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OPTICAL COLOR SENSOR SYSTEM TECHNICAL FIELD The present

invention relates generally to semiconductor systems, and more

particularly to optical sensors. 5 BACKGROUND ART Optical color

sensors can be found in most of digital camera system. An incident light

is transformed to an electronic signal. Then, the electronic signal is

converted and d'%ﬁﬁ’c’g‘[f&&??ﬁ ggﬁsa@?ﬁmed by an

analog/digital converter. Unfortunately, optical color sensors suffer from

color image aberrations that distort 10 the true color of the image. These

aberrations can be caused by the non-uniformity of pixel- to-pixel color

transmission resulting from i pRorCAIfORTRY®f color resist flow. Some of

the present solutions are discussed below. One solution is to apply a low

VIBROSIEYSOHRr [RRISkiha HINgiie SPIREERIPeONIhAcSIanaard PASSIYALIARd more

_ surface and attempt to optimize the transmission matching through a 15

particilaghb iRrRSIE s E65ting process. This process has inherent drawbacks in

that the topographical features of the surface of the incoming wafer limit

the reduction of non- uniformity that can be achieved. Another solution

involves inserting a spin onBAE KlaR&NZMIdARTer between the

passivation and the color filter layer. This process suffers from integration

isOpsassneiatens 2 gaithbih édvod dpanhinterfadigi @heanwmausyfoemityAvfi incident
ight PSGRRLIIE [yt InlLan. g piperale AOR: 400 AGIAMS ROBlIO:vca and

trough. Thus, a need still remairts for a system for improving the uniformity
digitizsfldoloan trangernseisnsiandptcaldsol by seramorio gldigiew wtwetéoregoing, it is

INGIRARINg% “ié&lctﬁlaéof’d}séfgﬁéf?sr?esﬁ?ﬁp%&ﬂ%%% Hmﬁ’%ﬁfﬁﬁe@é'om that distort
DISCLOSUR F THE INVENTION The present invention provides an

the truspeivar cdlgiesemgs: sYBeseabratations providingiaedbbstrateonavirgrarity of pixel-
to-pix_%ﬁ%ﬂr%?;ﬂ%%i@ﬁﬁ?'ﬂs_ﬁiﬁnf%r ngtﬁepl?(ﬁﬁllyﬁitfgﬂrlﬁy%foc\(ﬁfiltqgsﬁll’l?ﬁ;(ﬁ.teSome of

e passivation layer i1s planarized and color filters are formed over the

the P@@@Siﬁ@lﬂﬁﬁﬂg@.dﬁSCQSmdﬁEﬂQV&nsparent layer is formed over the color
filgsirs andmicTRIRNSERIae [BFMad 8o e oRIPRAG AP HGRLLEYSEH F¥Elpe onto a

the color filters.
standard passivation surface and attempt to optimize the transmission matching through a

photolithography coating process. This process has inherent drawbacks in that the
topographical features of the surface of the incoming wafer limit the reduction of non-
uniformity that can be achieved.

Another solution involves inserting a spin on the planarization layer between the
passivation and the color filter layer. This process suffers from integration issues associated
with the bondpad interface. The non-uniformity of the color filter layer is still on the order of
about 200 Angstroms peak to trough.

Thus, a need still remains for a system for improving the uniformity of color
transmission in optical color sensors. In view of the foregoing, it is increasingly critical that

answers be found to these problems.

DISCLOSURE OF THE INVENTION

The present invention provides an optical color sensor system including providing a
substrate having an optical sensor therein and forming a passivation layer over the substrate.

The passivation layer is planarized and color filters are formed over the passivation layer. A
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Certain embodiments of the invention have other advantages in addition
to or in place of those mentioned or obvious from the above. The
advantages will become apparent to 5 those skilled in the art from a
reading of the following detailed description when taken with reference to

planatRRGHEEARP ARG KM HvBRIEFBIESHIRYS BN ol PRAYSINGSon the

FIG. 1 is a cross-sectional view of an optical color sensor system in an

planar transparsntde xab Vst Rttty after a passivation and deposition

siea i ReaMeaneith @ idambostineshef Haepiasentinvantieniddein place
2 is the structure of FIG. 1 in a polishing and passivation mask step in

of thoge JaRpEREE At oY b S dhE SPIE prébedriAgEH IO 9ahapparent to

those Skileig el fbin aneatzhingrand &NPRING ates 1kl arcerpsewrth &iken with
embodiment of the present invention; 15 FIG. 4 is the structure of FIG. 3

referepeg, tR AR AGCOBBANYRE SFENMES with an embodiment of the present

invention; FIG. 5 is the structure of FIG. 4 in a deposition step of a red
color filter in accordance with an embodiment of the present invention;

