PLANAREZED PASSIVATION LAYER FOR SEMICONDUCTOR DEVICES CROSS REFERENCE TO
RELATED APPLICATIONS [00011This application is a divisional application which claims benefit of
co-pending U.S, Patent Application Ser. No, 12/062,534 tiled on April 4, 2008, which claims the benefit
of U.S. Provisional Patent Application Ser. No. 60/9099943 filed on April 4, 2007. The afore-mentioned
applications ieANcORIFFER P ASEYith IO A ERIF (RIS EMISIO NI CIOR THEYIQESNTION
10002]The present invention relates generally to semiconductor devices and methods of fabrication
thereof More particularly, @5 Sl iR iENfich FOI RES A0l BIRNAPREEGFaEERMBON layers for
semiconductor devices. BACKGROUND OF THE INVENTION [0003]Liquid-crystal-on-silicon (LCOS)
has galf@8ldonsid&iabiwhessision adévisiveskmntagienividoh ¢eflestvngivfdconerdinadioyies. Fig. 1
shows a eross-scetional view of a conventional LCOS structure 100. The LCOS structure comprises a
substralatamsA N iveticofrevites! S(I7. 8 fratesistord gribt sRoNn ydaehtsdaforsribe benelié slbstrate. A
dielectric layer, for example, an intern-a:Ml dielectric (TMD) layer 120 is formed on top of the
substrdteovasprané RsenbAipebivaifay et DD, SGEH8DH3 bileriNg dtih 28 ebhmatardayentiB@dre form

.d. over the substrate. An opening, such as a recess or trench, is formed in the adhesive and metal

layers, apppissiienpert orcormpraivd bamyath Rypeisigatomdkidedaljtyl 70 and a passivation nitride layer
180 are deposited over the substrate and the opening. Non-planar passivation layers are thus formed.
Liquid crystals (not shown) are then. &pplidt@irddil IWENTKAe of the semiconductor device coated

with metal layer and non-planar passivation layer- As such, high reflectance of the metal layer is
comprd®1€8l.  The present invention relates generally to semiconductor devices and methods of

fabrication thereof. More particularly, the present invention relates to planarized passivation
layers for semiconductor devices.

BACKGROUND OF THE INVENTION
[0003] Liquid-crystal-on-silicon (LCOS) has gained considerable attention due to recent
innovations in reflection projection technologies. Fig. 1 shows a cross-sectional view of a
conventional LCOS structure 100. The LCOS structure comprises a substrate 105. Variety of
devices such as transistors (not shown) can be formed on the substrate. A dielectric layer, for
example, an intermetal dielectric (IMD) layer 120 is formed on top of the substrate. A patterned
adhesive layer 130, such as Ti or TiN, and a patterned metal layer 160 are formed over the
substrate. An opening, such as a recess or trench, is formed in the adhesive and metal layers,
exposing portion of the IMD layer. A passivation oxide layer 170 and a passivation nitride layer
180 are deposited over the substrate and the opening. Non-planar passivation layers are thus
formed. Liquid crystals (not shown) are then applied directly to the surface of the semiconductor
device coated with metal layer and non-planar passivation layers. As such, high reflectance of

the metal layer is compromised.



[0004]Flatness of the metal layer is one of the major thetors affecting the reflectivity in LCOS devices,
To obtain optimal performance, besides requiring high reflectivity of the metal layer, planarization of
the passivation layers over the metal layer is in:mot/ant too, [0005]From the foregoing discussion, it is
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presented. The method includes providing a substrate having a dielectric layer and a device layer
formed thereon. The device layer is on top of the dielectric layer. An opening is formed throuth the
device layer. The method further includes forming first and second sublayers on top of the device layer
and lining the opening. A fill layer is deposited on top of the first and second. sublayers and tills me
opening. The fill layer is planarizedSH I AeREKeE BHERRIHRE IS the second sublayer, forming a
substantially planarized top surface for the semiconductor device. 10008]in another embodiment of the
inventid®0@binethddopressrtatieg tiosariitontiuRitaseoit passivasipsels Hisgiceuditiate. The
substrate includes a base substrate with a dielectric layer formed thereon, a device layer formed on
top of tHeviietedmienayspesi@ L fistiavrntesondesubriydiaresroftmsonidade THifcremiordBeiid
includes forming an opening through the second sublayer. A fill layer is provided on top of the second
sublaydeisd s pisespesihgrathbaningyediel plairdayarang sdedendayar op thafaeetahd ke cond
sublayer. The second sublayer serves as a stop layer such that. a substantially planarized top surface
is forméeviee deraicumeRiciey deorwlif@oObETrass e dticlesisi &tsthatonglwies Benvanthereeithd
features of the present invention herein disclosed, will become apparent through reference to the
followirigtlaxeriptiopeastiahhadevafiangirmgd awisdhe PoptHBE BRS84S BRAYAH ST STbW fat the
features of the various embodiments described herein are not mutually exclusive and can xist in
varioustto fiisirabnsanhssasrnatohyBRIEFD BSCRIP RN @ P IR E B R ARIER00 10jIn the
drawings, like reference characters generally refer to the same parts throughout the different views.
Also, tHialrtaniials alenpozekiarssaityadsstmnediphsseritoad érictaniEpeing placed upon

illustrating the principles of the invention. Various embodiments of the ) o
[0007] In another aspect of the invention, a method of fabricating a semiconductor device is

presented. The method includes providing a substrate having a dielectric layer and a device
layer formed thereon. The device layer is on top of the dielectric layer. An opening is formed
through the device layer. The method further includes forming first and second sublayers on top
of the device layer and lining the opening. A fill layer is deposited on top of the first and second
sublayers and fills the opening. The fill layer is planarized until it reaches a top surface of the
second sublayer, forming a substantially planarized top surface for the semiconductor device.
[0008] In another embodiment of the invention, a method of fabricating a semiconductor
device comprises providing a substrate. The substrate includes a base substrate with a dielectric
layer formed thereon, a device layer formed on top of the dielectric layer and first and second
sublayers on top of the device layer. The method includes forming an opening through the
second sublayer. A fill layer is provided on top of the second sublayer and fills the opening.
The fill layer is planarized until it reaches a top surface of the second sublayer. The second
sublayer serves as a stop layer such that a substantially planarized top surface is formed for the
semiconductor device.

