em| Baet hasept FLare; At 2§r A EACEL ¥ nbRELAeNt kO bf t BPRHRBF oPBPERe 9)
t he signal photo diode 7 and the current/voltage lifier 8 are produced
on t heladeed s @5st FALeCUBEBR E e REOPOLHON: ERC# ter@g&%mwwfr RRe
optical integrated elenment will be described in nore detail with reference
to fibBFer 18L09Re2 PRERUFEEE TERMaRRe: PRREENBLPREN sl . c: ~r Q@

Constitute the current m.rror Crcuit 14, An emtte f the, PNP .transi stor
QL Figure 8 1s a diagram i1llustrating a view of the semiconductor

substrate constituting the conventional optical integrated element
. from the direction of the optical disk. As shown in figure 8, the
signal photo diode 7 is constituted by signal photo diodes 7A-7F
which are divided into plurality.
Figure 10 is a circuit diagram of the conventional optical
integrated element.
As shown in figure 10, numeral 1 denotes an optical integrated
element, numeral 2 dcnotes a laser diode which radiates laser light
toward two directions. Numeral 7 denotes a signal photo diode which

detects a light which is produced by that one of the laser lights



“and an emitter of the PNP transistor 2 are connected with each other, and
then connected to the power termnal 15. In addition, a base or a col 1
.ector ~f the PNP transistor QL and a base of the PNP transistor @Q0amgy 2003
connected with each other, and then connected to Z 0 MAY 2003 5 a cat hode
of the nonitor photo diode 9. FurtHer, a collector of the PNP transistor Q
is connected to the |aser power control circuit 19 which is constituted by
the anplifier 17, the PNP transistor Q4 and the |like, and the collector of
the PNP transistor 2 is connected to the senm -fixed resister R3 which is
mounted externally of the optical integrated element 1. The | aser power
cont rd11 tdiat ﬁirpm¥harl%%%r tcﬁéqeage%s diBgedentitn theceptianl Trlk dmotwhi ch
is set by the | aser power control voltage term nal 20. A cathode of the
si gnahowiot drdi ddguzre)s @ddnedsedredlantedput tMumenedl & deaotes a
current/voltage anplifier ~ which is constituted by the anplifier 21 and
t he fozentieadk/ velsiageankd i AMieid whbghtcenivérts iaganerdot déeciemaligmedt o
diode 7 is, actually, CGonsLilLuLed by plural signal photo diodes 7A-7F, as
showrputputitad &y8 thandighelephoto alkuderiotnteda py ol bdge wand npldl tisge
anplifiers 8 corresponding to respective signal photo diodes 7. In the
convdnt. onal optical integrated elenent 1 thus constituted, it is ideal
that only the light reflected fromthe optical disk 4 is incident to the
si gnal photia ddadleidn, HpWeQerandagdudkhptesENRY ringlistdus, t and hmnteafdlect ed
light by the |aser diode 2 or stray light due to irregular reflection and
t he llkeldnotde aptureént mhigrat edietebenwhicht ogrtheliswkhbh ehdéssdbhect ed
light fromthe optical disk 4, is incident to the signal photo diode 7. As
*r egitput! e &Hes lagwr dilddemd itd bal ddidtantynalumeral Nanglemdtddean ri
ui t shoul d be narrowed. 2 0 MAY 20D3
power terminal, numeral 17 and 21 denote amplifiers, numeral 20

denotes a voltage terminal and numeral 19 denotes a laser power
control circuit. R2 denotes a feedback resister and R3 denotes a
semi-fixed resister for laser power correction.

Furﬁher, the laser diode 2 constituting the optical
integrated element 1, the monitor photo diode 9, the signal photo
diode 7 and the current/voltage amplifier 8 are produced on the same
substrate.

. Subsequently, the circuit construction of the optical
integrated element will be described in more detail with reference
to figure 10.

The PNP transistor Q1 and the PNP Lransislor Q2 constitute
the current mirror c¢ircuit 14. An emitter of the PNP transistor Q1
and an emitter of the PNP transistor Q2 axre connected with each other,
and then connected Eo the power terminal 15. In addition, a base
or a collector of ;ﬁe PNP transistor Q1 and a base of the PNP

transistor Q2 are connected with each other, and then connected to



6 Therefore, in order to solve the problem a stray light cancel circuit

di scl osed in Japanese Published Patent Application No.Hei.6-45838 is
proposed. This stray light cancel circuit as disclosed in Japanese n
Publ i shed Patent Application No.Hei.6-45838 is one which, utilizidd My 2003
characteristic that the stray |lightdgenerated key irregular reflection and
the like is in proportion to the output of the laser |ight, generates a
cancel signal by multiplying the em ssion output of the |aser diode by a
coefficient and subtracts the sane fromthe output signal of the signal
photo diode, thereby to renove the optical DC error conponent. By the way,
acconpahythodei of taeemond&sanpboteor dépdel 8k size dnd t~iicknes5 devices, a
m niaturization of the device has been required for the optical integrated
el ement wi t Fouthsdi n@ @vldesdp of. thec8NEi hghpsisheraR2al fcommected

sem conductor substrate is also necessarily required to be mniaturized.
Howeveo  then ¥agpr ep®ver heontisel alimid 2 1% waicbnisocopsbibuteddey 9the he
signal photo diode 7 and the current/voltage anplifier 8 are produced on

t he samplitherohduciiy PAFbtransestohdiehodethetlile nendebby dulleatoze t he
m niaturization of the sem conductor substrate. Figure 9 is an 'arrangenent
di agrafn tiie eBRA Heanedsktnrc@eisheornectedt Lo i tZad | memicf £ixdesd sees Loinslict or
substrate 'is attenpted in the optical integrated el enment shown in figure
8. AsR3hwiichni$igoustOd erntéhwathgeofihelie éfeidcalni Aitegrated dlement

1. The laser power control ¢ircuit 19 drives the laser diode 2 with

. a constant current which is set by the laser power control voltage
terminal 20.

A cathode of the signal photo diode 7 is connected to an input
terminal of the current/voltage amplifier 8 which 1s constituted
by the amplifier 21 and the feedback resister R2. While omitted in
figure 10, the signal photo diode 7 is, actually, constiluted by
plural signal photo diodes 7A~7F, as shown in figure 8, and there
are also provided plural current/voltage amplifiers 8 corresponding
to respective signal photo diodes 7.

. In the conventional optical integrated element 1 thus
constituted, it is ideal that only the light reflected from the
optical disk 4 is incident to the signal photo diode 7. However,
actually, stray light due to the reflected light by the laser diode
2 or stray light due to irregular reflection and the like in the
optical intecgrated element 1, together with the reflected light from
the optical disk 4, is incident to the signal photo diode 7. As a
result, there is a problem in that the dynamic range of the circuit

should be narrowed.



*of the optical integrated elenent 1 is attenpted, the signal photo 20
MAY 2003 diode 7 and the nonitor photo diode 9 would be arranged close to

. each other. However, when the nonitor photo di ode 9 generatescégfgﬁgtzmg
current in proportion to incident |aser light, the nonitor ph Fod
al so generates, at the sane tinme, stray current 11. fromthe peripheral
position of the nonitor photo diode 9 in the sem conductor substrate 10.
The stray current 11 flows into the signal photo diode 7 which is |ocated
next to the nonitor photo diode 9 and, particularly, into the signal photo
di ode 7C and the signal photo diode 7F, thereby generating a Dc: Prror
conponent Thetkhéoget, pin cofdetrhtosiained thhapokliode a7strand isthtayanaet ent
which is generated fromthe nonitor photo diode 9 and gives DC error
conpefieguito diecduispdt dh t fapahgsal phbldshHeddePatamt | epIédetied as
electric stray light. The DC error conponent contained in the output of the
si gnfb . peat. 6-dis@d8 7 sc pmopiosesi.t he sumtotal of the stray light and the
like due to irregular reflection in the optical integrated el enent and the
el ectric sthay Isitghty anglithecandel dotréoit hesstyigylodkrenin afapdiee §®ni t or
photo diode 9. In resent years, in particular, because the nonitor photo

di odeuflartetra tegoApplliciat idinode ., He 2l 6-4 5838 €& 6hosdilch,caehnloghgy from
the demand for mniaturization of the optical integrated elenment, the DC

er r Ok heO At cis HiT tittae! €Ré M 5€ralr AL ghtOlfentas eecwe | par@gildhan the
DC error conponent due to irregular reflection and the |ike. Figure 6 shows

the ebanagtebnsbhastwé Lie elsethrpropdFedon it@htheadskhite ot ka¥ 1hgby due to
irregular reflection and the like, against 2 0 MaY zoo3 8 the output

