SEM CONDUCTOR CONSTRUCTI ONS, METHODS OF FORM NG SEM CONDUCTOR
CONSTRUCTI ONS, LI GHT- CONDUCTI NG CONDUI TS, AND OPTI CAL SI GNAL PROPAGATI ON
ASSEMBLI ES TECHNI CAL FI ELD [ 0001] The invention pertains to sem conductor
constructions, nmethods of formng sem conductor constructions, ,

| i ght -conducting conduits, and optical signal propagation assenblies.
BACKGROUND OF THE | NVENTI ON [ 0002] There are nmany 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 be utilized as pat hways for the

Chei r tr aveTEMEaNDG B dats TSR RONE METHIBS L FortiRfe BeifSoRBRTON, 12,
to refresh t hGONSTRUGTIONGNLIGHTACONDYIICTING GONRYITS) éNgI %Hﬁoﬂﬁes'ﬁ%ays of

the signals. [0003] Another ussr@paGRTIONASSEMBISSI S in ultra-fast
conputers. At very high frequencies, nunerous physical effects degrade

performance of el ectrons as dependable <carriers of information, rendering
the el ectrons incapable of being utilized for transferring information at
ultra-fast RS eeds. However, photons can be viable carriers of

i nformati oﬁ%‘?ﬁsucq{l& tB_ra-f_ast processor speeds. [OOQQA%Yet ano&J er. use of
optical sidfd is fGeipyeiyer epraingloisRMiseREY G FONFIrYSHENS 261 A Ied i n
envi r onnenéenitdraiucontoriietitns Alighy-cdipuetingeoydiilisgind edicaltsigrmal prébadatiogh such
environnen&&eggﬁsgause numer ous problenms for signal transfer utilizing

el ectrons, “signal”” transfer utilizing photons can renmain relatively robust
under such conditions. Arong the applications for utilization of

i nf or mat i oBACK@RSIUND DF THEINVENITI@NI on environnments are military

appli Ca.t i Oggoozind Ou'Fl%’re g%b%?n); %%*ﬂ&%ﬁ% @Mai Q@HIQ or uLsQQ'Q:é] OF;EIEQI sig'nals

above-1i st exanpl es are but ‘a tTew o the” nunerous appl 1 cati1ons that
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, signal
transfer utilizing photons can remain relatively robust under such conditions. Among the
applications for utifization 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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have been devel oped, or are in the process of being devel oped, for optical
signal 1 technologies. In light of the nunerous applications for optical
signal technologies, it would be desirable to devel op devi ces and net hods
for inproving optical signal propagation and transfer. SUMVARY OF THE

| NVENTI ON [ 0006] In one aspect, the invention includes a |light-directing
conduit. The conduit includes an inner material through which |ight

m grates, and a sheath (or barrier) around the inner material. The sheath
is configured to substantially keep the light mgrating along a path

St et DY oo RS i TR WY nuddiSd RS 1 bRtoaP GG RRQBGIER W idud a1 N0

one or nore
concent r at b@fesimbletie deyalopdeviagsand t”%ﬁ"l@déé?’t"ﬁp@l"@ﬁﬁﬁ’f'%a' Ropal RioRagaliensand a
portion of yhkyermatri x being at | east about 1 x 10°'6 atons/cnB, As is known
to persons of ordinary skill in the art, rare earth elenents are any of the
el ements having atom ¢ nunbers 58-71. [0007] In one aspect, the invention

i ncl udes aSYMMATDN@ECEHEE INMENEIONCt i on  conpri sing a sem conduct or substrate,

and a Wavequotgiﬁ suppuﬂrotne%spa!cttths.rﬁehﬁnna&@esEB@m-meﬂg@b&@uﬁomaé t&RRmitone or
nore rare ea e nts, béin

concent.r at |”8{;fd?ﬁ' arépn?reragtpnév%reygllwgrcﬁhqrg MBSy %’?fg gﬁ‘%ﬂi“ E’ Q?"’Iega?é?“ngﬁé
segment of innetrpateeisie Jhie dbeath x088Tigurad tmuibateptaly keehinei lightmigradingialrebades an

optical si Sé’tﬁ'de@ﬁémgﬁé iy @é@%ab'%e .nrﬂa%a@éﬁeemhynsgganﬁmﬁﬁﬁam Statdrcal
signal input, an optical signal a

I fier recei ver, and
an opti cal MOf&yiasT © ?Jﬁ’?‘?ms ﬁ@eﬁﬁgﬁl’%‘f'” é’t"&’r?a'lO‘aiEﬁ?qer‘V%‘P"g%ﬁteoWﬁ M% t o
recei ve arerepéititabmenigwilhirf atdeast Apoitiop ot thamthtiznipding 3t Iedet abqit |1oa10’%| gnal ,

and the oDbhen?! S8 kMY igersch oF&B%b%%WQn 118 o, 16 bahhB oRRSIdS B4 S gnal

fromthe anP fier to the recelver ptical S|gna anplifier conprises
one or ré tP%P@"@&HWV@IQMFé‘“WbﬁﬁlW A matrix material. In particular
aspects, tI‘[GOtI?ar e eantdnealspenths invantiannoediutts acseenicondocibecaistrag@ionum  er bi um

comprising 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, and an optical signal conduit. The optical signal amplifier is configured to receive
an opticai signal from the input and amplify the optical signal, and the optical signal conduit
is configured to direct the amplified signal from the ampilifier 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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neodym um and ytterbium [0009] In one aspect, the invention includes a

nmet hod of form ng a sem conductor construction. A sem conductor substrate
provi ded, and one or nore trenches are etched into the substrate. At |east
one of the trenches is lined with a first barrier material, and then filled
with a waveguide material. At |east sonme of the waveguide material is doped
wWith one or nore rare earth elenments. A second barrier material |Is then
formed over the wavegulde 2 material, with the second barrier nmaterial
contacting the first barrier materi al along sidewalls of the at |east one
trench.  BRL Bt BESiR e L O BarhEFmBRAN AR Ok FaTisf frafbrBriatt dmahs Of
the invention are descri be om/mﬁth reference | ow*ng
acconpanyi Atthaehigesigne ePEN.1] Figure 1 is a diagrammatic, cross-sectiona
top view of an optical device assenbly in accordance with an exenplary

aspect of entLon. Figure 2 is a diagrammmati c,

Cross- sectltagﬁ%pbggg\% @)&Jga{:h@%l?%é%ﬁ%sof figure 1. [0013] Figure 3 is a
di agr ammat i [01@Q)r oss- Beaferrasharhbadiment$ eithe fnvanticopre descrided belew wibgefgtsinge i n
accor dancetmhg%lﬁmcoﬁﬁmga&rxwﬁépect of the pr esent |nvent|on [ 0014]

