. e3e?@?2xxyTz@{| 6| T@qg{ A OXI DE STRUCTURE USEABLE FOR OPTI CAL WAVEGU DE
AND METHOD OF FORM NG THE OXI DE STRUCTURE § PRI ORI TY DATA The present

invention clains the benefit of U S. Provisional Patent Mﬂl’fm‘mﬁmmﬂmllte“ al
"Nunber 60/310,026 filed on August 3, QO01, the disclosur

hereby i ncorporated by reference. FIELD OF THE | NVENTI ON 10 .Ehgopr esent
d.-nvention relates to oxide structures and net hods of form ng oxide
structures. Mre specifically, the present invention relates to the
deposition of germanium (Gc) and boron (B) doped oxide structures which are
particularly useful as optical wavegui des. BACKGROUND Ozmmmuﬂ 1WW 15
Silica based oxide structure or filnms are widely used in

i ndustries, nost commonly in the sem conductor industry. Moreispieeentl|y,
silica based oxide filns have been enployed in optical a ﬁ_lpipcations,

notably in the @XBPESERUGTHRE FSEARLEEOROPIEGAL WA EAND wavegui de
I ndustry, current tec m@%ﬁml R sl td I de 20 structures
or films are primaril ;Mpl asm chem'ca siapor@%%gssl’fﬁ%n (gé\/D) and fl ame

hydrol ysi s deposition. Both techniques suffer fromsignificant drawbacks.

For exanple, the use of Plasma CVD and/or FHD 'causes a substantial anount
of hydrogen incorporation into the oxide filns forned. Neither Plasma CVD
nor FHD i s conducive to producing a |arge nunber of substrates coated with
oxide fikms in a 25 given anount JRITY DPATde fil ms deposited either by

Plasma CVD or FHQ.tend to suffer.ftro QOr.-. U | t.y. Of active index and
t hi ckness even mﬁ%ﬁ?ﬁ%&vﬁ\m{’ﬁmﬁ?%ﬁm Og -ﬂ?&%ﬁﬂgalé’r&ﬁeﬁp £30R ot her
deposi tion tsedidmunter 6043¢0,026nfilegymdAngust Be2003 nihe chstinstuerofi widcls isrheréby
at nospheri c iﬂ&ﬁ-ﬁ@-ﬂ{:ﬁbg\@efeﬁ@ecvm . Sem conduct or oxide structures nust

many T 11'm

satisfy roperfies such as 1 ow stress, thickness unifornmity,
conformality, anobng nmany ot hengg; BOf BN Oor optical wavegui des

nmust al so satisfy simlar fil, X . .
10 The present invention relates to oxide structures and methods of forming oxide

structures. More specifically, the present invention relates to the deposition of
germanium (Ge) and boron (B) doped oxide structures which are particularly useful
as optical waveguides.

BACKGROUND OF THE INVENTION
15 Silica based oxide structure or films are widely used in a variety of industries, most

commonly in the serniconductor industry. More recently, silica based oxide films
have been employed in optical applications, notably in the fabrication of optical
waveguides,
In the optical waveguide industry, current techniques used for the deposition of oxide
20  structures or films are primarily plasma chemical vapor deposition (PCVD) and flame
hydrolysis deposition. Both techniques suffer from significant drawbacks. For
example, the use of Plasma CVD and/or FHD causes a substantial amount of hydrogen
incorporation into the oxide films formed. Neither Plasma CVD nor FHD is
conducive to producing a large number of substrates coated with oxide films in a
25  given amount of time. Oxide films deposited either by Plasma CVD or FHD tend to
suffer from poor uniformity of refractive index and thickness, even when formed at
the same time on the same substrate.
Another deposition tecbnigue often employed in the semiconductor industry is
atmospheric pressure CVD (APCVD). Semiconductor oxide structures must satisfy



_properties. O particular diffculty the silica filnms used in.optical
wavegui des arc typically rmuch thicker (up f,o about 25 um or nore) than
conventional sem conductor 5 filns, and this presents significant problens
“wWith high filmstress. High filmstress, either conpressive or tensile,

cont ri but esmény filed propertits Qich deansesy, ﬂhdem'css(tmobnﬂqh iconfonsalitgtamongnt al to
-optical wavegui des. Accordingly, new nethods_for depositjon of silica.

based fi | memanyeothersdBeide strugstcs ifQ!'lﬂPHFal Waﬂemw"é‘éﬂﬂ?@é@é@@ftﬁémf orm oxi de

films and f oration,
uniformi ni‘}‘cﬁ&h% %feﬁa%&?ﬁtgnﬁgﬂn un| ﬁl\t(‘ﬁhs negélg‘%?eggb Cl a ? when

f or ged on Lﬂypmﬁl&ﬁhusmtt&?&ﬁ(\% .to Bbout@5i Ipth ahgae)]hamcwfvgmtﬁ:]lcnhksehmoag%m@m ](c:al |y
produce _a r of supstrates goate oxi de nunber o

subst r afes @%&u@ac{%stmc%&fﬁa CRRtProRienys pith éigﬁéw §$fo#¥lslgﬁhﬁﬁ?=%f time 15
OBJECT AND StMVRRYpreksivEdE tdSNENGhEbhs (6N afidn depEAlieRElof (PDL) Wikt T uct ur e

I s provided corrpr|S| ng the stéps of: providing a substrate, formng a | ower
cl addi ng Ialydnhmcmaiéosmmwat@dtmm ng a set of core layers on the | ower
cl addi ng | ayer, heating the set of core layers to forma consolidated tort
| ayer) patterning andAesordingly, nemumetbadssior depoaition of slicadipsad flmstaey m an 20

i ndi vi dual féed. forny uﬁetﬂ%mum@gfcf&hﬁd%%Imrﬁm&aﬁmcﬁ?@

i ndi VI d hea ‘the set of upper,cla ers to, Porno a
consol i at e@ahl?}b'&aq‘&‘f’éﬂ'& ?F}%ﬁé%%P mcppozatioRyyifor ‘E°5 gf“% P 8ach ¢
i nvention, wanifeemi tﬂmlméssespespeaall)swhmfmﬂaﬂon the kamie substzaté. onvwould Agbdieng | ayer

on a substr e r wherein

a cappi ng c@lb ?e"l' aegorécogg %&ﬁ)?% a%:@i‘m%:ﬁ’@:éro g%&%&%qupessaﬁ&boron t han

at | east onﬁmmbeéﬁf@bﬁﬁi}@rcqakdtmﬂl axade @P‘SG%P relatiyplyrshort amguet cfonsol i dat ed
upper cl addiig. | ayer on the set of core layers. In a further embodi ment of

the present invention, an oxide structure is prOV|ded I ncl udi ng a | ower

cl addi ng | ayer on a s@gﬂg@m XY WENYPONON t he | ower

cl addi ng | ayahethad6f Rrmdk of 3 ed S0HrEsinythé fepscnsol i dated core
30 | ayer, wherein a cappin claddlng Iayer In the set of upper claddlng

layers i ncl povilingssubsaatoforning adewarcladding layep omite subspate, formingiakgt ofayer in
t he set of Eﬁﬁ gsent

i nvention aH&gﬁ%&I %fdtq iobrqwrrcll"%%ﬁg]ég 1431__@15 g%&%&eﬁﬁ %ﬂgerg{befg 'east one core
and at | eastomsnBdaighenre byel, patvening hmh:iclmgg thagemsoligated azdnelawe:ratb forapaor

deposi tion is,.proyided, charact |zed | at the st.ope core |ayer
o udedd bor B AR 5B TrmBE R S prpR iy Stutie SRRt g Lol o
internal fi héatigtRsse: oﬁtﬁﬁncﬁéladﬁﬁ\gﬁhyﬁﬁﬁa fotm altendsfinged appdr tladdinglagbraddi ng

| ayers includes germani umat a concengratjon Ievg17 such t hat éhe upper and

| ower cl addi ng | &/808heg A3ReRS qf the prassat ImNention; gn e¥ide HEIChIE ISTIPYIdRS | ve
i ndi ces. | n\RIANPINRE cBERRE lay oxfehﬁleﬁE§§ @ikt dﬂgéﬁﬁje?s{bn R thwyi de

structure is provided having a’l ower c | ayer Tornmed on a substrate;
at | east oneladdmg 1ay&98ewh¢mmrﬁe@pmgtcm lhmmthe M@ﬂwxg lqysspancludeailess core | ayer

i ntor et st PEgE B AR RS bl o Bt P ETP M A coiotaf i g

| ayer for medppet cldddingQayer bayiseydiens laysas. | east one of the upper and | ower
cl addi ng | ayers includes ge niumat a cqoncentration |evel such that the
upper and | ower é&ﬁﬁ‘?’g@h@@&n‘&mﬂrﬁ%ﬂﬁ‘éﬁ“&ﬁ{"la&l"P‘SﬂeéHBﬁ"t\J%P%nt refractive

i ndicts. provided including a lower cladding layer on a substrate, a consolidated core layer on

the lower cladding layer, and a set of upper cladding layers on the consolidated core
30 layer, wherein a capping cladding layer in the set of upper cladding layers includes
less boron than at least one other upper cladding layer in the set of upper cladding
layers.
In another aspect of the present invention a method of forming an optical

waveguide having at least one core and at least one upper and lower cladding layer by



BRI EF DESCRI PTI ON OF THE DRAW NGS The detail ed description will refer to
the followi ng drawi ngs, wherein like nunergls | S refer to |like el enents,
and wherein: FIGURE 1 is a cross-section viewof a nuffle with multiple
“deposition chanbers in one exanple of a CVD system wherein the method of

t he presentchemitalvapen depiitide iPsoiidedietaratteBdRin St the alesst oaScEetybonal vi ew
-of a substrate wiith a [ower cladding 20 |layer; FIGJRE 2B is a

cross- sect iinelades\tiozen a2 coneentration level dhat proguess sukstantiplly7ecpmterpal flmt er a set

of core |ayer 0 d he_ . N ayer
according t cgsnggd;%ﬁg%lp?r%n{ﬂg? u}fpﬁgﬁﬁl gggﬁt% ?ald%]gﬁ&ygﬁsﬁ;g &ﬁeégﬁ%q ‘g‘&}& %4 a

Cross- sect igjvabentiativh Pvel ieh Siabdicruppe anll lovedrichidamlg layefsleshiBit 25 2B after the
set of core |ayers has, been annealed to forma consolidated core | ayer;

