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| NTEGRATED ORJd §Mg742l RCUI T FOR STRAY LI GHT ABSORPTI ON TECHNI CARCTFG B8PS S
—~invention relates to a nethod of absorbing stray light in an intZérWdZUﬂZ

-optical circuit and to an inteqrated optical circuit conposing |ight

absor bi ng means fGTPRBSEAPHY RSP OF Rt C@ﬂﬂ(é@h@ﬁ%ﬁﬁﬁ“@ﬂ?’g@éi gn of
. integrated optical circuits there is often a need to deaf with |ight which
i s not guided by the conponents formng the circuit This stray light, which

can arise fro 1CHQUE such as fibre or |laser couplers. scattering
from wavegui dﬁm bends or from scattering beam dunps. can have a
severe inpact TAR invenpet froraence dimaleyd o sapgurtingespdwyighhes arc onpgraesy s.
The stray light in the optical chip can enter devices on the chip, and

out put fi br esOBHER! RiFus &9 BN ITHPET R CPAFRIoFIEIHE SOBIPMISHISs S FPEFSING

Conventional pREROHS sHscienbisi@ygnh this probleminclude physically
arrangi ng devices on an intéegrated optical chip such that stray |ight

cannot enter sensitive parts of the chip and the use of isolation trenches

to keep stram@ certain parts of the chip. The Iimtation of
these approachs _ ~do not renove the stray light fromthe

i ntegrated ophitealdesltinsf ibiegrateatopadaiaditcRitpthére gioteRiseeddier BESIDLIEMiGHt
having stray light within the chi DI SCLOSURE OF THE | NVENTI ON Accor di ng

to a first aspaed 1pma rgémveﬂ/@bft‘ihsﬁéorﬂm@t? JOBRIBGi BEdCEC et AHEF Sirantightbi ng
stray l1ght ipgn cbﬂta?%reaﬁ'&ﬂ.rﬂgﬁ)'[/ ﬁabrc%hr St aé GbrEd e%ogBFérE.aéééﬁferipHe

conductive subsfrate conprising the step opi ng sel'ected aréeas o
substrat e so fasn wavegoideasrpidrs artasbenqpds onfroh saagietinglieam dampst cgninged by

conponents of the optjcal circuit in those areas, |A~S~A~-BH W O 99/287 7
- rcT/c~98/ & 38yere impact on the performance of devices which employ these

components. The stray light in the optical chip can enter devices on the chip.

and output fibres and may severely mit the performance of these devices.

Conventional methods of dealing with this problem include physically arranging
devices on an integrated optical chip such that stray light cannot entér sensitive

parts of the chip and the use of isolation trenches to keep stray light away from

certain parts of the chip.

The limitation of these approaches is that they do not remove the stray light
from the integrated optical chip. but instead attempt to minimise the problem of

having stray light within the chip.

DISCLOSURE OF THE INVENTION
According to a first aspect of the invention, there 1s provided a method of

absorbing stray light in an integrated optical circuit formed on an optically
conductive substrate comprising the step of doping selected areas of the

substrate so as to increase the absorption of light which 1s not guided by
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components of the optical circuit in those areas. |||||||"|’||




2 4 ~~Y 2002 According to a second aspect of the invention t /88505%1145
provi ded aiW@ P¥¥gtaated optical circuit formed on an optical l'y conductive
.-substrate conprising |ight absorbing neans for absorbing stray zght in the
. substrate. the light absorbing neans composi ng one or mare dope r%ﬁlézm
t he substrate where the doping concentration is greater than that of areas
of the subsA¢t@@nbOobrd BEcEME agpdtCAltheimeattiont ehareserdrosideayan irgddratett t he
substrate which is not guided by conponents of the optical circuit. O her
f eat ures ofORtea! icirgent foomedi o1 de opypalerfendreive 1BePFERICORPATPT §EEc FEDL | on

and fromt i.di I f t S ifi I R OF
THE DRAW N%@K%%%%‘%{? gaﬁaév&[%%( &HSWJP’%J '?ﬁt'ﬁéﬁ%gggﬂr?%eﬁ #@55‘?%@" y of
exanpl e. wirmhbatetenensegtand bemacs dopanuregs df mel sugsstrate witere hhe Bogige 1 s
a schematic diagramillustrating the use of doped areas_ adjacent aY
junction i rFPRCRRVAYRN bﬁegier?t%rc@é%dﬁﬁb@ #aas ehide) HRSHRID PMiNg dhe optical g
schematic i I i r j ling
betueen & 1o R O e R e R B e PhrRares

