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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] Fl at ness of the netal layer is one of the major factors affecting the
reflectivity in LCOS devices, To obtain optiml performance, besides
requiring high reflectivity of the nmetal |ayer, planarization of the
passivation | ayers over the netal |ayer is inportant too, [0005] Fromthe
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surface is obtained for the sem conductor device. [00071l n anot her aspect
of the invention, a method of fabricating a sem conductor device is
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presented. The method includes providing a substrate having a dielectric
| ayer and a device |ayer forned thereon. The device |layer is on top of the
dielectric layer. An opening is formed throuth the device |ayer. The net hod
further includes formng first and second subl ayers on top of the device

| ayer and lining the openigigviMaRN OF TapeNVENTEDRSi ted on top of the first
and second. sublayers and tills ne opening. The fill layer is planarized
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Vari ous enbodi nents of the
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 wth reference to the follow ng drain which:
100111Fig. | shows a cross-section of a conventional LCOS device;
[0012]Fig. 2 illustrate a planarized passivation layer in a sem conductor
structure in accordance with one enbodi ntnt of the invention: 100131Fi gs.
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i nventi o ates to sem conductor devices. Mre particularly, the

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 sem conductor devices with inproved planar top
surfaces, [0016] Fig. 2 shows a cross-sectional view of a device structure
in accordance with one cabodi nent of the invention. hi one enbodinment, the
device structure conprises a LCOS device structure O her types of devices
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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



exanple, Ti or TiN Providing other types of liner materials can also he
useful. The thickness of the liner layer is about |ess than 1000 A
Providing liner layer with other thicknesses is also usefial, 10019]in one
enbodi ment, the device |ayer conprises a patterned device |ayer having
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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 conprises high density plasma t/ TDP) oxide. O her 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 exanpk, the
top surface of the fill mate c. be coplanar with or light' below the liner
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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
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trench fill. The recess, for exanple, is about |ess than 1000 A Like Fig.
3a, a surfa.ce.passivation |ayer 485 i rovided on the surface of.the
ubst rafebe iEFURTR Breldnfned Eose S andcP bihes d8fe SRuem B StihEgBieSlin ¢ r ench
fill. The surface passivafion |layer, due to the recess and raised top
sur f aclayerf orns a substantially planar top surface 488. Providing surface
passivation layer with nore than one layer is also useful. [00251Figs, 4a-e
show g[0fi2T]hod Abbvé drerdielgetac thyer sefostaductinar éayet #50. pTlanlize dhypapimaats on | ayer
i n accordance with one enbodi nent of e invention. Referring to Fig. 4a, a

subst r athesid® betiv@eP thR\difleghric 1dyePAR] £5UBOEHURBIN fortnke 15PsEdval & 6@NPri ses
silicon. O her types of sem conductor materials or substrates, for exanple,

Si Ge, ohEkm LG I Ul .. Rr el r i i ude an
i nsul af'?}l1 on o%{tbtﬁ? ?; er ﬂlag?‘;dro:f‘iﬁgfégf’h?sr Isdlal %%agg,_t:ﬁ%gﬁ%rg}ge‘r?zs ?{%gf fséjgé fih

Si Ge- o asul ators..(S si licon-on-nothin S i.s.also ysefu The
subst r MO EhRpuba et Rbian LT B BMaARNe PSRk s Bt Fferd B0 Rt o
(not shown), such. as transistors, capaci tor? and/or resistors. O her

ci r cui 'echvHserapedals e wall @ thidkresses ar FAl one enbodi ment, a dielectric
| ayer 420 is deposited on top of the substrate. The dielectric |ayer, for
exanpl @028ormp A devécedpydrd6h ia)E)m\ed oy éhadiimdr daster.i b drgyerbodimenssthadevipe
interlevel dielectric OLD) |ayer. Various techni ques, such as chem cal
vapor ldegresiiprieds o 1EEYtivedayer b@he seftbctive de@asntprisés fatiexhmplel & coldayve
Typically, the dielectric layer is about 500 -20,000 A thick. Oher

