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[0003] Micro-scale optical components such as guiding channels can also be
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or shape is written by moving either the beam itself or the respective workpiece. This
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[0006] Doped silica based materials are typically required when used with a
silica optical telecommunications fiber, in order to match the refractive index of the

waveguide materials of the planar optical device to that of the fiber. The transmission of
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[0012] In yet a further aspect the invention relates to germanosilicate comprising

a refractive index change An, obtainable by a method of the present invention.

[0013] In yet another aspect the invention relates to a waveguide obtainable by a

method of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The invention will be better understood with reference to the detailed



[0014] The invention will be better understood with
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[0018] Figure 4 depicts the change of refractive index (An) of ~ 200 nm thick
film (GeO2:Si0, 1:4), annealed at 900 °C and UV radiated at different fluency as a
function of the illumination time. As can be seen, for such thin films relatively large An (~
4x107) is observed at 250 mlJ/pulse.

[0019] Figure 5 shows the effect of the molar ration of Ge03:SiOzon the change
of the refractive index (An). About 200 nm thick films were prepared by spin-coating,

annealed at various temperatures for 15 sec and, without a consolidation heat treatment,



[0019] Figure 5 shows the effect of the nolar ration
of GeC'"Si O 20n the change of the refractive index
W@ 2005/0624B0Ut 200 nmthick filns were prepared BYT/SG2005/000414
spi n-coating, anneal ed at Yarious tenperatures for 15
sec and, w thout a consolidation heat

exposédrtSEU ghtﬁi(ggﬁﬁﬁ{lt&so W light for 20 m nutes. [0020]
Fi gure depicts an exanple of the variation of the

ﬁhBﬁﬂCt Fighre N6l @¥pieR a0 exduiple Rifaghp akltiby dfhe "REBGeOfndex

gr esent |nvent| on wth the tenperature sel ected
hangﬁféno

witahle bygthe siethfdeof|thg/present invgniien withihe lempgratye sqlscted
for am?e%ﬁn%. 'E%rlg'la fllr% J’V&% e PIOP §§|s§cdmaﬁT? a% Piids were annealed
tenperatur e a

a subsequent conso tion
at varibuseatnmmtureawdh@xmbsquaxthmhﬂlaam bent @feaunmt,Fand exposed to

uv rq,ecfé%ognehglgla?ﬁ% elxglélaﬁr lafeﬁ %’ﬁ : nrélﬁgzs n&e%s?r{gfr@%e{i{gtlelﬁes ugs%g for
annealhﬂgjﬁXulc hedigiacremwdof eefrdeyivéiMdek lchumige aiduesd by tUV illumination with

e SO B o b3 e, oty

expos&ﬁf{?ﬁ%e@&ﬁi hddt Qf@bﬁﬁrﬂ ih rzl farfdéb BEQ KrOhit Yarlfusabmydratu@eks and
n‘peratures exposed to UV radiation of an KrF
eXPOS@ktﬂ H radipsien orﬁtamzll‘ér@J erritpen lagerfag 459 anlpylse for 2 mipelt can be

e

the refraciéve iden gbargbt clitaipell. Fﬁmﬂmmrnﬁhe indm;ed refredive index change
(An) f?]i, lhoasgtﬁjlrt ¢ %ig%ea&éhgﬁg&aé%%a e\% & w s s St{rﬂ{aﬁlp%edutzzgé‘ t
AT SRR AP i cn

heat txbhlmanebn detrefractive delex changdat( 50 lﬁﬂﬁ)bltﬂﬁlahi@bﬁ ltheahbtho&yf the

t he th | 6> .
prese BB 5t S S S A SRR ] i ity itor 15
sec aEGubjBéted Ub] £ Eudttr tRaf tiebthiche f(cd]ﬁ@liddtioﬁ?tamhous temperatures

(consolidation) at various_ tenperat ures sel ect ed above
select%Ch abeyenii m&alfmpéfaﬁws foprl howo llmsEErRs b er either left

untreattglﬁ{f)"‘{nlt ié%r??én(iat?ﬁg\éll%g{ 1llﬁﬁ{1ﬁz§ﬁﬁ1qgr Qd\}nlﬁﬁteﬁ oy %Qeﬁl?er&\ﬂres of

m nutes (). tenperat ures
the CO®$01tdfl§01@ bens tlentaent @fnlllﬁléaﬂ andelprieie V@hle& Qﬁbomeﬁmlwe indices

are B3y @ac%lp(ﬁ%l?\gr hd§ ?1’1182 \%&f glnﬁlﬂerﬁ%&tl% 1?19{;}?&1&?1?@ 1saélﬁa1ﬁéd)s e

0 eacC y a very sm active | ndex

Z‘f“?g tive &lk}tn%g)gﬁ ?ts thQ? g%c}llgéeg%%%p@ q’?meﬁgéSém@eS at 1 50 nm

with zmmmumm BY illvninatiomhmbdiffereng pdstdmmaémgrtteapn@tt (@) film annealed

at 10@; g@g}lsltcgeg ?kf ?l ﬁoui 5B sgéuef %bﬂ%ﬁﬁgﬁ]@ﬁa‘? P c&r?e%%r?a@ng Film was

expose@ ltd @B@Q@Hﬁ igndindtion vias 2@ xgins @il) h@edﬁVctiVeglﬂllhmlnated dense sample

| ares
was b e gt 00 oéﬁogeﬁgame}%aré&% (oo Pr el inagebdopee sample,
heat tfe@ted’at BDO GUCfsf 1 AbEQkdef bieed. ASERESS 048 fidnh ¥ ViR Df (ii) and
dense sanple, heat treated at 900 OC for 1 hour under
(iv), foxhgsamples heatrirepied Jo eRy SenGimPTRbete drcsease i Tafjachyfyindex from
1. 484& '+Vd Q)OCL% lti’?% SAHBSis gﬁ@rve%ir £RoWeder, ForQHy Qa?ﬁble annealed in inert
at nosphere a ecrease in refractive’in
atmosphere the refractive index remains unchanged; it is at about the same value as that

after UV radiation (see Fig.8 (i) and (ii)). These data may suggest that the induced

refractive index change is due to the creation of oxygen related defects.