Fi gure 3 i ©ofshsopeatarcudi agramillustrating the use of a doped area
between a light source and a |ight detector in accordance with the
invention. Figure 4 is a graph showng the |ength of doped area agai nst the
absorption r LV, i nt.ration
of - Lype GARRnfeeRlrds R, B R P UATEE o O, PR P BIng SRaBkoR e
agai nst t handbisom pgte subdidssy tiaims wbdthg spaeifismhehengt hs for a particul ar
concentration”of p-type doping. WO 991 28772

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be further described. merely by way of example. with

reference to the accompanying drawings, in which:

Figure 1 is a schematic diagram illustrating the use of doped areas adjacent a

Y-junction in a waveguide in accordance with the invention;

Figure 2 1s a schematic diagram illustrating the use of doped areas adjacent a

coupling between a laser diode and a waveguide In accordance with the

invention.

Figure 3 is a schematic diagram illustrating the use of a doped area between a

hght scurce and a light detector in accordance with the invention.

Figure 4 is a graph showing the length of doped area against the absorption
loss for two given wavelengths. for a particular concentration of n-type doping;

and

Figure 5 is a graph showing the length of doped area against the absorption

loss for two given wavelengths for a particular concentration of p-type doping.
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It is known g{t@; /%sg.p,e charge carriers arising fromionised i nmui/¢ gosati 0436
(i a doping O change the refractive index and increase the |linear
-optical absorption coefficient of silicon at wavel engths commonly %geﬁAgnzugz
tel ecommuni cations i.e. 1310nmand 1 SSOnm Detail ed nmeasurenents have been
- published ih the literature (see for exanple R A Soref and B. R Bennett

"Electro-opti 9%;1‘%% BF BARRYIRENOUTERREIREN iGN Quantum El ectroni cs
E-23 (1) p comon T npurity Such as Boron (a p-type
dopant} and Phosphowouthat dreenchyige crsparst risimgi fsomf hesed snawsdy dtams (i e
integrated optical switches and,transducers arrangi ng for free char
carriers to b%o"f"ﬁ? e%tf’gﬁ?i%iad’gg %G\/éﬁf_lsﬁ?‘g'é(eu_ ﬁ_@da'Bgﬁagﬁt ﬁb% ligpag qu'Fggge
across the wayegwbilh | RobRigHtesENtsiddrenki Ovvdigngthd eebmisotigeduded 1n
provide light absorbing nmeans in an optical chip to absorb stray light in
the chip By défficammienedii@ts dreds18nm: ard JBSENMst PgjalgdymeasyHraments figyecan
be renoved by e 0 : re b j i
direotty wit TR B ERENCine [REER IR K EhoBORRL B aRp ERBeR oe
on devi ce perEtearencetical idfedtspedSiicards IBRf Joerfaraféllanum Biaciretgs GiE-23

AR Yl S R e A
in a wavegui dgopndsdHBLs 4h Hﬁgﬁf%pﬁﬁt‘fe%@%?'fecﬂy @éé?ﬂFg @‘ép R4 upRcAnd

between a light source and a fi sensor 1 n general reglons are

posi ti oned sawitsheé® apdevamidudeghby farangay faroliee ehafges tamierb itghte irgeatbéng
anot her conponent in the circuit which is _ susceptible tgo such |ight. Figure
1711 ust r at e4NPRovRGRIHe GapBdnT agPilon ol itEee 2¢r9es etryreuwde
wavegui de. The doped regions 1 are preferably fornmed in areas where they