[0009] These and other objects, along with advantages and features of the present invention

herein disclosed, will become apparent through reference to the following description and the



‘eat invention are described with reference to the following drain which: 100111Fig. | shows a
cross-section of a conventional LCOS device; [0012]Fig. 2 illustrate a planarized passivation layer in a
semiconductor structure in accordance with one embodimcnt of the invention: 100131Figs. 3a-b show
a planarized passivation layer in.a semiconductor structure in ccorg%n e with. yarious embodiments
of the IRASATGHYHE BFTANEY s HEDSTBYTR, 615 10 78 4naRst gﬁl’@ﬁ g%%é%ssogiif&‘fﬁﬁﬁ%uﬁ device
structure with planarized passjvation layeraccor ith varigus embodiments of theginvention.
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semicondyctor devices. More particularly, the
and permutations.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] In the drawings, like reference characters generally refer to the same parts throughout
the different views. Also, the drawings are not necessarily to scale, emphasis instead generally
being placed upon illustrating the principles of the invention. Various embodiments of the
present invention are described with reference to the following drawings, in which:
[0011] Fig. 1 shows a cross-section of a conventional LCOS device;
[0012] Fig. 2 illustrate a planarized passivation layer in a semiconductor structure in
accordance with one embodiment of the invention;
[0013] Figs. 3a-b show a planarized passivation layer in a semiconductor structure in
accordance with various embodiments of the invention; and
[0014] Figs. 4a-e, 5a-b, 6a-f, 7a-c and 8a-b show process of forming a device structure with
planarized passivation layer in accordance with various embodiments of the invention.

DETAILED DESCRIPTION OF THE INVENTION
[0015] The present invention relates to semiconductor devices. More particularly, the
present invention relates to semiconductor devices with improved planar top surfaces.
[0016] Fig. 2 shows a cross-sectional view of a device structure in accordance with one
embodiment of the invention. In one embodiment, the device structure comprises a LCOS
device structure. Other types of devices may also be useful. As shown, the device includes a
substrate 405. Typically, the substrate comprises a semiconductor material such as silicon. Other
types of substrates, for example, SiGe, SiGeC or SiC, are also useful. Providing substrates
which include an insulation or buffer layer, such as silicon-on-insulators (SOIs), SiGe-on-

insulators (SGOIs), silicon-on-nothing (SON), is also useful.



present invention relates to semiconductor devices with improved planar top surfaces, [0016]Fig. 2
shows a cross-sectional view of a device structure in accordance with one ca.hodiment of the
invention. hi one embodiment, the device structure comprises a LCOS device structure Other types of
devices may also be useful. As shown, the device includes a substrate 405. 'Typically, the substrate
comprif&&l3]semikeridu RircHiAESHRI RTS8 WiRbON D tHHshigp EansFSoNss fta a6y @iifiple, SiGe,
SiGee or SiC, are also useful. Providing substrates which include an insulationlayer, such as
silicon-saisteglavrd ol dsice ha sikstiziors (SEDRIheTRBASIb M SIS NG 5 disdegtddul.
[0017]Various circuit components (not shown), such as transistors, capacitors and/or resistors, can be
providéayertiee diiesdistectdolasisndenexesmporemprieg slisetratede Lihsrebwrs ol dickestriane
dielectric layer, for example, comprises silicon oxide. Other types of dielectric materials are also uselni.
The dicrisaiialages depvessB; fbhasishplac dayRTtesTEoR pelde SO Mlpes ITyRlidiglasiekness of the
dielectric layer is about 500 - 20000 A. Other thicknesses are also useful, it is further understood that
there nit TR axiichiaivnbiaichesm e ardiisissiric kror shvex d80ic0808rs belehemHuaTeHic
layer. [00181A device layer 460 is provided on the dielectric layer. Tri one embodiment, the device

layer corapirseasafidfdethButirsrsiensaciichitiipe mardwadtisional metatnitemstal disgrric

comprises a conductive material, such as Al, AlICuSi or Ans. Other types of reflective materials or
device #agées aihstisyige dypratiphey [Hretialsotesdayeroptionally provided between the device layer

and dielectric layer to promote adhesion. The liner layer can comprise, for _ ]
[0018] A device layer 460 is provided on the dielectric layer. In one embodiment, the device

layer comprises a reflective layer formed from a first material. For example, the reflective layer
comprises a conductive material, such as Al, AICuSi or AlCu. Other types of reflective
materials or device layers are also useful. A liner layer 430 can be optionally provided between
the device layer and dielectric layer to promote adhesion. The liner layer can comprise, for
example, Ti or TiN. Providing other types of liner materials can also be useful. The thickness of
the liner layer is about less than 1000 A. Providing liner layer with other thicknesses is also
useful.