Figure 4 is di agrammati c, ‘cross-sectional view of a f ag
seni conduct@P Honst r GiPTechis diagrameaficrcressiPepinaLion vy %ft gﬁ?"?ﬂ dﬁ‘(:'ﬁ%r dance
with an exesgohtay ip azspelahceokitit dreexurgsaey bspacy efithe presefitOO&Bioki gure 5 is a

view of th gment nt to
hat of 11g00e [ obEbl” R et e e S Mo

shown at a proceSS| ng stage subsequent to that of figure 5. [0017] Figure 7
I's a view 0f0013je fr afigere3 isfa diagrameatic, Shesarseational fop vessiangptita gevice

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.



subsequent to that of figure 6. [0018] Figure 8 Is a view of the fragnent of
figure 4 shown at a processing stage subsequent to that of figure 7. [0019]
Figure 9 is a top view of an exenplary construction conprising the fragnent
of figure 8 along the line 8-8. [0020] Figure 10 is a view of the fragnent
of figure 4 shown at a processing stage subsequent to that of figure B. 3
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS [ 0021] Thi s discl osure of
the invention is submtted in furtherance of the constitutional purposes of
the U S, Patent Laws "to pronote the progress of science and useful arts”

(Article lpePreEbeSERIANIORYr THE PrRrerde EMBEDIMERTEPt i cal wavegui des and

optical anmplifiers, and nethods of form ng optical, wavegui des and opti cal

anpl i fiers.[09%])some Hipdist'esyp of ha inveRVRIHE gbt?fgm?g'“i fg“?%ﬁ%%%i*é*‘d that rare

eart h el enmesiisstutionul perposed of2ledUiSO Patept Ldws ‘dppiooete thiegnagress of Bhienceaared eart h

el enent s C?&fﬂ%n?”@%&@ﬁ%&%oﬂm?f@ optical Interconnects, and in particular
0 I ntegra

aspects in ed circuit optical interconnects, to maintain signal
strengt h of[08RR)i cal Thg igrentienifckdas priigabvaraguidae apphertcal amplifierse abthect s. I n
SOMe aspeckndthotib 6f forhing @ptiddN wal &Rk nd piitabamplifield. 268 doine agpadtd bithept i cal
“203) 5 BB g Y b5 550 oo e A el B RE b
i ncor por at Eae twre Bemh plegientscen da didorngratesh in epticahiptereonhests, @nghin particular
" 11 ght - congaebisNBloGRBgHatdd cireeit iflicalibitbldoRfshid, ®o MaMEHIh Sighdl StrE /IR bf dfticany
device having a path r light  ineluding optical vegui des R oetn cal
arpl i 11 or <S030 2tg Alena. P Shfg Moy I w6505 #reer arbRr e eah Sistienty
optical si gaethesytiliged it amplifnepticalssignet strengtrewitiimatiesst aspgineat of angntidas, i s t hat
t he el emeningerésinelr 0duce addi ti onal
[0023] In some aspects, the rare earth elements can be considered to be
incorporated within light-conducting conduits, with the term "light-conducting conduit" being
utilized to 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 wa\./elength 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 transtferred
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



phot ons havi ng the sane phase and trajectory as photons which inpact the

el emrents. One aspect of the present invention is a recognition that

i ncorporation of rare earth elenents in on-chip Integrated circuit optical

i nt erconnect wavegui des can be advantageous, particularly if the rare earth
el ements are within silicon nanocrystals. The rare earth elenents in silicon
nanocrystals dispersed In a dielectric (such as silicon dioxide) can lead to
light anplification when the rare earth elenents are excited by photons of
appropriate energy. For erbium such can, for exanple, produce em ssion at

about 15400 @Y SN Nathn di 888 hrl RIBRAGHUE Wh Wav@BnGA! 4Pt e et L ati on

Cross-section per square cenhtineter. This effect can be
utilized twadfigice t he quantum efficiency by which light is transferred
through a nodze)i al . B4025}th Elchicnts teid foeiabé Luw saheityini thercanchoaiguiilizecan be
particularly suitahle for _.incorpo [ ' | ! '

mat eri al s. d:élegtpﬁ%?fingtﬁgr’a?gdocrjrcgngr%%cé’%E.ng%ﬂag{?gehg H%rﬁ(ﬁgf'g@e}@%&ﬁ%ﬁ le | ow

exci t at i onberefigaioasnintaistitiel rereyedith @anemersHal as.deigampim @roiurBovik APt wavel engt h.

(0026] Rar g iRahtifliyelierBiskat sioseriss favedibiewris gbripsthhdey réfPactiindex and
commonl y-utilized dielectrics of integrated circuitry (such as, for

exanpl e, sPPEEURCANENHe). Such can be beneficial, as interstiti al rare
earth el endf2y] ( suchnesporhtion efxanplssmaunts and typdd ¢f rargteanty glements Witiny al ter

physi cal ~pEpRESAduEFndEondlifs SHrfdrable! drépdiedlof tHRSRBGIR to beftaiRedd Epariislmy and

di el ectric const ant E +0027J IncoTr oration of var.ho%ls.tﬁm%urnts ftgd %%q(_as of
rare eart heRAVGHIONEs EXFTRRY asppgh Pl 108 MYGRYAAIe d83RIRPY YR LHeeRsh IS er ti es
of the contiits to be tailored for particular applications. Exenplary

aspects of rphiyyi Nnvenki@Ringh&rnglesst bhed bk MubrlieheBRSrUcBod 1 @LE RS isky al0-
[0028] Referring to f strucf |,on|10
S

€ o figurés 1 and 2, such illustrate a.con
conpri si ng"@tce ﬁ?q%ﬁﬁ'ﬂ'&?? ryeedinalipm ap PPESA SigaRIARPY 963‘? an ogtsel 241 si gnal
i nput 14 teceimeroi® i cal signal