W ||l absorb a substantial amount of the stray light emanating fromthe
functi on, Wotrgopregenh irmemntondips Gfferts pser Mpwroidg light aksagbingj meeans in he
outer edges of t ar, of Y-J | O d in the area between the arns
of the Y-j un@Fi%ﬂg‘iﬂi%ﬂﬁéo fb%&l U%Edyg@@glr}@ga{]g% of doped regions 1 adjacent
a coupling between a | aser diode 3 and a waveguide 4 The | aser diode 3 is

aligned with the waveguide 4 so the majority of the light emtted by the
di ode is di r Bytdeging eigctedeareas ofthalelip\elvay tigll iedbe chig ean Siereatmyedtbyof

or oduces. st prosaee: O g8 Sheideaf Sk ARl Y Beglidf SRV, el

ei ther side gfobldhe onairegugBieandtieafitatens thikeszs ddikg oM dévicabereaninand
absorb a substantial proportion of this stray light A simlar arrangenent

may be used where the light source is an optical fibre instead of the |aser
di ode 3. Th ' ' ' \¢)

about 20 m oF OnEOAr e aAh B0 bE Bt L por Rty ot RS s Fy S8acptd e
use of a dopsflpnegitiwvéehel gietnsaurt@senopticadfibe and sawahegamddi edmacent . 9.
on a transceiver chip. The doped region 1 js positioned so as to intercept
stray |ight BNCR aW§vVeIyide | 3GacRN) S HOFHAME 3 HSNPIWIdBRS SCePNGLYWEED

di ode 6 The ggg gi.or i i r.c|. 8,0, r b

| aser di ode a%g}c{)e%' t%ga%eﬁlct)tsa ogglglg;gguré? %)%jctg%{ﬁ% tahfé&}te%?%gé)%gr@’ﬁi ght
fromthe di acdesdri sn Geneedietha rbpediregiensi aredpdsitioned vavay e ¢eeventslighas to
optically isolate the diodes) apart fromthe designated | tht exit aor

entrance. ByraM@NUISCHECE RksiFBblightdicgaling 3nshiet prMPeRgNt iI8d0R @it WhieR; s

way, its sengitiMit¥ dS 4 NGl ed. In an alternative arrangenent (not
shown) the d%;%)lé%cePEe’éiéo% érlr“n}?/’ l@?r‘pl y conpose an el ongate band between the

| aser diode 5 and the photo diode 6 The various sections of the doped
region 1 in Figure 3 would also typically be about 20 m crons w de and 100

nm crons | Ong_iguremilgwmm@@pcgg@p@d nemons 1 adjacent a Y-junction 2 in a
waveguide. The doped regions 1 are preferably formed in areas where they

will absorb a substantial amount of the stray light emanating from the junction,



.. Z 4 MAY 2002 5 The dopi ng concentration required and the si
doped regi oME IN28T2 depend on many factors such as the type Of'ci&@&p;{lg
~~used. the type of dopant used. and the performance requirenments of Imjh
. device Figure 4 shows a graph of the length of doped area through wh fzmg
- stray light passes and the absorption loss for the two vvavel engt hs 1310nm
- and 1550nm for 3R dapiNIGANCEMIALE Bl Bfmd & telPAGio0bBNASRROL QLS
atons in a si gn “SUbs grap as been cal cul' at ed usi ng data
publ i shed Irbewu@erh tHeeamisloeiheeY qum@dnt o above. The graph shows that with a
doping length of 7 mcrons (for the wavel ength 1310nm and 10 m crons (by
extrapol ation, for the wavel ength 1550nm a significant |evel of absorption
(in excess goGRdBlIARSHSTNS 8f ARBed800R0AadaEAN £1¥8pAnS Rlikee PRIt N
of dopant. % about m cron, produces usef degr ee 01p sorption
(about 10d8)lase|F| gade 3 aﬂm\asmvsgmdlea# girhphlagsi npde [overaligopdngith the
concentration of of . boron ato his exanpl e does
provi de sucwaé(ﬁgaﬂdﬁ%ﬁeﬁk‘e é‘B@B‘FWe?f g‘? 'f%te”?'{{]e%?géfulﬁg Cﬁoa%d% dfrgcﬁﬁgawiﬁer
concentrati g %véélﬁdsom@%nﬁe%sfshs CeRYRY arRBSR LiigPR dR)%rr%M@' froM Qhe! s e f
boron conpared to phosphorous) but. neverthel ess. 'shows That a useful |evel
of absor pti dindee3 goesd 08 eoterrtbee/ya\mmldjwamldl proddces istigy dghbpt tiee opligain
havi ng a | engt bet ween 20 and 4 mero her a -type d ants
Ty ba usedtR ol BEeSHHED eGR4 P IHTTES BRbEghG: e BhdBoriFauife?
exanpl es gi M@ﬂtz@:ﬁ’@%e’?@'tﬁé)ﬁv&lpnrﬂeﬁép& P8 SHHPH IAE6bst8nlal Broportion of this
silicon-oninsdlator (SO) ‘chip Such chips are manufactured to given
speci fi cat i 8tigy fight tHeSImJEr tayramgem@tmy beruges wharg hefightisenicedévares to
beformsdthereflrg1 r ﬁgﬁ grouég urlty | evel of the silicon in such
a devi ce i sO¥YRR ARIY PSisRd¢ldne 098377 & PCT/ C {398/ 01145 Z 4 MY 2002
order of 10~Scmi The dopi ng concentration ef the doped regions 1 should
preferably be at |least 10'ficmi and nost preferably at least 10'9 or 10 cni
The dopi ng T@Q/eiopage@gmndsfmvm en dbpyrelse sarfd 2c met typicadiyabe eabaod G3t i on
of at least_ 10dB ang pr fer 50dB O[? nore to be achi eved using doping
regi ons | eSS %ml'%ﬂa? End preferably 40 mcrons or | ess
and nost preferably 20 mcrons or less Wth a silicon-on-insul ator chip.
the silicon_layer typically has a thickness of 2 8 mcrons and rib
wavegui des Tigwiecalllustrazas g wsawptie HoprddBeion Ubaiwaama laseredipge feand