[0019] In one embodiment, the device layer comprises a patterned device layer having
portions 460a-b separated by a space or trench 464. To ensure separation between the device
layer portions, the trench comprises a depth which is greater than the bottom of the device and/or
liner layer, which results in the dielectric layer being exposed. The trench, for example, is about
less than 2000 A below the bottom of the device and/or liner layer. Other depths are also useful.
[0020] In one embodiment, a passivation liner is disposed on the device layer. The
passivation liner covers the top of the device layer and lines the trench. The passivation liner, in
one embodiment, comprises a plurality of sublayers. As shown, the passivation liner layer

comprises a dual passivation liner layer with first and second sublayers 470 and 480. Providing



example, Ti or TiN. Providing other types of liner materials can also he useful. The thickness of the
liner layer is about less than 1000 A. Providing liner layer with other thicknesses is also usefial,
10019]in one embodiment, the device layer comprises a patterned device layer having portions 460a-b

separated by .a space or tfrench. 464, To ensure separation_ betfween the device lgyer portions, the
toneh CoRBICALAT SETHAWRTCHE BOSH AT O1 BOASHPOY BRP SRE1Cl A0 GFnch o VELTLA the
dielectric Ie%/ﬁj bein}g T? sed. The trench, for example, is about less than 2000 A below the bottom of
the deviREHMLTBFFHE §\§er. Other depths are also useful. (00201in one embodiment, a passivation
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planar surface. For example, the top surface of the fill material can be coplanar with or slightly
below the liner surface. The top surface of the fill material, in one embodiment, is about less
than 1000 A below the liner surface.
[0022] The first sublayer, as shown, covers the device layer. The first sublayer serves as, for
example, a passivation layer to protect the device layer from erosion by moisture in the air and to
avoid scratch during processing. In one embodiment, the first sublayer comprises silicon oxide.
The thickness of the first sublayer is, for example, about 50 - 2000 A. Other thicknesses are also
useful. As for the second sublayer, it comprises a material which the fill material can be
removed selectively thereto. For example, the second sublayer serves as a polish stop for the fill
material. In one embodiment, the second sublayer comprises silicon nitride. Other types of
materials which can serve as a polish or etch stop are also useful. The second sublayer also
protects the passivation layer, preventing it from being removed during processing.
Additionally, the second sublayer protects the device layer from sputtering during filling of the
trench. The thickness of the second sublayer is about 50 - 2000 A. Preferably, the total
thickness of the first and second sublayer is about 100 - 4000 A.
[0023] Figs. 3a-b show alternative embodiments of the invention. As shown, the device
structures are similar to that described in Fig. 2. In accordance with the embodiments shown, the
second sublayer 480 serves as a sacrificial sublayer. The portions of the second sublayer over

the device layer are removed, leaving portions lining the trench. Referring to Fig. 3a, the top

surface 468 of the fill is coplanar with the top surface of the first sublayer. A surface passivation



the second material comprises high density plasma t/TDP) oxide. Other types of fill materials are also
useful, A top surface 468 of the fill material and liner forms a planar or substantially planar surface. For
exampk, the top surface of the fill mate c. be coplanar with or light' below the liner surface. The top
surface of the fill material, in one embodiment, is about less than 1000 A below the liner surface.
[0027] TreeTitSSssmegdredonrbamrissars thiestiateispyerned i st palprsanddeeash Bllexample,
a passivation layer to protect the device layer from erosion by moisture in the air and to avoid scratch

during PRscesging PRIBYRIEMISETFERS thelanat ibryere dthriseensirad dunsat: the tilissess of the

first suhlayer is, for example, about 50 - 2000 A. Other thicknesses are also useful. As for the second
sublay®aSHIeiRpriake SOREEsRY SWHER FHEGR. nhen AYRei0h SUHRTE RIS LB VRIS 3
example, the second sublaytT serves as a polish stop for the -fill material. En one embodiment, the
secondiSefilayRRTCBrABRSe SLiReB I KIS e eSS R S IS WHIRRRIT XIS HINGE of Mich stop
are also useful. The second sublayer also protects the passivation layer, preventing it from being
removebiekis Priteasifge RatticHAM a6 SedoHE LB Drotects the device layer from sputtering
during filling of trench. The thickness of the second sublayer is about 50 - 2000 A. Preferably, the total
thicknel¥3#theaReSsana dostistaiferths sesirians 4o é‘.%‘@?@l iy & aopedhisiPrirarfRstR
embodiments of the invention. As shown, the device structures are similar to that described in Fig. 2.
In accoitfatitss witkuse edidiimmmhitstansssanthe sbysnidhe lagerius aeservesd bl dheieiaseplay |
The portions of the second sublay-er over the device layer are removed, leaving portions lining the
trench. FR&Ex&rir Yebiayerandpbe B surface Aot Tacomssrsnaionmr IR fols SBPCESSHAB first
sublayer. A surface passivation layer 485 is provided on the surface of the substrate, covering the first

sublayei08Rd\rehtif fisTHe 8sHERRePASEAIRIh mFE AP RIdFhPIgh TS aB8aAuBREate,

embodiment, the surface passivatton layer comprises silicon nitride. Other types of surface passivation
materidi@ eFeng|tee Jgé?éﬁmﬁ%x%ﬁ?ﬁﬁg%ﬁﬁwmmé%ﬁe&%@é (SRR R EEPBhss vation
layer. The thickness of the surface passivation layer is about 50 - 2000 A. [0024]Referriné:1 to Fig. 3h,
the top 18YiFfadeaiog st Ereetrechratped Msovs e {58 dambsbpntially planar top surface 488.

Providing surface passivation layer with more than one layer is also useful.

[0025] Figs. 4a-e show a method of forming a device structure with planarized passivation
layer in accordance with one embodiment of the invention. Referring to Fig. 4a, a substrate 405
is provided. In one embodiment, the substrate comprises silicon. Other types of semiconductor
materials or substrates, for example, SiGe, SiGeC or SiC, are also useful. Providing substrates
which include an insulation or buffer layer, such as silicon-on-insulators (SOIs), SiGe-on-
insulators (SGOISs), silicon-on-nothing (SON), is also useful. The substrate, for example, can
be prepared with various circuit components (not shown), such as transistors, capacitors and/or
resistors. Other circuit components are also useful.

