1 OPTI CAL COUPLI NG STRUCTURE FI ELD The present invention relates generally
to optoelectronic integrated circuits and nore particularly to an optical
coupling structure that includes a silicon-based prismcoupled with a
wavegui de. A net hod of nmaking the structure using a silicon- on-insulator
(SO) substrate is also disclosed. BACKGROUND Optoel ectronic integrated
circuits (1Cs) include both electronic and optical elenents within a single
chip. Typical electronic elenments include field effect transistors,
capacitors, and, resistors; Lcal ' kﬁéi I ncl ude wavegui des,
optical filters, nDduIatoré?ﬁﬁﬁé£€H35ﬁhtjg éfﬁﬁ&ﬁﬂ$n a given
optoelectronic IC, sone of the electronic elenents nay be dedicated to
handl i ng tasks such as data storage and signal processing. Qher electronic
el ements may be dedicated to control |FHEELDDr nodul ating the optical

el ements. Including both types of elenents on a single chip provides

several advant agefe yii é}‘@; ‘}(}ﬂiHﬁ]%lﬁé tg%ﬁ&aﬁyﬂy&%go%fe@@@nifgxzthﬁr;%’a%ircuits,

operational overhead. In Ition, su I nt'egration yie bri d devi ces,

such as an opto-isolator, The integrati,on of opti,cal._and el ectronic

ol enent s naseBAPeGT Y ffa ePUc couplit shvefl il indlfes S bista

sem conduct or processing techniques. For instance, conventional processing
t echni ques rmismbeouplrdowihl atwavegwide-cA gnethedof makiag the stBieHIre using agtiliepsls, and
ot her optical devices. One device, however, that has been difficult to

i nt egr at e i Sonainfilhtof (BOP ssisdrate is also disclosed.

BACKGROUND

Optoelectronic integrated circuits (ICs) include both electronic and optical
clements within a single chip. Typical electronic elements include field effect
transistors, capacitors, and, resistors; typical optical elements include waveguides,
optical filters, modulators, and photodetectors. Within a given optoelectronic IC,
some of the electronic elements may be dedicated to handling tasks such as data
storage and signal processing. Other electronic elements may be dedicated to
controlling or modulating the optical elements. Including both types of elements on a
single chip provides several advantages, which include reduced layout area, cost, and
operational overhead. In addition, such integration yields hybrid devices, such as an
opto-isolator.

The integration of optical and electronic elements has been greatly facilitated
by the maturation of today’s semiconductor processing techniques. For instance,
conventional processing techniques r.x‘-xay be adapted to create silicon-based prisms,
waveguides, and other optical devices.

One device, however, that has been difficult to integrate is a silicon based
laser or light source. As a result, most optoelectronic ICs are adapted to receive an

externally applied light beam from a laser or an optical fiber. Unfortunately,



| aser or |light source. As a result, nost optoelectronic ICs are adapted to
receive an externally applied light beamfroma |aser or an optical fiber.
Unfortunately, 2 introducing a light bgamto an IC can often be difficult.
For exanple, in order for an optoelectfonic ICto acconmopdate a |ight beam
the spot size and the nuneri cal %erture (NA% of the beam may need to be
appropri at el ytrogbcingch light bpam dakn I eareeften beditfienls. Ear ¢xampie; inpeder foreant hese
difficulties, previous nethods use a silicon-based prismto couple a |ight
beam i nt o angdpélecénié 1@ wegedositmodhee &Qighl dedrigthe sSpbt eizt fndvee agitiedieal t he
prismreceives an externally applied Iight beamand refracts it to a

coupling ' eqhdre HYR) P UR! Bedth EPREA tb 'B@Qgﬁ}gﬁﬁ{z}tgﬁtﬁnzg&ﬁdrﬁ\f?gﬁ%ﬁn{énﬁht beam

to the waveg everse scemari 0 nove eam a romthe
wavegui de, intg.a cgupling region, which transfers the Iight beaminto the
prism The p™! Q‘h&:l] refracts the light beamout of the prism To provide
an evanescent coupling, the prismshould be |ocated within close proximty
of the wavegui de Fodveromedhesgdiffighltienpesvias methgdsase asilicondasedprigmetet er
than or equal to that of the waveguide. Further, the separation distance

bet ween the ppipien sight beaveiio sl Gt ofib tvabeguidenl To donpletlight imoldie wivegdid®0' s of
Angstrons) and the index of the nediumthat separates the two nust be

smal l er t hanﬁ{eehﬁrligr,]ﬁ%zases%'egfreﬁégy%gpgiéf gglft“ﬂaahh&d’"‘i‘éﬁ&&i o i%{é@{h%ghe

scenarios, the ex of t arger than the index
nevequi de. ( neseion setnupline reghitBen b gier InereliRapd Sart AFarn 6 B PhveBie pase
substrates. Advantageously, SO substrates Pnr)x?xvtihgewgret hlldél igteovgcégullglyer
| ocated on t dpreyerse sgenariogmoves a light beam away guide, pling
region, which transfers the light beam into the prism. The prism then refracts the light
beam out of the prism. To provide an evanescent coupling, the prism should be
located within close proximity of the waveguide and should have an index of
refraction that is greater than or equal to that of the waveguide. Further, the
separation distance between the prism and waveguide should be small (on the order of
1000°s of Angstroms) and the index of the medium that separates the two must be
smaller than the indexes of both the prism and the waveguide. In many scenarios, the
index of the prism (ny) is larger than the index of the separation medium (n) and
larger than or equal to the index of the waveguide (n3).
In general, optoelectronic ICs are fabricated in SOI based substrates.
Advantageously, SOI substrates provide a thin device layer located on top of a buried
oxide (BOX) layer. The device layer is used for a waveguide and the BOX layer
serves as a cladding layer of the waveguide. Fig. 1 shows an SOI substrate 10 that
includes a device layer 12, a BOX layer 14, and a bulk layer 16. The device layer 12

includes a waveguide 18. Above the waveguide 18 are a coupling region 20 and a

prism 22 for optically coupling a light beam into the waveguide 18. The coupling



oxi de (BOX) | ayer. The device layer is used for a wavegui de and t he BOX

| ayer serves as a cladding | ayer of the waveguide. Fig. 1 shows an SO
substrate 10 that includes a device |ayer 12, a BOX |ayer 14, and a bulk

| ayer 16. The device |layer 12 includes a wavegui de 18. Above the wavegui de

18 are a coupli.n on 2Q.an i ticC : | | i ght
beaminto thé'cmge%@igi e%@%‘#hgayglbu@%ti isg]eﬁ.ﬂ erI %g;ﬁvg'ﬁ djoa%l;s&ég%@o |"é%g‘l %/eer t hat
is either grown or, deposited pet t he vegyi de 18 ,and t%\e rism22 The
prism22 is avayegnide 48 Bad dhe st's}r’\fﬁrhamﬁ@ 5 dctlicon hageddrisgy hes ﬁd’@% on 20.
The BOX | ayer 16 and a thick oxide |layer 24 serve as cladding |ayers of the
wavegui de 18,to aha couplinglregion 201 6The2BOKalageral G tnd: & tidgls oxidatlayes 2dnservenss or der
of lumfor sufficiently confining a light beamto the wavegui de 18.

