| ME 02 - 021 METHOD OF FABRI CATI NG OPTI CAL WAVEGUI DE DEVI CES W TH SMOOTH
AND FLAT DI ELECTRI C | NTERFACES This application clains priority to US
Provi sional Patent Application serial nunber 60/431340, filed on Dec. 6,
2002, which is herein incorporated by reference. FIELD OF THE | NVENTI ON
The present invention relates generally to sem conductor fabrication and
nore specifically to optical wavegui de devices. 1 | MEO2-021 BACKGROUND OF
THE | NVENJEON-0pt | cal wavegui des are extrenely sensitive to surface and
other interface inperfections which can cause scattering. Plasm
~processing of materials can cause residual plasnma danmage, which results in
surface roughness and scattering. Planar optical wavegui des often require
thick layers (1-20 microns thick) to be conpatible with optical fiber

di mrensions, with typical core dinensions

METHOD OF FABRICATING OPTICAL WAVEGUIDE DEVICES WITH

SMOOTH AND FLAT DIELECTRIC INTERFACES

This application claims priority fo US Provisional Patent Application serial
number 60/431340, filed on Dec. 6, 2002, which is herein incorporated by

reference.

FIELD OF THE INVENTION

The present invention relates generally to semiconductor fabrication

and more specifically to optical waveguide devices.



of 8-10 mcrons. However, these typically thicker |ayers cause critical
process issues in fabricating wavegui de devices. For exanple, the

pl anarity, flatness and surface snoothness of a wavegui de, which are the
nost critical of paranmeters that determ ne scattering |oss of the
wavegui de, deteriorate with excessive topography during planarization and
over-etching respectively. The probl ens becone apparent when the device
fabri cat ijQi @regess requires the integration of nore than one waveguide
core, where the integrated wavegui de cores are of different dinmensions or
are not coplanar. In the case where the wavegui de core di nensions are
different, planarizati PAGKGROUND QETHEINVENTIONhe top surface of at

| east one of the waveguides during etch will be needed. 2 I MEO2-021 U. S.
Patent No. 5,199,092 to Stegmnuel |l er descri bes an optical wavegui de devi ce.
U S. Patent No. 4,954,459 to Avanzino et al. describes a planarization

nmet hod usi ng a sactgi-5i " Og 8 Ptet et al.
descri bes a chem cgﬁﬂﬁg{:ﬁgarﬁ al %oﬁfﬁrﬁgﬁ?%%ﬁ%‘?%g% %Si ng gri“%%etfi@rng

olish rates. . : : : : :
P mntérface imperfections which can cause scattering. Plasma processing of materials

can cause residual plasma damage, which results in surface roughness and

scattering.

Planar optical waveguides often require thick layers (1-20 microns
thick) to be compatible with optical fiber dimensions, with typical core dimensions
of 8-10 microns. However, these typically thicker layers cause critical process issues
in fabricating waveguide devices. For example, the planarity, flatness and surface
smoothness of a waveguide, which are the most critical of parameters that
determine scattering loss of the waveguide, deteriorate with excessive topography
during planarization and over-etching respectively. The problems become apparent
when the device fabrication process requires the integration of more than one
waveguide core, where the integrated waveguide cores are of different dimensions
or are not coplanar. In the case where the waveguide core dimensions are different,
planarization and mechanisms to protect the top surface of at least one of the

waveguides during etch will be needed.



U S. Patent Nos. 5,863,828 to Snyder and 5,851,899 to Weigand descri be
pl anari zati on net hods using both etching and Cw. U. S. Patent No. 6,258, 711
to Laursen describes a CWP process with a sacrificial |ayer that polishes

at a different rate than the fill layer to be planarized. The Christian
Laurent Lund et al. article entitled "PECVD Gown Miltiple Core Planar
Wavegui des with Extrenely Low Interface Reflections and Losses"; |EEE

Phot oni cspFepbpel ogy Letters, Vol. 10, No 10, pages 1431 to 1433; Cctober,
1998 discloses a nethod of optical waveguide device fabrication using

pl anari zation by reverse masking _and precise etching. 3 IME 02 - 021
SUMMARY OF THE | NVENFI BRieaé cbiadi adP9.092 ¢ tq sStaﬁn@B}l%rctde@f:nw@e ar qatical
enbodi ments of the present invention to provide a nethod to fabricate
optical weaveguiddelelded. ces to create snooth interfaces after plasna
processi ng, which are conpatible with current state of the art nmass

manuf acturing fabrication tool sets. OQther objects wll appear hereinafter.
It has now been discovered that the above and ot her objects of the

U.S. Patent No. 4,954,459 to Avanzino et al. describes a planarization

method using a sacrificial layer.

US. Patent No. 5,510,652 to Burke et al. describes a chemical

mechanical polishing (CMP) method using differing polish rates.

US. Patent Nos. 5,863,828 to Snyder and 5,851,899 to Weigand

describe planarization methods using both etching and CMP.

U.S. Patent No. 6,258,711 to Laursen describes a CMP process with a

sacrificial layer that polishes at a different rate than the fill layer to be planarized.

The Christian Laurent-Lund et al. article entitled "PECVD Grown
Multiple Core Planar Waveguides with Extremely Low Interface Reflections and
Losses"; IEEE Photonics Technology Letters, Vol. 10, No 10, pages 1431 to 1433;
Oétober, 1998 discloses a method of optical waveguide device fabrication using

planarization by reverse masking and precise etching.



present invention may be acconplished in the foll ow ng manner.
Specifically, in the first and third enbodi nents, at |east one wavegui de
core portion is formed within at |east one cladding portion. The wavegui de
core portion having an upper surface. The cladding portion having a higher
portion over at |east the waveguide core portion and a |ower portion. A
patterned sacrificial portion is formed over the |ower cladding portion
and a poniseqp -@b1 t he hi gher cladding portion, |eaving a second portion of
t he hi gher cladding portion exposed. At |east a portion of the higher

cl addi ng exposed portion is renoved by a sel ective renoval process
selective to the patterned sacrificial portion |leaving a remant of the

hi gher cl addi ng exposed portion. Planarizing: the remmant of the higher

cl addi ng exposed 4 | ME 02 SUMMARY OFTHEMNVENEFIOMN/ egui de core portion;
and the | ower cladding portion to: expose and snooth the upper surface of
t he wavegui de core portion; and forma snooth upper surface of the

cl addi ng portion coplanar with the snooth upper surface of the wavegui de
core portion to for, bstantial ly planar surface,.of an tical

wavegui de devi ce. ﬁ?g&r?@n%lﬁ&?maﬁﬁg@f CEPALES al?f@wp&b‘\’/\ﬁ)tﬁ‘é PLEERE. At

| east one waveguide core portion is formed within at |east one cl addi ng
porti on. ipygmtion to provide a method to fabricate optical waveguide devices to create

smooth interfaces after plasma processing, which are compatible with current state

of the art mass manufacturing fabrication tool sets.
Other objects will appear hereinafter.

It has now been discovered that the above and other objects of the
present invention may be accomplished in the following manner. Specifically, in the
first and third embodiments, at least one waveguide core portion is formed within
at least one cladding portion. The waveguide core portion having an upper surface.
The cladding portion having a higher portion over at least the waveguide core
portion and a lower portion. A patterned sacrificial portion is formed over the
lower cladding portion and a portion of the higher cladding portion, leaving a
.sec'ond portion of the higher cladding portion exposed. At least a portion of the
higher cladding exposed portion is removed by a selective removal process
selective to the patterned sacrificial portion leaving a remnant of the higher

cladding exposed portion. Planarizing: the remnant of the higher cladding exposed



wavegui de core portion having an upper surface. The cl addi ng portion having
a higher portion over at |east the wavegui de core portion and a | ower
portion. A patterned sacrificial portion is formed over the |ower cladding
portion and a portion of the higher cladding portion, |eaving a second
portion of the higher cladding portion exposed. The higher cladding
exposed portion and the patterned sacrificial portion over the higher

cl addi ngirgmasest portion are renoved by a planarization process, |eaving
exposed: the patterned sacrificial portion over the |ower cladding

portion; and a portion of e cladding p adj nt the patterned
sacrifi CIPQFH%P cfhecWPé’rEgP q%@\/@P“&?‘h@&%ﬁé %EW lpgd’r%F‘f’% IHFXROSY east :

the patterned sacrificial portion over the | ower cI addi ng portion; and the
portion ehd snhethltheldippgr purfaceonf tdj weeeguitlb@opaporiong dnddormfad sﬁnabtlport ion
over the |l ower cladding portion; to expose and snoot h the upper surface

of the wayegH bﬂﬁa@éﬁmeoélﬁadﬁu%}? farSWRAtHe 'éﬁ{&%"thﬁfxf kfGErale bhe
cl addi ng portion copl anar wt ot h upper surface fp t he vvavegw de

S\gcgggﬁg@%g\(ﬁ g@fl rac{{gepggtli'on %% gorm ti1¥ sugétgrq gllys %ia]}l%%%u? ace of ggtop cal
waveguide device. The second embodiment comprises the following steps. At least
one waveguide core portion is formed within at least one cladding portion. The
waveguide core portion having an upper surface. The cladding portion having a
higher portion over at least the waveguide core portion and a lower portion. A
patterned sacrificial portion is formed over the lower cladding portion and a
portion of the higher cladding portion, leaving a second portion of the higher
cladding portion exposed. The higher cladding exposed portion and the patterned
sacrificial portion over the higher cladding exposed portion are removed by a
planarization process, leaving exposed: the patterned sacrificial portion over the
Iower cladding portion; and a portion of the cladding portion adjacent the
patterned sacrificial portion over the lower cladding portion. Planarizing at least:
the patterned sacrificial portion over the lower cladding portion; and the portion of
the cladding portion adjacent the patterned sacrificial portion over the lower
cladding portion; to: expose and smooth the upper surface of the waveguide core
portion; and form a smooth upper surface of the cladding portion coplanar with the

smooth upper surface of the waveguide core portion to form the substantially

planar surface of an optical waveguide device.



