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An integrated optical waveguide (2) with an end face (2A), the end face (2A) being provided on an end portion with a greater width
than the waveguide (2), ¢.g. in the form of a T-bar (2B) provided at the end of the waveguide (2), whereby the rounding effect produced
by the manufacturing process, e.g. etching, used to form the end face (2A) does not affect the flatness of the portion of the end face (2A)
through which the majority of light is transmitted. The T-bar (2B) is preferably inclined so the aormal of the end face (2A) is inclined to
the optical axis of the waveguide (2) to reduce back reflection therefrom. Apluralntyofwaveguidec(G,? 8)maymerminatainaemnmon




SUWARY ‘CF THE | NVENTION According to the present invention, there is
provided an integrated optical waveguide having an end face provided on an

end portio f wavegui de, the end face having rounded r t the
edges ther3%$9?%£ﬁ%d during the nmanufacture of the end fagéﬁcpﬁgﬁé d

portion being fornmed so that said end portion and the end face provided
t hereon have a greater width than the width of the waveguide |leading to

the end portion so the rounded Wﬁ!%!%‘ﬁ&%!meé away froma
substantial Ly .flat region of the en ace tormed therebetween, whereby in
use, substaﬁé&w’_ﬁhgght passing through the end face passes

2 through ¥hg iﬁﬁ%ﬁ[ﬁ‘ﬁélﬁb& Yo Bﬁ@nd”‘é@é%‘?aﬂqﬁtepﬁégﬂ?i%gﬂgal%émé)%?% N the

aberrations caus the rounded corners on passithg t

end face ar patticdlac4d.the endefage rafa ihdvayrguisieaformeg: on assiticon-ae-insulatat i on
will be app thchf omthe follow ng description and fromthe subsidiary
clains of t ecli'fication. The invention will now be further described,

nmerely by way of exanple, with reference to the acconpanying draw ngs, in

\é\glr\\c/ghti OEWE DRAWNGS Figure 1 is a plan view of a
The end face of an integrated waveguide, e.g. formed of silica, may be formed
by a sawing process or by mechanical polishing to achieve an optical quality
facet on the end of the waveguide for couplihg light to or from another
component, e.g. from a laser diode or to an optical fibre. In other cases, e.g.
devices made from Ili V materials, such as InP or GaAs, the substrate can be
cleaved along a crystallographic plane to produce an opﬁcal quality facet.

With silicon waveguides, e.g. on a silicon-on-insulator chip, the facets may be
fabricated by a dry etching process using well-known lithographic techniques
and this enables waveguide facets to be formed at arbitrary positions on a chip.
However, with waveguides typically of a width in the range 4 — 10 microns, the
resolution limit of standard pattern definition techniques, such as lithography,
tends to cause a rounding of the facet which leads to undesirable aberrations in
the passage of light therethrough and/or a focusing effect on light emitted or
received by the facet.

SUMMARY OF THE INVENTION

According to the present invention, there is provided an integrated optical
waveguide having an end face provided on an end portion of the waveguide,
the end face having rounded comers at the edges thereof formed during the
manufacture of the end face, the end portion being formed so that said end
portion and the end face provided thereon have a greater width than the width
of the waveguide leading to the end portion so the rounded corners are spaced
away from a substantially flat region of the end face formed therebetween,
whereby in use, substantiaily all light passing through the end face passes

SUBSTITUTE SHEET (RULE 26) |




Figure 2 is a schematic plan view of an integrated wavegui de accerding-to a
first enbodi nent of the invention; and Figures 3; 4, 5 and 6 are

schemati c phadoddsssys Of further enbodi nents of integrated YRqAEHHARS:
according to t?1e I nventi on. BEST MODE THE 1 NVENTI ON Figure 1 shows a

pl an view of a conventional rib wavegui dé 1 which typically has a wdth in
the range 4 - 10 m crons and shows, sonewhat exag%erat ed, the rounded form

of a facet lAroughthe substardialiyfatdegioncanthipeysning Siiagts or abe(atiens eausedounded
corners at tiruytr%%%ﬁdg& tcgngré 8 m@gﬂa@ﬁng thréagh #id EAdce drBfediddaogr aphi c

et ching technl que use orm cet and so leads to variable
aberrations in the transm ssion of |ight through the facet. The rounded

corner s ey bydikisgh|ahd ot RS ol thel eGP WP el sbfiterl AT Yhe Ot !