FIG. 6 is the strifdti IEICREPIRIONPBJititnIakp Wik GRue color filter in

20 accordance with an embodiment of the present invention; FIG. 7 is the
strlfeturdsof FIGsGéatwadposiior steprsical grelen ssolgnrfiljstam in an intermediate

step GEGRIHARRGMIE %@t&’“ﬁ’ogééﬁﬁ%%t%@rﬂéoﬁ@éﬂm{?’HE%S‘?iﬁ'%c@olﬁ&ﬂ@e with an

structure of FIG. 7 in an etching step in accordance with an embodiment
embodimpet pifdbe MraeeintigAn@SFIG. 9 is the structure of FIG. 8 in a

PiRfeRrizafionStep N ACCOsFanES Withan g&?ﬂﬂﬂ@%ﬂ&%&@ﬁﬂiﬁﬁ?'}ham step in

invention; FIG. 10 is the structure of FIG. 9 in a formation step in
accordgissrivathcm winhedimenitddhn oressntheveréisent invention; and FIG. 11 is

ey hafi Ol d.eRIErqalg! §‘?ﬁ‘§9re§é’lﬁmﬁﬁrsﬁ%ﬁ?§iEkgpﬁiﬂﬁg%’ﬂ(ﬁ%g with an

30 sensor in accordance with an embodiment of the present invention.
embo@met MUPPEOR OARIKRYING OUT THE INVENTION In the following

deserRtQNKAVMRIANS SPRRIGARIAIS AR GNP RIDUARR WAIPHIBmbodiment

of the present invention;

FIG. 5 is the structure of FIG. 4 in a deposition step of a red color filter in accordance
with an embodiment of the present invention;

FIG. 6 is the structure of FIG. 5 in a deposition step of a blue color filter in
accordance with an embodiment of the present invention;

FIG. 7 is the structure of FIG. 6 in a deposition step of a green color filter in
accordance with an embodiment of the present invention;

FIG. 8 is the structure of FIG. 7 in an etching step in accordance with an embodiment
of the present invention;

FIG. 9 is the structure of FIG. 8 in a planarization step in accordance with an
embodiment of the present invention;

FIG. 10 is the structure of FIG. 9 in a formation step in accordance with an
embodiment of the present invention; and

FIG. 11 is a flow chart of a optical color sensor system for fabricating a optical color

sensor in accordance with an embodiment of the present invention.
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understanding of the invention. However, it will be apparent that the
invention may be practiced without these specific details. In order to avoid
obscuring the present invention, 5 some well-known circuits, system
configurations, and process steps are not disclosed in detail. Likewise,

the drawinggshownp e PORUMENts ol th© BNPRIAUNIGVICEIRNS Semi-
diagrammatic and not to scale and, particularly, some of the dimensions

arg fp¢ thadsiantydelcRprReNialinf-andspéei b AMAIL ertly CXRGURIMRIRE thorough
the drawing FIGs. 10 The term "horizontal" as used herein is defined as a

underganding 04| BEdH LRy e IRSHICT 1Y b BEirfARAT6R A B Siafayention may be

practitegavsliass ehdte Qpentatianialive wretdvetticaloiéiersdiaiagdiegiiesent invention,
perpendicular. to the horizontal as just defined, Terms, such as , "above"

some "Ke{lpOWR oIS eI N (LB Al e AR FTORfgh P GOt disclosed in

detail"'upper”, "over", and "under"”, are defined with respect to the horizontal
plane. The term "on" refers to one element being in 15 contact with
a

hofifidt e thenirAHa g8 o pioeeSEIRg 4 tiSe dThdieiARRYIgYEE I vice are semi-

diagra@pastigniafonaietdeamnahpiefiesist ypssiaevigh€ypaskindeyelRpmentlarity of
etching, cleaning, and/or removal of the material or E}?é)toresist as

presenaHoR B AMING #gat¥ Pagesiet e e AFSRR A dtind that, with new
higheasahnabiiesammers phanesei Yetenindingonalagd sirationd@eusesentional
lane 2PRA nt V\@en a picture taker‘i of agnonochrome baﬁﬁ?round“is viewed Qn
plane - SBHBRS YcreBIPSFA-5SAE S ptbBie AT RALEULN i Eifto HatsAhidiers o a
directi@cpeipentidars nothetouizomdllphoneistrransTAfRI axieasiv€above”, “below”,
. inyestigation, jt has heen.discoy, re%{t at the problem is not with the .
b0t R ord Beraaif Bul B the IBNHL g Bhc. EUBF fartHBPShvedtiGaird “under”
are defdvenieidhthaipte (@ thpiakieohiwbsl ietatEetethe opticafese NS orR Wkaneia being in
) take each {b)ixeiéof the picture. However, it was found that the yellow
contag MARHOMSLICEEMr with some optical sensor systems but not with
othiey serbhisped dasihe’ fustiesdiseoierycliat shizprollemot epaads] upgshotoresist,
" the location of the oPticaI color sensor chgns on a wafer and#‘na t\ft)g terial
patterigy PRI S &St § WOIFBhaB T A8os 158 &F‘fﬁ\é "chiPE SR a given matertal o
photoitsiterns3@dqfied eveorfitber doyeiighdiantiiraras discovered that the