[0029] The optical signal input can be anything that directs an optical signal into
conduit 12, and the optical signal receiver 16 can be anything into which an optical signal
from conduilt 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 suppornted by a substrate 18.
Such substrate can be anything suitable for supporting the light-directing conduit, and in
some aspects can comprise monocrystalline silican. 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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receiver 16. [0029] The optical signal input can be anything that directs an
optical signal into conduit 12, and the optical signal receiver 16 can be
anything into which an optical signal fromconduit 12 is fed. For instance,
in some aspects the input 14 can correspond to a fiber-optic cable, and
appropriate | enses and/ or other devices can be provided between the input
and conduit 12 so that an optical signal fromthe fiber-optic cable is
transferred to conduit 12. Simlarly, in some aspects the receiver 16 can
correspond to a fiber-optic cable, and appropriate |enses and/or other

devices cap, g, RlLaARGeRSL Ui d EohBGRLYRIe wAB ofifdi Htide ot ey AN

optical signha er-optic cable. As
anot her ex&QmPrsing qi'p‘ﬂtm%ﬂ”%%wefﬁw} 68 sAMicPadustiys GRerRHRYRIR (SthBT YerasYdr
directi ngdmeﬁmswa&m;ﬁ}&t@ os?@madteﬁals)carndwrm "dbstrared refecad uay sugpotiag .
correspond_to.a s nf.i.qur e ned in
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be support @dtﬂﬁ)/st@sm}bm T eemEOHdt&R’fHUbﬁj'@ﬁq irathat wg cpB aliew semnisgnadigior abl e f or
supporting iotasssl.ﬂgge&hrﬁuor st BY um%e%rtfabr@aﬁbd & thé@mdmmgksnmn conprise

rmnocrysta ects the e referred to
as a senmi ccmbﬂﬁt s'ug‘?tsr“gftéate E r\"ﬁ°'1dr'1‘f:t8F Y 593{ g}? 6‘%’6‘?%8 @7 ai ns t hat
fol |l ow, thwnowsu§l$eerasemd:@odww conipssitiert @S shown)! esaAncmpniee owltipgbst r at e

are definegytQ ﬁ@ﬁf@renﬁé&nﬁd&%ﬁ& U tHeUULERTR s @nﬂﬁeﬁ%ﬂsﬁ%%u&bﬁb@cﬁ&t eri aI
I ncl udi ng, gut not limted sem conductive

S suc
sem conducf?'V%OWev‘e(séPst‘Wé? °aoﬂ gqqugpplﬁncoggog'gﬁbqoinglg* eséSWtﬁ"V §* AFOBY RS ?
mat eri al s triveo@psipljinasiitone iitoe suhstraieveemprises maltiple dayerss ofept mere dthene or in

assenbl i es Qt@%h%bﬁ‘lgnég @%su%&@&ht@lhy@f orT:Bﬁsu&t%ﬁ‘ mon§é¥9§tﬁlrlﬁé ﬁlthﬂegﬁd §thér§ any
supporting _ ‘F‘? ucture, includin

[ condu
subst r at es lay&rs Bay %(d’()%)h’f?i@@%‘ﬁgse ?%TP'C‘{'}S’HCQQD'E@PF'Q'F(% FPE)'”B@”%F @I‘?f B¥Hduct or
substrat e, map cbdmatnsesdjelbctoamaadrialsvmmmdlm or eleptricallys®ndgrtive ofetal ogi es to

be utili Zegorftﬁﬁlné% Q‘ﬁdn lrpgs;}ela% |J1 Wﬂf&h Tﬁg §lﬁ§ﬁét@goﬁ?9§ié§' ﬁmultlﬁlg%ék E the
Substrate 18 I's con uctor substrate, e sub
conduit 12 can be formed in any suitable layer, 'or can extend through more than one layer.

[0032] The light-directing conduit 12 is shown to comprise an inner material 20 and
a sheath 22 surrounding such inner material. In the shown aspect, the light-conducting
conduit extends into substrate 18. The sheath comprises a first portion 24 between inner
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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honogeneously be a sem conductor conposition (as shown), or can conprise
multiple layers of different conpositions. If the substrate is
honbgeneously a sem conductor conposition, the substrate can, for exanple,
conprise, consist essentially of or consist of nonocrystalline silicon. If
the substrate conprises multiple layers, one or nore of the |ayers can
conprise, consist essentially of, or consist of nonocrystalline silicon, and
others of the layers may or may not conprise sem conductor materials. For

i nstance, other layers nay conprise dielectric nmaterials, netallic

mater! als, cfluisfhd 6l dotififhy biks SN, NeBalIRLAL prerRMiGh bk ATRARIpNS . 11

aspects in sub rises g}f ['ayers, th condU|t 12
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conpri ses re pardt elpmetrts@hrspgwewtemerwnm@tal congeatratian o theene Yuxe raee 18,

and a secogshPEhEMB wifinQN Rast & BorkioM e théBaBixi RingZdl Iettlabsi Rttt € 18. The
first and secopd sportions 24 and 26 can conprise the same conposition as

one anot he?t rrl:an differ fromone another in conposition. Further,
al t hough tH@034]rst ‘Hreomsgieis oanl cgoprisecny sgidebisnepra@siion os howbinatinisnd
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ordi nary skidsphoms tflverineaand batoe aspect of the present invention is a
recogni tionpodgigt | nofﬁésﬂa%eé?{h diétherits céﬂ)ﬁ&p&:@:ﬁ@d tcﬁé’r{ytéﬁltgﬂ)lg'ggmeﬁtréttda vthirer

words, one or nore of the elenents selected fro grou consi sting of
cerium prREYW Matrral masnaRest 'rb?"ém’}ﬁ"%ﬂfb'g%ﬁﬁ?" Hmcaéﬂg"@b Migrpting

through the inner material matrix (or, if desired, to amplify an optical signal migrating
through the inner material matrix). The rare earth elements will typicaily 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. |f 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.



gadol i nium terbium dysprosium holmum erbium thulium ytterbium and
lutetium within the inner material can enhance stability of an optical
signal mgrating through the inner naterial. In some aspects, the inner
material can conprise a matrix having one or nore rare earth elenents

di spersed therein, with a total concentration of the one or nore rare earth
elements within at least a portion of the matrix being at | east about 1 Xx
1016 atons/cnB. [0034] The matri x can conpri se any suitable conposition or
conbi nati on of conpositions, and in sone aspects will conprise one or nore

of silicon _diaxide, silicon-_gxide-containi fqr .instance,

bor opho;phé@q%ﬁ(cat e Ialsggwg .a(s’gg&;)t,e %%@s%%%#t?lg%rg%‘fgaﬁodﬁgggv 'tb %ﬁ orgnd . .
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ox: de. Tg_einstlhé anﬁ@mméhahen&ﬂmvmhiﬁIerwugiriats&ﬁgrm@ﬂdbp%@@ggbflgé@%rr%gslét)eogoped
silicon digx , and i Te_aspects ¢ e.consi |

