PLANARI ZED PASSI VATI ON LAYER. FOR. SEM CONDUCTOR
DEVI CES FIELD OF THE | NVENTI ON [ 0001] The present
invention relates generally to sem conductor devices
and nmet hods of fabrication thereof. Mre
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device coated with metal layer and non-planar passivation layers. As such, high reflectance of
the metal layer is compromised.

[0003] Flatness of the metal layer is one of the major factors 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 important too.

[0004] From the foregoing discussion, it is desirable to provide planarized passivation layer

for LCOS devices.



1. SUWARY OF THE | NVENTI ON [ 0005] The present
invention relates to planarized passivation |ayer for
sem conductor devices. In one aspect of the
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| ayer such that a substantially planarized top surface
device ic§mi>9§é§'§90\tiﬁ’i§1gta@%bstrate. 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.

[0008] 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
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DETAILED DESCRIPTION OF THE INVENTION
[0014] The present invention relates to semiconductor devices. More particularly, the
present invention relates to semiconductor devices with improved planar top surfaces.
[0015] 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 (SGOlIs), silicon-on-nothing (SON), is also useful.



device structure, O her types of devices fray al so be
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is also wuseful. [0018] In one enbodi nent, the device
useful.] ayer conprises a patterned device |ayer having

portions 460a-b separated by a space or trench 464. To
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the trench conprises a depth which is greater than the
portiorRAGHB $Bharkfag bY8%pSE& AMINCK 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.
[0019] 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



l'iner layer, which results in the dielectric |ayer
bei ng exposed. The trench, for exanple, is about |ess
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exanpl e, the second sublayer serves as a polish stop
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al so useful. The second subl ayer al so
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.
[0022] 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



protects the paasivation |layer, preventing it from
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show a nethod of formng a device structure with
which HlcARRIah 3881 RS D bt ORyer, 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.
[0025] 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
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| ayer in accordance wth one enbodi nent of the
invention. Referring to Fig. 4a, a substrate 405 is
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layer.

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.

[0029] 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.
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Vario B8, gq%gg S5l LeOPPOKLAS. NANL A §DiEkREss Bl about 50

cknesses are ? Th

fir t subl. a .as a.first aSS|vat| n
[0031]pr of 215 %/fﬁlllap’ Fr %ﬁﬁ%@?ﬁ‘tﬁﬂ oYt th £ ﬂgfaﬁé\‘?f&@ SP%%J@rsublaYer The
on1er03|on di ce to environnment and subsequent
fill laysli. Aldsthe ﬂt‘ﬁgclbﬁ@rﬁog@q»s);he suifagp el theppeidsabliayen He ofig pgbodiment, the
subl ayer is funned by CVD. Form ng the first subl ayer
fill layeisihogldotufiesienttyefdhthieqreash apeniag. sBhauSietaykr ey 3@} a Bielectric material
second subl ayer 480 of the passivation liner is

which d@pesichedcOBeltdie td tHeSecsiduBYGEs. [@Dne SHBWMInidAL, Ehegﬁrst sublayer
4c. The second subl ayer conprlses a material different

and ﬁlf 1%959 ctolﬂﬁ)rlfsbsr BE sﬁﬁﬁhﬁ%‘?‘fal R8ch %M:J ilicdhix E%et ?r%‘dﬁfg‘ tﬁ%} kP glgolayer and

the trench openi one e

a har dness an
fil layérivﬁﬁfg‘?afﬁ%%m% forg?w@wwﬁﬂ “FrePilfr By rgseuSatigon oxide
e for exanple, conprises silicon nitride. The
fOfmeqs By 1&@’ QU Dot YRS M D PrJeesitign gsgniquenare alpogeeful.
O her thicknesses are al so useful. The second
[0032] sub Thy sebsgatevepolabed to stope leagmss miatriapbftharfilldaydroas.shown in Fig,
Vari ous techni ques, such as C VD, can he used to form
4e. Fot bearsgleohel sshisbhtayepolish@d Bt khdmichl ectiflicaidpdlishing (@WEY). Preferably,
467 i s deposited over the surface of the seconé

the CMIUBhBNSSE a hf@ﬁf‘y 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 enbodinent, the fil

| ayer should sufficiently fill the trench openi ng.