Ceirons 3 FEFRRR AIERCh S BB TR0 8 A bR TR
2. may therashe hesregst é!tsfaydlllgﬁl'ftuﬁhtﬂﬁ rﬁi@,pﬂﬁcti W&y Fiaen ERCRERr Alodd Bherthei de of
t he r|b fn other cases_e. when t he do&gd region is adjacent a photo

di ode. e. g.PhRto dike@rf i ﬁhﬁd@@ﬁé rggian i ¢ 'F’ﬁ‘écﬁ%%s &R ﬁﬂ@é‘F'ﬁd’fl SEWRENSi | i con
| ayer adja i i doped
Fogi ona. ar oy 1 PR Mo RS, Aleeb (e ARI s PubBEP g e

at mospher e tit®diogies)ng direetetbipan or atcaived fromna elaeglid Vew@samummncally

Following this. the device is heated again in an oxygen atnosphere é
5’&9 Y the

di ffuse t hés%ﬁame fladendr apattoTPRe thaidesignted lighine ki ee Nt
hi [t i | t
Ch 1 PR AP 6 4 1 . bty o e

avoi d the pm:s@aéadl [ Iryanfaltﬁmatwé agahgeseap(my shuhet)npet dopdie relgipednaggi ons.
The concentration of dopant will generally vary vvlth depth in the o tical
| ayer. e.gSmMIRY éOFﬁ’é&SSra‘bﬁ‘%aﬁ%rb%ch?}Weéﬂ t&@pl@ﬁer Sivflg 7 am e &NeIQ ed

ar r angeneng;ohhes Mty ny%}} vel~ d _Rdqd A tjg\mm aqgga | ayer
1) should ‘be of a seu |dcl'|ge§% t%\f’egﬁoﬂtho prbc;e\/ﬁjded’%gn?}igfﬁ@gd degree or'
absor pt i ontypiiady depEmdut é@wmnmnmwdaandﬂa@@msas]odga fornmed close to the
rel evant source



of stray light to maxi m se the anount of |ight absorbed. The regi ons nay,
for WO 99/ 2Q,6/9328478l ~~ Srw~AY L~u~ 7 instance. be forned | esectrieBIshiiis
‘mcrons fromthe rel evant source e.g. a rib waveguide etc. as s@&mmy
Figures 1 and 2. but should not be fornmed so close as to interfer hZGl]Be
operation of the relevant conponent Such doped regi ons can conveniently be
-fornmed at the sane tine as other conponents of the circuit are fabricated.
a g. nodul at of$e deringhesmcepwationofedsiAdbenacdhar sigel §f e dorpdeteIgns will
standard phot gl | [ i J ol : i NS, | e
possible to f§Fﬁé€%§8$$@gfé&gééo@#gﬁe{sntgeg@?r%g sgngtlgté!%?} éaegcﬁ?ép¥ygg§%fp$°e°§nﬁy

t he i nt egr at edsefptarepiheCodridtimanap aetuifernamtshed tas @@sicen whi ch the conponents
of the optical circuit thenselves are farnmed in order to maximse the
absorption of stray light. The doped regions will. however, increase the

el ectrical coppiied iyvihwsla %ﬁ%hcg'f' heSRrigth 6R%BPUNGES thiodgh wptcnd@@ Leg) e
to create an el’ectrical path between coffponents of the optical circurt.