St 1icon di ST ana Shethi? RspBfared faemnaful R (F Firbe it 2ot ooss)
The rare edefinkd by éveinber roataridl @0piTbe slkath wil typicallg apmatidecoreooraester at i on wit hin

the inner gabeflidhs ﬂﬁ\hﬁé ¥ rdiciVeSihddx diferBRiRhRinB irdiehcit @ Plabk byine@inngn opti cal
signal m grat |_né9 t _rough ch\he I nner narﬁ?erl, | matrix gor, I desired, to
anpl i fy anMBISfiic2d adiaqeRbsuchicgmaPs s t ?(S‘lf%FP"PﬁQeW?ﬁ TV INIR% O 1he) . The
rare eart hstelaenamnt thaveflihe hyigi matbligl abjac@itthe steditt aandhelcendeight atongia patss t han
or equal t&’efﬁ'lggbgmé iqnér%é{%é{,' ésthill b?}'éco ﬁizéé‘@i éE&nsecﬁroké?né’rggm?mtﬁe Whthin
the inner material matrix, which w typlca mean t hat t ot al
concent r at ilBP8f t helheFanPastiph.Pr spBRRSITANS\BfIsheall 22038 bepanthing suitapig fof o
about 1 x HdMiBg &t rersn Bt alohg agetngdiiasy by mapeokterialol Hoainsemoeaibnat i on of
the rare eggt W {U ft% r.or;qao} | L&ntWhd SilicoRSxiE oM about
- | t d

1x10G8 a% c?ﬂ%;ai c(')e .t_cggg%\%'h nlrh"?( ! Olkr%_rbg)tnbrrg gﬁ%’m’ Fggéi%ﬁe asépé'(':ctog , x'a_g
parti cul arCaGoRsige Sicen difiR@anGor mefdicrpaieriaty gnd/girmaetalgantpirip@ ARPROSHIPBY i ded
W t hi n t helnithestiowr@ipeti tak invahtidnXsheath 2d cdriisiRbs Bbdrheri€ of fier-astalic rateiapar t h
el ement prese 1t hi (%]i ' . ri-cati #% ni oL rticular
rare eart h&gl %r?e%rllgtgwég Q~'t féﬁg gt)%\'ﬁc;/'%%taGF'ge'af}_éarTﬁﬁ "éﬁqél ﬁ%gr'%'?dgg%r?tbevﬁ r&ﬁ?ﬁaqﬁﬁ mts of
f abri cati ofPMERASHAN @nexMbisaidn of spepesitionh, arddwpaticdanadpecis ¢as comprss ane 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 dop.ed 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
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be substantially solely the only rare earth el enment present within the inner
material. In sonme aspects, it can be advantageous for the inner materi al
matrix to substantially solely conprise erbiumor cerium 7 [0036] In sone
aspects, the earth elenments can be provided within silicon nanocrystals
present within the inner material matrix. For instance, erbiumcan be
present in the inner material matrix within erbiumrich (or erbium doped)
siliconnanocrystals. (0037] Sheath 22 is configured to substantially keep
light mgrating along a path defined by the inner material 20. The sheath

wll typic nlltyerﬁ\ Wﬁfﬂa Fsedf s |Q[Jt|l%§5 gbm&QHﬁQﬁriEﬂnQ'ﬁﬁur@@Wid?ﬂla%"‘\n}gg;er active index

di fferent romt e re ractive 1 ndex o e 1 nn mat er | adj acent such
conposi t i ofRPropri#te-di f f er ence bet ween the refractive index of the sheath and

that of thqooswmer rreft.gmrb@ shadjsa%aﬁ&trach@ sheshpristara kyht-porndkicihdlcdnidging2 al ong a

e SRIPPREbY R biihae TR sy S 1 Wehd oD RiehAGR AP thelo RIS SAA1R "

sheat h 22 wisinreirrengstofigugs J Andh | Thefapiical h@l"?ﬂl“ﬂ@‘ﬂ6af‘@1°ai'%' SIDRHreceiVéhi a pat h

defined byd|sélj%§éd H@d@@r@bh&@w prsﬁhalﬂ%ﬁétﬁﬂuctlrfg doRBgi 42."R% eptical sighdl corrpr i ses
silicon dIOXI can

on_of s silican ox|
conprise sP1% Sﬁfrﬂ t?é)”gé“gﬁﬁ?e(? “’RB@&?WE'%F%%P‘J tﬁ?é‘?ce'verg? q'ndna@f%ffjmg pz%thnl ng
conposi t i oefdight through éhestrovinit ezplee cortsiverediie ereceen dowhmiteatm 2om erpt4 toes
segnents ofecBQB-fetallic material 34, and segnments of netallic nat eri al 32.

The netal | i teri 32 can abl e osi.tion or JPn of
conposi ti or{g, nd i n RN F‘%%)@@?'L‘E?c%ﬁﬁﬂ%éﬁﬁw RdigeRot ?gm'?fg‘{%
al um num ofum\gswe@mdemmmle segmeni Eing upsteam of thesegment 45eeigbveto the ﬂ%l um

silicide gn thHF&Q@B% <§Jn'dhi‘t3{djtﬁ2> fec[e%?*?é Wfb@rt‘é@l‘é?géﬂéé% c?%é?lﬁ{?brh@n Qﬁ’é‘s' dered
to have a |On%ltudl nal udi nal axis 21

n
(Figore o uimamisoma. G oner Hhe SHERrT cmeon Frutoa Rl ahe OhBo 48 o
di mensi onse&8 eende®s todmplifgan eptichl signk! Pyhiethiypiballrvell be aholgbsrmkcentatiomef at
l'ongi t udi ”%EstdAbBBﬂ“ﬁk 5 aldmd/de SHAVArESREHIeREntd Nl AU SR B cSHaEREdNoR 2

extends ent]rel b 6 8
of the rare earth elements of from about 1 x 10'® atoms/cm® to about 1 x 10'® atoms/cm?),

while 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 earth 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.