wavegui de man rocesses nay al so cause sim oundi ng efrects.
Fi gure 2 shofgllowing description afd fromi thewabeidiaryiclains of therspecification.r st

enbodi nent of the invention in which the end face of the waveguide 2 is
provi ded on an end portion in the formof a "T-bar" 2B at the end of the
wavegui de 2. TH@dnvertiohtwilifnowhibe fughéhdesdribede mierélycy Wayf off example, wita end

of th ' ' '
© mveglyelfgrgné:es tc‘a'\'{h%earcotopn%%nws drawings, in which:

BRIEF DESCRIPTION OF THE DR_AWINGS
Figure 1 is a plan view of a conventional rib waveguide;

Figure 2 is a schematic plan view of an integrated waveguide according to a

first embodiment of the invention; and

Figures 3, 4, 5 and 6 are schematic plan views of further embodiments of

integrated waveguides according to the.inve'ntion. _

BEST MODE OF THE INVENTION
Figure 1 shows a plan view of a conventional rib waveguide 1 which typically
has a width in the range 4 — 10 microns and shows, somewhat exaggerated, the
rounded form of a facet 1A formed at one end of the waveguide. The radius of
the rounded corners at the edges of the facet depends on variations in the
lithographic etching technique used to form the facet and so leads to variable
aberrations in the transmission of light through the facet. The rounded comers
_may typically have a radius R in the order of 1 to 2 microns. Other waveguide
manufacturing processes may also cause similar rounding effects.

Figure 2 shows a plan view of a rib waveguide according to a first embodiment
of the invention in which the end face of the waveguide 2 is provided on an end
portion in the form of a “T-bar” 2B at the end of the waveguide 2. The result of
this is that the end face 2A formed at the end of the wayeguide is wider thé_n_ _fhe

SUBSTITUTE SHEET (RULE 26) |




3 waveguide 2 leading to the end face. Wth a wavegui de having a width
Werr] inthe range 4 - 10 mcrons, the wdth of the end portion, ie the
length L of the T- bar 2B would typically be in the range 6 to 30 nicrons,
and in sone W23} to 60 nicrons. The same degree of rouRGHEF ¥ he
corners of the T-bar 2B occurs as in the conventional wavegui de shown in
Figure 1 but the rounded corners are now spaced away froma central portion

of the end f@%@é ar;%ﬁakgpw&f&eﬁd fileb. rmﬁ%wavedmhaﬁn?% wiue W, the

wavegui de 2. - cent ortion of the end face 2A can us be forned

subst ant i al |thefraage 4nd 10 micrans, thewidihof the £8¢ Rftians ée theulengihd ef thect-

nment i oned : N ' [ h L of
The Tobar omd @S FRuRybEANAR Inhe Fafd® 15730 “?ﬁ?“ﬁgﬂﬁ’?‘&%ﬁ"%?ss**% a
wavegui de 2 Bmicrgn: Thelsamedegrde ofirounding ahthe comers of thecT-das 2Bracsursi dt h W
of the arns of .t - . i Cp: ' - 10

m crons. ﬂ?e"‘/\ﬁ%t #'ﬁ%&'ﬁ% \s‘)%ﬁ)seggﬁ% is%owphcglbmcée?]?) rdé:hq%rg?ﬁ%ér%gg?é?ﬁe end
face 2Adi slmrefm%mbfacen iwja}aﬁ?m cgl_lt_’mltpmbo’ n _héthni eftchfagp @A throggh which )
wavequi de the | en of the. T-.bar [ an the
Wi dth of t hdelhPARRRSAT lssving s r?&??{"\gv\tﬁg weRgliely. °Tiik BhiatiHAT br ol -
COgnelrls, ite end ?ace 2(1\ can trt:gs ge forrrtxed subsltanti_ally ﬂﬂmdrth&\bberr]aﬁm. lause_Eibgyur;aﬁ 3
- illustrate further odi pen e oVi e sanme_principle, i.e. e
Uso of & f adbe TBHNGRG STER MERNeNacAOuR, AN, BY cedliced ST mieat Arspging; o
reduce the alpin Hhbiléntith C0f RATDar DBeelativeIth the widthaw), ofltifeowadeglidepye.