| ME 02 - 021 BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention will .
be nore clearly understood fromthe follow ng description taken in
conjunction with the acconpanying drawings in which like reference _
nuneral s designate simlar or corresponding el enents, regions and portions
and in which: Figures I-A through 1-D shows a generic problemknown to .the

i nventors commonly encountered in wavegui de fabrication. It is desired to

pl anari zgvmlg2apgh n2, with the resulting structure shown in figures 2-D, 3-D
and 4C. Figure 1-E is a cross-section of a planar dielectric wavegui de t hat
may al so correspond to either Fig. 6 or Fig. 9-F. Figures 2-A through 2-D,
3-A through 3-D and 4- A through 4-C show three enbodi nents of the process
to fabricate the desired structure. Eventually this structure can be
integrated into a nore conpl ex structure, an enbodi nent of which is shown
in figure 6. |IME 02 - 021 Figures 5-A through 5-H shows an enbodi nent of

t he process which



all ows one to enbed dielectric n3 into a conbinati on of one or nore
dielectrics (represented by nl and n2 respectively). Figure 6 shows the
resulting 3-D structure of enbeddi ng waveguide material with index n3
partially in material with index n2 and partially material wth index nl.
Figure 7 shows the result of post-processing in one enbodi nent of this

i nvention. Figures 8-A through 8-D shows the various wavegui de

confi gur gif@pspdor one enbodi nent of this invention. Figures 9-A through
9-F shows the process flows for another enbodi ment of this invention.
Figures 10-A through 10-C are related to the reverse masking and etching

process of Fig 2-A to BRIEF QESCRIFTIQN OFIHEINAMMWINGSe nmaski ng and
etching assisted planarization of upper levels and illustrate that the

region of the feature that is large is reverse etched while the region .of
the feature that is small enough to 8 IME 02 - 021 be easily planarized is

not etched, wth FrHe phsdhitbiiveation CWAB SeSfidrt Wy il ePtobd From the
following description taken in conjunction with the accompanying drawings in
which like reference numerals designate similar or corresponding elements, regions

and portions and in which:

Figures 1-A through 1-D shows a generic problem known to the
inventors commonly encountered in waveguide fabrication. It is desired to

planarize nl and n2, with the resulting structure shown in figures 2-D, 3-D and 4C.

Figure 1-E is a cross-section of a planar dielectric waveguide that may

also correspond to either Fig. 6 or Fig. 9-F.

Figures 2-A through 2-D, 3-A through 3-D and 4-A through 4-C show
three embodiments of the process to fabricate the desired structure. Eventually this
structure can be integrated into a more complex structure, an embodiment of which -

is shown in figure 6.



10-A along line A-A and Fig. 10-C being a cross-sectional view of Fig. 10-A
ine B-B. 9 I ME 02 - 021 DETAILED DESCRI PTI ON OF THE PREFERRED

al ong

EMBODI MENT OF THE

| NVENTI ON Probl en? | nf ormati on Known To The | nventors -

Not To Be Considered Prior Art The following is a problem information

known to the inventors and is not to be considered as prior art for the
purposes of this invention. Planarization refers to any nethod of

fabri cat i ghnowhi ch a substrate with non-flat surfaces is nmade flat.
figures 1-Ato 1-D. Figure I-C has a non-flat surface topology forned as a
result of etching_and deposition of subsequent |ayers (Figures 1-A and

1-B). These non-f | Bigwrenp-Patheeugh §-ldshppisean embedinzan i dhe progspowdidi ng f or
a variety of reasons. The first is the limted depth of field of
| i t hogr apliywsiore td einbedrdipkytriteadiingsa abebindtiorabf Onetd@ Moes dededhias p
features over a limted range of topology. If the surfaces have too

hei gh
The

t v
sec

See

nmuch

gﬁhﬁ(ﬁeﬁﬁ?lﬂfaj‘&hzqgggﬂe?m,%ﬂeatures cannot be sharp everywhere.

ty Wt

deposi tion

Figure 6 shows the resulting 3-D structure of embedding waveguide
material with index n3 partially in material with index n2 and partially material

with index n1.

Figure 7 shows the result of post-processing in one embodiment of

this invention.

Figures 8-A through 8-D shows the various waveguide configurations

for one embodiment of this invention.

Figures 9-A through 9-F shows the process flows for another

embodiment of this invention.

Figures 10-A through 10-C are related to the reverse masking and
etching process of Fig 2-A to 2-D, and similarly for the reverse masking and etching
assisted planarization of upper levels and illustrate that the region of the feature

that is large is reverse etched while the region of the feature that is small enough to

topol ogy is that subsequent confornal



(e.g. wth PECVD Pl asma Enhanced Chem cal Vapor Deposition) will cause
problenms with voids and keyholes. This is a well know processing problem
The 10 IME 02 - 021 third problemw th non-flat surfaces is that optical
wavegui des require flat surfaces to have |low | oss. Any wavegui de over
topology will have increased | oss. Optical wavegui de geonetries are
typically on the order of tenths of mcrons to tens of mcrons. To

i nt egr at gvpgbt gl e wavegui de cores on the sane chip, sonme form of

pl anari zation such as reflowis required. The problem of planarization can
be sol ved usipng BPSG (boro- phospho-silicate glass). In this nmethod, BPSG
i s deposPE éﬂSIEyP]EP@&@?‘ng rm@%ﬂiedamﬂn HEig: H:R bsigenriogs-sectioaphyieedhyFigi gh
tenperatures (800 C or nore). Nevertheless BPSG s main drawback is the
requi r en@fHA hlomgslines AaAtdmal Fignaedl beiggtocmshsentidnal viemgbf FRyvdD-Dhlong
planarity. In Figs. 1A to 1D, dielectric (nl1) 10 is cladding material and
di el ectrijgeB(2) 12 is core material and corresponds to the outer core
depicted as coupling zone 90 in Fig. 6 Figure 1-E shows a cross section of
a typical planar dielectric



wavegui de, which is an exanple of a two-dinensional waveguide. Fig. 1-E may
al so correspond, in structure, to Fig. 6 or Fig. 9F. Low index difference
wavegui des, such as those used in optical chips and for the optical fiber
wavegui des for input to 11 IME 02 - 021 and out put fromoptical chips, are
t hr ee- di nensi onal versions of such planar dielectric wavegui des. These | ow
i ndex difference wavegui des include a core material 500 surrounded by a

cl addi ngmpierpl 502. The core material 500 can have an arbitrary
cross-section, including a circular, elliptical, square, or rectangular
Cross-section enbedded in the claddlno materi al 502. The |ndex of
refraction EL) RES(RE LG DR EEERREEWEME ENT 1k

of refractlon n2 of the claddlng mat eri al 502. The |ndex dlfference An for
the index of refraction nl of theINMENTHANerial 500 and the index of
refraction n2 of the cladding material 502 (An = nl - n2) is therefore
generally very small. A useful netric is delta (A), which is defined as
An/n cladding for this type of waveguide, and is generally around 0.01 (1
percent) . 04 ai ) . nt). In
ot her mpP%qﬂg: ir ' ' Ay o RO LgF Al tion in
~Figure 1-D (into the paper)

The following is a problem/information known to the inventors and

is not to be considered as prior art for the purposes of this invention.

Planarization refers to any method of fabrication in which a substrate

with non-flat surfaces is made flat. See figures 1-A to 1-D.

Figure 1-C has a non-flat surface topology formed as a result of
etching and deposition of subsequent layers (Figures 1-A and 1-B). These non-flat
ettrfaces are detrimental to subsequent processing for a variety of reasons. The first
is the limited depth of field of lithography, i.e. lithography machines are only able
to produce sharp features over a limited range of topology. If the surfaces have too
much height variations, the lithographic features cannot be sharp everywhere. The
second difficulty with non-flat topology is that subsequent conformal deposition
(e.g. with PECVD—Plasma Enhanced Chemical Vapor Deposition) will cause

problems with voids and keyholes. This is a well know processing problem. The

10



is guided by total internal reflection wwthin the core material 500 if the
angle of incidence O of the ray with respect to the interface between the
core material 500 and the cladding naterial 502 is larger than a critical
angle Cc. This critical angle Oc equals sin-1(n2 / nl). For |ow index
di fference wavegui des, due to the indices of refraction nl, n2, the angle
of incidence O nust be large in order for total internal reflection to
gui de t hemEipgbtor ay through the wavegui de. 12 | MEO2- 021 The typical optical
chi ps havi ng | ow i ndex difference wavegui des are generally |arge,
waf er - si chi Th s Ia e 5| ze resul ts_because the | ow index
di ffer en@@fﬁkﬂ%@ faces 15 that orbical yavegwidgs requieilat surfagere
wavegui des have | arge radll If small bending radii are used with these
| ow i ndexo Ha¥d lemehse Anpvagugdies oveatagwlégswiibhaesiicieabed fusse i ght is
| oosely confined within the core material 500. Low index difference
wavegui des therefore function adequately wthout large | osses only with
relatively high bending radii, and it is therefore difficult to perform
optical functions areas using,these | ow. index differ
wavegui des. The us Pafﬁﬁ‘wgﬁ uicle, GEQMEHqseATE EBic @g@aéﬁg debof Eodhs o
m ni mum

microns to tens of microns. To integrate multiple waveguide cores on the same

chip, some form of planarization such as reflow is required.

