WD 2007/ 087046 PCTI US2006/ 048261 SEM CONDUCTOR CONSTRUCTI ONS, METHODS OF
FORM NG SEM CONDUCTOR CONSTRUCTI ONS, LI GHT- CONDUCTI NG CONDUI TS, AND OPTI CAL
S| GNAL  PROPAGATI ON ASSEMBLI ES TECHNI CAL FI ELD [0001] The invention pertains
to sem conductor constructions, nethods of formng se

const ruct i ¥32007/p&JP46- conducti ng conduits, and opti cal g%gﬁggﬂg%%%géation
assenbl i es. BACKGROUND OF THE | NVENTI ON (0002] There are many applications
for optical signals. For instance, optical signals are frequently utilized
for transferring data across |arge distances. Light conducting conduits
(such as, for exanple, fiber optic cables) can lie utilized as pathways for
the optical signals. The optical signals can, however, becone degraded
during their travel from one point to another, and accordingly it can be
desired to refresh the optical signals at various intervals along the

pat hways of the signals. [0003] Another use of optical signals is in
ultra-fast cOEMICANBUCTORGONSTRYBTIONS MEHQRS OFRTARMING SEMSONBVCIORct s

degr ade perf or gBRRRRICTRORG! LRIHFT-BONBRIRANNG BENDUASL] ARBSOPTICALISIGRALI On,
rendering the electrons I ncapabl e of bekﬁg ggg&tégg for transferring
information at ultra-fast procc2RGPAGAIIYLA S photons can be viabl e
carriers-of information at such ultra-fast processor speeds. [0004] Yet
anot her use of optical signals is for transferring information iri
processors utilized in environments that can potentially have very high
radi ation. AEEHYUM-EBEER environnents can cause numerous problens for
signal trangbegijuti | i PAigvértios peAEAs toSegiainduditrasentaictiois, Imethous op fophimgs can

i | at | vel bust h ot L Ihe L £.a8] f
Ut 1T 2at | onogheris R R syer e, BAE PR iR B, APOIcb reffitbigibh 7= !

mlitary apgiemblies.ons, and outer space technol ogy applications. [0005] The
above-listed exanples are but a few of the nunmerous applications that have

been devel o g re % R of being devel oped, for optical signal
1 WO 2007/09? Egﬁg%ﬁyqjggﬂ% ﬁ8@§§E§ technologies. In |light of the nunerous
appl i cati ond08@8] opt i There argymahy arplications foir estical signas| ior instance, optical signals

are frequently utilized for transferring data across large distances. Light conducting

conduits (such as, for example, fiber optic cables) can be utilized as pathways for the

optical signals. The optical signals can, however, become degraded during their travel from

one point to another, and accordingly it can be desired to refresh the optical signals at

various intervals along the pathways of the signals.

[0003] Another use of obtical signals is in ultra-fast computers. At very high
frequencies, numerous physical effects degrade performance of electrons as dependable
carriers of information, rendering the electrons incapable of being utilized for transferring
information at ultra-fast processor speeds. However, photons can be viable carriers of
information at such ultra-fast processor speeds.

[0004] Yet another use of optical signals is for transferring information in processors
utilized in environments that can potentially have very high radiation. Although such
environments can cause numerous problems for signal transfer utilizing electrons, signai
transfer utilizing photons can remain relatively robust under such conditions. Among the
applications for utilization of information transfer in high radiation environments are military
applicgtions, and outer space technology applications.

[0005] The above-listed examples are but a few of the numerous applications that
have been developed, or are in the process of being developed, for optical signal
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be desirable to devel op devices and nethods for inproving optical signal
propagation and transfer. SUVMARY OF THE | NVENTI ON [ 0006] I n one aspect,
the invention includes a light-directing conduit. The conduit includes an

i nner material through which light mgrates, and a she er)
around t heWO 289718706t eri al . The sheath is configured tgg(&]f@%’%&?{zg\ Iy keep

the light mgrating along a path defined by the inner material. The inner
material conprises a matrix having one or nore rare earth el enents

di spersed therein, with a total concentration of the one or nore rare earth
elenments within at |least a portion of the matri x being at |east about 1 Xx
1016 atons/cnB. As is known to persons of ordinary skill in the art, rare
earth elements are any of the el enents having atom c nunbers 58-71. [0007]
In one aspect, the invention includes a sem conductor construction

conpri si ng tack@agizsndhulight of tha lpamestus applitdtiensvionegioalcdigne Leplodiagibsbiy wohld

substrate. nt%J]c?eb sirdAY RPMAR fu%vpa.i; S6P maBdQlor ﬂ@;srswﬁ@a&.c%g«?r@&g ﬁ{og\gg%ﬁoﬁ’anw th

such el ene el ng prese 0 a total concentralion about 1 x
1078 at ors/'E4M8"Ri t hin at | east one segment of the wavegui de. [0008] In one
aspect, the invention includes an optical signal propagation assenmbly. The

assenbly co Mﬁ?ﬁ/ BPTﬂ%tN hl.r%'gnal I nput, an optical signal anplifier, an
optical signa recei ver, anh optical signal conduit. The optical si gnal

armpl i fier i $0QO6hT i guﬂ@QnQ esn@céha/lavermnn inptudesia Ilghtgiifsptlngr@nﬂwhe hergenduibind
anpl i fy -t hengiddsCa infdrMabrial %ﬂ%dﬁ%r&ﬂﬁdh@ﬁxigr&bﬁ%ﬁ CshRath (br bdrfier§ aihih@theed to

di t th | f Th t |
Si gnal  anpl 19T gt ThEaba b BphoifedRubundan Ro Bt SviiRling 0% A%, 1 %
mat eri al . | path gefined by the inagreatedal. The inngr watesalidomprisesed matrixdhavingohede one or

nore of cerﬂnymra@réanwaemaﬁ@&xaa@éa me@.rmt%%tumonkm&%n bnheraﬁe as.p.sf:et the
i nvention incl em con

u ctip A
sem conduct '8f® %ﬁfﬁ‘s%'?fa?'és mtglglaa ?ESt aa?ﬂfﬁ’%%r W5 mﬁﬁ'ﬁg’eﬂgéﬂ Eﬁ?@%a Féﬂ €hed into
t he subst r aatems/am’| Aaistknowe topershes dfropdicdre skill 8 the agdravg eamreelémems atecanyi er

mat eri al , a&qhgngemglhg{,lﬁgaygrﬁ,gnngmg\@rggg%de material. At |east some of the
vvavegw de rriterl al one nore rare earth elenents. A second

th
barrier 00 i s ﬁ'he g?’?ﬁ%&“%‘%‘?""ﬁ"ﬂé‘c{}d&@%@GF@5’°"§”%°QG§WB%"7046
PCT/ US2006/ éohgRiSibg a semiconductor substrate, and a waveguide supported by the substrate. The

waveguide comprises one or more rare earth elements, with such elements being present
to a total concentration of at least about 1 x 10'® atoms/cm?® within at least one segment of
the waveguide.

[0008] In one aspect, the invention includes an optical signal propagation assembly.
The assembly comprises an optical signal input, an optical signal amplifier, an optical signal
receiver, gnd an optical signal conduit. The optical signal amplifier is configured to receive
an optical signa! from the input and amplify the optical signal, and the optical signal conduit
is configured to direct the amplified signal from the amplifier to the receiver. The optical
signal amplifier comprises one or more rare earth elements within a matrix material. In
particular aspects, the rare earth elements can include one or more of cerium, erbium,
neodymium and ytterbium. )

