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 siligon-based prismcoupled with a
wavegui de. A nethod of making the structure using a silicon- on-insul ator
(SO) substrate is also disclosed. BACKGROUND Optoel ectronic integrated
circuits (1GCs) include both electronic and optical elenents within a single
chip. Typical electronic elenments include field effect transistors,
capacitors, and, resistorsOPIICAIaCOIRLING SIARVERTURE ncl ude wavegui des,
optical filters, nodul ators, and photodetectors. Wthin a given
optoelectronic IC, sone of the electronic elenents nay be dedicated to
handl i ng tasks such as data storage gjg;pi gnal processing. Qther electronic
el ements may be dedicated to controlling or nodul ating the optica
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optoel ectronic ICs are adapted to FREQMROBND

Optoelectronic integrated circuits (ICs) include both electronic and optical
elements 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 may 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,



externally applied light beamfroma |aser or an optical fiber.
Unfortunately, 2 introducing a light beamto an IC can often be difficult.
For exanple, in order for an optoelectronic ICto acconmmodate a |ight beam
the spot size and the nunerical aperture (NA) of the beam may need to be
appropriately matched to optical el enent M.t hin_an I C. To, overcone these
di fficul ti ¢BUOMIGRE 3 fjghthaa focan fSecan e heshtfisy ecf%bﬂ“gﬂli’l’?om Qfg‘?fpf%a‘é i ght
beaminto and out of a waveguide. To couple light into the wavegui de, the
pri sm r eceiopteelentronict & rtal dogomprodateda llighhbedmatheaspot sirer arsh thei numerical
coupling region. The coupling region then provides the refracted |ight beam
to the waveguttde (NA) éfatebssn se8N@et Go BB Ypsroprihtelyhhatbifaintoptiall dlemerith e
wavegui de, into a coupling region, which transfers the Iight beaminto the
prism The @ﬁﬁﬁghﬁpe” refracts the Iight beamout of the prism To provide
an evanescent coupling, the prismshould be located within close proxinty

of the wavegui de_and shoul.d hay n i ndex of efraction that s .greater
Chan o "equal o1 ALGroRme these atifedirudrcnoinehods fe  SheomrasrbRidhas ance
bet ween the prism and wavegui de should be small (on the order of 1000's of
Angst rons) eouledlighthgam iptfo andeutreli wiavegwide. sEpequplekight irtotthe waveguidse

smal |l er than the indexes of both the prismand the wavegui de. In many

scenari os, thBerisinaexivel dnhextpmblynappligd light Beageand afradthigt tordecoudfing he
separation nmedium (n2) and |larger than or equal to the index of the

wavegui de (faglon. 'm%ﬁ@% Y;g@aﬁals ﬁlg)gfdegl ke refrictad ggﬁta&shl%ttgévdaoeg%‘{ae. based

substrates. ~Advant age trates provi a thin device |ayer
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Ao 1s homfegi%rrll, vSv}(ljichSiyalrjlgfte;satElg liél(l)t btegl?ltinto 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 (n;) 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



i ncludes a device |ayer 12, a BOX |layer 14, and a bulk | ayer 16. The device
layer 12 includes a wavegui de 18. Above the wavegui de 18 are a coupling
region 20 and a prism22 for opticallyscoupling a Iight beaminto the
wavegui de 18. The coupling 3 reglon 20 is an oxide layer that is either

arown or  deagaht 96 ReLHCERat Nfiye RN dfind® R G BELSEN 2erllsy AL o 22

is asili con ase pri sm s bonded oupI| g regli on he BOX

| ayer 16 and a t i eIa 4serv lad g ers of t

wavegui de 1%2VegH eﬂgt%‘é ‘g‘?B’F E‘Zpﬁ%ﬂ}ézds R0 O“Hﬁ‘% or der
of lumfor sufficiently conflnlng a light beamto the maveQU|de 18.

Addi ti onal | tp, thEicguplingstegion 20.siThe ddXdayatelosand 8 dhickuaideatager 2B sdrve as ed
above the waveguide 18 (where a portion of the waveguide 18 silicon serves

as a | ower @hc&tlﬂ%]lalyerstdﬁﬂldmﬁhﬂgaidBHSZﬁid btlgl 1 effsi 169, 94 BhfeeLthidkinegsth&tiosn ( FET)
30 adjacent to the waveguide 18. An oxide region 32, interposed between the
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storage related circuits, for instance. To effectively couple a light beam
into the watheguaveguidg]8 {Weerppiperiopof thewwayagaidenl & silicancserves as adewaplaighi ch
allows a variety of incident angles to be achieved. The prism 22 may al so

i ncl ude an w@rthe nicellagert 28y and adldld gffedhatansiedt CEBT) F adjaednt tothsagavegnige 1
shows a |ight beam 36 incident on the tapered surface 34. Typically light
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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 beam 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
pum, 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. The
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.