[0023] Figure 9 depicts a schematic diagram of an exemplary embodiment of a
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again deposited and fabricated on a substrate (5). The film is then radiated by a UV light
(10) through a grey scale mask (6). The refractive index ng_is the refractive index of the
densified photosensitive film before UV radiation. The refractive index change due the UV

radiation through the grey scale mask, Angg, is a function of the transmission of the grey
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for instance be generated hydrol ysi.s of a prec
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preparation by hydrolysis of a siliconalkoxide can be performed in a mixture of water and
an alcohol such as ethanol or isopropanol. Any known catalyst such as hydrochloric acid

or ammonia may be added as well. Hence, sol-gel protocols using acid-catalyzed, base-



i sopropyl silicate (Si(G-Pr) ), pentyl silicate
(Si (OCH5HN) 4), octyl silicate (Si (OC8HL7)4), isobutyl
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tetra(2-ethyl butyl) silicat®e (Si(OCHCHEt 2)4),
ethylene silicate ((CHIQ2 Si)
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sol WRAt £NubihYe. OCYRa&idy @Rekol with a substrate may for instance include

depositing the sol onto a substrate.

[0033] As an illustrative example, it may be intended to obtain germanosilicate
in form of a layer. In such embodiments the sol may for instance be deposited onto a

substrate such as silica glass, by for example casting, molding or in form of a coating. As



refractive index change (Dn). [0032] The so
subsequently undergoes a catal ysed transition (cf.
w@b@emy2480© forma gel. Before this occurs, thePGDEGIMY000414
be transferred in order to gchieve a desired form
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oS48, 5 5 FH, 108 Sp S P8 0 WSRO, s
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annealing may furthermore be repeated where desired.

[0036] The refractive index change obtainable by the method of the present
invention generally increases with the temperature selected for annealing up to a certain
limit. An example for this tendency for embodiments where rapid thermal annealing is
employed is depicted-in Fig. 6 (A). Annealing films at 800 °C and above resulted in a
significant higher An than annealing at 500 or 700 °C.

[0037] In embodiments where it is desired to generate a thick layer, for instance



900 OC. An illustrative exanple of annealing is rapid
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t hICOR9] aydpy aﬁat@épw% énjeleyated teEpeatEs Jeg t@osen that yields a
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for exanple. I'n some
illustrative example, the germanosilicate may be heated in a furnace. Any period of time

may be selected for consolidating the annealed germanosilicate. Suitable periods of time
-include the range of about 0.5 to about 4 hours, for example about 1 hour or about 2 hours.
An optimal period of time for a certain embodiment can easily be determined

experimentally.
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thick layer at a temperature below 1100 °C.

[0042] The method of the invention further includes exposing the
germanosilicate to UV light of an energy of at least 350 mJ/pulse. Typically the UV light
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Hz, st s et Gngo B0 i T Ahditute iy toroniitpee g selocted
withih?hé Bing®of ht;tfix!t arscmirﬂw%itb adoﬁkl)tcs Beite bﬁ_ﬁlﬁ)ﬁﬂ 1tﬂfai'nate foaspent 1 hour.
of gernmaposilicate and to obtai.n a hjgh refractive
In typifgl GRS the %geeaé% BermagoyLiFuF & EISh cpseliddied i thercafier
expodedS b réP¥ciivalpileg g that includes e.g. successive
depositing of thin |ayers and subsequent annealing

( 0043) . TR Gertnlimbsifitdit by b ahddifsd BYRRGAURMSIE Ybeam form. The

consolidating the thick l'ayer at a tenperature bel ow
UV lighyonaCillyronate] a pag ofesdlesiebrroahd 3 Higkenet 6R therembes generated

eSS eSOy LIRGBETRIFRIL 8 Gt Rl B ryea o
beam, ifgrhinitengruinsadempPadinant wherstthafllW dighixsompdeeis aplaberefevgval such

| ight, of a fluen f. _about. 4 ul se .
veans Lo Poafi i Y 9Bl Sl SRS ERkn S e UV tigh
is ofganenapy densigspeat least 122 indlYdryn perApulex aAfrespecfiver darsifysis for
instarlglq%;?lgta% %@ﬁ{l géllagq? g)%famlog é?s_rizer]r-gt) i%kéﬁﬁ%/ H,pgr;( Elrfc’n%? where 350
m)/pOié ARNPHlitd. IR kEmE SmBYPARAE: the UPTighttif afardaRr&Ndddlts of at least