The, fill layer conprises a dielectric material which

[0033C ﬁg 2 n‘&'i; i neﬁ?mﬁﬁ’a%] e¥8s1{1fs?%tﬁl§d%?}%9an él%é{gﬁ]llﬁaty etrog; eolrfﬂw second
i T .

di fferent naterlals IS also useful. Preferably, the
serve gsjq pasgixgiian laym Addional passsrieNpHES caoplsrlr foympd pptop of the
CVD. O her types of materials or deposition techniques
secondygnel ia¢lgigonukbpérs befof Q08 Appaiteorsaflibe iatid ciystab olatstad dAttop substrate
renmove excess material of the fill layer, as shown in
can befdigosedden topaif tieXam aystahieysubstrate is polished by
chem cal nechani cal pollshlng (CNP) Preferably, the

[0034]0C'VPF?g§PISQ-IS%h@\V Q'p@&!e)(s SEbRf Ig VST rﬁct fe ﬁltﬁeﬂpéﬁlﬁh' 3&ivation

high and | ow sel ective slurry renoves exc

layer Jl %&éor@tﬁg wlﬁl a Hﬁllern &nf) m%rel z %g%ﬁu%g%tg(}éle (rﬁsas}ﬂgvnpglg FRYFess continues

uces or
renovi_ng the

fi
from Fi%ﬁscﬁéfﬂ% yo?hettﬂ%ﬂfrch? Rt it g i fthe tée@ée%messed to a level

subl a in one frYrkr{Fdinment, rs i bout 1:
near tojtha ohe optverfacseifale fixsebuplayeat The reses inhbwot ssefhah, 1000 A
dependi ng on the wafer surface option ratio. The CM -
Mustraivels thertop hefaeobtie filsishibayethe thpsurfacg ofithplfastaub@ger.
substantial ly planar surface 408 between the. top of

[0035]t he I héddordmteWwitRlkhe drd iR dirh&RCHhe @Q&l)na ‘éﬁlglﬁ‘}%“e‘? s&fve§ Ekea sacrificial
second subl ayer. An over-polish can he per

secon@%gb&?%rle %g%&ﬁggﬁli%%lggg%ﬁgniwe} ﬁi%edgo{cetlzg/%f Iulelrlem gde rRemoval of the

I ne.

horizofEERERenSanft froBed B a‘.f#gb's%s %@?q”veé898fo€pvéé$°a%%%otlo%w ch,
materials on top of the second passivation and

such ag g yichetely Hsmaymm(rh yhicHe ipctiveyo fHist firsleswblayaandiel layer.
second subl ayer, it can also serve as a passivation

Alternjtaeby, an Adiddtromn aﬂchms]s hvdtyi ach tayassbeoand aDger beehniques are also
farmed on top of the second and isolation |ayers

useful beh@éteh,tfoeexhers ickipdiys@heinliryl wigidh eentdvis Hl sebBHdeubRlyer selective
A top substrate can be disposed on. top of the |liquid

to the s éfbﬁlye{. aX&'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.

[0036] 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.



[ 00341 Figs. 5a-h show a process of formng a device
structure with planarized passivation layer in
accordance with another enbodi ment of the invention.
As shown, the process continues f omFig. 4e.
In one ehﬁ:foﬁfrﬁéﬂt Yhe {}H&nteg’soofgt gﬂf‘;a%e égssﬁlaﬁgn 'iegr%r {s aug £ 1BHE! erO'a A. The
he trench Is recesse to a fevel ‘%at of the
a o} st. subl a e rec
st g%gweﬁ%#%fdé sufManipliF iRty PO UGS G cBrgre below
I's above the top surface of the first
Altem%%‘fﬂlw%? firsf @tﬁ%@forrqwsua@cys?sw@ﬁé@ o the fidlase sppdanar, resulting in a planar
enbodi ment, the second subl ayer serves as a
surface ae tidi¢agedalhy ths dotertilimasth Hig Sbwhecleconfizoratipomhptoves the passivation
portions over the device |layer are renoved. Renoval of
integrityhe&f thie¢rhizomtirtorpevicé.ons cif the second subl ayer can
be achi eved by, for exanple, an isotropic etch, such

