A TAPERED RI B WAVEGUI DE TECHNI CAL FIELD This invention relates to a
tapered ri WOR8P8¥Ai de providing a transition froman opti EEX/GRIFHEH de of
relatively |arge cross-section to an optiical wavegui de of smaller
cross-section. BACKGROUND ART An integrated optical circuit enploys
optical wavegui des to transm A TARRRER RIMWAVEGUIDECUIt and to connect to
external optical wavegui des such as "as optrcal fibres. The int egrated opti cal
wavegui des and/or optical fibres nay be of different cross-sectional size
so there ism&&:@ns to provide a transition froma wavegui de of
relatively tion to a wavegui de of smaller cross- section. A
variety of dal iBeentie felBRRNOR RiRRFES ribOvavdyuidd PriagitgittrahSiivntfediel arf 0 be
relatively conplex and/or difficult to fabricate. US- A-5078516 di scl oses
a_si ngl e- no@Btiea peavaguide %@'@QW’MéaﬁgﬁTﬁquﬁﬁiﬁj‘“&” 3R ioptierl wawegkigleeotind a
hi gh i ndex portion of the rib, the optical power is
concentr at eéllﬂlgue'1 ﬁrgts?i%be an'g in the narrow portion, the optical power is
nore | oosely confined in the substrate. This invention ains to provide a

tapered rib_wavegui de which is of relatively sinple construction, is
rel atively E&Eﬁﬁ%@i&&le and which provides a lowloss transition from

Chat forms. Sllhiae g e Tl eFie3ss 3Sire) ayeguida 18" kengii BB usea
in a rel ati gpoFRNGE, cifcuR -andabalonvect © &Rerr) bpﬂ&@twmQ@fdéshQJcraaeaip%aﬁ
shown in the acconpanying drawing, and are not intended to inply a

ny
ori ent at i onfilfiesh rideparegtaied Rpticat veaveguiges ang/or optical fiores may be of
different cross-sectional size so there is a need for means to provide a

transition from a waveguide of relatively large cross-section to a waveguide of
smaller cross-section. A variety of devices have been proposed for this

purpose but they tend to be relatively complex and/or difficult to fabricate.

This invention aims to provide a tapered rib waveguide which is of relatively
simple construction, is relatively easy to fabricate and which provides a low-

loss transition from a large cross-section to a smaller cross-section.

it should be noted that terms such as “upper’, “lower”, “laterally” etc. used
herein are used in a relative sense, i.e. relative to the orientation of the
apparatus shown in the accompanying drawing, and are not intended to imply
any orientation with respect to the force of gravity.

DISCLOSURE OF INVENTION
According to a first aspect of the present invention, there is provided a tapered

rib waveguide tapering from a large, muiti-mode optical waveguide to a smaller,
single-mode optical waveguide, the fapered rib waveguide comprising at least
two portlons fo;med of the same matenal a Iower portxon which tapers Iaterally

~ from the’ large wavegunde to the smaller wévegutde and”an upper portlon
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DI SECLOSURE OF | NVENTI ON According to a first aspect of thmr esent

i nventi onW@B#IR5A s provided a tapered rib wavegui de tape (ZBBOAIBA. | ar ge,
mul ti-nmode optical waveguide to a smallet, single-node optical wavegui de,
the tapered rib wavegui de conprising at Ieast two portions fornmed of the
same nat eriglmed J:ﬁ"’\ﬁ% RS Hdridh, CvHiaPetapelMer 8Spbint eéﬁ'dtheif foFMe of
direction fromthe |arge wavegui de to the smaller wavegui de and an upper
portion, fdermihabont fiee | dmensipost bbrihe viwa tportigns: Seingnarenged sughi that or

- ouher Torm Sleck 2L BF o R Beh F eholbIde 1 % Tl kBt ucn®
t hat subst apéveduide B douplieditd wmm%m@mmqmmm@@mmb in the large

mul ti - mode wavegui de is coupled to the smaller, single-nbde wavegui de.
Preferred features of the invention will be apparent fron1the subsi dj ary

BEScR P11 oF S RS Ao enee R WP pp el el s Rlony ol o

by way of exfan®lspecifitation 8he frontehet follbWihgdaspnpdoy ng dravvu ngs in which
Figure 1 shows a perspective view of a preferred enbodi nent of a tapered

ri b wavegui de accord| ng to the invention, Figure 2A is a schematic plan
vi ew of anoé ed-ri b wavegui de according to the
i nventi on, =& t hereof ; and Fi gures 3A and 3B,

4A and 4B, Hradurﬁknaad \@B r$dW®WeSﬂfﬂt¢i@tdeﬁscpbaﬂ medelylmiewayeaﬁefaémbm 8gith

further enbodl ments of a tapered rib wavegui de according to the invention.
reference to the accompanying drawings in which

Figure 1 shows a perspective view of a preferred embodiment of a tapered rib

waveguide according to the invention,

Figure 2A is a schematic plan view of another embodiment of a tapered rib
waveguide according to the invention, and Figure 2B a cross-section thereof:
and

Figures 3A and 3B, 4A and 4B, and 5A and 5B show schematic plan and side
views of three further embodiments of a tapered rib waveguide according to the

invention.