[0026] In one embodiment, a dielectric layer 420 is deposited on top of the substrate. The
dielectric layer, for example, comprises silicon oxide. The dielectric layer serves as an interlevel
dielectric (ILD) layer. Various techniques, such as chemical vapor deposition (CVD), can be
used to deposit the dielectric layer. Typically, the dielectric layer is about 500 -20,000 A thick.

Other deposition techniques, materials or thicknesses are also useful. It is understood that there



the first sublayer. Additionally, the second sublayer in the trench is recessed. below the surthee of the
first sublayer and the top surface of trench fill. The recess, for example, is about less than 1000 A. Like
Fig. 3a, a surfa.ce passivation layer 485 is provided on the surface of the substrate, covering the first

sublayey, fogrszrARAGP I AYRIAYGEhaRd darehi il dhe Méﬁﬁ@vﬁ’@é@é@@%l‘@%%e%@lé@tmﬁ recess

and raised top surface, forms a substantially planar top surface 488. Providing surface passivation
layer with,myore than one layer is also useful. [00251Figs, 4a-e show a method of forming a device
structure with plan zed passivation layer in accordance with one embodiment of e invention. Referring

to Fig-O‘F[QOQﬁUbs%@é%@ﬁé%fé[@c‘!ﬂﬂ@‘ﬁag@r?Q%ﬁﬁé@@ﬂiﬂ&‘]ﬁﬁ&%%b%tﬁrf&%ggﬁﬁfoﬁi@?&”- Other

types of semiconductor materials or substrates, for example, SiGe, SiGeC or SIC, are also useful.

Providingigubsirstes whigh i(!ﬁ%l_'égﬁiéﬁh%?lé'&&iQQwsPéﬁk‘%ﬁl?Y&ﬁn%HQQﬁﬁ aglicen@nsisulators (SOIs),
SiGe-oninsulators (SGOIS), silicon-on-nothing (SON), is

also useful. The substrate, for example, can
be prepgras Wik yR QUSSP RORATRRSI(BRTIIOWHY SHEN RS ARSI S ARAGHQ smand/or

resistors. Other circuit components are also useful. 100261In. one embodiment, a dielectric layer 420

is deposited an top9ttie sihstiairuEhadislecticayan omaempla cRmPHResRIicAR OXisieT he

dielectric layer serves as an interlevel dielectric OLD) layer. Various techniques, such as chemical

vapor depgsitians(GMRY Aandbedsekta-denasit the.dislestric layer. Typically, the dielectric layer is
about 500 -20,000 A thick. Other deposition techniques, materials or thicknesses are also useful. It is

understpgsbat thergeg_dejisnsbmetahmsierReiak tigletifeand/arothdiodavias, lmwashelow the

dielectric Layer. [0027]Above the dielectric layer is formed a liner layer 430. The liner layer promotes

adhesiog}b@ty&%gag diglestricd qyy‘éramﬂl@raﬂb@@w&%y donmpeddayser abapleln epgda@mRrdiment, the
liner layer comprises Ti or TiN. Typically, the liner ayer is about less than 1000 A. Conventional

techniqugpsrsiueh asApWIenRy ofalde Loerie/fRIBAbeHNR iRy Lt E1RE e (MY eI Materials as well
as thicknesses are also useful.
device layer is typically about 100 — 20000 A formed by sputtering or electroplating. Other
techniques or thicknesses are also useful.
[0029] In one embodiment, the device and liner layers are patterned to form a trench opening
465. Conventional mask and etch techniques can be used to form the trench opening. For
example, a photoresist mask layer is formed over the device layer and patterned to expose
portions of the dielectric layer. An anisotropic etch, such as reactive ion etch (RIE) is performed
to removed the device and liner layers. To ensure separation, an over etch can be performed,
recessing the opening below the bottom of the liner layer.
[0030] Referring to Fig. 4b, a first sublayer 470 of a passivation liner is formed on the
substrate, covering the device layer and lining the trench opening. In one embodiment, the first
sublayer comprises silicon oxide having a thickness of about 50 - 2000 A. Other thicknesses are
also useful. The first sublayer serves as a first passivation layer protecting the first material of
the device layer from erosion due to environment and subsequent processing chemistry. In one

embodiment, the first sublayer is formed by CVD. Forming the first sublayer using other

techniques are also useful.



[0028]A device layer 460 is ftnned over the liner layer. In one embodiment, the device layer comprises
a reflective layer. The reflective layer comprises, for example, a conductive layer such as Al, AICuSi or
AlCu. Other types of conductive materials are also useful. The device layer is typically about 100 -
20000 A formed by sputtering or electroplating. Other techniques or thicknesses are also useful.
(0029118084¢ emBotienadsublaxisise ahdisinassiaptien dvecpinapridied fsiha firshtbByeniny 465.
Conventional mask and etch techniques can be used to form the trench openin% For example, a

photorebisymiskifyiesr iSHenseendvebimetesirsissier matrpaldiffeaiciomdae iyst o vrite

dielectric layer. An anisotropic etch, such as reactive ion etch (RIE) is performed to removed the
device wall findriaveesiatssesardlstsdratehoneningr Brencem s pesirthe deserd selavdidebening
below the bottom if the liner layer. [0030)Referring to Fig. 4b, a first sublayer 470 of a passivation liner
is fonnedhigheheteusdadiardisse ang st eclaise MBadiRg %H@%b@*icﬂy bpesaary mytdpwer, for
embodiment, the first sublayer comprises silicon oxide having a thickness of about 50 - 2000 A. Other
thickneesusrife wswuswsialliTormitgdsudiagdriskroasoddhs freppa SERIANBN AR O the first
material of the device layer from erosion due to environment and subsequent processing chemistry. In
one enfBdeiitiskngrschratesUpryrstid. idmhesacepONbarsFRMgStAR Ar s R foF DRYgatian.
techniques are also useful. 100311A second sublayer 480 of the passi-iition liner is deposited on the
first staBaeges, tachsiminn MAIGs 40V Pheasdoredimiayer tbesqsnedsela%tErial different from the first
sill:gayer as well as the material used to fill the trench opening. In one embodiment, the second

sublaydP®3H a highistith pafil laaradéds aderpsiirdanee thasuvate dhahrgcausisyRryehe nd

sublayer, for example, comprises silicon nitride. The thickness of the second sublayer is shout 50 -
2000 Afithinzetiibrtesencirandisorse e THEceebHE Saptageibiyds 43 perphagiensat the
planarization. Various techniques, such as CVD, can be used to form the second sublayer. 100321In