Addi ti onal | y,c|{ddthg 1aysrdefthe wavéguideOrs; @td blith fykisa@N24TRele! sAhivknel§ tha &adred
above the waveguide 18 (where a portion of the wavegui de 18 silicon serves

as a | ower pl.at ' ' - and,. ' ff . I stor (FET)
30 adj acent t e?ﬁqg}%abje}rg&#ggmc%@ ﬁ%ﬁ.o%l?%aeh etfglg)lla'%lr]lgosgle “%%%%é‘%%gd bet ween t he
FET 30 and t he wavegui de, 18.. rovi des.electrical iso]ation .We he

modul ator 28 recei “%“"UMIE‘&gﬁshﬁ?l‘”éésmcf’“ﬂy{e‘%ﬂtm Lo &"é’la‘earabﬁ\‘:"'rt i es
of a light beamw thin the wavegui de 18. The FET 30 nay be included in a
vari ety of nubeivavepuidei I8 whereta psirion ofi thewaveguidedSsilinpn semves ahd logver plate dat a
storage related circuits, for instance. To effectively couple a |ight beam

into the waveg@dmoddator D8) &id Sfidld 2ffeititfntidRs (FET)EAd}skefititol tBE tvaddguiddhi ch
allows a variety of incident angles to be achieved. The prism 22 may al so

ol ol A6 b o 52 SpAARSRRMGRS P 3054 hoSeRpufl 1, 1
provides electrical isolation. When the modulator 28 receives a voltage bias, it may
adapt the optical properties of a light beam within the waveguide 18. The FET 30
may be included in a variety of modulator bias controls, signal processing, switching,
or data storage related circuits, for instance.

To effectively couple a light beamn into the waveguide 18, the prism 22
includes a tapered surface 34, which allows a variety of incident angles to be
achieved. The prism 22 may also include an anti-reflective coating that reduces
Fresnel losses. Fig. 1 shows a light beam 36 incident on the tapered surface 34,
Typically light beams used in optoelectronic ICs are in the infrared range of about 1-5
um, which is transparent to silicon. The prism 22 refracts the beam 36 and the
coupling region 20 then assists in coupling the beam 36 to the waveguide 18, Thé
waveguide 18 may then provide the beam 36 to other portions of an IC, or another
optical coupling structure, which may draw the beam 36 out of the waveguide 18. For

instance, Fig. 1 shows a prism 38 and an coupling region 40, which together may

draw the beam 36 out of the waveguide 18.



Typically |light beans used in optoelectronic ICs are in the infrared range
of about 1-5 m which is transparent to silicon. The prism 22 refracts the
beam 36 and the coupling region 20 thep assists in coupling the beam 36 to
t he wavegui de 18. The waveguide 18 may then provi de the beam 36 to ot her
portions of an IC_or appther., optical coupling sfructure, which may draw

t he beam 36 out ofOQ%waﬂbgﬂfpcfé‘P'f%t. o%;clectﬁ%ﬁgct %’Heb?g Eirjptures i5,that bgn(%qg sm 38
and an coupling region 40, which together may draw the beam 36 out of the
wavegui de 18.thel prisme tg ths |conphing: Feeiqnr i diffigwt.oeTmicallynipsismsuprei fefrisatedict ur es
is that bonding the prismto the coupling region is difficult. Typically,
prisns are fabpiratelyeflomseprbsaite layd thenniater alipeddr wtecamling hegiod ahé bondedgned t o
a coupling region and bonded. The alignnment and bondi ng can be a | abor

i ntensive, tifg eﬁ%‘ﬂﬁi&ﬂi B baiding Wi 68 a [B6UGfRshsive! Qi NRMSuARE t%?ﬁ\i&?r ger

scal e production. Jless feasible. In addition, Interconnects.

electrically copuple together,variouys electronic el epents, . nust l.s0
acconmodat e Je‘ﬁlrc?§ ﬁ?m@lpé‘ﬁ apﬂirgakleéiﬁlge Bcai\% Pofietiang ggs k‘l’:f’ﬁ{? ¢ dp %&gm ctions
in the layout rules of the contacts, vias, netal interconnects, and

el ectrical andersprnests, Whichogleptrically cenple dogerhes yatpusoeleeleanic glements, myst
SUMMARY An optoel ectronic coupling structure, a nmethod of manufacture, and a
met hod of opBoaktemmadate desismi [Qften thisdeaRito anlincteased hurgbertof wedttictions el udes
a wavegui de, a coupling region, and a prism The optical structure is

fabri cat ed V"'Ll%ﬂagolf’(’}uﬁg of_tht'EStAQY, Sids) Hetdl NfrlettdARects, ARY feBirlcal Sid oftidaPX

| ayer, and a ayer- The wavegui de

clements within a given optoelectronic IC.



and the prismare | ocated on opposite sides of the SO substrate. The
wavegui de, which is located in the device layer, is on the top side of the
SO substrate. The prism on the otherchand, is |ocated on the other side
of the SO substrate. Advantageously, ?he BOX | ayers serves as a spacer
regi on between the prismand the wavsigMMIgRY! n one exanple, an etch process
forms the prismin the bulk layer. Instead of the prismbeing bonded to a

coupling region a%@& é&@! éo%ailﬁ‘é{.ﬁh%:% gh Ehtog Bk Saflfiea fﬂ;e 48 a%%th??] at is

substrate is patt OCESS crea es’a prism

w thin close grommty tgesbqth t he wayve Uld and t he cou I|n

Because the OoBOperRHQRre desgribafly TheApk l@glsﬁy@me’é‘ﬁ ?ﬂe ﬁda
naturally exists between the prism and the coupl i ng regi on. l\/breover, t he
BOX | ayer/ pr icouplingt regicac @and sa prighat The loptichd fseructufer sefabricated iwithin auaSQt i sm
that may have been bonded to a substrate). In another exanple, the prismis

separately f aHsus %ttﬁﬁt indldddsad @évxdeqaykida BOX 1ger, Bed 4 Balkdbyie. dhetiveRitic

substrate. An etch process nay first renove a portion of the bulk layer in

order to provi a ond| nfac n. of Iayer
A bondi ng prﬂﬁ‘g&e Hﬁ C%%ﬂao%t g@%ﬁlﬁag‘ggﬁ §P§‘r§d5@%§bhﬂs§§%r t}eﬂ@gﬁgﬁh

exanpl e, the BOX | aye |s about 2500 Angstrons or, less in.__thickness. The
pri sm may be whighais ﬂt@d) “hﬂtﬁaﬁ"d@ﬁ lamer: 1§ Qntﬂéﬂ WR tide of eS0T qubsmate- t Rhe  BOX
| ayer: Because the BOX |layer is |less than 2500 Angstrons, the BOX | ayer may
not be suffi giien] lon the otheertmnd) it doeutkelgvat theyothensideeofs the BT lsetestrated t he
wavegui de. 6 Therefore, the cavity increases the cladding thickness of the

wavegui de by Agehmg él‘quly merdex 19RkNbrvds!ak @dpidct begidh Botivedh thR pist Ardaher
other low index material. The cavity may

waveguide.