BEST MODE QF CARRYING QUT THE INVENTION

The drawing shows a tapered rib waveguide tapering from a large multi-mode

waveguide about 10 microns x 10 microns to a smaller single-mode waveguide

about 4.3 micrdns x 4 microns.

The illustrated waveguides are in the form of ribs formed on the upper surface
-of a, silicon .lgyer, e.g. of a smcon-on-msulator chip. The s{licon-on-insulator. .

chip is preferably manufactured from conventional wafers such as those used
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BEST. IVL‘DE CARRYI NG QUT THE | NVENTI ON The dr aw ng shows a taﬁgred rib
wavegui de W&%%’f’?‘?@" froma large nulti-node wavegui de about RET/HBIAA% x 10

mcrons to a small er single-node wavegui d® about 4.3 mcrons x 4 mcrons.
The illustrated waveguides are in the formof ribs forned on the upper

- surface of gn3)dr, ¢Qrgd 3¢sle 1n‘f‘ep¢}at8:ft(‘@SEl)|éléé’thr98 cirBSid. aTAE Sdid R E&‘%cied

silicon-on-insulator chip erabl'y ‘manuf actured from conventi ona
waf ers such cweetmgtsttusscsthcon-om%tgsgﬂ@nctures formed by oxygen implantation

PCT/ GB98/ 0038 Ver

Soal 6 1 nt egiBrSIERELPY biMeiaAlftcale ARRLPRYS Loffe 45575 1984 e bge E
density in %hémean@é\of aéwéaé%féﬁsr Hﬂéﬂfd%ﬁs cfoﬁMa@MrnﬁéW%abEghgﬂé‘s%d %
in tw steps” by J. Mrgail et al, Appl.Phys.Lett, 54,p526, 198 escri bes

the manuf acilince-ot-insulatablavimesre r desaribeo s tos pamuf“wmmssg sirigie mode

oss i ngl e dhae! WSEeS AT PR PPk SR G B GlicsBoan Tsviviar By .

Ui con- on- igwrihialcplh dbal ElecPeREidieherorb1as, 1Bbgct roni ¢ Letters,
27, pl486, 1991. The draw ng shows the ri'b wavegui des formed in t he

5|I|con | ayer 1 of such a chip and shows the OX|de | ayer 2 separating the
silicon Iay 1.froma,s rat e con. di 3X|de claddlgg

(not shown) I'be 3’%‘6“%§G&M5y‘?‘8rrbtt/“’&éagut9$érfgffﬂsd i 5he smcen ayelhd A Fysh
wavegui de shoy ahg érmsdm%ﬂequtf@*:z SRPakathgPRiel §i068A |§yer' P¥im ROEHEGR 4

which tapers laterally froma w of about 10 m crons
substrate 3. A silicon dioxide cladding (not shown) is also usually provided

over the rib.

The tapered rib waveguide shown in the drawing comprises two portions: a
lower portion 4 which tapers laterally from a width of about 10 microns to a
width of about 4 microns over a length of about 1000 microns, and an upper
portion 5, formed on the lower portion 4, which tapers from a width of about 10
microns to a point over a length of about 800 microrts. The upper portion 5
thus tapers more rapidly than the lower portion 4 and in the embodiment shown
has a triangular, wedge-like shape when viewed from above. Both portions

are, however, designed to provide a substantially adiabatic taper.

In another arrangement (not shown), both the upper and lower portions 5 and 4
taper at the same angle so the sides of the two portions are parallel to each
other. In this case, the wide end of the upper portion 5 is narrower than the

wide end of the lower portion 4.