Fig. 4d fil fitveagapudd pufnipebibll Sveirenehsenraietor e SR dav sommgjess FHislectric material

which can be removed selective to the second sublayer. In one embodiment, the first sublayer
and fill layer comprises the same material, such as silicon oxide. Providing the first sublayer and
fill layer with different materials is also useful. Preferably, the fill layer comprises silicon oxide
formed by HDP CVD. Other types of materials or deposition techniques are also useful.

[0033] The substrate is polished to remove excess material of the fill layer, as shown in Fig.
4e. For example, the substrate is polished by chemical mechanical polishing (CMP). Preferably,
the CMP employs a highly selective slurry or a combination of high and low selective slurry
which removes excess fill material using the second sublayer as a polish stop. This reduces or
minimizes loss of the second sublayer while removing the fill layer. The selectivity of the fill
material to the second sublayer, in one embodiment, is about 1:2 — 1:1000. Other selectively
ratios are also useful, depending on the wafer surface option ratio. The CMP stops on the second
sublayer, forming a planar or substantially planar surface 468 between the top of the fill material
in the trench and surface of the second sublayer. An over-polish can be performed to slightly
recess the top surface of the fill layer in the trench, as indicated by the dotted line. The recess

should be about less than 1000 A.



fill layer fills the trench and covers the surface of the second sublayer. In one embodiment, the fill layer
should sufficiently fill the trench opening. The fill layer comprises a dielectric material which can be
removed selective to the second sublayer. In one embodiment, the first sub-layer and fill layer

comprisgR¥ag samedmatrual %mﬁéssﬂiﬁ@éb%igﬁﬁﬁamac@g@m efifstigtiiaxsp apehE Udayss with

different materials is also usetith Preferably, ayer comprises silicon oxide formed by HDP CVD.

Other t%i@iﬁﬂﬁt%iﬁﬁo%tf!ﬁHA?QfQ techyanes BYGalseHseiv dA03bHaasibstate ispalshed to

remove excess material of the fill layer, as shown in Fig. 4e, For example, the substrate is polished by

chemicabrgahaniaalipaishingCMBNifsrie ARl enGME-CRINS BV Selecysrshury or a

combination of high and low selective slurry which removes excess fill material using the second

SUb|aye§e%§1§1%ﬁ?1f§o‘¥£‘ﬁlén'ﬁ%§rrseﬁé{§?§tﬁé BupRESS JoaRQidine sRrendRidtaYenwhlg reinadng the fill

layer. The selectivity of the fill material to the second sublayer, in one embodiment, is about 1:2 -

1:1000. thsy selrpEvY I&5I0S RtEIRISQ epalidl idenending on the wafer surface option ratio, The CMP
stops on the second sublayer, forming a planar or substantially planar surface 468 between the top of

the fill magasal in thgsench anssyfareRidhasaaond auRYeRAONshRalishcaN hagesiaymed to

slightly recess the top surface of the fill layer in the trench as indicated by the dotted line. The recess

should hgyabpiideselshanRArdhiPA3AI IR ArocassiAOBIINMES AV HisResiiRgHsiuid eoysialaterials

on top of the second passwation and isolation layers (not shown). By not removing the second

sublayefsdhCRIE 4SO PRsIR A%, tRSSH AliTn-tyes AddisianakassiMationdayens farsalsobe foyared on

top of the second and isolation layers before the deposition of the liquid crystal material, A top

substrate:gai BetiTnRsesheniapeaf the vidwisial layrrdQR32Rigst3asp ahearPpocess of

forming a device structure with planari-ted passivation layer in accordance with another embodiment of

the inventigratee)and ol SuPFRRESSIEO RiNYeD SRk igpierRteferamyrithadspysface 468 of the fill
layer in the trench is recessed to a 1- -el near to that of the top surface of the first sublayer. The recess

is aboufimssthan HARLRAdHUsHativelY dhedeBsiirieae ltbadlldsaaye heansudasemidhe first
sublayer. 100361in accordance with the one embodiment, the second sublayer serves as a sacrificial

second sudblay subiieteiméielizhsiplopellipnsioNes TeetHe disadayefated esnved. Remeval of e

horizontal portions of the second sublayer can be achieved by, for example, an isotropic etch, such as

a wet etghriusiitgl goendissryf iy cBdsnsaablivetedh b disshrwblny ey fond ihlphe anAbEoplivabh, an

anisotropic etch, such as dry etch can also be used. Other techniques are also useful. The etch, for

exampleueinplaysecbemisiyghighisafnatac thageconsdsublayst setesjbrata the gk subtayer. An
overetch is performed which recesses the surface of the portion of the second sublayer lining the

trench TAligfestltsyinaa suisstaspiakychlanah sudacetwitthelgvations andogcessamipisesponding to the
first and second sublayers and Ell. In one embodiment the

useful. The etch, for example, employs chemistry which removes the second sublayer selective

to the first sublayer. An overetch is performed which recesses the surface of the portion of the

second sublayer lining the trench. This results in a substantially planar surface with elevations

and recesses corresponding to the first and second sublayers and fill. In one embodiment, the

total difference in height between the elevations and recesses is less than about 1000 A.