wavegui de 18 may then provide the beam 36 to other portions of an IC, or
anot her optical coupling structure, which nay draw t he beam 36 out of the
wavegui de 18. For instance, Fig. 1 shows a prism 38 and an coupling region
40, which together nmay draw the beam 36 out of the waveguide 18. 4 One
problemw th curpent toel ectronic coypling structures is.that bonding the
D Pom o the couphF mertleg: il uta antaiReronth Gk Siriuies it M ooRdBe | cat oq
separately froma substrate and then |later aligned to a coupling region and
bonded. Th#heapiigantentheapenphiog diegipnc in dféicalt.| abypicallt airisimse arer fapsica@Adsuni ng
task, which reduces throughput and nmekes | arger scale production |ess
feasi bl e. | separhidly ifom a subitete and esdnslatepaligiededoes touptink| rggion ypd ebondglt her
various electronic elenments, nmust also accommbdate a prism Oten this

| eads to a”Thé‘%ﬁ@?ﬁnﬁ MBS AP SE T BhbOMRedsle, Liflfe EchéGiing kﬁlkﬁswﬁfcht he

contacts, vias, I nterconnects, and electrical and optical elenents
within a given optoelectronic LC .5 SUWARY An.optoelectronigc ¢ | i ng
structure. FIERnBRERONRAT ZEh degh e madiBust ARE BRNET ofp fdifon.
descri bed. The optical coupling structure includes a waveguide, a coupling
regi on, andimgerpenngats, Whichoglecteisallys counle Gogethes vapipps elecwaniai dloments ma
substrate that includes a device |layer, a BOX | ayer, and a bul k |ayer. The
wavegui de alsod atdvenmpodasera prieml ddfadrediisopadspp aniih@esedaambér sthestSCliosuhst r at e.
The waveguide, which is located in the device layer, is on the top side of

the SO subgler@léut riRE of Rhd SMMta@8) il ntiAlGhtehAHectd, SanliQ&k8Eh1 ARd lpReAt her
side of the SO " substrate. Advantageously, the BOX | ayers serves as a
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wavegui de. In one exanple, an etch process forns the prismin the bul k

| ayer. Instead of the prism being bonded to a coupling regi on above the
device |ayer, the bottomside of the SQ substrate is patterned and etched.
The etch process creates a prismthat is wthin close proximty to both the

wavegui de and the coupling region. Bf@@ﬁ R{he BOX | ayer is grown fromthe
bul k I ayer, an inherent bond natural BYs between the prismand the

coupling region. Mreover, the BOX layer/prisminterface is relatively
defect free (rel émezféoqlept@nmcmnimmtruw? nmethadeafmgwibarsere: andaa sgthodr at e) .
In anot her exanple, the prismis separately fabricated and | ater bonded to
the bott onofbpéeratidn tieedésclibslibThe aptical Avuslimphstpicagedscludeg o iwasdguidepave a
portion of the bulk layer in order to provide a bonding surface on an

exposed pOfEblgjﬂm%fr hﬁ BEX a bAYAT - THe %?H%l”&nﬁf&&%ﬁaﬁ‘fﬁe\étehh@ﬂhiﬂo&ﬁ gdie prism
to the BOX | ayer anot her exanpl e, the BOX [ayer is about 2500 Angstrons
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Angstrons, the BOX | ayer not be sufficiently thick enough to adequately
confine a | pethiherBHsm tage ﬂcn?@ edeRrepRROgHe siles vlﬁéh%ﬁérléub&tw@ cdbf tWavegideases
the cl addi ng thi ckness of the waveguide by using air, or by being filled

w th an oxi edhijchaisniotatedién olie dévier layeny is od ethie nep sideadf. thd I$©Icanbitrate.nehe al so
truncate a refracted |ight beamw thin the prismto provide a nore efficient

coupling. |Biy@l RN BEhek EPRACTs 16ERed dnS MeMBhePEsid O dTethe a5 ORMIbRARINT Of a
manuf acturi ng process. For instance, the prism may be formed before or after
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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.