The upper and lower portions 5 and 4 preferably taper at an angle (wtth respect
to the axis of the waveguide) of less than 1 degree and preferably less than 0.5

R Y | of a degree Such a gragual taper ensures that any Igsses caused by the taper -~
are kept small. The upper portlon 4 tapers to a point of to some other form of



wi dt-h of about 4 microns over a |length of about 1000 m crons, and an’ upper
portion 5, WQ98as&80on the | ower portion 4, which tapers f r oRCR/GRONDIBEG
about 10 mcrons to a point over a |engygh of about 800 microns. The upper
portion 5 thus tapers nore rapidly than the | ower portion 4 and in the

enbodi nrent shown _has a  triangul ar, Eke sha?S viewed from
above. Bot h 'BEMPALRR "hm? aHs %r@ent iguge g 309 %f‘%ﬁ%%ﬁ’ﬂ Phths,

adi abat i c t%@gponﬁtnrs ARihel d‘?ﬁhﬁ%%@fgpéf ts&hew&th&%#ﬁgnw and

| ower portio taper at the sane angl’e so the si e two
portions are parallel to each other. In this case, the wi de end of the

[ 5 f .t he [ )
TheCipher - arine ErotiBhs dcind § Brkdipa FerSpGiRgSte s bt iaastartin
respect tO cohgedidrial OftrbBfapt 8Byl ) etbningsas thap dredemtiiedaBy piREsr ab!y

less than 0.5 of.a degree. Such a gradual taper ensures that any [osses
caused by ttﬁelrftaaper Tlae;e reorrsedl of. thﬁheamppmatqmaltamm thus dyawes the sameoi nt

(F)>2:T; &Sgygog%ﬁactwe lndex The two pov%ons may be formed homogenqusly,erahesshirg n

the arr ange'ﬁﬁt‘éﬁ'n&h@w thB Jpgd gorfien @ﬁa&%@%%@@ébér%@el?faﬁd’%odmgé’ron

portion 5 is forned on top of the tapering section of the |ower portion 4.
The two porﬁh@hBMﬂwumﬂ064-|nclud|ng the input facet 6, can be fornmed

toget her by conventional |ithography and dry etching as they are defined
by vertical surfaces. They are formed of the same material and thus have

the same rqfrteagtmé/refadé@eesf th-&@pbépaﬁ@rlbh&ﬁspdmé!n@el BRGNS hrBosmeRaAaly ON
the chip. Alternativel t he upper portion 5 may be forned separately and

mount ed on peralel tewhe planei ofrthe chtp, IEhé’tQJppEer alad:hMQj'prrhen&épmd Srehdhower
Phe upper  aRdvP QSioSnt b Ot feidtR dre Vo tice et i () 2 e ©
hei ght abov%t&ﬁb@tssﬁt{sfpéﬁﬁvéy ihftRe Qllskrated éxangle}. 5 m crons, respectively,
in the illustrated exanple
The tapered rib waveguide shown in the drawing thus provides a two-
dimensional taper, the taper in the lateral direction being provided by an actual
tapering of the waveguide and the taper in the vertical direction (i.e.
perpendicular to the plane of the chip) being provided by means of the iaterally
tapered upper portion 5. The problems -associated with forming a vertically
tapered waveguide, i.e. defined by non-vertical surfaces, as used in some of

the prior art, are thus avoided.

The shape and dimensions of the tapered ri'b waveguide are such that if the
large. multi-mode waveguide is excited in a fundamental mode only, this mode
is forced down into the smaller, single-mode waveguide as the cross-sectional
shape of the waveguide changes gradually from that of the larger waveguide to
that of the smaller waveguide. The effective refractive index in the upper
portion 5 is ptogressively reduced as it tapers. This forces the mode into the
~ lower portion 4 of _the‘ wavegtide. [t shbuld be noted that the tapered rib

-

waveguide does not require a refractive index difference between the two



The tapered rib wavegui de shown in the draw ng thus provides a two-

di mensi onaWQ W50 t he taper in the lateral direction bei ndGHeR P8B4y an
actual tapering of the waveguide and thestaper in the vertical direction
(i.e. perpendicular to the plane of the chip) being provided by neans of
the | aterall : ere r ' - fl L ated.,w t
formng a v rtrtlsérgs?lé/r q?’ggggeﬁ% %&égﬁ?%e?f i@%@éﬁg%?ér:z%ﬁ%%ﬂﬁgn?geﬁ% Ctgfger
surfaces, aswawsemiide) Aenmdichtedtdbover tha largér 1@neEctdmus 1@ wictwtwavegiiie ishape
and di nmensions of the tapered rib_wavegui de E;;fsuch that if the _|arge.