The problem of planarization can be solved using BPSG (boro-
phospho-silicate glass). In this method, BPSG is deposited by LPCVD or PECVD
and is then annealed at relatively high temperatures (800 °C or more). Nevertheless
BPSG's main drawback is the requirement for substantial annealing to achieve a

high level of planarity.

In Figs. 1A to 1D, dielectric (n1) 10 is cladding material and dielectric

(n2) 12 is core material and corresponds to the outer core depicted as coupling zone

90 in Fig. 6

Figure 1-E shows a cross section of a typical planar dielectric
waveguide, which is an example of a two-dimensional waveguide. Fig. 1-E may
also correspond, in structure, to Fig. 6 or Fig. 9F. Low index difference waveguides,

such as those used in optical chips and for the optical fiber waveguides for input to

11



bendi ng radii while mai nt ai ni ng adequate performance (that is, |ow |loss),

and

therefore reduces the area required to performthe optical

The index of refraction nl of the core material 500 is significantly
| arger than the index of refraction n2 of the cladding material 502
such a higher index difference waveguide. Delta (A) for a high index
difference waveguide is typically at least as large as 0.1, 0.2, or
I n ot her ymdspzA_(nl-n2)/ n2>=0.1. 13 IME 02 - 021 In such a high index
di fference waveguide, total internal reflection of |ight propagating
t hr ough thﬁ vvav;gu‘jtrde I s achieved for,  smaller angles of incidence O

ray of |fg
adequate is reduced. One or nore enbodi ments of the instant invention may

toutpyg o apHeaushipenaren ghregwiimensiongh versionse pf shkrRlangrs

be bri ef djelecrionwavegddas Tiudseolsy ihde®l diffardncatwavegiidesSimdidé rg cdee

Reverse mask and etching nethod (Fig 2) B. Sacrificial

CVP 1ol | ayiehi50088ran8ed 'bye G¥fding material 502. The core material 500 can have

an arbitrary cross-section, including a circular, elliptical, square, or rectangular
cross-section embedded in the cladding material 502. The index of refraction nl of
the core material 500 is slightly larger than the index of refraction n2 of the cladding
material 502. The index difference An for the index of refraction nl of the core
material 500 and the index of refraction n2 of the cladding material 502 (An = n1 -
n2) is therefore generally very small. A useful metric is delta (A), which is defined
as An/n cladding for this type of waveguide, and is generally around 0.01 (1

percent) to 0.04 (4 percent), and certainly less than 0.1 (10 percent). In other words:

A=(nl1-n2)/n2<<1.

A ray of light moving in the z direction in Figure 1-D (into the paper)

is guided by total internal reflection within the core material 500 if the angle of

incidence 8 of the ray with respect to the interface between the core material 500

and the cladding material 502 is larger than a critical angle 0c. This critical angle 8¢
equals sin-1(n2 / nl). For low index difference waveguides, due to the indices of
refraction nl, n2, the angle of incidence 8 must be large in order for total internal

reflection to guide the light ray through the waveguide.

12
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(Fig 3) C Sacrificial layer and selective etching foll owed by non
selective CWP (Fig 4) Il. Buffer Layer to Protect Wave Gui de A Wavegui de
formation followed by buffer |ayer deposition (Fig 5) B. Buffer deposition
over wavegui de |ayer followed by waveguide formation (Fig 9). This
invention is particularly useful for mnimzing | osses in wavegui des t hat
have hi gh index difference or have | ow m ni num bendi ng radius. 14 I ME 02 -
021 It i gvglpsopparticul arly useful when there are nmultiple cores which have
different index difference or on different planes. As a matter of
conveni ence, cladding dielectric, waveguide core 2 and waveguide core 3
are described as (nl), (n2), and (n3) respectively. A person skilled in
the art of optical waveguides will recognize that the dielectrics nl, n2
and n3 need not héhetypmcdl apticahdiipe hatimgdoghindex idiféérensd wactguides Ileese
dielectrics may have a continuumor a series of indices.

generally large, wafer-sized chips. This large size results because the low index

difference waveguides can adequately guide light only if bends in the waveguides

have large radii. If small bending radii are used with these low index difference

waveguides, large losses result because light is loosely confined within the core

material 500. Low index difference waveguides therefore function adequately

without large losses only with relatively high bending radii, and it is therefore

difficult to perform optical functions in small areas using these low index difference

waveguides.

The use of higher index difference waveguides reduces the minimum
bending radii while maintaining adequate performance (that is, low loss), and
therefore reduces the area required to perform the optical functions. The index of
refraction nl of the core material 500 is significantly larger than the index of
refraction n2 of the cladding material 502 for such a higher index difference
waveguide. Delta (A) for a high index difference waveguide is typically at least as

large as 0.1, 0.2, or 0.3. In other words:

A=(nl-n2)/n2>=01

13



This invention describes process nethods to create snooth interfaces for
optical wavegui des. Snoboth surfaces are required in wavegui des to ensure
m ninmal scattering | osses. Creating snooth surfaces and interfaces are
particularly challenging when there are at |east two wavegui de core
regions on the sane chip which are either non-coplanar and/or when there
are at |east two waveguide cores fabricated fromdissimlar materials.
These snmogchzfbzt surfaces are particularly inportant to mnimze high
scattering loss. Figure 1-E shows the desired cross section for a typical

channel  wavegui de_conpr i core 12 and a cl addi If the core is
formed by photol i th%}%aﬂpﬁgs ex differegee me%&estﬂtﬁéet@rml refectasy e 103,
coul d be rough. The roughness or nonfl atness on surface 103 can be i nduced

i n vari elighbfprppagsing dhepggh 1be | WEvERiide 031 afluievek dopl smalle@ughglessofcan be
i nduced by plasma danmage during the core etch and stripping of photoresist

after thegddreedClor B‘th)f | gt hﬁwfﬁ%%érﬁuﬁﬁﬁ%e%eﬁa gh?ale%}e{vﬁidﬂg and

etching of layers, resulting i step heights". Figure
illustrate this rObdequanns§ﬂ%uca§han'Cal polishing (CWP) is a good choice

for pl anBFfOHPARFisa

One or more embodiments of the instant invention may be briefly
summarized as follows:
L. Planarization and Smoothing
A. Reverse mask and etching method (Fig 2)
B. Sacrificial layer and selective CMP followed by non selective CMP
(Fig 3)
C. Sacrificial layer and selective etching followed by non selective
CMP (Fig 4)
IL. Buffer Layer to Protect Wave Guide
A. Waveguide formation followed by buffer layer deposition (Fig 5)
B. Buffer deposition over waveguide layer followed by waveguide

formation (Fig 9).

This invention is particularly useful for minimizing losses in

waveguides that have high index difference or have low minimum bending radius.

14



and snoot hing of step heights as it is conpatible with current CMOS
process. Optical wavegui de geonetries may be typically on the order of
several mcrons to tens of mcrons, generating nuch |arger step heights. To
integrate nmultiple wavegui de cores on the sane chip, sone form of

pl anari zation such as reflow or CVMP (cheno-nmechani cal polishing) is
-required. The problem of planarization can be sol ved using BPSG

(boro- phogplwo-g21 i cate glass). In this nethod, BPSG is deposited by LPCVD
(Low Pressure Chem cal Vapor Deposition) or PECVD (Pl asma Enhanced

Chem cal . Vapar depgsi tion) d |s then annealed at relatively high
t enper at &r @sﬁf%mﬁla%r‘@?gﬂsﬁ%@ stﬂ%fﬁi aregraliiple ores whech havi diEment f or
substantial annealing to achieve a high | evel of planarity. Wth

convent i onddx diffaresnce padhelifferenhpbinet.one such as CWP, planarizing a step
height of 1 um generally requires the renoval or redistribution of a nuch
thicker film("-2-4 um. The |imtations of CMP are that even though 16 | ME
02 - 021 planarization can be achi eved by depositing and renovi ng excess
films, severe post-CVP thickness variati within wafer is inevitable if
the step heights a%\garga@%rs i PEYERGPCS € ﬁ%ﬁ&lﬁ%ch{lﬁi‘&%‘@?guf%ﬁﬂg 2angn i ¢

is practically inpossible for CW
waveguide core 3 are described as (nl1), (n2), and (n3) respectively. A person skilled

in the art of optical waveguides will recognize that the dielectrics nl, n2 and n3
need not have uniform indices throughout their structure. These dielectrics may

have a continuum or a series of indices.

This invention describes process methods to create smooth interfaces
for optical waveguides. Smooth surfaces are required in waveguides to ensure
minimal scattering losses. Creating smooth surfaces and interfaces are particularly
challenging when there are at least two waveguide core regions on the same chip
which are either non-coplanar and/or when there are at least two waveguide cores
fabricated from dissimilar materials. These smooth flat surfaces are particularly

important to minimize high scattering Ioss.