[0009] In one aspect, the invention includes a method of forming a semiconductor
construction. A semiconductor substrate provided, and one or more trenches are etched
into the substrate. At least one of the trenches is lined with a first barrier material, and then
filled with a waveguide material. At least some of the waveguide material is doped with one
or more rare earth elements. A second barrier material is then formed over the waveguide
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material, wth the second barrier material contacting the first barrier
material along sidewalls of the at | east one trench. BRI EF DESCRI PTI ON OF
THE DRAW NGS [ 0010] Preferred enbodi nents of the invention are descri bed
below with reference to the follow ng acconpanying dra ] Figure
1 is a di afYOHHIE®6 cross-sectional top view of an opt%‘\(éﬂﬁ 3%({//(?%} assenbl y
in accordance with an exenplary aspect of the present invention. [0012]
Figure 2 is a diagranmatic, cross-sectional view along the line 2-2 of
figure 1. [0013] Figure 3 is a diagrammtic, cross-sectional top view of an
optical device assenbly in accordance w th another exenplary aspect of the
present invention. [0014] Figure 4 is a diagrammtic, cross-sectional view
of a fragment of a sem conductor construction at a prelimnary processing
stage in accordance with an exenplary aspect of the present invention,
[0015] Fi gumatefal; witkythejsegpnst barfigr m#‘a@#ﬁ?ﬂ*a?}mf‘h@ftrﬁ'eb%"%' HeRterial alogg sidsvalssi ng
stage subsgquestieddd oh@a@bnsd, figure 4. [0016] Figure 6 is a view of the
fragment of figure 4 shown at a processing stage subsequent to that of
figure 5. [0017] Figure 7 is a view of the fragnment of figure 4 shown at a
processi ng BREFPESUBETHON QF THE DAWIDIGS | gure 6. [0018] Figure 8 is a view

of the fragigguo)of fimidferroft chibEWMeALs Gt tHY IRAHSH BE ddsBtRd I RAN AMrefd t hat
of figure Pﬁéoé}?’ vi ew of an exenplary construction

i is ato
conpri si ng %‘g'ﬁ@ﬁ{q’°°“6?anﬁ’5”83faé”'@pal ong the line 8-8. [0020] Figure 10 is
a view of tHeom]agnerkigwk 1fis guiagraineaimicroas-sectipnaldersgewgf s aptial daviseequent
to that of Adsgmbfy |§acgbrwgcg%wa9%7(9f4\ bR G/ é&%@%ve%ﬁAl LED
DESCRI PTI ON OF THE PREFERRED E 0021% hi s %I scl O Of t he
i nvention i 9@ t t Sd9Y"R zf'ﬁF‘tdf"f‘@Faé‘HE%“%F’° figect B‘Hé’ﬁ“ﬁ P”%W& r2p‘2§§'8'éreof t he

U S. PatentilLaws-"to pronote the progress of science and
[0013] Figure 3 is a diagrammatic, cross-sectional top view of an optical device

assembly in accordance with another exemplary aspect of the present invention.

[0014] Figure 4 is a diagrammatic, cross-sectional view of a fragment of a
semiconductor construction at a preliminary processing stage in accordance with an
exemplary aspect of the present invention.

[0015] Figure 5 is a view of the fragment of figure 4 shown at a processing stage
subsequent to that of figure 4,

[0016] Figure 6 is a view of the fragment of figure 4 shown at a processing stage
subsequent to that of figure 5.

[0017] Figure 7 is a view of the fragment of figure 4 shown at a processing stage
subsequent to that of figure 6.

[0018] Figure 8 is a view of the fragment of figure 4 shown at a processing stage
subsequent to that of figure 7.

[0019] Figure 9 is a top view of an exemplary construction comprising the fragment
of figure 8 along the line 8-8.

[0020] Figure 10 is a view of the fragment of figure 4 shown at a processing stage
subsequent to that of figure 8.



useful arts" (Article 1, Section 8). [0022] The invention includes optical
wavegui des and optical anplifiers, and nethods of form ng optical

wavegui des and optical anplifiers. In sonme aspects of the invention, it is
recogni zed that rare earth elenents can be utilized to ' R3eh cal
signals. THR2PHEM,rth el enents can be incor porat ed iggg/h%%/ca%

I nterconnects, and in particular aspects into integrated circuit optical

i nterconnects, to maintain signal strength of optical signals mgrating
along the optical interconnects. In sone aspects, the rare earth el enments
can be utilized to anplify optical signal strength within at | east a segnent
of an optical interconnect. [0023] In sone aspects, the rare earth el enents
can be considered to be incorporated within |ight-conducting conduits, with
the term"fight-conducting conduit” bein tiliz t enerically refer to
any device 'HEVNHEDaP%%@'ﬁ'Pfq'@NIngW‘? Pﬁﬁgﬁgﬂﬁﬁ’f'\ﬂﬁpﬁﬂ‘ﬁ&%vegui des” and

opti cal anpliodatgrs. [THiRdibcldsureotinairvantioy iswitetittedindurt@rdrivealf déent s can
anplify optjical. sian r I SeSto | AL BlJakd PREL SR angi gnal s,
IS that theéoggétﬁgél“ é%@ﬁs%r% _uec%'sgggl%?ﬁbngl O%ﬁrgltggelns ﬂgc{% ng % Re 'sane phase
and traj ect vaeful g8s’hGichh Y IRetiemsl npact the el ements. One aspect of the
present invqpddagn is 'gmdiamahtricmaeé &iﬂbai w/RGhigeshhdoptiohl arrﬁmiaereaéﬁdﬁbel ement s
in on-chip integrated circuit optic | nt.ercon vegui des. can- be
nvant ageo,Betpa pribifing phics hafdblieEaond BERFARNREL IRKIRELERHTANET, .o
nanocr yst al isverige, it iarecagaized that eare aarth ¢lameintsicao he uliizad & yoplfy sptitiakgignatied i n

?hdi el ectri ‘F?éh l%ktféar%ﬁ?l§ﬂnbh@QBn db ?%B%)até‘cﬁiﬂ}[d maau}medcb&mctsgaﬁdj infdaftitian . when
e rare ear clLenents are.,exclteq. 0 ns Of. ropriate . e r . or

i um © SRRSO poralEa P P BB oo R BRER S SR AR R el angrt
at room t esigraiaimigrating aléngthe eptidahinteeebnos@s.t lisone aspesis-the careé gartivtlerments 10' 14

per square gfdd iRLEd to amplinPortichI®fgnalCarnB® winid dtd&dt h Qe GHEARE Bn bpRapUaNt um
ef ficiency which i gaht‘niﬁ F'?ra%gg:‘nerredgmt hrough a natge}?i al . [0025] Erbium

b
ytterbi um Wéeé?ﬁmie m and cerium can be particularly suitable for
i ncor por at i dA023)t o di lvlseuteraspestahey@raleartreelenents can Be bonsideareshto bef or exanpl e,

have quant Uﬂbovéo?é@d%ﬂﬁﬂ ﬁgf%?.@é@ﬁe% ééﬁ@&%@(/vﬂﬂﬂ%ﬁtérm |'|©Hﬁéo%dh§%b cBhébeing

excitation at, 0 nm wave enlgt ) nm wavel engt h, "and 14 nm wavel engt h.
utilized 1o generically refer'to any device having a path for light, including optical

waveguides and optical amplifiers.

[0024] A mechanism by which rare earth elements can amplify optical signals, or at
least assist in maintaining optical signals, is that the elements can produce additional
photons having the same phase and trajectory as photons which impact the elements. One
aspect of the present invention is a recognition that incorpdration of rare earth elements in
on-chip integrated circuit optical interconnect waveguides can-be advantageous, particularly
if the rare earth elements are within silicori nanocrystals. The rare earth elements in silicon
nanocrystals dispersed in a dielectric (such as silicon dioxide) can lead to light amplification
when the rare earth elements are excited by photons of appropriate energy. For erbium,
such can, for example, produce emission at about 1540 nm waQeIength at room
temperature with an estimated excitation cross-section of 1 x 10" per square centimeter.
This effect can be utilized to enhance the quantum efficiency by which light is transferred
through a material.