A_copveni ent fr equenc;e/ of pulses and expqQsure tine my
156 pHcmg p@@p\é@ Speh a depsifygaay farjigsdance hgprevidedyy using an enérgy of
450 ThHPEIsE ith 1Ak BedB¥E RSizE BRIt DA nlh& 12aRGE Of about S

to about 50 Hz, such as for instance about 10 Hz. The

eXPpRs4 CEldciBmABYetitGhdibfist 8N&sy Wﬁvél@ﬂglﬁ tethitMHeNiRadiBRE range

range of about 0.5 m nutes to about ours or about 1
may h¢ nerdeinttbe aisthod of theopresent inveytions dn seme earbadimentst the wavelength
. . i i i 0l i . .
s tof ABACALR IS ARG ot B2 208 A it piimens
is fof dSABGe Seheeteglewitiinabe far AAV €20thtp HenM).rAdamexaandly, thewavelength

may B sUBReE 10 b By shOfermion oo bttt s P B Hipvicine
UV 1t 680 essbedtivatvavalenghGea KAB laser.iA fuither AlubirgtiveXeXamipk is an ArF

the, UV |i ght may. be provided a beam for instance
laser; Wh‘fSHPé?fﬂg?@i[llﬁéﬁltghhﬂ‘ifear%‘m%@g@/oﬁ%ﬂmsource is alaser.

Seyer such
%%4?:‘ Tﬂe irradiation by UV light induces a change in the refractive index of the

germanosilicate. Without the wish to be bound by theory it is believed that this is due to an

induction of an oxygen-deficiency in the germanosilicate. The refractive index obtained
was found to decrease upon a subsequent exposure to an elevated temperature in an

oxygen atmosphere, while it remaining unchanged in an inert atmosphere (see Fig. 8).

[0046] The value of An can be adjusted by varying the material composition, the



beans may be provided and, where desired, overlap. In
typi cal enbodinents the W/ light is of an energy
waelemwsiosassof at | east 122 ml/cn per pul se. A rPCPRGLI0T@00414
density is for instance obﬁ ined wwth a | aser beam of
a size of about 24 mm x 12 where 350 mJ/ pul se are
applied. In sone enbodi nents the UV light is of an
anneain@igmpehsansé: tthe OV mdidtieasinteﬂﬁl@ and)/ therExppsnreptiths. €TheSwadbe of An

it for |nst vi ded by .usi ng an
genof3 I icrents FAL HETRECO00t FomeRe i a0 RS, B pyse, he
numliﬂi’ Qiﬂtpu&é pefsecodd afinthd 6bdire irRs tTHeREAGE iof theieadnt Qlli‘ventlon
wavel ength within the ultraviglet range may

allo“@s@a 3 ﬁefquevmd%dcl@ﬂgq 96 highes dhan | Hvemwg Pnreﬁra%/e index
chan%@ﬂ?bf@ecﬂﬁr% kg3 e?llf’\ﬂ giﬂbs{u% TR 1ﬂfﬁ§ﬁ(§erk9f9ch§ @Ie(?% Eglgtent on the

n the near UV (38 200 run), her
changerbothe refiactive index is diustrats';d an @@g@ Feds é@lr metlﬁV riadipigorf mtensity

(cf. #Xvé)eﬁ‘%c‘%gaéﬁ’qu&xz% g{nugfréﬁ as'é?% t%ﬁ? ﬂﬁ&? n}nrﬁ@}éensity up

to a exanplelwf An dhesnaticd epamnple ben:g chellatlgmmeMeea the UV radiation
| t E .. furth
intenf Y RS s AT IR oo b dipbettS83HE. St cn' pr ovi des
t _of I t h of .0045] Th
100 i, 16 et i e B Bhetiitgiidins Plavers anncaled a

vandueftdlﬂisetratu@s laf @ €¥ncbion tolf €7\0 efdiEdASirhd. e @efrilitive aiidext dh@nge (An)
w sh to be bound 21% theory it is helieved that this is
is highgs fop lagisrs arngeled o béghea ferepsreiare- derthermaere /At fypigadly increases

Wlthgﬁﬁr ﬁﬁ@‘b?'e hssakeSro I}-V%aﬂlﬁtflérﬁf;% ko/ & pbihf 8K 1iRRBhd1e dith&Ssaturation is
f ound ecrease upon a subsequent exposure to an

reacl@ldevazfl@de fwstheeexpoguis th VW hlgb&gegléw pgirdag Haerease\Aretoj a minor
or iy AL DR O FRZE). 0 SR BACE 600 g i

this pdiat ofetimas isalsudbnindbe tlnnnn,smmroefabmaai mngltd @fipidigat i Fer layers that

are abitf Eigr ik Wik AL P G2 s ouBil i G eRARRRL G b0 Biltes (et

Fig. Qt)mrﬁmeforé faecdradhiaht ﬁi&amsﬂbﬁ Agjubting & UL Sdesirtd &aligndiging for

ul.se_per second and exposure ti.me, The t hod
exana%le Q%Vé%ﬁaggmon Ihipshipgg WY egpesurede aeffeiﬁélﬁl a%re(?%gﬁr%ex

E@gglj hi’ﬁ Sfen?h?:agqurﬁgﬁs@rtﬁﬂli%reg o?q atgrgg){ly??%hlcate is selected
whldﬁxi%oé)tti’o@ed T@ euVvafgnt @R cesefibddn ﬁb&%ovﬂﬁrét &Y r@haihid@ area of the
chan?e in the refractive index is illustrated in
1

gernppggiieate is neg exppnsed UWighiaha exepplpry paisty ackieve radiation of a
sele@&pﬁl%ll iis tHRCudedH ARkl fcfl RELX05.NGRAS HBNRINY, EAVEE %ﬁ%ﬁ% of the

he Irradiation inte Slt uptoacertaln val ue. .,
germanosilitatstfontnsiance ealapére softhat it eamnst dei caxpossst teeblY radétion, for

exan#\b( gl%%ie éltrgeﬁra eH lg tné &.Ibs?f) &Elgg&lg% rﬁ?}%@%%tfbéleoge }Qﬂ%%}(ned to define the
area i k;vﬂnsdimaieﬁ&ctﬂ%andmclﬂage isodenttaeedrigfonaxposieg thredietmandsilicate to
ov SBICS BRIEEIGH 5, Aol SEIBSIRAES 6 BB o
mask.SA hl!n‘ﬂ{b@ rexéxﬁ%ﬁf;amea@ GFeRRV G radiafib6es sélediBEaRhUE the use of a