formed after inter-level dielectrics, nmetal interconnects, and various other
netal |ayers are deposited. As a result, |ayout requirenents do not need to
be restricted to accommodate the prismg A variety of manufacturing

t echni ques associ ated with conventional sem conductor processing my be

used to cr e LS I i d I . es may
al so be usggﬁe?%ﬁo%f (t)}%traéi ysalﬁ}ré%egﬁ{pelr?{gdncy i F}ﬁa@%%%fe%g?écﬁggg’g%gﬁag@gp i ng

regi on. For instanc sk aljigner .(e.g., st.epper). havi a canera for
bott om and g e iR o%idech Bhvidsartiherdok S eotedl MBS ERY | gned
wth a top side wavegui de. The mask aligner may include an infrared |aser
sour ce t hatalsepunes¢ |ayrefiracied t light dspmewithiy thet prisas to provifled mopr edieldns t o be
al i gned. These as well as other aspects and advantages w || becone apparent
to those ofovplifig.nary skill in the art by reading the follow ng detailed
description, with reference where appropriate to the acconpanying draw ngs.
Further, 10 1s URISEStRMer (Rffect it SHIRRIHY B MRifkd AN af¥ 3BhE ANd 15 not

the i a .

intended to limt the scope o venti o s claine Rl EF

DESCRI PTI ON. OF THE .DRAW NGS Cer t ai n exanpl e enhodi nen re described bel ow
b on] unct ORRIAFHTR RIOCCSo SR SR dllr FER RO G TRHLPEOFF 11 ALET PRV ence

nunerals refer to like elenments in the various figures, and wherein: Figure
1 is a cros¥dseleetraic glemengsy argrfopmed dip thee 801 subyiratn g The rpiispumay dscbe ding to

an exanple; Figure 2 is a cross section of an optical coupling structure,
accordi ng tformed aferanget-#evel dielectrics, metal interconnects, and various other metal layers

are deposited. As a result, layout requirements do not need to be restricted to
accommodate the prism.

A variety of manufacturing techniques associated with conventional
semiconductor processing may be used to create the prism. Alternatively, 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 to 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.



Figures 3A and 3B are cross sections showing a |ight beam bei ng evanescently
coupled into and out of a wavegui de, according to an exanple; Figure 4 is a
cross section of an SO substrate, according to an exanple; Figure 5 is

anot her cross section of an SO substrate with a cavity located in the bulk

| ayer, according to an exa%@Fﬁtgekﬁ,ﬁd O%ﬁ@ﬁ?e&@%b%n of an SO

substrate with a cavity and a groove |ocated I'n | ayer, according
to an exanple; Figure 7 is_a cyoss section of ot her, optjcal coupling
structure, accor SFRnieFample %‘?]%?FEF’@WSF@T@L!{;&WE an CQPJémEtF%g’“ge@?i ons
showi ng a |ight beam bei ng evanescently coupled into and out of a

wavegui de, appeodati dpwing figurex.awipdrein |Hiegnefererei mimerals osfer telkikd elameftsam SO
substrate with a cavity located in the bulk |ayer for nmounting a prism

accordi ng. {he vafo@@gikse andiwlibfetr: 10 is a cross section of a prismnounted in
the cavity of Fig. 9; and Figure 11 is a flow diagram of a nmethod of

formng an optic opnl J ctur e, C I I TAI LED
DESCR PT1 ON | - ongtfiet i 4t Bbidtror f ior At Bub i N RE R Eoralie )
optical coupling .structure that receives a |light beam and coupl es the beam
into a wavedufH®P¥n a reverse manner, the optical coupling structure may
al so nove light away fromthe waveguide and out of an optoelectronic IC
The met hods of f Eigurecatis mgeressciecaon obphioptitalstoupbngiseudtersc a¢doeding éd e

i npl enent a variety of conventional sem conductor processes and

conbi nat i ongxdnfygé.eof , which include: lithography, etching, thin-film

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.



deposition, and anti-reflective coatings. Mreover, sone of the enbodi nents
al so include nethods that may enpl oy conventional wafer to wafer
attachnment/bonding processes. For sinpljcity, the description bel ow and
related figures describe an optical coupling structure that includes a
silicon-based wavegui de that c ' 0 i rystalline silicon |ayer.
In alternative enbgdinents theEﬁgyéggghéEgggﬁkgcngorycrystaIIine silico% and
it may also conprise multiple layers with specific characteristics for each
i ndi vi dual | ayer In(¢necformawanotger, the vacrous smbodigients daseyjhe at eptical qwpling

t hi ckness of the waveguide may be tailored to acconmodate one or nore nodes

of a propagaicitg thitglateibesaanlighnbemhtliahd @Ouplad tHeObgin ihe ad@aedgubRd In a
enbodi nents bel ow use silicon-based optical elenments, other types of high

| ndex mat erfe@{ex%e(n‘x er, tH@lobtidd! o ktﬂf‘c{urkgﬁu ﬁb%c% %dv&‘a‘}'fé%%@?ph' de,

etc.) may replace silicon-base nts er t he vegui prism
and couplin ns ke on varj e sha Zes ener al ,
the ¢ orm pr farsetideord Bl aﬁﬂn&mwe@ﬂpﬂ&%ﬂhﬁ fhogds amgﬁ@tm%éa?ﬂ

produce a desired refraction. Turning nowto the figures, Fig. 2 is a
cross- sect i opticef starctwptdescaibed balom imeplementircyariesy ofrmvglpmn@merm@@rplumg
structure is fornmed in an SO substrate 100 that includes a device |ayer