deposi lfa&é}%uélﬁé‘é‘ﬂi, AUERSI dﬁ&l@h@. @tﬁe&?pés@f%ﬁkﬁx_%ﬁ%nﬁf&iaﬁ' a20alds @édﬁ!ﬂ; THe 1S
understood that there e additional nmetal, internetal dielectric and/or

ot her i 4 i td. ] : 7 the 4li.el ectric
ayer (SR PiEhRARTHAN 16 0B K bhrfed Y el S AR Ry OHE
between the dielectric |ayer and. a subsequently forned | ayer above. In one
enboditﬁ%}H’t“,luefﬁélhl“fHW@?‘se? 3’3‘7@?50 Bfptises Ti or TiN. Typically, the liner ayer
is about | ess than 1000 A. Conventional techniques, such as sputtering, can
be useld02Y f ofmPrtenbediment, Hgelevicoppme inqrdayass fGesttcrred rforn g teegchapening
t hi cknesses are al so useful.

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 enbodi nent,
the device |ayer conprises a reflective layer. The reflective | ayer
conprises, for exanple, a conductive |layer such as A, A CuSi or Al Cu.

O her types of conductive materials are also useful. The device layer is
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The caviciseddl myremovédicl@xianp e seamdrsislegersilh booamhodinicde theTirst tublaykness  of
t he second sublayer is shout 50 - 2000 A. O hcr thicknesses are al so

usef uly,q Qa8 comarisdithayehc $8fHES sdch A sAIOR oxae PréAfingliRnalst adldyenand
Various techni ques, such as CVD, can be used to formthe second subl ayer.

10032 é%lf;l Gg%rgglig?&ff‘aﬁegft IaterdafVi€ hisd Gdeth ﬂ@ﬁ?a?ﬂli &t AN ®dyet b&nﬁlll'sr &afroRbxidbe

secon
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 subl ayer.

In one enbodi nent, the fill layer should sufficiently fill the trench
opening. The fill layer conprises a dielectric nmaterial which can be

renove | ective to the secqnd, subl.ayer...In one enbodi nent,. the first
b1 3lng Th Brocsy BB ERR BE AL R BRI LR AR oxi de.
Providing the first sublayer and FI|l layer with different materials is al so

uset i tIRSPYefwyaW)ijolatiandayqrs (nqt shesyn)e Shpirqt sesodng thessoand; seblayey hsan plyo HDP
CVD. O her types of materials or deposition techniques arc al so useful.

[ 0033] skl asulysissiwatonilsyquolAiddtmaal passigatmnd apers emsal scbeforabd of taphe the | |

| ayer, as shown in Fig. 4e, For exanple, the substrate is polished by
chem cbomEaidarilewdn [Redrs $BoRgthe AYR)sitidy &ftes BiliY cryishie nfeMriat NRk&y substriteghl y
selective slurry or a conbination of high and | ow sel ective slurry which

I endV esin @ @Hosdd dd topBF 8ld 1ffuidiSiyRidl tah&. second subl ayer as a polish stop.
Thi s re(rzlluces o? m niog’?zes ?iélésajgf thggrsecond suhl ayer while renoving the

fFill | T | vit fill nmaterjal to th d_sublayer, i
one. orlBiihront &5 S BERY wplor s 4 Gle s RisF Ll LB Qa ARG,
ful, dependi the vaf f tion ratjo, The CVP stops on th
second 4B &SRS PRGBS FRRRITSR S IBSIARRTCH |47 BPdfaihe StRersRBEES

between the top of the fill material in the :ench and surface of the second
subl ayl&m Fig 4gy Brefproblys Hhedemsuréacpdp$ of thedilt loyeriin ¢t trgnch évissessedie alepel
surface of the fill layer in the trench as indicated by the dotted Iine.