Figure 1-E shows the desired cross section for a typical channel
waveguide comprising a core 12 and a cladding 14. If the core is formed by
photolithography and etching, the top surface of the core 103, could be rough. The

roughness or nonflatness on surface 103 can be induced in variety of process steps.
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al one to neet the good planarity and within wafer dielectric thickness
uniformty. Another issue involved with the thick coupling layer is that
wavegui de top surface is damaged during etching. This etch damage becones
nore serious with the increase of coupling |ayer thickness. Planarization
Met hod One - Figs. 2-A through 2-D Figures 2-A through 2-D show the series
of steps for producing substantially planar surface of optical wavegui de
devi ce sinmebupgs, by patterning and etching of selected areas to reduce
pol i shing burden and applying chem cal mnechanical polishing for the
planarizgtion. The inportant idea js tgo etch the regions that are high,

| eavi ng BEhEXYMPY roughness icapdee inskiced hynplesewndamage duripgpthareore gedh by
CVWP. The etch mask is therefore the reverse of the pattern of the

di el ect r and Isaypping 2f phatgresisoaftakthk lcotk étohtNen dlat siifhdesapperatal by theat this
reverse pattern can differ by a bias, that is, the pattern may slightly

L T S

Furt her int I at®e t ha al'l features
need to rever.sed. Hf the features are small enough, there is no need to
create t Hiustrate this problem.

Chemo-mechanical polishing (CMP) is a good choice for planarization

and smoothing of step heights as it is compatible with current CMOS process.

Optical waveguide geometries may be typically on the order of
several microns to tens of microns, generating much larger step heights. To
integrate multiple waveguide cores on the same chip, some form of planarization
such as reflow or CMP (chemo-mechanical polishing) is required. The problem of
planarization can be solved using BPSG (boro-phospho-silicate glass). In this
method, BPSG is deposited by LPCVD (Low Pressure Chemical Vapor Deposition)
or PECVD (Plasma Enhanced Chemical Vapor deposition) and is then annealed at
relatively high temperatures (800°C or more). BPSG’s main drawback is the

requirement for substantial annealing to achieve a high level of planarity.

With conventional planarization method alone such as CMP,
planarizing a step height of 1 um, generally requires the removal or redistribution

of a much thicker film (~2-4 um). The limitations of CMP are that even though
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reverse feature since these features will be easily planarized by CWP.
Further for features in which parts of the features are small and parts of
the features are big, the reverse mask features can be "clipped" in size.
In this situation the reverse nmask only allows the areas of the features
that are large to be etched to relief polishing burden while areas of
features that are small need not be etched. This ensures that the region
of the feakwhepshat is large is reverse etched while the region of the
feature that is small enough to be easily planarized is not etched, see
Figures 10-A through 10-C. Figure 2-A, shows such a reverse nmask 36, which
i s in thiPlanagizaien rant be @Clp‘ﬁﬁﬁfg-h}’l drpepitingiand remevingt e@dgesnfilhe ssverect ure.
The etch is then applied selectively (Figure 2-B) in the areas which are
on a hi glpopt-@MIathickeesi vigiath@hivithih alvhiepiik liaevitadle (Fidgsep2hphwhaeh are
easily renmoved by CWP (Figure 2-D). The selective etching in figure 2-Bis

achi eved i : _Rl Is j . Thr ee
O g CoRRksHTt Mores) BUERRCHTRRY sily - 2 BRRY i PP BOS FerC 1 5°
t hrough 3:D and 4-A throggq 4-C iluystrate net hods for . ) )
alone to meet the good planarity and within wafer dielectric thickness uniformity.
Another issue involved with the thick éoupling layer is that waveguide top surface

is damaged during etching. This etch damage becomes more serious with the

increase of coupling layer thickness.

Planarization Method One - Figs. 2-A through 2-D

Figures 2-A through 2-D show the series of steps for producing
substantially planar surface of optical waveguide device structures, by patterning
and etching of selected areas to reduce polishing burden and applying chemical
mechanical polishing for the planarization. The important idea is to etch the regions
that are high, leaving behind tall thin structures 38 than can be easily planarized by
CMP. The etch mask is therefore the reverse of the pattern of the dielectric layer n2.
A person skilled in the art will appreciate that this reverse pattern can differ by a
bias, that is, the pattern may slightly bigger or smaller than the pattern of dielectric

layer n2.
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produci ng substantially planar surface of optical wavegui de device
structures. Figures 3-A through 3-Dillustrates a nethod conprising of
depositing a sacrificial |ayer 46 (Figure 3-A) which shows different

chem cal behavior fromthe cladding dielectric 44; preferentially renoving
the sacrificial film 46 on higher areas 45 by chem cal nechani cal
polishing by using slurry chemcally active to the sacrificial |ayer 46
and 56 (higwpeos B and 4-A); planarizing the areas 45 which are higher by
chem cal nmechani cal polishing using slurry of high renoval selectivity,

- that is high cladding dielectric 44 renoval rate and | ow sacrificial

materi al 46 renovafuitherea persgorskillddn the ast will sppraciate dhat nat alldpafgyres
dielectric 54' wusing chemistry only active, or having high etch

sel ecti vintyd td be thersddadidihedeatiired Aetsinall Stbueh, gire idnBheed edreréhtedhis
sacrificial layer 46" and 56 on down area and fine planarizing to the
target usd : ) i .11 €k al d 56
(1 gur e SRPanIAYnt SRGTILER. KearBles il b cholf BRGRiAE YD MAY Fim ey 30
cladding, dielectric 44 (wth the portion of the patterned sacrjficial

| ayer 46fewww@ﬁ?gw§é@a@m@%ﬁsm@%d@ﬁr@ P heptures age bigy Bheas) s/
are renoved by CVWP as shown in Fig. 3-C as a selective etch is used to
stop on 4&/erscTimask deatufdsceaml bé dplgrpdsl impdiee.ilal thisasituzgionbtite reotrskimadked t o,
one or nore of photoresist or photoresist stacking on one of the follow ng

Films: SphiycOMows the HRas of the features that are large to be etched to relief polishing
burden while areas of features that are small need not be etched. This ensures that
the region of the feature that is large is reverse etched while the region of the

feature that is small enough to be easily planarized is not etched, see Figures 10-A

through 10-C.

Figure 2-A, shows such a reverse mask 36, which is in this
embodiment is photo-lithographically printed on the structure. The etch is then
applied selectively (Figure 2-B) in the areas which are on a high plateau, leaving
behind tall pillars 38 (Figure 2-C) which are easily removed by CMP (Figure 2-D).

The selective etching in figure 2-B is achieved by using an reverse mask 36.

Planarization Methods Two and Three - Figs. 3A Through 3-D and Figs. 4A

Through 4-C
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19 IME 02 - 021 silicon oxynitride organic silicate glass, dianond |ike
carbon, silicon dioxide, polyimde, PMVA tantalum tungsten and

nol ybdenum The cl adding dielectric can be but is not limted to silicon
di oxide, silicon nitride, organic silicate glass, polyimde and PMVA. The
sacrificial |layer 46 for the planarization nethod two may be Si N,
organo-silicate glass (0OSG, dianond-like carbon (DLC) or refractory netals
(W Ta, 1Me.o2-p21 Etch Damage Free Wavegui de Fornmation Method Wth Buffer
Layer 66 - Figs. 5A Through 5-H Figures 5-A through 5-H show a nmethod for
produci ng etch-danage free optical_waveguide structures, which conprises:
depositing etch buFigares yethrgggharPeandiave uoyghesC illustigtei methors doi es
5-A, 5-B and 5-C); etching of buffer |layer 68 except on the top of

wavegui derédicifgsgbstantiall) pladapastdderd opkitdlavaiepiutdd dédcddr@urdsFi gur e
5-E); optionally planarizing coupling dielectric 70 surface (Figure 5-F)
(with 69 and 70 being the sanme material); form ng upper part of coupling
zone by patterning and etching with buffer |ayer 68 being etched al so but

not fully to
y Figures 3-A through 3-D illusirates a method comprising of

depositing a sacrificial layer 46 (Figure 3-A) which shows different chemical
behavior from the cladding dielectric 44; preferentially removing the sacrificial film
46 on higher areas 45 by chemical mechanical polishing by using slurry chemically
active to the sacrificial layer 46 and 56 (figure 3-B and 4-A); planarizing the areas 45
which are higher by chemical mechanical polishing using slurry of high removal
selectivity, that is high cladding dielectric 44 removal rate and low sacrificial
- material 46 removal rate (Figure 3-C) or etch selectively cladding dielectric 54’
using chemistry only active, or having high etch selectivity, to the cladding
dielectric 54 (Figure 4-B); removing sacrificial layer 46" and 56 on down area and
fine planarizing to the target using slurry chemically active to the sacrificial layer 46
and 56 (figure 3-D and 4-C). The entirety of the higher areas 45 of the high cladding
dielectric 44 (with the portion of the patterned sacrificial layer 46' over the higher
areas 45 of the high cladding dielectric 44) is/ are removed by CMP as shown in Fig.

3-C as a selective etch is used to stop on 46”.

The sacrificial layer 56 material can be, but not limited to, one or more

of photoresist or photoresist stacking on one of the following films: silicon nitride,
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protect the waveguide 66" (figure 5-G; depositing cladding dielectric 72
(figure 5 H. 20 IME 02 - 021 A person skilled in the art will recognize
that these techniques are equally applicable when the dielectrics nl and n2
are the same or simlar material. 21 IME 02 - 021 An Enbodi nent of a
Wavegui de Structure for Wiich the Invention is Useful - Fig. 6 Figure 6
shows a particular enbodi nent that was denonstrated by the inventors. In
this enbadirmeohz1 @ high index difference waveguide 89 is partially (as
shown in Figure 6) or wholly enbedded (not shown) in the |ow index
wavegui de, (cou lin one 9Q). The sequence of steps as illustrated in

Fi gures 5 lﬁont‘gﬁ%ﬂéﬁf e Otg%% ‘silacaip glpssy diamond Fike aghem gsifieon (Hoxide,
conbi nati on of the coupling zone 90 and the high index difference
wavegui dpoB8mide RMMA ofanRdain, GvRgiten easlsinolytidehugn. The cladding dielectric

can be but is not limited to silicon dioxide, silicon nitride, organic silicate glass,

polyimide and PMMA.
The sacrificial layer 46 for the planarization method two may be SiN,
organo-silicate glass (OSG), diamond-like carbon (DLC) or refractory metals (W, Ta,

Mo...).