FI GURE 2D isebgaptally squvalentysipctiyP dRFISSE- t he substrate illustrated in Fl GURE
2C after a set of nmski ngg&&%i ons h %hbeen forned on.the consolidated core
| ayer; FIGURE 2E i s aldFbRl éﬁﬂ’f’ﬁr?gl & RIERIGPVIatan.and oxids SEUSHIRiSt r at ed i n
FI GURE 2D afrbeided hevimpaioler dhatdidp tayerfohaydon habsthaent bashmd cotedayer ng a set

f i ndividual .t . 0f Is . €01 - Fl
o ose-sect | Bt ot By yektileuta] T dpia or B MO w goobifinadin, © 1
set of maskbatprodusensubstantiallycterr intemnl siaess of sidREI2yS; prd at leasbens sect i onal
vi ew ofygt hey Qpamcaﬁ%laiyu foRhEPS e kbre ThyekBhertin A idaSon® of &l uphertRBET

cl addi ng | rs.h eén fornpd over the set of |ndjvidugl, K Cores according
to one enb Wﬁ’éﬂ?‘?‘fﬁg lawefsa?fé@ﬁsﬂmwm ?‘tc?rﬁ”?q“%@dlﬂ?] isg‘%athﬁtr SYPPSECt i onal
vi ew of t heardUbetr dlidding layers extiibid substahtidByriquivaldht rafractive idtdceset of upper
cl addi ng | ayers has been annealed to forma consolidated upper cladding
layer; 11GJ RC 3 is a fBRIERDESCRIFTION OFJEHE DIRAVIANGESti ve steps of a

met hod of fiedetdleddesotiption Sl HeFéritd het (BRGWIRR Mrad@ngss @Herai like nGfietalsal
wavegui de according to one .
1 refer to like elements, and wherein:

FIGURE 1 is a cross-section view of a muffle with multiple deposition
chambers in one example of a CVD system wherein the method of the present
invention may be performed;

FIGURE 2A is a cross-sectional view of a substrate with a lower cladding

20 layer;

FIGURE 2B is a cross-sectional view of the substrate illustrated in FIGURE
2A after a set of core layers has been formed on a surface of the lower cladding layer
according to one embodiment of the present invention;

FIGURE 2C is a cross-sectional view of the substrate illustrated in FIGURE

25 2B after the set of core layers has been annealed to form a consolidated core layer;

FIGURE 2D is a cross-sectional view of the substrate illustrated in FIGURE
2C after a set of masking regions has been formed on the consolidated core layer;

FIGURE 2E s a cross-sectional view of the substrate illustrated in FIGURE
2D afier the consolidated core layer has been etched, leaving a set of individual cores

30  under the set of masking regions;
FIGURE 2F is a cross-sectional view of the substrate illustrated in FIGURE 2E

after the set of masking regions has been removed;



enbodi nent of the present invention; 10 FIGURE 4 shows two Secondary |on
Mass Spectroscopy (SIMS) plots of boron concentration as a function of
depth in a representative structure deposited in two successive passes
“raccording to an exenpl ary enbodi nent of the present invention. The first

pl ot shows the EHMGURBDGHsiaamodiatatonalaniaeaf ihegulshdtetilestarddn8IGURE shows t he
-concentration after annealing; 15 FIGURE 5 shows two SIMS plots of

ger mani um @badem saet BppsT gadding layetsibanbesn fermindipventhy sptah indbvidah corge
structure DOSI i : i ERN ccording to an exenpl ary
enbodi nent g%?ﬁ@h%?%‘r’ﬂe"g’sé‘m&f n%%ﬁ%#ﬁ?ﬁe fltljg > pl ot shows the concentration
bef ore anneal i nFIGUREtIRissoaosschegtiont] e wh thsebstatedi ndtraaidiio RIGETREr

anneal ing; 20 FIGURE 6 illustrates a representative, curve of internal
stress $n &é@#&h L6 P PP A e Peep ag*maglsé?quﬁ% a&Pl@S@IldﬁQ ng anneal ed
at 1100C f @ 3Q43l 18sernder -a nitrogen atnosphere as a function of the
bor on conceh?raﬁalg%}éit ﬁfetr’he elm FIGQURIJ 7 illustrates a curve of internal
anneal ed st r ess FiSURE Lisatficovehart th@t innludbs rehreeatativesteps bfwmethad ohave a | . 9

KA thermal .oxi.de underl ayers .and t hat re fopned 25 using 32.5 mol % B2H6
and 6 ol GoreiPa= SOt FON s St may g st o BT PatchFebriEe B ant i al Iy
| i near rel abRaskunPobgk Ent@eveBad; UM concentration and val ue of refractive
index for films with 1.9 KA thermal oxide underl ayers that have been

anneal 88 at 1108TCYRE Behowsniycelecprday lontMesg ShedrasenpyHENdS) Hots PETAI LED
DESCRTPT! t : - , T and
oxi de str %to %‘ecggg?n%%%%ﬁggﬁ%ﬁ%ﬁ%B%%?t%\%gﬂﬁa%g&gg%H{)(raovﬁgedan
by the pres@bisndceysive padses abeording tedpsemphiy éthbodimestafthe present i on, the

met hod generallyy c i Si t he steps of:, ovi ding a substrate having a
ower o] addrvigbny SR Bt PR e e SPertiiohbieamatiig et st ag 8. at op
the 4 | owBbwE R AdhaahBYPAfter BORLIIAE the set of core layers to forma

consol i dated core | ayer, patterning and etching the consolidated core |ayer

to fordfone or ABEYRENshavesiae SEMSaiots ghgermaninmmgnegniapensas alfertiiong | ayer

atop the o l.odl Vi Y s e r ' the present
i nvgnti on ﬁé‘%‘%ﬁ?%@ggﬁgy@é‘fg’g %}?mgg ‘@ﬂg%ﬁgcf ?Sggg%g%sg%&tsc%@lngftgupger

cl addi ng | ayexemplarnadbatimpnttdfehd prekewt iduaitionoThs firsapldt tHosvsuleper cl addi ng

| ayers are heated.foam a consolidated upper cladding |layer. O particular
ndvant age. (WECHERIOD AaEABRPDES 419 Hacpoih Pl s b FeseBlifeion Sbefe | ayor o,
and optionalshyamgddi tionally the set of upper cladding |ayers, are

preferably formed with different dopant concentration levels which are
sel ect 20el y contHIGURKI6 ilishates # thpresentetivsicueng of dnfteraek strpes inggananiimet/ or stress

properti es 4806, S0 <ANd LLARMNG AYSL Smelieh Q4 10b4¢ hS0daRgE! Ded
representative net ds Sof - Form ng oxi de structures that may be used as
optical wavegei asiscopiepnespirreads afendiondd thethouat uomesntiahian ircthe fildye made vi a
the representati s wll also.be described., Further,. experimental
results pertai nilﬁgﬂﬁﬁ ?ﬁglsﬂﬁ%i%?F‘équO{fQE@q?ﬁnqeﬁ%ﬁ&%ﬁém_§ fmetipg p ill be
di scussed. thipkfdsSeHilhsithdthavd 21 9 XKAAh&riRS 6xi86 A deABPdrs ¥iPBatOTerd forskd | €
having nul tipl e deposition chanbers for an Atnospherjic Pressure Chem cal

Vapor Béposisingot?.- ¥ met¥op2H¢§ sedhrmoh ¥t Golld repetantgesest anddeposi t | ayers of
materials on a variety of substrates. \Wile one specific exanple of an
APCVD systemiis showﬁqqmg,ﬂﬂ‘ﬁﬁs’és e qehstangaldy kinear redatioaship Ppwsennt cvD and
_AF’C\/Dt syst t@ﬁwrm{lﬁem}aayﬁ gind ﬁlﬂ‘cadf{ryfraﬁﬂy@mdcﬁ i ﬂtHAE h@nﬁl 19 kA fiRrslese ntcv 5
i nvention. Furthe e od is not Li 0.at nospheri c_pressure
syst em oper 8% ,c{eyﬁﬁaﬁ)#ﬁ”ﬁa@3’5?’?3%@%‘5/“@&%%&%?§§8Hm§§s 'I“c?\ﬁ’%&%gsur e CVD,
pl asma enhastmedpl@d, and the |ike. In operation, substrates such as, but
not limted to, silicon substrates, silica glass substrates, and GaAs

substr &bes, nay ent er DETAJARI/DESCRIETION OE JIHE INVENTHON ance 10 of the
muffle 12. Aheethotbsffonhing ahloeiderayctiepmded oxfdectrgttuicartidulasly soiesdbisi ti on

chanber 20, _second deposition chgnper 30, and thi.rd deposition_chanmber 40
of the CVD ?}QP@?#W g eéﬁfr%"%‘g%@ﬁpéﬁseweﬁ%orf-oﬁﬁﬁae aweetiof theypst r at es.
The substra Kk ; £t este20, 30,
30 of the M e o Y e S po Bt ra ARl e

pl aced at thavimga foxee eladding ldyenén thia eubstrhte] forrhidgarsdt dficom lapers itop the
substrates may be renoved at the exit 60 of the nmuffle 12.
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To formlayers of material (i.e., filnms) in each of the chanbers 20, 30,
40, gaseous reaction may be introduced into each of the chanbers 20, 30, 40
t hrough gas lines that are not illustrated in FIGURE 1 but that are
--connected to each of the chanbers 20, 30, 40. Once reactants have been

i nt r oduced loweraladBimghayer, heatixipethe calbof caraddyesno @ PeapssiRiAteddretliverpr oduct  of
that reaction may forma layer qr. filmof material on the exposed surface
of the sub®Bitepiagepdetching thagonsplidaied oons [eyse iioanisas obmon ndigidednveyor bel t

50. In ord 0, r f : [.and to

al l ow for gserﬁéfr ﬁ%ﬁﬁgﬁaégﬁ P ‘%gag [ "52?%? %mg@%:euoi}’%ioﬁ&%g%ﬁalg?d]{%Lée}’?%shzﬁber s 20,

30, 40, setfothér edibiodithéis of the Presenényenetbethe byerpbdding¢nedmagbeeen t he

chanberi 20, 30Q, 40 and , .pl.enunms) may punp inert
h

i nert s lines_80 (i.e., .pl.e p
gas (suth &8MRRtsdsiaset ofvgpey ERAPE S f@églecgﬁ%mmﬂéoasa%e% 20, 30,
40. The | NGpherGRRIdInRLER k¥ hthforh HRHANALBE ufHk LRkASRe [eAR | Nfo one of
0, 40, th g all of th

t he chanbers” 20, 3 ereby forcin e gaseous reactants to

remai n i n tphaicelanadiantage tasvillive descrihed ipalstad bslovdatbe asttof covedayeispaudoduced.