In one example, an etch process forms the prism in the bulk layer. Instead of
the prism being bonded to a coupling region above the device layer, the bottom side
of the SOI substrate is patterned and etched. The etch process creates a prism that is
within close proximity to both the waveguide and the coupling region. Because the
BOX layer is grown from the bulk layer, an inherent bond naturally exists between
the prism and the coupling region. Moreover, the BOX layer/prism interface is
relatively defect free (relative to a prism that may have been bonded to a substrate).

In another example, the prism is separately fabricated and later bonded to the
bottom side of the SOI substrate. An etch process may first remove a portion of the
bulk layer in order to provide a bonding surface on an exposed portion of the BOX
layer. A bonding process may then bond the prism to the BOX layer.

In another example, the BOX layer is about 2500 Angstroms or less in
thickness. The prism may be adjacent to a cavity that is below the waveguide and the
BOX layer: Because the BOX layer is less than 2500 Angstroms, the BOX layer may

not be sufficiently thick enough to adequately confine a light beam to the waveguide.



al so truncate a refracted light beamw thin the prismto provide a nore
efficient coupling. In yet another respect, the prismmy be forned at any
point of a manufacturing process. For 4nstance, the prismmay be forned
before or after optical and electronic elenents are fornmed in the SO

substrate. TigerPfors TheRYviE) Berehies tHeodiamingibicknedstfahe Waveluidt By 86hg ialks,
netal interconnects, and various other netal |ayers are deposited. As a

" A o b Bk GRET B ! BT & DuRE 107 Hdeh Blafhil OTnECRARTIRAR © e

prism A varf% ring Ni ques™ assocCl a convént 1‘ona
sem conduct or. processi ng may be used to,create the prism Alternatively,
adapted t oodlEegrusgae &feagéésh%}eamswnb@ @eéwswqapw $ mptegefigiest i sm
with a waveguide and a coupling region. For instance, a nask aligner (e.g.,

a stepper) heouphgga canera for bottomand top side alignment nmay ensure
that a photoresist nmask is aligned with a top side waveguide. The nmask

al i gner may incl uﬂﬁ vl mﬁ{earﬁgbécgsg{e ?ﬂ%c&ayhg‘; fofRdd %: by GRAMCHE glesired
¢

structures in whi a prismis to be aligned. These as well|l "as ot her aspects

by eadi ng- e RaRBreE RECHyr 1RF kit dod AR ol e o st Beleaf °"
appropriate to the acconpanying drawings. Further, it_is understood _that
thi s sunmmar yandselggirenic elgnesis aig) formed in 5‘“%%51 sehstiage dThe PISH; may @lsosképe of
the invention as clained. 7 BRI EF DESCRI PTI ON OF THE DRAW NGS Certai n
exanpl e enbofbnied afterinter-dost dieleenichahetul intercoané¢ai) ahd varionis tolther Ingetal layers
are deposited. As a result, layout requirements do not need to be restricted to
accommodate the prism.

A varety of manufacturing techniques associated with conventional
semiconductor processing may be used to create the prism. Altemnatively, adapted
tooling and processes may also be used to properly align a prism with a waveguide
and a coupling region. For instance, a mask aligner (e.g., a stepper) having a camera
for bottom and top side alignment may ensure that a photoresist mask is aligned with
a top side waveguide. The mask aligner may include an infrared laser source that
optically detects desired structures in which a prism is to be aligned.

These as well as other aspects and advantages will become apparent 10 those
of ordinary skill in the art by reading the following detailed description, with
reference where appropriate to the accompanying drawings. Further, it is understood

that this summary is merely an example and is not intended to limit the scope of the

invention as claimed.



appended drawi ng figures, wherein |ike reference nunerals refer to |ike
elenments in the various figures, and wherein: Figure 1 is a cross section
of a prior art optical coupling structuye, according to an exanple; Figure
2 is a cross section of an optical coupling structure, according to an

exanpl e; Figures 3A and 3B a | ' ~ght beam bei ng
evanescently coupled into ahgﬁﬁﬁﬁméﬂ%‘ggﬁﬁﬁg to an exanpl e;
Figure 4 is a cross section of an SO subsirate, .according to an exanple;
Figure 5 i s anot hdrertain xample embdimentsnargdescribgd thelgve inicphuaction, ith thecat ed
in the bulk |ayer, according to an exanple; Figure 6 is a cross section of

an SO subst rappendsidtdrawingdfiguras, wherein likeorsference awanesals refert toelike tlementyén ,
according to an exanple; Figure 7 is a cross section of another optical

coupling strqﬁgugrﬁmsqr%ysggﬂag”ﬂc&m;an exanpl e; Figures SA and 8B are cross
sections showng a |light beam being evanescently coupled into and out of a

Subetrate wih o daoney iF BEEFERE of L Terbrk o ol RSB Metlin@la

according, to an exanple; Figure 10 is a cross section of a prismnounted in
the cavity ofenmXgmple; and Figure 11 is a flow di agram of a nethod of
formng an optical coupling structure, according to an exanple. 8

Figure 2 is a cross section of an optical coupling structure, according to an

example;
- Figures 3A and 3B are cross sections showing a light beam being evanescently

coupled into and out of a waveguide, according to an example;

Figure 4 is a cross section of an SOI substrate, according to an example;

Figure 5 is another cross section of an SOI substrate with a cavity located in
the bulk layer, according to an example;

Figure 6 is a cross section of an SOI substrate with a cavity and a groove
located in the bulk layer, according to an example;

Figure 7 is a cross section of another optical coupling structure, according to
an example;

Figures 8A and 8B are cross sections showing a light beam being evanescently
coupled into and out of a waveguide, according to an example;

Figure 9 is a cross section of an SOI substrate with a cavity located in the bulk
layer for mounting a prism, according to an example;

Figure 10 is a cross section of a prism mounted in the cavity of Fig. 9; and

Figure 11 is a flow diagram of a method of forming an optical coupling

structure, according to an example.