Figure 3 shows a waveguide 3 that tapers froma w de portion 3Cto a narrow
portion 3D and which is provided with a T-bar 3B on the end of the narrow

With a waveguide 2 having a width W,, in the range 4 — 10 microns, the width
Wr of the arms of the T-bar 2B would also typicaily be in the range 4 - 10
microns.

The width of the substantially flat central portion of the end.face 2A is preferably
at least as great as the width W'W of the waveguide 1 so the length L of the T-bar
2B is preferably greater than the width of th_e waveguide by a length twice the
radius R of the rounded corners, ie

' L>W,+2R.

Figures 3 — 6 illustrate further embodiments employing the same principle, i.e.
the use of a facet of greater width than the waveguide leading thereto, to reduce
the aberrations caused by the rounding effect discussed above.

Figure 3 shows a waveguide 3 that tapers from a wide portion 3C to a narrow
portion 3D and which is provided with a T-bar 3B on the_end of the narrow
portion 3D. The width of the end face 3A is thus greater than the width of the
narrow portion 3D of the waveguide leading thereto.

Figure 4 shows a waveguide 4 that tapers from a narrow portion 4C to a wide
portion 4D and which is provided with a T-bar 4B on the end of the wide portion
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portion 3D. The wdth of the end face 3A is thus greater than the width of
the narrow portion 3D of the wavegui de | eadi ng thereto. Figure 4 shows a
wavegui de 4 that tapers froma narrow portion 4Cto a vvideSEorB' n. 4D and

which is prY¥Q9¥e&#shi th a T-bar 4B on the end of the wide P 1297
4 A4D. The width of the end face 4A is #hus still greater than the w dth of
the wi de portion 4D of the wavegui de | eadi ng thereto. It will be

appr eci at ed 4 3tnd E@dtﬂ%@&t@‘e@eﬁé t4cRUNlisNAus 51 §ra8te N tHadRidt{ of fhe \Mﬁg i us

Rlerr] is derrne he ‘manuf acturing proceSs used to fabricate t _
wavegui de alpdrtim‘t[hefﬁ'feoﬂevegﬁdﬂdaadfeﬂlghﬁiet% he wi dth of waveguide. To ensure
the central portion of the end face through which the |light passes is
substantially flat, the arns of the T-bar should each project fromthe

si des of t hét willbef sppretigted tHatsthedegresf of roundiag.tie the magniude-oithetradius a

I de 5 w.t T-Db 5B | = [
et ned t o R defhertighemablBsLiidoficets Beal B6AE e afeduidgnds "
T- bar fZB ﬁhwvméréfd?fe gug@éhdieat ofittise auidthadfl wayeguidendiTou Ieasur_eoﬂ'teheem;algcal )
axi s of the waveguj de ereas in.the.arr t. Sk igure 5, the
| engt h of tIPQ"'P—“g rt?‘QBe'fq &e %h%ﬁg}é"?eep&]q%ggﬁ@ %‘gdr,%%#%“g#grtﬁeme .
angl e [err] amaylef the T-bar should each project from the sides of the end face by a

distance of at least R.

Figure 5 shows a waveguide 5 with a T-bar 5B provided at the end thereof, the
T-bar being inclined to the perpendicular to the waveguide axis. The length of
the T-bar 2B shown in Figure 2 is subétantially perpendicular to the optical axis
of the waveguide 2, whereas in the'arranger'nent shown in Figure 5, the length
of the T-bar 58 lies at an angle 0 to the perpendicular. The angie 6 would
typically be up to 10 degrees. The end face SA is similarly inclined so its normal
lies at an angle 6 to the optical axis of the waveguide 5. This inclination helps
avoid problems cause'd by back reﬂec‘tion of light from the face 5A interfering
with light being transmitted along the waveguide 5.