Etch Damage Free Waveguide Formation Method With Buffer Laver 66 - Figs. 5A

- Through 5-H

Figures 5-A through 5-H show a method for producing etch-damage
free optical waveguide structures, which comprises: depositing etch buffer layer 68
after waveguide 66' formation (Figures 5-A, 5-B and 5-C); etching of buffer layer 68
except on the top of waveguide 66' (Figure 5-D); depositing extra dielectric n2 69
(Figure 5-E); optionally planarizing coupling dielectric 70 surface (Figure 5-F) (with
69 and 70 being the same material); forming upper part of coupling zone by
patterning and etching with buffer layer 68' being etched also but not fully to
protect the waveguide 66' (figure 5-G); depositing cladding dielectric 72 (figure 5-

H).
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Figure 7 shows that a very high degree of planarization can be obtained by
chem cal nechani cal polishing. This planarization is nore than sufficient
for optical applications even for high index difference wavegui des.
Configurations of Multi |le Wave ide Cores for Which This Invention is
Particularly Useful - Figs. 8-A Through 8-D Figures 8-A, 8-B, 8-C, 8-D show
the various additional configurations and enbodi ments for which this
inventiopyegopPasticularly useful. 22 IME 02 - 021 In these figures, |ight
“fromone core 85, is coupled to another waveguide core 86. Light may
travel fromleft to right, i.e. fromthe waveguide core 85 to waveguide
core 86 or conversely light may travel fromright to left from wavegui de
core 86 to wavegui de core 85. A person skilled in the art will recoginize
that if region aroAnper8on aRileA6inp ey hetewill 8scogniRCihat deak ©MEligits hRe
systemw || be bi-directional, i.e. light may travel fromleft to right in

the d
wserul 1 SRR cacta?%g“;&“}%i A8 it SHRLRE S B U 0 o

Figure 8-A is an enbodi nent of the two cores 85, 86 being copl anar.
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In this case cores 85 and 86 are fabricated fromdissimlar materials or
have dissimlar shapes. For illustration purposes, there may be a gap 87
of vacuumor filled with air, or sone other material between the two cores
85, 86. Neverthless, the presence of gap 87 is not necessary and does not
materially change the operation of this device. In the application of the
invention to the enbodi nent shown in figure 8-A the process steps in
figures Zwobbppugh 5-H can be applied to the fabrication of both
wavegui de cores 85 and 86. Figure 8-B and 8-C show ot her enbodi nent of two
cores 85, 86 being coplanar. In these case, the smaller wavegui de core 86
is parti S bmopdimendt af ad\WVageguide biyjtichy e fonWhiclhthe lnvertion jgba 8- C) enbedded
in the | arger waveguide core 85. In the application of the invention to

t he enbodlisefudt Fghéwn in Figure 8-B or Figure 8-C, the process steps in
figures 2-A through 5-H can be applied to the fabrication of both

wavegui de cores 85 and 86. Figure 8-D shows enbodi nents of two cores 85 and
86 being non co- planar. The relative height position of cores 85 to 86 can
D e et P oS 6 e BB At bodZhEn ot Yo AeSHIELES by

the inventors. In this embodiment, a high index difference waveguide 89 is partially
(as shown in Figure 6) or wholly embedded (not shown) in the low index
waveguide (coupling zone 90). The sequence of steps as illustrated in Figures 2-A
through 4-C can be applied to the processing of the combination of the coupling

zone 90 and the high index difference waveguide 89.

VResults of Post CMP Processing - Fig. 7

Figure 7 shows that a very high degree of planarization can be
obtained by chemical mechanical polishing. This planarization is more than

sufficient for optical applications even for high index difference waveguides.

Configurations of Multiple Waveguide Cores for Which This Invention is

Particularly Useful - Figs. 8-A Through 8-D

Figures 8-A, 8-B, 8-C, 8-D show the various additional configurations

and embodiments for which this invention is particularly useful.
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cores 86 and 85 can be reversed. In addition, the relative positions of
cores 86 and 85 with each other are determ ned by optical efficiency and
ease of fabrication concerns. The invention is equally applicable in
siutations in which core 85 is partially/wholly enbedded in core 86 or
vice versa. In addition, in this enbodinent, the device is applicable
useful even if the cores 85 and 86 are made fromidentical materials. In
t he appl igappopeof the invention to the enbodi ment shown in figure 8-D,
the process steps in figures 2-A through 5-H can be applied to the
fabrcation of both wavegui de cores 85 and 86. The followi ng applies to
Figs. 9Ato 9-F. In another enbodinent of this invention, a buffer |ayer
203 i s deposited on top of the wavegui de core 202 prior to etching of the
core to ensure thaln ttheset figusas; flight &bnt hemeetofe 85y ds icouphabotidn. andthert hi s
case the despoited | ayer is etched together with the core. O, patterning

and 24 | MeR2oRidk cofd %'L’ighi! ﬁa?(?ﬂﬁfei FoRi leff'tot() eélﬁ QUi Rh ﬂk@%’fleéﬁldg Qpre he

buffer |ayer and parti al t he core Then conpl et e” et chi ng of
hard . mask, .The +t t of

core |ay |s done.ysin is buffer [ as r
this buf Petor s Lrstifs A0S Al %ﬁr Ak T eh GOR ek eRoEE o e
i ndex of layer 201 and smaller than the refractive i ndex of
waveguide core 86 to waveguide core 85. A person skilled in the art will recoginize
that if region around 85 and 86 provides for a reciprocal system, the system will be
bi-directional, i.e. light may travel from left to right in the device as well as from
right to left. As explained below, CMP is very useful for fabricating such structures

shown in Figures 8-A through 8-D.

Figure 8-A is an embodiment of the two cores 85, 86 being coplanar.
In this case cores 85 and 86 are fabricated from dissimilar materials or have
dissimilar shapes. For illustration purposes, there may be a gap 87 of vacuum or
filled with air, or some other matefial between the two cores 85, 86. Neverthless, the
presence of gap 87 is not necessary and does not materially change the operation of
this device. In the application of the invention to the embodiment shown in figure
8-A, the process steps in figures 2-A through 5-H can be applied to the fabrication

of both waveguide cores 85 and 86.

Figure 8-B and 8-C show other embodiment of two cores 85, 86 being

coplanar. In these case, the smaller waveguide core 86 is partially (Figure 8-B) or
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sai d wavegui de and will be deposited before etching of the core. Snooth
surfaces are required in waveguides to ensure mninml scattering |osses.
Creating smooth surfaces and interfaces are particularly chall engi ng when
there are at |least two wavegui de core regions on the sane chip which are
ei t her non-copl anar or when there are at |east two wavegui de cores
fabricated fromdissimlar materials. The wavegui de devi ce design and the
met hodol ggy odeszrri bed bel ow provides for a nechanisns to protect the top
surface of at Ieast one of the wavegui des during plasnma processing.

Fi gures 9- o h _9- 0 w this invention allows one to fabricate
wavegui d&vl%laf £ 15 gim*%ﬁﬁ”@%%%mq g weKegwifle GrresSy B tha apphiedionsect i on
t hrough t he wavegui de during processing. In Figure 9-A the core 202 of the
wavegui def the idepoion éal thenerabbdinemshbaaddinnfjglee/@B GMigure HAT tler plaayer 203
with an index close to, if not identical with, that of cladding |ayer 201

i's depos bfe?ﬁl ipn ﬁ%ﬁpesot-At HRo6Eh &- I—?Qahl\’g\gza ikdl '90 RheUfaBridation f gY@ Of

phot oresi st 304 i's coated on buffer |ayer 3. hi s photoresi st 304 can be
.patterned 40§uﬁ)écg;1e%t |tfgp§6raphy as in figure 9- C

Figure 8-D shows embodiments of two cores 85 and 86 being non co-
planar. The relative height position of cores 85 to 86 can be reversed. Core 86 is
shown to be above core 85 for illustration purposes. Nevertheless, the positions of
cores 86 and 85 can be reversed. In addition, the relative positions of cores 86 and
85 with each other are determined by optical efficiency and ease of fabrication
concerns. The invention is equally applicable in siutations in which core 85 is
partially/wholly embedded in core 86 or vice versa. In addition, in this
embodiment, the device is applicable useful even if the cores 85 and 86 are made
from identical materials. In the application of the invention to the embodiment
shown in figure 8-D, the process steps in figures 2-A through 5-H can be applied to

the fabrcation of both waveguide cores 85 and 86.

The following applies to Figs. 9A to 9-F. In another embodiment of
this invention, a buffer layer 203 is deposited on top of the waveguide core 202
prior to etching of the core to ensure that the top surface of the etch core is smooth.