mul ti - mode VUegimMeds waysgyide put if ik is gﬁ%iéﬁﬁa undamegitalymoggian ip@xis.i s
f dd i pt - _ . - _sectional
Shape of 1 & GeleEn S5 Rbre ShEBLG RigHRY Shrifofss [ edIdiBR SO0 o de

to that of the smaller waveguide. The effective refractive index in the
upper portign ressivelé reduced as it tapers. This forces the

node into tﬂ-é‘.e F%hgrr%%ggﬁ‘{%r*ﬂqﬁxo iﬁ@ﬁ@%@a. @Bﬁ?%.thﬁ’ ts"QQGUWQV%@JiH& agd that
the tapered gjidyn %X%&lggyggg@gﬁ'%o%@%élﬁs 2rishid 8t thE drsleredidiRticace

bet ween the two
PCT/ GB98/ 0038dex of the upper portion 5 is suppressed sufficiently for the optina! inoode @ béor

t he mai nt enance of. si ngl e- ppde, operati on of the | arger waveguide. As
i ndi cated a é@am‘ﬁﬁyl%ﬁ@g‘)%‘dﬁgc%ﬂ fe1 PWST PORIRa Fe SETQTR narrowest

mul ti - node [ | f kbl Cl ; agent '
axis, e.g. \@%\réggnhléﬁ&ggﬁsc%{ac%%r Zh gltéh%g g’gddg‘%{te?’nnggh@‘ﬁa%{%n@SQS% bééd

negl i gi bl e. not tdpeer toaa geint sbrthetdiffieultiedeof fdbfitatiran eerybedrerseictionsidtite@n
wavegui de and the silicon dioxide claddin gnot shown) hel ps ensure that
the ef fecti V&Y AL Of NS UPRRIHOTHEN ff’ea"UBTo%rV 8% i on 5 is suppressed
sufficiently for the optical node to be substantially entirely guided into
the I ower portion 4 before the narrowest section thereof is reached. Thus,
as i ndi cat edhebdieensidres op tres tywo mortions 4nared 5 ace seleptd tro aecqraiamcesith he
difficulties of fabri cati.ng very fnr?k;(row seciions, at the narrow end of the

upper por t i GRMESIUANG) EEAYRFTPRRLS OF rer MAVEOHISRST B W FRRIOP(BtS BimeoTiana and
> are sel eclfstaniiafy Aidenaciubmenta iRRb! frifladafit il Wby ndiifnode

wavegui des an appropriate nmensi o
waveguide is coupled to the smaller, single-mode waveguide.

A typical example having dimensions as shown in the drawing provides a low-

loss coupling (typically 0.1dB or less) between the two waveguides.

The tapered rib waveguide described herein may be used to provide a
transition between a variety of sizes of waveguide and particularly from an
optical fibre to a smaller integrated waveguidé. The larger waveguide typically
has cross-sectional dimensions in the range 7 - 12 microns wide by 7 - 12
- microns deep (and is thus compatible with conventionai optical fibres) and the
smaller waveguide typically has cross-sectional dimensions in the range 2 - 5
microns wide by 4 - 5 microns deep (and is thus compatible with conventional
integrated optical waveguides). 'As shown in Figure 1, the depth is measured
fram the oxide™ayer 2.



substantfally all of a fundanental node propagated in the Iarge mul ti - node
wavegui de WO 98B365Ped to the smaller, single-node wavegui dePCT/GBISQOIRH cal
exanpl e havi ng di nensions as shown in the drawing provides a |low | o0ss
coupling (typically 0.1 dB or |ess) between the two wavegui des. The

tapered rib qui de SCr er.el vi.ge transition
bet ween a vﬁ‘%ﬁé&@g@ gt?g\ées thgqaﬁé}eﬁﬁggn’%gb%%ﬁﬁ%ﬁ §¥ P{/r?fértgﬁp§n “°o§?“|"ca|
fibre to a gl drepolishirey balidnyeesan) derhel ifeet & Gy B peesbrifclispits ahky

has cross-sectional dinmensions in the range 7 - 12 microns wide by 7 - 12
m crons deepxig®fithe wavegiyde onpeay e engleda conventional optical fibres) and
the smaller wavegui de typically has cross-sectional dinensions in the
range 2 - 5 mnmicrons wide by 4 - 5 mcrons deep (and is thus conpatible

wi t h conventtivaihalso bélfap?feﬁjéidd(méﬂ thal tapereitib devpguitie b8 usedRnaitherl,
the depth is neasured romthe oxide |ayer 2. WD 98/ 35250
PCT/ GB98/ 00diBactionad. & feare & Lganvaveguige o i smallavavegHigayorporpangmably dry

etching, no r l.1,S.h ei ng necessary. The facet 6 may be
per pendi cul g?‘%‘%i" gx’?@%o\&g{grdremdv\%vegui de or may be angl ed. It wll also
be appreciated that the tapered rib wavegui de can be used in either

direction, i.e. froma large waveguide to a small waveguide or froma small
wavegui de t ohe teperps Gibvewgvegiide demeabedpabene is i9aniy doigigtriedewithi pherabove

is easily in ith other. c ts of an i al. | cal
cirout. aCOPPRHRe Lrd PheTesEaRh sttt i SRECHADES 288 Bony be
posi tioned inpulting 9gMOWRo( RREt oMy Y @dsitshednirt ke \sgfdBeN (86t ishewingt or
chip. The position of the V-groove and of the tapered rib wavegui de may be
defi ned by Rrovisiasoin thet siiepraphiiesuatep chip-t HEe rewlixuebiie Mcaraayeaang eéd

W th each offiefereqd rib waveguide may be defined by a common lithographic step so

they are automatically aligned with each other.