p olﬁle IS a soc'a%ed with color, transmissiqn uniformity through th .

P RESL TRAY e AR OHEh TR BTG “eiB e velTow diagonal
striatishbseguen tipfeen ddieinipetuleatkeickaseopiachevertess gothel ¢olvikewed on
the p}f(l)l}l%rgcr%glclj. leﬂlsees?ofl%ee af Br(()) }E(%glhsé%%%%hc(ﬁﬁ%ceu}p teoy(ieeltlgrvr\llnsr}erzl tégglﬁss'e it does not
occur on all phone screens.

After extensive investigation, it has been discovered that the problem is not with the
phone screen but on the picture taking end. Even further investigation revealed that the
problem was related to the optical sensors used to take each pixel of the picture.

However, it was found that the yellow striations would occur with some optical sensor
systems but not with others. This led to the further discovery that the problem depends upon
the location of the optical color sensor chips on a wafer and that the problem will affect a
horrendous 40% to 50% of the chips on a given wafer.

After even further investigation, it was discovered that the problem is associated with
color transmission uniformity through the microlenses that focus the light on to the optical

sensors. It has subsequently been determined that microscopic unevenness of the color filters

and lenses for each optical sensor cause the yellow striations.
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3 It was finally discovered that the uniformity of the transmission of color is
enhanced through active planarization of a passivation layer prior to
application of color filters. The topographical features are eliminated prior
to, and during the application of the color filters. As further described in

detaihbelumyaliss e RfHansReraNt o6 SR in%ANSR3IERbBB8tal@hhanced
are deposited starting with a layer of encapsulating passivation material is

througlhatid¥e Bladeg2iiomatat By AHeHaxepIBHar R drRHsagroberigsdilters.  The

topogfipHicastehereicalerahaNaprRipRAEAtIAR G MR )a P iRA R RBP tkatisr Ofilters.
the color filters. FIGS. 1-10 do not illustrate any non-essential color filter

1O GHEBRY I AE RIS R DR AN DR Ry rARERBE PR ST Lransparent

materfal Qrd dHpRKGIRIISERANVABrassre Soaalaganaahanpaptical olahtdéhl is applied
sensor system 100 in an intermediate step of manufacturing after a

over gl et %t B SRERSH LKeBRlahBERRY AN Shib iRt bfFrdanical

planaiZ8S6ent CVENLipRo A SUppliaiecht eantalos fiherQpHraksensp i Ho2ihthate any
optical color sensor system 100. A metal pad 103 is formed on the

non-eiRLALR19H T AIRISARIBCIE A 98 THED AR Yei¥BRS o RE FRER pad 103
ISReBioadesaRIFaoyerethéyia idydodiencapsatingnal S RassivatiWptical color
material 104. FIG. 1 illustrates an example of the metal pad 103 having.a . .

sensor RSO0 BB UP E ERRIALS N R B WACKI A ALISS RASVAGSR ﬁ?Qtéﬁa?smon

step i%%d@t%ﬂeelm,laioemmn{emgﬂicm giexide ﬁfv@ﬂ(’lj@@m nﬁriﬁlﬁbﬁiﬁﬁeﬂitﬂdcontains
y hi ensi ma (HDP) deposition. In accordance with one

the Op&%t?a?ﬁ?éﬁ&%g’% PB%‘%(??‘;&)‘ELEW@ %é%%&@ h material 104 is

depasitatl pad thxkpessmédlnautht? D00 at201 A layer Bf topmRssivaiidhe optical

materjal 106 is deposijted.by TFOS osition on top of the layer of )
sensof AL Ao LGP0 T aCBTEAS vl of encapsulaing
passivafiioaignenil the4 layeihf toflpassivatiansnaigiialctOhdasetathjekness dlaving a

. . abouf 12,000A, Referring now to FIG. 2, therein is shown the structure of

thickg O AOH g LI EL G BRI N S AL R g o nclude,
for eeimpagiritodofdhsidiesendilinantidmndE hdepdsipie b uslytdepasite clayign (HDP)

of top pIassivati n matelﬂill 106 ishméforml Qﬁ)lislhed back along with a

g ation

Aeposfiiion!Br HETAYRF o BNk, B REBESEN Al RilehlaF HERPYHA e R vaticn
materp@3oW adidepdviateiah IbEkacsmpieialy rewekd. This leaves a thickness

of the layer of encapsulating passiyatio materiﬂﬂ% Llr:hf niform.