[0025] Erbium, ytterbium, neodymium and cerium can be particularly suitable for
incorporation into dielectric waveguide materials. Erbium ions, for example, have quantum



[0026] Rare earth elenents tend to have low solubility in the

comonl y-utilized dielectrics of integrated circuitry (such as, for
exanpl e, silicon dioxide). Such can be beneficial, as interstitial rare
earth elements (such as, for exanple, erbiunm) will not |1y alter
physi cal pMSh¥PT8EX6of the dielectric (for instance, ré?rac$&@gﬁ?ﬁdex and
dielectric constant). [0027] Incorporation of various anpunts and types of
rare earth elements within |[|ight-conducting conduits can enabl e properties
of the conduits to be tailored for particular applications. Exenplary
aspects of the invention are described with reference. to figures 1- 10.
[0028] Referring to figures 1 and 2, such illustrate a construction 10
conprising a |ight-conducting conduit 12 extending froman optical signal
input 14 to an optical signal receiver rf%1029] The optical signal input
can be anytlevegthataliowdixcitation aaﬁOQ)pmN@aP'eBﬁﬂQ 0 nrmwgvelergiiy and 1480 nAnd t he
opti cal S|gugydems@plver 16 can be anythlng into which an optical signal

fromconduit 12 i's fe i nst an n ts.the in an
correspond (0281 fi b(ﬁa’%ﬁ?m&e'ﬂ‘ﬁp'é%%a h3 gglpﬁQfJgﬁ”@' il é’?wes%oénmgrgy 3&68 her

devi ces candiblectpicsafiittegrataeitciveditry {sueh as, riqzm’:txamnlﬂ! siigrdioxide). Such ¢ritbean opti cal
signal f rO”BénQﬁc.%u Qselhte(wﬁlhﬁaf“eagrﬁl dle?nérﬁ@@&f:t?ég ¢t etx9m @OQ@HJrﬁ) thl?notSl mlarly,

in sone aspec he recel ver can correspond t ber - 6\‘!@ QI e, and
appropri at esqbem@'ygﬁemwswmpmqf&e RE| tB‘é(f?j’r"b'i}?r&F@dreHEP é'?ldet"t‘?é' recei ver

and condui tdidléct®cdrizdntian optical signal fromthe conduit is transferred to

the fiber- ORC 2CI Cabllﬁcorﬁgramoéf nglomn% arld'l o*?’ar&%gnﬁgfeﬁ%ﬁ@%ﬁnr{ 0 a

hi gh-freque rocessor Irectl ptical “'data S|g to conduit 12,
and recei velrghteor@uﬁt'mqnéwm Et”éb'é Pé%f‘@h“ thereepeiisde F(‘)a"gfeﬁ' T RAUYIET | j ze

the data coadphtdiefs.i ExdriglagRisp6ds ofthé mventpnalre d¢d2aB& willheeféregdet todipurestit ng
conduit 12 js shown to be supported by a substrate 18. Such substrate can
be anything Suitable for supporting the light-directing conduit, and in
some aspect 0028k conﬂ?@fg@mﬁﬁ?ﬁ'ﬂ}&f%?a q2 ﬁéc%l"F‘ftE?é?la CORStRIGHaN ULTATATSING e
substrate Cight-bshdut®igdonadit 1 eendingRdrh anoglic signa u’cm:t 1 atcean dpicalisthniah

i nterpret atrl Qn of16t he clains that follow, the terns "sem conducti ve
substrate" and "sem conductor substrate" are defined to mean

construct i of0@R%pri si e apdinglsignaliopytvan ke eayihing that ﬁ@%amgpt'%tﬁ'g%wtq imted
to, bulk 5 YAdd9Z/ M tRe bptiaildigial eenBrii2énh be anything into which an optical signal

from conduit 12 is fed. For instance, in some aspects the input 14 can correspond to a
fiber-optic cable, and appropriate lenses and/or other devices can be provided between the
input and conduit 12 so that an optical signal from the fiber-optic cable is transferred to
conduit 12. Similarly, in some aspects the receiver 16 can correspond to a fiber-optic
cable, and appropriate lenses and/or other devices can be provided between the receiver
and conduit 12 so that an optical signal from the conduit is transferred to the fiber-optic
cable. As another example, input 14 can correspond to a high-frequency processor
directing an optical data signal to conduit 12, and receiver 16 can correspond to a system
configured to store or utilize the data contained in the optical data signal.

[0030] The light-directing conduit 12 is shown to be supported by a substrate 18,
Such substrate can be anything suitable for supporting the light-directing conduit, and in
some aspects can comprise monocrystalline silicon. In such aspects, the substrate can be
referred to as a semiconductor substrate. To aid in interpretation of the claims that follow,
the terms "semiconductive substrate" and "semiconductor substrate" are defined to mean
any construction comprising semiconductive material, including, but not limited to, bulk
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SRR

sem conductive materials such as a sem conductive wafer (either alone or in
assenblies conprising other materials thereon), and serniconductive
material |ayers (either alone or in assenblies conprising other materials).
The term "substrate” refers to any supporting structur ' but not
limted to,WaMEHHucti ve substrates. It can be advantgggégﬁkg‘ggﬁth
substrate to be a sem conductor substrate, In that such can all ow

sem conductor processing technologies to be utilized for fabrication of the
light-directing conduit. {0031] If the substrate 18 is a sem conductor
substrate, the substrate can honbgeneously be a sem conductor conposition
(as shown), or can conprise nultiple Ilayers of different conpositions. If
the substrate i s honbgeneously a sem conductor conposition, the substrate
can, for exanple, conprise, consist essentially of or consist of

monocr yst al sémieorsductiveomitetidls sheh aadsemigonsiuctivepvaterdsitiarialdngl o il assembliesor e or

more of thegod s, gfotﬁ@r'?n&t@rrﬂ?é {hefeony, @RS b&hxc@ﬁ&%ﬂ&é ﬁqbie)/.ansyers)(enﬁerrb%ﬁetorq#
nmonocrystal line sili

con thers . e conpri se
seni conduct BFSSRRIES F%{P%“S"]gd%‘h‘f’ﬁ%‘?t%\'f‘?é% trB‘f pREn F"ﬁ%?&?‘? ‘%rﬁ)? t‘&B?%?‘fp?BmHQ electric
mat eri al s, sichbre] ioclodibeg butthat limited &, seiconductiye subatiates. teambe atvantagebas ni ng

COMPOS L | oNfor iSRRG Fod BMAIEHAIS SHHABY H PabQR I it bhioBhdclopy o o

t he condui t orne In an Sul t ayer can exte roug
nore t han oﬁ@cpwtechqomwz]totﬁ@twaegmrf@nrwemri ‘?féh%'tﬂ’i’&ﬂir?"“m cprRduthown t o
conpri se an foo3gr nat BtHedubaatand is @sérheatdnctzesmtrmunﬂlsmgstw@ban nner

material . o%%en%%ﬁmg{aﬁﬁ%% con&@c?or'éo% snﬁé}{‘ggﬁ%@% ﬁP%J?‘. hm‘enrigéﬁm%l?iﬂ@ Into

substrate 1 I Ses n I nne
mat eri al 20'ayaE o Glﬁf@fqnh?@"ﬂ@'ﬂoaﬁd" thesubsiaie W%ﬁ"?@%?em'ﬁ@quﬁtﬁér
mat eri al zocaﬁﬁosnambmtersabﬁraie%canTlft& elkahplb, cUntbris €N sisEtsbht@ng ofdr canslstd can

conprise th | di f. arygne

anot her in %‘(?%ggpgg% e ‘%eurﬁ ﬁre"? ggbsg? % C%nﬁhp‘% mgrll%le?a%ashané g}(’:r(r)%’lF d[?)r(&)rt i ons 24
and 26 are wemaﬂéomnmﬁwgéﬁ@halmoncycses'irmﬁmpwﬂal!mwh@m andethers one
of the port bbRs 168k @Wméﬁndﬂébﬁ\b%@séﬂmé&rﬂﬁb@Qmﬁ@ﬁ‘ﬁl@5lbe PBRNEY, bR RJeraS

' I
1 won be” SIS EhpRie VELELE rHhS Rl rRlTR (ORI B PR LA Bl )
condui t 12. contgningepgpesiéenst iy aspgatstimwhich ther subatrate camprisasemyltiple layersathe

wavel engt hs c&fduﬁtﬂg%n%'f&hwmlrgé@ ssnutaaequwh oP B&t éﬂé}ﬁfthf’&bﬁ rmcﬁté tlﬁﬁ%ng‘?ayer 4
mat.er i 0ﬂn|ze
a

by persons dPO3RG: nar TRCNHHRRGARD partiy 2 % {alR a8 suRpri 51 Hinerypaud| 26 816
i nventi on i 8 sheatk@8gHireundingsugh innacmatsriain Infheshewo aspast.ghe light-comrductity

el ements (i Borfult@kteBs Mo sUBSRatl 8MBHE sRéatit BénSHsBE RSt poRioR SueRivideAMdel e
group material 20 and substrate 18, and a second portion 26 over the inner material 20 and
substrate 18. The first and second portions 24 and 26 can comprise the same composition
as one another, or can differ from one another in composition. Further, although the first
and second portions 24 and 26 are shown to be homogeneous, it is be understood that at
least one of the portions can comprise multiple differing compositions arranged as various
segments or layers within such portion.