The applicants’ co-pending application no. PCT/GB96/01068 (Publication no.
WOQ97/45234) describes a connection between an integrated optical
waveguide and an optical fibre and is hereby incérporated herein. This earlier
application describes a rib waveguide formed on a silicon-on-insulator chip, the
rib waveguide and underlying layer of silicon dioxide overhanging the end of a
V-groove formed in the chip in which an optical fibre is positioned so the end of
the rib waveguide lies in close proximity with the end of the optical fibre, the
overhang being required as the end of the V-groove is not formed

perpendicular to the surface of the chip.

The tapered rib v(raveguide structure described herein may be formed on such
an overhang to provide a transition between a {arge. multi-mode waveguide for
receiving light from the optical fibre and a smaller, single-mode integrated

waileguide formed on the chip.
W

t



The ,applicants' co-pending application no. PCT/GB96/ 01068 (Publication no.
W07/ 45234 WQIEBRIhes a connecti on between an integrated oftGHEP* ¥ M¥gui de
and an optical fibre and is hereby incorporated herein. This earlier
application describes a rib waveguide formed on a silicon-on-insul ator

chip, the rijha\iNRgHiAE ebIHRESY L¥MPEsbS L tagtiredint GevedLIRIE HSmMELERaATI Ng
the end of a V-groove fornmed in the chip in which an optical fibre is
posi ti oned s¥raighd waneaide hdnryanaeirediistRncese Sowaver dt @3y bRi desiiabie da t he

d of th tical. fib h L NG ' f .t.h
Vo oove s TSk Bt el ol B aaga AVl PHEERED 1R ifigete kg
tapered rib ofane apbeeasd Iowdrs@tiens ardrites doairineeaety Btﬁst?@igﬁeduﬂma?@bo an
overhang to provide a transition between a |arge, nulti-node wavegui de for

recei vi ng | ikgheurvednmarmeashtheydiecessardy Hecsyanmaticebr , si ngl e- node
I nt egr at ed wavegui de fornmed on the chip. WD 98/ 35250
PCT/ GB98/ 00384 7 The illustrated

enbodi ment  RHdicRed JboRBeHtapeb saurRDbe deaddl Ml tifs taberss tab ghpid. the
wavegui de. In sone circunstances, however, it may be desirable to forma

SL miar str d@%sfﬂsé”iﬂrbeah@h&dué}ﬂ thecether Rgndall deitarer isiro géﬁf&raﬁdthﬁ drygce of
. A . _ .
al'so " be cartah BEG IR AR s PSR, VA, FER{prhRi ethReR e R

above, the tragakenbatlid Uaeany Adbedsaryf the taper is too rapid. the |osses
will be higher. On the other hand, it the taper is too gradual, the device

may be larger than is desirable. A conpronm se between these two

requi renentsg i_s, usually nec Y, . | 1 ri t he | ower

ort i on . dn el oRiEE WF e eqtPoch & fdfed SebOPERL B s MEaRciE o
shown by dashedyldistebeirembved’=s shovrebpdakhed lihbe in Figlre ™ . aficase difige ri b
wavegui de increases the refractive index difference between the wavegui de
and its surSAhdi agiecant thy rir s@vaoHiden iicreanasy then eefragijyer indaxe differenes ve

refractive ifgXedlhd YAGEIde ol AVELHSurAAYS S by gradually narrowing the

gap 7, the effective refractive index difference is gradually reduced.

The illustrated embadiment shows a tapered waveguide having two layers, i.e.
the upper portion 5 and lower portion 4. However, it will be appreciated that
further layers may be provided, e.g. an additional tapering portion on top of the
upper portion 5, and that the tapering may occur in two or more stages at

different positions along the waveguide.

Figures 2A and 2B are schematic diagrams illustrating an example of a muiti-
stage tapered rib waveguide. A 10 microns high rib 10.iilially tapersto a 7
microns high rib 11 which then tapers to a 4 microns high rib 12. Figure 2B
shows a cross-section taken across line a-a of Figure 2A. By this means a 10 x
10 microns waveguide can be tapered down in two stages to a 2 x 4 microns
" waveguide, e.g. for coupling with a laser. The tapered portion 10 overlaps the

tapered portion 31 so as to reduce or minimise losses dL‘Je_ to light diverging as

{r .