around the | ateral dinensions of waveguide 20, and accordingly entirely
surrounds such [lateral dinensions. [0040] In sone aspects of the-invention,
the inner material 20 will have a region (or segnment) doped with a
sufficient concentration of one or nore rare earth elenents to anplify an
optical signal (which wiill typically be a total concentration of at |east
about 1 x 1016 atons/cnB of the rare earth elenents), and will have another
region (or segment) which is not doped to any significant anount with rare
earth el ements (or i n other words, mhich has a total concentration of rare

th el than 1
Chvent | on 1IBOAIT ust r ReRe PR PedseRy maupapeierg 4 S ee 8l ol ¢
nunberi ng thiat bf segmestedb. Forirstarce) it cachesdrtvastagepugde gtilizgiang of bethoéindiumalind 2,
wher e appeagd bid Snc Q@Qs&&d aﬁhw&ec%ncsmgﬁﬁ ribtgrRNSHhY sbf&narﬂ@.fﬁamréegmegt a

l'i ght - conductlnq con a substra he substrate 18
(o]

por t ed
can be | defitiadl PH'Z?I%{P’H@%Pfsﬁdhﬁpﬁﬁcéﬁﬂa}”x Wﬂeﬁalr%(?@g@ﬁ‘&‘éeto figures 1
and 2. TheAegdrdiagl, i6 sgnaksparpss thdinaadion phd siment g aill coateisy ene ditbotidoiscussed

orovi dod 1 PAUPEA g Snc 880 BRGMI! ScRfhofRR M hofomibe Ml Bh gRUSEE
accor di ngl 9‘“&“@)8’6‘149 b‘fSUFh gmecﬁ%ﬂw@ eqtriematitdaterial hsaeb AR FRi¥d t o

proceed dowkihpl€adhiprigdonerirhorbbf tsmcorrcﬁwe/ebpécﬁsmc{oamﬂaijdew@d silicon mtnde
e b1, O Shdanft e SRS B S 3 ACENARRUE A o of a

wavegui de he ségment €am o re atlve to
the flow Bgures yapd ?h'Fét]‘QW glaag l%?fﬂlﬁdﬂ‘a% of segmeptscl W4616Thel exemar cul ar

as]pfe_ct s of shdith hBN&NInERNic rédwhs erﬁx&awwon%ﬁc aslrmcb@x&ﬁ;meg shidth i1
Su I Cl ent concent a n re,rar rt e n y an
opti cal i BT Cul e Pl e ahpn B PRl D BT RStk Redty O
about 1 x 4Uized attberﬁprmgcm qfrfi@urreaﬂ@né@r t«“Panéf!SérI’@ntheta'&%éemt%@%@'h%t al

concentr at g&ﬁnerﬂé o BEmbiRARNE A hén-RleRiREegmENt dnddnetaRe Yégnlents. 1A#HIugH @es/ cnB
to about 1m)<(-:‘ta11|c mateneﬂ rTFsherqh’ 48 is shown adjacent the segment 44 enriched in rare earth
elements, it is to be understood that portions of the sheath adjacent the segment 46 can

also be metallic. However, 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,
consust 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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whil e the downstream segnent 46 is not doped to any significant anmount with
rare earth elenents (which typically will be a total concentration of rare
earth elements of less than 1 x 1015 atons/cn). In such aspects, the
construction 40 can be considered to conprise an optical signal propagation
assenbly. The upstream segnent 44 of such assenbly can be considered an
optical signal anplifier which receives an optical signal frominput 14 and
utilizes the rare earth elenents therein to anplify the signal prior to
passing the signal through the remaining segment 46 of the conduit to the

recei ver %muﬁg%éﬁl émea %ﬂﬂﬁ%ésdb%tr%d ThéhcRfs0tdaR DBRY Il R i Se

conmposi tions sim hose di scussed above regard wavegui de 20, and
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rare eart hstaeeriringths prasetofithereian; ar atch ipe tHefsubstratp ecfosm trat trdneh st  some

of Such eahbockli G2 89T ORB Qb S5bel e Ao 3R o B IPBLs eh o1 |1 con

nanocryst € rare'ear s or natlons o
earth el er@mcwreamp%mdrgwe@ed In sonme aspects, one or nore of erb| um

cerium  ngeshoyl um a’?@*ebﬁhb PRty “?NVe'B' tr&ﬂ:thlﬁgi i$ ilﬂéiﬂNlirQa b%éfhaﬂeﬂal%&”@ncﬁs pects,
n r rom

the diel t 4
segrent . aghenged s B Hed vt va RS dintaiptShe I EPelbdions LBhieh Bg 1 o

i ndi um t i ntrenskpslerednuned atdhe pracensindestage df figurdiSe Ak ok the trenettesican patired with of
the opti cahaAbl 54farrdamb@w.tﬁ erw?@rm 56 Mané}ﬁﬂ.vbg fé'»tvérl théﬁ»‘al@éfhﬁé trE8WdHRE ba Be as t he

di el ect tr ts of
the | nvent B "iinaBIAe Analer (TSEWEHPT 550 Barss PRt & s XSRSt RENe oxi de
and zi nc tlorigbidrayelingaginivit i waveayiderrompgising Matetial 5&opg bayded maely afppotuitely oxi de or
zinc tin oaﬂp@ee ||d;rﬂ fr%HPékcﬁﬁnHS%rsthe \R/Q\fégqid‘éllﬁﬁtrﬂdrétyﬁﬁ;tawénIWESrﬁéllya}ancﬁesslégfmnt

46 can, se one or nore of 'i con dioxid doped silicon

fO{ﬁ qﬁ
di oxi de, ?f“??‘l’qurcﬁ?f "&%VGQU'FBO45] A sheat h 48 simlar to the sheath 22
di scussed d0@54@ wi t hBard¢ranatecs Shailtinidtgy faams thessiabath disaussérbatrovel andg | at er al

edges of ss&m@%mréémemwwsws assa&%hbecﬂ@reaaésnm%éheam i ons

32 and non-net al regi ons 34. Such sheat h
materials of Fguresg . Thus, the barrier matnPal ca for example comprlse 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 previousty 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.