102, a BOX pragessesl@dd cambiratibil khetedf evhidBbincllide: Hévvg@phy,asteting thidBlhS
| ocated on the top side of the SO substrate 100 and the bulk |layer 106 is

| ocated on g‘gﬁsf?ﬂlt %%@?e@ct&@%oé@gvs%fero%re s%%g -of € eﬁ%gié@ffsr alsQ4 1

| ocated s trally between the I ce |ayer ayer 104.
vari ety of PGk EEE0ds ol RS eriio L SR oaé??éfs{“ﬁéoaere&m linebpBFSL cs o
t he wavegui de (e.g., node

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 to 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.e., 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
beam 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



selection). To introduce a |ight beaminto the wavegui de 108 or draw |ight
out of the waveguide 108, the BOX | ayer 104 serves as a spacer in order to
accurately set distance between a pri s? and the 108 wavegui de and as a
result, enable efficient and repeatable coupling of light into and out of
t he wavegui de 108. Thus, BOX | ayer 104 should be thin enough (about 2500
Angst rons ot02 isslorated opr heiter side offbgrlesubsizarp) j0Rgansethreuik daysr dPp dtn 109

and the wavegui de 108. To efficiently guide the |light beam the wavegui de
108 shoul d loeatsdiondbntettom lsidecdfablel SO shizsprmtes 1@thaThe BOX dayeoW04 mdlexatadd
sufficient thickness. To clad the waveguide 108, an oxide |layer 110 is

grown or thgibsmhlialydefReed B @RBRY Eayen €02 Way 8GBOX 14331040 THRReCka MR, the
t hi ckness of the cladding | ayers should be about |umor nore. The 'BOX | ayer

104 may als ' C ' I I : i .108. A
cavi ty 111, i ichield, 8aRBuideCtosy uHicH By YGRS 1% bty RAERIMAS i
described with reference tqQq Fig. .3, Fig. 2 also_shows a FEJ 112 and a

modul at or 19%9€T ¢ afdeVRi ORYHFdaONGA nihafackristieh Of wHige JidveridD e 81t MOABUI d be
noted that a variety of other optical elements may exist within or above

t he SO subselectipr). 100. In alternative exanples, the wavegui de 108 nay be
formed after the prism 109 is forned in the bottom side of the SO

substrate 100. 19o iftr@fice INigiithedd Bi®Wedlvalvepasde 10 oL BRRMALIEMToECSENEE 0S Of
the optical coupling structure of Fig. 2. To bring light into the wavegui de

108, Fig. 3 i 1 he pri f .
BOK | ayer 1037 A00ge, . B BAR er b hotohs, B et RGeS A0SR BR0 1 1 g

i ght t of. th i de 108,. Fi 3B sh .
'9 ou odistancef‘e l\;\g\\rlvg ry !1 pler"ism and tl|1:c|: ?08 wavesgu?ci/f\:ls an?i 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.



| i ght beam 115 that transfers out of the wavegui de 108 through the BOX | ayer
104 to the prism124. It should be noted that at |east a portion of the
wavegui de 108 and the prism 109 may be;ysed to couple light into and out of
t he wavegui de 108. Fig. 4 shows a cross-section of the SO substrate 100
before the cavity 111 and the prism 109 are formed, Advantageously the SO
substrate 100 malighe3A BRGYBFEAVAL 168t tWRLPRAFAtHE SCRRATIOS 08 R FakePlipg ocess,
such as after microelectronic devices are formed. Fig. 4 shows this

exanpl e. Fi grucbire bblig. 2. dobsing dight intnthe fwavhguiSOl 08; s t3rrathews@dighbheéam ncl udes
the cavity 111, which, for instance, may have been created by a |ithography

process in 1EPaAt BiklsQRe PHéM 189 28t GBrags. SBEX (dyef 104 asswed inQdouliNg BER) -
Cavity 111 should be aligned underneath the waveguide 108. In order to

align the cayj . M | camera
for aligni ngﬂawr/%% kwa{vgg*lg%? ﬁ%gg Hcgglgtq F‘%ﬁ %Pg%f @FZ%&%&E ?%éggglhg%}%ggﬁ 2 100.
O her nmethods of alignpent include_using an |R _|aser to detect and align
front side ﬁ&{t sl 1313} tEpmBiGEy ot fhirom Ryegnider 108 hioneh Q;@aﬁé?(elgyerahoﬂdﬂnem
mar ks, whi ch can be recogni zed by the mask aligner, may be patterned into
an appr opr i teegprismy}. df shdudd Bhotedi st ptleast Bq®rtian efithbwvavegydstG&andahe of a
backsi de pattern to a front side (or vice versa). The purpose of the cavity