The.illustrated enmbodi nent shows a tapered wavegui de having two |ayers,
i.e. thewppesszsertion 5 and | ower portion 4. However, tPW‘F¥98198384
appreciated that further |ayers may be ovi ded, e.g. an additional
tapering portion on top of the upper portion 5, and that the tapering may
occur in two or nore stages at different positions along the wavegui de.
Fi gures 2A ahis foBest down ironmpodioni Hytaapertion isandtsimijaey, tepersd pogional 1
multi- stage t ered rib ve Hlde A 10 microns high rib 10 initially
tapers to a € éﬁ%eﬁqﬁ\%??ng 11 which then tapers to a 4 nicrons high
rib 12. Figure 2B shows a cross-section taken across line a-a of Figure
2A. By this nmeans a 10 x 10 m crons wavegui de can be tapered down in two
stages to a Rigures 3 Srshvosy funifree goibdejmentg. of faclapetadhvaweguideh a | aser. The
tapered portion 10 overlaps the tapered portion 11 so as to reduce or

m nimse | osses due to |light diverging as WO 98/ 35250

PCT/ GB98/ 003f4g arran ement shown in Flfures 3A and 38 is similar to tﬁ’at showin inSFi Qfe?ed
down fromportion 1 portion 1 simlarly, tapered J)ortlon

over | aps tap‘eewemdinatl tba tapered stnmtlgl@r‘e% @mpriirg e eppemand mwsrqiarions of
t d t sh Fi 3A and_3B

Simlar to Chatsitband & ARBsPee" 19" BRcunien theed et bERey st Pussraeta s,

conpri si ng t&ensReH wiich |SOWBLUNRR & Qrbf'rhcorﬁoﬁ-"ﬁjaﬁatéﬁéhﬁz $5'Eﬁbréﬁg%§34mﬂﬂ

whi ch these are for rred IS a separate conponent which i s mounted on a
si | i con- on- i mwavegaide diG tj:)e&ei)ran'ﬂhlalar@b&s thettapered stenatigns ﬂétclbetfhmmbnf

Thi bl t t t 1 be f. d..of

ooy bR B b Sl ekl IR Ptk afalireb Tl 1
fabricated sgparabalsy fafél@lytfl’tﬁn rtﬁéfPérHQﬁGePBf fHeLostRal eRbuiEi rcui t. The
tapered structure 13 |s nounted on the silicon-on-insulator chip 15 by

| ocating surfaces 13A and 13B agai nst correspondi ng surfaces 15A and 15B in
2855 O bt eSO ol Rl B (el R o AR BRI )
di rection rabahtinkPsiirfaddd®t3A and 13B against corresponding surfaces 15A and 158 in
a recess or cut-out section of the chip 15. A further pair of abutting surfaces
(not shown) may be provided for locating it in a lateral direction relative to the
waveguide 16. The tapered structure 13 may be secured in place by means of

adhesive.

A two-stage tapered waveguide may also be made in a similar manner as
shown in Figures 4A and 4B. iIn this case, a sepérate tapered structure 17 is
provided which comprises the upper tapered portion 5 on an untapered portion
18 and a substrate 19. The lower tapered portion 4 is formed on the silicon-on-
i_nsulator chip 15. The tapered structure 17 is mounted on and aligned with the

silicon-on-insulator chip 15 in a similar manner to that described above.

Figures 5A and 5B show a further arrangement in which a tapered structure 20
of a different material is fabricated directly onto a silicon-on-insulator chip 15.
Figures 5A and 5B are similar to Figures 3A and 3B but in this case the upper
and lower portions 5 and 4 and substrate 14 are fabricated directly onto the



,wavegui-de—-%gség et apered structure 13 may be secured in plpgersEd¥0oaans of
adhesi ve. - fWo- st age tapered wavegui de may al so be made in a simlar

manner as shown in Figures 4A and 4B. I% this case, a separate tapered
structure 17 is provi ded which conprises the upper tapered.portion 5 on
an unt apere r{¢ o I r A 4
is for rrgd ogcr?ﬁe{il PT%%#Q%%%Q g’irl?%{gféatzg ﬁ“ciﬁg fo;r%% akfﬁ\(‘a@t gégﬁr&gﬁd"ggt ?ﬁci”&?’g 17
i's nounted odiogide @dpagited on griowrhen thelétlmmnemnsuﬁamr a:hqr 16hompfdrmediofa
simlar manner to that .descri bed above. Fi gures 5A and 5B show a
further arraﬁ’fﬁf&W@ﬁfﬂqtﬁ” PUR ODIE ANRFBIP- structure 20  of a different
material is fabricated directly onto a silicon-on-insulator chip 15.
Figures 5A and 5B are simlar to Figures 3A and 3B but in this case the
upper and Asvibe tapetacdostuCtueesl 18, dd asdb2® rarecfotiedref &adiiffecarttehateriaict |y
onto the WO 98/ 52}‘50 . . . . )
PCT/ GB98/ 003gmpared to the waveguide 16 (and lower portion 4 lngFlgU!'ghﬂb am _antie
tapered str ; rg'éﬁ j, QX