[0037]""S FiAeba-e LIt HoEdAgss ?Pnﬁhéﬁ dMRICE B SuSh ‘3&10%(?’ %cé g’ﬁth an

he first sublayer and 'ayer, Alternat ve

e B L S0 B 08
oS35y L R SRTTL R 10 0 LEIPYSE 12,200,

erforr:red which recesses the surface of the
secondgf@lbf aye (P anf 680 sbe pardivatibh Hyerar¢ famineg on e surene bif the device
This results in a substantially planar surface with
layer. @heViattiand secoad dulslepes sresimiddrte sipeodeqigibb®int g, 44. I example, the
and second sublayers and fill. In one enbodi nent, the

first subRiyd# cohhdrises SiMesh HNdO DI sBRIWRERaH& oRIpENALIONS e,
recesses is |less than about 1000 A "[003611 Referrinf;

Typlcatllg {Rk Frr5tSbla x 19 Qb(lu?gs r %é&? A Wl’?lgﬁr t\ﬁI ?ch%d %ubc’l? re!rafsc etfou{; ﬁ% -2000 A.

vat1 on osite e sur

mhe gl %fa;(g% f%e%%S{ﬁra%?%@v%g{gb@@é?@%@?@%&W Gl o
exanp rises a transparent material, such as

extem?&uepwé@ﬁnerm tiliecrecand ssblayergiereiynp stopdeyer Tyrilemrizgtion: Hehe
surface passivation |layer is deposited by C D

thicknggs of theti firet andesesundfsabley@agstfeatbiyls htapei Ousiong At her
techniques as well as materials is, also use irl. 9 In

[0038]0ne Aghewth IFeRig, 66,0 dpBhiak 0EEEn 64518 FertHelas e substrate. The
passivation Iayer is about 1.00-2000 A. The surface

openinP A %n¥ @hibBBinh ?ﬁﬁﬁﬁ ﬁ’)ﬁH?tg)ttb%%é(%(seﬁh@&%fectrfcrlgfé B%ath the liner
he, topography o S OW.

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.

[0039] 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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Aherriauvely, the first and second subl ayers and top
of the fill are coplanar, resulting in a planar
surface, as indicated by the dotted lines in Fig. Sb.
Such configuration inproves the pass ivation

[004016nt %@'sﬁﬁfa&fofﬁﬂés&@& %9%1%0'1%59({ ag gﬁédv&n in filgof)gd7 ]Folr:legmp%le a CMP is

show a process 0] evi ce Sstructure

pertor GG B RO b o 0 B e TR MBS e mateis o
substrate 405 is prOV|ded g&ggared with a dielectric .

the fil} Igyex selgoigye tpjthresecprg,aiblayso NRsters e pecapd sutiiyest forming a
and second sublayers 670 and 680 of a passivation

planar|or melystaatielly prahatkuotace 6@ Isuiwtacthe odp ditbe did\maeial limgtertrench and
The first and second sublayers are simlar to those

surfacelefthe ise@ddistbley@. Fdaexdnile, @xaRBt-Bolishn@n bk Eéﬁérn%dk%b AN BHily recess
conprises silicon oxide and the second subl ayer

inl
the tofﬁgilﬁgi:/ 2?@1:3 zilla%%ﬁtqn EHO tféng nq_d{%}l&f Mhe&ogig% olh% Sthe recess should be

about 50 2000 A, The first subiayer
lewthiygkgg?ggig first paSS|vat|on | ayer to prevent erosion

evice |layer fr external environnment. The
[004113 ec glgs (%1thg g}cog@? gye&gz hichgepss pag spcrifistal second sublayer in this
| anari zation. The thickness of the first and second
embo@gmtay@r@ve@;@qumag kap, surfgcabinhe ﬁls@(SublaﬂfﬁO Oharerh@@B8fthe second
As shown in Fig, 6b, an opening or 'trench 6655 is
sublayforanda achievdteb s Ubisdxaaipee, ail i@tropieeidh)guchi 43 a0R& etch. Alternatively,
enbodi ment, is sufficiently deep to expose the