ﬁr refbnhel, L8gePRREEQA cRhela digds Hynmqa_s_@pwg%g th\e eMiRisalod bggplhen of
Phe sem conductor substrate is attenpted in the conventional optical
I nt e%agﬁé B SEMiode bl §UESe Fri dikh e §8Btradtsalics ddife FHoRUELEUT rent

val ue of the nonitor didde (pA), and the ordinate coordinate indicates the

DC epheputUlsigalofos hensi 90ghaPhphordi adegeyt Rk reRA) to STl tRHefigure

6, it 1S apparent that the error current of the stray |light due to

i rregukakanebeeelird? @dghpon@niti ke is in proportion’to the current value of

the nbnitor photo diode . On the other hand, the error current due to the

el ectric sppaphd Walif, HE@&ﬁﬁhﬁgﬂﬁ&'&iﬂ?@q&QM akRhh@B £OAHMNASkiGeagai nst

the current”value of the nbnitor photo diode. The stray light cancel

Circyhl 2fidkpelaseadvikelgdPanastiRiddisRd JAlSN it HPRhd €Atd Olas been

No. Hel . 6- 45838 is one which gives the cancel quantity in proportion to the

eni s$pg0iPBEPUoP! thBe dsiiadi OdleegkREERD RN | ROthBut NERRRY | bhy of

gi ving ‘sufficient cancel’ effects to"the DC error conponent mainlYy

comppiabpeibie ﬁéé&&&iﬁ?§9£awhé'é¥@é BaViRg Wi ddifadt SPTRB AR g

characteristic against the output current of the nonitor photo diode. In

addi 5 @8, nwbeldskke1PCregiere@ORBOBENMihE akatEed. NHORR vRL, XER £y ghlagde

anplifier for anplifying the output of the signal photo diode, the dynamc
.angg | $pRaALQWRdqReaRUSE Bhe Alon{EE L3N EH dIadG Offelsi ghhar R%to

e

su!fing in incapability of performng the correct signal reading. Mre
part ¢ Buary Yand Bnéysisrent oy tag@ﬂtﬁﬁw 8 ré@pRiddcR d SnSERe lsagied the

optical utilization 2 0 MAY Z003
semiconductor substrate, therefore, it is not easy to realize the

miniaturization of the semiconductor substrate.

Figure 9 is an‘arrangement diagram of each device in case where
miniaturization of the semiconductor substrate is attcmpted in the
optical integrated element shown in figure 8.

As shown in fiéure 9, in the case where the miniaturization

of the optical integrated element 1 is attempted, the signal photo



"pff.ir_.iency is lowas in an optical servo type magnetic disk, it is
necessary to set an anplification factor of the current/voltage anplifier
.at a high value, thereby resulting in further decreased dynam c range due
to the electric stray light. The present invent~.on is nmade to 3@ payt P6o3
above-nenti oned probl ens, and has fbr its object to provide an opti cal
i ntegrated el enment which can renove the electric stray |ight, which neans
the DC error conponent contained in the output of the signal photo di ode by
the stray current generated fromthe nonitor photo di ode. DI SCLOSURE OF
| NVENTI ON To sol ve the above-nenti oned problens, there is provided an
opt i chlodentegrad ethe| remht oncele th Ml ede D fwasltd dsp extr aofg etich e Jprses ard
i nvention which conprises a | aser diode which radiates |aser |ight toward
two diadrtdtires,. Howeveni when drhecimoouiitbrwphohoconvdel $ gemeardtssd theout put
of the laser diode to be constant, a nonitor photo di ode which detects the
e ssiutpututquntreaft dme pafoptare iionr adi ahcddeht ghd se f romithe Yiaseforditede, a
si gnal photo di ode which detects a |light which is produced by that the
ot herphigtadiiddem A8 Jemerdtes) aserent adand TineGi dattayt \ewirendf armat i on
recording mediumand is reflected, a current/voltage anplifier which
converrei & Hallgertiplitet €T tp el Bl i ad £ HPuidrect drf PRt Eidnalo phptth i ode
into a voltage with anplifying the current, and an electric stray |ight

cancgenfiiddiiddct i Slp geret @t es, a canr..el si gnal on thp basis of a
non-linear correlation characteristic between the output of the nonitor

photo 2 @ndAYt£RQ3cuPréhoda &NdwkEnddtalkr 91 gROTINIY d96adl 1 &hidh Stray

current generated In the optical integrated el enent, arid which adds or

wbt HRCH schie doieweltStlBatont 06 F LHOHE: o8k Bbnal pder séenali phat 4li ode.
ccording to the optical integrated el ement of the first aspect, a cancel
Si gnalhd SiapNer st Onifdite RS isndPfte N/ d1N§N P iRl i767) Gt*}éerzae%f“ stic
bet ween the output of the nonitor photo diode and the DC error conponent

OCCUIJeR(E At P =5 DAk rWy eRinpdRRakal Rdche ShEp@PtdEaNnd @ﬁ?{ﬁ ehslgment,
and t'he cancel” signal is added or subtracted to/fromthe output "of the

Si gn@Y; JHw0H0 Shedeer IPRBent hhﬁ.éhﬁ%s§EHE%aTt@dr§f'&¥%htehﬁoﬁi€8£?gfbt% ray

| i ght component contalned in the output of the signal photo dio Fuxt her,

Si nceyithRe @ QGld i3 vild Bt ld: 0y CUMMIRMNE Gt ight R AP W Patt Ne

si gnal photo diode can be rempved, 'in the current/voltage anplifi'er which
anpl g&l&% St 10f Bderstanalg Wt oo éﬂea}dyi"iaﬁﬂﬁ. range is
broadened because of the reduction in the DC offset,” thereby it is possible
to read si gnal pcapProprtahSbNent\ sl ithd Cixﬁtﬁ%CSBﬂFﬁﬁpéfttl‘i’é dignr esent
invention, there is provided an optical integrated element of the first
aspegho W &IiQide hidhg S SUPWHed e Al ACtd Grd Ifedy dhfgangsd Gidcuit
whi ch conprises a transistor connected to a cathode of” the nonitor photo

di odg )@ HLANELSE HFe SOIILCEEM d&t PorfalNRfle bt 1881 S19P&dr PHOY @ ide: and a

resister which is inserted into the emtter side of the transistor
) A e R e B LRy DA S R s g
R R e I S T G e B L
R A A e R R S et S
to the Qptigaledd e&EﬁédeSB Mehle t eéﬁg(a}f%sfgfnﬂlﬁﬁg'fﬁﬁ.éﬁifi%ﬁt Lngdde

f .
value of the resister 1nc ed in ctric stray t cancel circuit

t t] Bt i t t i | h
o DRl Vil od h5nRREST U, (O ORDECR SAGR Bu0th A1,
o gl S5y S0, D S04 Semenly REGUoEh P Shoploug e

generated I'n the op nt egr a ment and d"or "su he
possiice T AT gt St T e ofray i font wich s
har act or i SART oo P PRAr, i B AT aEe Pre SEar Ry LAl S LARCEF AR FL 8RR be
<o ERE 7 i b4AEE 19 Tel DET LSt HAF YSEAOT AR D ek SOBLRTE on
t he sane sem conductor substrate with providing few changes in the circuit
ar ea.




"According to a third aspect of the present invention, there is provided an
optical integrated el enent of the second aspect wherein there is provided
.the electric stray light cancel circuit which conprises that the f2’ OSMAY 2003
resister i s insprtP~3 into the pmttPr side of the transistor which I's
connected to the signal photo di odeg 2 D MAY 2003 ~2 the second resister
Is inserted into the emtter side of the transistor which is connected to

t he nonitor photo diode and, further, the third resister is inserted into
the emtter side of the transistor included in the current mrror circuit,
and in which the resistance values of the second resister and the "third
resi stigg aliepeguabrtentach ohbemonidtot hethsesi diadee Ml OfwHdre fiHSt
resister is larger than that of the second resister and |larger than that of

the thifiatesiséeionASE Ayt Benmiieohdacepti subbstirdtegiat adtempreat ivftHde
third aspect, by setting the value of the first resister at an optional

val uecymvént £bRhl \pttirdne ntee@ad etes] sidt ATE fhguidig,dthedrsd@ssdd i
possi ble to generate a cancel signal on the basis of the non-linear

corre{ fdi Qe Ret it it cobeiamevdiiRe oyt BHe R6nibern@nbdér (ot aufh ode
and the DC error conponent occurred by stray current generated in the

opt i Ceye iHANALE0ELAIBAE e AHH L tAMLRE [RUBE £ 86 leriri@rtaBE @heSiginglat o/ from

t he out put of the signal photo diode, thereby it is possible to renove

appr o d ed ehYoddeostpay (hAht which is generated fromthe nonitor photo
di ode and has the non-linear correlation characteristic. Further) the

?'r :ﬁy 'S foft%sﬁésﬂtdhvghﬁierg:ig.t@eﬂr:fe N ikeipr agpaeenbYLREE Hige MY Mot NG N E

. of the stray light due to irregular reflection and the like is in
proportion to the current value of the monitor photo diode, On the
other hand, the error current due to the electric stray light
presents non-linear correlation characteristic against the current
value of the monitor photo diode.

The stray light cancel circuit as disclosed in Japanese
Published Patent Application No.Hei.6-45838 is one which gives the
cancel quantity in proportion to the cmission output of the laser
diode, thereby resulting in incapability of giving sufficient cancel

' effects to the DC error compeonent mainly comprising the electric
stray light having non-linear correlation characteristic against
the output current of the monitor photo diode.