RS LB AR QLT P S RBLS VL o SHRBaN BB B the
layer ofagacig)dslieiia@pave tidomeaiatgpad 108. Anhaccondaskelayih, sncle@dodiment, the
layer 5‘#{@6&)5%% '%%ﬁ‘é{%rﬁ%%%%’%%%?&%@sého I3gt 95 gpgapsulating

passivation materia

Referring now to FIG. 2, therein is shown the structure of FIG. 1 in a polishing and

passivation mask step in accordance with an embodiment of the present invention. The
previously deposited layer of top passivation material 106 is uniformly polished back along
with a portion of the layer of encapsulating passivation material 104 until the top passivation
material 106 is completely removed. This leaves a thickness of the layer of encapsulating
passivation material 104 of uniform thickness above the substrate. The thickness is such that
about 6,000A of material is left above the metal pad 103. A hard mask layer, such as nitride
202, is uniformly deposited on the layer of encapsulating passivation material 104.

FIG. 2 illustrates an example of the nitride 202 having a thickness of about 5 ,OOOA. A
passivation mask 204 is subsequently deposited on the layer of nitride 202. The passivation

mask 204 is processed to have an opening 206 leaving at least a portion of the top surface of
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FIG. 2 illustrates an example of the nitride 202 having a thickness of about
5,000A. A passivation mask 204 is subsequently deposited on the layer
of nitride 202. The passivation mask 204 is processed to have an opening
206 leaving at least a portion of the top surface of 4 the nitride 202

the nR¥ROSEOLO¥RpIR&IMRE pRd HgPfTalG 183 Id@a¢gordancaito @@nce with one
embodiment, the passivation mask 204 includes an L95 resist material

embodimertr HisnapisivatgBrnereaitthdisbidas md:% dreidimaeigwG R T bondpad

layer)Structure of FIG. 2 after an etching and 5 stripping step in accordance
with an embodiment of the present invention. The passivation mask 204

isRelToReaNd A KcRind Prat dshesiRg i stritide 9b55E 2 Aliry dR4ghing and
strippl@ENAVE Sref XRaRRMABtIgN i Bbei layer &f @BGRRSEHRINE:PRSSIValiRDassivation

material 104 located above the metal pad 103 to expase the top surface

mask Pt FRY G 33, FEHERIRE ot e 1 e tHErerR IS AW sk removes an

exposSTYSHIEOHF ke Bl GOBHADSIRRITY pEsacaaEaRaRewith Bt located above the
embodiment of the present invention. A coatinaI layer 402 is deposited on

metal pad | LA FuPHEdNS domsHTHcE B ShUmERL R & metal pad 103. For

illRsfeatian PWPRSERG. thetheriings lalyew 4 07e maychave A fiTkpess ebalduttep in
600A. The coating layer ?f%zfﬁmay, for example, include anti-reflective

accorafeh g i AR RO FRERLY RIS HIBY SRR R2URS Y thée Lirlsdpgsited on
the lapéFdEGnirideandenesitine sigRudfacel ¢ 1hd aRial flariozaceerdanseawith girposes,

e RN oSETLINCNion FIC, S Tes  SepoRion b o
examjsleposiiett antarpasianoishengaatirgidyer 402 that is supported by the

Sl nians SR hstaien e e e s e SR
of a rdepasiiofilehthe itieisiaise makemadifedanee: iof shivingshie yelawion. FIG. 5
oSSR RS e scquense o fedole, pd e eSS oo
filter fillers pepuides annopoaaiethips @vatgntayehreal thexpesimentatiasy, the layer of
s R U P el 2 PRI AT o
1.0+0skanience of blue, red, and then green filters is not subject to pixel peeling

Wﬂil?asb Elerg:% faand’ glrz?tbt eetgr Lr of HE%%S%?)% tor}etli]leb 1 ?epsltgfsso' makes a difference in
solving the yellow striation problem. The sequence of red, blue, and the green filters was
used originally but it has been discovered that green, red, and then blue filters provides a
noticeable improvement.

Through experimentation, it was found that priming is required to prevent pixel
peeling when the blue filter is deposited last. It has been discovered that deposition in the
sequence of blue, red, and then green filters is not subject to pixel peeling while being
comparable to green, red, and then blue filters.