The inert : r ts e remved from.the chanbers through
exhaust. el iR AABERAN GRS BB boel BioFe LFEREE ploSRM, PEmGA MR C

descri pt i odiffidredtitiepadt lcthfdenritiondevidhs ¥MEh ayStiRbtivedy dontdlled 18 pbvide Pat ent no.
4,834,020, the entire disclosure of which is hereby incorporated by

refereb@e. desitsdmeRacine ndex pnd/er sizeserropatests de qosmard dladding layerss substrate
100 as the q . Of rent Lye met hod
of the pr ol MFbe Ao ES el liltholias SRR ol sERHERE M Py

r epr esent atbewsedas apticH twaveguides. Repreagntdiive wsid siactares that candle e &pui de. The

substrate 100 may includ or..exanpl.e bate silicon,. silicon having an
oxi de | a_ye?‘het WBF%%}H?“"QW%MS-‘V”&EH%&ﬁ%ﬂ‘ga‘%? Ry PREGTHS l?:lube,s{héﬁny gl ass
CONMpPOSi ti OfpertdiRthgad YheGhaterialfadealin Gle oRffetribtinel walk bél@isaiskddct ures my be
fornmed. The steps of the representative nmethods di scussed herein may be

h . . .
conductéd in an FAGERE Lijlusteiesescressmertgnal vew ob a guiffle baving multiplet ed i n FI GURE

1 . ‘ . : . ‘ { _
I GURE 2 ieBSHitn GHRPEHH AR KM Protiurd Ol VBB Bolor s P oy
cl addi ng | ASCVINystem thatffiayrbel wagdto, deporitrieykrs sfanstenials dine vhristeof cl addi ng
| ayer 110 be a.thermal oxide and/ doped with .a dopant such as,
bu ot 1 bRy W PI8 speRiis SR 1A ALV SRS SRRSO Bt he | ower
cl addi ng | aygerstob tiER BtheLHBesoATMID REE APOVIRARIAR A HAMpIBR 1o tdig | ower

cl addi na | ayer. may, be deposited by, CVvD, however in the preferred enbodi nent
the oxPle I%yHe mihed efihs Rrspendinvadiong é‘F‘E%ihEWl‘i‘%"dtlﬁé?tn‘H‘I“F%ﬂt@r own by wel |
known t echnjugugheric ;%rm%zé ewsy%ﬁadge{sﬁoh,%e otk & sTERY RS, BelsB® Chef s any

o e

desired thickness. The thickness | ower cl'addi ng 'l ayer 110 nmay depend
on the par tlpwpressurg VI cplesomenhancadf{eVentrddhedde . t he | ower cl addi ng | ayer

110 has a thick . U i el y. 15 41 crens, Even t hicker | ayers
may be used, bu332°§6f§%% @“‘%ﬁ’a@%@s ’irgc%& P%’t)r%n?lge&rp&rf%hc&gﬁ‘él?%rﬁ{%ff sﬂg‘ée formation
of thicker glaystbstiamdesidGaNsaubsthes) mieentaltha APAYD Fyrn thiigh thepr ef er abl y
fonned_hy well known stang_ﬂﬁrd oxi de growt h net hods heati ng the

e g.
subst r #Pe 1@@5{&?%’_&0@1%% g eyl a?ﬁ#ﬁ§ﬁ!?érpé9ﬁee‘_§)m%@’éh%§ﬂ vely may be
formed by depesiibh AP S 38£hd ANt chbiiber 0! arld (Hhd Bhokifion biEHEYD Pr oCess
di scussed above. 10 To formthe core layer in an optical waveguide, a set
of core | ay¥rof thoOVAY systeoy whete tayexsiof atatgyial ey bofemed bmthgisnbstiatey.eThe FI GURE

2B is a cross-sectional,. view of, the,substrate 100 .|| a in Fl GURE 2A
after a setsu§fm§%§r%n? LS "l‘ﬁ‘ffdﬁlggg%%tg‘ﬁa%ofwgﬂc ﬁ“?%%ﬁtﬁé&e‘toe‘%dé%di ng |ayer
110. The sehufffe I2tyea &@y?oi bd2 80 A WhivhThY sbSeat@ mabd plidet at thdicktrddal core

| ayers) Any nunber aof in conprise I S the set of

ividual . core |ayers mm :
core | @fer s10igighe muflle Heand fzom high the %’@Sé@%séﬁ%%ﬁ wpovetbat dbesewitedd afhi ckness
of the fina}.qxsmopsol idated core layer 190. In the exanple shown in
FIGUR); 2D, six i1ndividual core |ayers nake up the set of core |ayers 120.
The i ndi vi dual cbe forindgearsofiBaterial 40s., fllmsbin, eadl66f thd Fambersa2D, B0, 40he set of

core layers_ 120 nmay. be oxide. |ayers.and be.forne sing the
cubstrate TEBCOREEGIRGRE DmsB R iD PR ceiamBhrE oot BB M e cr 4 cvo
system such as the system di scussed above. For exanple, a first core |ayer
130, second core layer 140, and third core layer 150 in the set of core

| ayers 120 nmay be formed during a first pass through a CVD system when
using a conveyorized CVD systemwith miltiple chanbers as illustrated in
FIGURE 1, and additional core |ayers (e.g., a fourth core layer 160, fifth
core layer 170, and sixth core 25 |ayer 180) nay be formed or deposited
during successive passes through the system In an alternative enbodi nent,
where a single wafer CVD systemis used, the individual core |ayers may

o L T ) .




The representative individual core |ayers 130, 140, 150,160, 170, 180 in the
set of core layers 120 (and all other oxide |ayers discussed herein) are
preferably fornmed to include germani um and/ or boron. The gernani um may be
~used to control the reactive index of each of the individual |ayers and the

boron may @ﬁeyﬁﬁﬂuéﬁm%ﬁuﬁﬂﬂﬁ%QFﬂfﬁﬁEHﬁhﬁﬂﬁﬁhe%&ﬁﬁaﬁdhﬁ%@ho%ﬁkh'” each of
the individual |ayers. Dependant upon the refractive index val ue desired,

t he indivi dbahbasl@ J0adbrOnE3esctanthave begn inBelucddip, aC’_hSmbﬁmatChmnsdt of core

overs, o Bl WRER Aol el OB R BB

bet ween appi¢idleh SleyexBot Gurkd e WEHBUbRRQBAL] m@f'ﬁg maegtpmsremdber pged. 20
When choosing tire boron wei ght percentage of any of the oxide | ayers

di scusséd mes@npeyorpeltéPf ect of the boron. on the chenical stability of the
| ayer shoul d be qs:ﬂ e h rcent ages
of boron (e.g ih g}&ggtoalg%%gm ma e?&ggb% 4§m&eera£&ﬁag@@hag\ré§étguétwa§&render an
oxi de | ayersep}jmm:haiubyl ramibmmbccwm aacﬂapnédtefdhmabéryzo Bi0gl40, setalof ent

condi ti ons, de t han a 0X ercent of
boron may I5 ﬁ{gg‘s’g'rlt?sm?e‘f%&’%q“gﬁ%c @Ey%‘?a‘t% Ifpn‘stthe surface
of the oxi fé%s ltﬁééq()(léablch&n W%gtxﬁeﬂ Eé (M'a@ﬂitro%&pq}%dn%&heﬂlﬂe is a

reaction that is preferab avoi de form ng optica vvavegw des and

oi |'i er 1Bxi detwn@hq@mersmweﬁ:ép Themgﬂtgaﬁaerpwelhxﬁg%thmugb efirigisdve 6% ar e
often desir de

| ayer. anc@%}nﬁ 1&8 ngg{%g?m% q’]lgtr)ﬁdc?ta e%?&é@%fn?%ﬁﬁtﬁ@g&%&gﬁse tlgﬁhté from
reduced i ntte mﬁm irf ihe chahbeesmto wiichl éhel gayeans raaaaxttamrengtwﬂnced t 'hl&nnert

approxi nately 6, we t percent of bor rotected from bei ng exposed
tgpant):(): ent g@%ﬁ'&ﬁ?’i‘%%s‘ ifsm\ﬁsh‘@% GW(‘:(B‘PE%‘BNBK%%‘M’I%EV&@“% a‘c‘,séﬁfﬂtlhggl a§2r :)
may i ncl ud%tt%én&hmﬁn@ew ﬁmtmaerxC@.%oﬁfdehgé@alesmﬂm%\ftﬂeqtluﬁf&w@' e, be
formed on to‘?ra one or nore "other or gam 1La yers that contain nore

g ¢n

t han appr o YRsestgmas foand in USePatenitnoot, 9(36#) ige dinelemue blawdiicl isCVD syst em
is used to | ayers 120, the 5 individual core |ayers
grown in tt%lgp‘{b?r ‘{L?%ﬁ%n%gi eg elg';ned second chanber 30 may remai n under an

i nert gas at nosrﬂiétRESeZzg-?.H iHustate ogaectiomlsyiéves &)a sabstragy/1 (deas'tixapped” with

addi ti onal ers (ﬂ) ef or eX'htth hofr CVvD s st.em %hi tt? ers grown in the

t hird depossi e %ePS REeRTFEP Rt PP §eli® PESnd the sixth

core |ayer jA&Gtion offﬁ@tﬁé 2hExi bR Te thérBdh, TBie reprb@aRtvé SxidettRiie condi ti ons

upon exiting the 10 CVD system Therefore, layers grown in the third

deposi 20on BrabHEsed 29an ppicehvavegrBedi ment cal | ed capping |ayers typically

i nclude | ess borgp &Bante ldoqffaﬁj dlﬁ&é f&eegl%bfee%ﬁh&% s:hk%?ﬁa ViligR@si tion
chanber 30

chanber 20 and/or in the seco eposi tion re specifically
the third coude llamreher.a_éiﬁ agynll-¥i conipoumst, eny Hyrcotpowwd, kivy glass aodposiGors bor on

concentratiQ h re ) m cal | tabl e n the nospher e,
whil e one Cﬁnq,%}fg ggf?lhéwﬁf h&y‘&(ﬁﬁ% e%‘f@t’% gﬁ ¢ SIFRF © g%'bor on
concentrati xeprewmathemmﬂﬁs&st:h@ecehdramta?)beeh@dmeahﬁ ¥ zémewmaéyetcnh anbi ent
condi ti ons. Chem cal I y,stable is us d herein to nean_the | ayer does not

f or m s@of acumlaytoihs deyisediusiatid dmf & @r pany fthes VI system or at
| east sever@l:ﬁngﬁm;ngogggg MRds the layer is not 20 hygroscopic, and
generally w contalrn-l ess than approxi mately 6 wei ght percent of boron
The one or nore BGURE2AtHecrossstictiomliviewed the sluh;tmtesw]):mﬂl dWiver 160, 170

i gt por comergs i o8, SHRERE e i OeoE. The Bkt BoafBY Rere” i he et

of core | ay@Epbé & tHeaRB dxGRbnA/dr Sa) bk d6pedi vitad d&pamesuhmsebﬁt @ liRed td) t wo
passes t hrough the three chanber CVvD 25 system shown in FlI GURE 1, the third

core | @fer 2osmaniym apdboroere dpthe aétyetaﬁm@hf:(lewe addinereyes 61 @magye®ay i ncl ude
| ess than he | ow
stress advg%?{a é,jf’% %ﬁg?ﬁ{%dgggéﬁt%é%?g% dlgg{??&fg%pba%fg&lgﬁl Elcont ain a
hi gher bor o@VEphowener &t the prefaral elmbodmmérmbcmya)exarmhamal otide lagérude nore
than 6 wei ghf. percent .boron usual | y .bet ween approxi mtely 6 and 12
wei ght per c‘é&%ﬂ t% ]S'r%hWﬂEX/gﬁ hﬂ?‘@“ﬁfl\e/ql%’fcébly, one or nore of the other
core | ayers 130, 140 | 60, 170 include between approximately 8 and 10

wei ght percent of boron. however, the weight percentages di scussed above
are not limting and other wei ght percentages nmay be used. The key factor
is to provide a boron concentration in % he i ndi vi dual core | ayers that
provides the desired filmstress properties while providing a capping | ayer
with a chemcally stable |Ievel of boron such that the structure does not
beconme hygroscopic during and/or after processing. FIGURE 2C illustrates a
cross- sectlonal VI ew of the substrate 100 |IIustrated in 5 Fl GURE ZB after