i sol at ed dopi hghtr pagsess asddhe agbsanpisen desscforbtie o wea\eHendtds b3 UGrenl. anthe

doped regi ons f er.abl e i t he pe .of nt. i.e, either

nType o prt R i b e PR o] o, 1 Cone iR acens Frogiy

p-type regi ong sfiebnishiBsgawe THagrdbh h&Sbeen edicLeabe s NgsEsta fiblighe® irPiHeoN

shoul d not be fornmed too close to the n and g-type doped regi ons provided
e

for other purlgetgre tefired 1o aboypr etheigsern Kaews Heauwsh & dapipedlengti ohd as

| i ght absorbi ng_neans. ,as descrihbe aqve bl the p I .caused by
stray |ight ifR%{‘H?eS Qé? F*I?M%%ﬁ%f%%’ﬁf?@Jﬂfcfﬁ}“sr@éfuécxgﬁp%ﬁi%‘- HabPes
optical circuliveiémgtheldssianed sigrmrrendenél ¥r elosdtdtay |ihgBkcesy of dsdd)i ons
and enabl es the avall abl e space on a chip to be used much nore efficiently
and so enabl €9¥8f% conpact devices to be fabricated. ~. 4r MAY 2002 s 1. A
nmet hod of absorbing stray light in an integrated optical circuit formed on
an optically conductive substrate conprising the step of doping sel ected
areas of the Thebgiapataiss@hawsttbat evareaseottienginsofr gdgamn @f. aboay 1 Imigkin,

whi ch is not guided by conponents of the optical circuit in those areas of
the subst r at @0¢yresgbpeefubdeeeiiangosyinrddberoi¥dfe sai d conponents so as
not to interfere with their operation. 2. A nethod as claimed in aim1lin
whi ch the substrate conprises silicon. 3. Anethod as clained in Caim1lin
whi ch t he dopajurei s stibivbus athmitar graphansied a ndwert bepisigl carwensiatishraft £6s0

that the concgr;,t rati on of dopant _exceeds | 0i scni 3 throu(%é] t he t hi ckness of
the substrat éYaf@ pPEPOFRMbIACBxcdEWs SXBTOEIPeEhPRUBIPY IR SM5HsBP atfEcient A

met hod as cl @bs@gei s 3l M Aigure 27(dde hd G dncRRlraGo S 4 HEBBp &N S€
one or nore of the followng areas: adjacent a coupling between a |ight
source or optheciaweridbserztion penmavit yaiude chbdpmrecompaisdnid phrospheases)iiude,
adj acent a junction in a wavequide qr a coupling between equi des,
adj acent a bB%Yﬁrm?r#%s,s'a?“BM’ﬁcfﬁgt F‘iﬁ'r??“'s%ﬁ‘?lc , AR RRYh S i@ﬁé oliPte @ a
Li ght sensor, i Lsmba Empéi EglonChaiMy ta IGHATR bioBe@ERPLDCAMd M0
conducti ve su%gatcpgét]/eédhg\g/l?'ggéﬁb ht nggclgpbi ng %r!]ééﬁq[ﬁ sel %ct ed areas of the
substrate compross.ng one or nore doped areas where the dopi ng concentration
is greater than that of areas of the substrate formng the optical circuit
so as to absorb stray fight in the substrate which is not guided by
conponent s _ofyhen 0k Cay et Ipiahns sy dRPEAAT PABIRY 8. 6P esudifionn fohe
sai d conponents s?) géa n%ttypféo thersfere W th ?ﬁe??%operati on.

phosphorous and boron.