In addition, when the DC error component is large, in the
current/voltage amplifier for amplifying the output of the signal
photo diode, the dynamic range is narrowed because of an increase
in the DC offset, tfxereby resulting in incapability of performing

the correct signal reading. More particularly, in systems in which

the numerical aperture is small and the optical utilization



"therefore, it is possible to produce the electric stray |ight cancel
circuit easily with providing few changes in the circuit area od 0 N4A¥ a2 3
. sem conductor substrate. According to a fourth aspect of the present
invention, there is provided an optical integrated elenment of the first
aspect, 2 0 MAY 2003 13 wherein there is provided the electric stray
| i ght cancel circuit which conprises a transistor connected to a cathode of
the nonitor photo diode and a transistor connected to a cathode of the
signal photo diode, and by enploying the emtter side of the transistor
connected to the signal photo diode as an external correction termnal for
t he opftfiadenayens ated 2 dmeah apihisal tsewya typleumaghedisediskj xetl ¥=si ster
connected to the external correction termnal at an optional val ue,
genermé &fs Sacpntel sektgaal ampliliéchasion dhaciomonfl ithearcurarerd /atdlaage
characteristic between the output of the nonitor photo di ode and the DC
er r oragerPeientavca diiyh adlue,sthayebyr resulgener i efht thé hedopie £dd
i ntegrated el enent and adds or subtracts the cancel signal to/fromthe
out pudyrdmi der shgeatiuphob otHe ogeecteLor st Agy t Digle. optical integrated
elenent of the fourth aspect, by setting a value of the sem -fixed resister

at an opti ofpd pedsént i invenPDeHsi D ndde genesGllve AKRIvSHet i eded he
ba5| s of the non-linear correlation characteristic. between the output of

hP gy 1 s Phod@ K AR and st B3l tekbOpr69TRENENoPELEE T xh /g Sd f &Y
current generated in the optical integrated elenent and to add or subtract

the canGedn®iviiidn CALTRMYe! PhETOTREFL QWY 0fighfte GhaBal mehakorxk ode,
thereby It Is possible to renbve appropriately thée stray light which is

ﬁgre;% gtr}_rfo&%bﬁ.genaael ot PN @ 16 PHE AN AS £ fife RARMAINBRBLEAII Sd&t i ON
|

stic urther, the sem -fixed resister is nounted externally of

the ol é@i@ﬁréﬁﬁﬁeﬁfeﬁﬂéraﬁ@érEi@:ﬁethétmb&@él? ?ﬁ@t@peiéélé it. 20
MAY 2003 14 According to a fifth aspect of the present invention, there is

provi ded an optical integrated elenment of any of the first aspect to the
fourth aspect, wherein there is provided the electric stray |ight cancel

circud kSoP' PRVERFIEGR the sane sem conductor substrate. According to
t he g%%?%gt?%t egrated el errent of the fifth aspect, even when the electric

S Sh1F TAe i ltaogd phenaass) DLeete BroNfsesiag op) ool

W th BLONE B9 e atRANGEEMERE according to a first aspect of the present
invention which comprises a laser diode which radiates laser light
toward two directions, a current mirror circuit which controls an
emission output of the laser diode to be constant, a monitor photo

. diode which detects the emission output of one of the irradiation
lights from the laser diode, a signal photo diode which detects a
light which is produced by that the other irradiation light from
the laser diode is incident to an information recording medium and
is reflected, a current/voltage amplifier which converts a current
detecting signal outputted from the signal photo diode into a voltage
with amplifying the current, and an electric stray light cancel

circuit which generates a cancel signal an the basis of a non-linear

correlation characteristic between the output of the monitor photo



"the substrate area of the sem conductor substrate. BRI EF DESCRI PTI ON OF
DRAW NGS Figure 1 is a circuit diagramof an optical integrated gl enent
.according to a first enbodi mrent of the present invention. Figuréfﬂ MAYa 2003
diagramillustrating a signal detecting systemof an optical disk which
enpl oys the optical integrated el emgnt according to the first enbodi nent of
the present invention. Figure 3 is a circuit diagramof an opti cal
"integrated el ement according to a second enbodi nent of the present

i nvention. Figure 4 is a circuit diagramof an optical integrated el enent
according to a third enbodi nrent of the present invention. Figure 5is a

di agrddmdd bnat tiaé iDtge arcane@p Qigmicotcabaedadiyes shycfr @l tegehie@agkbday
light in an electric stray light cancel circuit according to the first

enbodinmehe optibalpinsegratedesidment, 2hd RFhichAYdROGk Futradi s $ha
diagramillustrating the characteristics of the electric stray |ight and

the stamadel ighynauetd Of tom egid asutail eof itde aidrdle ghdte agaidest the out put
current of the nonitor photo di ode
According to the optical integratedelement of the first aspect,

a cancel signal is generated on the basis of a non-linear correlation

characteristic between the output of the monitor photo diode and

the DC error component occurred by the stray current generated in
. the optical integrated element, and the cancel signal is addcd or
subtracted to/from the output of the signal photo diode. Thereby,
it is possible to remove the electric stray light component contained
in the output of the signal photo diode.

Further, since the electric stray light component contained
in the output of the signal photo diode can be removed, in the
current/voltage amplifier which amplifies the output of the signal
photo diode, the dynamic range is broadened because of the reduction
in the DC offset, thereby it 1is possible to read signals
. appropriately.

According to a second aspect of the present invention, there
is provided an optical integrated element of the first aspect,
wherein there is provided the electric stray light cancel circuit
which comprises a transistor connected to a cathode of the monitor
photo diode, a transistor connected to a cathode of the signal photo
diede and a resistef which is inserted into the emitter side of the

transistor connected to the signal photo diode, and which, by

setting the value of the resister at an optional value, generates



“in a conventional optical integrated elenent. Figure 7 is a db ram
illustrating a signal detecting systemof an optical disk enp 3&% 4003
.conventional optical integrated elenent. Figure 8 is a diagramin which a
sem conduct or substrate constituting a conventional optical integrated

element is viewed in the direction Wf an optical disk. Figure 9 is an
arrangenent di agram of respective devices in Case where the mniaturization
of the sem conductor substrate is attenpted in the optical integrated
el ement shown in figure 8. Figure 10 is a circuit diagramof a conventional
optical integrated el enent. BEST MODE TO EXECUTE THE | NVENTI ON ( Enbodi nent
1.) Herecaateér, sagnadt i cal ithegrhéeds el efennoaetdondang toraefliatston
enbodi ment of the present invention will be described with reference to
figurehdrantletigtuie BetWeegnrthd ostputiofuthe diagrtom gdhdtie dipdidecand
i ntegrated el ement according to the first enbodi ment of the present
i nventh@roC ler foxgwendoneantmeycadurrede byt @trap optient gaiegutdddielwrent .
The optical integrated elenent 1 conprises a |aser diode 2 which
optical integrated element and adds or subtracts the cancel signal
to/from the output of the signal photo diode.
According to the optical integrated element of the second
aspect, by setting the value of the resister included in the electric
. stray light cancel circuit at an optional value, it is possible to
generate a cancel signal on the basis of a non-linear correlation
characteristic between the output of the monitor photo diode and
the DC error component occurred by stray current generated in the
optical integrated element and to add or subtract the cancel signal
to/from the output of the signal photo diode, thereby it is possible
to remove appropriately the electric stray light which is generated
from the monitor photo diode and has the non-linear correlation
characteristic., Further, the electric stray light cancel circuit
' can be produced by adding only the PNP transistor and the resister,
therefore, it is possible to produce the electric stray light cancel
circuit easily on the same semiconductor substrate with providing
few changes in the circuit area.
According to a third aspect of the present invention, there
is provided an optical integrated element of the second aspect
vwherein there is provided the electric stray light cancel circuit

which comprises that the first resister is inserted into the emitter

side of the transistor which is connected to the signal photo diode,



"2 0 MAY 2003 16 radiates laser light toward two directions, a signal photo
di ode 7 which reads out a light which is obtai ned when one of the
-irradiation lights fromthe laser diode 2 is incident to the opt)daMayi 8603
and is reflected thereby, a nmonitor photo diode 9 fromwhich the current in
proportion to the em ssion output gf the other irradiation light fromthe

| aser diode 2 is outputted, a current/voltage anplifier 8 which converts
the output current of the signal photo diode 7 into a voltage signal with a
desired anplification factor, a current mrror circuit 14 for controlling
the em ssion output of the | aser diode 2 to be constant, and an el ectric

Strayyed ghdc6RaCHeGist@t tig51heerRBHl QBN 1ve cangeteaClsioR a5zt hae
el ectrl c stray light. References QL, @, B and Q4 denote PNP transistors,

nunergl rﬂ%isﬂl?dme&ca ;Psozesanéewa Ry tn@h\eﬁ&ebrjpao%ddﬁadgeaet ef@qu{ézf iers,

nuner al denotes a voltage term nal, and nuneral 19 denotes aser power

cont iQfe CLELHAL - ﬁ%l@%ﬁléjeﬂﬁkﬁr%ﬁ' S t R deRBL H8D0IAYA §EMLpk! Xed

resister or aser power correction. Next, t he circuit construction of the

opt i waﬂﬂﬁw@&%ﬂd@mﬁ t]lné"‘chk:rgﬁtqﬁ‘éﬂélb%qr'c'ﬁl@rSnéeitrﬁhhl\@ht Rhe

reference to figure 1. figure 1, the current mrror circuit 14 including

the BRI aARSLAN ude 69 HPkdchie £ SSEOP 22\t PHE tqfntcheré@fﬁfeﬂla%e 2 to

be constant t oget her wth the PNP transistor Q.. her

trang ?e?‘h E“Enara{?lz%ﬁ&:%de”%ﬁ. el B8 'E}?é'ﬁﬂt Rled! %tt‘?er]tl ght

emtt transi st or roduce an electric stray

cancgle Lé'rt tﬁi LilihoPe{ﬂ '8 ch[“?c%'s'lg%lg‘}f ahfB€1a %rgéh;& 2004

el ectrlc stra e emiter thé transts he emt§er of

e PNP thansisio nd the pmttPr of the P1~1P t.ransi stor @ are
ﬂnneé‘t d:h%'ﬁs41 ongei%\o her, and then connected to the power term nal 15.