[0037] Referring to Fig. 5b, a top layer 588, serving as a surface passivation layer, is

deposited on the surface of the substrate, covering the first and second sublayers as well as the

fill. The surface passivation layer, for example, comprises a transparent material, such as silicon

nitride or silicon oxynitride. Typically, the surface passivation layer is deposited by CVD.

Providing the surface passivation layer using other techniques as well as materials is also useful.
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difference in height between the elevations and recesses is less than about 1000 A. [0037]Referring to
Fig. 5b, a top layer 588, serving as a surface passivation layer, is deposited on the sunae of the
substrate, covering the first and second sublayers as well as the fill. The suite passivation layer,for
-ample comprises a transparent material, such as silicon nitride or silicon oxynitride. Typically, the
surfacdipareicaefimgasdbpdurkacsy CIS sProcRInESINaiamare Faaardon mg8PUsing Biher
techniques as well as materials is also useful. in one embodiment, the thickness of the surface
passivaHERIaperst ativulayonis ovbs mntirby st Aie Hekinsaiis iRy SR S HIREBIBFAY tracking
the topography of the surface below. Alternatively, the first and second. sublayers and top of the fill are
coplananteasiinalyinhs Brahardereand sublngieaad By oidhedilb athmon itnatigeshtiag waddAftfuration
improves the passivation integrity of the semiconductor device. [0038]Figs. 6a-f show a process of
formingiae¢ids Bdieaisrkhin ethbaswith B alber 60 ¢ W BBEHBTRHE T e RESHY 20 ting to
Fig. 6a, as in Fig. 4a, a substrate 405 is provided prepared with a dielectric layer 420, liner layer 430
and deViEeTiyert 4o semisoadacicdfidSublayers 670 and 680 of a passivation. liner are formed on the
surface of the device layer. The first and second sublayers are similar to those described in Fig. 4a,
For (. d%M8] the Fiigs-LiblaliercarisreesodifoBR RXRIBIHS AR SRR HYASGRILFRI CBibfRes silicon
nitride. Typically, the first sublayer is about 50 - 2000 A while the second sublayer is about 50 -2000
A.. Theahesaiivraabadtireat et BV iy a6 i) 8 190 BrebR S dFosign8f & teSiERq A erifrom
L.:denial environment. The second sublayer serves as a stop layer for planarization. The thjckness of
the firsPERtAdSEdRIRRAsEM M disferiPaRy 65 b IneD YA IBE ANGGE3BA LKA inFER 286, an
opening or trench 665 is formed in the substrate. The opening, in one embodiment, is sufficiently deep
to exposEthe Mblavercaa)end e ahaRasiNEHR HRcs apaiamRe BHibh 6 FEfCd YA Rer. Various
conventional techniques can he employed to form the opening. in one embodiment, the opening is
formed! &g Eoniietimmdaesand subigyrs cee surilar inthesrd@ienBedrn hisisbirop SXRRIRY: BB40)As
shown in Fig, 6e, the process continues by depositing a fill layer 667 on the substrate. The fill layer, for
examplStsSERANET € R 24508t Eillandriig srperoleraimireteisen o dffening and

covers the surface of the device layer. The fill Iaée , iIn. one embodiment, comprises silicon oxide.

Preferabfpisabsitha st suppegiie danriitte Yru b hERRS SERLANSAIS RGPS 24981 Setul.

The first sublayer serves as a first passivation layer to prevent erosion of a device layer from
external environment. The second sublayer serves as a stop layer for planarization. The
thickness of the first and second sublayers, preferably, is about 100 - 4000 A.

[0039] As shown in Fig. 6b, an opening or trench 665 is formed in the substrate. The
opening, in one embodiment, is sufficiently deep to expose the dielectric layer beneath the liner
layer, separating portions of the device layer. Various conventional techniques can be employed
to form the opening. In one embodiment, the opening is formed using conventional patterning
processes, such as masking and anisotropic etching.

[0040] As shown in Fig. 6¢, the process continues by depositing a fill layer 667 on the
substrate. The fill layer, for example, is similar to the fill layer of Fig. 4d. The fill layer
sufficiently fills the trench opening and covers the surface of the device layer. The fill layer, in
one embodiment, comprises silicon oxide. Preferably, the fill layer is deposited by HDP CVD.

Other techniques and materials are also useful.
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performed to remove excess materials of the fill layer. The CMP removes excess materials of the fill
layer selective to the second sublayer. The CMP stops on the second sublayer, forming a planar or
substantially planar surface 668 between the top of the fill material in the trench and surface of the

second sybigyer. FoL.SXAMAIS AN QUELRRISh cANRe PRTiIMRd e Rlighlviacsss b toeshsface of

the fill layer in the trench, as indicated by the dotted line. The recess should be less than about 1000

A. [0042)1ne5igh 650 iR e WY %@V&faﬂ'ﬂ?'%e}ﬂ{%fﬁi A RCHIMALARARRESURIAYRI IS

embodiment is removed, exposing top surface of the first sad-day:in The removal of the second

sublayep e e REIYEM, B) . B SXAARISa A2y SOUARIC RIS BYS B A8 WES I SObRY IR 2

anisotropic etch, such as dry etch can also be used. Other tecHnlques are also useful. The etch, for

example, SIPIRYS B CABMISH SN e EsolG sarand sy biaxe reaiegtvaite e Hisicaublayer and

till layer. 100431A surface passivation layer 688, is deposited on the surface of the substrate, covering

the first gylplay el andstias Jil JayBt i, the LEAGHIL NG SHEAGEIRASSY BUOR IR G dqb SX@MBI¢eGRTPIISES

a transparent material, such as silicon nitride or silicon oxynitride. In one embodiment, the thickness of

the surfacepasaivatinpeaves i1 ahuh 1001 909sAndite: & HRAR RBESIY Allen Byeris SURiaRialy