Referring now to FIG. 6, therein is shown the structure of FIG. 5 in a deposition step
of a blue color filter in accordance with an embodiment of the present invention. A blue
color filter 602, such as, a blue color mask, is deposited on a portion of the coating layer 402
that is supported by the layer of nitride 202. For illustration purposes, the blue color filter
602 may have a thickness of about 1.0+0.2pm.
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Referring now to FIG. 6, therein is shown the structure of FIG. 5in a
deposition step of a blue color filter in accordance with an embodiment of
the present invention. A blue 30 color filter 602, such as, a blue color
mask, is deposited on a portion of the coating layer 402 that is supported

bRéﬁ*&ﬂﬁlﬁgeﬁ&;f/ e 202nERidlIWsiKaiaNn R IRRs AT theluesalor ﬁé&%sition step
602 may have a thickness of about 1.00.2m. 5 Referring now to FIG. 7,

of a gfiepesAliY dHERIPAECSIiReR vdPrE BB o¥ithh Ristnbinghben. A green

color QT fitetipraacardrpaevBhaikrRMbacineRtnthe prese ot nveiangAayer 402
reen color filter 702 such as a%ﬁreen color mask, is deposited on a

.9 :
that ig;3RBrSHthE tsakingnQyer 2t 5 Sipp i HgRe RARRIE Nfrde the green
color 2@r 3.1 dbpstiatedp@ranplenédstie the @ eeero0olandibertfOZets color filter

deposited adjacently to the blue color filter 602 and/or the red color filter
502. 5. FYSHRAPaRBIP BishJBE 2 dreloh BUIr fifterm®k PRYG Aahickness of about

1.1+0thigkness of about 1.10.2m. Referring now to FIG. 8, therein is shown the
structure of FIG. 7_in.an etching.step in accordance with an_embodiment

oRHEFRSRAY iR EHoR: RETEXHSSES BB RS EreHEobilY: 16n4Yesidnng step in
accordagadediapayenbijaceshtke meatpad H3dssemared posetcpedianvay the coating

during the etching step. The etching process also removes a thickness of .

layer (i 10649 BBV ROMCETE et MSiridel B02 hRprsd coieichrd a6y, dpipe the
etchinietgrearheieniilieprodessRefe iing naw tirikkae R, shesaithisnshoveAtiRm the red

ructure of FIG. 8 in a planarization . step in accordance with an
color éh‘f‘ﬁo%)ﬁ‘ng?ﬁlblflfh%o @ﬁ'& efth ﬁ‘}%gl%ﬁﬂrc%ﬁl St ﬁ?&terial 15 902 is
URiEpErrilycdepoSiteBIonN dnehtapisusfaseval the sedcoterdilterch(R ithe fligirization

.color filter 602, and the green colar filter 702 to form a planar top surface. .
sep R ASCQUBRRSH A SHRSRATORE BFE B IRy By R materia

902 ias itmigkagssof@bauhd ©pGutimcRefahingdowdorfics. SR, thersiikisolor filter
shown the structure. of Felﬁ 9 in_a formation step in ccorﬂince wijth an .
602, At e PSC TR DA ATAIET SR SCHtS 1c oAk Bvich one
embodipedi tie: planar tranpperTalay @090as lGickaatkisirabestd Pistaltyaf
nggcfrfolenses wherslﬁ;,r?c*}la%5 icrolens 1002 i adg%lcetnt to é%%geg coI%{ filter. )
555 SRR of HteHbO3SHY AL S WP 76 11 SEAdraBHtien step
in accotithrarerdthbadimeodigachonibeoienediOdRchasa thiakoesensfl@oatit formed on
00.1m. The space between ea icralens 1002 may range from about
P g BP0 S e RS BB Sy AAUB A RoFBAREP erees where
each idiorelsion0@5 randjingitamntaboed Saoprfilteraitutitedbive color filter 602, and the
green color filter 702. In accordance with one embodiment, each microlens 1002 has a
thickness of about 1.0+0.1pm. The space between each microlens 1002 may range from
about 0.2 pm to about 0.5 um. Each microlens 1002 may have a horizontal dimension
ranging from about 5.3 um to about 5.4 um.