The r ewes® thinofltie fop satfaetofltbsfirst heiaytb0 0Dhérecest QOBBLT hess handedEAcont i nues
by depositing liquid crystal naterials on top of the second passwati on and

i sol atfilQerdtdyBy the(tei®sursdeewhhe fBYisnBbvd BB fefatbef GeRadusldpirayer, it can
al so serve as a passivation |layer.Additional assivation |ayers can al so be

for mad[O@fﬁdt opyP gccﬁﬂﬁné@%ﬁg;ﬁi?ﬁ%éﬂ‘?ﬂd .érﬁ,nth%: RGh s@g&g{r gertvgseﬁqag%glﬁhéiiaf) n of

the liquid crystal nater op substtrate can spose op of the
[iquid cryst | ayer.. [,0035] Fi gs,. 5a-b show a process of forJjnn Vi ce
st rucreraBlv YR oo ALE i a2 FOBE 5 Ted e e af ol e
enbodi nment o{ the invention. As shown, the process continues fromFig. 4e.
Pr ef erlgpizonta; prtipgspidie sosend subdaysy camige achiqveq Ay.dpr pxamme aniwyeRiG &clecessed
to a 1l- -el near to that of the top surface of the first sublayer. The

r ecesssuck anp gt etrlegsing hlaamis@p &/hich ik b¢lesiviedo thedirgt, sublagert and f§llaferce of t he
fill is above the top surface of the first sublayer. 100361li n accordance
with tAkeraastevebyyhndhiseipic tlok, suek andrysaidd ayiatsoteruses Oedtcshtifids £¢ alsosecond
subl ayer wherein horizontal portions over the device |ayer are renoved.
Renovalsefi, Tﬂ@etbl"i’,rfblz%h%le,Qﬁfﬂéﬁ%ﬁeﬁfsﬁ&%ﬁ?&?fmé%ls@y&lﬁ_sﬁﬁgyg%eﬁem@ved

by, for exanple, an isotropic e€tch, suCh as a wet etch using themstry

whi ch i t e | . i r. ternat | y, an
o Ch P BHE Rk 8y bE L Sho ALY AU e VR BEARIANEL
al so useful . The et.ch, for ex | e, .enploys chemisiry whjich r ves the
secondgeg(ﬂﬁJ whleyeraing therenely ¢ “I"?“r“és'[‘q[3 &4 '?%’é‘?ﬁ}ﬁf?né/%lfgf%wtﬁgﬁﬁé?qfﬁr med
whi ch recesses the surface of_ the portion of the second sublayer lining the
t r encATEREassTes soresponing tes s direring spqopd spblayars and filkc &n opa embadement; bas and
recesses corresponding to the first and second sublayers and Ell. In one
enboditrahdiffehance 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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di fference in height between the el evations and recesses is |ess than about
1000 A, [0037] Referring to Fig. 5b, a top |ayer 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

| ayer If §fe erdhialiRe@OMRthisESesof thaRePadeeiabsivaioanaylr is shouh1 @G- 2000 &ofThai tri de
or silicon oxynitride. Typically, the surface passivatton | ayerdeposited by

CND. Elfrﬁ\éleﬁyag’sgvattilaﬁl ffsas?lgft%%?ﬂk‘@&ﬂaﬂrﬁajcﬁiﬁ@&h@t’%b@?—aﬁﬁ}h@ﬂ' tht 8GRt BUR%. as el |

as materials 1s al so use one enbodinent, The thickness of the

surfa assivation | ayer i ut 10 ' '

ayer Arsheney e P e Soshds MR Aot S Ra b SRR REE T Y plbar

bel ow. Alternatively, the first a second, subl ayers. and t of the fill
are copfashats ngisdgd %y#&fqﬁteg hﬁF%\W::\\%gsﬁ’r féii‘f@,co gyr tb‘?nc‘é‘ﬂgﬂveﬁsﬁ)‘i??ésw) Yed
lines in. Fi g 5b, Such configuration inproves the passivation integrity of
t he senégondtthecemieniedor dY0R8] Fi gs. 6a-f show a process of fornming a
device structure in accordance with an alternative enbodi ment of the

i nven{0038] Refigs.icarfghdw afprogcesbaf foamirgn ddévice sd@ctuae siudesondate wiftbar s pr ovi ded
prepared with a dielectric |layer 420, liner |ayer 430 and device |ayer 460.