- . Y o A NN o o [ 1 M




20 The consolidated core | ayer 190 preferably has a thickness of between

approximately 1 and 6 m crons. However, the thickness of the consolidated

core layer 190 is not limted to this range and will generally be based on

- the particular application or requirenments for the wavegui de structure.
Til e thickness i 00 passes

t hrough a Cvp sﬁ?gﬁ]ﬁrﬁ%évﬁgg%n%ﬁgmlﬁo@ﬁ%}d ifﬁg%t‘gg%segg@ gl&{eﬁéﬁ]}% CVI ~

syst em hothickmes$s ofghelowst claddinielaperi ltl 8 dndyydepersivmvtbe pirtadaripylicationold or m t he

| ayer 190, and the like.  Dependent .upo he ron content of the individual
core. | ayer R embodfngie. s o alpdaing VR g S o R BRksR Reb P Pt

tenper at ur 5 ehiQeRd), EvdnehidkieBlet s HayshARe €At SloBBhlVaniesliaR 1aRhtioa¢cording to
certain enbodi nents, substantially elimnates internal” 30 stress within the

consol i dat eeneradlyemikedormstpo. of Badksulayersimdgsirablei She loweholrddingtayers 1@uri ng t he

capping | apareiay SRRl keI Rpet S RO S e T

structure eibstrhe 100 @aédta steanestoxgen dth&3ghereR br bhtdriisivebtasy Be ftReShsect i onal
vi ew of tthsub_strate 100 illustrated in Fl QURE 2C after_a set of

maski ng r e§FRASEIODGIOGessES Bb s Retdpteditndhe G DLpreeRst dgcssrdabouger 190. The
set of masking regions 200 may be fornmed fromany material known in the art
to be useful for patterning substrates (e.g., plaotoresist), and by known

t echni tues. TheTodetu thy cordiyen & &0¢pticelywaviegnidd@ sasafdtotedafas idGdre 5

i ndi vi dual .cores 210 il]Justrated,in Fl A~ GURE 2E il lustrates a
cross- sect f%ﬁ’:&ﬁ O 9L RroBit ?ﬁgegﬂﬂ%%@ger%ﬁjﬁ 1S ACERSEFUepR Y 9D af t er
portions OfhelduBsieAN$00 jlldatRel i6 FIGURERN afle?Q sBifRoRaBRreI 0NRE bavey, | eavi ng

a set of individual cores 210 under the set of masking regions 200. Any

et chi ng t e&ermedva thaower pladding layer Ity The 5696 gote bavernigl aressmpeisediohor t i ons
f the 10 i dag: , g
of the ﬁﬁjE %‘ié___ﬂlL Flﬁm’u 18921199{&%)}&53(% Hefof 19?@1&1%&%&;,:%& nisagggfﬁ dual cores

210. FI GUR strates Cros -sec_tl onal view o trate 100
i |1 ustitat eths sst oif @ce RFerd E20,fand genenmlyswiil tefgomersed bygthe dgiimd shigh@shafs been

removed. A hod br i n_the ot renoyi mas ki j ons 200 may
be used. FF%\%tl E%f%s?@geerdactoéeshéerg?@)’s@-t@%Eyﬁnaﬁ%ﬁ%\)'fﬂe%ﬁ(?'%?%s5"5st rate 100
i1 ustrat eghdividid cbleFelirs Rkely @€ s& of Bbre Myetipel THeAfdddal RYSIEFer220 | ass
been fornmed_over and around the set of individual cores 210 according to

one ennbodil 38n#00}>5G: A 60,0178 k80tin the\setrficare layess 1) maxbeexids leyespedmarnt, t he
set of upp i : i ! t yers 120
di scussed g%g@gﬁgﬁ l’]%gégn?@’@é%g%ﬁ%tc&ﬁ%%%ﬁlj x(ﬁ;w?reh%;é?&g dtg?rﬁ%&?%%ejrog 220 may
be depd@it 88, 44 effe ENDGyvEIs yeshasthasystem aisciissed wizbae] Goeexatmplepa fishnt ent

cappi ng 20 Lng | i 1 1, t anbi ent
condi {1 'ons S 1280 o RYIELE 14008 oL SCRIL 80 A pE Rl IaR e

upper f cl addEﬂg?alygigébﬁnédl”thirmga)ﬁrﬁtlpaésuhimgli gﬁé’lDl @grcnnwhﬁi whig gper cent agesl. TEe
set of upper cl addin ayers 220 al so, i ncl yde germ aniumto control the
optical pr 6B’éYetyPE§°d(€V_b.%’StF’@f"i’lﬁkﬂP}r‘T]g‘ﬁleic EF&WSB%IT@FFE&%%%P Fgﬁ“ﬁ@p‘e?“‘ﬁl addi ng

| ayers 220 43d@iofifllco 5y&§{e.g4@afﬁ% dére B3R} 1 @2 A RBrel 1y 370, 438 Gk Yord hat the

upper and Gower claddinhg layers exhibit s tantral [y sirdilar refractive
i ndex B opéayter ¢80) maybe foancdppispesited durrgsucodssivie pasges thypegh ihEispstem.

consol i dat er ¢l addi | ayer 230 | ain between approximtely 4

and 6 wei gﬁ‘?a’%gﬁ?g qveoefndbé)gﬁﬂ%ﬁi“ﬁ}?fe W%@%’é‘tﬁrm %Ste@bﬁs"tﬁﬁ%g?t ed upper

cl addi ng | aydividdaGonelyere Aaflisticcagpleddepasiet in mdived@htepositio e sepsih a30

germani um Li ge the set of core layers 120, the set of upper cladding

| ayers 2205 6% med by processes other than the APCVD process.

Accor ding 10 Cerd il AR She SRR B cHRAGHo fhA0! BYAENEESof he ©.

t hose | ayers forned iTn t he af@ii?a‘r%a’l % posi ti gn C é‘r’r‘%erqg#man rﬂ'C,%D sgll(st!th%r’r) may

i ncl udd0| eserenand diddingdpysrowithdopsnys sgclwibiatthe core ud leddifig layersexiuhitor der to

assure chem cal .stahil.ity under anmbient conditjons. Accor.ding to certain

ot her gnbo&ﬁ??gﬁtfess,d%flﬁ@l%%’ﬁﬁmﬁcﬁi WBY)%P%E’?'a@dﬁ '5'“13&3’8&‘ IFrﬁVdjﬂﬁé‘%GB%“! oss than

appr oxi mat elhictbinyRiciithe AR 60435 oPdnnbQEPRyerd NEhe BeaRGhas AlscovetIBRdi at e upper
, those | ayers fornmed bel ow t he cappi ng upper cl addi ng

cl addi ng | ayers é%.e. i . | T

| ayers), orvapiee Beheronongentiptign iovel by e laysiprevidpsts thpphiliy it iitee\the wei ght
percent of boron and therefore nay be used to provide enough boron to
produce a substantially internal-stress-flee consolidated upper cladding

| ayer after a heating or annealing process has been perfornmed. According to
certain preferred enbodi nents, the capb@d upper cladding |layers may include
| ess than

J




10 approximately 12 wei ght percent of boron or, nore preferably, my

I ncl ude between approximately 8 and 10 wei ght percent of boron. FIGUR ; 2H
illustrates a cross-sectional view of the substrate 100 illustrated in
--FIGURE 2G after the set of upper cladding |ayers 220 has been heated or
anneal ed t gnbBAYian GREE WVeRARAs bR rafidAdHiNEng SO Icovd botheik §d.y to the
. heating or annealing 15 process discussed in conjunction with the set of
core | ayerpositp@) andicaniesspiesbe. indgative) Llor Hressey.e Minigdzing s fHwatriessgn or

Fhor ade el PRl whBhide St B R Ak Al i BOGh TR s " 250 ™
appr oxi Mat By LAGravite JhRAG Rita@B REOHITOVRI N6 BAnaticBYE Bs-defibe anneal i ng

may be perforned in an environment such as, but not [imted to, a nitrogen
20" at nospher e ofdditiepdbyntermpiphis peedms adepant ¢thigdfimpaels thegpBactive 20 are

anneal ed, LON- M el Lf & I t
consol i dat gl 3’38%‘2{? lﬁ(llzxing}a%ﬁ%e{tge;lg({c%gﬂa%g&ﬁrgr\?gﬁ%gggyg%%%gﬁa%@b I nt ernal
stress puresmzaitritionidie] aiegdriadsptipaefactivAdaier F 1@ liyer.CcaEiading embodi ment s,

the lower c¢ladding |ayer 110 and the_consolidated ypper cladding |ayer 230
may incl udﬁleé’ﬁiﬁFB‘%P pihis pllovisane ivErgrep onsl battomesledding Jayergichani um

Accor di ng &gu'a? GitRtaRt m@[@ﬂ?ﬂh@&%&‘lmﬂafbﬁ%ﬂeﬂy@f T‘ﬁﬁZ‘d‘g’f 9 dn@¥6honk 10 and

t he consol idated upper "cladding layer 230 y 1 nc erent wei ght
per centtigesladding aymsraraiof differehtongeriad andfer thivksesses. addi ng | ayer 110 and the