111 may be ?atisdm_qegtna We ub&d @ cobpleaiphLintd1endREX of ki\edvet@ide 168t hi nner than a
conventional oxide cladding |ayer (typically, about lumor nore), the

cavity 111 compensalehohls Golesaitn bfiuika0tSy Ml fPfol e cal ) 11 The

conbi nation of t "ayer and the cavi 1 serve as

i ori ol sh s PA {08 dis Gprmar; pagesensyoity SBY oMl grax e T 11 oo
cavity remains | ess than that of the
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



wavegui de 108. The cavity 111 may al so truncate |ight that propagates
through the prism 109. A cavity edge 118 provides a transition between a
| ow i ndex medium (the cavity 111) and hi gh i ndex nedium (the bul k | ayer
106), which provides a truncation of Iight at the BOX | ayer 104/prism 109
interface. The shar.per the_ truncation, the betier th coupling . efficiency
my e bet vEERVRREIEE 110 SHS' N vhld it also PocioH i A REy SR 85,
additional lithography step and etch step define a tapered surface for
Fecei ving oridaiopumiiidey a5 ldnggh theiaden ofithe fillsd sagtsremainspiess dbardtboiot the
shaped groove 120 fornmed in the bulk |ayer 106. An isotropic or an

ani sot r opi cwawdgalilerm@g. create the groove 120, according to a variety of
orientations, such as a preferred crystall ographic orientation, for

i nstance. The etpf ?@r{(t?gﬁ?%if‘ynﬁsé ?rﬁﬁéaﬁ?éili%}ﬁ‘{ﬁitygﬁkgt%s ilﬁg?%l?ﬁgitp}:‘%ﬁgld@f

outputting a beamo genera cry agr ap usi ng

t et ranet hyl amoni u roxi.de (TNAE r potassi umhydrqxid KCOH).,,. . for
exanl o e CHOR,E0RS 118 pUEeS Gettan by S PURLRedirS (an GREHH L pe
tapered surface 122 with respect to the SO substrate 100. (Typically, the
angle is aindua high ieregrreediumifihe tadk tayerel (h ewhish prevideseratrencatiomef bght abf ot her
angles.). Al though the groove is shown as an upsi de down "V-shaped groove,"

ot her typethe BOXrlagsreR4anibnt dpeimdrface f AxesShaper ke Itunpass, thebetldiaheavi ty
etch and the groove etch create the prism 109 that includes the groove 120

and is de“&ﬁlgliﬁg/ e ff&f‘encg%’ajytﬁéé%ﬂ%‘en]tﬂ@priérﬂ 1694%d ﬁré@ép?rﬂicﬁsl he groove 120 may

be formed before the cavity ge 118. Because t Ism109 is fornmed in
b T ayer 106, e VA0S b LTMEESOL i BOUEEY 0,8 G LSRR L 5K
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 is inherently

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



bond may exist been the prism 109 and the bul k | ayer 106. As anot her

exanpl e, however, Fig. 7 shows a prism 200 that is bonded to the bottom
side of an SO substrate 201, which ini: udes a device |ayer 202 | ocated on
top of a BOX | ayer 204. The device | ayer 202 al so includes a wavegui de 208.
The BOX | ayer 204 is |located on toB of a bulk layer 206. Instead of formng
the prism 2erndomay gKist heetpthexpmsmy dP9 apdehe hufolayeioh0bf Ashanashariexpmples 206
may be renoved, exposing a portion of the BOX |ayer 204. The prism 200,

whi ch may bleowesiegcligd 7f shomsaa pasme20p difat v berfideldr toctht éwbttopr sidemf am$OIl hen be
bonded to the BOX | ayer 204. The prism 201 and the wavegui de 208 may be

operat ed i Nabs@iatEROAT wARR HRAuded a déveedRYdrORR 168kl b bpSITBOX Riy&f 204. 9. 2.
Fig. 8A shows a |light beam 210 entering prism 200 and being coupled to the

wavegui de Zgﬁ%éé@%eglﬁg%%i 41$b ﬁl@{uﬂ sﬁ? V@gﬁ%&%?@ %eréﬁXl%%é |26X % 10%8 d Fi g.