DETAI LED DESCRI PTION In one form or another, the various enbodi nents

descri be an optical coupling structure that receives a |ight beam and

coupl es the beaminto a waveguide. In a reverse nanner, the optical
coupling structure may al so nove |light away fromthe waveguide and out of
an optoelectronic IC. The netho f ' | ch an optical structure
descri bed bel ow i npl enent a var ﬁ%@pﬁm sem conduct or processes
and conbi nations thereof, which include: li thographa/, et-chi n%, thin-film
deposition, and arhionedermeex anather ohe vareus embodiments deseriRe a5y optial eowpbiag nent s
al so include nethods that may enpl oy conventional wafer to wafer attachnent
bondi ng procememse Ufaoreceiveplai kight yheamhanddemples plid beanb@ltow waveguideat bda
figures describe an optical coupling. structure that includes a

si |'i con- basedewayemahfia, tHeabpeaNsdupling Qlruin2ahsy alib ¥adva! light Caviidy! frefnnk ayer .
In alternative enbodi nents the waveguide may be polycrystalline silicon and

It may al so conprise | ti.plee.. | | £ peal f i G [.S1 for each
i ndi vi dual | avg‘rpﬁg'(’?? ea.% %d(gp(%fnigl, giftﬁlé%?(tﬁneny; ,Ié'r Z@Iestn?emlo&;,%f gzg%rf.{ahﬁé_ ﬁg& aff

t hi ckness of the wavegui de nmay, be tail ored to accopmodate ope or npre nodes
of a propaganticy stughire gessmbed below amplemgnt avanesygheanentipsaksemygepductor
enbodi nents bel ow use silicon-based optical elenents, other types of high

i ndex mat eri ajrecefseseand crahbinations ahareof] cvhich inchidemnlithogiaphye, etching,usmimpfibs phi de,
etc.) may replace silicon-based elenents. Further, the waveguide, prism

and coupling §864iR6E dFaYankidéfeQivedcoditigset Mopdovel)3BME of ARl efribb@EmentyNaldgner al ,
the termprismrefers to any device that nay receive a light beam and

produce a deshlgg: il r}gggg@pfgggcoﬂwmoﬁaﬂ Vel LIWafis athlifinert/bbidiflg

Cross-section an optica

processes.

For simplicity, the description below and related figures describe an optical
coupling structure that includes a silicon-based waveguide that consists of single
crystalline silicon layer. In alternative embodiments the waveguide may be
polycrystalline silicon and it may also comprise multiple layers with specific
characteristics for each individual layer (i.e., doping, thickness, resistivity, etc.). The
thickness of the waveguide may be tailored 1o accommodate one or more modes of a
propagating light beam. In addition, although the described embodiments below use
silicon-based optical elements, other types of high index materials (i.c., gallium
arsenide, lithium niobate, indium phosphide, etc.) may replace silicon-based elements.
Further, the waveguide, prism, and coupling regions may take on a variety of shapes
and sizes. In general, the term prism refers to any device that may receive a light
beamn and produce a desired refraction.

Turning now to the figures, Fig. 2 is a cross-section of an optical coupling
structure. The optical coupling structure is formed in an SOI substrate 100 that

includes a device layer 102, a BOX layer 104, and a bulk layer 106. The device layer



structure. The optical coupling structure is formed in an SO substrate 100
that includes a device |layer 102, a BOX | ayer 104, and a bulk layer 106.

The device layer 9 102 is | ocated on t)he top side of the SO substrate 100
and the bulk layer 106 is |located on the bottomside of the SO substrate

100. The BOX_ | ayer 10 ocate b nt aII | ayer
102 and the B8 lgre %1‘@’4“’31‘88 s&@wi@ef@ SRy %lﬁﬁ@\ﬁﬁdg%g ﬁﬂ/\g‘)’ 106,08 108,
whi ch may be tallored to a variety of thickness in order to achleve desired
optical char bocatediost the doemt side ofcthe SOI qubstrategl00. nBheeBOXlager 1Qhis loqaged

I ntroduce a |light beaminto the wavegui de 108 or draw |light out of the
wavegui de 10§ubstantiaBPlietwaye theldddics &iyee $0nandaths BOX layen 164.dThe deviec layent el y
set distance between a prismand the 108 wavegui de and as a result, enable

efficient an de
108I 1I'hus 2&2 I‘xg@‘g?&a%ugv‘?ﬁoulwgﬂ{‘hhggnodgﬁ&f l@gu%%oggﬁg%gns%gr

I t d q bet t 10 dth

wavebui de. 10BTeT oo ARETE ey Pt | FlaraciegRiecon h e | HEVeRAY g e 864 shoul d

be surrounded by cladding |ayers that have a | ow i ndex and SuffICI ent

t hi ckness. Teeledtwn).t he wavegui de 108, an oxide layer 110 is grown or
thermal |y deposited above the waveguide 108. In one exanple, the thickness
of the cl addi ng | ¥ycinaodived liglicbeamointo theuwmaveguiderl®8 orhdraBQight ayeof et nay
al so serve as a partial cladding | ayer below the waveguide 108. A cavity
11, which igg bat I rebfoed
W t h ref erence ?%ﬁ IGQ%EII—BGX%%} g% g o 5& ‘Igcgllgqﬂaﬁgm h&g%@egf Sl‘3{)113

located wit hldlr;ta%ce\:/ bgtlwréeng prlsm and the 108 waveguide and as a result, enable efficient and

repeatable coupling of light into and out of the waveguide 108. Thus, BOX layer 104
should be thin enough (about 2500 Angstroms or less) to provide an adequate
coupling between the prism 109 and the waveguide 108.

To efficiently guide the light beam, the waveguide 108 should be surrounded
by cladding layers that have a low index and sufficient thickness. To clad the
waveguide 108, an oxide layer 110 is grown or thermally deposited above the
waveguide 108. In one example, the thickness of the cladding layers should be about
lum or more. The BOX layer 104 may also serve as a partial cladding layer below
the waveguide 108. A cavity 111, which increases the thickness of the bottom
cladding, is described with reference to Fig. 3.