The examples given above relate to a silicon substrate. e.g. a silicon-on-
insulator (SOI) chip Such chips are manufactured to given specifications for
the purity of the silicon to enable efficient devices to be formed therefrom. The

"background” impurity level of the silicon in such a device is typically in the
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6. An i ntegll‘zé)[g((e2 Jg{[lj:tlcal Ci rcwt as claimed in daim5 in whic ‘??gllr\]ﬁlt45

-~dopant is used, preferably phosphorous. %. An integrated opticalg i MAWQ[]U@S
.claimed in Cla|m5 in which a p-type dopant is used preferably boron .
An integrated optical, circuit as clained in daim5

h
doped ar eas O ¢ B9 GBd | MhBrORIPT FERESBY YR Of 41§ cﬂﬂpﬁ& f‘?ﬂi‘é@? dnéhOU'd ©
adj acent a B dgg gbr\goggbvgr%@l@ dckm%nos%éps@éraw bCRhsf i P er apd a2

wavegui de, acent n a wavegul adj acent a junction in a
wavegui de or a coupling between wavegui des, adjacent a beam dunp, around a

opt i cal o ¢ (0P BOREPARHURY iy PErroatay e e B P AR RoHE BogeaT

region has pdsengld 8hd drefePRN} SOBB dF AHRN @ éﬁrﬁé\%@bkmgaéodnﬁ@%glans
m crons. 10. An integrated optical circuit as claimed in any of " Clains 5 to

9 in which tese thepe(r eytronsentlengts amd gueferatiy 4k pueroos thtesspanctmdsy

conductive su stgﬁtgq 11. An |lnt egrated optical circuit as clainmed in any
of O ains 5PYF RO of YO %4 'ST9 i con-on-insul ator chip. 12. An integrated

optical circuit as clained in Cdaim1l1l in which the said one or nore doped

areas are fornmed using phosphorous as the dopant. 13. An int egrat ed optical
circuit as Withi aréldeinﬁI-OOI-'éJiS 2T G VAR SHiqondaepaRicallkiias 3 ficknesscdss- of

10 S 2 Y B RLY W SoRer S rab e FAPLOCRTAE L RS o Lo,
usi ng bor orfoafed g gleBAY a recess In the silicon layer on each side of the b The

doped regions 1 formed on either side of the nb e.g. as shown in Figures 1

and 2. may then be formed by diffusing dopant into the recess on either side of

the nb In other cases e.g. when the doped region 1s adjacent a photo diode.

e.g. as shown in Figure 3 1t is formed by diffusing into the silicon layer adjacent

the diode without the prior formation of a recess

The doped regions are typically formed by subjecting the relevant regions to an
atmosphere containing the dopant atoms at an elevated temperature.
Following this. the device is heated again In an oxygen atmosphere to diffuse
the dopant further into the chip and form an oxide layer over the chip. It 1s
obviously desirable for the dopant to extend through the entire depth of the
optical layer. e g. the silicon layer in an SOI substrate. to avoid the possibility of
stray light escaping underneath the doped regions. The concentration of
dopant will generally vary with depth in the optical layer. e.g. by a factor of 10
per micron of depth, and in the preferred arrangement the minimum level of
doping (usually at the bottom of the iayer 1) should be of a sufficient level to

provide the required degree of absorption.

The doped regions may, in many cases. be formed close to the relevant source

of stray light to maximise the amount of light absorbed. The regions may. for
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10 15. An i nvege28782l optical circuit as clained in Caim1l4 i A \A@g’%’%’ e

.. dopant level is in excess of 10'scm ~ and 7oreferably at | east 10™Qcmit’8. ZUUZ
AVEBDED SHEET (: ARTICLE 19) .A@.AN Af@ .AUR Al (@ A( =

A{. Ae. A A3(I | 9OHnOL%Z| | ~ytni d_ZU] ca] ca] ca] ca] cal] cfa]ca]ca]calc aV]c

a] ca] ca] cal] cap@anae) bedporay dade g §) Durens dune dfe ralevanc sav®alecg. a nb