8B, on the ows a lrg | eavi ng waveguil de 208

and bei ng coupl ed_ t he prism 201 via _a coupling through e OX | ayer
204. As des®? F‘B’e%f 3 B@el,ayerh@ésd@swa‘}@ forung jths prasmp 01 19Uk 0@&&@& 13¥¢B0out

2500 Angstrons or |ess) to provide an adequate coupling between the prism
200 and t he2Gtagyuiceo2D8 bulk lgyer206hoawbaramaysd, sxposinga poftiarhef (BOBXibst r at e
201 that includes a cavity 212. The cavity 212 defines a |ocation for the

prism 200 t py&e2020NHRS ptisnaand, whick ﬁﬁz/ beeJekfedofrér N lfﬁ{etfl WP Gid-Lbriested he
cavity 111, which includes pronoting the truncation of i ght and

conf i nenent Lidnd %%(ﬁ@e‘ﬁ%hﬁ-ﬁ%?%’\é”&?lz may al so be fornmed in a

simlar man%er as the cavi ~usl vari'ety of etching and |ithography
bR R B SRR R R
conventi onal bondi ng
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 echni ques. Wien bondi ng the prism 200, processing paraneters (such as 13
tenperature, pressure, etc.,) should be conpatible with the materials and
structures present in the optl cal coupl bng structure or within the SO
substrate 200. The configuration shown'in Fig. 10 may be advant ageous

because they e?a@ﬁrgogre & d10Y) shbilaed %rﬁ]?éﬁbtlé1 witAPthe IiRe A8 A& lstrf@tres

el ectronic el enents, met al” and di el ric layers. Moreover, a variety
of different types ven .t hose tha nt

mater i al ¢ nBISR R o, ! EeeFHE GRS et YD 3G e e g {588
structure. As an overview, Fig. 10 show a flow diagramthat illustrates in a

sinplified ConiignEation shewndy FIBA0Meay beadsviapiageaty b&ﬁattsgtthecmsr@ 309 dpesgnot

structure that conprises a waveguide optically coupled through a BOX | ayer
with a prisiterfde¢ it (33 0idoaptided and electra@dc eleinents, andsmbiat amd dielettria layeed. et y of
points of a sem conductor process. For instance, nethod 230 may be applied

before fronjtpafepPs 'v%ﬁétya&ddﬁfe?&{t rt‘yﬁé%' oﬁbﬁ%é‘t SvendfhBsd MdTee Hallel H0a
front-end processing, urlng back- end proceSS|ng, or after back- end

processi ng en.co ock 232 e I.s _provided.
The Sor subtistt AT el fton hadhe BaRreflio ol ALt ailfe iRy Thi
to provide an adequate cqupling. In one_ exanple thls thlckness i's 2500
Angstrons or | es4s akaé’eSGPWsﬁlﬁstlQéb@wrﬁaglo‘&lfg%grﬁa\ibatal ugtiates mj & sigplikied ay er
background doping so that if the prismis formed out of the bulk Iayer, the
backgr ound dapnerga methods23@bfor Shbridaing moeypticdl donplipg stsuaturétthitl aohprizéda a
waveguide is formed on a top side of the SO substrate. The device |ayer

may be thinpgade vdeao;aiaarzy ebupléd BrdtigNEBOXab{ G Wit 26ASH) MéHod 9PEhal Be
provi de desired wavegui de thlckness and i ndex. As described above, a

wavegui de g&}[leél Q)%l %gea gﬁﬂshja{%l & A@Xr%t?'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 waveguide 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 above, a cavity may be

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



The prismmay be forned in the bulk | ayer at bl ock 236 or bonded to the
bottom side of the SO substrate at bl ock 238. As descri bed above, a cavity
may be forned that acts as a cl addi ng Ilgyer and al so pronotes truncation at
the BOX 14 Iayer/prisminterface. In order to accommbdate the prism the

bott om si de u i i f whi ch
i ncl udes chleg'l&(/:IS F&Fn ﬁ%r(f:aﬁ?n? g{] {@éﬁ]?fﬁ()dﬁ&%% gﬂs%’o @bﬁ%ﬁﬁicﬁ:&m rfh SI de
to facili tat atter or bondi ubl ol.i shed waf

al's0 be. pr ovibaEds max D e o variaiE Al 3@%%%?& ingfiyies &%@Fﬂb dougE ) ¢
bondi ng area for the pri sm On the other hand, at block 238, the bulk |ayer
may be t hi nelezning apd/anaelishéng the katiwar side tprfacilitaee pattesning/end oniberdisg€aof t he