Referring now to FIG. 11, therein is shown a flow chart of an optical color sensor
system 1100 for manufacturing the optical color sensor system 100 in accordance with an
embodiment of the present invention. The system 1100 includes providing a substrate having
an optical sensor therein in a block 1102; forming a passivation layer over the substrate in a
block 1104; planarizing the passivation layer in a block 1106; forming color filters over the
passivation layer in a block 1108; forming a planar transparent layer over the color filters in a
block 1110; and forming microlenses on the planar transparent layer over the color filters in a

block 1112.
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Referring now to FIG. 11, therein is shown a flow chart of an optical color
sensor system 1100 for manufacturing the optical color sensor system
100 in accordance with an embodiment of the present invention. The
system 1100 includes providing a substrate having an optical sensor

tharedivé bleekil 162;sieHN0e RASTYALIGHhIBYCLONRT ghshPSiGTe imAormity
30 block 1104; planarizing the passivation layer in a block 1106; forming
enhanggia|tRYs (S tRE AR o 1BFY YAUPBIRIEUTRE ik rAthgrabodimgnt of the

presefffanhRIeNtiiRyarayesdhe epewfiters in a block 1110; and forming
microlenses on the planar tran?ﬁarent layer over the color filters in a

block! 1 1A% VEliRg s dleRat, 19yt Bt i@kl pegidp3 with the layer of
transmisgigapuindanpitya SMARGEMRRIRY aive Blanasizadignofthe layer of top
passivation, according to an embodiment of the present invention, is o
perform®aay W EAET Kol ¥n g thiematalisadf Y 8r3 Ob ritiBBa AR R Rgssivation
metal pagdat&dawithythg-taygn of 5 encapsulating passivation material 104,

and depositing the layer of top passivation material 106 on top of the

layer‘of BRESHIEEIRARY IheseVaith R aaliateR. mraieral) D6, dronrignsahie 1ayer

the layeoof fopi@assivatian matanirlef, depgsilingribepayeraebmitiderial 104,
202 on the layer of encapsulating p%ssivation material 104, 1Q depositing)

the prs<IRUSATEARR By G GTETAS 08 b 4G 88" PE RS 203G

the passiuatiop mMaskagidatiod thasexposethpariosgfoded [pyaicaf of the layer of
encapsulating passivation material 104. (FIG, 3) 4, depositing the coating

layer 405 SARHEAASR PEFHAIRD St4caly l(cgéhﬁlﬁgjﬁe}%ll pad 103. (FIG. 4)

15 5 4depesitinghihe¢ashaoigrifilier 502 on dhelapatiogdayde 202. {kd@ndhe metal
6. depositiaaélggeébéﬁ& color filter 602 on the coating layer 402. (FIG. 6) 7.
depositifg r alor filter 702 on the coating layer 402. (FIG. 7) 8.

etchipg W esipngentpedianwnffiher soatingtryardag 1{F¢c4@). 9Fte positing
color i BS e i CR e BT s T (I Rt ©
micralengepobamndibepianasibaniparentdayke S8RiHE 1651 AP2t (BEShaen
discayereel et F1e BIESET IRERIT US98 FmETgYS AecnyRoes
9. depositing the planar transparent layer 902 on the red color filter 502, the blue
color filter 602, and the green color filter 702. (FIG. 9)

10. forming a microlens 1002 on the planar transparent layer 902. (FIG. 10)

It has been discovered that the present invention thus has numerous advantages.

An aspect is that by actively planarizing the semiconductor passivation surface prior
to and during color filter resist dispense, topographically-induced flow non-uniformities are
significantly reduced or eliminated. This leads to significantly enhanced pixel color
transmission uniformity through a reduction in fluid mechanical resistance during color resist
dispense. This color filter non-uniformity is on the order of about 20A peak to trough,
(representing an order of magnitude reduction in non-uniformity over the prior schemes).

Yet another aspect of the present invention is that it valuably supports and services the
historical trend of reducing costs, simplifying systems, and increasing performance.

These and other valuable aspects of the present invention consequently further the

state of the technology to at least the next level.
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An aspect is that by actively planarizing the semiconductor passivation

surface prior 25 to and during color filter resist dispense,
topographically-induced flow non-uniformities are significantly reduced or
eliminated. This leads to significantly enhanced pixel color transmission
unifierméyuihirRughqdeductian irdividimerianierl regisidtswdndceriQtfective,
resist dispense. This color filter non-uniformity is on the order of about

uncompjjcedk AetougRrstrdpravdntiier ihortt Srmsyiftatrdaby gfRiing known

techndleBrsNdaIAMY Me Hdhe RrivicareMekiSR1y ahdrethehAsnBEhhticturing large
. resent invention is that it valuably supports and services the historical

die IG packaseelfdsss costs, simplifying systems, and increasing performance.