[0033] The inner material 20 can be considered to be the optical waveguide of the
light-conducting conduit 12. Light migrates through the inner material. The particular
wavelengths of light which migrate through the inner material can be determined by the
composition of the inner material, as will be recognized by persons of ordinary skill in the
art. One aspect of the present invention is a recognition that inclusion of one or more rare

earth elements (in other words, one or more of the elements selected from the group
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6 WD 2007/ 087046 PCT/ US2006/ 048261 consisting of cerium praseodym um
neodym um pronet hi um samarium europium gadolinium terbium dysprosium
hol m um erbium thulium ytterbiumand lutetium within the inner material
can enhance stability of an optical signal mgrating thl; 066'7) pner
material . WO W8HB'U8pects, the inner material can conprise a ITB.tI’IX havi ng
one or nore rare earth elenents dispersed therein, with a total
concentration of the one or nore rare earth elenents within at |east a
portion of the matrix being at |east about 1 x 1018 atons/cnB. [0034) The
matri x can conprise any suitable conposition or conbination of
conpositions, and in sone aspects wll conprise one or nore of silicon
di oxi de, silicon- oxide-containing glass (for instance, borophosphosilicate
gl ass (BPSG), phosphosilicate glass (PSG and fluorosilicate glass (FSG),
si |i con ni taongieting ofdietiumt prasesdiymidina mgoinidm pramethirolesampRem, europium,
gl i an OXIgL%bmu%%ru.m HLRo8iaM, RAMILME e«a&mﬁltﬂarm yHerbifn dﬁtpl%datuﬁr'nb WA

I oxi de,

onme aspec consi dere | con
e i JRARE A= G g A AR, R A RS
eart h el emenaterigain vmeaspactiethetimenmatesial ¢aldoenprioa e @ndtrixabaving avetdrimore t he
i nner mat er,pl eém\té’l%]rﬁer'itg ﬁ@?ﬁ%@& th'eFéerWItﬂtath'a| %céﬁt?&ﬁlbh lof %e%fnegp mioRd r'aFéal

signal mgratin rou i nner ‘materra £r1x es).r ed
anpl i fy an ptisiemends &H%fr‘ ahlegsta RPN Qflﬁ'?etﬁiﬁtffxpﬁ'@glahﬁé?t E}Pé’t‘bﬂ‘éﬁ) matri x) The

rare earth abesemfs will typically be provided to a concentration |ess than

or Saual 10 by S0l | ik L dorghh b bl ALY bPeorhERph b i LN 1

t he i nner mat ri x
concentrati WRS’P"'P'PI% aPﬁF’bSO”é?a?Ptﬂ?c'él%'h%QW@'sﬁnOPF Ob@OT%%fss"'Pﬂ'&ﬁ'%F’e éﬂ'ﬁ%’l‘ to
about 1 x Idxide-cdntiming gldss (for iestangel Borgphaphestiicate dadsqBaESGH,phosptiositicdton of

the rare egylly (;Pnga'if‘éﬂé ﬁ%%é'mf% & %% dg%g,ﬁgsiﬂfo%%tiﬁ&% iR ik o‘MdUand Q‘ﬁcf fom about

1 x 1016 atoms n sone aspect
particul ar %fee ThesilisorryiRgReNAining giRsseneandif sPrsideeddape ﬁowcbﬁ’mﬂ dm*&s'm ded
within the anmneSomgab@édtsad:arfwwnmde@ﬁ t@tors@ 6t silioh IdidxRietdma opBloymbey & eart h

el ement pr t fabrication techniques. |If a particular
e@%@%&’é’{;é *ﬁb&.d}é emd

rare earth rare earth element present within limts of
fabricati on{988hni qudhe f@@cﬁ@“ @F@‘%@Qa{ﬁ‘ kel ipvided toany isuitalimedngenteagion withipe

subst ant i a|th¥|rﬁrﬁl' RlateribNBat@iR ko/adsitt B RahtalhirRy SaBaRy oﬂcurecs;ﬂ.aau é(gﬁahﬂn@rétfﬂ@ i nner
mat eri al . ect.s nner,. nat eri al

matrix to SUB)UPR eI |§r|§ r matgr' ial rnatrlxa( t}%e%‘?e‘éa{‘ arﬁ&?y gn OFC))IIC‘aF S|gnal migrating
through the inner materlal matrlx). The rare earth elements will typically be provided to a
concentration less than or equal to the solid solubility limit of the rare earth elements within
the inner material matrix, which will typically mean that a total concentration of the rare
earth elements will be less than or equal to about 1 x 10'® atoms/cm?®. In exemplary
aspects, a total concentration of the rare earth elements within the inner material matrix will
be from about 1 x 10" atoms/cm® to about 1 x 10'® atoms/cm®. In some aspects, a
particular rare earth element will be the only rare earth element provided within the inner
material matrix, or at least will be the only rare earth element present within limits of
fabrication techniques. If a particular rare earth element is the only rare earth element
present within limits of fabrication techniques, such rare earth element can be considered to
be substantially solely the only rare earth element present within the inner material. In

some aspects, it can be advantageous for the inner material matrix to substantially solely
comprise erbium or cerium.



conprise erbiumor cerium 7 W) 2007/087046 PCT/ US2006/ 048261 [0036] In
sone aspects, the earth elenents can be provided within silicon
nanocrystals present within the inner material matrix. For instance, erbium

can be present in the inner material matrix within erbi
er bi um dope¥® 29708 nanocrystals. [0037] Sheath 22 i lgﬂ?@fﬁ?ﬂﬁ)&g}/&frﬂg{ to
substantially keep light mgrating along a path defined by the inner
material 20. The sheath will typically conprise one or nore conpositions
having a refractive index different fromthe refractive index of the inner
mat eri al 20 adj acent such conpositions. The difference between the
refractive index of the sheath and that of the inner nmaterial adjacent the
sheath can help retain light along a path defined by the inner material, as
wi || be recogni zed by persons of ordinary skill in the art. [0038] The
conposi ti on,[0836]conpokisoimeraspedts, tineartihelomentanamee ardyidedmithinuilicabl e f or
hel pi ng to h&icRhatdid Slakerd ARG the PAEMMABHAINRANDYFdr M¥edncBBéBiuhPdandfd. préht
i nstance, if énner mat,e{l atl, 20 ,COE@H S'eli silicon d|($X|,|de, t he portion of
sheath 22 alfjRERer malerial matdy withip efalum-agh (X rRIYMLioPed) SieBn ARSI and/ or
nmetal i c nat[eedAdl s an8heath B2issdontgnediorsubgtanicaip ssert lighh sigrating didreg spin
aspect the igeRhah inibAkRrA20C ARBLhSAR WIRGIEN SoRbrdshd bk C Mater | al
34, and segnents Of netallic material 32. The netallic material 32 can be
any sui t abl EOMRR5H9HS NAYIBA aseirachivbinfen ditereakirambing seiragtivmdex athe ingar t i cul ar
aspects canmatnal 205 &djacunt suich avapesitdnsa | Tingidiffenencb ietyaiearthe caiapibie,indexchf the
metallic silici ] ' LI gl de) .
(G030 The st B eebly AARR. RachatefRb i Ll RN Soogl el P,
ext endi ng afeiigddyitamipreisaptsaal asqvill be 1eqogpiged By A§TSORFRf Frgnany sl indbe A
di mensi ons ([0o38] i nst ANEeompdsttioh adrebmbosliisnensf sheath22 can the2myingfsutabler 1 and
2) which arg - j | ' ol ™ S aspect
of the i nven?IPi(rghb&%ﬁﬂgbﬁﬁt%k%g%tpe%ﬁ@@%’en%ylgy ‘_e}ﬁ' %r rq'g{réguﬁé(?(? '?fhoerlirf‘l)é e‘rg_’éﬁn@él@nensi ons
of wavegui dBvetanal Zheprariises ailisr)l Yo thedraptian af sBeai 22 adisgent|thg wiigen oxide
di mensi ons. cardéskfriskrilisomitrapaios metallichBateiule aitd/Ormetabéonitdifieg compdaitioad. 20
w1 have a,y a0t g#ecfﬁgmm?ndgﬁe%% ?‘é {:&n&is%gfs%érﬁérﬁggf 80%%8{%%%% 4R Of
one or nore rare ear el ements 16 anpliTy ‘an optical signal !cah W |
typi cal | y b8%adrbiegmentmeldnetalic materiak32atThednelalliqmatariah33canipi@ysuaitd cnB of
the rare eatéhpsitRrencenbinatich ¢¥icompbsitichspawd iR Particaigl AspetRicah @BMBAEe) one or

more of aluminum, tungsten, copper, and metallic silicides (for example, titanium silicide

and tungsten silicide).