deposi ted o?%télrgg@’nezg"%‘sf elféc%gl?(;gr){%lvh&s%q a fie % {ofﬂgl(g’r?f% ofg%k'
pol yner nat ereflatticpohlighttpasking fodrh phe taperéd ﬁﬂmtdrepmadeﬁilicm-dh&ﬁsmatorl7
and 20 are forned of a different materi al conpared to the wavegui de 16
(and | ower g#YW¢%Bn 4 in Figure 4), an anti- reflective coating is
preferably provi ded between the two to hel p reduce back- reflection of

| i ght passing fromthe tapered structure into the silicon-on-insul ator

devi ce. Athidugingthet bramplespdessrittesicabdasl apd dorenedt enf @ rsifkgbredn-ansulator
silicon-on-insul ator chi &ls and al though this has the advantages referred

to above, a YR30 2khpgtelnis has qadwrjiiages cefgrsd to fbeve. 8r5ivilactangipds of

chip. rib waveguide can be formed on other types of chip.




10 . _ CLAI V5 1. Atapered rib - .
wavegui de- ' froma large, nulti-node optical . %‘&3 0 a
smal | er, si"‘%gfgéisg%de optical wavegui de, the tapered ri b\ﬁ@f&% Ide
conprising at least two portions formed «f the same material: a = 7 “lower
portion which tapers inwards laterally in the di rectig"m
wavegui de to the snall er wavegui de anq:mwé)per porti 'mmu H mﬂ;,

t & msNati on

| ower portion, which tapers inwards to—a—pornt or other® f&rntof#
in the direction fromthe | arge waveguide to the small er wavegui de, the
di rensions of the two portions being arranged such that substantially all

of a fundanmdnt aP A@RRICHr Hpay@veguide taReNng JEOHuR: 1are8ddNWbvEgdrdeptisal

coupled to the i = d-ﬁ?é/_ﬁg)\q'd - : ' :
wavegui de as cl g{%gﬁpﬁ %I gi%'m@'ngm lch t eGS%trr]caaéé/ga v0e1gﬁ ﬁ%gﬁé%pgt%dpé}b and

| ower portion amavegdidaexbniprisitg i leakt tvo pattioss fornd ofAhesgzrne dnatehial: a
wavegui de as clained in. Caim1l or 2 | ich a tapering section of
the upper porti g?’ﬂ?fv@?&%’s whiich §3W?ﬁsnge'gﬁyt Eﬁmoihgq?r&?e”{%&g“' e Qe on
of the | ower pogid : ' | L | .alm 1,
2 or '3 in whicht aggﬁ;‘%";?é’?ég“'d% 5—@‘2?’?3’&2?&??‘??%#&“&??%’3&%2@% s?tqéﬁljt]’i ally
const ant hei ght whichbtapers teapgotd oridiheafeeguofderrinatioa) theddimersighgoetedi ng

claimin which the . upper and lower portion tapers |laterally at an
angle (with res B%cgtpompqshgemg arrgpged §‘F‘C|'F ﬂéatm%(Pé&fﬁ@@)/ 3k of asindamental

degree and pref I g e ; - rib
wavegui de as cl gl{oﬁi%défﬁdﬁ%gﬁbéd;?ggg%??‘rgec{ng@ %”?Sr?g V\ﬂlﬁlgﬁgg{uﬁg% C&Jql%?gé%e
wavegui de has csmaflers ariglenaxbdaiweeegiides in the range 7 - 12 m crons
wide by 7 - 12 microns deep.

2. - A tapered rib waveguide as claimed in Claim 1 in which the shapes of the

upper and lower portion are defined by vertical surfaces.

3. A tapered rib waveguide as claimed in Claim 1 or 2 in which a tapering
section of the upper portion overlaps or is formed on top of a tapering

section of the lower portion.

4. Atapered rib waveguide as claimed in Claim 1, 2 or 3 in which the upper

and lower portions are each of substantially constant height.