anisotidpRl Bt Eich dsA¥EEtcRERES ﬁ'lts@ bd D&d! ICNBEr tebidGles aRERY l?steﬁPgThe etch,
portions of the device layer. Various conventional

for exatnﬁgg %#gﬁ'gy% a{%nﬁﬁﬁ\gglﬁgﬁ?%ﬁ%ve% gh f soercm hLleﬁ)é%}%bselgc%'ve %o the first

onal patterning processes sacs as masking
SubmygﬁwdgﬂféﬁfropPe et ching. [0039] As shown, in Fig. 6c,
the process contjinues by depositing a Fill | ayer 667
[0042]5, tfﬁéurf@awgw%@n 13!5{%6%/3 li$ de¢pmyised orf the sestagepifdhe substrate, covering
simlar to the fill layer of Fig. 4d, The fill |ayer
the firsg sitflayer end the i1l lalyer inhiee trerehc The peﬂfhdeg)aambtmu@reﬁ, fohexample,
surface ofthe device layer. The fill layer, in one

comprﬁéﬁl@tﬂarfspﬁleﬂtt malCAAPEuches sﬁicbh ﬁﬁﬂd@& fBeol 5)@/‘1%13@' Mrodehe
Cill Tayer is dep03|ted by |11 DP C; VD.

embod‘rﬁé‘tn Nth 8 W Sk RBo th@glﬁjfdcglpﬁss?\;a%oﬁ‘llf}%r i) Hi 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.

[0043] 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

11



10 100401 The surface of the substrate is polished, as
shown in Fig. 6d. For exanple, a CMP is perforned to
renove excess materials of the fill layer. The CW

renoves excess materials of the fill |ayer selective

emboch flﬁ‘ﬁlesfﬁgt%ﬁlrr?r&t’ls%%t 50 L8 X wﬁ"l et nltdlr%e %?%ﬁg? out 50 - 2000

["fanar Oof Su

e 668 he t op the fill terial in
A Thfﬁ%ta (PG ahde ot miceesr Svﬁ{@ygréclameg dant, igghout 100 - 4000
an over-polish can be perfornmed to slightly

A. Pf‘?fé@gg’s theyfiat ublsyeiis thigrerghan the s¢cond sublgyesr. Snch eandiguration reduces
trench, as indicated by the dotted |line, The recess

the stretyondutcdby theemsortdrmblagbout 1000 A. 100411 In Fig. tie,
the second subl ayer which serves as a sacrificia

[0044}s ec amd psetebaYREinies dshhése desiRDEl MR Higd. $bIE nmées‘éleond sublayer is
exposi ng top surface of the first sublayer

removE@ mevala ﬁ%ﬁ e, benR66E g etc‘ﬁuglé)%%ﬁg t(éﬁaﬁhﬁ%e oP Y fﬁ%’t%ﬂblﬁ%r and fill

for exa an ISO ropi c

such .as
layer m%e%& (PO RhR c@%wﬁf Gt BPE" 4SS i and il layer
| xe etch, for exa npl oys _a chem stry which
Compqséﬁﬁ\?éémﬁ aterisbomah %glj ‘é@/fe(?’“@%l B& fifgesubdpyendn fhl? gnbodiment,
subl ayer and fill layer. 100421 A surface passivation
serves|agyepcrgB$al firs sdblppei tAedllosiratdieindug.f7c e CMP isheerformed to remove the
substrate, covering the first sublayer and the fil

first subdaper adpdrtien bf @B Gl [aydre ToE IONR eerR@ss ittvefilsOihd &Y64s materials of the
for exanple, conprises a transparent material, such

fill layélssefi‘édtl'vg RN%hRidkYicd e yeF. Bild Cmrkt Y tﬁ% 188G ee fale g r%gna planar or
enmbod |nent the thickness of e sur ace pa sivati