Fig. 2 also shows a FET 112 and a modulator 113 located within a vicinity of
the waveguide 108. It should be noted that a variety of other optical elements may
exist within or above the SOI substrate 100. In alternative examples, the waveguide
108 may be formed after the prism 109 is formed in the bottom side of the SOI

substrate 100.



t he wavegui de 108. It should be noted that a variety of other optical

el enments may exist within or above the SO substrate 100. In alternative
exanpl es, the waveguide 108 nmay be forped after the prism 109 is forned in
the bottom side of the SO substrate 100. 10 Figs. 3A and 3B show at | east
two operating scenarios of the optigcal coupling structure of Fig. 2, To
bring light into tFgswyeasd?Bshayat lepstgwopperatl °B“Fqsd¥§t‘h%%@l‘ﬁa?§‘1‘whﬁﬁat
enters the prism 109 and refracts. BOX |l ayer 104 assists in coupling beam
114 to the wastagtirelef Fig82.To bringljghtiintottheowaveghide 108 g Sdushhavsizigght beam 3B
shows a |ight beam 115 that transfers out of the wavegui de 108 through the

BOX | ayer 1041t4that &iteddthe prishe 409 hhd soffadisd BEXNgee 104 Bgistain ¢otplihg Beqi@r ti on
of the wavegui de 108 and the prism 109 naybe used to couple light into and

out of thewaﬁgw - ' t trate
100 before thlé cav@?ﬁa%q"&ag)& f%gngévlﬁgrﬁn%8’?2}%@%%5%&3\3;?@53%2 y the
SO substrate 100 may _he provided at . an oi.nt . durin L,conduct or
process, suchl‘%%ﬁ?‘f‘elrlgﬁli‘%%ﬁ?f@éPPbPﬁg'@e‘%@5&“& I&MMWB}“ %éﬁﬁws
this exanple. Fig. 5 shows a cross-section of the SO substrate 100 that

i ncl udes t he thayprism 1241 11, shahiddie, notesk thatras deastcaeportiany ofithe avaveguide 1 @fanethby a

| it hography process in conbination with an etching step (i.e., a wet or dry

etch). Cavit yprishh 1699} He beed tabbiplelightinterane stdvfiewawgaideilde. 108. 1 n order

to align the cavity 111, a nmask aligner (e.g. a stepper) may include a

R Rl L
align front sioe loehlidth 00 ik Tofnel ' AN aagEoutly> tie $01 SiEdkate 100 may be
provided at any point during a semiconductor process, such as after microelectronic
devices are formed. Fig. 4 shows this example.
Fig. 5 shows a cross-section of the SOI substrate 100 that includes the cavity
111, which, for instance, may have been created by a lithography process in
combination with an etching step (i.e., a wet or dry etch). Cavity 111 should be
aligned underneath the waveguide 108. In order to align the cavity 111, a mask
aligner (e.g. a stepper) may include a camera for aligning a mask to features on the
top side of the SOI substrate 100. Other methods of alignment include using an IR
laser to detect and align front side features with a bottom side mask. In such
examples, alignment marks, which can be recognized by the mask aligner, may be
patterned into an appropriate layer of the SOI substrate 100 to enable registration of a
backside pattern to a front side (or vice versa).
The purpose of the cavity 111 may be at least two fold. Because the BOX
layer 104 is thinner than a conventional oxide cladding layer (typically, about 1um or

more), the cavity 111 compensates for a lesser thickness of the BOX layer 104. The

combination of the BOX layer 104 and the cavity 111 serve as the bottom cladding of



exanpl es, alignnment marks, which can be recogni zed by the mask aligner, may
be patterned into an appropriate |ayer of the SO substrate 100 to enable
registration of a backside pattern to ﬁ[front side (or vice versa). The
purpose of the cavity Il may be at least two fold. Because the BOX |ayer

104 is thi nneet PYavkeRideOrDRE MRty P11 ARaychlg6 BE Mehaﬁmﬁa\famaédcu,asakhout
lumor nore), the Cavity 111 corrpensat es for a |esser thickness of the BOX

| ayer 104. The rve as
t he bottom cl 86'&?8895‘%%% ll(ﬁ\é’ #@ge 0 dé%ggué“?'ﬁaé'wgmk?gs %%l{h:%y a?’ggl be
filled wth a material, such as an oxide or a nitride, as |long as the index
of the fill ed“@&%"t‘@ﬂ }i8vgi ns I ess than that of the wavegui de 108. The
cavity 111 may al so truncate |ight that propagates through the prism 109. A
cavity edge 118 pr The dedtyal llrmaysalse onundaet highe thas ptapagatescthrough dheprisph A@9.cavi ty
111) and a hi gh i ndex nmedi um (the bul k |ayer 106), which provides a
truncation of Al é.9fiy edde 1187 5ok 4 &mauola%{upéehsnﬂb&(iﬂddx%&nﬁmme chbry $hByr per

the truncation, the bétter the coupling efficiency nay be between the prism

109 and wavegu y step
and etch st ep%‘gﬁ‘}l%g‘ ng@{é@c‘%ﬁa}'ﬁg@gﬂ@?’r e‘@g} %ﬂg‘%? f%{?%‘[})?gléﬁgﬁl I ght
beam Fig. 6 shows_an upsi de shaped groove 120 for d.in the bul k
| ayer 106. AnthesBOXolayer W/Erﬁﬂhrlﬂ%&l?@?ﬁec ke sharpes the Hungationnibe frefgex, the1 20
according to a variety of orientations, such as a preferred

crystall ograp%wlhgieﬁt‘rdimymyﬂed:em«mmmism I0seandtwdveguite ¢0&at e a t apered
surface 122 for receiving or outputting a beamof light. In general, a

crystol l agraphic  ¢bGhembl HeNghish 1 0% ERt Al RNBOh SFaphis ep¢ st edcll M‘éﬁ)deﬂhe a

pot assi um hydr oxi de
tapered surface for receiving or outputting a light beam. Fig. 6 shows an upside down

“V” shaped groove 120 formed in the bulk layer 106. An isotropic or an anisotropic
etch may create the groove 120, according to a variety of orientations, such as a
preferred crystallographic orientation, for instance. The etch may create a tapered
surface 122 for receiving or outputting a beam of light. In general, a crystollagraphic
etch using tetramethylammonium hydroxide (TMAH) or potassium hydroxide
(KOH), for example, may be used to create a controlled and repeatable angle of the
tapered surface 122 with respect to the SOI substrate 100. (Typically, the angle is
about 54 degrees, but other etches could create a variety of other angles.).

Although the groove is shown as an upside down *“V-shaped groove,” other
types of grooves and tapered surfaces are also possible. The cavity etch and the
groove etch create the prism 109 that includes the groove 120 and is defined by the
cavity edge 118. In some examples the groove 120 may be formed before the cavity
edge 118.