[0039] The waveguide 20 can be considered to have a longitudinal dimension

extending along a longitudinal axis 21 (figure 1), and to have lateral dimensions (for

instance, the lateral dimensions 23 and 25 of figures 1 and 2) which are orthogonal to the

longitudinal dimension. In the shown aspect of the invention, sheath 22 extends entirely

around the lateral dimensions of waveguide 20, and accordingly entirely surrounds such

lateral dimensions.

[0040] In some aspects of the-invention, the inner material 20 will have a region (or

segment) doped with a sufficient concentration of one or more rare earth elements to

amplify an optical signal (which will typically be a total concentration of at least about 1 x

10'® atoms/cm® of the rare earth elements), and will have another region (or segment)

which is not dopved to any significant amount with rare earth elements (or in other words,

which has a total concentration of rare earth elements of less than 1 x 10 atoms/cm?).

Such aspect of the invention is illustrated in figure 3. In referring to figure 3, similar

8



which is not doped to any significant anobunt with rare earth elenents (or in
ot her words, which has a total concentration of rare earth el enents of |ess
than 1 x 1015 atons/cnB). Such aspect of the invention is illustrated in
figure 3. Inreferring to figure 3, simlar 8 WO 2007/

PCT/ US2006 MSUB9EB™4unbering wil | be used as is ut|Ilzgﬁzggosgmrﬁmhescrlblng
figures 1 and 2, where appropriate. [0041] Figure 3 shows a construction 40
conprising a Iight-conducting conduit 42 supported by a substrate 18. The
substrate 18 can be identical to that described previously wth reference
to figures 1 and 2. The optical signal input 14 and optical signal receiver
16 discussed above are shown proximate |ight-conducting conduit 42. An
optical signal provided frominput 14 passes through conduit 42 to the
receiver 16, and accordingly a path of light through the conduit can be
consi dered rtlmqgr'me'é‘d)ed@ﬁﬁg‘e‘ feeitizgd aheve Myiascribing tgureset 8nd @rwhase [ 0042] The
l'i ght - conduygpbidpgateondui t 42 conprises two adjacent segnents 44 and 46 of a
wavegui de, t he t. 44 bein st ream e nt r ive to
the Tl ow oﬂq%m C RO o & b R Painh g R Sah i 1
aspects of supportetiiyre subsiratels. Tth-p§vbs§latﬁ Hoepneaw identicakin tinas dd@fmbéd nievieusly
sufficient vﬁf?ﬂ%% rcBlid f?c_!,l,rgéﬂan&zm‘rha’e Real S .nFaHmarm mauts‘fgriapremru%y an

optical signal I ch typicall oncentrat i I east
SPout "1 % SsSRRRONE Al SonpiioTRe 185 Pro B Rt AR defy Hoad o1
concent r at i povidaf fradrhinputit £pasaes thralghroendst 42f to ftveoreceilbenuts, and adadidingiyt @nethc nB
to about 1 % %Ignﬁ'o @{ﬁﬁlcﬁﬁﬁ)utﬁnvﬂ%'Aoﬁsu&&@%ﬂpﬂmééermn%ﬁ%%nﬂﬁpdt%wt doped
to any si n| ant anount rare eart el enents (which typically will be
a total corf&%‘?i‘(‘?’é?n on of rare earth el ements of less than 1 x 1015

at oms_/ cn) . [o042Uch aghediyist-canbecting msmduumizioompﬂé)asctwn adiacentrsegohents ddtapd 46
conpri se af‘tif aQdvel @he WAL Qén(?%ﬂﬁ%bﬂp @éxfe%ﬂ%f% %{{i%rrélémeﬁ@%ﬁ% 44 of

such assenbly can consi g an o SI I er recei ves
an opti cal ‘§ ightdropghytheicrpdiit t?&““a’f?ﬁe""iftwt |'QB@'"‘? her a}saggseéﬁhﬂlﬂ"@r‘%fﬁ‘ﬁs

t herei n to upspearhgegrhentsiagnalbeioped witia peftisiemtgohdentatignal onetdnmeuigtare he
remal ni ng S&?ﬂ‘-’sﬂémé’rﬁs f&far%@gy &P&HHth. r&l [;;J?I?ch c?aln Wil JPa tdi) ?ﬁdenm?onstﬁgfmm S

44, and 46 of the wave osl | ons sim hose
di scussed dﬁ%‘i}éb?‘édd? n@""W&(F@?gtﬁ’if H’@ ’2’6 ea&h&'egﬁé‘& fnd gpn 99 éé?ia'é‘ﬁﬁiﬁ‘ﬁ‘@@”
di el ectri c ofaie iaxe eathesiérabntb avirerg abog 104 10Yoatems/amé teabdun 1 &l @endras/dnyper sed
t her ei n.

I it the downstream segment 46 is not doped to any significant amount with rare earth
elements (which typically will be a total concentration of rare earth elements of less than 1 x
10" atoms/cm®). In such aspects, the construction 40 can be considered to comprise an
optical signal propagation assembly. The upstream segment 44 of such assembly can be
considered an optical signal amplifier which receives an optical signal from input 14 and
utilizes the rare earth elements therein to amplify the signal prior to passing the signal
through the remaining segment 46 of the conduit to the receiver 16.

[0043] The segments 44 and 46 of the waveguide can comprise compositions
similar to those discussed above regarding waveguide 20, and specifically can comprise
dielectric matrix material having one or more rare earsth elements dispersed therein. In
specific aspects, at least some of such earth elements can be provided in rare-earth-
element-rich silicon nanocrystals. Any suitable rare earth elements or combinations of rare’
earth elements can be utilized. In some aspects, one or more of erbium, cerium,
neodymium and ytterbium will be utilized.
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specific aspects, at |east sonme of such earth elenents can be provided in
rare-earth- elenent-rich silicon nanocrystals. Any suitable rare earth

el ements or conbinations of rare’ earth elenents can be utilized. In sone
aspects, one or nore of erbium cerium neodym um and ' 111 be
utilized. ¥OROVWEMO087046 PCT/ US2006/ 048261 [ 0044] Inyé%ﬁgeﬁg%iﬁs, t he
dielectric matrix material of segnent 44 will differ from that of segnent
46. For instance, it can be advantageous to utilize one or both of indium
tin oxide and zinc tin oxide as the dielectric matrix material of the
optical anplification segnent 44, and to utilize other materials as the
dielectric matrix material of segnent 46. Accordingly, in sone aspects of
the invention the segnent 44 will conprise one or both of indiumtin oxide
and zinc tin oxide, and the segnent 46 will not conprise indiumtin oxide or
zinc tin oxi@m4]l n suckoms peprdcts, thehdielelftad metrixinateniad of segment 44 will differ §emnent

46 can, forihaEf3BFhent 480MRF inSRNnEE Gt @h bERLGarRdgedub tE@izE bR bisbth BIAR@GMSIn! | con
dioxide, and_silicon pitrjde. %6945{ A sheat |4§ S|prsp Ilar f t he sheath 22
di Scussed aBARATH AP Tupidects e piptechio g matenal e e orbca Rl ea g ST BB
edges of segrand o difizanttiedifiatefihle asxiegliblactyic malixatdtedd ohsegrmest 6.1 | ¢ r egi ons
32 and non- o W o | . SNe ey S4A0MR L@l cat e
that the sh&gﬁoﬁa]ﬁhﬁ I_"f %g':'j&%]s}ég %eo_{ ?%ﬁig\{e?ﬁct | O%E%Téﬁtie%u‘krﬁglcgﬁgan,, I ioflzgoﬂgh%
sheat h ut i PAivEdingxideppd ZBgdinQxide; apf 1he spepeés vl BotgeTPriEe ingiumgtin oxide or