Fi r st ;RO atpREMHISHE AY BHeSin OdiRicAN R EBAnOfo Bigh&s 5k WakipOMa, al subgFate (S ik or med
on the surface of the device layer. The first and second subl ayers are

siml IEOVE(?edj[qr}ig}’ia?edj\%ﬁﬁ L id?e?&éﬁ?ha&in%%“ ﬁae{lg%eir (é?/ 0 3R Uvicd ﬁgetf AdoS triStRlver

conpr fses Si on oxide an secon er conprises silicon nitride.

Typically, the firg S ayer i s about 50 -. 200 while t second

subl a?"echii §ulg%‘i§§ 6%5)3“1&;‘%{963/% Pas§y I%H}Ig e B 9%?9{@:%@6 ‘%Vr‘cset
passivation |layer to prevent erosion of a device |ayer fromexternal |

envi r dyeenthe fiisbandeseoprtl s\blyapare sigtlpa o Besedesehed 1Byas 4ot opPasats 208 i on.
The thickness of the first and second subl avers, preferably, is about 100 -
4000 Arst[s0613drAsmphiessrsiliconkixgde @id, thasecopd nibilgyeorompeses §il®6s nitgdd.or ned i n
the substrate. The opening, in one enbodinent, is sufficiently deep to

exposgyhiaallditeé Bt fitlayeaiboles®artuet AevHilenks sdeay@sublSep sy bt 12000 Bons  of
the device layer. Various conventional techniques can he enployed to form

the opgpiHY 'suﬂ)l'a%&@grv%gpé)g Efgg gas%xf'sa bn %@P%ﬁge\;eﬁt EQGITRY FUSiePQe Fﬁ/@x}’ £5ti onal

patterning processes, suc I ng "and "ani sotropi ¢ etching.” [ 0040] As
shown in Fi .6e, the proces ntinues b epositing,a fill | r 667 on
the s@b f”ra?a?%‘flroﬁﬂémpil eF%“g?&ﬁ,S&@S}feféﬁfaﬁ%f‘%? &Pg? ank IR 13?{]? | |ayer of
Fig. 4d. The till_ layer sufficiently fil]s the trencn ﬁgfni ng and covers
the stislaiss of the fisst @ad pecan syllpyerspgeteiably, fsapapt 1GGy, -enbodi ment ,
conprises silicon oxide. Preferably, the fill layer is deposited by IIDP

CVD. 0391 t eshphaues Epdhat epérng onirench|666 iufefgd 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 renove excess materials of the fill layer. The CMP renpves
excess materials of the fill layer selective to the second subl ayer. The
CWP stops on the second subl ayer, formng a planar or substantially planar
surface 8 betwe the top . of the fj materi al trenc an urface
of thel® Qggbnd o g0 %&iubé%rﬁﬁ %OIISE?fi v Ehovpbin i f{éaﬁ”%sxw Pot i o
slightly recess the top surface of the fill layer in the trench, as

i ndi capestoringd theenteteaeess Materialef thefidayes hBig dVPeremees exsass migetitls 2000 A
[0042] In Fig. 6e, the second sublayer which serves as a sacrificial second
subl aythe fillnaydrissleetitrodithesticond subdayer. etihe EXfPogopsgprt thp sccond atdayed, folmeingiar st
subl ayer The renoval of the second subl ayer can be achi eved by, for

exanpl Slanadr sSexdPRil¢ Rﬁh&ﬂhurﬁb@%@ﬁetﬁ'ew&e ed oo théVitl i Aaidl Ve ths.treabth &t r opi ¢
etch, such as dry etch can al so be used. O her techniques are al so useful.