Because the prism 109 is formed in bulk layer 106, the prism 109 ig inherently

bonded to a portion of the BOX layer 104. Consequently, a relatively defect free



(KOH), for exanple, may be used to create a controlled and repeatable angle
of the tapered surface 122 with respect to the SO substrate 100.
(Typically, the angle is about 54 degrges, but other etches could create a
variety of other angles.). Although thé groove is shown as an upsi de down

"V- shaped , oot t )

-V Shabed o oRuS, e A pelt RSy OB BB 1RRETIN, A 4953 ol o0

i ncludes th 20_and is defi t it d 118.

exanpl o5t ho BPE0F6 B0 ba POMRAIOHBHos doniel ik o ik ofesd 80T s
the prism109 is fornmed in bulk [ayer 106, the prism 109 is inherentl

bonded to a psubsirme 201, which Bolades palevite daye20slogatedon yop of  BIOX layet 304def ect
free 12 bond may exi st been the prism 109 and the bulk [ayer 106. As

anot her exanpige devi@BY& 202 b indluddiiWwaveghide 208 20thet BOXK lager208detbched t he
bottom side of an SO "“substrate 201, which includes a device |ayer 202

| ocated on to f B I rae0 T, | A I ' a
wavegui de 208°0 %?egfﬁ)%ﬁlkal%es %nﬁgte?&ggfafo%iniéﬁé ? ég’;’o@qé Uglfﬂ? Sk}“% g@é?g%&
e b oy eaoris b BV b e RGBT e BR,
The prism 200, which nmay be selected froma variety of pre-fabricated
prisms, may tlager 20d. bbrxedpdsm @00hwhisinaabe seleded fromea yatiessnof (ore-fabaicatad
wavegui de 208 may be operated in a simlar manner to the optical coupling

structure of ﬁii@ns,ﬁ}aylﬁ;egl.be%ngémembi)@]layermqm 210 entering prism200 and
bei ng coupled to the wavegui de 208 via a coupling through a portion of the

BOX layer 204. Fi orndifisnSof B Bk Wabve 320850 Be Bpdekebin £ 6fHHaP fhnnds 38V N
the optical coupling structure of Fig. 2. Fig. 8A shows a light beam 210 entering
prism 200 and being coupled to the waveguide 208 via a coupling through a portion
of the BOX layer 204. Fig. 8B, on the other hand, shows a light beam 211, leaving
the waveguide 208 and being coupled to the prism 201 via a coupling through the
BOX layer 204. As described above, the BOX layer 104 should be thin enough
(about 2500 Angstroms or less) to provide an adequate coupling between the prism
200 and the waveguide 208.

Fig. 9 shows a cross section of the SOI substrate 201 that includes a cavity
212. The cavity 212 defines a location for the prism 200 to be bonded to and it also
serves a similar function as the cavity 111, which includes promoting the truncation of
light and confinement to the waveguide 108. The cavity 212 may also be formed in a
similar manner as the cavity 111 using a variety of etching and lithography
techniques.

Fig. 10 shows the prism 200 bonded to the BOX layer 204. The prism 200
may be bonded to the BOX layer 204 using a variety of conventional bonding

techniques. When bonding the prism 200, processing parameters (such as



t he wavegui de 208 and being coupled to the prism 201 via a coupling through
the BOX | ayer 204. As described above, the BOX | ayer 104 should be thin
enough (about 2500 Angstroms or |ess) 40 provide an adequate coupling
between the prism 200 and the wavegui de 208. Fig. 9 shows a cross section

of the SO 5Ltbﬁx?éﬁhﬂe,zﬁ'ésshi‘b@ﬁetd.,ﬁ@deiﬂiﬁbe Fompatitly withlde nidieridla\ehd wirdddredef i nes
a location for the prism200 to be bonded to and it also serves a simlar

| Tght and corbtrsadhy e Sbheal (ahphd NERGETrL AR HESON Sistle 8 00 ThE

|1t hogr aphy  BLRMAHEBSNOVA if Tigol Emange edpier i Su s it 200 ABesdy Tayer
204. The prism 200 nmmy be bonded to the BOX | ayer 204 using a variety of
convent i onal ipterfgrenyithtep$ide epiical mwmug@iﬁ@lwntswdpmmhmb&pleﬁmdw- ng
paranmeters (such as 13 tenperature, pressure, etc.,) should be conpatible

with the mat e¥fordoverand varidty of Wiferentdtypsedt pridmb ) evenpthiose khat e made oft auct ure
or within the SO substrate 200. The <configuration shown in fig. 10 nay be

advant ageous | 0 ' | ih & B
optical and e‘@g@‘;ﬁ‘.‘%@ tgfirdeﬁpls&' g’r?&%rgre gfé?)té%ﬁd gl}(gfﬂegétfcftgﬁ%?s. '%/g'r eover,
a variety of different t ven..t hose thi?lt are made. 0

different materialA$ ﬁ‘ér?vé'ig'%%ﬁ ngl:da g@e“ (ﬁﬂ&'oqiﬁ@f’%?tt@ﬁt HAERIES NG Bi jifia
coupling structure. As an overview, Fig. 10 show a flow di agram t hat
i | lustrates imannesianmoethpd 230 fomfshdeating mat opsigaloaupting smvrﬁctg@ti ¢RpIiseoPt i cal
coupling structure that conprises a waveguide optically coupled through a
BOX | ayer w twawgpidepticdibt doapled Hioughya BOX layer with a prism. Method 230 may be
carried out on a substratc at a variety of points of a semiconductor process. For
instance, method 230 may be applied before front-end optical and electrical elements
are formed, during front-end processing, during back-end processing, or after back-
end processing has been completed.

At block 232, an SOI substrate is provided. The SOI substrate includes at
least a BOX layer that is sufficiently thin to provide an adequate coupling. In one -
example this thickness is 2500 Angstroms or less. The SOI substrate may also have a
specific bulk layer background doping so that if the prism is formed out of the bulk
layer, the background doping may establish the index of the prism.

At block 234, a wavegnide is formed on a top side of the SOI substrate. The
device layer may be thinned (via an etch or a planarization process) and doped to
provide desired waveguide thickness and index. As described above, a waveguide
may include multiple layers.