In this case the despoited layer is etched together with the core. Or, patterning and
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Figure 9-D shows the wavegui de core 502 after etching of buffer |ayer 203
and then core 202 to formthe stack consisting of etched buffer |ayer 503
on top of etched core 502. The advantage of this process sequence is that
the etched buffer |layer 503, protects the etched core 502 from plasm
attack during etch. Figure 9-E shows the etched core 502 on top of the
cladding 201, with the etched buffer layer 503 still intact after

phot or esipgz 040415t rip. In this case, the buffer |ayer 203/ etched buffer

| ayer 503 has served its purpose of protecting the top surface of the core
202/ et ched cor edfoz rom pI asnma_ processi ng fromthe etch phot or esi st 404
strip, aBlrhigis sk fQrathe fter daseer o for ther @@ﬁfsléij@e%ﬂd prdiadly Jor gheops

i ncl udi ng but not limted to chem cal nechanical polishing (CWP). Figure
9- F showsotehlayeniilent @inplotecetoBihgeabeasidddyérnis clagdigigg thisghudfer 1@terst h t he

etched buffer |ayer 503 still remai ning. C adding region 701 was fornmed by
deposi ti RGrd QYK | qri;[gxt % i euEpr haed 503
and undercl ad 201. O? ary e g%?ﬁn%ﬁtlas}te?h‘eﬁ%vg?‘%ol aég§gl W | lEllljc£({1ave a

material s ra elnd uaI 0 simlar to the under clad 201, |If
he- ¢l adarhen il dfee s R aReet e’ SHoRa Brallvoter che B BERE e e 503,
then optically, there 26 | I\/E02 021
said waveguide and will be deposited before etching of the core. Smooth surfaces
are required in waveguides to ensure minimal scattering losses. Creating smooth
surfaces and interfaces are particularly challenging when there are at least two
waveguide core regions on the same chip which are either non-coplanar or when
there are at least two waveguide cores fabricated from dissimilar materials. The
waveguide device design and the methodology described below provides for a

mechanisms to protect the top surface of at least one of the waveguides during

plasma processing.

Figures 9-A through 9-F show how this invention allows one to
fabricate waveguide cores with smooth top surfaces. The figures show a cross
section through the waveguide during processing. In Figure 9-A the core 202 of the
waveguide is deposited on a bottom cladding layer 201. A buffer layer 203 with an
index close to, if not identical with, that of cladding layer 201 is deposited on top of

" the core.
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Any references to front and back, right and left, top and bottom upper
and |l ower, and horizontal and vertical are, unless noted otherw se,

i ntended for conveni ence of description, not to limt the present

i nvention or its conmponents to any one positional or spatial orientation.
Al'l di nensions of the conponents in the attached Figures can vary with a
potential design and the intended use of an enbodi nent w thout departing
fromthepgeepeosf the invention. Wiile the present invention has been
described with reference to several enbodinents thereof, those skilled in
the art will recognize various chan that may be nmade w t hout departing
fromthe spirit anth Bgype9dt atl ﬁﬁercq)fgplwaresm@%ﬂﬁ @frated/\nmk@fisarl@}reé@g
enbodi ments of the present invention have been illustrated and descri bed,
it is noThisnphoideebidto304 tarl behgatteniedt408rby photihogs pdiga'fam&d e 9hE.
following clains. 28 IME 02 - 021 CLAIM5S W claim 1 A nmethod of formng a

subst ant egldr¥ oh 3RAHvs THE (VATEgQlaeWBrBhI &Rl HAURY YE Bhiffer layer 203 and then
core 202 to form the stack consisting of etched buffer layer 503 on top of etched core
502. The advantage of this process sequence is that the etched buffer layer 503,

protects the etched core 502 from plasma attack during etch.

Figure 9-E shows the etched core 502 on top of the cladding 201, with

- the etched buffer layer 503 still intact after photoresist 404 strip. In this case, the
buffer layer 203/etched buffer layer 503 has served its purpose of protecting the top
surface of the core 202/etched core 502 from plasma processing from the etch,
photoresist 404 strip, any associated cleaning steps or other subsequent process

steps including but not limited to chemical mechanical polishing (CMP).

Figure 9-F shows the completed core 502 embedded in cladding
region 701 with the etched buffer layer 503 still remaining. Cladding region 701 was
formed by depositing a low index cladding layer over the core 502, etched buffer
503 and underclad 201. In exemplary embodiments the over clad 701 will have a
materials refractive index equal to or similar to the under clad 201. If the cladding

region 701 matches the index of the etched buffer layer 503, then optically, there
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device, conprising the steps: formng at | east one wavegui de core portion
within at |east one cladding portion; the wavegui de core portion having an
upper surface; the cladding portion having a higher portion over at |east
t he wavegui de core portion and a lower portion; formng a patterned
sacrificial portion over the | ower cladding portion and a portion of the
hi gher cl addi ng portion, |leaving a second portion of the higher cladding
portion geqp@segsi; renoving at |least a portion of the higher claddi ng exposed
portion by a selective renoval process selective to the patterned
sacrificial portion leaving a remant of the higher cladding_exposed
portion; planarizifgy referengesnioafmongfand, back, gight andidefitntpre Rpdseaitasdr t i on
over the waveguide core portion; and the | ower cladding portion; 29 I ME 02
- 021 t oupppr askblewred aad hokizoktad and arceticdl ee, uipides rowwd agereisef itewidegui de

core
for convenience of description, not to limit the present invention or its components
to any one positional or spatial orientation. All dimensions of the components in

the attached Figures can vary with a potential design and the intended use of an

embodiment without departing from the scope of the invention.

While the present invention has been described with reference to
several embodiments thereof, those skilled in the art will recognize various changes
that may be made without departing from the spirit and scope of the claimed

invention.
While particular embodiments of the present invention have been

illustrated and described, it is not intended to limit the invention, except as defined

by the following claims.
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portion and the upper surface of the cladding portion coplanar with the
snoot h upper surface of the wavegui de core portion; to formthe
substantially planar surface of an optical wavegui de device. 2. The nethod
of claim1, wherein the predeterm ned thickness is between about 0 and 200
nm 3. The nmethod of claim 1, wherein the cladding portion has a first

i ndex of refraction; the wavegui de core portion has a second index of
refracti @0 p3ngot he wavegui de core portion second index of refraction is
greater than the cladding portion first index of refraction. 4. The nethod
of claim1, wherein the planarization is a chem cal nechanical polishing
process. .5. The nethod of claim1, Ck#dMS$n t he wavegui de core portion
conprises at |east one wavegui de core enbedding within at | east another
wavegui de core. 6. The nmethod of claim 1, wherein the patterned sacrificial
portion is conprised of: photoresist: or 30 IME 02 - 021 will be no

di scer nayge Lpher face between etched buffer layer 503 and underclad 201

1. A method of forming a substantially planar surface of an optical waveguide
device, comprising the steps:
forming at least one waveguide core portion within at least one cladding
portion; the waveguide core portion having an upper surface; the cladding portion
having a higher portion over at least the waveguide core portion and a lower
portion;
forming a patterned sacrificial portion over the lower cladding portion and a
portion of the higher cladding portion, leaving a second portion of the higher
cladding portion exposed;
removing at least a portion of the higher cladding exposed portion by a
selective removal process selective to the patterned sacrificial portion leaving a
remnant of the higher cladding exposed portion;
planarizing:
the remnant of the higher cladding exposed portion over the
waveguide core portion; and

the lower cladding portion;
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to forma cladding region 701 around the core 502. A further annealing step
may be optionally be used to fuse the regions 503 and 201 together to form
701. A person skilled in the art will recoginze that the steps outlined in
figures 9-A through 9-F may be interleaved with other process steps

wi t hout changi ng the overall process flow and the invention. The buffer

| ayer 203 and etched buffer |ayer 503 can be used as at least a part of an
etch nmaskykEep-giching of said core 202. In addition, it nmay be used as a
sacrificial region to accommpdate resist erosion. The buffer |ayer 203
could optionally have a graded index distribution to reduce optical |osses
in the core 2822 nuedeigrmined thigkpess overtheanmesvurfashaf the wakeggdecprce to
generate snooth wavegui de cores that have a surface roughness of

equi val epbriien thdtthefuppee sutfape i tthe clalding pobigopcoplanar stitipshd smbothur es
9-A through 9-F are applicable to situations in which there are multiple

wavegui dﬁpﬁﬁfe%%fﬁélﬁmmabggliuglﬁ;&,g@u}éﬁﬂ@%t hrough 8-D. In this case, the

steps ou I gures t may be used to fabricated
wavegui de coreg 85 or 86 (see Figures 8-A through 8-D). 27 | ME02-021
phot or esf3forgt fi@ﬁ@@%&ﬁﬂépﬁaaﬁﬁ dagh o cal gwaw#swﬁ)erﬂewqede, silicon

2. The method of claim 1, wherein the predetermined thickness is between about 0

and 200 nm.,

3. The method of claim 1, wherein the cladding portion has a first index of
refraction; the waveguide core portion has a second index of refraction; and the
waveguide core portion second index of refraction is greater than the cladding

portion first index of refraction.

4. The method of claim 1, wherein the planarization is a chemical mechanical

polishing process.

5. The method of claim 1, wherein the waveguide core portion comprises at least

one waveguide core embedding within at least another waveguide core.

6. The method of claim 1, wherein the patterned sacrificial portion is comprised of:

photoresist: or
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oxynitride organic silicate glass, dianond |ike carbon, silicon dioxide,
polyi mde, PMWA, tantalum tungsten or nolybdenum 7. The nethod of claim
1, wherein the cladding portion is conprised of silicon nitride, organic
silicate glass, silicon dioxide, polyimde or PMWA. 8. The nethod of claim
1, wherein the selective renoval process selective to the patterned
sacrificial portionis a dry and/or wet etching process. 9. The nethod of
clain11,[%@%5§&§0the patterned sacrificial portion is renoved before the

pl anari zatTon . The method of claim1, wherein the sacrificial portion
is photoresist and the patterned sacrificial photoresist portion is
renoved ball eara discqrhablarinteaface bebyeean etshed ppffeglagent@sand titidertheel 268t hod of
claim1l1, wherein the wavegui de core portion is formed using a first nask;

and the ﬁafdrﬁfglqugﬁ{gr’]ﬂe idrl Al #BLAH e tSreBabt erned from a sacrificial |ayer
using a second mask that is the reverse of the first mask. 31 IME 02 - 021

12. The nmethod of claim1l, wherein the planarization also renoves the
patterned sacrificial portion protruding remant.

A further annealing step may be optionally be used to fuse the regions
503 and 201 together to form 701. A person skilled in the art will recoginze that the
steps outlined in figures 9-A through 9-F may be interleaved with other process

steps without changing the overall process flow and the invention.