Subsm{lt%gplés su %Eeglgg Weegqﬁ?aﬁgro}:n} rfglg tﬁ?% %‘raﬂgﬁﬁ}rface of

fhe surface bel ow Alternatlvely, the flrst _
thedegﬁ%aﬁVer and top of the fill are coplanar, resulting
pl anar surface, as indicated by the dotted |ines
[0045]| n |hp ghe @nbodyent, @gmfacgmaasuvaﬁl@mlmpr eviesposdileon the substrate covering
prassivation integrity of the senm conductor device.
the deviOD4BM ilFiaysrs ag dHwstratvdvin &7 0c TaS safack passivigioa lidey iCéne
structure in accordance wi th anot her
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.
[0046] 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
usetul. 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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enbodi nent of the invention. Referring to Fig. 7a, the
| ayers fornmed for the device structure are simlar to
those recited in Fig. 6a. The first 770 and second 7

80 subl ayers, for exanple, conprises silicon oxide and

(004751 | i£9R aﬂér&glt'ﬁ\%%orﬁtgﬁiﬂﬁ&iti yﬁgﬁfog!o? for&%gﬁgg dancesmd e Wi

curre ayer 1s about

00. A,while.the second subl ut 50 -
substadgyffy Fﬁi{laﬂ%ﬁ%wsstva 64 B QoSoBre bt e “Hitprodconins ar
subl ayers, _in one enbodi nent, is about 100 - 4000 A
similapiogtheseaispsribed er Figs.$p-& ubn aysrpolish £41 st farmad ta sightly recess the
second subl ayer. Such configuration reduces the
top sugtqeadshd fildl leyedinitye trhech. SBwomckss stialudd/be les§ B:iA44400FH600 A. A
process continues as those described for Figs. 6b-d.

surfacd p@ssBRGON NG Ut Y 8ipriks a fifMPRhd sbeindeBNRlBee Rblayer is provided
ani se?: Topi c etch, exposing top surface of the first

on the %HI%&Y& th@RMBstrdek | cov ﬁ’%ffhe IsBeohi %ulgl%fgr}%?d é}tfﬂﬁe@é‘sgé’(f lgéi%ﬁ ill. Inone

h the current’ e t he ayer

e LI T
sei ses as sacr|f|C|aI first sublayer. As jllustrated
Compr}SﬁS ?if igon I?IHI eq Proyipings eipsoparEiyation s qther nupmbesef sublayers is
subl ayer and portion of the fill layer. The CM'
also u%%V%fSSWﬁ@ passiatigmnerxdwests thkateeessahd rafedt thp surffide) forms a
| ayer selective to the device |layer. The CWVP stops on
substattiied] yde@atiac eopl saiy@ate 391 Nherstarl Ro@Id blaysts0ant is8h kihich remain
pl anar surface 764 between the top of the fil

in the ABEE&] dt@ktukSplolRiet ﬁﬁd]ﬁgn&zggss%ﬁf)ﬁ%eﬁfto VeIV ure. Thus,
| aver. [00451 in one odi nrent, "a surface

he, substrate
reﬂectﬁ’&%%f‘(ﬁeaﬁﬂsfxﬁ bgl\?gfé}éé%%ldée?ﬁ??r b g@lgélgedas illustrated in
Fi The surface passivatjon liner, in. o
[0048]¢ géﬁiﬁagh f he pgsmpraligading: idgreatveq pavire BT O sublpgers, it i also
shomn the surface passivation liner conprises a dua
useful &B@Mﬂ&ﬂhm@lsswrmn lizgy evithag singleilavst. Bheisisgle dandr.sor aowle, can be
sul bl ayers '90 and 795. Providing a surface pa
an oxidd aratifrole ldyieneThavtttknessherthasinglelayef, is ucdoadacs whihayerembodiment,

is also useful. (0046] In one enbodi nent, the first
is abo ﬁ 0b iren)oo Subdayionf QiR bS BSprolds! ;ﬁa@ﬁv&?&'nqﬁtegfm}eand still provides a
t hi ckness

substantially planarized top surface for the semiconductor device.

[0049] 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.