The et

subl ay%*?fagéﬁé%l%%ﬁﬁu?ﬁ@f ?%2%%?2%“@%%%% g B e
passi vation I i s de S|te ubstrate

Cover | R dthuirf of B8 e Bt Sindicisd B REBHAL LT REream Sha prce
passi vati on Iaye r exanple, conprises a transparent material, such as
si | i cossihen plpat 4pO %g+icon oxynitride. In one enbodi nent, the thickness of
the surface passivatinn layer is about 100 -- 2000 A. The surface

passi vVi0#2In | dy Eig. i6s, thebspadsutdiyey whiichnsmrves s askiriigial hecondpoeyguinythas t he
surface below. Alternatively, the first sublayer and top of the fill are
copl anahbodig@stl it kdrgoved, éppbiapadp sifatactthedidstisoblagal dtie bByméhug ofitietsesbnldi nes
in Fig. 6C Such configuration inproves the passiivation integrity of the

sem CopiuStOEandRVicERved BP HIL & Sihle, 481HuDPRW, BIACRSSv@letdiOrAMtdatRcAeVi ce
structure’in cordance with anotﬂer enbodlnent of the invention. Ref erring

o Pl Sunidiopl ML ALIRAaL B ISP URE BULNGIILE ALLLEHI HRE . L o

recite rst secon ayers, tor exanple,
conpri ses S|I|con OXId and si on nitr de re tlvel | n accordance
Cth R SR P SRRy kG bt A HeasE R e midivat BRIRH0" A whi 1 e

t he second subl ayer is about 50 - 2000 A. Th.e total thickness of the first
and setdfyesuis @y ysr. in one enmbodi ment, is about 100 - 4000 A. Preferably,
the first sublayer is thiimer than the second sublayer. Such configuration
reduce0ddle stAesdadephugeaionylaydnél8.as degbsgebbmthersurface 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

12



[ 00451The process continues as those described for Figs. ob-d. The second
subl ayer is renoved, for exanple, by anisotropic etch, exposing top surface
of the first sublayer and fill layer in the trench. in accordance with the
current enbodi nent, the first sublayer and fill |ayer conprises the sane

mat er k@bodigttah RS fifst bitSRr @Xdbde: SOThEJ0I A sthils Wl @¥eid sublhyehissibendrodiJmeot ,
serves as a sacrificial first sublayer. As illustrated in Pig. 7b, a CWP is

per f oymed, t8¥a?1 ﬁﬂ?&%sst Q&hd bifs? bn URLAY g’([bl%{@:gs, ﬁgf&%&#gﬁ?ﬂfirp&ft}eisfaibbﬁt 10dY&fooo The

CVP renoves e Tirst and excess materl ayer selective to

t he device.l ayer h stops on.the device er,.form . pl anar_or

subst %tﬁrﬁfefﬁx}ﬁl tgﬁgfs%%ﬁés B’é‘e’b@m&ber?ef?{]él S[“h@'?ff’ 58 op Pﬁglr%é‘f)nerr‘% 2% n

the trench and surface of the device |ayer. [0046]in one enbodi nent, a

sur f ade swssingaeaddyy the preend sublp¥sosed on the substrate covering the device

and fill layers as illustrated in Fig. 7e. The surface passivatioa |iner,

i n on¢00Fhodi Henprocepoitsess as sy ddsctiyedofor Eigh- ttag.elhs seuond hawpyer ihe

surface passivation liner conprises a dual passivatioa liner layer with

first r@nevedetRREasplef BEanisstipayctls exPesigndp s8GaccRifald fiishgutaayeu afd b

passi vadon |iner wth other nunber of surface sublayers is also useful.