[0053] 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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shown to indicate that the sheath utilized in the construction of figure 3
can, like the sheath wutilized in the construction of figures 1 and 2,
conprise non-netallic segnents, netallic segnents, or conbinations of
non-netallic segnment and netallic segnents. Although the netallic materi al
of sheath 48 is shown adjacent the segnent 44 enriched in rare earth

el enments, it is to be understood that portions of the sheath adjacent the
segnent 46 can also be netallic. However, in sone aspects of the Invention
it can be advantages to provide netallic regions of the sheath along

regi ons of t hat ide and
2 he tn oyl RaGikho tin' deshRTpief 3Fol ool e '*”5}

surround tfiearandide i reundestieed thatihe swgntont °4ﬂ°'a¢ﬁf Qﬁ@e‘éﬁéﬂ'%g )y” WB‘C'B he way
t hat the SQ@&HB ,agoeatrgb@fbbéthabgha,l.ﬂayon surrounds the wavegw de 20 of figures

1 and 2. An e al signal
condui t of ?&%’@ pr eé%}){ma ‘%}%H’[@%ﬁ N aéxgl&edgérdrg%rqcﬁa n&n&)ers %%a | gur es
4-10. | n raéments ingo the Wavgouide mitetial. Faginstdnae, grpabicganriy Implalntebentgﬁtﬁd as is

tFJ{t } L Zeggaﬂtﬂgt\éﬁan i %é%m&érpg.sééﬁ%%dés & on‘é/Qf"rn?ore ARBLARN bRk nts[P948]
ererri

u construction i s se a, substrate
18. Such ‘E\E’ﬁs“fe%d?‘@ "&%Wal?é‘ah"@ém &% H‘Em%rtt%"f'a“s“‘tﬁﬁéqyr%%'@m %f?(‘j" 199 ‘§‘§M§ ag’é’ Bect s
can conpr i 3m®,Ke\; ang asimgiastaivse af irgm aboutdrx thstosts/cof® thabdut rxi@ct y st aI li ne

silicon. [%grﬁgfkrReéﬁérLiHWar\%?& chR alhiGy tﬁe 5esn%dt({o§98hra5<9eér§1 érﬁgﬁguthﬂt 0

substrate %IT one trench V\? e e under st ood
that mult |‘ﬁPé’at’?9é{'ﬁ,%’é§‘eéB'Lﬂf owaetbr el @m 19 aP@F‘rfe’HW\A f1Ms/orh eThe
subst r at e. imptagraibn 5én bafolibeed artrad anhdahafifiy exarplabd emperaioess frog,abbaic| udi ng,

for exanpl @00”(9 (& %(l%]oﬁ.h 95046 fo?a Iﬂn\?to? rbl% %%86131%%%%'53{0 E&SL}T 86 %&té@a@l&f{uggt

shown) defi Fﬁ substrate to
formthe t‘lhéﬁﬁ antpd rerrﬁ@a'lﬂa)e'&meaw va@mthwawgwqﬁammw "aﬁd’ag'ewg'@ﬁﬁ’éﬁt theenoval

of the masinpladtddaarcedrinlersérit ¢ah Be erbahe\dnditite EHIgHHeeaD.therefore be erbium
chloride. If the implanted rare earth element is entirely erbium, the dopant within the
wayeguide material can be solely erbium; and if the implanted rare earth element is at least
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) HCl in water, having one or more of erbium oxide
(Erz03), cerium oxide (CeQz), 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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[ 0050] Referring next to figure 6, trench 50 is lined wwth a barrier

material 54, and the lined trench is then filled wth wavegui de nal ari al

56. In applications in which multiple trenches are formed at the processing
stage of figure 5, all of the trenches can be lined with naterial 54 and
filled wth material 56, or alternatively fewer than all of the trenches can
be lined with material 54 and/or filled with material 56. Barrier material
54 is a barrier relative to light traveling down a wavegui de conpri sing
material 56. The barrier may absolutely inpede Iight fromescaping for the

wavegui de, Mr.ﬁnﬁpr.%gg%%x A lsHicRibial, bpbdBf Qoeﬁd.&.@fswcérmﬂh scapi ng

fromthe veg rier materi orns the sheath
di scussed ingigwdin oxisg, angceos in eds aeéﬁa'&:%'ﬁ'b?ﬁ ERise ngéiﬁ*én i7p 8P thabsilicons
descri bed rrarnewygturslave B.@ﬁerba@wamﬁmd\NMgu;aawerai 'm smffucfengumaemtkaB Thus, the

b
b L O e e
[ 0052] Waweapegdide matarial.al 56 ultinmately forns a |ight-conducting conduit

?2‘;’," ogous. Séedsta?]he ! 'metcrosmggjsg%rwgﬁ gmﬁm&e.iggg?wfsgw@é%sn gﬁg@l/ﬁq ?@fa aemer di ngly
| 1 U1

o b ieBH e Rz C2 By oy e vestine medi b Bndresomt Bhe can,

f or exanpleqvegoidpmas@ial canise stoteetsianithi amhgk difringdne dopisg s¢ thef the peoteated nor e of

silicon digxidfsn Q%%Ed wntlisR&Pgﬂ ;%oﬂes déddd' %r@b%bw@atéméwmd n oxide,

and zinc tin oxide errlng , materials 54 and 56 are
subj ect ed PETPIBNSINSFYE PR theRiesrss STa@F’ OE IBén whicB?ne RPURR CHERI cal
pol i shi ng)wa\eghide material @roped exdfourp rerdopad frnteial 60, apxtadnthengord@T @S substrate

18 and mat&phihg o5t‘he%&la%§ﬁde m‘f‘erﬁl u@rﬁ@( c'in%E MY &&Brdlﬁdg%r%%s RIREGLfrial €MOVE

some of substrate 18 so E}anarl ze surtace | evationally
bel ow an it {iFSSehRNVAYY ‘f”%fﬁFq"&E fguresih3td Qte 18, and in other aspects can
subst ant i alf¢059] st op Thpaonsteatbn oifigare AEPeEPives anoptidasignafprepagatiorat e 18.

[ 0054] Reffsrsér'ng atnglo&x%qlé?h«?ass%\ﬁ@%ﬂcggs%aa{b%(/%a}ith %en(e E%H}{@u@&i s exposed to

one or nore ra conve
r ar e- ear t h2RACERRINY: thg SEEMeRERLSf|fighregcan have an identical composition as discussed

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-metallic 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 specifically is shown after a second barrier
material 62 is formed across the planarized surface 57. The second barrier material
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11 Al though the doping with rare earth elenents is shown occurring after the
pl anarization of figure 7, it is to be understood that the invention also

i ncl udes aspects (not shown) in which such doping occurs before the

pl anari zation. [0055] Any suitable nmethod can be utilized for incorporating
desired rare earth elenents into the wavegui de material. For instance,
dopant can be inplanted into the material. In an exenplary aspect,

chl orides of one or nore rare earth elenents are inplanted into the
material utilizing an inplantation energy of from about 100 KeV to about