Cefraction. 1 n ek aenaL iRl WG LRRR AT, 76 ki @' oo ©
consol i dat gst of ppreayess roa@sd ﬂ%ﬂmﬁ%ﬁdaﬂ@ﬁbri@kﬂ@ﬁd@e&‘iﬁ%@%‘ﬁgcﬂ%ﬂb@ﬁs, or even

different materials altogether, and therefore may inclu di fferent weight
per cent age&orBred feinglidr grmaniim aor-horqn, chhe geamapiug sy deivsed @ cepfiflval ence of

| ndi ces of g SLEARHE Aox b cqch S A RN 0L 1t e BAFRCHRALEq Bhe upper

cl addi ng | ayer may have a thickness o ween appr oxi ely 10 and 30
m cronsy Thentoo e inwyml stresk Llevelywitlialkedoh of diw ibdividaal laymie xXDeffendaft npart i on t hat

Is greater ,t hap the.index, of. ref.raction,of the u r d addi ng

| ayers. Ge#f?a‘ﬁﬁﬁ?ﬁvﬁﬁ# &g destirefy H}gwéil)‘falC?rg%Fpstplg&Oaﬁbﬂé%&\g?é%ﬁlbhcrease
t he index @80 tiethe a&ttdf @BreQéyetNE20004yEhd foyfdd o Indhedraipab @pproxiathaes0 f rom t he
i ndex of refraction in the cladding |ayers, and generally t,he(%grmani um

concent r at WOight Rercent eeppEm,y Bowigyer mpeh lpyyex preceniaggpoipgerenivy (85 wei ght
percent.  example between approximaiely 8 and 12 weight percent) are more commonly used.
20 When choosing the boron weight percentage of any of the oxide layers

discussed herein, the effect of the boron on the chemical stability of the layer should
be taken into consideration, since higher weight percentages of boron (e.g., above
approximately 6 weight percent boron) may render an oxide layer chemically unstable.
More specifically, under ambient conditions, an oxide with more than approximately 6
25  weight percent of boron may become hygroscopic and may therefore form crystals at
the surface of the oxide layer that is exposed to the ambient conditions. Thisisa
reaction that is preferably avoided when forming optical waveguides and other oxide
structures.
However, weight percentages of boron above 6% are often desirable for
30  reducing the internal stresses within an oxide layer. Hence, in order to retain chemical
stability while benefiting from reduced internal film stress, oxide layers containing
more than approximately 6 weight percent of boron may be protected from being

exposed to ambient conditions by one or more “capping” layers. The capping layer(s)



Al t hough there has been m-,ich reference above to capping layers, if the
substrate 100 renmai ns under non-anbi ent conditions after passing through
the exit 60 10 of the CVD system and if the substrate 100 is subsequently
-re-introduced into the CVD systemto form additional |ayers-thereon, only
one chem c = VNG LS VY=Y 5 i r may be
needed, sﬁﬁ&g”%%%gjfﬁéh z}nﬁ)&‘?&%\ﬁﬁ%ﬁ&%@ﬁ%ﬁ%{ gg%fgaé{riﬁr‘g’gd e&ga o%(ﬁlt he
substrat e 1@poilvec ommereiofmstcr ‘tcapped” baybis dt canaih momerthiat approxineidieé wor ds, a
cappi ng Ia¥ﬁr goes_qoh need to be deposited every 15 tirne that the
substrate TOWPLRFFWIPRROTEYD system if the substrate 100 is not exposed to
anbi ent condi ti mmshkelBaeb&TVD sieéH inedd tPfokh thedeVbfcRrd Bfergdoh tieonal | ayer
deposition, Logistical and economc factors often nake formng a capping

| ayer eVer individeal corgtlayeregrowndn thatfisst thumbesti20 and spsosighamber iy ef er abl e. I n

addi t zon t e j scussed abov. ny and/or all of the oxide 20
| ayers (co?cé%lg}lgfl%gi nét?etn sgtr?]oespvﬁrgge).g.ﬁ?gﬁage e P'Séagxgﬁeﬁlomgiyg% formed using
al ternat e Hesppedswitlnadditsdabligers baforexafingathe GVDVs seibh dhicnBRts @bwhhe present
i nvention gmdigg\aer head" sj n%l e chanmber CVD system (wherejn a_ shower head
type of ga FRASHISR © %‘1 i*dde-gnBedhirtienre a0 ane GigaSeh cers 1aveF eact i on

chanber) mayo BEFMARLE 2 RNREWS S HOWESet D8RG dth R RnEOAIRRS %téeérﬂi i's used,

the shower head gas 25 distributor may initially deposit with a
hi gh we® ghCVd2systam.afeerefords tayers ggomh indhe third ddpesitioacthambaridfebghist t he | ayer

i s approached, .t he beron wei ght rcenta f. the sypsequentl|y-deposited
mat eri al nﬁ?%ggﬁegﬁ%a?lggC?pémtéﬁ%vgzﬂﬁ?%%"&@f‘gellﬁssé’oﬁ%’i ‘ttﬂﬁgaiysrént in order to
fonn a "cadppadired porhé Fiesh depb3ition Chaibed 30 RAd/bi @ MhdebdRiCdepoditien cHadet Vi ng
portion of _the | ayer and enhances the chemical stability of the entire

I ayer 30 aéot he layer exits the reaction chanber and becones exposed to
anbi ent -condi ti Qisre shdaiftdll, thy Mk UreTAvh 50 odd Vit 86:R 10RY 0 RAFinERIL | ONS Of
varyi ng boron concentration as opposed to discrete individua ﬂnayers.

Fur t hetS i n atbioren combentiatiem whichendetsrthe lagigreherniRally stehle mgthe eppaspkeref varyi ng

boron conceptration_ate formed in qne ch er. anpd/or in one pass.
FIGURE 3 il lse {raredory ?ﬁg%tﬁgr]{l&iltvwg?ﬂﬁﬁ%ﬁ W@g%“@%ﬂ%‘b FULERTHIOP e st eps of
a net de ofwHicH ®hdgs &nigsﬁmw@) %he}fmﬁeﬁWmlstabRtin mbieb&oyaiﬁdnsasc&nﬁm%ol@m i _dfe_
according to 5 .one Qdi nent t he, present invention. Step specifies
provi di ng étagff’d%f'eét Tetmtodgeathe {apienloshactiiprm urfags wRystgl defsciy Whsn ¢l addi ng

layer on tRensieled sdbient AhligbRAkor Akt sdvBRl BHPS il Sthér WEs 1R 18P} ed

al ready having a lower cladding |ayer fornmed on the substrate. Step 320

t hen sp@ci thiyeepseapity ang ganeyally will ecpiain less/bam approximetelydfveeight pestinhef | ayer .
Step 330 s [f1 ' o) T r i dat ed
core 10 1 apares t3 SHEH R b1 OF BRI LR LIRS, (Gt e
core | ayer mhay Heosheminally ndstuble maly incdude mdst épn AR osipatly 6 esighopertengof set of

upper cl adding | rs.ar.ound the individyal core._ Step 360 specifies
heating th °§‘g’r %%/f%ff%yerméi?‘%ﬁﬁffﬁ’ﬁ_cﬁ Bfreé’H’FEF Lﬁﬁ?wgc%ﬁﬁ‘gﬁqsilﬁ%‘{%%“ﬁ‘%per _

cl addi ng | a%hQix infividiEPEdre PlycRERMddTE Bir& pedsQRBEH QE MREL AaadeACYH t 0 vari ous
enbodi nents 15 of the l‘Qresent i nvention. The foll owi ng experi nental

exanpl 88 arstpmahpruein FKTURE (14 the thixd core Jpyer J 68 ard sixthyeorerdayead 80 fb¢ i nt ended
Hss . PO
to fimt tQgﬁ@ﬁg?@gg&;ﬁe}%ﬁ%eﬂid%ﬁ%gkhah’léﬁ&tn%@%&g lﬁe%} ié?%em G ONRR gl 20

Met hods of nventi on Wer e ear ne Fmoxi dé Structures.
I n this exgnptide thellowottess abieintaze ds vibercopt hyed 130 140,060, Eidswidlmoafairt he t ype

illustrated.i.n FLGJRE 1. Bor.on dpped oxi de | ayer re deposited CVD at
| emmer i ur SIIER BBt RERR UL SRS DY SUBPEALPeRIS RO B8 &1 ur b of
about 430 Qvéi@&t'}ﬁrd&ﬁﬂioréﬁﬁI%&élbsuagl'?béﬁ@%&ﬁpf&ﬁ%a&i)f' %ndan \#Big/lﬁ%@r&ﬁ'btfai ni ng

source sucl a as oxygen, ozone an
30  boron. Evenmore preferably, one or more of the other core Jayers 130, 140, 160, 170

include belween approximately 8 and 10 weight percent of boron. However, the
weight percentages discussed above are not limiting and other weight percentages may

be used. The key factor is to provide a boron concentration in the individual core



- 25 the like, and a silicon containing reactant (R), such as silane and the
| i ke, are conveyed to the substrate. In this exanple, oxygen to reactant
are provided at a 75:1 volunetric flowrate ratio , and the total
‘chezxiical ~lowate per chanber was about 50 seem To dope vvith filmwth

boron, a blyem ’d@@?hﬂhdﬂs Mige &RHECHIm btrest Priopertiyawhilepraiidaipaneppi %ﬂd@)awas
conveyed to the chanbers at varied flow ates dependi ng upon the 30

concent r at wWith asheninely s@blsilevsliof bpremauchithaitherstragire d@e$ n¢ttb§9¢ra@ es two
Secondary ﬁgﬁ pl ots of boron concentrations as a
function 0#9%3%@%% % g%g%gg({%%@&é structure or film before and after

anneal i ng. Cur VEIGUREAZU’ullnﬂf&es&t(&m-sbctmnalsﬁaﬂpf tmrsﬁlwtﬁatealtﬂ'(l@]lusmia&e% and
boron_concentratjon in th represent ative f Im

;? lt lef tﬁ]epélfg@ﬁﬁeﬁ% %@w&%@m kyers4ro laaSth%@m@rsla i hegtierstoderand t wi ce.
The 'argerc&%foﬁﬁté@PJr@%@ Pod hﬁxe%@&ir%rﬂsrslﬂliéﬁiméﬁr% Wgsé g?ﬁﬁﬁ’e When reading

the plot fiom t torlgt you see en 2, then 1; and
then pass donsolifaedesre Byet Hmay inhinde heatibg thengt dsﬂuera‘llayers 1zih‘mdqetw¢m first

deposi tion_chanber .5 osj 1 ed oxide. fil th 9 ~ boron, the
secr:)ond depB@?’t’Wb‘?‘f‘tﬂﬁéaﬁgﬂd H@ﬁ@?ﬁf&ﬂlﬂﬁhﬂ%@é PGS asnﬂsénwnﬂy bor on,
and the thpé@odlRaasniah 'eﬁ’ﬂrdiﬁikﬁpﬁ{chgﬂbﬁﬁhét%&ﬂ t%lrr;i@ogehrzmmswaé offta WM. %

boron. During the second pass, the f rst deposition chanbef deposited an
oxi de 9 | newAmmtmoghers Asfheset oficore faersd2d ate aagalesd, boron redyamigeate dEposi t ed

an oxide f 0, chanber
deposi ted gjrlr o%?% ?8 ]Ié}&':\é't PHI%Q@@ e a&&}%@@rgﬁ&&rvegﬂ%ﬁfﬁe Sé]!rlr%&dher nor e
rou~. i ded eome\leycr nep neydatvs subsentailysercinenal stesss throdphsuti{esnthangenlt 6d.  As
shown, the on concentration profile evens out substantially pursuant to
t he anneal i 15 EXAMPLE #2 |z~ dais exanple silicon substrates were

placed in a CVDB%)féIs@WIQBﬁEﬂ"@on%&H@nt'té Fosmtaliadrest individ Thyer§gsgrani um doped
oxi de layers were deposited by CVD at tenperatures in the fange of about