The base of. L, £08 LESHR bl LOF B JTANS) o1 She L 3 d B ASE Rl o he PP

transi stor ar e onnec e ne ano and t connecte 't he

T R L PR S TR R CREA NS
transi_ies_‘.ta(%rlvcgz trcesglelgt 's\églon regsls corrdecg thlrd resister, it is
possible to generate a cancel signal on the basis of the non-linear
correlation characteristic between the output of the monitor photo
diode and the DC error component occurred by stray current generated
in the optical integrated clement and to add or subtract the cancel
signal to/from the output of the signal photo diode, thereby it is
' possible to remove appropriately the stray light which is generated
from the monitor photo diode and has the non-linear correlation
characteristic. Further, the electric stray light circuit can be
produced by adding only the PNP transistor and the resister,
therefore, it is possible to produce the electri"c.stray light cancel
circuit easily with providing few changes in ﬁﬂe circuit area on

the same semiconduc;tor substrate.

According to ;-fourth aspect of the present invention, there

is provided an optical integrated element of the first aspect,



"of the PNP transistor B is connected to the cathode of the signal photo
diode 7. Further, the corrector of the PNP transistor Q2 is connected to
-the |l aser power control circuit 19 which is constituted by the anplifier
17, transistor Q4, and the like, and is connected to the seni-f2 QeMAY 2003
resister R3 which is provided exterygally to the optical integrated el enent
1. The laser power control circuit 19 drives the laser diode 2 with a
constant current which is set by the |aser power control voltage term na
20. The electric stray light cancel circuit 25 according to the first
enbodi ment of the present invention produces the PNY transistors QL and (B3
whi chyednstn tileerd hies Pratiidechtiet Beetegiot trRl My danddiseyifhiitnt o the
emtter side of the PNO transistor B on the sane seni conductor substrate.
A des@iidt iconps Sy entebinshigtopt é6dhetbé@ X Rlacdathodgens £ LilS meAnisigict ed,
and particularly a nechani sm by which the optical 2 0 MAY 2003 i8

I nt eggradtesl Bl edenindled adlah difteormebnaRctkdr €6 ANc2thofd iealtrl $dgMdih
reference to figure 2. Figure 2 is a diagrami.l.7ustrat.inc~ a signal

det eGiH Wb NELHdd) Sehd Wby aémppéy the ket tdy IRIOYTE tthe adrtAlstor

integrated el enent according to e first enbodi nent of the present

I nverddecdéu f toURRe2, s TUHET hdt@'eBQbaé AP O | ERtebNERICRNRR RILRAENL,
nuneral 4 denotes an optical disk, nuneral 6 denotes a field | ends Wil Ch

CONV ey iasi f AS oy ir@lat ogeiealhﬁww@éd digheht 2hE @@Etﬁﬁ% NG ephatsd

element 1 is constituted by respective devices described hereinafter.
Nt ungy 3kbmd -¢8RRLeEe §-1E%é?rcdiir%&é@'teht}ﬂ@@k%%%ahaééfré E006n HRBLIh {10

directions . Nuneral 3 denotes a r|S|ng mrror changes the proceedlng

“t h 4f Qe fiddia as8le, Iddhles a8t raeéafmr:gﬁ.n kD n&fs&‘ivﬁ d%%ract 'O

rect to the optical disk 4. Nunera 51s a ho ogram

"ght %lcﬂné pé&ﬁy&tﬂtpantéﬁsrw@e §§€Ic|bQ@&eéHCtHansuiﬁuEh% ORfecal

| ect ed ereby. Nuneral 7 denotes a signal oto dio e to

mlcm&ﬂ%ggfﬁﬁ%@dﬁu tr%ftfﬂ@%cedelbry%pahmn@%araé éawaaﬂesruraymra'

denotes 1s current/vol tage amplitier converts the output current of

the SRR FLOMS Tl RO BoYLAROEnBLORBL e LlefiefiEsknRdAm dd cat [ on

factor. a nonitor oto dio e ot 4aser i ght

:Mil gh%per o%tngg%cm%{'\%e %&dggahﬁgcﬁzﬂ&ﬁtﬁﬂé ot Ufg@ﬁecé‘ﬂfﬁél PHSBt
diode.

According to the optical integrated eleﬁent of the fourth
aspect, by setting a value of the semi-fixed rcsister at an optional
value, it is possible to generate a cancel signal on the basis of

. the non-linear correlation characteristic between the output of the
monitor photo diode and the DC error component occurred by stray
current generated in the optical integrated element and to add Sr
subtract the cancel signal generated to/fromthe éutput of the signal
photo diode, thereby it is possible to remove appropriately the stray
light which is generated from the monitor photo diode and has the
non-linear correlation characteristic., Further, the semi-fixed

resister is mounted externally of the optical integrated element,

therefore, it is easy to operate it.



"stray light. A description-is given of the optical integrated el enent thus
constituted, and particularly on an operation thereof with refeﬁﬁ?ce 2 U
MAY 2003 19 to figure 2. At first, the laser diode 2 produced o RRAY 2003
sem conductor substrate 10 x' adi ates laser .light toward two directions. The
proceedi ng path of one of the laserldlights is changed by the rising mirror
3, and the laser light is converged by the field lens 6 to be radiated onto
the optical disk 4. The laser light radiated onto the optical disk 4 is
refl ected acconpani ed by an output conponent which is recorded on the
optical disk 4, and is diffracted by the hologram5 to be incident to the
si gnal phdieratidiey 7to Thef bfitplasrert et tdfe tAressingndinvendiondi ¢hez? is
converted into a voltage signal by the current/voltage anplifier 8 with a
desi dedpaaplidedcan iant fexk dntegmathd eldmenthafdany inf bhhefirst adipziciton
light fromthe |aser diode 2 is incident to the nonitor photo di ode~9. The
| asertd thet fenkthedspeoh twret et rthdimadd s2pdpvadetythe dlesitdait sttarayhe
nonitor photo diode 9, and, the output current in proportion to the
eni sdiigh toutgmae lofcittenitagdrich dde @radiqpehemnattée Seame skeaimomiduart ophot o
diode 2, and at the sanme tine, stray light is generated at peripheral
port isolpsdirattee noni tor photo diode 9 in the sem conductor substrate 10.
This stray current has a non-linear output characteristic with respect to
t he out putAafoddiengrpittioy opbibtael dinder axed ¢ hémest batuEl eoh ddp@gt)g i nto
t he signal photo diode 7 gives a DC error conponent due to the electric
st r agviengwheho thiee edeictuati cobtirhyg Sighal cphoéd ¢ ochel7.i Sadddd aledisic
stray light cancel circuit 25 by generating 2 0 MAY 2003 20 a cancel

‘ngn@bs@ﬁbﬂhetbap'revmﬂetﬂee rptiddledhteqratedt é DEmENBATEEH imdling da@isneen

e output of the nonitor photo diode 9 and the DC error conponent occurred
by thfeshiayatutrieatiganefatiee dppddrnpicdl provegingetew!cenyedyirset ting
a value of the resister RL shown in figure 1 at an optional value by the
el ecthieC saibisay ategirecana®e |t e Isenifcothiuditt adiistgrate Subtracting the
cancel signal to/fromthe output of the signal photo diode 7, it is
possible to renove the DC error conponent occurred by the electric stray
light. Next, the electric stray light cancel circuit 25, which is a

char agiren EscralFN off DRxvINGssent invention, will be described in nore
detail with reference to figure 1 and figure 5. At first, in figure 1, the

el ectric skigurki Dhils eafiatult Waldiglcaddot arr 0pet chlt Bk dyrdHes RRderansi st or
@ and the resister RlL, and the resister RL Is provided only at the emtter

si de aetolrdeng\ie d Ao lenodieteme bt R PrIsdre NiMAIntlipn The correct or
current value 13~ of the PNP transistor B then can be obtained by the

foll ow ng egyakeon.id m idyram 110bbtkbing alsidnd (defddkilng ‘sydtkm Wiere

|, ~0" denotes collector current of the PNP transistor @, and this value is
equabft ant kptadaautd dk rvﬂﬂicl@feﬂfu?of@ntlﬁ@r op’aﬂtaldmdeFQatEar khementd
en

denotes an el ectron charge, Rl otes a resistance value of the resister
@ ceeratoy B wh@mTirst GabdderanGb T WaNGhASsdie absditisn t enperature.

Figure 3 13 a circuit diagram of an optical integrated element
according to a second embodiment of the present invention.

Figure 4 is a circuit diagram of an optical integrated element
according to a third embodiment of the present invention,

Figure § is a diagram illustrating a cancel current
characteristic of electric stray light in an electric stray light

cancel circuit accarding to the first embodiment of the present

invention.