non- et al | i Ancswrgosidy. Sin sugH adpletis, the eigeiricanatox matenial sfsepmest 48 canpior net al | i ¢
segnent and 1 OB : 4 iterlal. heath 48
i's shown ad?’%@%ﬁ%’ Ctbﬁgﬁsegmr};ﬁ?n %{é"oiﬂﬁ’#g%éoglﬁﬁhdé%ﬁi%h%gf? ﬁglhgj Aerf’anies#tgén ﬁ‘l fd% isto
be under st od®P45hat pdt BhegHE4& EinilRE tosthe shepthd? disevrset RRowytheisieraredan  al so
be netal | i cliguiesexer 2, is shawdnRoRpiaRed 2dgds dfldegrname alliand 461 Thaexdmplaglvant ages

bt "oy LBt BRSO S5 0804 8 S Slonly SRR 12
The sheat h $8wgfto fidigatedhat thapheath piiized in tae epnstiustion ot figwr® danekrdbesfirale
cont ai ni ng aiigeenttse dehsticlioA@f Aqabe §ans Ryconfpricd Aomastdiitedeghleatssierllis 22
entirely | aée%h‘?e' ks%’ or éc?ﬁtfir?a"l'iggé of AB%I’A@I\SEQ Eé er&gnc? f-neullﬂzlg Pg?neil\ts‘:iwﬂ gu [18%47] An
exenpl ary ne 03 or tormng an exenpl ary optical signal® condul P (%1 e
present i nv@akllismateriahelabepBheAd inpbown edigneative segmentdidrangiciediip rare gartief er r i ng
to figures dembnts, ifisd bélinduistbed ihagpoHidrs dp thelkhegthadijdcentthe kégiRshtabex® i n
descri bi ng ;Iéc%g r%%ta%i‘c?" Hovm\;%\%r?in some aspects of the invention it can be advantages to
provide metallic regions of the sheath along regions of the conduit 42 that comprise one or
both of indium tin oxide and zinc tin oxide.
[0046] The sheath 48 of figure 3 can entirely laterally surround the waveguide
containing segments 44 and 46 analogously to the way that the sheath 22 entirely laterally
surrounds the waveguide 20 of figures 1 and 2.
[0047] An exemplary method for forming an exemplary optical signal conduit of the
present invention is described with reference to figures 4-10. In referring to figures 4-10,
similar numbering will be used as is utilized above in describing figures 1-3, where
appropriate.
[0048] Referring to figure 4, a construction 40 is shown to comprise a substrate 18.
Such substrate can be a semiconductor substrate, and in some aspects can comprise,
consi§t essentially of, or consist of bulk monocrystalline silicon.
[0049] Referring next to figure 5, a trench 50 is etched into substrate 18. Although
only one trench is shown, it is to be understood that multiple trenches could be
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appropriate. [0048] Referring to figure 4, a construction 40 is shown to
conprise a substrate 18. Such substrate can be a sem conductor substrate,
and in some aspects can conprise, consist essentially of, or consist of

bul kK nonocrystalline silicon. [0049] Referring next to f/| trench 50
i s etched MRW4WH¥Prate 18. Although only one trench édsﬁbsg%g(@?sz?lt s to be
understood that nultiple trenches could be 10 WO 2007/ 087046

PCT/ US2006/ 048261 si nmul t aneously fornmed within the substrate. Trench 50 can
be formed with any suitable processing, including, for exanple, provision
of a photolithographically patterned mask (not shown) defining the |ocation
of the trench; an etch into the substrate to formthe trench in the

| ocation defined by the nask; and subsequent renoval of the mask to | eave
the structure shown in figure 5. [0050] Referring next to figure 6, trench
50 is |inedimultahecustydpmnest within thejsgibstede. Bigach shean bertermed witle Any syitablen fil | ed
W th wavegyslssRg, shdidling for exBmpiBPhrodisibh 8NS phdtoMhbgrapHiddlly pakeéined magicies are
fornmed at tFe I%EC%?’GSSI nqg stag‘e q{?tﬂ%re ?é a} It of the ttr?ncI}ﬁstca?rXB e lined
with mat eSPAVNIRIRG e lepatiengf the HRIERANAICHRIC 107 SE'aISIRIT IS PRSP ¢ han
al | of the the lenatiesielived Ipethemaserhng subsemreet reaiovd Hf thednask tb ldavethen t h

material SQyBafd dnidnMigibdl 54 is a barrier relative to light traveling
down a vvave&g%g}ea_ conprising materi al The, barrier abso ely .inpede
[

[ 56. i er  may . | u
[ ght £ om BOEAD1 ng FSieimEnaTalAsH 16 TeBEh ShBHEet Y aditeT GG bk e 1 y
i npedes | i ghé linddrteemcie sathgn filpdiwitbwaveguidamatuiaoss. 1|h @Pplichti@arin wbichmadttgle al 54
ultimately ' i ; I se
the same. ecghgs & foral e UaRg oy B rr 5 o R ERAIHEAR cartRInEA RG>
of fi gures Material i gad filegwiinnatedal S6ppicatierativainfewes thag,ad iphihe trepphRsGas e
si |1 con ni tihed @ith aratediahBs ampor-fited aith materat 56. 1 BdrBerangtendl 5aada eampr fetgive/ar i ous
netallic ' : ] | . er i . Ul
I ght - conacfythdedeling White o EGOL SapARleRl g ibe! T TR Erthel Sl
di scussed dBBEYE lighhtiorn CeeARMHGT thecvayeaddn Prsmoteiepisalronlyrsnialy Ireregas lighs
descri bed proevéspasing froarthe kavégugdi. - conducting conduits of figures 1-3. Thus,
the wavegui dpsPRl er ! B Mot s£ URIRI: o BATRE LR GRBRI3H B5RCRR 3 1y O,
or consi st f one or nmore or Siiicon I OXI d€, oped si .I con I OXI de,_
si | i con ni tacrerdinglygan gamprise tha same campgosiiang asidgscripep geeviously for the sheathing

materials of figures 1-3. Thus, the barrier material can, for example, comprise silicon nitride
or other non-metallic materials and/or can comprise various metallic materials.

[0052] Waveguide material 56 ultimately forms a light-conducting conduit analogous
to the light-conducting conduits discussed above, and accordingly can comprise the same
compositions as described previously for the light-conducting conduits of figures 1-3. Thus,
the waveguide material can, for example, comprise, consist essentially of, or consist of one
or more of silicon dioxide, doped silicon dioxide, silicon nitride, indium tin oxide, and zinc tin
oxide.

fo053] Referring to figure 7, materials 54 and 56 are subjected to planarization
(such as, for example, chemical-mechanical polishing) to form a planarized upper surface
57 extending across substrate 18 and materials 54 and 56. The planarization can, in some
aspects, remove some of substrate 18 so that the planarized surface 57 is elevationally
below an initial uppermost surface of substrate 18, and in other aspects can substantially
stop upon reaching an uppermost surface of substrate 18.

[0054] Referring to figure 8, waveguide material 56 (figure 7) is exposed to one or
more rare earth elements to convert the material to rare-earth-element-doped material 60.
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[0053] Referring to figure 7, materials 54 and 56 are subjected to

pl anari zation (such as, for exanple, chem cal -nmechanical polishing) to form
a planarized upper surface 57 extending across substrate 18 and materials
54 and 56. The planarization can, In sone aspects, r e ﬁ@&% 198y substrate
18 so t hat WPRETIPWAGr i zed surface 57 is el evational | y ow an I nitial
upper nost surface of substrate 18, and in other aspects can substantially
stop upon reaching an uppernost surface of substrate 18. (0054] Referring to
figure 8, waveguide material 56 (figure 7) is exposed to one or nore rare
earth elements to convert the material to rare-earth=el ement-doped materi al
60. 11 WO 2007/087046 PCT/11S2006/ 048261 Although the doping with rare
earth elements is shown occurring after the planarization of figure 7, it
is to be understood that the invention also includes aspects (not shown) in
whi ch  sucHhitieyghribe dering with egre carth flemgnts isghoxatqosuring @ieshe plaparizationnef e

met hod can flgﬁreu?t thd %Qié Jrﬂferstd&%él@ﬁéinhv&ﬁoﬁlG%brrﬁﬂJdealégp&ﬂé {nbt sHRWANRRHIcH Nt 0
t he vvavegw i.nstance, . dopant can be inplanted into the

mat eri al . e'?a?qﬂpé EFrtSF?%fgﬁ'é%'?' NARAUYY des of one or nore rare earth
el enent s ar 0551l anAed suitable metbodaarebe alilized for incprpgraiing idegitednateagh ener gy

of from ab e"n@@mlﬁq}( @@.ﬁ’d&maéﬂg 'ﬁ‘éynstéﬂﬂa @apérmabﬁné wﬁ'&i&ﬁecﬁ’i‘ntolc them about 1