With a narrow waveguide, e.g. with a width of 4 microns, the arrangement
shown in Figure 5 could not be realised without use of a T-bar as the rounding
effect of the manufacturing process used to fabricate the end face would
obliterate any attempt to incline the end face. Even with a wider waveguide,
e.g. having a width of 6 to- 8 microns, the rounding effect would significantly
reduce the width of the portion of the end face which would be flat and which
could thus be formed with its normal inclined to the optical axis of the

waveguide.

Figure 6 shows an arrangement in which a plurality of waveguides 6, 7 and 8
lead to a common T-bar 6B. The T-bar 68 is arranged so that the end face 6A
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typically be up to 10 degrees. The end face 5Ais simlarly inclined so its

normal |ies at an angle [err] to the optical axis of the waveguide 5. This
inclinationy voi d probl ens caused by back reflectiongef,chbdifibesf r om
the face 5A I nt erfg Pte'ﬁe wavegui de 5.

ring with I'ight bei ng transmtted al ong
Wth a narrow wavegui de, e g. with a wwdth of 4 mcrons, the arrangenent

h in Fi, 5 I b l t T-b th
oundi ng ofif SLpsBRtaltfatin e el ote bt BOlTL ety 8 Re veaiResth Wna 1 ace
woul d obl i taarsatt—ahsmmeatﬁagmromgh incline the end face. Even with a w der

wavegui de, e.g. having a wdth of 6 to 8 mcrons, the rounding effect would
significantly reduce the wwdth of the portion of the end face which woul d

be flat andrhihisffangerient t deseribed fé!:rd%dthﬁst Bnsires "PatRlubbiaptiale &iit fgrthe

optical axis of the wavegui de. gure 6 shows an arrangepent in which a
plurality drasungetpipughs the end face éAl B%%Feﬁdh@ltg@rﬁl?ﬁrﬁuf”ﬁi&'a%ﬂafrﬁ@hﬁ'bar 6B

is arrange r§ B%re?f‘e'rﬁﬁ% fa%ﬁi%v@d\by shaplng the' éncFHP&b% e?ubdé £ #atl N the

regi ons wh |g ht fromany o wave transmtted

t heret hr oudhe physicel dmmmt eesav mniormamdiydhee they aptical
substanti al ¥4 terkindtl substantially all the light passes through the flat region of the

end face and not through the rounded regions at the edges thereof.
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passi ng through the end face 4A passes through the substantially flat
central portion thereof. This is achieved by shaping the end of the

wavegui de sGyb Bsteatne Physical di mensions of the wavegui de%ﬂﬁbﬂﬁ coc
1 gnﬁp—a& :

rapidly than the optical node therein SQ substantial ly alt

;?rgﬁghegggsflﬁgr;g?i on of the end face "and not through U”“III”"I m"gﬂg'mir
¥ en

CLAIMS 1. An integrated optical vvavm havi ng an end ffacé p¥ow

an end portion of the wavegui de, the end face having rounded corners at

t he edges thereof fornmed-during the manufacture of the end face, the end
portion bei g An integrated opticalavavaguide haviperan endfaee tifievided dmen endvi ded

thereon have. dhonjobfiHeiliaviighide, ifi'Bnd Bicehalidy RlunkBe IFMERY U s Ligel N0 1O

the-end porti the r orners are spaced away from a

subst anti al | y theeeof fargiedrdusingithe manufaciurenf ¢the endrface; therensoponrtion beitiger eby,
: " subst anLi . . )
i ocoh ©ho" s by bl st S eornf S e M UL erdliudl th B oo

aberrati ons cagreater widthithan thenwidth of thee waveguidé deading togthe gred portigntsor ough
the end face red . 2 i t pti.cal . id | ai med
inclaimlin ir%lﬁ"ct"%%ggogﬂﬁrs are%&gf% %Wq?afgo%%\{ﬂ%ﬂgn&\ﬁﬁéﬁgﬁj@i?ﬁ%&eﬂ +
2R, where Wersnd iface lfermvedittherebetween, wherebyggin dse] esalbistaptisiherail fighind R i s
the r th us of pCa%rsi\I{lgtt E'oeug?xf the G rfa'usceo];:agsshees through the substantialty flat region

and focussing effects or aberrations caused by the rounded comers on the

light passing through the end face are reduced.