Furt hernore XP cal ly increases
lens that focuses the UV light t

o0 a selécted area of the germanosilicate. A respective area
on the germanosilicate, which is UV-irradiated, may for instance have the form of a
channel region of a channel waveguide. Long-term storage_data have shown that the high
refractive index change obtained in germanosilicate by means of the method of the present

invention is stable.



with the tine of exposure to UV radiation up to a
point of tinme where either saturation is reached or
wob@eecX486 t her exposure to UV |ight causes a grads&to05/000414
increase of Dn to a mnor I at |least significantly
smal l er extent (cf. Fig. 1 For |ayers that are about
200 nmthick this point of tlms is usually in the
di (08493 oWlefe albsitdd, aheniUViradifted . gefingnosiljcatearayl fydresmore be
are about mm thic oint o [
expORE PRI OO R0 5 P L BRero e (B eipdimept such a
furthe) expdiefeet®rag ale¢RABY abthpéthtufe Iy Phovadl WaYikiBAalAGtability to the
desired val ue duri ng for exanple device fabrication is

geneqagask guIpeglicate, drplyding dhe Sl ieHeeisendey chinge; gy desired

tempbRRAS] agd" 1ﬁf3 e FIE0 R Qtéle%te‘?le rakﬁl:hah%ﬁnfé‘;lt tvl;‘i?h an elevated
gernan03| lcate 1s s ected mhlc IS exposed

tempeNtture, gﬂstlorgasd@@e@rrcdb eedragticp/imdexnsirthaintaingdr Asran nxamgnla,raeppstbake

e [ [ t 0 °

my B8 g5 FELRBEL 0 e P BERBRR g b 30 o

time pedad bs aidue OB Rowd t(ﬁahimﬁ kw chys. i ghis téBard BLshhuld beasdted that a
may, cover an area f t he gerjmanosilicate, i nst an .

prolGFEtc FEromuiso . FADEFTER AR BB if GOER B B dation

tempbRtur® pAdPlefelst AR Bbafict atRadive |ifdex\cHad E@Qﬁ‘tsbme affbspheres (cf.
may therefore be patterned to define the area in which

Fig. %) ref ractive index change is gener ated upon exposi ng

ermanosiljicate to W ljg Irradiation will th
chEW @ + Rge msthoof the Hf?ﬁﬁé&méfﬁntt%mﬁlé dfiet &t BeReray P otonics
comﬁd?lgnﬂ%%ka ﬁglfe%i)&?efte &arof ﬁscd?ﬁpd'ﬁ@ﬂ's Ql‘{dt Rfay be obtained
I ati on a selected area i he use of a | ens that

by teomethed aflthe mﬁSbmtglnveIttr@nansledfetqrelastan@apwertmbtters couplers, Y
brandlfes TR g%&%rd%%!}g Th%?@ﬁ@ Iﬁfsaty' %s@tf &)%eﬁ?rgyg I‘cigﬁfabpcate a light wave

ger manosi -Trra
cucumn stichngseplaaardight evdveraincoit. An dhestrative eegnpla orffa planar hght wave
.__channel wayegui de., Long-ter data
cirnfi R RSB i PSR T A3 AU G GBUR RG] v ciruil
may §6if iNBAAG bd @dludedin Edt&m@ﬁntbﬁlﬁteﬂ&iiﬂ&ﬁﬁ de¥ict bed/pr esdbibed with
i nvention _is stabl eﬂFOO49 Wher e desj red,

an opiycalfibedr diugdherdmesent rrwa@téoma o RIPYIdes ﬁ‘oP‘éﬂ'Bé o frbeicgting 2

wavégQu(ﬁa SADIQ lelﬁ‘féﬁ £HeReS ereerﬁ’ln%n aefe§ﬁ'/ééh%i WREpgIdat 4115681 may for
some enbodi ments such a further exposure to

exanmlebadawsﬂ@dm@a anlmtr@tenﬁlynq@rl@m aigel oaraeeled prd raétaé%nwh WV light
of atglga%sE hgo gﬁ&ﬁ!s%t derﬂl%cfﬁﬁgﬁx LfeAhe WaXnE%J Z&l}giss:'agcé%fﬁ?el waveguide, an

aine fve 1n an e
area tafnghe rgetmamosiivdtet mag h@elrtadiaterdayl bales éb dotne dhd eespsefiie channel
h, _an flevated tenperature, as long as a

.t
regl‘?i’g@%%ga?(%gfur‘ IR ndex is maintained. As an exanpl e,

a erf [ [
B L5 AR G B opic
ordepes patkraé addiciohal Guéasivattt 8 réfeacebe quek\Mhangzy $or dxamtphd m order to
exposur e

regard it shoyld be noted that a prolo
generaif AATATEEIES Witk STREnSH As AL BB (hima 3%%11 RgeRpved by means
of a%@%@dmdﬁltas}@ (cft e ARl @nitPsmbRHRAEHS ahrtﬁreamcmmgemyer may be
active index change in sone atnospheres
applied to the produced germanosilicate, for instance to a produced ‘germanosilicate
waveguide. Furthermore, the method of the present invention provides a convenient means
of generating graded index waveguides. The graded index may for instance be formed by
exposing the obtained germanosilicate to UV radiation through a grey scale mask (cf. Fig.