X 1013 atons/cn? to a out t ons/ cn® | ant ati on can achi eve
the desired"di®/i@ WBraneemplagy aspesh éh'@f‘ﬁes\/ﬂff’ﬂ? Rr mPWeraWa‘?Pé'ﬁ‘Lﬁ'ﬂBe%f"érl al of
from about irhplente8 Trio &ieamatenaitilizingpdroiiplahtatiod @Mérgg bbirarh abBut 10b&eVitopbautt at i on

can be fol I t ba ape & from about
500C to abouwg%craﬁpnﬁm%%e@f oﬂ)%oggggﬁa %mrﬁslz:rfw %b%LPL§1 30 m nutes
to diffuse atgmgcns wﬁ%‘@é'aﬂ’éﬁ'@" 83 aghievp dagasiyedHesqa ¢f f@ﬂ?@%\?@@lﬁ"ﬁ‘é"%t erial.
I n a parti ok RbvempRreGhatedid1of froriRbamtiech o'batemernt® fo ebsle it 10t%ohgcat. brnen  and

the chlori qrﬁﬁlgmtlémggne%o{oﬁmpﬁ%ﬁ {tﬁé ugpmeglheltq rlg?a[rrﬁ)lé a tgr%glegpurg th fr Qn LSt earth

elenent is e X erial can be
sol el y er bi%AC WOPT 7Q03e f@'r?p‘l"a?lt)feffpm ab@t é@m"m-ltéﬁ rabeut $%mwvtersé<a§lifusmear ly
entirely enhé iiplantdiEracogartt eldnbhits mnh.h%en@m@umdenmaer i p&rfiduld?@sdct, ltRaiSt

subst f'int i allrlnglgﬁtgé g%é gghg Iefémen[ Qa 5&)6% t]-:;lr ﬂm&é&igﬁ CQ%”ﬁgPa'? the(??rS \é%%:{l'g]qg, c

mat eri al can I exposi n
sol uti on h&lorige-r lérf@l@alamedéamﬁhemﬂrﬁismnngﬂmb@m the dapesisthireiet her ei n.

Such aci di vayeguidd MatefiananitelscRAPEBIuRY, af@it HRSRPRAdIYar shtidrfdht fsoft Igdt Of
nearly entirely erbium, the dopant within the waveguide material can be at least
substantially solely erbium.

[0056] In another aspect, the waveguide material can be doped by exposing the
waveguide material to an acidic solution having rare-earth-element-containing material -
dissolved therein. Such acidic solution can, for example, correspond to a solution formed of
a 1:1 volume dilution of 36% (by weight) HCI in water, having one or more of erbium oxide
(Er203), cerium oxide (CeQ,), or various organic/rare earth element compounds dissolved
therein. The doping can be followed with the above-described anneal to diffuse the rare
earth elements within the waveguide material.

(0057} - Regardless of the procedure utilized to provide rare earth elements within
the waveguide material, some aspects of the invention comprise incorporation of the rare
earth elements within silicon nanocrystals of the waveguide material. Such incorporation
can occur during the anneal if the waveguide material comprises some silicon. Accordingly,
some aspects of the invention will comprise incorporation of some silicon with the dielectric
material utilized as waveguide material. In such aspects, the waveguide material can
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a 1:1 volune dilution of 36% (by weight) HCl in water, having one or nore of
erbi umoxide (Er203), ceriumoxide (CeQ2), or various organic/rare earth

el enent conpounds di ssolved therein. The doping can be followed with the
above-descri bed anneal to diffuse the rare earth elenents wthip %

wavegui de W W01/¢87046] 0057] - Regardl ess of the procedur’é W?’I"?Gﬁoéﬁ% 0 provide
rare earth elenments wthin the waveguide naterial, sone aspects of the

i nvention conprise incorporation of the rare earth el ements within silicon
nanocrystals of the waveguide material. Such incorporation can occur during
t he anneal if the waveguide material conprises sone silicon. Accordingly,
sone aspects of the invention will conprise incorporation of sonme silicon
with the dielectric material utilized as waveguide material. In such
aspects, the wavegui de naterial can 12 WO 2007/087046 PCT/ US2006/ 048261

primrily C&Wrnly&%rrﬁiﬁ@e Bhe BDMBreldf shitdr di6dd] ldez(dzdiﬁllcdi}mmaﬂé biliéamaditridé,0xi de,

silicon nitri.d M L1 D 0X n

conpr i se SdF(FI}JIEIItIéIr?f(IdE‘ :'ar? ?10 tlrbO)iug (,j,&anél %j té(r)tﬁgr co ngé Egtﬁmfﬁt%ﬂlcgﬁgo Ih'é{ é %h

wi t hi n t he neaveystadarerdicpersed within thefwavepeide rr@eeaﬁt '|nt9§dffl°t9m ety for at e nost or
all of the .ﬁé’&sorsénﬁ&t%r ﬁf‘@f%e Pd?@bamﬁelaﬂnbmrmét% Mitiha ey sHedadd withimtdehe
wavegui de materi al 58] dopi ng described with reference to figure 8

can dope an %‘??QF'F@W "d'la'the vvavegw de material, or only a portion of the
wavegui de rrmcmau al . Fbe dopisbales@ibed otk rajérehbeto ﬁmr&e@uardéopaaaresmtiedty afghe be

rotected wj r S
Ir[:ot doped V\/m Ig anot rQ\J (r)rgﬁlyta%%l ?f%ﬁebmg%g{m?poﬁrq%ﬁém%& an
e

exenpl ary c%‘?@P'GEﬁaé‘?f'aé?a'l ‘P\%p@?‘%@é@"é‘ hymaskguingfthe depingsathatt
porti on of gdion ivavedpedehi@arstha portbondogeatdt Fidubs Mshbes dogpadewraftar i al 60,

and anot hergp ﬂfﬁargeor(sﬂucnoﬁeawgegﬁr&e%ingQ@g@@g@a&ﬁt?n{m ﬁrbéboﬁuén Bhe doped

(and accor di enal NS as usse ref erence
to figures W‘@ﬁﬁ'd9f"a“f'@b!§91°P?‘l’|§’f@Bﬁﬁ'lerC{?BF‘i’ Bigtesiel 69, @ne@notheprstianse 5 an
opti cal si gsement)@bt@aidveguida aesiial iy nanaip@gm dmotdirg)lyaresrimslay tith watessied

above with SEhelROGF I U R ee GRERLId SRJY. he segrent 60 of figure o

can have an cusse above for the segnent 44 of
figure 3, af@P%%he sed'r‘ﬂéﬁpngﬂlcﬁﬁn of figurecd corppiisen a0 OPHGR! BigesitFerapatiavonposi ti on

as di scussegksapi@anhRgolis tﬁ@séﬁaﬁibnﬁﬁsdaésé‘d Ve with réie@atélioTguie 3.i n sone

?rslgsﬁtnst ;sﬁgge cmc(aslg/ &%gegr%reﬁte&)ooqrﬁgure% A hade arq it erllmtlcrjl ccrar%{)gsn‘i:’o%rgshdls%lug n%nt doped

above for the segment 44 of figure 3, and the segment 56 of figure 9 can have an identical
composition as discussed above for the segment 46 of figure 3. Accordingly, in some
aspects segment 60 can correspond to one or both of rare-earth-element-doped indium tin
oxide and rare-earth-element-doped zinc tin oxide, and segment 56 can correspond io one
or more of silicon dioxide, doped silicon dioxide and silicon nitride.

10060} Although barrier material 54 is shown comprising a common composition
along the segment 60 as along segment 56, the invention includes some aspects in which
the barrier material is different along the doped waveguide material than along the undoped
waveguide material. For instance, it may be advantageous to utilize metallic barrier
materials along the doped waveguide material comprising indium tin oxide or zinc tin oxide,
and to utilize non-metalllc barrier materials along the undoped waveguide material
comprising silicon dioxide, doped silicon dioxide and/or silicon nitride.