[ 0047}, [ i ' ik

oxi de T o B B o R ¥ bt 50 -
A. _Ot.her, thi ckne

2000 A, | I f .

cubl agaPPrrE b sr SRR pREC RBrRE dPsr ek BRI ATS o1 so
ful. The first | d f o] ct th i |

' om €FE1 6 BT HGRLLTY STHCEnGS A RUAR T bliaoi UL, APEHOR HoBaBebhuent

processing. The thickness of the second surface sublayrer is about 50 -
2000 ArstFhelayetaad pottiankafdkstibiayeheThe €MP wmpveebendstsnd egewss sutirialeaishe s
about 100 -4000 A. 100481lIn an alternative enbodi nent, a nmethod of formng
a devif@ldagdrisdiettiveeto thié ddvisuibgdraMhie NP spipanatlicddiqedss viatmmy d@yer or s

presented iii Figs. 8a-b. The process steps are simlar to those described
for Fisgsstariatiflplah3r QYRCPObS BiweahtReo P8I theiMBdateRalsh g dnth 288 8Fadelte [ 0P
surface of the fill layer in the trench. The recess should be | ess than

about éﬁ%gegé%l fé surface passivation liner that conprises a first 890 and
1 aycr. . .
secon surface sublayer is provided on the surface of the substrate,

coveri he second .subl ayer apd the.recessed trench fiJl. .In one .
rbociEs " ReSruodani o u Bin PRyIRERS R 1 BEBER okt sl Rieringe
second surface sublayer conprises silicon nitride. Providing a surface
passi Vi deyice anddill layvem aptlhveratad ibBig. 68 Subivalies Bassiyadp Bngfs B¥QNC. The
surface passivation liner, due to the recess and raised top surface, forns
a substrbotinadnt ycopipaises a ploplisyof aubelag8. ATkowi,rtbe smfide pessontios libtrayers 670
and 680 which renmain in the device structure provides additional

passi \:afnipAbesl ARLN pARIvARYH GRerhyed Glith frst adiUgcordefukacd amtsyeaf 790hadf796st

material of the device | ayer enhanced.
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] Al t hough the passivation liner is described having a plurality of
subl ayers, it is also useful to provide the passivation liner with a single
| ayer. The single |ayer, for exanple, can be an oxide or nitride layer. The

t hi ckn of he sinpgle. layer, . in accordance wi.th gne enbodi nent, is about
100 400838 SE%F\“E@‘%??@(%%‘P%%HI’?%? B’G@Qgﬁgg%rf‘%%? A IPRTGHITe V’“&%nd still
provides a substantially planarized top surface for the sem conductor

devi cesubploutzdlyHendrizod passoatiomlpypries eraserpe th Figs etherTheguesass steps 4§ wi t hout
departing fromthe spirit or essential characteristics thereof The

f or egoiimgjaetohthaicrdendrihed tihhelfigs. dael. 4m evdrepdbish camiss phefoened o dightly especths
illustrative rather than limting the invention described herein. Scope of

the i nygRuIfRRE dfshd il SayienHi BatreaYTHBcap pdese khatha® abduati bey At han by the
foregoi ng description, and all changes that conme within the nmeani ng and

war | %ﬁ%ﬁﬂﬁéﬁé@%ﬁ%Ml&%&%@@h%ﬁ%ﬁ%%%ﬁm. 8 bR prer
evi ce

of theH ies'\lérég]qae\é({le?e’ saué)%lt(rﬁa?tg,ccr(])vggr?gngh@ %éco%dfsiltrﬂ%/ersalrjl kh@/rgéesgg terch P R %% ace
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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afill layer to fill the opening, wherein a top surface of a fill materi al

of the fill layer is substantially planar wwth a top surface of the first
subl ayer. 2. The device of claim2 wherein: the fill layer is planar with a
top surface of the device |ayer; and the first sublayer is disposed

over tWetiogasnadiigces of the device layer and tilt material in the trench
openi ng. The device of claim?2 wherein the device | ayer conprises a
reflective layer. 4. The device of claim3 wherein the reflective |ayer
conprises a conductive material. The device of claiml|l wherein the firs'
subl ayer conprises oxide. 6. The dev'ﬁgpl\% claim21 further includes a second
subl ayer, wherein the second subl ayér Hues a bottom and sidewalls of the

trench opening. 7.The device of claim6 wherein the second subl ayer
conprilses wt f§Yigfecomprising:

a substrate with a device layer having a trench opening;
a first sublayer over a top surface of the device layer; and
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.