12). The manufacture of such waveguides has so far been difficult and expensive.



Fig. 8). [0050] The nethod of the present invention
may be used to generate photonics conponents on a

W@ Rmgloe24subst r at e. Exanpl es of optical conponePCEHSGHAS/000414
may be obtai ned by the netng of the present invention
i nclude for instance power - splitters, couplers, Y
branches etc. Accordingly, the nethod may be used to
0q0e323t €T heep@selftaiméxﬁmtnethua progides wamethod rthati tyoidg ctéchmques

ot ST A A, B o eSS KA S

The denﬁ:%@aféethas GJ!@VIB qhbrmwe@%dﬂ@ple Fn&sﬁmgﬂam bhd Bichi@\eeps are
circuit rray I nst ance i ncl uded in phot onl ¢

avoidegt Appddidonal .admt@gedé\nsm thn direst &Y AEtEdoygRels its ablity to
form gﬂBbﬁ biefth &850 thgd@eH;aﬁ ePw idayention al so

provi es A et abricating a wavegui de. As

;[pbﬁsgy eglnﬁ}gﬁﬁsre fiRg geﬁ%gah&g cﬁ BYREGhANE IENRM bYenRans of

or exanple OS|te on a substrate,
etching)rn edhen nustng CgeVentlanﬂemeéwdamf f@rmwg ahviagtidesUvueh gat flame

nyariojElinofEhatd*llenteafito DREISHLES, Bt P b loss, onee

the r@pedtive Gedvewide és imaysebThe hread]daifeﬂe preseaitdevention foverroinee these
t h I
it Srcw o %&3&1@@ tﬂa?ogawﬁlga AERPRY A et
! | d
 APEIO 3 o5 PR ReS med e Bp RO s s Bk e b aparent

from&bavePibat thereoiks qRésehly @Qié@d & @(;ﬂoﬂ\lﬂie&ﬁlwaﬁiﬁgw dftthe sol-gel process
gratings. As an exanp this may afl g i eved ¥

The rpisasa! efveaﬁ%stb%tqlwsnﬁgkth@cflse mif gsiliqay 10,) glgsies conaining
permSRRRA biHRMeSa 1?1')6%3%}1@ ekl RohidrBY &6r 'H?r)éctb@\/aﬁﬁith%dlﬂs@ad of the
the produced germanosilicate, for instance to a

presqmly) aiseskpblyetsmn osganicmateriolsy Bep indention fheraley alse provides a means

v Y t

ot Sy AFFHAC R NGRRLRR REEY1 55,0 ROMMRRIARI Y
methiod defx theagrefemt invatt@ncis e fesiricted] twgemmmssmgatblm material that

incto P 5 BB e SR RRE L 631 4 G REALHED s R Y oy o
mateyfaéegui des has so far been difficult and

expensi ve. [ 0052] The present invention thus provides a
mef0oss] t hatordetoihds thedﬁvehdmm%ibehrdam\kplmﬂemtdoﬂi ast @pt into

r sses f.or def ui de patt inth
ol SR BB o PS5 Pl Bk Fowing
nm}ﬁﬁmpggﬁ;ﬁgﬁgol|thography and et ching steps are
avoi addi tional advantage of using the direct

U witing technique is its ability to form snooth

interfaces in the burieﬁxgﬁﬁpg fig wavegui des. [0053]
Furthernore, the generation of groves and/or channels

by neans of etchl ng. - when using convent.i onal net hods
of forni dixampled: Fabdicationof-highly photesensitiye, filnas
deposi tion and etchlng - leads to surface roughness

anf)s6C PhoPkéatvel S&fan6dil€ate layers were prepared using the sol-gel
technique shown schematically in Fig 16. As the silica (SiO2) precursor tetracthoxysilane
(TEOS, 99.99% purity from Aldrich) was used, and as the germanium oxide (GeO,)
precursor tetrapropyloxygermane (TPOG, 99.99% purity from Chemat Technology Inc.),
fo prepare germanosilicate.”’A composition of 80% mole SiO, and 20% mole GeO; (4 SiO;

: 1 GeO,) was chosen unless stated otherwise.

[0057] TEOS and EtOH (ethanol) were mixed in 1:1 ratio by volume. For



the respective waveguide is in use. The nethod of the
present invention overcones these difficulties since
w0 oodoexscot require the formati on of a physi cBCT/SG2005/000414
interface. [0054] Wile otqgr processes may be
contenpl ated or used, it should be apparent from above
that there is presently a need to exploit the
hydrelaisisracityessalpst HIVQs @mjrlcgeid) paa@ addrgl to 'ﬁtmntpmepi-é pqual to 3 and water

to alk&gy&o%} r!ithou fl}}a(!)ﬂ ? \Afhe i o r%F &rlﬂ%%egf%urgi ugng a(éybergcan pH2000