"In addition, the output voltage Vout of the current/voltage anplifier 8 can
be obtained by the foll ow ng equation, in which the 2 ~ MAY 2003 21
-out put current of the signal photo diode 7 is represented as |~pD and the

reference voltage of the current/voltage anplifier 8 is repre2dh 803
V,~r. ~outlVxai~R X ~I3PDrl13~~ ...151t cones to light fromthe equation (2)
that the collector current |I,~ of the PNP transistor B is the cancel

conponent . Cor the output current |I9PD of the Signal photo diode 7. So, the
rel ati onship between the output current |ooD of the nonitor photo diode 9
and the cancel quantity I~~ will be shown in figure 5. Figure 5is a

di agram i | Indgfurat iends & dangelkmcll Iest rstotiqcher eshtacdeéribeies ect the stray
light in the electric stray light cancel circuit according to a second
embodileitir id stheypl bgentandvRetstray LghtHitetd, i freyahciresascpiesent s
the output current value (I,~0") of the nonitor photo diode, and the

or di naiE thlec3IeReSabBenedNERE S eNicduadnit bY thé norftdhendWR tiagdsl st or
@ for the output current value of the nonitor photo di ode. Wen the cancel

curren Lhaumedfistdlr dptidal ndPeitdd llrdhd.i ght by the electric stray
l'ight cancel circuit shown in figure 5 and the characteristic of the
electric stigjudd ghisi & dieyanianuiseFalt idRt hCd grdl el e 19l L RFRE eghOWN i N
figure 6 are conpared, it is apparent that the both values show close
appr ¢ na | §pridher afeke enipll dyE nROSS | Bdevd e I IV eopbecgl echtbgrateay | i ght
conponent appropriately by subtracting the collector current Ij~ of the PNP
trangd1€gnent®@ fromthe output current |1sPD of the signal photo diode 7. 2
0 MAY 2003 zz Further, the electric stray light cancel circuit 25 can be
qoduced by-i3edien® o4 Vat ReaBNEmt HANSISH 4 Bsanfecdbh@usest skapsBtate
®nerefore, by enploying a bipolar monolithic integrated circuit technique,
1T SRy ‘!%ﬂ%@'@oﬂ%r&&%&e Jp18 AW {ftaiatled Rmhd tiReviedesf er R1
on the sem conductor substrate 10 on which the conventional current mrror

circyint +}b and LTSN A agi sl idiHr. 8 are also produced, with
provi ding few changes in the substrate area of the sem conductor substrate.

As descri beqd y@ve, 13CEAT & PangemERE @Pé%f&h Nt ad |l tcdeféaf ithe

first enbodi ment, by setting a value of The resister RL included in the

el ethrﬁis.Ce SiHee | iGANGR]r iGatGWH 2D tale %@n&@oin%c‘ﬁ%f“%iubts@iaﬁleeqtsr! C

stray light cancel circuit 25 can generate a cancel Signal on the basis of

the NARENRAl (PNl AN AN AAR P d CIRINIRE LdiR A Rlge tdhe moni tor
(6] 1 O

phot e 9 and the error conponent occurre y the stray current

genErated g iR Off 1£41 o BEeaLaLCHiBLeuRIlof Andofiinpdonal SyRLEas! (he

cancel signal” to/fromthe output of the signal photo diode, and therefore,

it g RS ) dnflfve appropriately the electric stray light which is

generate romthe nonitor photo diode and has the non-linear correlation
characteristic. In addition, since it is possible to appropriately renove
the electric stray |ight conponent contained in the 'output of the signal

‘;ot RSO DE ﬁ&?xﬁﬁfﬁ@d%%ﬁ el i fier which anplifies the output of
e signal photo diode cari have a broadened dynam c range fromthe
r eductgn@ydiedte 120G of fset, thereby resulting in an
Hereinafter, an optical integrated element according to a
first embodiment of the present invention wlll be described with
reference to figure 1 and figure 2.
Figure 1 is a circuit diagram of the optical integrated element
according to the first embodiment of the present invention.

In figure 1, numeral 1 denotes an optical integrated element.

The optical integrated element 1 comprises a laser diode 2 which



"2 ~ MAY 2003 23 appropriate reading out of signals . Particular in ~y~tens
I n which optical utilization efficiency is low as in an optical servo type
magneti c recordinr~ disk, splended effects r.:an bP obtai ned. F%Rther, b&f
electric stray light circuit 25 can be produced by adding only MANP2
transistor and the resister, thereflgre, the electric stray |ight cancel
circuit can be produced easily on the sanme sem conductor substrate with
provi ding few changes in the circuit area. Wiile a device for renoving only
DC error conponent occurred by the electric stray |ight was described in
the first enbodi ment of the present invention, it is possible to construct
a devidi avd £hl d se provglotedeowdd atved rediyr dditghin sg anc eli geiarlc pihio tas ddicsiel osed
i n Japanese Published Patent Application No.Hei.6-45838 and al so renoves

even 1 QRieptdieds BGted LOGhe (RiYkeDs obeatihead/Hen shé f th@htrraganataoad by
reflected light of the laser diode 2 or stray |ight generated by irregul ar

ref | exitdins afehnt fehd ik e diilk@eopt i 6al néNd@GF At @ k1Y eipfilcal( Bikadiamant 2.)
Hereinafter, an optical integrated el enment according to a second enbodi nent

of thes RegieikiteldyREtEDY, Vi hbnheodesikstdad odet  frefnreBNER tite hgWea 3.
Figure 3 is a circuit diagramof the optical integrated el ement according

to the peepod tadhodbnEY effi sshenrsesmit dfMyeatdtaier Thi Sapit Léd 1iighegr at ed

el enent "according to the second enbodi nent of the present invention differs

fromghe, aid clsd MBS e 1o iPutted, a current/voltage amplifier
8 which converts the output current of the signal photo diode 7 into

" a voltage signal with a desired amplification factor, a current
mirror circuit 14 for controlling the emission output of the laser
diode 2 to be constant, and an electric stray light cancel circuit
25 for performing a cancel action of the electric stray light.

References Q1, Q2, Q3 and Q4 denote PNP transistors, numeral

15 denotes a power terminal, numeral 17 and Z1 denote amplitiers,
numeral 20 denotes a voltage terminal, and numeral 18 denotes a laser
power control circuit. Rl and R2 denote resisters, and R3 denotes
a semi-fixed resister for laser power correction.

. Next, the circuit construction of the optical integrated
element 1 will be described in more detail with reference to figure
1.

In figure 1, the current mirror circuit ;4 including the PNP

transistor 02 controls the emission output of the laser diode 2 to
be constant, together with the PNP transistor Ql. Further, the PNP
transistor Q1 and the PNP transistor Q3 insert the resister Rl into

the emitter side of-the PNP transistor Q3, to produce an electric

stray light cancel circuit 25, which performs canceling of the



"2 0 MAY 2003 24 according to the first enbodi nent of the present invention
in which the electric stray light cancel circuit is produced by the PNP
-transistor pl, the PNP transistor B3 and the resister R, only |2(1mﬁn'a003
el ectric stray light cancel circuit according to the second enbodi nent is
formed by the PNP transistor QL, thg PNP transistor (B, the resister Rl, a
resister R4 and a resister R5. So, description about conponents in conmon
wi th conponents of the first enbodinent will be omtted by enploying the
sane references as those enployed in the first enbodinent. zn figure 3, R1,
R4, and R5 denote resisters respectively, and an electric stray |ight

canc@léaﬁgﬁ5u¢gﬁgysqigw@uced by the PNP transistor QL, the PNP resister
@B, the resister Rx, the resister R4 and the resister R5. Further, the

electric Sf@Yerhi @dr GNae BNECHrhn3dIskdrCOBSt EhItaEl UG dhathd gyt i 1 St
resister Rl is inserted at the emtter side of the transistor @ which is

connqeted it Jhe1Si8aalhPRME erdrosie the PRP 1SRGARG HHShItHFe Rbnne dtRSer t ed
at the emtter side of the transistor QL which is connPCPd to the nonitor

phot @ i4iH0d@e%an8fHetYrdh@r théNcditidct TS tRE FBWd B tid1sAMaa0 18t @pRosi tion
between the emtter side of the transistor 2 and the poweL term nal 15.