prism Although not shown, to reduce Fresnel |osses, a prismmy be coated

with an andéubletide polished Q\Q&Irirﬂz‘;y alkd bé providedy.t Anblock 286t sach Fadtnichembpr mat i on
of the waveguide and the prismis not necessarily consecutive. The

wavegui de, %emderhsglﬁase dﬂﬁﬁﬁgbﬁei R 'yoh Bhd &gaer hdRD bt g%glé 983 8he

sem conduct process an prl sm na e formed Tater 1 -’end

t I d first d
o1 ocessi ng, Pk K e /bie b ARy oHHa 1 providec estER THGRES S4B or ot

of other formation scenarl os eX| st. A variety of ot her processi ng scenari os
may create BAsBpwildanghaeishpwg, oseduce Fresnel fassesus prsm mak be enatesk withan BOX

| ayer of an SO substrate to evanescently couple |ight between a prism

| ocat ed on adierdflettivevoatingn SO substrate with a wavegui de |ocated on top
of the SO substrate. In general, the optical structure may either provide

light to an opt 0&'1?%1?&&!11&0' ﬂBt@fhai flfé%ﬁﬁz{udn'&hﬁe QIH{Iegtgidetzﬁﬁtlll &pridnh isSiypul d - be
under st ood, however, that the BOX | ayer nay be usedto couple ot her opti cal

necessarily consecutive. The waveguide, for instance, may be formed early in the
front-end of a semiconductor process and the prism 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 bottom 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 optical
elements.

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



el ements. The illustrated enbodi nents and rel ated description are exanpl es
only and should not be taken as limting the scope of the present
invention. The term "tapered," for exampple, when referring to the surface
of a prismshould not be viewed as |imting. A variety of simlar terns,

such as angéu%%‘iitu{eﬁpe}vﬁ)qeo@f, :ﬁ{h(?)ﬂgf e Hlsglos Ire 11 e%ﬁuﬁﬁ{dgt g%]sgg subs fsa%)\éﬁ('i ’

al t hough t he sclosure uses a stlicon ba ubstra as an

exanmpl e, a variety of other senm conductor .substrates and fil ma e used
ot Bad of B Sbin EAEIS FoGHel: Suthe e Bl b e and g By P,
exanple. In addition, the indexes of any of the above filns may be tailored
in order tousedfifssend; efedijconcand| séliqonghexidetsuctnasi Geds, GaNaomaPe fari exempleor
exanple, the index of the prism(nl) nay be |arger than the indexes of both
the wavegui Beaddifign,athd indexd8Df ahypyerthé nBpve Tims chay e floreldinnoidebeor ead as
limted to the described order or elenents unless stated to that effect.

Ther ef or e, : I - hat Lty : Lyt t he
e S o R e B B R R LTS
W Caim 1..An optic oupl j ng,,st.ryctur oppri si ng.

i 11 con- on-PHEE () Spavaem BFRct bag Bk pricien gt hotio fest ateetida L) e B BOXie,
wherein a buried oxide |ayer is interposed between the top side and the

bot t om si delayer (ke diicddaimsr shagldbnot he reash as iligeitedatop thesdaseiabadeardsh of he
bottom si de, wherein a portion of the buried oxide |ayer serves as a spacer
bet ween t heelpmestsualess sthied veuhageffebe; Therdfore, all embodiments that come within the

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

invention.



a cladding region that is located in the substrate adjacent to the prism and
al i gned bel ow t he wavegui de and the buried oxide |ayer. 2. The opti cal
coupling structure as in claiml1, wherein the portion of the buried oxide

| ayer pronotes an optical coupling between the prismand the wavegui de. 3.
The optical coupling structure as in claim1l, wherein the waveguide is
formed in a device layer and the prismés formed in a bulk layer. 4. The
optical coupling structure as in claim3, wherein the bulk layer has a first
refractive index (ni), the buried oxide |ayer has a second refractive index
(n2), and device layer has third refractive index (n3), and wherein

nl> n3>n2. ?C¥H@'optical coupling structure as in claiml, wherein a

t hi ckness of the buried oxide layer is |less than about 2500 Angstrons. 6.
The optical coupling structure as in claiml1, wherein the cladding |ayer is
sel ect ed frlomtﬁ@@geﬁﬁowﬁgisgwﬁ@,é@mw%zi de, a nitride, and air. 7. The

structure of cl isﬁi‘&&nn-gt _filo ?#(%rshgﬁlka?é QniPridfho’a&8) ﬁae hifd ?b&ﬁ)\ﬁll Li¥le IWiheldi