300 C 1D 5080,050i 60 150,tléﬁpreﬂamrqmmatelammmmghtrpetcnvgtagmﬁgenypuwa| To

deposit the filin, a n ozone and
CheOT ke "Eimms BB RN 10 D Berd ] B8 UG TS i€ B YRS, CZPTe

i ke, ar ed(taglgyerp&d ggﬁgi bﬁo&um‘gémamd uﬁimgrhnclil ﬁﬁmmfml,smﬁ(m&m}'tdbesmﬁct ﬁnrrb
are provided at, a r at the total chem ca oy~zat e per chanber
nas about  SECE GUBRE Auieglng lnstced e SRR OBEIATAR IR PACATE Sk

cont ai ni ngla%‘ékbré}efoﬁﬂ!zdtrﬂbﬁie?%ﬁadﬂ%ﬁﬂﬁ@éﬂ&ﬂee {ridexi@esire@s conveyed to the
chanbers at "varied fl ow ates dependi ng 25 upon the concentration of

ger man2@m desi r ddieicansolidated core l@lcdmrﬁerﬂblmedhiebmﬁw 8tweeB pl ots of
ger mani um concent r o] fu e
substrate, “BRfore tgl%c} a t%?ucgor{lﬁea H?gé} t?’Lke m%%naoqg{ tﬁ%gh"'gé*e\r‘ate has

passed t hr daghs mottlimiies-tc dstaape dwillygehenl]y be based Ehltherpgrttchhrf irst pass, the

first depositjon chanber depo |ted anardefrl 0 . %
ger nnani unPPEFRLIo8 ST FYTERR § v e Sﬁ‘f)‘é’r‘“&g)rg’d"s °Sa|m§\§§hede filmwth

7.02 1 vt. %faelea®)hsi maitih&ahd Qibseate e0sdskdsTRoHPIOTD deRashbwd an oxi de
S filmwith 7.74 wt. % ger mani um Dtvmycl;}the second gass the first

deposi 2fon r@mrdyepszu@pdmmb@as ahinghe G¥ X systemuhe mgich majgrial dxdgpesitgdbyim t he
second dep %{mﬁ | 6 o] Imwith 6.90 wt. %
ger mani um %1 B{ngh%la eg%(ﬁ%?lg%&: gra} Poﬁréldc elrirﬂber deposited an oxide film

uztla 7.87 'w. Depgadenanpstithe Emnem&fmeandwrdu@lwoveelawrt h3G;1140,480, peaks
and vall eys was rreasurc}e_lgl before ar-~. nqejal ing whi|e the snoaother curve was

measur ed afi68r 1%hA8%pdithe anpealing fims And Frmperatyre shosels the BmFaliNgrSisPLaR to t he

anneal i ng, yiedleleg, At W L&RL fs eI rmani um
bor on dopeﬁé&ﬂ i cat etag assm?ﬁl_;g ?ﬁ%dgﬂpﬁél te olﬁua @hé?ﬁger%l |y
grown 8fi detressyeithinghecdnsolivated caietlaye 189 B%agsﬂrafainfélsmmbf\bamnenlomal bor on.
The films had t cknesesrz~ her eof

films 10 wet&™g é%%Pefa“sf: ﬁr?’ﬁé’f‘ %{B'érhgolqurggpgérgﬁ% curve of

internal stoafpigg llryeta@d@aﬁmmeﬁm staREboREN N - AP EstmSthe bide glrmee effe after
bei ng anneal ed at 1100C for 3 0 m nutes under a nitrogen atnosphere as a

function ofpressat yewione BHHIERE 2Briflustrafes atcrrss-eqtional Adevs ol substrata gp0 oxi mat el y
31 nol % boron, an annealed f Imthat is substantially free of internal
stress can be formed. 15 EXAMPLE #11
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In this exanple silicon. substrates having an initial |ayer conprised of a
thermal oxide layer of 1.9 k/ thick were placed in a CVD systemof the t3~e
illustrated in FIGURE 1. Boron and germani um doped oxi de | ayers were

deposited by CVD at a 20 tenperatures of about 430 C. In this exanple, the

oxygen to flBREheAin FIGURE QEiaﬁ@ﬁaﬁo@mZﬁ(m_Igjf %ehs P00 138 BedrBrrh &t & thehem cal
fl owate per chanber was about ~0 seem ope with filmwth boron,

di boz~ane &¢nsghidated gue @Yﬁbl%%'ﬂb%etcﬁfm]ﬂéﬂ rfamona 280 psy ézntfwraiedy?romt rai nt

rate. To d out .G nol %
conveyed a argsaggnc% {Rﬂﬁ\%% con t&"}uﬁ%ﬁﬂ??@j&ée% G P’F%F'Pé)sa’%
i nt er nal ahﬂkﬁbﬁﬂt&’ﬁmﬁﬁése%e&&sﬂnﬁw’g@dﬂsamﬂfaytﬁdn'B@tisédJl@wﬁlefOr the
deposited fi ] nms. The curve in FIGQJRE 7 shows that low and relatively

constan i idiyideal cgw@%@ﬂw&%mﬁiﬁm@%bt ained for films with
thiclrnesses abeyeyre ﬁh&fa?él%cr Hofal vievs Of tat Sfidkral lbbklﬂﬁnﬁr&é‘& s the

substarnially |inear 2%1 At onshi g vveen ger mani um concen I on and val ue
of refract FNGUREMIX aftexrpoftidnssf ﬂmetcl‘msbh@atéd:d:ore lalyer 198lhaoxbate etcheleawayer s t hat

have been neal ed a 10 Xni |es use S a reactant
gas and the® amg%/%cb?it’él-%ﬁﬁnc"ﬁfeﬁsé@?ﬁf sft?je’ﬂ?sgg'lﬂrff’%‘ﬂ Yhor i zont al
atis 16  efchinpQedn@fie knb¥WH R sttty &ﬂﬁ&@f&reiﬁﬁﬁ@seq&{h\igjﬁﬁﬂm%f @eratio of
about 75:1 and_deposition was carried out at about 6C. The forgoing

det ai | 88 degevoligetedeoradayerk@ihipifern havet ddéndivigial eeres 310. under st andi ng
exenplary inple ; 3 t f m ng

oxi de structuresﬁ@ Ho u%ﬁg‘ég{sas%ray& Sé{ta ?lodllnés&g Sudﬂlgﬁt@‘iﬁggﬁ;s a()t(LJ‘g{nt he

from as Mi@GUREDRE afts thd det ohﬁagkmglregismt:cDOtHaeB&nskmezﬁdAnyxﬁémocart W t hout

departing £fTOmnth sco e of fhe appended ¢l ains and fheir equivalents, 17
CLAI M5 What<BP¥ng T kemoyIng inasging aegions 208 may b ussd: oxi de struct ure,

conprising: 5 pr‘mum AR 4 abR- LA PR SuBARNOGIARYRE 1PN T he
substrate form ng a set of core layers on the |ower cladding |ayez;

heati ngSt h&IG elitar @ sptegfappercipddine deverscifdos bmtfemqslcmfer \requndand
fortnizag gl {paPiaRifuat'PRES 210 REHERY 1 AL £ R SRsbAMRIGET ©-

In this specific embodiment, the set of upper cladding layers 220 is similar to the set of
core layers 120 discussed above at least because the set of upper cladding layers 220
may be deposited with an CVD system and may include lower-boron-content capping

20  upper cladding layers which are chemically stable under ambient conditions. The
capping upper cladding layers may be formed above other upper cladding layers that
may include higher boron weight percentages. The set of upper cladding layers 220
may also include germanium to control the optical properties (e.g., refraction index) of
the set of upper cladding layers 220.

25 For optical waveguide applications it is important that the upper and lower
cladding layers exhibit substantially eimilm refractive index properties, and thus
appear as “one” cladding layer. The|consolidated upper cladding layer 230 may
contain between approximately 4 anii 6 weight percent of germanium. Preferably, the
consolidated upper cladding layer 230 may contain approximately 5 weight percent of

30 germanium. Like the set of core layers 120, the set of upper cladding layers 220 may
be formed by processes other than the APCVD process.

According to certain embodiments, capping upper cladding layers (i.e., those
layers formed in the final deposition chamber of an CVD system) may include less

11



10 2. The nmethod of claim 1, wherein the | ower cladding |layer has a

t hi ckness of up to approximately 1 ~ mcrons. 3. The nethod of claim1,
wherein the | ower cladding layer is a thermal oxide |layer. 15 4. The net hod
~of claino 1, wherein the formng the set of core |ayezs step conprises

passi ng th@;aﬁh@p%ﬁﬂ{a&l}{%@%%'@p&céﬂﬂ%ﬂ&% inVeHae 1o PeRASIHEHPN] {Edily system at

| east one tinme to deposit e set of core layers. 20 5. The method of claim
1, wher ei nundeeambient sogditions. satconding tir esrthinyothes embedimentispthe sepifguppeng t he

set of cor ers to inclu at. | east one of_ gerymniu d boron. 6_ The
et hod of - SraE e arHd s & ettt PREcB S TR RegHER dara st ep 25
conpri ses form Mg tdafpedelor ﬁfterﬁﬁﬂﬁtdu%}b@zfcﬂa&dﬁhg lagdrside., st Riyel fveieght percent
gezrnanium 7. The nethod of claim1, wherein the heatlgg the set of core

layer s st epelevihn sappingveper chagdingdaystnsen e athephand: Mapnchigp mexs ek el y 1000

and 1100C, . ' ] | ni trogen
at rnosphez %‘;Pgér;]ﬁélg{%??&e)gf%&g% ﬁ%&%&]é?gmg% .mldllﬁ%ﬁ?%% h%ﬁ%(%%l ge?ﬁg%ﬁglq’ih% c\%h%@ei n the
step of f oborondp prodede axfubstamténllydaytems]-ftress-free cawsiplaicapperf daddingdaytr | east
one of theaﬁoragwlﬁa ers with a borgn once%rat'on that is 18 chemcally
unst abl e i T A{RRTREPT 208 PERFESS TR QeHIRRNTDXY 2CPBIRELQERTHE | ayer witlvn

sai d set Ofrc9fed ehbainfontsS ﬁ'ié@ﬁ»@bﬁgf?ﬁ&@l&!ﬂiﬂg@yﬁ&s B%Vineﬂagélé%%%ﬂ

concentration that is chem ca bl e in~anbi ent” conditions 5 9. The
met hodl bf  eprapximetelyit2 weightpareant of bagon erf, more preferablyy naydndede betwasor e | ayers,

the step of (! i echin solidated core layer to form at
| east one F‘?FS?’\‘}WE‘E%{ Qg%fgéw%%{l‘ e.r&'f'%]gﬁrf%&god of claim1, wherein the
heati ng the set FHFURBREN illattetedi angodsayaionalstiep of the Bebstrhe 100 Mswkbdaied upper

cl addi ng | ith approxinmately 4 to 6 weight percent of gerpanium 11.
An oxi de s?ﬁ@gﬁn@g af&%ﬁliﬁﬁcé%qu@dé“ﬂ]éw&zﬂ} %E’Fﬁghqa%lé? aghraled&Qpst r at e;

form a consolidated upper cladding layer 230. Similarly to the heating or annealing