13



of the first surface sublayer is typically about 50 -
2000 A., O her thicknesses are also useful, As for
the second surface sublayer, it conprises silicon
nitride. Gther tsrpes or"materials are also wusefial.
The first and second surfage gbl ay' ers protect the
device |ayer fromerosion by noisture in the air and

Whtto avoi d scratch dieing subsequent processin_g. The

atSEAPRAES of | ee second surface sublayer is about 50

- 2001) A The total thickness of the first and second
surface sublavers is about 100 - 4000 A. 100471 In an
alternative enbodi nent, a nmethod of fornri ng a

1. dévemecondvatacdayice.cowipriingsubst anti al | y pl anari zed
passivation layer is presented in Figs. 8a-b. The
Pd QAREStcIL RS adli€ectfit MykAlind Dddvice |BpFOndRS Subished, thetevice layer
Figs. 6a-d. An ever-polislr air lie pertonried to

haWn%%d lﬁ? reeess the top surface of the fill layer in
rench, The recess shoul d be | ess than about 1000

urf assy .vat i
ff‘ﬁfrsg o BB D4 b Eis® Br G5 Bonigefhe second
e surface of the substrate, covering the second
“mkﬁﬁbﬁﬁﬁﬁé?ogﬁﬁ frH{eublagdssed trench fill. In one
enbodi nent, the first surface ubl ayer conprises
swhereiarthexéogad autdayen sersecorrdsten facer slabhaasion such that a
conprises silicon nitride. Providing a surface
substapigdBi pladdriand tdprsarfavd isoboiitar fontheizemi cohd s deyeses 1 s
al so useful. The surface passivation liner, due to the
recess and raised top surface, forms a substantially
pl anar top surface 898. T;he first and second
n ;’Fl?éuge%‘lﬁ&%d%;tg\rl ?é&ggg(g XY{H grq/g nfgfshg d\e/:{é el S’% eﬂgl%% a reflective
t he device stricture. Thus, reflectance of the first
mat eri al of the device |layers. enhanced. (0048]
Al t hough the passivation liner is described having a
plurality of sublayers, it is also. wuseful to provide
the passivation lirer with a single layer. The single
3. |'Byesemitarduetoardplies oftdmnb2 whareirothie deflactivaidyet cenprésgen conductive
The thickness of the single layer, in accordance with
materiglne enbodi nent, is about 100 4000 A. Such
configuration inproves passivation integrity and stil
provides a substantially planarized top surface for
t he sem conduct or device,

layer.

4, The semiconductor device of claim 1 wherein the first sublayer comprises oxide and the

second sublayer comprises nitride.

5z The semiconductor device of claim 1 wherein the first sublayer serves as a passivation

layer to protect the device layer.

6. The semiconductor device of claim 1 wherein total thickness of the first and second

sublayers is about 100 — 4000 A.
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100491 The invention may be enbodied in other specific
forms without departing fromthe spirit or essentia
characteristics thereof, The foregoi ng enbodi nents,
therefore, are to he considered in all respects
[ i § 0 11 L.ayention
T Bl AP b AR R SRS Phus
i ndi cat ed t he appended, clai ns, rather .than by the
P LGBl Bt BB SARTGHE BI otttk gl thereon, the
. within the neaning and range of equival ency of the
devicedpyst frs0mhion of HtesHelBETiE 266 enbraced therein. t3 CLAI MS
What is clained is: 1. A sem conductor device
clormpmigsinrogeniag shrbsghr tie deviaviaygr;a di el ectric |ayer and
a device layer on the substrate, the device |aver
haxthing fait deBtond;subladerk bh $ép @ntle 88GNEYSURH AN e opening;
di sposed on the Crevice lacier and lining the opening.

LRBoSBRONGI 18URLAYES ofb t%e @it QR sQonll Bib1h{dr$ En(ﬁ;i’ll?g @Y %?%r}ing;

wherei n"the second subbayer serves as a stop layer

'l i such that ssubst anti al.l i anarj ed :
PR E2he AP Pl R SR s PR Rl B8 forming o
2. . The sem conduct or _devi ce, of clai mwherein the
substagfial}y e qa&%@f towﬁﬁ??esfegﬁﬁg SPRfQBdEstodevicgyer . 3. The
sem conduct or device of claim2 wherein the reflective
| ayer conprises a conductive material. 4. The
sem conductor device of claim 1 wherein the first
8.  silelmythod obeipini 3 eshetin te d@nideiher catpong aseldcayelayer.
conprises nitride. 5. The sem conduct or device of
claiml wherein the first sublayer serves as a
passi vati on

9. The method of claim 8 wherein the reflective layer comprises a conductive material.

10.  The method of claim 7 wherein the first sublayer comprises oxide and the second

sublayer comprises nitride.