The sRldecclrOfnsl d8robcthe b e S tFarlst diedt 09l ahe &fle BIKI NA ‘tpiel! MM nal

provi for elng connected to a sem -fixed the resister R3 or a l|aser

Pomermoegsaklsw% ajr% &Ghﬁ@c@é& ﬂft%vbﬂédar?a%r?éf‘ahhﬁ {0 R ARt

i ntegrated el enent The optical ir~tegrated el ement thus constituted,

art i-ulear) I 1 | es efen eto
par ! legllledls Y athddte APeial n%#t*a)ﬁ;?@totg d&gla‘;e ;éd diqgtteg%qﬁsw ot eGSR

figure 0 MAY 2003 25 3 aser |1 ght tomard
n t [ t
@ e s e LT o7 hY PSSR e R e e
I & t
hot a°d nadaft FE°t e g zahd éth%‘ﬁ*?% o Ui li}ﬁegﬁag%‘%%r%?%;@t%g‘ SLt out
CUTr S by 9&9!09;; Ofst0r' 5 AU RY AL L0EhbES e UG 5maaNd. At
the same tine it SO0 generates the stray current from peripheral” portion

of t O@@any éﬂynC)dlode 9 in the sem conductor substrate 10. This stray
curr nt has "a non-1i near output characteristic against the output of the

moni tor - phetigflgdernands i DEcsbE e QU Bie ttgmgtwtezt{aeg tegi““o

di ode 7 gives a error conponent ue to electric stra

out Pt She! 8s3:0BBleBNBbAr b2dE1 cuBe: Lb L LT é%ﬁ@é‘ué&?ﬂ%c

conponen ®due>to e elec ric stra ectrlc stray I cance

o Chrbairaes 3172 t@gggtgesseg@a%&f e S'gt'aflﬁlc ggé&t@s‘ﬁva' ue

of t R4~and~a"resi nce valvé o % 88T r eSpec |ver,

on t@%m?ta%&e%f £0¢ @Q?Vﬁ;f@ﬁtem%dgggr Hefangﬁtetnm dt& ‘ff“an a:tlt:%ealh' s

case, respective va ues o resi resi s

resi §h&le B2 1Lt ehedf 1 Notné NG s PoEwe c&ﬂ@rcgfsélsrthh Bi9a§gia§s the
. laser diode 2 with a constant current which is set by the laser power
control voltage terminal 20.

The electric stray light cancel circuit 25 according to the
first embodiment of the present invention produces the PNP
transistors 0l and Q3 which constitute the circuit and the resister
Rl which is inserted into the emitter side of the PNO transistor
Q3 on the same semiconductor substrate.

A description is given of the optical integrated element thus

constructed, and particularly a mechanism by which the optical



"shoul d be equal to each other (R4=R5) , and the value of the resister Rl
shoul d be larger than that of the resister R4 and the resister RS ( Rl >R4
( =R5 ) ) . In other words, by setting a value of the resister?RL Mty 2003 2
~ MAY 2003 26 optional value against the resisters R4 and R5, whose
resi stance val ues are set equally, 18Bhe electric stray light cancel circuit
35 generates a cancel signal which corresponds to the DC error conponent
having a non-linear correlation characteristic against the output of the
nmoni tor photo di ode 9 and adds or subtracts the cancel signal to/fromthe
out put of the signal photo diode, thereby to renove the DC error conponent
havi ng tlele st ld naentc atetad s A fradaadioty istliré dagai aat oblte caut pukkof the
nonitor photo diode 9. As described above, in the optical integrated
el emgRtthagedediditd ccd hELQresent invention, the resister R4 is provided
between the PNP transistor QL and the power termnal 15, the resister RS is

provi ded betwaee the id apsi@tagrd® andukhespewgr 5erst'g|ﬂ%|l leetabdidhe
resister RL is nounCed between the PNP transistor @B and the poser term nal

15, neepeeliiswelowr EHrépeical he slewhiktanefpye)sasmoiopgthe dieshekgraRégqand the
resister R5 are set equally, and the resistance value of the résister RL is

set elRnitar dfEcdhaing Rt £iPStdrPctiflenOo AR elpiee &5t $heknBPonand,

thus, the value of the resister Rl is set at an optional value agalnst t he

resister naf‘ﬂ%\tzi‘é 2 Loufle®n1RD det e ¥n bptidaPATH zf‘a EEER¥R
appropriately the DC error conmponent occurred by the s i ght mhlch IS

genepaedahr aubABtEBNAL BpRIE D dilsqpenameeqlh@saért@cé@ra ! 'dyRadr 16865e! ation

characteristic against the output of ‘t he nonitor photo d

di n«heeh RVRR MR tﬂa%erwm@motmrt%sltﬁees&héanna&eﬁwd the b t@esil ble to
oduce the electric stray light cancel citcuit 35 easily on the sane

seni QH@@g%taQredSé@&\éﬁ{:el Wist Bors @M G & Hyere s pecPi M eR03 Z geshangea i n the

circuit area Enbodi ment 3.) Hereinaftér, an optical integrated el enent

aCCOh@llraqnta%t%rt hiNgh & B0 BRRbLEk thapéfsc@mdé WHEMUH 93 dWaltle PG 2dBSCT T bed
with reference to figure 4. Figure 4 is a circuit dlagran1accord|ng to the

third,g Hieoéwsﬁa tQfo &08e PE £SRH! N%g?&%@de%‘cés%"&hﬁ% 'ﬂ:gﬂ#:?hﬁ.dn | ement

accor ng fo the third enmbodi nment e present |nvent|on ers tromthe

opt i ep Eétﬁﬁoﬁé@a@rﬁﬁe PRIPEY B8 thr LHhe iééé&nﬂ@ﬁ& tdd ERgmPr esent

I nven y Int resister Rl constitutl CtrIC stray

a ghkhea§%%'ercu&%w le %opﬁgv‘tgeﬁi%fﬁgr 28! biet Sgwﬁaﬂp& 6@l 4l ”%v%ﬂ%?%ﬁd

el enent as a sem - xed resister connecte rou an externa

Co”gcagoa BSiBngig @RiLRChUEed. L pg the nfﬁ)lﬁ?%ﬂ:%ﬁ”@%bé&ﬂ@ed?%{}ﬁ %' reuit.

escri ption-about conponents In co conponent's rst

enbo%@eﬂssz@@%@&r @m:&!a%ﬂ byo ecm' eﬁagea&%éﬁﬁéqafeefferzag@egae%e&mge

enpl oyed 1n the st enbo i ment Igure 4, nuneral not es

ext epﬁg‘bgﬁﬁrﬁ €ghoFed & ?hgﬁhlaﬁﬂof‘{:”ﬁir@de & gg.‘?&ﬁstﬁe S¥rdd Sucﬁ?\‘tﬁ er.

and ectric stray t cancel circuit IS constitute hat the

Qﬂgnag&fgoggegf by;echpé\"%él yegp 1681 £ONgE6t 0 Wind P81 c&é@gﬁ&s of sthe

Is e as an external correction térmnal 22 fo

the gabieal /ABheala! hpfk PIROTLAI (DAlyde TR ohtpRY LoPEEAL o RnkES

connected to the external correction t2rmri
signal photo diode 7 into a voltage signal with a desired

amplification factor. Numeral 9 is a monitor photo diode to which
the other laser lighit is incident. Numeral 25 denotes an electric
stray light cancel circuit which performs canceling of electric
stray light. -

A de5cription~j:s given of the optical integrated element thus

constituted, and particularly on an operation thereof with reference



" A operation of the optical integrated el enent thus constituted 2 0 MAY

2003 28 will be described with reference to figure 4. At first, the |aser

- diode 2 radiates laser light toward two directions, and one of, the | aser

lights is radiated onto the optical disk (not to be shown in fZQuHAY is

reflected to be incident to the sidgfal photo diode 7. The other |aser |ight

is incident to the nonitor photo diode 9. In this case, Lhe nonitor photo

di ode 9 generates the output current in proportion to the em ssion out put

of the laser diode 2, and at the sane tine it also generates the stray

current fromthe peripheral portion of the nonitor photo diode 9 in the

sem e¢endudejure Substrate 10. This stray current has a non-linear output

characteristic against the output of the nonitor photo diode, and the stray

current flow rfddsy,0 the & gnal dipdhdd @2 dpodéuded)i orestlae DEeri conduobponent

due to electric stray light in the output of the signal photo diode 7. So,

i N orsg®ys trateeNDY € rialde abEe serlraare 1c ohpgine Nt odedt awicheliatect ¥dres St r Akel i ght

the electric stray light cancel circuit 45 sets a resistance value of the

senm prcceédiest gatth B ome tdfe thaslasef Iighwbdsechengedney wruatisdng (1)

and (2) . In other words, the electric stray light cancel circuit 45 sets a

val ughiGirdrihes ,semid fiheed asesi 3ightRbsatonne pgéd amal thealfije lahd eyened atoes a

cancel signal which corresponds to the DC error conponent having a

non- ljeneae 1 a@eide batioothe hep ttid £ idstsikc 4agahrslabbe DiypLitraadi 4 thel mmtict or

photo di ode 9, and adds or subtracts the cancel signal to/fromthe output

of th@eSophalcaihatiekdsote, réflactiad hecoapave ety Xh eutputc eorgeernthavi ng

the non-li1near correlation characteristic against the out put 2 0 MAY 2003
OfwHiike MRNireoritet @ndithdecPtidaldesski Hedambave AT ddteteaptiyc ahe

tegrated el enent according to the third enbodi nent of the present

I NVeld1yrdn® @@ beeinsidenef t&hen&NL gid Prdty Qpdeonst iMhy iowdpute

el ectric stray light cancel circuit 45 1s enployed as an external

COr I QG tL86Mire kdbnd2 pHHtdh DEdE A U8 Wnvidia et diaxedl t 85k SR aR6

connected to the external correlation termnal 22 is set at an optional

val ugy iRl elyridnt fudPESES! Smp 0L BEPVE WADPROAT akekydt BRpPEfeca®ion

conponent occurred by the electric stray current which is generated from

t he r@Ridgyr, photo diode 9 and has the non-linear correlation characteristic

agai nst the output of the nonitor photo diode 9.

on the other hand, the other irradiation light from the laser
diode 2 is incident to the monitor photo diode 9. The laser light
emitted from the laser diode 2 directly is incident to the monitor
photo diode 9, and, the output current in proportion to the emission
' output of the laser diode 2 is generated from the monitor photo diode
2, and at the same time, stray light is generated at peripheral
portion of the monitor photo diode 9 in the semiconductor substrate
10. This stray current has a non-linear output characteristic with
respect to the output of the monitor photo diode, and this stray
current flowing into the signal photo diode 7' gives a DC error
component due to the electric stray light to the output of the signal
photo diode 7.