[0061] Referring to figure 10, the cross-section of figure 8 is shown at a processing
stage subsequent that of figures 8 and 9, and specificaily is shown after a second barrier
material 62 is formed across the planarized surface 57. The second barrier material
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oxi de and rare-earth-el enment-doped zinc tin oxide, and segnent 56 can
correspond to one or more of silicon dioxide, doped silicon dioxide and
silicon nitride. '[0060] Although barrier material 54 is shown conprising a
common conposition along the segnent 60 as al ong segnept nvention
i ncl udes sHMABEWEMs in which the barrier material is dw€$%$%ﬁ glong t he
doped wavegui de naterlal than al ong the undoped waveguide material. For
instance, it may be advantageous to utilize netallic barrier naterials

al ong the doped wavegul de material conprising indiumtin oxide or zinc tin
oxide, and to utilize non-netallic barrier materials along the undoped
wavegui de material conprising silicon dioxide, doped silicon dioxide and/or
silicon nitride. [0061] Referring to figure 10, the cross-section of figure
8 is shown at a processing stage subsequent that of figures 8 and 9, and
speci fi cal | spntastssthe fifst bamier matesialeainng sistewallee! therirergh 50 (S8 ranch i daseribask oss

the planarigffe wafr@rel%négto fHaee geq%e@e&ﬁaruaﬁrer mh@rral aén lnz’e M@fl?&@grla@|87046
PCT/ US20061048261 cont a s of

Q
the trench B8® ('@u‘&?ﬁ“‘?rl’s@ﬁcﬁ‘f’ql%c?i‘é%%ft'ioﬂ'e% Caﬁﬁﬁ’%"%ﬁ gerqn}egpeqjgﬁgg QO f| gur e 5).
The second ¢mposiion.nBbesecahd bamier malegaltdas, ihispeie dspests.dre compositiorally theonpri se
a single cofmpsid herst BhriEAMacPaRiHTE1HRRBBEHY tarfdr ribtbridt ChMbcts HRTRADLEPN-
The second barrler material can, in some aspects, be conpositionally the
same as the™PeF&% barrier material where the second barrier materi al

cont act s t hgode2] st bdncompliancainih itted statpleQhz]inventicongs heenciesarbiet irt laeguapat ut e,
Lhe 1 nventi At SRRt Hatuldlah FRMBAC ERIROR 4 B BAGRILC as 10

struct ural be  una owever, that
t he i nvent i feves thadthe 'FYﬁ“f'%’él'stQS’t ["ﬁ\ée%‘ﬁé'?ﬁ ?Heé'f'Pé%ﬁ“UP%h%’}‘ib%ﬂﬁ’ deseribedscri bed,
since the nwssestheteans helietadisutesdd compriseseefprred irnmedf patimgthe finventidniing t he

ovent i on | e, AldiBGioT RO 6! el ary/ MHE TS or ARt Urind ! 1 1S

forms or nodifications within roper al ns
appropri at e*P’?p?’r?P%Pﬁ)?féF%ﬂpF?%d%E'GWRF\FW 'PW@'E'@S('R ?‘F%?Edaﬂf’e wifuth@al ent s.
14 CLAI M5: ddktrin df egliivaléits.ect i ng conduit, conprising: an inner material
t hrough which |ight m grates;
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a sheath around the inner material and configured to substantially keep
light mgrating along a path defined by the inner nmaterial; wherein the

i nner material conprises a matrix having one or nore rare earth el enents

di spersed therein; a total concentration of the one or nore rare earth
elenments within at |east a portion of the matrix being at |east about 1 X
1016 at@miMsB; and wherein the inner material conprises: a first segnent
containing a total concentration at |east about 1 x1 016 atons/cnB8 of the
one or nore rare earth elenents; and a second segnment downstream of the

first segmeng "ghﬁﬁﬁe@gﬁ{Bgﬁ&iPEOH{bﬁitsﬁgght along the inner material, with

sai d second se alning a concentration of less than 1 x1015

at ons/ amBinnér materizl ¢hroughwiech Higkt migratesel ements. 2. The light-directing
conduit of claim21 further conprising a regjon %%st r}e@m of th '

first
segnentd SeAl arpendhteninger madenial @hd. ConfiguieshigrUPskait yé‘SﬁPi“QET’ @’Iﬂéé NGhat an
opt i Calalérh(gg,‘;ﬂath Bgﬁr?@éb{,qﬁéqﬁn@?!ﬁgﬁﬁépam region to the first segnent; the
nt” anmpl

first seg les'the optical Ssignal, and the anplified optical

si gnal whesirpthesesen materidheomprises agagirixiaviry) ofder magbtradd eath elegnendsdui t

of claim1l wherein the dielectric, conposition of the first segpent .

conpr i SHpegped Hergin: A tatal icaasentiation fhaong Rl Meiecrare gagn;eleme fswireAti n
the di | & hid t n conprise either

| ndi um Er HR0fh YRR ik bBing| atie AR 8 ST R0 ORIBANICOTHY SO Ot ' Crai m

3 wher aiheremetheiiph@cmateriat coppsiseson of the second segnent conprises one or
nore of silicon dioxide, doped silicon dioxide, and ?i | i gon n)' t raigge. 5. The
| i ght - B fist Begrgenberniaining adetal goncapiiation @t igast greubl * Hor ateras/ene & the one

el enentg m8r%”ﬂé'fé égrtﬁrel?éﬂghtses na‘he light-directing conduit of claiml wherein
the one or nore rare ear ePBients are substantially solely erbium 15 7.

The | i ghtestindesggnentaiowhstieant of thal finsflsedraenrt alohf¢hes patit of theright alesgre¢al | i c
segnent.s and non-netal lic segnents. 8. A sem conductor construction,

conpr i SPRRY:Materiab ikbherid SesPnd segmeat sontaining a total concentration of less than
1x10'° atoms/cm® of the one or more rare earth elements.

2. The light-directing conduit of claim 1 further comprising a region upstream of the first
segment along the path of the light; the conduct being configured so that an optical signal
passes from the upstream region to the first segment; the first segment ampilifies the optical
signal, and the amplified optical signal then passes into the second segment.

3. The light-directing conduit of claim 1 wherein the dielectric composition of the first
segment comprises one or both of indium tin oxide and zinc tin oxide; and wherein the
dielectric composition of the second segment does not comprise either indium tin oxide or

zinc tin oxide.

4. The light-directing conduit of claim 3 wherein the dielectric composition of the
second segment comprises one or more of silicon dioxide, doped silicon dioxide, and silicon
nitride.

9. The light-directing conduit of claim 1 wherein the one or more rare earth elements
comprise erbium.

6.  The light-directing conduit of claim 1 wherein the one or more rare earth elements

are substantially solely erbium.
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a wavegui de supported by the substrate and conprising one or nore rare earth
el enments, wth the one or nore rare earth elenents being present to a total
concentration of at |east 1x1016 atons/cnB within at | east one segnent of

t he wavegui de; and wherein the wavegui de conprises: a first segnent
containing the one or nore rare earth elenents; and a second segnent
substantially not containing the one or nore rare earth elenents. 9. The

construction_of claim8 wherein the second segnent i s downstream, of the
Foret cebaThediabig o Rooul pLAaIna HpreRaErsalh GoTDies FrRtalic
construgtd [Jol Ty A=Y first segnent conprises one or both of

I ndi um %dnrﬂg%g erfaar?]d ZI r’%\mte|S§g@1>§e?1 e; and wherein the second segnent does not
conprise indiumtin oxide or zinc tin oxide. 11. The construction of claim

9 further_conprisjng . an optical signal conduit configured to provide an
optical s3gnal SeRIsENdEEtor FRNSYYCONS EOMPAEINdand wherein the first segnent is

Feed T e e O el i nt6 the second segment- 16 o
a waveguide supported by the substrate and comprising one or more rare earth elements,
with the one or more rare earth elements being present to a total concentration of at least
1x10'® atoms/cm® within at least one segment of the waveguide; and
wherein the waveguide comprises:

a first segment containing the one or more rare earth elements; and

a second segment substantially not containing the one or more rare earth elements.

9. The construction of claim 8 wherein the second segment is downstream of the first

segment along a path of light along the waveguide.

10. The construction of claim 9 wherein the first segment comprises one or both of
indium tin oxide and zinc tin oxide; and wherein the second segment does not comprise

indium tin oxide or zinc tin oxide.

11. The construction of claim 9 further comprising an optical signal conduit configured to
provide an optical signal input to the first segment; and wherein the first segment is an
optical amplifier configured to amplify the optical signal input and feed the amplified optical

signal into the second segment.
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