25665 Cont g ‘ger
pH Ipbtet esmpiedt by Eurctcdr wath the rcoﬁiﬂimi)nLM Plasd elRgtrodist #edl Orion

resSha e, B S o BB UBE R EAE T EUR B4, e

dopate el icallgadsol RS pfe pd FldNEY Bt 'TQ‘@G 'sti@itﬁo rbparfll in 1:1
P be under st ood t hat Iptr?g rrerltg’hod g? t he present ?nve%ﬁ%n

volupmg 13Hp. AsSTPOE: éy very ge@f:mm 89 satelusteway requtired; durthpapore the
reactidh§ lW@E ?&’iﬁ@nﬁ? (I]fly el %ﬁa‘ﬂ?hed bt fﬁﬁlti@g hignd] ggﬂ{) about

applicability an or other materl
15% [bya®8linyqus dlugking ofidty titregém\SehG ol svh$ were thadinixed to obtain a

e N T

Fol SRR Pl PR LS, S s varer

or sﬂﬂtxpla)ls)a %etspmog@drfﬂmsswdre bedterchiey esimgwhe eapid dpanaidrocessing

th t ' hown ically in Fi

eréjdedifidein ST FERC coredhetaL Saese GL0MaE 18y hepssthoe of

an oﬁ&ﬁ&ph&% 80 %edet!kd bmafnr &Hﬂsé\m’m&s €Y theaabrita€en o F . @Silms were
er mani um oxi de precursor

annctlg§ RGN0y POA P oiemaptEs OF BB opos 59k e iongesledsh Wikiain RTP
wereTﬁﬁH&Oﬁéﬁnge&t@@ il a fﬁl‘i’la&r fRal foldGh %Qﬁﬁdds teR) @ratd?es ra.n&ilg from

onposition of 80% nole SiO2 and 20% nol e
1000 C1tod200) C (genselidasion).uRhiek dilws d¢.gd ob Bhar hivew). wed0gterated by

e JEESARE £ SHOBNEL ST e A6 B e, ik

filmawet) uswaly adbkeduemblynmpnmi 0] mHonmlnﬂhhdmh&tatmitmatteFot a thick

. koxi d I ti . Th

fim s SR v el hternahELLY piiote: phrsPdras RN dybpyo° or

largelE (4.0t M0 Woi lardel)e conbi nation of glass el ectrodes from
Orion Research Inc. The solution was stirred

CO[00ELI0ThE Yilmd hiefe therh rddtatediby KaF s@dim®r lakar (M=hE48nm) operating

PR BT S nP B RS L B o

x 12\fhY Difféchi ¥obiee dRhc| Wtk sURStetl @4 YhdiBled bl iHNBEUTRY, Qisually the
the reactions were perfornmed in a dry glove box

eXPOSHE g Wativariedrieqra di mimute e 64 mipufeRH-yineehibe trefxas%veyndex changes
can 6& @Eélﬁgﬁﬁstéd %gh\zagﬁggztg? %Xg&u}é BARN FimR (€. ARELSAImSY may be

wer e m xe
irradiated for several hours. To stabilize the samples, they were post baked at 140 °C for

periods of 1 hour to 24 hours under vacuum.

Example 2: Fabrication of gratings on waveguides

[0060] _ Using the highly photosensitive materials obtainable by the method of the.

invention, gratings on waveguides can be easily fabricated as follows:

[0061] The highly photosensitive layer (2) is deposited and fabricated on a



4 Si2: 1 GO conposition (sol SG and vigorously
stirred. [0058] Filns were prepared by spin coating
W@ 006862480 a substrate (e.g. Si wafer or siliceCpPbGr®y/000414
The spin coated filnms were;heat treated using the
rapid thermal processing (RTP) technique in a JIPELEC
rapid thermal processor (RTP) for 15 s in the presence
substiafe @ a@esatibed givmeeTo lfabrrcatder weegolsieaihe highly ghetosensitive film

.th i,C f PLC a
s neh R IE AR B9 RS TRl B 1 e
indexary 90k REactiveihdexvef ehef durbified phetvserdsitbat fileth befose UV radiation.
furnace for 1 hoyr in_at varjous te ratu es lbn% .
The refragtive destsxchapeey ‘Efothel?\éa?é%trqnd o D PRTDI A PYiGeE DY Varying
the e)gcp%s&e tigle Wi reSulTBLCNVEY Gpi@aEmatied by repetitive spin

oati ng and anneal i ng. Each spin coated | ayer was

anoeee] € aAnEIRmelinhs KvavbgilBe, WE Sradapahry bs gdtaRawdrsy ﬁlrther

exposed to a consolidation heat treafnent. For %@thl ck

radiating the vavesyids PrdlV Vight, ferdle soeandtmeathraigha/masky 0y defining the
oo R RV 8 0l MR 0k i iy

adjustedyesacying thel expesurg time uBihgmedults pashesidapicted in &Fig-2.
repetition rate at a UV fluency of 450 mJ/pulse with a
be[aaﬁ:ﬂu 24 cbfdditgplayeramaybe sepbgitednUsiigf the teshniqug gessuibed above,
the dﬁ%({fé qn\;ﬁ{tﬁ e%ga)c(lglgl %eaxlsis b”&%@ gigg he 8£ Fbebét'te% lﬂ'e%rr{lance devices
sinceﬁlﬂieﬂ?éi awtmsstepsi mcﬁlet\haregei‘deaanal \geatingsl dike thasegfabricaed being the
1y a}d& varying the exposure tinme. Filns
ConV?rgloé‘a YR tof lﬂ’é may be irradiated for several
hours. To stabilize the sanples, they were post baked
at 140 OC for periods of 1 hour to 24 hours under
vacuum BxaiipbIe 32 Fabgieafieipbf ©aded ilexiwa@guides
wavegui des [0060] Using _the highly photosensitive
materials obtainable by t enmethod of the invention,
gr@ﬂEﬂgsUemgmheegp.hiodesindmateﬂe phaesdngitivab mageriads geaded index