Theseand pihgkival Hableaspesisidhe Esaotivention $REFRINGA MY ode, it is
further the state of the technology to at least the next level. 7 The

to-be dfHgOsr SRdsBEE M AY CBARYT Al Lol ShigRtFo R, o Stk Rsc fipRarent to

those YRR RlicAtes hghbhyersatiafendeiigciveripaivhe Nopbementedtay intended to
adapting known technolog{ie_s, and are thus_ readily suited for efficientl

. y
embragg 4 YR ATEANY I RO R g b TRt eKRgb (rHevitue. BShfRe of the
includéi ¢naRliomNashesn BRBSibREIRGORIHACKORIWIT SIRRACITIC DRSEEBOMGanying
.itis to be understood that many alternatjves, modifications, and variations
drawifgs g ngea}gﬁqmgetﬁngeagﬁﬁggrmyﬁ@% AR BR#HEAforegoing
description. Accordingly, it is intended to embrace all such alternatives,
modifications, and variations that fall within the scope of the included
claims. All matters hithertofore set forth herein or shown in the
accompanying 10 drawings are to be interpreted in an illustrative and
non-limiting sense. 8 THE INVENTION CLAIMED IS: 1. An optical color
sensor system comprising: providing a substrate having an optical sensor
therein; forming a passivation layer over the substrate; 5 planarizing the
passivation layer; forming color filters over the passivation layer; forming a
planar transparent layer over the color filters; and forming microlenses on
the planar transparent layer over the color filters. 2. The system as
claimed in claim 1 further comprising:
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10 forming the passivation layer further comprises: depositing an
encapsulating passivation layer, and forming a top passivation layer on
the encapsulating passivation layer; and planarizing the passivation layer
further comprises: planarizing the top passivation layer to remove the top

THE PassNagtioNlayes e a portion of the encapsulating passivation layer.

1.

3. The system as claimed in claim 1 further comprising: providing a metal
pach optibel substrais GoyvRBiadtopiineptical sensor; forming the
passivation layer fll)thher comprises: enéla%):sulatlﬂgrthe metal pad in an

encaBrsou‘ﬂa ll%% E4V: %?o%al\é{yéra}na%%nﬁ rnrﬁ(i)ﬁé Félf);passivation layer on

the efwapsyplapagspassivadian tayerthardbplatarizing the passivation layer

furtheli com riseﬁ: Ianarizinrg the top passivation layer to remove the top
aparizin t eﬁa sivatior laye]r' , L
passR/a ion‘fayer a portion-of the encapsulating passivation layer. 4.

The dystany aslolafined bvetahm dafsitheocdaparising: 25 providing a metal

pad gn Ihe subsirate,connected (o ihe apieal sensgr forming the
passwa{?ongla EPHEY gomprisé/s: 8ep03| ing a hard has layer on the

passivationgayierpléasating thpaksivatianspraskt daythe vardheradde ifiters.
processing the hard mask layer using the passivation mask, and 30
prosesyitnthe Paissidationaay driusingy tienparingiask layer; coating the
met t . [ coating layer; removing the
coaﬁ‘ﬁ%}%& ﬁ)%%st?wﬁer%ﬁ%}%?%éﬁ%r%}g %?ﬁ%%%s'the color filters forms the
color filters depiratiogatingntzpenlaBng pessixsteon &yetaiméd in claim 1

furth ] " . | S .
forming the L R e e e G Taver: and
blue pbioarfitieg @n@@&jr@énmmmﬁfm@_ﬂleﬁcm@ﬁ@mmg layer; depositing a

planar transﬁ%ﬁ%ﬁ&lﬁg%g QOtp%gﬁl%HHﬁ rﬁﬂp% remove the top passivation layer

and a portion of the encapsulating passivation layer.

The system as claimed in claim 1 further comprising:
providing a metal pad on the substrate connected to the optical sensor;
forming the passivation layer further comprises:
encapsulating the metal pad in an encapsulating passivation layer, and
forming a top passivation layer on the encapsulating passivation layer; and
planarizing the passivation layer further comprises:
planarizing the top passivation layer to remove the top passivation layer

and a portion of the encapsulating passivation layer.

The system as claimed in claim 1 further comprising:
providing a metal pad on the substrate connected to the optical sensor;
forming the passivation layer further comprises:
depositing a hard mask layer on the passivation layer,
forming a passivation mask on the hard mask layer,
processing the hard mask layer using the passivation mask, and
processing the passivation layer using the hard mask layer;
coating the metal pad and the hard mask layer with a coating layer;

removing the coating layer from the metal pad; and
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forming the microlenses further comprises: forming the microlenses on the
coating layer over the red color filter, the 10 blue color filter, and the
green color filter. 6. An optical color sensor system comprising: providing
a substrate having an optical sensor therein; depositing a passivation

layerfgmarihens Wsbaie R RAIZINI 8 rIassY 8t ARl 2y find 3.depositing
color filters over the passivation layer after planarization; depositing a

planas jsensRa@hiniRYah @Mmand avieidheosddeisiilters; and forming
microlenses on the planar transpalgnt layer over each of the color filters.