The prism may be formed in the bulk layer at block 236 or bonded to the

bottom side of the SOI substrate at block 238. As described abave, a cavity may be

formed that acts as a cladding layer and also promotes truncation at the BOX



carried out on a substrate at a variety of points of a sem conductor
process. For instance, nethod 230 may be applied before front-end opti cal
and electrical elenments are forned, during front-end processing, during
back-end processing, or after back- endt processing has been conpl eted. At
bl ock 232, an SO substrate is provided. The SO substrate incl gés at
| east a BOX |lwelprmmameﬂfgcesdmprcgr imagegmngdate the ww%rebcawnaaéaeg Xupl i ng.
In one exanple this thickness is 2500 Angstrons or |ess. The SO substrate
nmay al so haveguissuwatnney be aedted kn 4 sativty bAwkys, ehich ilclndesgchemidaligtetdhing dnd pri sm
Is formed out of the bulk |layer, the background dopi ng may establish the

i ndex of the cw}@g\ mﬁ’g& ?g@%@ﬁ? bokoftR¥iag 4 ?fcilhcacefv}%he&%g%daort Whdirgd@ of the

SO substrate may be thinned (via anetch or a

pl anari zatio r.ocess)..and doped t rovi&e desj1,e vegui de thickness and
i ndex. As degeﬁl?lﬁé{eﬁi%é%’g%,g “é??%af%ygﬁ?%lge PIey eﬁ%cﬁi{}ﬂsc F'gﬁlﬁe"qa%%r?tgaﬁhe
prismmay be forned in the bul k |ayer at block 236 or bonded to the  bottom

side of the P@vidypsuitablebonding gextarghe prismyLn thernther Jupdicat block238 thenay be

formed that acts as a cladding |layer and al so pronptes truncation at the BOX

14 | ayer/ pr ibalk lapérandyeiesethinned or planarized ar omlentndproeide halegirddsthicknése obdiet om
side of the SO substrate may be treated in a variety of ways, which

| ol udes, chergiel | MRhERnACIBOM, |okaRRIMARANILAL Pk ba) belcbRebahom oi de

to facilitat and or bonding (a double side polished wafer may
al so be provi dedg At Dbl ack 236, such treatnment nmay provide a suitable
bondi ng ar ea 2RETEH4EHVEFI%ME O the other hand, at bl ock 238, the bulk |ayer |

may be thinned or planarized in gorder to provide a desired_ thickness of the
It is important to note that the formation of the waveguide and the prism is not

necessarily consecutive. The waveguide, for instance, may be formed early in the
front-end of a semiconductor process and the prisin may be formed later in a back-end
process. Alternatively, the prism may be formed first, before front-end processing,
and the waveguide may be formed at some later point. A variety of other formation
scenarios exist.

A variety of other processing scenarios may create an optical coupling
structure that uses a portion of the BOX layer of an SOI substrate to evanescently
couple light between a prism located on the bottomn of an SOI substrate with a
waveguide located on top of the SOI substrate. In general, the optical structure may
either provide light to an optoelectronic IC or transfer light out of the IC. It should
be understood, however, that the BOX layer may be used to couple other 6ptical
clements.

The illustrated embodiments and related description are examples only and
should not be taken as limiting the scope of the present invention. The term
“tapered,” for example, when referring to the surface of a prism should not be viewed

as limiting. A variety of similar terms, such as angled, faceted, or sloped could be



prism Al though not shown, to reduce Fresnel |osses, a prismmay be coated
with an anti-reflective coating. It is inportant to note that the formation
of the wavegui de and the prismis not 2§cessarlly consecutive. The
wavegui de, for instance, may be formed early in the front-end of a

sem conduct fibsBiREES Méerasver NEHILES rmdmtsclbgué ksl slIRbA babdll Suthaadk-Mad
process. Alternatively, t he prism may be orned first, before front-end
processi ng,

t i f pvariety
of ot her forpﬁ%'f‘da at}‘ sce?ﬁ’?’q:do‘g%g{xyig &Rﬂ vari e [fs %ﬁ Qstgédogggghn %scenarl 0s
may create an optic upli str re that uses I of the BOX
| ayer of an US@F“&‘GEFEP# %!?%‘mt%‘ Jigon ‘é’H ¢ puch a5 Gass, Iqaéﬁ 55# vééﬁxa&‘ $ism
| ocated on the bottom of an SO substrate with a wavegui de |ocated on top

of the SO dmhbddntianhethel indgeneofabny bhahopbowalilist mayt be eailomsd imidrdszrtopr ovi de
|ight to an optoelectronic IC or transfer light out of the IC. It should be

under st 00d, effeWR¥R/ coup d,mhﬁoa@&duwﬁa wmgdt@e UB&Cextafpfed Wi Mdex Beheopt i cal
e

el enents. The | Iust rate nbodi ments and rel at ed descrl ption are exanpl es
only and sh I i

i nvention. ﬁgﬁj p%ap ?g?)%?e‘?gh als?"orlﬂaé%(’éggr}%F %ﬁvﬁgg&?%ﬂﬁ {)‘e) R’%‘F&‘t%he surface
of a prism shoul d _not,_be vie as ljmtin r|e |mI r terns,
such as ang?*ti'ér (R3cet B, °16‘F“5V%H@dn€‘oh‘f' deaﬂegslbm“g qt"%/ 1

al t hough the disclosure uses a silicon based substrate and prl smas an
exanpl e, a ekmentsyunidss stated to thahéftesn diberefiore; ald smbedieentnbatfcomesvithay thee  used
i nstead of silicon and silicon dioxide, such as GaAs, &GN, or InP, for

exanpl e. scope and spirit of the following claims and equivalents thereto are claimed as the

invention.



In addition, the indexes of any of the above filns may be tailored in order
to effectively couple light into and out of a wavegui de. For exanple, the
index of the prism(n,) may be larger than the indexes of both the

wavegui de (n3) and the BOX | ayer (n2).16The claims should not be read as
limted to the described order or elGAIMS unless stated to that effect.
Therefore, all enbodi nents that conme within the scope and spirit of the
follow ng c i@ﬁinq,nd equi val ents thereto are clainmed as the invention. 16
CLAIMS W arm 1. An optical coupling structure, conprising: a
silicon-on-insul ator .sybstrate conprising.a.top side and a bottom si de,
wherein a bkrri edABﬁpggéilcgwfngisF]F" Caf &%Oet ween the top side and the
bottom side; a wave _guide formed on the top side; and a prismformed on the
bott om si de, whea giliicon-gsoingylaiar spbstate FRIRPISING 2| WR $184/ @pd & PP Hde.q spacer
between the prismand the wavegui de. 2. The optical coupling structure as in
claim 1, whehelefh 4 herigdwxidedayerfis inteepdsed baoeerpthe dop dideyand the bordre siden opt i cal
coupling between the prismand the wavegui de. 3. The optical coupling

structure as in L bdid Iofl thd B MRAKEGMI de is formed in a device |ayer
E Y Edide hifiefl ofl che Par.’

and the prismis In a ayer. 4. The optical coupling structure
as in claim3, wherein the bulk,layer.has, a.first. refractive index (nl),
the buried oxi deaP’éWB:}oq‘H@‘ﬁ‘ %BB%%“F‘QFT Fepa WHE&&(‘@‘F“”QM"? &Y qevi ce
| ayer has third refractive index (n3), and wherein ni >_ n3 > n2.

serves as a spacer between the prism and the waveguide.