Wa""'&&’pd&%f’%“e%e[ej‘ﬁ  rp e subet rate () aa

e T AR SR af I e b on

substtrzité C(G)] has ades@itled( djovas Tohfabricite d-ptrded Gndekhevaveduidss t the ehighly

t f f th d f
oSt DBk LAELLELY BN e K Sl L S50 Lt ) as show

in Fig€l2. aPKd I\é?rabt'i%ei’hd@fl apeetHdusfradive Lljhfderxr’ﬂ@il t&&& ldéﬁmfx&i photosensxtlve
can be easily adjusted by varying the exposure t
film @gfcmg U\’egasinqt@ns mJéﬁ refgactixp indes Fhapgeriyg, the UY G%‘Q‘]‘Oﬁ | through the
opped;dt nd the
Brey o O L P ee By, ik @
expolsiugmme for the second tine, through a mask (3)
defining the gratings (see Fig. 11). Further increase
of [0066] r & cladtlingelayemay e depositedada dbeveathe| geposition of the

cladding layer is easy and leads to better performance devices since there are no steps in

the waveguides.



adj usted by varying the exposure time using results
such as depicted in Fig. 2. [0063] A cladding |ayer
woreyele248eposi t ed. Using the techni que descri brdI/aGmesp00414
t he deposition of the cladgéng | ayer is very easy and
| eads to better performance devices since there are no
steps in the wavegui des and gratings |ike those
3bri cated using the conventional etching technique.
Exanpl e 3: Fabrication of graded i ndex wavegui des
What[ifOla#peddsi ng t he above indi cated photosensitive
materials, graded i ndex wavegui des can be easily
fabricated as follows: [0065] The highly

hot os itive |aye 2..is posi ted an
1. ARG ReSREpiogiEing & St Slice bR GE FRSpQ iR hapee an
HeaR8Rod gyﬁyegU|de, the highly photosensitive film
is radia by a W/ light (10) through a grey scale
%’b‘fﬁ%l’rpél\ﬂjbllcﬁ miptiging bérmati@mbgitie, a8 biprecuidod eherddd, and
'S the refractive index of the densified
ph@ltllé%te,rfmamrwmqrﬁhﬁrb@f by means ofgokisrliocehe

ehk ok f efvsca %ﬁi& Fek*b%ﬂ%ieﬂﬂa% sta[agge;lju\{r%{i:%%geﬁrta% greertlggr%wj and

ter a@;@ﬂing Siid rgeﬁﬁaﬂohﬂlcgﬁee(y Bthgle ofasn lkenemad of hideast PG mIfpulse.
time. [0066] A cladding |ayer may be deposited As
above, the deposition of the claddin i S _easy

2. Fhe tbesbof Geimel eyl ooy Naifdk v s 50 mekP o &

are no steps in the mavegU|des G ainms What is clained
IS A
3. 'lshe nrletlslt()e% gggrge[g %lé%d@ galghﬁmpe%sfeﬁlpgﬁttﬁe tl‘{l‘%tes from about
qmupcnsmngn]ﬂoﬂecntng a gel fronta sol conpri sing
ger mani unoxi de, or a precursor t hereof, and silicate,
or a precursor thereof, é%/@means of a sol -gel process

4. ThegnethedyobelpimAowherrieiaid dgvaiphieanergurs aFngeg Slom shawt 800 °C
eaperature, and ¢ exposing said
qé%%§h§§|¢|§gte to UV light of an energy of at |east
350 mJ/ pul se. 2. The nethod of claim1l, wherein the W
5. | Tighhethsd of claiim 4 .e@bdreithS0idralévatddsempSratufd 1 ateitadd °of.
claims 1 or 2, wherein said el evated tenperature

ranges frontabout 500 0C to about 1000 OC. 4.
6. mBhehmethod of pay #na of glatmeil n 6 ayhgrain dieaavelensty ef %ﬁl@ &V light is

r ANYRT 16 HOTHERAU: ROROC to about 1000 OC.

Clai

7. The method of any of one of claims 1 - 6, wherein said UV light is pulsed.

8. The method of any one of claims 1 - 7, wherein the UV light is of at least 122

mJ/cm’ per pulse.
9. The method of claim 8, wherein the UV light is of at least 156 mJ, Jem? per pulse.

10. The method of any one of claims 1 - 8, wherein said UV light is provided by means

of a laser.

11. The method of claim 10, wherein said laser is a KrF laser or an ArF laser.



5. The nmethod of claim4, wherein said el evated
tenperature is about 900 0OC. 6. The nethod of any one

wohoosloed4ss 1 - 6, wherein the wavel ength of saPdI/EN2005/000414

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

light is selected to be 24919nm or shorter. 7. The
met hod of any of one of clains 1 - 6, wherein said W

laht i.s pulsed. 8. The.nethod of any. ope of clains 1 .
A gl F, AR cons o8 ERIE 115 - o b v iitEing the Gimer of hgosme said
PemPRsHatedto shtE piBdd oy E%hﬁﬂaﬁgw BomWREELDS MititddMo about 5
l[1ght is of at |east 156 /cn2 per pul se. 10. The

d of any one of clains 1 - 8, wherein said W
light is provided by neans of a laser. 11. The nethod