P Suol 61 V] 48] P PE 20D DL RUPRA 20 BaPeh AT O5F £8/0TTE47R 4998 c-

al] ca] ca] ca] cadlocaiceters alitatheadpeadtia] @f&h@aélé@éﬁh&@W@& ') K---o g/l
2e4s4u46”766[ 78: {vqgl gb] X]]] ca]ca] ca]ca]ca]ca]c"a]c"a] ca] ca] ca] ca] ca] ca]ca]ca
Ul ca]ca]calcalca]calcalc aUc a]Jcalcalca]calcalcalcalcal:::;{;

ooty ooy SETERRARY Grapo et akipbenle e sl ke s o6
) 10I%&' O)- 1032&&?;(0)149530{3/& th)a—cjr)csﬁ,aré&)émio(a)ecﬁ& g 1o 8latdrs 18pE: thig:r DEOd ERRZ
Tove (-1 109@ IR IR I R BT e Se TN () - @
10%' ()-@ 10%&' ()-@ 10% & () - %ZdEdV7I 10%@&' () - 3F 10%@&' () - 9& 10%@& () -
In some applications it may be possible to form doped regions over the entire
area of a chip occupied by the integrated optical circuit apart from the areas in
which the components of the optical circuit themselves are formed in order to
maximise the absorption of stray light. The doped regions will. however,
increase the electrical conductivity of the chip so in cases where it is not

desirable to create an electrical path between components of the optical circuit,

isolated doping regions such as those described above should be used.

The doped regions preferably all comprise the same type of dopant. 1.e. either
n-type or p-type, so as to avoid forming unwanted diodes between n and p-type

regions For the same reason. the doped regions used for absorption should

not be formed too close to the n and p-type doped regions provided for other

purooses.

It will be appreciated that the use of doped regions as light absorbing means.
as described above. enables the problems caused by stray light in the optical
chip to be significantly reduced. This enables optical circuits to be designed
independently of stray light considerations and enables the available space on

a chip to be used much more efficiently and so enable more compact devices

to be fabricated.
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1. A method of absorbing stray light in an integrated optical circuit formed on
an optically conductive substrate comprising the step of doping selected
areas of the substrate so as to increase the absorption of stray light which
is not guided by components of the optical circuit in those areas of the
substrate, the doped areas being spaced from the said components so as

not to interfere with their operation.

2. A method as claimed in Claim 1 in which the substrate comprises silicon.

3. A method as claimed in Claim 1 in which the dopant is diffused or
implanted into the silicon substrate so that the concentration of dopant
exceeds 10'%cm™ through the thickness of the substrate and preferably

exceeds 10'%cm through the substrate.

4. A method as claimed in Claim 1, 2 or 3 in which the selected areas
comprise one or more of the following areas: adjacent a coupling between
a light source or optical fibre and a waveguide, adjacent a bend in a
waveguide, adjacent a junction in a waveguide or a coupling between
waveguides, adjacent a beam dump, around a light source, between a

light source and a light sensor.

5. An integrated optical circuit formed on an optically conductive substrate
having light absorbing means in selected areas of the substrate
comprising one or more doped areas where the doping concentration is
greater than that of areas of the substrate forming the optical circuit so as
to absorb stray light in the substrate which is not guided by components of
the optical circuit, the doped areas being spaced from the said

components so as not to interfere with their operation.

AMENDED SHEET (ARTICLE 19)
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dopant is used, preferably phosphorous.

7. Anintegrated optical circuit as claimed in Claim 5 in which a p-type dopant

is used, preferabiy boron.

8. An integrated optical circuit as claimed in Claim 5, 6 or 7 in which the
doped areas are provided in one or more of the following locations:
adjacent a coupling between a light source or optical fibre and a

i waveguide, adjacent a bend in a waveguide, adjacent a junction in a
waveguide or a coupling between waveguides, adjacent a beam dump,
around a light source, between a light source and a light sensor.

9.  An integrated optical circuit as claimed in any of Claims 5 to 8 in which the
doped region has a length of at least one micron and preferably at least 7

microns.

10. An integrated optical circuit as cfaimed in any of Claims 5 to 9 in which the
doped region extends through the depth of the optically conductive

substrate.

11. An integrated optical circuit as claimed in any of Claims 5 to 10 formed on

a silicon-on-insulator chip.

12. An integrated optical circuit as claimed in Ciaim 11 in which the said one
or more doped areas are formed using phosphorous as the dopant.

13. An integrated optical circuit as claimed in Claim 12 in which the dopant
level is in excess of 10"%cm™ and preferably at least 10%%cm™.

14. An integrated optical circuit as claimed in Claim 11 in which the said one

or more doped areas are formed using boron as the dopant.
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