So, the electric stray light cancel circuit 25 by generating



"Further, in the optical integrated el enent according to the third
enbodi nent of the present invention, it is possible to generate the cancel

.signal for the electric stray |light generated fromthe nonitor ZhBtMAYi2808
9 by adjusting the sem -fixed resister R6 which is provided externally to
the optical integrated elenment 1, Zhd therefore, the operation of the
circuit is easily. APPLICABILITY rN | NDUSTORY The optical integrated
el enent according to the present invention can appropriately renove the
electric stray light which is generated fromthe nonitor photo di ode and
has a non-linear correlation characteristic against the output of the
noni a orcaginstlo digoel zent Hibe whgsian athetber reen+Mgleaye campleliatdonf or
anplifying the output of the signal photo diode, it is possible to obtain a
2 0 dar2008r 8ot v deet@yerariihe outpngeeft e appniittor phphesditdet d amshd out
signals appropriately. This is particularly effective in systens having a
| ow wine i R@lexrtod izmpanerdf fdaivened by theastppyi e rewt varngpe:adhgnet i ¢
recordi ng di sk. 2 0 MAY 2003 31 CLAIMS 2. An optical integrated el enent,
conptheioptical agereglf atked whiagtenrtadivasestiagea vahe ¢DHwichel tewishiercti ons;
a current mrror circuit which controls an em ssion output of the |aser
di odrl tshown énnSi@nte laatman bvptiphalovadivdeywhie leldettedicss thaydnigisi on
out put of one of the irradiation lights fromthe | aser diode; a signal
photeanitelecivbcubtdebectenda dddjhtg whr céub sr ¢ bidug ethéy cehaklt Isd gotaler
irradiation light fromthe |laser diode is incident to an recording nedi um
and ts/fedth ediedutputirae e alilgagd phpltof deodeh? ¢hitoiw g5d ss Eobeirtent
detecting signal outputted fromthe signal photo diode into a voltage with

‘rrpliézyém thweDCué t eait ;camptbnent occurred by the electric stray light.

Next, the electric stray light cancel circuit 25, which is
a characteristic element of the present invention, will be described
in more detail with reference to figure 1 and figure 5.

At first, in fiqure 1, the electric stray light cancel circuit
25 is constituted by the PNP transistor Q3 and the resister R1l, and
the resister Rl is provided only at the emitter side of the PNP
transistor Q3 between the power terminal 15. The corrector current
value I,. of the PNP transistor Q3 then can be obtained by the

. following equation.

In (1,..) =1n (I,) + 1,0 X (qR1/kT) - (1)

mon
Where I, denotes collector current of the PNP transistor Q2,
and this value is equal to the output current of the monitor photo
diode 9. Further,' q denotes an electron charge, Rl denotes a
resistance value of the resister R1, k denotes Boltzmann’s constant
and T denotes the ébsolute temperature.

In addition, .the output wvoltage V_,, of the current/voltage

amplifier 8 can be obtained by the following equation, in which the



“an electric stray light cancel circuit which generates a cancel signal on
the basis of a non-linear correlation characteristic between the output of
.the nonitor photo diode and a DC error conponent occurred by stray current
generated in the optical integrated el ement and adds or subtract8 MAY 2003
cancel signal to/fromthe output of2the signal photo diode. 2. The optical
I ntegrated el enent as defined in claiml, wherein there is provided the
el ectric stray light cancel circuit which conprises a transistor connected
to a cathode of the nonitor 2 0 MAY 2003 32 photo diode, a transistor
connected to a cathode of the signal photo diode and a resister which is

i nseréegbh Bt @ut ReneNblt €heSkdgnel phetéransdst rigopuees eshisdtde sjgnal
phot o di ode, and which, by setting a value of the resister at an opti onal

val ueanJerRs at 8§ e c83BCOb1%hgRAl FOR NN uRIShE /0b1tRgeNaRph #eaK @OryIel ation
characteristic between the output of the nonitor photo diode and the DC

err ory SFPESeREqogeuyred by stray current generated in the optical
integrated el enent and adds or subtracts the cancel signal to/fromthe

out puy oft hg-g{ snat di.ode) 3. The optical integrated el ement as
definéﬂ‘in‘?lé$%1231Wﬁgﬁ%$% thgrg is provided the electric stray light

cancel cireyi bolisCRoCATRHES $Folhdhet BYubicish (89 thak it?]iei %g,{lfgggéfﬂo the

emtter side of the transistor connected to the signal photo t he

CenouSyEEBAE T F U Bkt e UL phesidoel cHiphigielalone
output current I,,, of the signal photo diode 7. So, the relationship

‘ between the output current I, of the monitor photo diode 9 and the
cancel gquantity I, will be shown in figure 5.

Figure 5 1is a diagram illustrating a c¢ancel current
characteristic of the electric stray light in the electric stray
light cancel circuit according to a second embodiment of the present
invention. In figure 5, the abscissas presents the output current
value (I,..) of the monitor photo diode, and the ordinate presents
the cancel current quantity (I,.) of the PNP transistor Q3 for the
output current value of the monitor photo diode.

‘ When the cancel current characteristic for the electric stray
light by the electric stray light cancel circuit shown in figure
5 and the characteristic of the electric stray light in the
conventional optical integrate element shown in figure 6 are
compared, it is apparent that the both values show close
approximation. Therefore, it is possible to remove the electric
stray light component appropriately by subtracting the collector
current I,. of the PNP transistor Q3 from the output current I,, of

the signal photo diode 7.



"is inserted into the emtter side of the transistor which is included in
the current mrror circuit, and in which the resistance val ue of Pﬂ& nd

.resister and the resistance value of the third resister are edﬁ&l 2@@?
ot her, and the resistance value of the first resister is larger than that
of the second resister and larger td3an that of the third resister. 4. The
optical integrated elenent as defined in claiml, wherein there is provided
the electric stray |ight cancel cixcuit which conpr~.ses a transistor
connected to a cathode of the nonitor photo diode and a transistor
connected to a cathode of the signal photo 2 0 MAY 2003 33 di ode, and by
enpl oyi ng tFhertgrdt t ethsidbeofridestransiisgir comdctedddud ta 2atdmdeof the
signal photo diode as an external correction termnal for the optical

| nt egraiRibed enERidding oallly BPet PP iddis iftox 98Mandi ¥ivdl Fesi steF raonnect ed
to the external correction termi nal at an optional value, generates a

cancefhededfiiite by hempasyengf at bepblar! nbaslieRiteliategpathar aqtreiilistic
bet ween the output of the nonitor photo diode and the DC error conponent

occurderRshrbyqisd J apt QLN reitilgeprisatidd el Bot peoapte Cehe i VEW Aidh St @FRy¥ and

adds or subtracts the cancel signal tn/frnmthe ol 7t~ 7t of the signa

phot il @R resister Rl on the semiconductor substrate 10 on which the
conventional current mirror circuit 14 and current/voltage
amplifier 8 are also produced, with providing few changes in the

. substrate area of the semiconductor substrate.

As described above, according to the opticﬁl integrated
element of the first embodiment, by setting a value of the vresister
Rl included in the electric stray light cancel circuit 25 at an option
value, the electric stray light cancel circuit 25 can generate a
cancel signal on the basis of the non-linear correlation
characteristic between the output of the monitor photo diode 9 and
the DC error component occurred by the stray culrrent generated in
the optical integrated element 1 and can add or subtract the cancel

. signal to/from the output of the signal photo diode, and therefore,
it is possible to remove appropriately the electric stray light which
is generated from the monitor photo diode and has the non-linear
correlation characteristic.

In addition, since it is possible to appropriately remove the
electric stray light component contained in the output of the signal
photo diode 7, the current/voltage amplifier which amplifies the
output of the signal;photo diode can have a broadened dynamic range

from the reduction in the DC offset, thereby resulting in an



" 5. The optical integrated elenent as defined in any of claiml to 4,
wherein the electric stray |ight cancel circuit is produced on the sane

. sem conductor substrate. .AY(.AF{.A[.AY.A U A .AFu
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Hereinafter, an optical integrated element according to a

second embodiment of the present invention will be described with
reference to figure 3,

Figure 3 is a circuit diagramof the optical integrated element
according to the second embodiment of the present invention. This
optical integrated element according to the second embodiment of

the present invention differs from the optical integrated element
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that an electric stray light cancel circuit according to the second

embodiment is formed by the PNP transistor Ql, the PNP transistor

03, the resister R1l, a resister R4 and a resister RS. So, description

about components in common with components of the first embodiment
. will be omitted by employing the same references as those employed
in the first embodiment.