The buffer layer 203 and etched buffer layer 503 can be used as at least
a part of an etch mask for etching of said core 202. In addition, it may be used as a
sacrificial region to accommodate resist erosion. The buffer layer 203 could

optionally have a graded index distribution to reduce optical losses in the core 202.

Using this method we have proved that it is possible to generate
smooth waveguide cores that have a surface roughness of equivalent to that of the
deposited layer. The process steps in Figures 9-A through 9-F are applicable to
situations in which there are multiple waveguide cores as shown in Figures 8-A
through 8-D. In this case, the steps outlined in Figures 9-A through 9-F may be used

to fabricated waveguide cores 85 or 86 (see Figures 8-A through 8-D).
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13. The method of claim 1, wherein wavegui de core portion is forned using a
first nmask; and not all the sacrificial portion area is needed to be
patterned using a second mask that is the reverse of the first mask. 14.
The nethod of claim1, wherein the patterned sacrificial portion is also
removed during the planarization. 15. The nethod of claim1, wherein the
pl anari zation includes a fine planarization process. 16. The nethod of
claim 1, pwhepehsy the planarization of the remmant of the higher cladding
exposed portion over the wavegui de core portion and the | ower cladding
porti on does not expose the upper surface of the wavegui de core portion.
17. A net hod ghotasesisthgtagkedbspamt 4 afilny pdmpeiseds woff sailicanf rafridept siiedn
wavegui de device, conprising the steps: form ng at | east one wavegui de

core por bixphititlé Birfardit slIRAE! gRBE dhAdAdNEke BALbhOSIENE didkiNef Silyichide,
wavegui de core portion having an upper surface; the 32 | MEO2-02 cl addi ng

portion WM}Q t&@ilgg%nggt%}liog%&ysaeﬂm[ east the wavegui de core portion
and a | ower pdrtion;

7. The method of claim 1, wherein the cladding portion is comprised of silicon

nitride, organic silicate glass, silicon dioxide, polyimide or PMMA.

8. The method of claim 1, wherein the selective removal process selective to the

patterned sacrificial portion is a dry and/or wet etching process.

9. The method of claim 1, wherein the patterned sacrificial portion is removed

before the planarization.

10. The method of claim 1, wherein the sacrificial portion is photoresist and the
patterned sacrificial photoresist portion is removed before the planarization by a

stripping process.
11. The method of claim 1, wherein the waveguide core portion is formed using a

first mask; and the patterned sacrificial portion is patterned from a sacrificial layer

using a second mask that is the reverse of the first mask.
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formng a sacrificial portion, having a different chem cal behavior from
the cladding portion, over the wafer; renoving the sacrificial portion
fromover the higher cladding portion by a first planarization process,

| eavi ng exposed: the higher cladding portion; the patterned sacrificial
portion over the |ower cladding portion; a portion of the cladding portion
adj acent the patterned sacrificial portion over the | ower cladding
portion; neevpRd the higher cladding portion and a portion of the
sacrificial portion by a second, selective, planarization process, |eaving
the patterned sacrificial portion over the |ower claddingtﬁortion exposed,;
t hen nonlgeThke meihod of ckaiar 1.zwherein ke plnasizadon aisorjeinaies| the pattienredover
the |l ower cladding portion; and the |lower cladding portion; to: a

predetermﬁﬂﬂﬁkﬂ@kﬁﬁ@@?&ﬁ@ﬁﬁhg&@ﬂmﬁﬁﬂer surface of the wavegui de core
portion and the upper surface of the cladding portion coplanar with the
snoot h upper surface of the wavegui de core portion;

13. The method of claim 1, wherein waveguide core portion is formed using a first
mask; and not all the sacrificial portion area is needed to be patterned using a

second mask that is the reverse of the first mask.

14. The method of claim 1, wherein the patterned sacrificial portion is also removed

during the planarization.

15. The method of claim 1, wherein the planarization includes a fine planarization

Process.

16. The method of claim 1, wherein the planarization of the remnant of the higher
cladding exposed portion over the waveguide core portion and the lower cladding

portion does not expose the upper surface of the waveguide core portion.

17. A method of forming a substantially planar surface of an optical waveguide
device, comprising the steps:
forming at least one waveguide core portion within at least one cladding

portion over a wafer; the waveguide core portion having an upper surface; the
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33 IME 02 - 021 to formthe substantially planar surface of an opti cal
wavegui de device. 18. The nmethod of claim 17, wherein the cladding portion
has a first index of refraction; the waveguide core portion has a second

i ndex of refraction; and the waveguide core portion second index of
refraction is greater than the cladding portion first index of refraction,
19. The nmethod of claim 17, wherein the renoval of the sacrificial portion
from ovemygtgheohi gher cladding is a chem cal nechani cal polishing process
using a slurry active to the sacrificial portion. 20. The method of claim
17, wherejn the wavegui de core portion conprises at |east one wavegui de
core enb&Rddig RPrtinhaxing édbighan portion qearexjleass thopaveguideaee pettived of
claim 17, wherein the second, selective, planarization process is a

cheni cal andalawieepbrtpl;i shing process. 22. The method of claim 17, wherein
the patterned sacrificial portionis SiN, organo silicate glass (0SG,

di amond- i ke ?cﬂ'hgﬂg a( ﬂtghcﬁﬁ p%rﬁ&{,rlﬂl%ﬁé ¥ Cﬁﬁ&l%lnt cﬁ&n&%bgﬁaﬁop ?r%m the

cladding portion, over the wafer;
removing the sacrificial portion from over the higher cladding portion by a
first planarization process, leaving exposed:
the higher cladding portion;
the patterned sacrificial portion over the lower cladding portion;
and
a portion of the cladding portion adjacent the patterned sacrificial
portion over the lower cladding portion;
removing the higher cladding portion and a portion of the sacrificial portion
by a second, selective, planarization process, leaving the patterned sacrificial
portion over the lower cladding portion exposed; then
non-selectively planarizing:
the patterned sacrificial portion over the lower cladding portion; and
the lower cladding portion;
to:
a predetermined thickness over the upper surface of the waveguide core portion
and the upper surface of the cladding portion coplanar with the smooth upper

surface of the waveguide core portion;
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23. The nethod of claim 17, wherein the predeterm ned thickness is from
about 0 to 200 nm 24. The nethod of claim 17, wherein the second,

sel ective, planarization process is a chem cal nmechanical polishing
process using a slurry with a renoval rate of high cladding dielectric and
greater than the renoval rate of sacrificial material. 25. The nethod of
claim 17, wherein the second, selective, planarization process is a

chem cal mpeghapical polishing process using a slurry active to the
sacrificial portion and the |ower cladding portion. 26. The nethod of
claim17 E?er in Lhe tiést and second, pl anarizati on processes are each a
fine pl atairanthesybstagtiallk planar syrface b arneptifal ¥axegwide deyisr ein the fir st
pl anari zation process is an etching process with an etch selectively to
the cladding portion greater than an etch selectively to the sacrificial
portion. 28. A nmethod for producing at |east two wavegui de core regions
made {1 oM. #he Shathlbo! of Blafih! B, SwhElelld 6 Wckithg FRAHBRIIEA! o RAS HHAT0t
wherein said core regions are integrated on a single substrate 35 I ME 02 -

021 . . . . ,
refraction; the waveguide core portion has a second index of refraction; and the

waveguide core portion second index of refraction is greater than the cladding

portion first index of refraction.
19. The method of claim 17, wherein the removal of the sacrificial portion from over
the higher cladding is a chemical mechanical polishing process using a slurry active

to the sacrificial portion.

20. The method of claim 17, wherein the waveguide core portion comprises at least

one waveguide core embedding within at least another waveguide core.

21. The method of claim 17, wherein the second, selective, planarization process is a

~ chemical mechanical polishing process.

22. The method of claim 17, wherein the patterned sacrificial portion is SiN, organo-

silicate glass (OSG), diamond-like carbon (DLC) or a refractory metal.
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29. The nethod of claim 28 wherein at | east one wavegui de core i s enbedded
in at | east other wavegui de one other core. 30. A nethod for producing

et ch-damage free optical wavegui de structures, conprising the follow ng
steps: depositing etch buffer |ayer after wavegui de formation; etching of
buffer | ayer except on the top of waveguide; 5 depositing a coupling
dielectric; optionally planarizing the coupling dielectric surface;

form ng theowpper part of a coupling zone by patterning; and etching with
the buffer |layer being etched also but not fully to protect the wavegui de;
and 10 depositing a cl adding dielectric. 31. The nethod of claim 30 wherein
cl addi ng2di Ereretad efclaig tovekereinhemredgferninedthickness in grosn abpwy Gion

di oxide, silicon nitride, organic silicate glass, Polyimde and PMVA 32.
The net h@d0afm.cl ai m 30 wherein buffer layer is sane naterial as the
cladding material or optically simlar, where the difference of refractive
index is less than 0.2. 36

24. The method of claim 17, wherein the second, selective, planarization process is a
chemical mechanical polishing process using a slurry with a removal rate of high

cladding dielectric and greater than the removal rate of sacrificial material.