substrate. 17 maki ng an optical coupling structure, the
met hod conpbusedhgxidplagen idimerpasedibeivesen tlertop side hiad the bsudratsidat e t hat i ncl udes
a top side and a bott§ﬁ1 sidg, errein a buried oxide layer is interposed
bet ween the t op233ye8uiE fArmed 9BRLIP SWede: formi ng a wavegui de on the top

side; and form RgRmPlokREA B8R thdBotR 5RB) Whdbin MBGHiEH Bf thePQlriek Vil lafdre
buried oxide |ayer establishes a spacing between the prismand the
vavegui de; seives 4sarsprery batwskm thei mignr aditbmwaveguide; adbst rat e adj acent to the
prismand ali gn%dcla d‘larlgO\rAe/:gEorﬁethva\@\{se ouclat% igr}ge tsgt?strg%ér zlzlcﬁgcegf( Itod(taheI 8 st ‘and

aligned below the waveguide and the buried oxide layer.

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 ny = n;>n,.

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, wherein the cladding layer is

selected from the group consisting of an oxide, a nitride, and air.

7. The structure of claim 1, wherein the cladding region is a cavity in the substrate.



9. The method as in claim8, wherein the portion of the buried oxide |ayer
pronotes an optical coupling between the prismand the wavegui de. 10. The
method as in claim8, wherein the buried oxide layer is |ess than about
2500 Angstroms. 11. The method as in claim8, wherein formng the prismon
the bottom side conprises bonding the prismto the buried oxide |ayer. 12.
The nmethod as in claim8, wherein the top side includes a device |ayer and
the bottom side includes a bulk layer. 13. The nethod as in claim 12,
further conprising: performng a first etch on the bulk |ayer that

determ nes a location of the prism. and performng a second etch on the

bul k | ayer 8 hat %WS@‘P@IE‘%‘ Bakingd} Qriical fopRling Bpucturg d1cgpethed compristige et hod as
in claim13, whergiding BSilfdohSh-ifduiflof QbHPard iR ¥chibel Bap bidle aRfl] to the
pri sm and Iocatgd BGP%MI{LG maJegd?gL. 18t 55. %Leene?ﬂ%d %gﬁ?h%gﬁg%n1l4,
further consple shegin déposd dxidg layec isattirpragyed agteeen thet top sadevandythe bettorThe
nmethod as in, claim12, further conprising formng a waveguide in the device
| ayer. 17. S*Idﬁe met hod of claim8, wherein the cladding region is a cavity in

the substrate. fdhind\nwaPédusd onCielRIpi siti; 8d Uct ure, conprising: a
silicon-on-insul ator substrate including a top side and a bottom side,
wherein a buri rming @eprisay en thesbetians sidlss whensr pwperiopd the pugediexidad t he

bot t om si defa)gt' edtiflishes a spacing between the prism and the waveguide; and

forming a cladding region in the substrate adjacent to the prism and aligned

below the waveguide and the buried oxide layer.

9. The method as inclaim 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 inclaim 8, wherein forming the prism on the bottom 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:

performing a first etch on the bulk layer that determines a location of the
prism; and

performing a second etch on the bulk layer that provides a tapered surface of

the prism.

14.  The method as inclaim 13, wherein the first etch forms a cavity that is

adjacent to the prism and located below the waveguide.



silicon-on-insul ator substrate; a first device |ocated on the bottom side of
the silicon-on-insulator substrate, wherein a portion of the buried oxide
| ayer pronotes an optical coupling of the first device to at |east one

device | ocated on the top side of the silicon-on-insulator

substrate; and a

cladding region that is located in the substrate adjacent to the device and

al i gned bel ow the at | east one device ot8the top side of the
silicon-on-insulator substrate and the buried oxide |ayer.

19. The opti cal

coupling structure as in claim18, further conprising: a second device

Isgggagddg\r/ll % ﬁgg}s?lf}]% @Tglrhgl?‘%‘ ﬂecﬁé’&hﬁécgﬁp%ﬁ ®&tronic signal.

on-on-i.nsul ator substrate, wherein the

20. The opti cal

coupling struct WEositing 'arblaﬁidﬁigqh}]e?ﬂn weer@tyd the first device is configured

to receive an optical "signal.

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

device layer.

17.  The method of claim 8, wherein the cladding region is a cavity in the substrate.

18.  An optical coupling structure, comprising:

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;

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; and

a cladding region that is located in the substrate adjacent to the device and

aligned below the at least one device on the top side of the silicon-on-insulator

substrate and the buried oxide layer.

19.  The optical coupling structure as in claim 18, 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.

20.  The optical coupling structure as inclaim 19, wherein the first device is

configured to receive an optical signal.