planar, tracking the topography of the surface below. Alternatively, the first sublayer and top of the fill
are coplgnag, fesulting thg Rlanar surface, as indicated by the dotted lines in Fig. 6C Such
configuration improves the passiyation integrity of the semiconductor device. 100441Figs. 7a-c show a

processighiemingRigVire SlEUcidtR: ineRriance v iARthe embedinanbal hisinygniianisReferring

to Fig. 7a, the layers formed for the device structure are similar to those recited in Fig. 6a. The first 770

and secaRdABRsHhleMErs, [ BX5BRIS (5P RPriseS Silisan@xidnaed sHicormivisie respestively- In

accordance with the current embodiment, the first sublayer is about 50 - 2000 A while the second

sill:gayeg,is| 3RRWLEYe 2008Ad T Bototahihisknessafdpe: flish andiseenmeERIay Altedhansly,

embodiment; is about 100 - 4000 A. Preferably, the first sublayer is thiimer than the second sublayer.

Such cogfissiapinncteduces tRaisirass RdugsIdyua SerRaA &WRAYES are also useful. The etch,
for example, employs a chemistry which removes the second sublayer selective to the first
sublayer and fill layer.

[0043] A surface passivation layer 688, is deposited on the surface of the substrate, covering
the first sublayer and the fill layer in the trench. The surface passivation layer, for example,
comprises a transparent material, such as silicon nitride or silicon oxynitride. In one
embodiment, the thickness of the surface passivation layer is about 100 — 2000 A. The surface
passivation layer is substantially planar, tracking the topography of the surface below.
Alternatively, the first sublayer and top of the fill are coplanar, resulting in a planar surface, as
indicated by the dotted lines in Fig. 6f. Such configuration improves the passivation integrity of
the semiconductor device.

[0044] Figs. 7a-c show a process of forming a device structure in accordance with another
embodiment of the invention. Referring to Fig. 7a, the layers formed for the device structure are
similar to those recited in Fig. 6a. The first 770 and second 780 sublayers, for example,

comprises silicon oxide and silicon nitride respectively. In accordance with the current
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[00451The process continues as those described tbr Figs. ob-d. The second sublayer is removed, for
example, by anisotropic etch, exposing top surface of the first sublayer and fill layer in the trench. in
accordance with the current embodiment, the first sublayer and fill layer comprises the same material,
such as silicon oxide. The first sublayer, in this embodiment, serves as a sacrificial first sublayer. As
illustrateatindaiertbthe Ertrublpeetdprabertc Perd@08 thavhifs batsrepad anblpurtisrebewaGin 2808 . The
CMP removes the first and excess materials of the fill layer selective to the device layer. The CMP
stops oh-tHdhesatidetiagiarcopiihe firyiland senosdisslavensy iplana cshedaers g LENE N Ie W of the
fill material in the trench and surface of the device layer. [0046]in one embodiment, a surface
passivaioR tiriereld wido St Bivinesissbinmer seveiivg randavielavaid AHohrer SuMicuEaderss Fig.
7e. The surface passivatioa liner, in one embodiment comprises a plurality of sub-layers, As shown,
the surthestpsssiditiod hdheseaprisssblagenl passivatioa liner layer with first and second surface
sublayers 790 and 795. Providing a surface passivadon liner with other number of surface sublayers is
also usEi004 7Tiheaecemsisoainee amdoradssrried sefageriotphiescstidaUBKEL Phe thickness
of the first, surface sublayer is typically about 50 - 2000 A. Other thicknesses are also useful. As for
the secsiPEefides stampjerbit dunpieeis drfosAratine lomelaypat e fmieriie et sllseful. The
first and second surface sublayers protect the device layer from erosion by moisture in the air and to
avoid staeindbeifigribsERfeATdREesEh fIeTHETIERADSE B3Rk Bedbibsebtyes Aisbilayes about
50 - 2000 A. The total thickness of the first and second surface sublayer,s is about 100 -4000 A.
10048 19praprisRe hatvaempsHrhshehamidtisen oridiming Brabviblayeusias frRedipsiintially
planarized passivation Layer is presented iii Figs. 8a-b. The process steps are similar to those
describ¥iMes F5igSaeaitri A AR SHEGRST - cAs BRperedithito ShghfiMR iessiRansp Quisay sitthe fil
layer in the trench. The recess should be less than about 1000 A. A surface passivation liner that
compridest auraysoendripgipatitBo 5 b larase Thna)E? e pravidds Brtradserrsse BRI MSHSte,
covering the second sublayer and the recessed trench fill. In one embodiment, the first surface
sublayégilb&i‘ﬁfr%@ﬁm@fhtbs‘(i@@’%dw -SEBE M RS SuBheisbEe LEMEhAHAYE. Providing
a surface passivation liner with other number of sublayers is also useful. The surface passivation liner,
due to tevaaEss watrraTsealtep Keftfaris) erihs lortishetilpgraithindpedirnsle BOSUHFHE st and
second subtayers 670 and 680 which remain in the device structure provides additional passivation
Iayersh@ﬁé?)’ééeéﬂfﬁ@ture. Thus, reflectance of the first material of the device layer enhanced.