2. An integrated optical waveguide as claimed in claim 1 in which the end
portion has a width of at least Wy, + 2R, where W,, is the width of the
waveguide leading thereto and R is the radius of curvature of ccmers of the
end portion caused as a result of the manufacturing process used to

fabricate the end face.

3. Anintegrated optical waveguide as claimed.in Claim 1 or 2 in which the end
face is provided on a T-bar provided at the end of the waveguide.

4. An integrated optical waveguide as claimed in any preceding claim in which
the end face is inclined so its normal makes an angie 6 of up to 10 degrees
with the optical axis of the waveguide.

5. An integrated optical waveguide as claimed in any preceding claim in which

the waveguide leading to the end face comprises a narrow portion that
tapers into a wider portion towards the end portion.
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end portjon caused as a result of _t'hﬁl mlltmunuﬂr";uﬂrocess used to
fabricate the end face. 3. An integh IOPAA . vegui de as clainmed in
Claim1 or 2 in which the end face i s provi ded on a T-bar_provided at
the end of WRO%f&Peguide. 4. An integrated optical waveg®FEEBIYUHE; ned

i n any preceding claimin which the ehd face is inclined so its nornal
makes an angle [err] of up to 10 degrees with the optical axis of the
wavegui de. g.5AnAftegrated opticsl waieguitle asiciaimediin asy of Glaird 1 4 daiywhichcedi ng
claimin which t he vvave ui,de ] eadi na tP t he end face .éocrg)r'.ses ﬁcp‘arrow
portion that the waveguids Igading; 9. ihe, grd; 1are (RIFES (3 MER i W

7 6. An i nt egizters it binafowern pegidndtewardsiheiendcbdriiorany of Claims 1 - 4 in
whi ch t he wavegui de | eading to the end face conprises a wide portion

whi ch tapers into a narrower portion towards the end portion. 7. An

i ntegrated opt ARdhtelPted Bptical WaveghidePsh LiBiméd indarBCSratading |ciif infwhiBh Ch
a plurality of waveguides |ead to a common end portion.
a plurality of waveguides iead to a common end portion.

8. An integrated optical waveguide as claimed in Claim 7 in which the common
end portion is provided by a common T-bar provided at the end of the
waveguides.

9. An integrated optical waveguide as claimed in any preceding claim in the
form of a rib waveguide. '

10. An integrated optical waveguide as claimed in Claim 9 in which the rib
waveguide is formed of silicon.

11. An integrated optical waveguide as claimed in Claim 10 in which the rib
waveguide is formed on a silicon-on-insulator chip.

12. An integrated optical wa'vegu.ide as claimed in claim 2 or any claim
dépendent thereon in which W,, is in the range 4 to 10 microns and R is in

the range 1 to 2 microns.
13. An integrated optical "waveguide substantially as hereinbefore described

with reference to and/or as shown in any of Figures 2 to 6 of the
accompanying drawings.
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8. An integrated optical waveguide as clainmed in Caim?7 in whieh the

conmon end portion is provided by a common T-bar provided at the end of
t he Wavgwﬁlgqi des. 9. An integrated optical wavegui de apcgicabdiged N any
precedi ng t he formof a rib wavegui de. 10. An integrated
optical waveguide as clained in M9 in which the rib wavegui de is
formed of silicon. 11. An int e& ed optical waveguide as clainmed in
Claim10 in which the rib wavegui de is formed on a silicon-on-insul ator

chi p. 12. An integrated optical wavegui de as clained i cJ_aJ_m_Z_ or any
claim dependent thereon in which Werr] is in the rafigey4 to L0 nicrons
and Ris in the rapge 1 to 2 mcrons. 13. sAn integ at-«rd"Zﬂ)t cal

wavegui de subdt anti al Ry as hereinbefogde descri t%eAd wiAz h feferephce to
and/ or as%ﬁures 2 f=te accorrpa'ry'r% diawi ngs.
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