300 KeV, and an | nplant dose of fromabout 1 x 1013 atong/cn2 to about 1 x
1015 at onEPUAPS thefieH bersr Areterel IRnesifewrlifctthe tianeh é@éﬁwc drepyis dg$criPsf e

eart h el emabdvewiitnhieferericeeo iiqure §ui Tiee seabrd batieahateriaimaalitxetthel firgt thbies

atons/ cnB - o [ 1% ' ~he foll owed
with an anﬁ“%é?qgg??m?’ i %géﬁﬁl%é%gé'@f°%r&gf°ﬁﬁéﬂgl? g?é’ﬁér#ggﬁ'?&'ﬁ 00C to about
700C for acempesition. fingregsiiariay materia ean, incsoamarPres’y: be FRMRasitiopallyithe use  t he
i npl ant ed Bahe asaid fitstaa@iee Aateridl ivhéra thdsecony Batikfiateibiedonticts thafidt Beafiéd cul ar
aspect, the ierI anted rare earth element can be erbium and the chloride
can theref SP¥BE erbium chioride. If the inplanted rare earth elenment is
entirely erl8Pégly t helndwpmwfianasi viithi the statute, Weeviowentide hasbeen deéscibad indanguhes vy

erg! um ?Eehoiré ot 18 4zl ns efsthRiRaleAl bR dRaPRbrss. at ish®Be inad?dsd,y entirely
er bi um

dopan thin the e de mater|al can be at | east.
Substant i anpde B havihe Mt BadETer i iR Bositc aa R o pR en AdRibe e
mat eri al cainchthedogrrd Heyeiresipdssatranipeise prriempdi fdensneftpeiting ithe ioveatiom itali ¢

sol ution hawsgThénPemmhlid) 1RIreRD b iRlaRy BGidBintd bdhodiftiaiSR Wittth hBer ei n.
Such acidic solution corresQond to a solution formed of a

an, for exanpl e, ( ]
11 vol umsPEPPLIIPBR ObiPeA895T5 QRIS APYORKAISY RIGTERSS MASRTREPBAMNGR mor e of
er bi um oxi dectrifeepf2@Bivaleowsr i um oxi de (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 elements within the
wavegui de materi al .
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[ 0057] Regardl ess of the procedure utilized to provide rare earth elenents
within the waveguide material, sonme aspects of the invention conprise
incorporation of the rare earth elenents within silicon nanocrystals of the
wavegui de material. Such incorporation can occur during the anneal if the
wavegui de material conprises sone silicon. Accordingly, sone aspects of the
invention will conprise incorporation of sone silicon with the dielectric
material utilized as waveguide material. In such aspects, the wavegui de
material can 12 primarily conprise one or nore of silicon dioxide, doped
silicon dioxide, silicon nitride, indiumtin oxide, and zinc tin oxide; and
can further conprise sufficient silicon so that silicon nanocrystals are

di spersedClaim$i n t he waveguide material in sufficient quantity to
incorporate nost or all of the rare earth element that is ultimately
provided within the waveguide material. [0058] The doping described with
reference to figure 8 can dope an entirety of the waveguide material, or
only a poftiaomefiodt dfgoMmivg GUdetRicoRd Bitbradonstrattion soaieingsone of the
wavegui de material can be protected with a mask during the doping so that

the protected porti%vid%@?%eﬁ@d&@u%r%ﬁbﬁ%éher portion is doped. Figure 9
exe

shows a top view of an nplary construction at the processing stage of

figure 8 in which Onﬁfﬁﬁrﬁ@“%nofﬁﬁgﬁe}}ge“% yeq igﬁgsugét%tgal is doped to form

the doped naterial 6 no ortiron segnent) of the wavegui de
material is not doped.(angd accordingly repains, as,t materi.al_, 56 di scussed
above with refer ence'”l"gq f G@F%%n%ogﬂﬁ t%“?“?%tﬁ%‘a]a f\‘ﬁgg%%'ﬁém%ﬁlbn of figure
9 conprises an optical signal piopagation assenbly anal ogous to the
assenbly di scussed aBiR@tg atHesdsedined tiepchivgtir wateouidgmaigialal 1y, the
segnent 60 of figure 9 can have an identical conposition as discussed above
for the segnent 44 ofodingat teast seme of He wavggiide patesialWithuene or Ware Fé®e an
i dentical conposition as discussed above for the segnent 46 of figure 3.
Accordingly, in soneeariispeaientsemaent 60 can correspond to one or both of
rare-earth-el enent-doped Indiumtin

forming a second barrier material over the waveguide material, the

second barrier material contacting the first barrier material along

sidewalls of the at least one trench.

2. The method of claim 1 wherein the doping comprises implanting the one or more
rare earth elements from chlorides of the one or more rare earth elements, utilizing
an implantation energy of from about 100 KeV to about 300 KeV, and an implant

dose of from about 1 x 10" atoms/cm? to about 1 x 10" atoms/cm?.

3. The method of claim 2 further comprising an anneal after the doping to diffuse the

implanted one or more rare earth elements within the waveguide material.
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oxi de and rare-earth-el enent-doped zinc tin oxide, and segnent 56 can
correspond to one or nore of silicon dioxide, doped silicon dioxide and
silicon nitride. [0060] Although barrier material 54 is shown conprising a
comon conposition along the segnment 60 as al ong segnent 56, the invention
i ncl udes sone aspects in which the barrier material is different along the
doped wavegui de material than along the undoped waveguide material. For
instance, it may be advantageous to utilize netallic barrier naterials

al ong t het.dopednetdgaf ddaimate mihareis otier ose ney imateurarei eamixielementsziare tin
oxide, and to utilize non-netallic barrier materials along the undoped
wavegui desusetamtiniy) solelyrgrbiush.ng silicon di oxi de, 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 B and 9, and
specifically is shown after a second barrier material 62 is forned across
the planati I bEmdret gt 3 first
barrier 3%{§%?Q%H %@ﬁg g%‘ ?qqﬁgﬂ%%gﬁcﬁﬂgl% sucn%t?%ﬂﬂ% Iﬁ%@%ﬁrlbed
above with referenc ur The s cond barri_er t ke the
first bl “HEd afnefin é@%mchpéig OGRS Vel ef Jrts, 8§W0§o%mése
segnents of differing conposjtion. The second barrier naterlaL n sone
aspects, Wa/eSYiRsOXRITi#hIA AY acklic sQlutien Baving gerymagontalpingdpaiega ‘?'F%FP ere
the second barrier material contacts the first barrier material. [0062] In
conpl i andéewin.h the statute, the invention has been described in | anguage
nore or less specific as to structural and nethodical features. It is to be
understood, however, that the invention is not limted to the specific
features shown and described, since the nmeans herein disclosed conprise
pref er r eds, fiovermeod s icldimb Whérélrwﬁé“édl@a soliftion cehfmizes Hidtle i nvention is,
therefore, claimed in any of its fornms or nodifications within the proper
scope of the appended cl ains appropriately interpreted in accordance with
the doctrine of equivalents.