7. THECBOSHARS A SQLRRAEYST et RIHEPIBMBYRing: depositing the
passiéatithidayet slthitteeo nphisefickeddepositing an encapsulating

passivation layer on the substrate andOL rming a assjvation layer o
e encapad BRI PO g he e B HY e Bde EtbF Ry aier on
further comprises: qelishingytte top passivation layer to remove the top
passiyation layer and a portion of the encapsulati assivation layer. 25
B A RORAY 26 B AT B PG D BrSIG: BLicing 2 meta
pad dorthin guisiraceotanaetietidodhampiécal sensor; depositing the
passivationﬂl\a er fu%%er comlprises: enﬁ:apsulati the metaﬁgad in ?n il h
encapsulati %XE} [ ti%lﬁcfgy%}?et?'ugnet 8§8§Hf¥ti %ra%gf\liat rﬁgﬁ? or tilter, the
includes a mateiiad selectac:framl e gikeardi@xidersilicon nitride, an
allo theref)f, g comg)ound thereof, and a combination thereof, and 10
dép%%ﬂﬂ% at % E)%\I%sol{/%’figcgﬁrﬁla@oé}l%rﬁsfﬂ% encapsulating passivation layer;
and planadinigg thbspasshatiog daygtifaitharsoothpreses: polishing the top
passi ationt.la er to remove the to\p p ssiinltitont layer and 5 a portion of
the enecpaopsétljli1 ﬁ]ﬁaﬁ%{gglb% iGH efé}%ﬁ {h& Sp% iS5 aw?g back of the
encapkumkaiirigghegpastioniayéiyiera thickness of about 6,000A over

depositing color filters over the passivation layer after planarization;

depositing a planar transparent layer on and over the color filters; and

forming microlenses on the planar transparent layer over each of the color filters.

The system as claimed in claim 6 further comprising:
depositing the passivation layer further comprises:
depositing an encapsulating passivation layer on the substrate, and
forming a top passivation layer on the encapsulating passivation layer; and
planarizing the passivation layer further comprises:
polishing the top passivation layer to remove the top passivation layer and

a portion of the encapsulating passivation layer.

The system as claimed in claim 6 further comprising:
providing a metal pad on the substrate connected to the optical sensor;
depositing the passivation layer further comprises:
encapsulating the metal pad in an encapsulating passivation layer, the
encapsulating passivation layer includes a material selected from
silicon dioxide, silicon nitride, an alloy thereof, a compound thereof,

and a combination thereof, and

10
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the metal pad. 9. The system as claimed in claim 6 further comprising:

providing a metal pad on the substrate connected to the optical sensor;
10 depositing the passivation layer further comprises: depositing a hard
mask layer on the passivation layer, forming a passivation mask on the

hard mask laygssipiceson@ihgaah maek &y afcusiogplifapagspuadioBtion layer;

mask, and processing the passivation layer using the hard mask layer; 15
coating the mel%ﬂdpad and the hard mask layer with a bottom

anti-refiaetiyeh CORREs RRMAY YR CRatiRhIpMessfrom the metal pad; and
depositing the color filters form the color filters on the coating layer. 10

The systemBeS i Hif IR B EHIRthEHEBIRARIAYS S5 deppaihyiion layer and

coating layer ovepdhe RagsiNalabalaygitial $dapasdingiybe algidiltaisg back of
further includes: deposmn? a red color filter, a blue calor filter, and a green
)

color filter on ¥ E5ARRIIAVRE: RisHstiMYy yﬁéﬂ&%@ﬁ%ﬁ@%}@ GIPOA over
the color filters;ignehe?dt fatming the microlenses further comprises:

forming the microlenses on the planar transparent layer over the red color

filiee thsthiueas chlionddter chng teugieen«alaisitier. 11

providing a metal pad on the substrate connected to the optical sensor;
depositing the passivation layer further comprises:
depositing a hard mask layer on the passivation layer,
forming a passivation mask on the hard mask layer,
processing the hard mask layer using the passivation mask, and
processing the passivation layer using the hard mask layer;
coating the metal pad and the hard mask layer with a bottom anti-reflective
coating;
removing the coating layer from the metal pad; and

depositing the color filters form the color filters on the coating layer.

The system as claimed in claim 6 further comprising:
depositing a coating layer over the passivation layer; and
depositing the color filters further includes:
depositing a red color filter, a blue color filter, and a green color filter on
the coating layer;
depositing a planar transparent layer on the color filters; and

forming the microlenses further comprises:

forming the microlenses on the planar transparent layer over the red color filter, the blue

color filter, and the green color filter.

11