15  process discussed in conjunction with the set of core layers 120 and the consolidated
core layer 190, the heating or annealing process that forms the consolidated upper
cladding layer 230 may include heating the set of upper cladding layers 220 to
between approximately 1000 and 1100°C for approximately 30 minutes. The
annealing may be performed in an environment such as, but not limited to, a nitrogen

20 a.t.mosphere or a steam atmosphere. As the set of core layers 220 are annealed, boron
will migrate and/or diffuse. Hence, the resultant consolidated upper cladding layer
230 may have substantially zero internal stress pursuant to the annealing process.

According to certain embodiments, the lower cladding layer 110 and the
consolidated upper cladding layer 230 may include approximately the same weight

25  percentage of germanium. According to certain other embodiments, the lower
cladding layer 110 and the consolidated upper cladding layer 230 may include
different weight percentages of germanium, so long as the lower cladding layer 110
and the consolidated upper cladding layer 230 have approximately cqual indices of
refraction. In other words, the lower cladding layer 110 and the consolidated upper

30  cladding layer 230 may be different oxides, or even different materials altogether, and
therefore may include different weight percentages of germanium, so long as there is

an approximate equivalence of indices of refraction.

12



a set of core layers on the |lower cladding |ayers, wherein a capping core

| ayer in the set of core layers includes | ess boron than at | east one ot her
core layer in the set of core layers; and at |east one upper cladding |ayer
on the set of core layers. 20 12. The oxide structure of claim1l1l, wherein

the cappi ng Cor%dcﬁﬁﬂﬁfg[tb%ﬂtﬁﬁ’@ﬁxbbcﬁﬁﬁnﬁhﬁél Zﬁﬁ%ﬁﬁd]ﬁ?h%b’m%ﬂ‘@'&ht percent of

boron. 13. The oxide structure of claiml1l whereih at | €ast one other core
| ayer incl uhhekneESOEIpqnwcm apptoxinyatély uliagé 80 pmromtTkmmdregamweH typicaipr on. 14.

The oxi d t f 13, wh t Fot d
ower ¢ o R B of et hyL GEEAIEE e s tadin of R asoPmIB G PR Lr o of
claim 11, whaneks d4mideQdRss, Cééﬂlqhﬂal rh@/&r ao@eaitotﬂa@c&e ns/et icdaeoupper

cl addi ng | ayer conprise approximately the same wei ght percen{ age of
gezi manPumingrgase thesindephef reitaction §f tha sprsrlayepto gamaiatn anoffsahizomaithe index | ower

O g AR L b e BB LU E Yl RRABE el O

per cent ages Of gernani &ef rov approxi y equal”retrac
i ndi ces i n dohelayerneilihe i tht Fangtlod 10%0 Sewsightystraene of claim 11, wherein the

| ower cl addi ng | s ath e |ayer e OxXi, structure of
claim11, wherelfgml therq kay crb%auﬁg%?meﬂa%ﬂ%gﬂ Hkﬂgqu’i%%ﬂgethi ckness of
bet ween appéhB d%@hﬁiﬁé %H&'er%oﬂ b Bshditibds l@erp%&rfﬁ%h% B et eb e,

addi

conpri si ng: ower ing ayer on a substrate; consol | dated core
| ayer df thﬁth@(WD sylsadniam@flﬂm;ﬁ@bstramkﬂoas sétsemtnﬂbppantrcdmddimh@thbayers on

of Cupper ol G aerds r8Y fin HASETLelehs SR B AR e Y% hor ' Upper
cl addi ng | %6n—wélgl1h§el’éaﬁagbt capPﬁ@rla;@k ﬁdglrbegeéda&esmh a2&ppﬂi§¢ay@?<wdtﬂd8t ructure

of claim 19, wherein the consolidated core. |l ayer conpri ses r oxi nat el 10
wei ght perc@ﬂi’ negd t@@p,{gﬁqed fpefopgithe substrate 100 bcco¥ncs exporsrgd to an am u‘% y

environment.. In other words, a capping layer does not need to be deposited every
15  time that the substrate 100 exits the CVD system if the substrate 100 is not exposed to
ambient conditions before being returned to the device for additional layer deposition.
Logistical and economic factors often make forming a capping layer every time that
the substrate 100 exits the CVD system preferable.
In addition to the CVD sysiem discussed above, any and/or all of the oxide
20  layers (core, cladding, or otherwise) discussed herein may be fonmed using altemate
devices and methods. In an alternative embodiment of the present invention a
“shower head” single chamber CVD system (wherein a shower head type of gas
distributor supplies one or more reactant gases to a reaction chamber) may be used.
When a shower head single chamber CVD system is used, the shower head gas
25  distributor may initially deposit material with a high weight percentage of boron and,
as the desired thickness of the layer is approacl;ed, the boron weight percentage of the
subsequently-deposited material may be lowered to below approximately 6 weight
percent in order to form a “capping” portion, This capping portion protects the
underlying portion of the Jayer and enhances the chemical stability of the entire layer
30 as the layer exits the reaction chamber and becomes exposed to ambient conditions. In
this type of system, the core layer has regions of varying boron conceniration as

opposed to discrete individual Jayers. Further in this embodiment, the core layer

13



21. The oxide structure of claim 19, wherein the consolidated core | ayer
has a thielrness of between approximately 1 and 6 m crons. 22. The oxide
structure of claim 19, wherein the capping upper cladding |ayer 25 includes
"l ess than approximately b wei ght percent of boron. 23. The oxide structure
of cl ai m 18avink edeins ofvaryRg Hord@nbdnefion 38 BE feiRd i Higk dhawek:r, hawdrudes nore
‘than approxi mately 6 wei ght percent of boron. 30 24. The oxide structure of
claim 19, wWhesepass.at | east one ot her upper cladding |ayer includes |ess

ol aim 1 wner or n AEREG ThRites S SRt ol B son et BPTUA her

conpri ses hthod el famsies anbxidppeichat dathnay be aykdras s haveAgde/atodthgher on
concentration | evels, and heating the set of upper cladding |ayers to fonn
a consol i d&PesmbpdEIenetdhgprsesnt Myentions Siap 308 sperafiesuodding 8 swbsHgean opti cal

wavegui de j i : CQr ghd
cl addi ng | g}?éeﬂrﬂg)yﬁ%:rhg %ﬁ?gf R’\?@%@% lg‘gg{(;ég?dt%?ncénl, 9%%5%“39%?% I nnéttﬁlgﬁ{t he at
| east one dlor bkt@gtemay ibe prodédedabealy having adowereidddiigi layer fennel oh i@t pr oduces
substalitially zerg internal filip stress nd at | eagt .one of, .t he upper
and | owers$ ]P%@Eﬁ %eplglq é%?KCIﬁﬁ%F"HB@g agt ‘P%‘?F%lﬁi"_’éf _"’éa@é?l‘ﬁgrf?ard_gi“ﬂon | evel
such that tyherupp BS@Q&CJ&%&&&%M@FQMWE&&S g forRialconiddahed bl | y
equi val ent refractive indices. 27. The nethod of claim25 wherein at |east
one of 10 he laispebtenAd0 spaaltes patiatning gnd etpleing therronsedidated peyn layer @ fommarnt r at i on
| evel that .pr. e Qi [ I tr 5 ; f claim
25 wherein ll;s?ci'[aligl H?rleqt%ﬁe(zj$l?%ﬁcya§rc ‘lgglé:f %’u’i‘ﬂ?% Sgn&glpﬁ%rscpl)%dg}n -(I:igsgerr%%}s"%}r%gh D
system 29.indikidualadokn dStey 360 pecifidtheating the Betxfugpareldddntgilayersan forgrh out i n a
shower head 20 @lﬁggl e vvalﬂ%r, Q{A system 30. An o-~,ide structure,
conpri si ng:¢°asq! uEPL & H’le%ﬂ%r fonned on a substrate; at |east one core
| ayer fonned on Aﬂﬁnt&\wexlﬁérﬁ%s%ré B&?Jnne&ﬁbdirdiﬁ%ﬁn‘aﬁﬁ@ierﬁgbdirﬁ&k#d' ng

y

boron ai a concentration that produces substantia zero internal stress

of sai d5corad thegyresent myention. The follovies ¢ippementpbexamples keeevidestford on t he
core |ayer - I : i ng | ayers
i ncl udeg gé%alﬁhﬁpgtﬁao%e‘??g C%ﬁ%eﬁqt%ﬁdé@&eﬂ%ﬁ@% %C%thtﬁée&g%%{;? ariyd | ower

cl addi ng | dyesmsiorXhardy waysubst anti al |y equi val ent 30 refractive indices. 21

. A AR Ae. AS. AS! . AfS. A, Sy. A Se. A@. A@ AS, . A HS. Ayf . AYS. A@ Af f . AHy. Af! . AS. AS
IAS[]k*7T@N frZ"o i

i zupkf a\ W ot AR{PIEH #£1] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

20 Methods of the present invention were carried out to form oxide structures. In
this example silicon substrates were placed in a CVD system of the type illustrated in
FIGURE 1. Boron doped oxide layers were deposited by CVD at temperatures in the
range of about 300 °C to 500 6C, with a temperature of about 430 °C being most
typical. To deposit the film, an oxygen containing source such as oxygen, ozone and

25  the like, and a silicon containing reactant (R), such as silane and the like, are conveyed
to the substrate. In this example, oxygen to reactant are provided at a 75:1 volumetric
flow rate ratio , and the total chemical flowrate per chamber was about 50 scom. To
dope with film with boron, & boron containing source, in this example diborane
(B2Hg)was conveyed to the chambers at varied flowrates depending upon the