7. The method of claim 5 wherein the cerium-containing material comprises cerium

oxide.

8. The method of claim 1 wherein the one or more rare earth elements inciude
erbium, and wherein the doping comprises exposing at least a portion of the
waveguide material to an acidic solution having erbium-containing material dissolved
therein.

9. The method of claim 8 wherein the acidic solution comprises HCI.

10. The method of claim 8 wherein the erbium-containing material comprises Er,Qs.
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14 CGainms: 1. A nmethod of form ng a sem conductor construction, conprising:
provi ding a sem conductor substrate; etching one or nore trenches into the
substrate; lining at |east one of the trenches with a first barrier

material; filling the at |east one lined trench with wavegui de nmateri al;
doping at |east sonme of the waveguide nmaterial with one or nore rare earth
el enments; and form ng a second barrier material over the wavegui de nateri al
the second barrier material contacting the first barrier material al ong
sidewal I s of the at |east one trench. 2, The nmethod of claim1 wherein the
dopi ng caipringgaeihegiofslaimg wheresmthedonipg &rthes cempsisen ap| anmeat ©llewing,
chlorides of the one or nore rare earth elenents, utilizing an inplantation
ener gy othe exposabete theacidisvselutiehovith said aweal diffasing thepgraivm witbiethef from
about 1 x 1013 atons/cn2 to about 1 x 1015 atons/cnR. 3. The nmethod of claim
2 furthewavegmite shatgrialn anneal after the doping to diffuse the inplanted
one or nore rare earth elenents within the waveguide material. 15 4. The

met hod of claim2 wherein the one or nore rare earth el enents are
substantially solely erbium 5. The nethod of claim1l wherein the one or

ore rar e1fﬁ*ﬁeﬂn@hﬁ:’&i‘%ﬁ&a;ﬁ?‘%'wﬁmct%'fmm &gge"ffé‘?{cﬁ'\ﬁutﬁ n&vgg&aa@%eﬁem I Ses

exp03| ng at | east a portion wave mat eri al acidic solution

havi ng_ Cel bt SR BRBA ARG Yot AR BtaribBRIFbP e wal bR WAl ! & m

prior to formation of the second barrier material.

13. The method of claim 1 wherein at least one region of the first barrier material
contacts a region of the second barrier material that is substantially the same in

composition to said at least one region.

14. The method of claim 1 wherein the total concentration of rare earth elements
within doped regions of the waveguide material is from greater than 0 atoms/cm® to

about 1 x 10"® atoms/cm?,
15. The method of claim 1 wherein the total concentration of rare earth elements
within doped regions of the waveguide material is from about 1 x 10'® atoms/cm?® to

about 1 x 10"® atoms/cm®.

16. The method of claim 1 wherein at least some of the waveguide material is

selected from the group consisting of silicon dioxide and doped silicon dioxide.
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7. The nethod of claim5 wherein the ceriumcontaining material conprises
cerium oxide. 8 The nmethod of claim 1l wherein the one or nore rare earth
el enents include erbium and wherein the doping conprises exposing at | east
a portion of the waveguide material to an acidic solution having
erbiumcontaining material dissolved therein. 9. The nethod of claim8
wherein the acidic solution conprises HCl. 10. The nethod of claim8 wherein
the erbiumcontaining material conprises Er208. 16 11. The nethod of claim
8 wherein the doping further conprises an anneal follow ng  the ex osure to
t he aci di 7. sbleumathod wif tahaigmildwharedmiat deastusame qfﬁéeewgvm'% ratarialnig
wavegui de material. 12. The nethod of claim 1l wherein the filling of the
trench wsiibomaitédpii de material overfills the trench, and further conprising
pl anarization of the waveguide material ©prior to formation of the second
barrier material. 13. The nmethod of claim 1l wherein at | east one region of
the first barrier material contacts a region of the second barrier material

that is sybstaat h t t i @ardqli®@aThateng kegi on.
14. The ﬁrgt hzgél Hwéilglbgl érf1 ?amﬁﬁreﬁ?gh%r?'ﬁgﬁ?g?gl éggﬁcgn??’at faong (;f r aar1 e earst h

el enent s ed regions of the waveguide material is fromgreater
than O aﬂ%&g'ﬂ&ﬂﬁg about 1 x 1018 atons/cnB. 15. The nethod of claim1l

wherein the total concentration of rare earth elenments wthin doped regions
of the waveguide material is fromabout 1 x 1076 atons/cnB8 to about 1 x
1078 atons/cnB. 16. The nmethod of claim1l wherein at | east sone of the

wavegui de!$raf b mathed of slairach whereinal leas! sprae f s wavegigde graterial; '%6H‘Cd| oxi de

and doped silicon dioxide.
tin oxide.

20. The method of claim 1 wherein the waveguide comprises:
a first segment containing rare-earth-element-doped dielectric
material; and

a second segment substantially not containing rare earth elements.
21. The method of claim 1 wherein the waveguide comprises:
a first segment containing erbium-doped dielectric material; and

a second segment substantially not containing erbium dopant.

22. The method of claim 21 wherein the second segment is downstream of the first

segment along a path of light along the waveguide.
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17 17. The nethod of claim1l wherein at | east sonme of the wavegui de materi al
is silicon nitride. 18. The nethod of claim1 wherein at |east sone of the
wavegui de material is indiumtin oxide. 19. The nmethod of claim1l wherein
at | east sonme of the waveguide material is zinc tin oxide. 20. The nethod
of claim1l wherein the wavegui de conprises: a first segnent containing
rare-earth-el enent-doped dielectric naterial; and a second segnent
substantially not containing rare earth elenents. 21. The nethod of claim1
wherein the wavegui de conprises: a first segnent containing erbium doped

di el ect ri 2qdthermeathodafdiaion 2t wbeteis digreecorsusagraent canisists ot sitieott dioxideg

er bi um dopant. 22. The nethod of claim 21 wherein the second segnent is
downst r eaor dbpadsili€on dioxideegne ntheaéinnge eripainkda)fed diglettriz! ma@riahef the\fiegtui de.
18 23. The nethod of claim 21 wherein the second segnent consists of silicon
di oxi de  gegriBRESbraplidedBhelbopdtd df |rﬂ3"\ﬂn‘ﬁﬂ‘ifx@jé“aﬁd‘2|n€rhlﬁ' ddidgloped dielectric
material of the first segnent conprises one or both of indiumtin oxide and
zinc tin oxide. 19
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