11.  The method of claim 7 wherein the first sublayer serves as a passivation layer to protect

the device layer.
2. The method of claim 7 wherein the fill layer comprises a dielectric material.

13.  The method of claim 7 wherein planarizing the fill layer is achieved using chemical

mechanical polishing.
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| aver to protect the device layer. 6. -1 lie

sem conductor device of claim1 wherein total

t hi ckness of the first and second sublay-ers is about

100 - 4000 A 14 A nethod of fabricating a
14, SEM & v ubst

h’g{i/[él nQﬁIIGHg ec?:‘ﬁl@ﬁ T \g:&)?llsf?l ngp%sg\”%_:h(?u[l(ﬁ] glalls aflslrarfega on tOp of

eV|ce "aver is on top of the di el ectric

ﬂwse%@@éﬁ@a¥%ﬁﬁgﬁg'§% openi ng through the device |ayer;

formng first and second sublayers on top of the

device layer and lining the opening; depositing a

fill layer on top of the first and second subl ayers
15, afae methbd of bleino @ efnitig, complising rémovigg thesetddd subleron top of the
until it reaches a top surface of the second subl ayer

deviceflayem ng a substantially planarized top surface for the
sem conduct or device. 8. The nethod of claim7 wherein
the device |l ayer conprises a reflective layer. 9. The
met hod of claim8 wherein the reflective Iayer
e nater.i al 10. The

to. oPRLAER oF RN B R PP BT E ismags sumran@ gy faer on the

second.., suhlayer conprises nitride. 11. The
““ﬁcﬁ%aﬁBSu ‘a@bgﬁﬁp?gﬁﬁ%ﬁ@ AeqoRd seblaxgrs abihgyidk serves as
a passivation layer to protect the device |ayer. 12.
The nmethod of claim7 wherein the till layer conprises
a dielectric material. 111. The nethod of claim?7
17.  wherehal gl falgiating hsgmiddedidtdd devayebnipsisaghi eved usi ng
chem cal nechanical polishing. 15 14. The net hod of

Chraling o sHbLthARE c&rﬁ?ﬁﬁhgi ng depositing liquid crystal
materials on top o
a base substrate with a dielectric layer formed thereon,
a device layer on top of the dielectric layer, and
first and second sublayers on top of the device layer;
forming an opening through the second sublayer;
providing a fill layer on top of the second sublayer and fill the opening;
planarizing the fill layer 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.

8. The method of claim 17 further comprising removing the second sublayer to expose top

surface of the first sublayer.

19.  The method of claim 18 further comprising forming a surface passivation layer to cover

the first sublayer and the fill layer.
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the second sublayer and fill laver. 15. The nethod of
claim?7 further conprising renoving the second.

subl ayer on top of the device layer. 16, The nethod
of claim15 further conprising formng a surface

20. PaRSh¥abh R cllaﬁ‘}{ §H fOhdrEm 8?1915% zi’?rﬁ‘uﬁ a 518, Cf%#)ﬁ%ﬁ\fa%ltoﬁ liner on the

coveri ng the first, secon S an

surfacg' Zf the s{lrk?sttra%)ed c%{ea{pggﬁ%ge%éﬁcg %-@ilatyrseg%n‘gf tgls %E]ﬂ g |r n g e\a/ll g:s e

substrate mnth a. dielectric layer forned thereon, a
device layer on top of the dielectric layer, and first
and second subl ayers on top of the device |ayer;

form ng an opening through the second subl ayer;
providing a fill laver on top of the second subl ayer
and fill the opening; planarizing the fill layer until
it reaches a top surface of the second subl ayer, the
second sublayer serves as a stop layer such that a
substantially planarizcd top surface is forned for the
sem conductor device. e 8. The nmethod of clairi 17
further conprising renoving the second subl ayer to
expose top surface of the first sublayer. 19. The

met hod of claim 18 further conprising formng a
surface passivation |ayer to cover the first subl ayer
and the fill layer. 16 2t). The nethod of claim 17
fwtther corn pisiiwf o cn-d ti g a surface

passi vation Liner on the surface of the substrate,
covering the second suublayer and the fall, t7
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