5 A tapéred rib waveguide as claimed in any preceding claim in which the
upper and lower portion tapers laterally at an angle (with respect to the
axis of the waveguide) of less than 1 degree and preferably less than 0.5

of a degree. -

6. A tapered rib waveguide as claimed in any preceding claim in which the
large waveguide has cross-sectional dimensions in the range 7 - 12

micrans wide by 7 - 12 microns deep.
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7. A tapered r|b ! med in any precedi ng claimi ch the
smal | er WaWQgﬁﬁf mﬂﬁm‘ mﬁg“mum di mensi ons in the raﬁ&E’(’?”’”%”“ .
m crons wide b - m crons deef 841 A tapered rib wavegui de as

claimed in any pr eced| ng claimin Whl ch the first and second portions

f d o i
ot ccedi ng ci'ar nendyeRey o wavesyifl P Aafed it oY FRtadfoTiaf 1 Wil HE"

upper portion amechdllee quide has paissisectiohalr dirertsiprs iingthec cange i21-5 ages
froma |arge vvavegw de, to i nter medi at e size wavegui de and then to
a smal | wavegui @& "O”SMdeﬁ?yt‘bpér"@'&“?risod%\%R/egu| de as clained in any
preceding claimin which a tapered portion of a slab adjacent the

| ower portion of the rib waveguide is al so renoved. 11. A tapered
rib wavegui @ a tdperegdib waveguige esedairged imiamyfpreoedingrelaim in which the
silicon-on-insul ator chip. 12. A tapered rib wavegw de as clained in
Caimill ali gnear%qf’ﬁ’ ?Wfﬁrms are forged hrBeeRNRAYSHh optical fibre. 13.
A tapered rib waveguide as clainmed in Caim11l and 12 forned on a part

of the silicon chip which overhangs an end of the V-groove forned in the
chi p. 9. A tapered rib waveguide as claimed in any preceding claim having a

lven]

further tapered portion whereby tapering occurs in stages from a large
waveguide, to an intermediate size waveguide and then to a small

waveguide.

10. A tapered rib waveguide as claimed in any preceding claim in which a
tapered portion of a slab waveguide adjacent the rib waveguide is also

removed,

11. A tapered rib waveguide as claimed in any preceding claim formed on a

silicon-on-insulator chip.

12. A tapered rib waveguide as claimed in Claim 11 aligned with a V-groove

for receiving an optical fibre.

13. A tapered rib waveguide as claimed in plaim 11 and 12 formed on a part
of the silicon chip which overhangs an end of the V-groove formed in the
chip.

14. A tapef‘ed rib waveguide as claimed in any preceding claim in which the
upper portion is formed as part of a separate structure which is mounted

in alignment with the smaller, single-mode waveguide.

heet Has Been Replacec

l\\lll\\ 1L

THIS SHEET HAS BEEN J
. REPLACED

i




14. A tapered rib waveguide as clainmed in any preceding claimin which tﬁe
~ upper porwooessszsofornmed as part of a separate structure WEEEBPH0WMINt ed

in alignment with the smaller, single-node wavegui de. WO 98/ 35250
PCT/ GB98/ 00384 12 12 15. A tapered
rib waveguide as clainmed in Caim14 in which the | ower portion and

't he upper rtjion are forned a art .of a separate structure which is
mount ed | nP% i*‘%%ﬁP@ﬁ?d %&Wﬁ\ﬁ%ﬂ_ FFiﬁ'mBQi A 'gmsﬁénm%m%@wer partion A
tapered rib vva%@g#l‘i ' [ receds el ' _
upper and/or the gﬁﬁﬁrﬁ%ﬂ%g?éa?@ngg %FQ*Q%P%?%%}*@JB#@%QP%%” t he
smal | er, si nglmeountde imaligomedewith thd smalet.agingiedmodd waveggidede as cl ai ned

in Caim116 in which the upper and | ower portions are forned of a
material which is grown. deposited or spun -onto a substrate on.which

t he smal | ' adO4e ' hByi ; I J
wavegui deegas' iﬂlkgélﬁ r?@g I'n %ggggggﬁ Egléﬁgﬁﬁda&yoeﬁ%?ﬁgéa&g% 'ﬁq%@hﬁltp?]g
bet ween an optuppsr ahdioretharawan porticeygace fotmedt dfca differemtgmiatarial thag e A
tapered ri b wavequi de substantially.as herei nbefore described with
reference to Iﬁ"b% - §ingte-mpP ﬁr"‘@"fgxﬂ ® he acconpanyi ng drawi ngs.

17. A tapered rib waveguide as claimec n Ciaim 16 in which the upper and
lower portions are formed of a material which is grown. deposited or spun
onto a substrate on which the smaller. single-mode waveguide is formed.

18. A tapered rib waveguide as claimed in any precedi_ng claim providing a
coupling between an optical fibre ana an integrated optical waveguide.

19. A tapered rib waveguide substantially as hereinbefore described with
reference to Figure 1 or Figure 2 of the accompanying drawings.
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