25. The method of claim 17, wherein the second, selective, planarization process is a
chemical mechanical polishing process using a slurry active to the sacrificial portion

and the lower cladding portion.

26. The method of claim 17, wherein the first and second planarization processes

are each a fine planarization process.

27. The method of claim 17, wherein the first planarization process is an etching
process with an etch selectively to the cladding portion greater than an etch

selectively to the sacrificial portion.

28. A method for producing at least two waveguide core regions made from
dissimilar materials using chemical mechanical polishing, wherein said core regions

are integrated on a single substrate
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| MEO2- 021 33. A low | oss wavegui de device consisting of: a wavegui de core;
a buffer layer on top of said wavegui de core; and a dielectric materi al
'surroundi ng said wavegui de core; wherein: the top part of said buffer

| ayer has a refractive index substantially close to the refractive index
of said dielectric material surrounding said wavegui de core; said buffer

| ayer bei ng deposited before etching of said wavegui de core; and said
wavegui d euige i s fabricated on a substrate. 34. The |ow | oss wavegui de
device of claim33, wherein said dielectric material surrounding said
wavegui de core is: a cladding region if there is a single wavegui de core;
and a low index core if said wavegui de core is enbedding in said dielectric
material. 35. The | ow | oss wavegui de device of claim 33, wherein said

buf fer | ageThdarteod of élaih PBavhareRXataastloneavaniohidl £3:0GE bhbedBEL A A4
surroundi ng sai d wavegui de core. 37

least other waveguide one other core.

30. A method for producing etch-damage free optical waveguide structures,
comprising the following steps:

depositing etch buffer layer after waveguide formation;

etching of buffer layer except on the top of waveguide;

5 depositing a coupling dielectric;

optionally planarizing the coupling dielectric surface;

forming the upper part of a coupling zone by patterning; and

etching with the buffer layer being etched also but not fully to protect the
waveguide; and

10 depositing a cladding dielectric.

31. The method of claim 30 wherein cladding dielectric is selected from the group
consisting of silicon dioxide, silicon nitride, organic silicate glass, Polyimide and

PMMA.,

32. The method of claim 30 wherein buffer layer is same material as the cladding

material or optically similar, where the difference of refractive index is less than 0.2,
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I ME 02 - 021 36. The | ow | oss wavegui de device of claim 33, wherein said
buffer layer is used as at |east a part of an etch nmask for etching of
sai d wavegui de core. 37. The | ow | oss wavegui de device of claim 33, wherein
said buffer layer is used as a sacrificial region to accomobdate resist
erosion. 38. The | ow | oss wavegui de device of claim 33, wherein said buffer
| ayer is used to protect said wavegui de core from photoresist strip and
associ at gdpgbegmi Nng steps. 39. The | ow | oss wavegui de device of claim 33,
wherein said buffer |ayer has a graded refractive index distribution. 40.
The | ow | oss wavegui de device of claim 33, wherein said buffer layer is
used to protect said wavegui de core fromone or nore subsequent chem ca
mechani cal polishing steps. 41. The | ow | oss wavegui de devi ce of claim 33,

wher ei n $ai Al loa\leguvaeegitdedisice tovistgirpi ¢l nonolithically with at |east one
ot her wavegui de core which is not co- planar with said | ow | oss wavegui de

devi ce. 38 | - fﬁ?ejt 42. The low | oss wavegui de device of claim 33,
wherei n sai dwglﬁ%eegu ayeor ‘has a

a buffer layer on top of said waveguide core; and

a dielectric material surrounding said waveguide core;
wherein:

the top part of said buffer layer has a refractive index substantially close to
the refractive index of said dielectric material surrounding said waveguide core;
said buffer layer being deposited before etching of said waveguide core; and

said waveguide device is fabricated on a substrate.

34. The low loss waveguide device of claim 33, wherein said dielectric material
surrounding said waveguide core is:

a cladding region if there is a single waveguide core; and

a low index core if said waveguide core is embedding in said dielectric

material.

35. The low loss waveguide device of claim 33, wherein said buffer layer has a

refractive index equal to said dielectric material surrounding said waveguide core.

37



refractive index substantially different fromthe refractive index of said
wavegui de core. 43. The |l ow | oss wavegui de device of claim42, wherein
said buffer |ayer has a refractive index equal to the refractive index of
said dielectric material surrounding said waveguide core. 44. The |ow | oss
wavegui de device of claim42, wherein said buffer layer is used as at |east
a part of an etch mask for said etching of said wavegui de core. 45. The | ow
| oss waveguigegsevi ce of claim 42, wherein said buffer layer is used as a
sacrificial region to accommbdate resist erosion. 46. The | ow | oss
wavegui de device of claim42, wherein said buffer |layer is used to protect
sai d wave§ullareloys tass waegaidshdedeeef daim 83 wherein said duiffer dayeslivusddas st eps.
47. The | ow | oss wavegui de device of claim42, wherein said buffer |ayer

has a gradkdsi g ofl b etdiiuhilofor eBhindEPexi@WavedBidelddge.| ow | 0ss wavegui de
device of claim42, wherein said buffer layer is used to protect said
wavegui de core fromone or nore subsequent chem cal nechanical polishing
st eps.

37. The low loss waveguide device of claim 33, wherein said buffer layer is used as

a sacrificial region to accommodate resist erosion.

38. The low loss waveguide device of claim 33, wherein said buffer layer is used to

protect said waveguide core from photoresist strip and associated cleaning steps.

39. The low loss waveguide device of claim 33, wherein said buffer layer has a

graded refractive index distribution,

40. The low loss waveguide device of claim 33, wherein said buffer layer is used to
protect said waveguide core from one or more subsequent chemical mechanical

polishing steps.
41. The low loss waveguide device of claim 33, wherein said waveguide core is

integrated monolithically with at least one other waveguide core which is not co-

planar with said low loss waveguide device.
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49. The | ow | oss wavegui de device of claim42, wherein said said buffer

| ayer has a refractive index substantially different fromthe refractive

i ndex of said waveguide core.. 50. The | ow | oss wavegui de device of claim
33, wherein said waveguide core is integrated nonolithically with at |east
one ot her waveguide core which is of a different material fromsaid
wavegui de core. 51. The | ow | oss wavegui de device of claim50, wherein said
buffer | augroobas refractive index equal to a refractive index of. at |east
one ot her wavegui de core; and of said dielectric region surrounding said
wavegui de_core. 52. The | ow ]| oss wavegui de device of claim50, wherein said
buffer | &9-e?f1¢ doydless aavgguidesdevige 94 clainy 3anwhersin saisk bufier layenihag 2f sai d
wavegui de core. 53. The | ow | oss wavegui de devi ce of claim50, wherein said

buf f er | asfeactive indedsalstantidlyr diffeedrt froraghe fefractiedndeo opb4d vesieguidy 0si on.
40 IME 02 - 021 54. The | ow | oss wavegui de device of claim50, wherein said
buffer laygr is used to protect said waveguide core froma photoresi st
strip and associated cl eaning steps. 55. The | ow | oss wavegui de devi ce of
cl ai m50, wherein said buffer |ayer has a

43. The low loss waveguide device of claim 42, wherein said buffer layer has a
refractive index equal to the refractive index of said dielectric material surrounding

said waveguide core.

44. The low loss waveguide device of claim 42, wherein said buffer layer is used as

at least a part of an etch mask for said etching of said waveguide core.

45, The low loss waveguide device of claim 42, wherein said buffer layer is used as

a sacrificial region to accommodate resist erosion,

46. The low loss waveguide device of claim 42, wherein said buffer layer is used to

protect said waveguide core from a photoresist strip and associated cleaning steps.

47. The low loss waveguide device of claim 42, wherein said buffer layer has a

graded index distribution.
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graded index distribution. 56. The | ow | oss wavegui de devi ce of cl ai m 50,
wherein said buffer layer is used to protect said wavegui de core from one
or nore subsequent chem cal nmechanical polishing steps. 57. The | ow | oss
wavegui de devi ce of claim50, wherein said said buffer |ayer has a
refractive index substantially different fromthe refractive index of said
wavegui de core. 41

IME 02 - 021

48. The low loss waveguide device of claim 42, wherein said buffer layer is used to

protect said waveguide core from one or more subsequent chemical mechanical

polishing steps.

49. The low loss waveguide device of claim 42, wherein said said buffer layer has a
refractive index substantially different from the refractive index of said waveguide

core,

50. The low loss waveguide device of claim 33, wherein said waveguide core is
integrated monolithically with at least one other waveguide core which is of a

different material from said waveguide core.

51. The low loss waveguide device of claim 50, wherein said buffer layer has
refractive index equal to a refractive index of: at least one other waveguide core;

and of said dielectric region surrounding said waveguide core.

52. The low loss waveguide device of claim 50, wherein said buffer layer is used as

at least a part of an etch mask for etching of said waveguide core.

53. The low loss waveguide device of claim 50, wherein said buffer layer is used as

a sacrificial region to accommodate resist erosion.
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54. The low loss waveguide device of claim 50, wherein said buffer layer is used to

protect said waveguide core from a photoresist strip and associated cleaning steps.

55. The low loss waveguide device of claim 50, wherein said buffer layer has a

graded index distribution.

56. The low loss waveguide device of claim 50, wherein said buffer layer is used to
protect said waveguide core from one or more subsequent chemical mechanical

polishing steps.

57. The low loss waveguide device of claim 50, wherein said said buffer layer has a

refractive index substantially different from the refractive index of said waveguide

core.
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