[0046] In one embodiment, a surface passivation liner is disposed on the substrate covering
the device and fill layers as illustrated in Fig. 7c. The surface passivation liner, in one
embodiment, comprises a plurality of sub-layers. As shown, the surface passivation liner
comprises a dual passivation liner layer with first and second surface sublayers 790 and 795.
Providing a surface passivation liner with other number of surface sublayers is also useful.
[0047] In one embodiment, the first surface sublayer comprises silicon oxide. The thickness
of the first surface sublayer is typically about 50 - 2000 A. Other thicknesses are also useful. As
for the second surface sublayer, it comprises silicon nitride. Other types of materials are also
useful. The first and second surface sublayers protect the device layer from erosion by moisture
in the air and to avoid scratch during subsequent processing. The thickness of the second surface
sublayer is about 50 - 2000 A. The total thickness of the first and second surface sublayers is

about 100 — 4000 A.
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[0049]Although the passivation liner is described having a plurality of sublayers, it is also useful to
provide the passivation liner with a single layer. The single layer, for example, can be an oxide or
nitride layer. The thickness of he single layer, in accordance with one embodiment, is about 100 4000

A. SUCh[fﬁ@E‘éi]gUraﬂ?QA%IP&{M%R:P@ﬁ%&@ﬂﬁ&@@&é&ﬁﬁ‘@f?ﬂ%ﬂﬁ%&d@é&éy@é&ﬁ%&wwp'a”arized top

surface for the semiconductor device. [00501The invention may be embodied in other specific fins

without departing iy om.the 2RitL i eRreNHsbeRapaalaislSa fprepl-Theiersgeing qephadiments,

therefore, are to bé considered in all respects illustrative rather than limiting the invention described

herein. SeoRg 0f thesyatiRRdsshesndicated by 1B ARRANARD S ipimsmiaier i hx g ferggoing

description, and all changes that come within the meaning and range of equivalency of the claims are

intendeq o Herarpbrage ditherriPin Wb atds.6laifmeddse & kI MPbd 1 AsdryiCEHEaMMIIBIAg: A substrate
with a device layer having a trench opening; a first sublayer over a top surface of the device layer; a fill
layer to {{il-the 3R&MNAGWNRESIMA [RRYIdace Rfaddbmaiardab o B tll/a¥ekidlayer is provided
on the surface of the substrate, covering the second sublayer and the recessed trench fill. In one
embodiment, the first surface sublayer comprises silicon oxide and the second surface sublayer
comprises silicon nitride. Providing a surface passivation liner with other number of sublayers is
also useful. The surface passivation liner, due to the recess and raised top surface, forms a
substantially planar top surface 898. The first and second sublayers 670 and 680 which remain
in the device structure provides additional passivation layers to the device structure. Thus,
reflectance of the first material of the device layer is enhanced.
[0049] Although the passivation liner is described having a plurality of sublayers, it is also
useful to provide the passivation liner with a single layer. The single layer, for example, can be
an oxide or nitride layer. The thickness of the single layer, in accordance with one embodiment,
is about 100 — 4000 A. Such configuration improves passivation integrity and still provides a
substantially planarized top surface for the semiconductor device.
[0050] The invention may be embodied in other specific forms without departing from the
spirit or essential characteristics thereof. The foregoing embodiments, therefore, are to be
considered in all respects illustrative rather than limiting the invention described herein. Scope
of the invention is thus indicated by the appended claims, rather than by the foregoing

description, and all changes that come within the meaning and range of equivalency of the

claims are intended to be embraced therein.
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substantially planar with a top surface of the first sublayer; and a second sublayer, wherein the second
sublayer lines a bottom and sidewalls of the trench opening and the second sublayer in the trench is
recessed below the top surface of the first sublayer and the top surface of the fill material. 2. The
device of claim 1 further includes a surface passivation layer on the surface of the substrate, wherein
the surfac®tpassolairoedlyer covers the first sublayer, recessed second sublayer and the fill material.
3. The device of claim 1 wherein the first sublayer serves as a passivation layer to protect the device
layer. 4. The device of claim 1 wherein the second sublayer comprises nitride. 5. The device of claim
4 further includes a surface passivation layer on the surface of the substrate, wherein the surface
passivation layer covers the first sublayer, recessadrdésdnd sublayer and the fill material. sublayers.
7. The device of claim 1 wherein the device layer comprises a reflective layer.
1. A device comprising:
a substrate with a device layer having a trench opening;
a first sublayer over a top surface of the device layer;
a fill layer to fill the opening, wherein a top surface of a fill material of the fill layer is
substantially planar with a top surface of the first sublayer; and
a second sublayer, wherein the second sublayer lines a bottom and sidewalls of the
trench opening and the second sublayer in the trench is recessed below the top surface of the

first sublayer and the top surface of the fill material.

2. The device of claim 1 further includes a surface passivation layer on the surface of the
substrate, wherein the surface passivation layer covers the first sublayer, recessed second

sublayer and the fill material.

3. The device of claim 1 wherein the first sublayer serves as a passivation layer to protect

the device layer.

4. The device of claim 1 wherein the second sublayer comprises nitride.

5. The device of claim 4 further includes a surface passivation layer on the surface of the

substrate, wherein the surface passivation layer covers the first sublayer, recessed second

sublayer and the fill material.
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8. The device of claim 7 wherein the reflective layer comprises a conductive material. 9. The device of
claim 1 wherein the first sublayer comprises oxide. 10. The device of claim 9 wherein the second
sublayer comprises nitride. 11. The device of claim 9 further includes a surface passivation layer on
the surface of the substrate, wherein the surface passivation layer covers the first sublayer, recessed
second sgblayemapdidhirzdibiokienslwideirmhedaviteopalsivatich dyerémnt iz sadageal passivation layer
includes a plurality of sublayers. 13. The device of claim 11 wherein the surface passivation layer
comprisesudiligersnitride or silicon oxynitride.

7. The device of claim 1 wherein the device layer comprises a reflective layer.
8. The device of claim 7 wherein the reflective layer comprises a conductive material.
9. The device of claim 1 wherein the first sublayer comprises oxide.

10.  The device of claim 9 wherein the second sublayer comprises nitride.

11.  The device of claim 9 further includes a surface passivation layer on the surface of the

substrate, wherein the surface passivation layer covers the first sublayer, recessed second

sublayer and the fill material.

12.  The device of claim 11 wherein the surface passivation layer includes a plurality of

sublayers.

13.  The device of claim 11 wherein the surface passivation layer comprises silicon nitride or

silicon oxynitride.
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