2. The optical coupling structure as in claim 1, wherein the portion of the buried

oxide layer promotes an optical coupling between the prism and the waveguide.

3. The optical coupling structure as in claim 1, wherein the waveguide is formed

in a device layer and the prism is formed in a bulk layer.

4. The optical coupling structure as in claim 3, wherein the bulk layer has a first
refractive index (n;), the buried oxide layer has a second refractive index (n,), and the

device layer has third refractive index (n3), and wherein n; > ny > ns.

5. The optical coupling structure as in claim 1, wherein a thickness of the buried

oxide layer is less than about 2500 Angstroms.

6. The optical coupling structure as in claim 1, further comprising:
a cladding region that is located adjacent to the prism and below the

waveguide and the buried oxide layer.



5. The optical coupling structure as in claim1, wherein a thickness of the
buried oxide layer is |less than about 2500 Angstrons. 6. The optical
coupling structure as in claim1, further conprising: a cladding region that
is located adjacent to the prism and bel ldw t he wavegui de and the buried
oxide layer. 17 7. The optical coupling structure as in claim®6, wherein
the cladding layer is selected fromthe group consisting of an oxide, a
nitride, apd ai 8. A net hod for nmakin n_optical. coupli stfructure, the
met hod conpri si %B?' oPHF3)\fOUPIRE SETUChyre @ r\'?&ﬁ-"?’ helois [8?1 ﬁiﬂqggigeltayﬂais i ncl udes
a top side and a bottom side, wherein a buried oxide |layer is interposed
bet ween t heelected fromethe gipup rensisting ohan exides & nftBideriand 2. wavegui de on the top
side; and formng a prismon the bottom side, wherein a portion of the
buried oxide |ayer establishes a spacing between the prismand the

wavegui de. 9. The nethod as in claim8, wherein the portion of the buried

oxide layeg pr rmgﬁad%}ﬂﬁdg%'oglﬁgﬂ%%ﬂlﬁl\%ﬁ%ﬁﬁﬁ?ﬂkhﬁetﬂéd &dfhytidng: he

wavegui de. 10. e method as i n aim erein the buried oxide |ayer is
| ess than about 2500 Angstrons. . .Ih ed.as. in claim§8, wherein
forning the. pri BiAVGHRE ASTBUT O Hutns stsfalfind St s a B SR e R palio "t ne
buried oxide layer. 12. The nethod as in claim38, wherein the top side
i ncl udes asidewhsseinza/byried axiderayer o intespesed derwesn (thedop sidepandithe fodem
side;
forming a waveguide on the top side; and

forming a prism on the bottom side, wherein a portion of the buried oxide

Jayer establishes a spacing between the prism and the waveguide.

9. The method as in claim 8, wherein the portion of the buried oxide layer

promotes an optical coupling between the prism and the waveguide.

10.  The method as in claim 8, wherein the buried oxide layer is less than about

2500 Angstroms.

11.  The method as in claim 8, wherein forming the prism on the bottomn side

comprises bonding the prism to the buried oxide layer.

12.  The method as in claim 8, wherein the top side includes a device layer and the

bottom side includes a bulk layer.

13.  The method as in claim 12, further comprising:



13. The method as in claim 12, further conprising: 18 performng a first
etch on the bulk |ayer that determ nes a |ocation of the prism and
perform ng a second etch on the bulk layer that provides a tapered surface
of the prism 14. The method as in clai1§1 13, wherein the first etch forns a

cavity that is Qafchmeipt a tfipsttdich Bfi ithembalkdlabacbedeialindy 4 hecavioy @fuhsle. 15.
The nmethod as in claim14, further conprising: depositing a cladding |ayer

in the cavi%lgf éagd The nethod as in claim 12, further conprising formng a
wavegui de i ™ devi ce layer. 17. A nethod for operating an optical

coupling structure, conprisin in rtign of buried oxjde.layger of a
silicon-on-i nsul%ﬁrﬁﬂm%hﬁsﬁc@i‘getﬁ OBMTIE?%YCE ProYiies glaper ﬁur{?&a’&gen a
bottom side of the silicon-on-insulator substrate and a top side of the
si |l i con-on-thaprbmt or substrate. 18. The nethod as in claim 17, further
conprising: receiving a |ight beam and using the portion of the buried
oxi de layer to couple Iight between a prism |located on the bottomside to a
wavegui de | ocated on the top side. 19. The nmethod as in claim 18, further

comprising: 149 HY AaibdCRVh' Halh 9, Wheflth 366 et 'fetf Rk d 2R thab§ OW the

wavegui de to ‘contl
adjacent to the prism and located below the waveguide.

15.  The method as in claim 14, further comprising:

depositing a cladding layer in the cavity.

16.  The method as in claim 12, further comprising forming a waveguide in the

device layer.

- 17. A method for operating an optical coupling structure, comprising using a
portion of buried oxide layer of a silicon-on-insulator substrate to promote a coupling
of light between 2 bottom side of the silicon-on-insulator substrate and a top side of

the silicon-on-insulator substrate.

18.  The method as in claim 17, further comprising:
receiving a light beam; and
using the portion of the buried oxide layer to couple light between a prism

located on the bottom side to a waveguide located on the top side.

19.  The method as in claim 18, further comprising:



the light to the waveguide. 20. An optical coupling structure, conprising: a
silicon-on-insulator substrate including a top side and a bottom side,
wherein a buried oxide |layer is interposgd between the top side and the
bottom side of the silicon-on-insulator Substrate; and a first device

por ti on of 1 he barPEd vt isyiicdt I BRI s BHbIRE wRRM b pne T ¢, °

device to at | east one device |located on the top side of the

si |i con- on- i%‘éﬁhéf%ﬂhe"’éﬂﬁ@%‘&fat e. 21. The optical coupling structure as in
claim 20, further conprising: a second device |located on the top side of the
silicon-on-insulator substrate, wherein the second device is configured to
receive an electronic signal. 22. The optical coupling structure as in claim

21, whereinjphe fay sticaitouplng struct®d) cbRipFifRg:t 0 receive an optical signal.
a silicon-on-insulator substrate including a top side and a bottom side, wherein |
a buried oxide layer is interposed between the top side and the bottom side of the
silicon-on-insulator substrate; and
a first device located on the bottom side of the silicon-on-insulator substrate,
wherein a portion of the buried oxide layer promotes an optical coupling of the first
device to at least one device located on the top side of the silicon-on-insulator

substrate.

21.  The optical coupling structure as in claim 20, further comprising:

a second device located on the top side of the silicon-on-insulator substrate,
wherein the second device is configured to receive an electronic signal.
22.  The optical coupling structure as in claim 21, wherein the first device is

configured to receive an optical signal.