2. The device of claim 2 wherein:
the fill layer is planar with a top surface of the device layer; and
the first sublayer is disposed over the top surfaces of the device layer and fill material in

the trench opening.

3. The device of claim 2 wherein the device layer comprises a reflective layer.

4. The device of claim 3 wherein the reflective layer comprises a conductive material.

5. The device of claim 1 wherein the first sublayer comprises oxide.

6. The device of claim 1 further includes a second sublayer, wherein the second sublayer

lines a bottom and sidewalls of the trench opening.

7. The device of claim 6 wherein the second sublayer comprises nitride.
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8. The device of claim6 wherein the top surface of the fill material of
the 1 layer is substantially planar with the top surilices of the first and
second subl ayers. 9. The device of claim6 wherein the second sublayer in

the trench s recessed . bel ow the top surface of. the fir ) ayer and the
o SUbT acel B e Gt cjaim uy bereeh the (D treoids PR PR Sl RS n 1 he
top surface of the fill material is above the top surface of the first
Subl aybstantially pFAr Vs the toptSucedsral 5> A15t Ardecandciublidesa sur f ace
passivation |layer on the surface of the substrate, wherein the surface
passi vat i onThedesiceadcirim & Wierbinrtht secubd sybdayer irethe srsech s ecmsatd dalivathertomnd
the fill material. 12. The device of claiml wherein the first subl ayer

ser vessuaficélofhs ifiyalsiislaydrane the ©p Bu@iR the fill material.

10.  The device of claim 9 wherein the top surface of the fill material is above the top surface

of the first sublayer.

11.  The device of claim 10 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 1 wherein the first sublayer serves as a passivation layer to protect

the device layer.

13. A device comprising:

a substrate with a device layer having a trench opening;

a passivation liner having a plurality of sublayers over a top surface of the device layer;
and

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 passivation liner.

14.  The device of claim 13 wherein the passivation liner comprises at least a first and a
second sublayer, wherein the first sublayer covers the top surface of the device layer and lines a

bottom and sidewalls of the opening and the second sublayer covers the first sublayer.
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the device layer. 13. A device conprising: a substrate with a device |ayer
havi ng a trench opening; a passivation |iner having a plurality of

suhl ayers over a top surface of the device |ayer; and a fill layer to
fill the opening, wherein a top surface of a fill material of the fil

| ayer is substantially planar with a top surface of the passivation liner.
14. The device of claim 13 wherein the passivation |iner conprises at |east

a firss anq'hﬁ déﬁ@@@cl&#ﬂ@%&m%@ &) Surtd€ of the il lﬁﬂt@hﬁl}’@ "sut?sfh\ﬁﬁﬁlff Rgart op
surface of the device layer and lines a bottomand sid e opening

and the secondﬁs el..SoV the first sublayer. mnth a top surface of

bl
the sSRBAGOR GRITERFAHETHE Secdiid

16.  The device of claim 13 wherein the passivation liner comprises at least a first and a
second sublayer, wherein the first sublayer is over the top surface of the device layer and the

second sublayer is over the first sublayer.

17.  The device of claim 16 wherein the top surface of the fill material is substantially planar

with a top surface of the second sublayer.

18.  The device of claim 17 further includes a surface passivation layer on the surface of the

substrate, wherein the surface passivation layer covers the passivation liner and the fill material.

19.  The device of claim 13 wherein the top surface of the fill material is above the top

surface of the passivation liner.

20.  The device of claim 13 wherein the top surface of the fill material is below the top

surface of the passivation liner.
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16. The device of claim 13 wherein the passivation |iner conprises at |east
a first and a second subl ayer, wherein the first sublayer is over the top
surface of the device |layer and the second sublayer is over the first
sublayer. 17. The device of claim 16 wherein the top surface of the fil
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substantially planarized top surface for the sem conductor device,
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