In figure 3, Rl, R4, and RS denote resisters respectively, and
an electric stray light cancel current 35 is produced by the PNP
transistor Ql1, the PNP resister Q3, the resister Rl, the resister
R4 and the resister R5. Further, the electric stray light cancel
circuit 35 is constituted such that the first resister Rl is inserted
at the emitter side of the transistor Q3 which is connected to the
signal photo diocde 7, the second resister R4 is inserted at the
. emitter side of the transistor Q1 which is connected to the monitor
photo diode Y9, and further, the third resister R5 is inserted at
a position between the emitter side of the transistor Q2 and the
power terminal 15. The collector side of the transistor 02 is led
out to an external’ terminal provided for being connected to a
semi-fixed the resister R3 or a laser power control circuit 19 which
are provided externally to the optical integrated element 1.

The optical integrated element thus constituted, particularly

on the operation thereof will be described with reference to figure
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The laser diode 2 radiates laser light toward two directions,
and one of the laser light is radiated onto the optical disk (not
to be shown in figure) and is reflected to be incident to the signal
photo diode 7. The other laser light is incident to the monitor photo
diode 9. In this case, the monitor photo diode 9 generates the output
current in proportion to the emission output of the laser diode 2,
. and at the same time it also generates the stray current from
peripheral portion of the monitor photo diode 9 in the semiconductor
substrate 10. This stray current has a non-linear output
characteristic against the output of the monitor photo diode, and
the stray current flowing into the signal photo diode 7 gives a DC
error component due to electric stray light in the output of the
signal photo diode 7.

So, in order to remove the DC error component due to the electric
stray light, the electric stray light cancel circuit 35 sets a
. resistance value of the resister Rl, a resistance value of the
resister R4 and a resistance value of the resister R5 respectively,
on the basis of the above-mentioned equations (1) and (2). In this
case, respective values of the resister Rl, the resister R4 and the
resister R5 are set so that the values of the resister R4 and RS
should be equal to each other (R4=R5), and the value of the resister
Rl should be larger than that of the resister R4 and the resister

R5 (R1>R4 (=R5)}.

In other words, by setting a value of the resister Rl at an
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optional value against the resisters R4 and R5, whose resistance
values are set equally, the electric stray light cancel circuit 35
generates a cancel signal which corresponds to the DC error component
having a non-linear correlation characteristic against the output
of the monitor photo diode 8 and adds or subtracts the cancel signal
to/from the output of the signal photo diode, thereby to remove the
DC error component having the non-linear correlation characteristic

. against the output of the monitor photo diode 3.

As described above, in the optical integrated element
according to the present invention, the resister R4 is provided
between the PNP transistor Q1 and the pover terminal 15, the resister
R5 is provided between the transistor Q2 and the'power terminal 15,
and the resister Rl is mounted between the PNP transistor Q3 and
the poser terminal 15, respectively. Further, the resistance values
of the resister R4 and the resister RS are set equally, and the
resistance value of the resister Rl is set to be larger than that
' of the resister R4 and the resister RS, and, thus, the value of the
resister Rl is set at an optional value against the resister R4 and
the resister R5. Thereby, it is possible to remove appropriately
the DC error component occurred by the stray 1ight which is generated
from the monitor photo dicde 9 and has the non-iinear correlation
characteristic against the output of the monitor photo diode 9.

In addition, e;en when the number of resisters is increased,

it is possible to produce the electric stray light cancel c¢ircuit

35 easily on the same semiconductor substrate with providing few
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changes in the circuit area.

(Embodiment 3.)

Hereinafter, an optical integrated element according to a
third embodiment of the present invention will be described with
reference to figure 4.

Figure 4 is a circuit diagram according to the third embodiment
of the present invention. This optical integrated element according

. to the third embodiment of the present invention differs from the
optical integrated element according to the first embodiment of the
present invention only in that the resister Rl constituting the
electric stray light cancel circuit is provided externally to the
optical integrated element 1 as a semi-fixed resister R6 connected
through an external correction terminal 22 included in the electric
stray light cancel circuit. So, description about components in
common with components of the first embodiment will be omitted by
employing the same references as those employed in the first
. embodiment.

In figure 4, numeral 22 denotes an external correction terminal
and numeral 6 denctes a semi-fixed resister, and the electric stray
light cancel circuit 45 is constituted such that the emitter side
of the PNP transistor Q3 connected to the cathode of the signal photo
diode 7 is employed as an external correction terminal 22 for the
optical integrated element and that the semi-fixed resister R6 is

connected to the external correction terminal 22.

A operation of the optical integrated element thus constituted
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At first, the laser diode 2 radiates laser light toward two
directions, and one of the laser lights is radiated onto the optical
disk (not to be shown in figure) and is reflected to be incident
to the signal photo diode 7. The other laser light is incident to
the monitor photo diode 8. In this case, the monitor photo diode
9 generates the output current in proportion to the emission output

. of the laser diode 2, and at the same time it also generates the
stray current from the peripheral portion of the monitor photo diode
9 in the semiconductor substrate 10. This stray current has a
non-linear output characteristic against the output of the monitor
photo diode, and the stray current flowing into the signal photo
diode 7 gives a DC error component due to electric stray light in
the output of the signal photo diode 7.

So, in order to remove the DC crror component due to the electric
stray light, the electric stray light cancel circuit 45 sets a
. resistance value of the semi-fixed resister R6 on the basis of the
above-mentioned equations (1) and (2). In other words, the electric
stray light cancel circuit 45 sets a value of the semi-fixed resister
R6 at an optional value and generates a cancel signal which
corresponds to the DC error component having a non-linear
corrclation characteristic against the output of the monitor photo
diode 9, and adds or subtracts the cancel signal to/from the output

of the signal photo diocde, thereby to remove the DC error component

having the non-linear correlation characteristic against the output
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of the monitor photo diode 9.

As described above, in the optical integrated element
according to the third embodiment of the present invention, the
emitter side of the PNP transistor Q3 constituting the electric stray
light cancel circuit 45 is employed as an external correction
terminal 22, and Lhe value of the semi~-fixed resister R6 connected
to the external correlation terminal 22 is set at an optional value,
. thereby it is possible to xemove appropriately the DC error component
occurred by the electric stray current which is generated from the
monitor photo dicde 9 and has the non-linear correlation
characteristic against the output of the monitor photo diode 9.

Further, in the optical integrated element according to the
third embodiment of the present invention, it is possible to generate
the cancel signal for the electric stray light generated from the
monitor photo diode 9 by adjusting the semi-fixed resister R6 which
is provided externally to the optical integrated element 1, and

‘ therefore, the operation of the circuit is easily.

APPLICABILITY IN INDUSTORY

The optical integrated element according to the present
invention can appropriately remove the electric stray light which
is gencrated from the monitor photo diode and has a non-linear
correlation characteristic against the output of the monitor photo
diode. In this way,§ﬁ1the current/voltage amplifier for amplifying

the output of the signal photo diode, it is possible to obtain a
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wide dynamic range, thereby it is possible to read out signals
appropriately. This is particularly effective in systems having a
low optical utilization efficiency as in an optical servo type

magnetic recording disk.
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1. An optical integrated element, comprising:
a laser diode which radiates laser light toward two
directions;
a current mirror circuit which controls an emission output

‘ of the laser diode to be constant;

a monitor photo diode which detects the emission output of
one of the irradiation lights from the laser diode:

a signal photo diode which detects a light which is produced
by that the other irradiation light from the laser diode is incident
to an recording medium and is reflected;

a current/voltage amplifier which converts a current
detecting signal outputted from the signal photo diode into a voltage
with amplifying the current; and
' an electric stray light cancel circuit which generates a
cancel signal on the basis of a non-linear correlation
characteristic between the output of the monitor photo diode and
a DC error component occurred by stray current generated in the
optical integrated élement and adds or subtracts the cancel signal
to/from the output of the signal photo diode.
2. The optical integrated element as defined in claim 1, wherein

there is provided the electric stray light cancel ecircuit

which comprises a transistor connected to a cathode of the monitor
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correlation characteristic between the cutput of the monitor photo
diode and the DC error component occurred by stray current generated

. in the optical integrated element and adds or subtracts the cancel
signal to/from the output of the signal photo diocde.

3. The optical integrated element as defined in claim 2, wherein

there is provided the electric stray light cancel circuit
which comprises that the first resister is inserted into the emitter
side of the transistor connected to the signal photo diode, the
second resister is inserted into the emitter side of the transistor
connected to the monitor photo diode, and further, thc third resister
is inserted into the emitter side of the transistor which is included

. in the current mirror circuit,

and in which the resistance value of the second resister and
the resistance value of the third resister are equal to each other,
and the resistance value of the first resister is larger than that
of the second resister and larger than that of the third resister.
4, The optical integrated element as defined in claim 1, wherein

there is provided the electric stray light cancel circuit which
comprises a transistor connected to a cathode of the monitor photo

diode and a transistor connected to a cathode of the signal photo
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dicde,

and by employing the emitter side of the transistor connected
to a cathode of the signal photo diode as an external correction
terminal for the optical integrated element and setting the value
of a semi-fixed resister connected to the external correction
terminal at an optional value, generates a cancel signal on the basis
of the non-linear correlation characteristic between the output of
the monitor photo diode and the DC error component occurred by stray
current generated in the optical integrated element and adds or
subtracts the cancel signal to/from the output of the signal photo
diode.
5. The optical integrated element as defined in any of claim 1
to 4, wherein '

the electric stray light cancel circuit is produced on the same

semiconductor substrate. -