30 concentration of boron desired in the film. FIGURE 4 illustrates two Secondary Ion
Mass Spectroscopy (SIMS) plots of boron concentrations as a function of depth in the
representative structure or film, before and after annealing. Curve A, with more steps

i.e. sharp concentration rises and falls, represents the boron concentration in the
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Ul c”a] ca] c”al c”a U c™alca U cna]lcalcalcalcRa]JcRalca vy
>@mped?%bo{ vqgl gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca! &R, bd$D

L &#d#X$[ $$%) % xsni c”MY] ] ] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] caJ ca] ca] ca

' Jca] ca] ca 53 cﬁ-“%{‘ﬁ@éﬁ%ﬁ%@%@f@é%%%ﬁﬁ%ﬁ k) ﬁ @/33/‘] %YQ a] ca] ca] ca] ca

3b449Y<=R>

] ca] ca] ca] galeaiwicd. cohchigealionh esptaadte tedbakinain fb]fﬂx%];ﬁ@&e@@k@%@ﬁ] cajcaljll%n

ymmcop6ppp0ggq+rrsrsst\tt ukKvvvv! wuwwxyxx} xsni ]é}] ca] ca] ca] calcalca]ca]c

a] ca] ca] ca]e@g af}e:@lptﬁwdyfém RNt ¥O seE|ResY a]:lzaat]h@a]B pr 3] ther} biAnd M)esa] ca] ca] ¢
! A

?~cé\/uéﬁzHN|{ &/rﬂlsnﬂlci’\ kl.]bca? ‘ca ]‘hca] ca:] cmf(t:ta St ag%i]ﬁcea ca e@a]'tm chz]rrca] ca] ca] ca]

ca] ca] ca] Cd&pmitexb;}rc@]m@ﬁhm]\m]%]wa]’/&bdrcla,]thﬁadceond deposition chamber

kel sl e caco e

UK\ <f &
ca) oa] ob) capisfied pESES *E“S‘h’é@]%%] VE‘Z{CE‘]IEE‘] DR PR AL 5T ol cal oa]
ca] ca] ca] cd]:pm]tma]cha']'xber]dea]:sm]i aabxﬂ]:cﬁk]xc%a]hﬂa}&:w] abaahotat sepod] ca] ca] ca] cal

S ST a0 ] i)

SLK*i K)g  abgiidnthbmber depOdied ah bxide HOURENS.35 wt. % boron. Curve B
3109%4& () - ! 10944&' () -! &10%4&' () - 1094& () - *AN fz[ <)! '10%0/@0%-&() yL$10
% () - ! 1@%@1&@1) mbyg rounded curve, represents the substrate after it has been annealed. As

10%hé& 0%41& 010%&
() - yf/(l)OO Qﬁj‘@ %&}5“%‘%@1’%‘3@% %%“?J“E’%P)“ﬁz‘%{ng@% Ty 0
-~ 10H 10Haifd814) %! ()-SY710%4& () -5m 10%H&' () - 34t 109%14& () - i
i dEnbC ", ! 10% 10fV& ()- F310% & ()- 10% & ()-yZ10% & ()-10% & () -
10% & () -
>z[<rrb(€§ éé@&ﬁ%@%#& ()-10% & ()-!a910%& ()- @10% & ()- @ Ns! 10%& () -M
10% , ( -g@@}"7nbC ", 110%10% & () - &
10% & () (' 10% & thjis expmys 1g sitioc supstrajes weroplacgd)in a CVD system of the type

106 & () - OiEaeen FIGERE - by SO kR v deppsied by gvp

1 10%&' () - Mzérfiffirstutel in theQafigk' of hbout 300 °C to 500 °C, with a temperature of about 430

°C being most typical. To deposit the film, an oxygen containing source such as

IR

20  oxygen, ozone and the like, and a silicon containing reactant (R), such as silane and
the like, are conveyed to the substrate, In this example, oxygen to reactant are
provided at a 75;1 ratio, and the total chemical flowrate per chamber was about 50
scom. To dope with film with germanium, a germanium containing source, in this
example germane (GeHy) was conveyed to the chambers at varied flowrates depending

25  upon the concentration of germanium desired in the film. FIGURE S illustrates two
STMS plots of germanium concentrations as a function of depth in a representative
substrate, before and after annealing, Like in FIGURE 4, the substrate has passed
through a three-chamber CVD system twice. During the first pass, the first deposition
chamber deposited an oxide film with 7.70 wt. % germanium, the second deposition

30  chamber deposited an oxide film with 7.02 wt. % germanium, and the third deposition
chamber deposited an oxide film with 7.74 wt. % germanium. During the second
pass, the first deposition chamber deposited an oxide Flm with 6.97 wt. % germanium,

the second deposition chamber deposited an oxide film with 6.90 wt. % germanium,
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EXAMPLE #3
Germanium boron doped silicate glass (GeBSG) films deposited on a thin

thermally grown oxide layer were formed, with 6 mol % germane and varied mol %
boron. The films had thicknesses in the range of about 0.8 to 3 microns. The films
10 were then annealed. FIGURE 6 illustrates a representative curve of internal stress in
the germanium- and boron-doped silica glass films after being annealed at 1100°C for
30 minutes under a nitrogen atmosphere as a function of the boron concentration in the
film. As shown, at approximalely 31 mol % boron, an annealed film that is
substantially free of internal stress can be formed.
15
EXAMPLE #4
In this example silicon substrates having an initial layer comprised of a thermal
oxide layer of 1.9 k/ thick were placed in 2 CVD system of the type illustrated in
FIGURE 1. Boron and germanium doped oxide layers were deposited by CVD at a
20 temperatures of about 430 °C. Inthis example, the oxygen to reactant are provided at
a 75:1 ratio, and the total chemical flowrate per chamber was about 50 sccm. To dope
with film with boron, diborane at about 32.5 mol % was conveyed at a substantially
constraint rate. To dope the film with germanium, germane at about 6 mol % was
conveyed at a substantially constant rate. FIGURE 7 illustrates the internal annealed
25  stress as a function of film thickness for the deposited films. The curve in FIGURE 7
shows that low and relatively constant internal stress levels may be obtained for films

with thicknesses above 20.0 microns.

EXAMPLE #5

30 FIGURE 8 illustrates the substantially linear relationship between germanium
concentration and value of refractive index for films with 1.9 kA thermal oxide
underlayers that have been annealed at 1100°C for 30 minutes. GeH4 was used as a

reactant gas and the mol % of GeH4 in the recipe is represented on the horizontal axis

16
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forming at least one upper cJadding layer on the consolidated core.

2. The method of claim 1, wherein the lower cladding layer has a thickness of up

to approximately 15 microns.

3. The method of claim 1, wherein the lower cladding layer is a thermal oxide
layer.
4. The method of claim 1, wherein the forming the set of core layers step

comprises passing the substrate through a Chemical Vapor Deposition (CVD) system

at least one time to deposit the set of core layers.

5. The method of claim 1, wherein the forming the set of core layers step
comprises forming the set of core layers to include at least one of germanijum and

boron.

6. The method of claim 1, wherein the forming the set of core layers step
comprises forming the set of core layers to include up to 50 weight percent

germanium,

7. The method of claim 1, wherein the heating the set of core layers step
comprises heating the substrate to between approxirnately 1000 and 1100°C, for
approximately 30 minutes, in at lcast one of a nitrogen atmosphere and a steam

atmosphere.

8. The method of claim 1, wherein the step of forming a set of core layers further

comprises: forming at least one of the core layers with a boron concentration that is

18
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individual core.

10 10.  The method of claim 1, wherein the heating the set of upper cladding layers
step forms the consolidaied upper cladding layer with approximately 4 to 6 weight

percent of germanium.

11.  An oxide structure, comprising:
15 a lower cladding Jayer on a substrate;

a set of core layers on the lower cladding layers, wherein a capping core layer
in the set of core layers includes less boron than at least one other core layer in the set
of core layers; and

at least one upper cladding layer on the set of core layers.

20
12.  The oxide structure of claim 11, wherein the capping core layer includes less

than approximately 6 weight percent of boron.

13.  The oxide structure of claim 12, wherein at least one other core layer includes

25  approximately 6 weight percent and greater of boron.

14.  The oxide structure of claim 13, wherein at Jeast one of the upper and lower

cladding layers includes germanium.

30 15.  The oxide structure of claim 11, wherein the lower cladding layer and the
consolidated upper cladding layer comprise approximately the same weight percentage

of germanium,
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18.  The oxide structure of claim 11, wherein the at least one upper cladding layer
has a thickness of between approximately 10 and 30 microns.
10
19.  An oxide structure, comprising:
a lower cladding layer on a substrate;
a consolidated core layer on the lower cladding layer; and
a set of upper cladding layers on the consolidated core layer, wherein a
15  capping cladding layer in the set of upper cladding layers includes less boron than at
least one other upper cladding layer in the set of upper cladding layers.

20.  The oxide structure of claim 19, wherein the consolidated core layer comprises
approximately 10 weight percent of germanium.

20
21.  The oxide structure of claim 19, wherein the consolidated core layer has a

thickness of between approximately 1 and 6 microns.

22.  The oxide structure of claim 19, wherein the capping upper cladding layer

25  includes less than approximately 6 weight percent of boron.

23.  The oxide structure of claim 19, wherein at least one other upper cladding

layer includes more than approximately 6 weight percent of boron.

30 24,  The oxide structure of claim 19, wherein at least one other upper cladding

layer includes less than approxirmately 12 weight percent of boron.
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26. A meﬂaog%f forming axg ogticﬁl waveguidg ha‘Jii.ng al leaps(t:]onc core ar}:i a llc}as’t

one upper and lower cladding layer by chemical vapor deposition, characterized in that

the at least one core layer includes boron at a concentration level that produces

substantially zero internal film stress, and at least one of the upper and lowers cladding
10  layers includes germanium at a concentration level such that the upper and lower

cladding layers exhibit substantially equivalent refractive indices.

27.  The method of claim 25 wherein at Jeast one of the upper and lower cladding

layers include boron at a concentration level that produces zero internal film stress.
15

28.  The method of claim 25 wherein said method is carried out in an atmospheric

pressure CVD system.

29, The method of claim 25 wherein said method is carried out in a shower head

20  single wafer CVD system.

30.  An oxide structure, comprising:
a lower cladding layer formed on a substrate;
at least one core layer formed on the lower cladding layer, said core layer
25  including boron at a concentration that produces substantially zero internal stress of

said core layer; and

at least one upper cladding layer fonmed on the core layer wherein at least one
of the upper and lower cladding layers includes germanium at a concentration level
such that the upper and lower cladding layers exhibit substantially equivalent
30  refractive indices.
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