claim,1Q, . wherein said |laser .is a.KrE.laser or...a ;
e B S s1atEE e s E5E o ot g Biephalle o sia
VIeTIihordnges fromRbedt 1exiRdd togibsad Oh@sr manosilicate to
said pulsed W light ranges fromabout 0.5 nminutes to
about 5 hours. 13. The nmethod of claim 12, wherein the
t Thee msthogdx gl 8ih gne &if cFlajesrhinolld, | whereia fosming spidngel iftgme a sol

range Q . 1 put et bout 1 hour. 14. The
rr%'r’6%6#0@5:?9%%%(1%?{%{%?r%!lsbs%a-e' 13, wherein form ng

said gel froma sol conprises contacting said sol with
aris Betiodt 6f cldfm 1FhevheRiMRIn@btiky Sdidsbft wihgrs@bdirate comprises
contacting said sol wth a substrate conprises
odepesiting ayd seli arteppubsiiels- a substrate. 16. The net hod

of claim 15, wherein said sol is deposited by neans of

ting. ,17.. Th t had of, claim 16 erein sai
B hghon o gah T2 oatsrg sPisdl 3 Ebaden B il al oo
claims 1 "17, wherein said refractive index change is
gERemeihed oftihith N6 aharEi8daiicoh iy BapecAthsI cate. 19.
The met hod of claim 18, wherein said area is defined
by neans of a mask upon exposing said germanosilicate
t Bhes micthodudfsay an¢ off ghims 26- 17 hehereinhsadt offragtiye dmdex athange is
cl ai -..19, wherein the ratio of silicate to
g%ﬂ?%ﬁ?‘%%&‘(‘?‘&@ AR qul?etﬁ%ag%ﬁ%ﬁcageer manosi licate is
about 4:1. 21. The nmethod of any one of clainms 1"20,
WRRS @iefhddnsr SRS YBS Ghefin 418 ¢d isCfel DymBhhd 608 mask upon
al koxi de. 22. The nethod of any one of clainms 1 - 21,
werpoging seidegepnanpsilisale tosaid pelseeUivalighinoxi de is a
ger mani um al koxi de.

The method of any one of claims 1 — 19, wherein the ratio of silicate to

germaniumoxide in forming said germanosilicate is about 4:1.

The method of any one of claims 1 — 20, wherein the precursor of the silicate is a

silicon alkoxide.

The method of any one of claims 1 — 21, wherein the precursor of the

germaniumoxide is a germanium alkoxide.

The method of any one of claims 1 — 22, wherein the annealed germanosilicate is
consolidated by a second exposure to an elevated temperature prior to exposing the

germanosilicate to UV light.



23. The nethod of any one of clainms 1 "22, wherein the
anneal ed germanosilicate is consolidated by a second

wWe2oson4e6 t 0 an el evated tenperature prior to BPXPSGR00F000414

24.

25.

26.

27.

28.

29.

30.

31.

32.

the germanosilicate to W lj,ght.24. The nethod of
clain123 wherein consoliddtion is carried out at a

RO R of 98I Hh v hER TR Fhesifed HILACH frimggpture igher

gtﬁame@éh ér&taleeewea feonsedlingat ed at a tenperature bel ow
1100 OC. . A nmethod of form ng a wavegui de,

conpri si ng. « formng a gel froma sol conprising
gEltemmﬁthnd)mfd elaimr 24, ml&miuu sthe gdrerasodilicamdissconsohdagd at a
or prsor ere by neans of a sol -gel process;
-m?@F 38WH&hH ﬁ%lcate by annealing said gel under

el evat ed tenperature; and ¢ exposing said

I8 TR thithin tv@adéguﬂdé%hp%m t least 350 mJ/pul se;
ge

wherein formng said means of a sol-gel process
cefigmiines gelsfrgm a\somqmg)rwlr@g@smaraumpxdn,obr-a ntepusarttherepf, and

sai q{,&%g onto the Rilubs%rate 27. The {ret hod of claim
26, SIGRE, 85 HPICRUSORLPERTAE b8 means,of 450188l PRECS Ui de. 28.

Té %rﬁﬁﬁ@@éinﬁﬁoﬁh@dt@b‘% aﬁle@ﬁngia,ld yheneéreldaedasnpahtile; and
gel is consolidated further exposure to an

e expasEs aamlanwlecatez@ U hightraftak kast&rSOaanldma of
claims 26 - 28, wherein the anneal ed gel is covered by
a whetein foamingssajshael by meaans of # wi-gekprogdse comprises:
germanosiljcate_the channel region of the wavegui de
upon *eXpydings sugsteaie; qnght . 30, Ger manosi | i cat e

conpry : [ change An, obtai nabl e by
Che mrRog il KL Ay B AR NI 8 52 The

germanosi | i cate of clain130, wherein the refractive
| Thienethbd o€ elalms 26pwRereinahe Waveguiddds a Shammebgavapaide.
obt ai nabl e by the nethod of any one of clains 1"29.

The method of claims 26 or 27, wherein the annealed gel is consolidated by a further

exposure to an elevated temperature.

The method of any one of claims 26 — 28, wherein the annealed gel is covered by a
mask that is patterned to form on the germanosilicate the channel region of the

waveguide upon exposure to UV light.

Germanosilicate comprising a refractive index change An, obtainable by the method

of any one of claims 1 - 25.

The germanosilicate of claim 30, wherein the refractive index change is more than
107,

A waveguide obtainable by the method of any one of claims 1 - 29.



