OPTI CAL COLOR SENSOR SYSTEM TECI | NI CAL FI ELD The present invention
relates generally to sem conductor systens, and nore particularly to
optical sensors. 5BACKGROUND ART' Optical color sensors can be found
in nost of digital canmera system An incident light is transfornmed to an

el ectronic signal. Then, the electronic signal is converted and digitized
for an inmage process and recorded by an anal og/digital converter.
Unfortunately, optical cOPIICAINEHMOBEENSORSVSEBMr i nage aberrations
that distort 10 the true color of the inmage. These aberrations can be
caused by the non-uniformty of pixelto-pixel color transm ssion resulting
fromthe non-uniformty of color resist flow Sonme of the present sol utions
are di scussed bel ow. OneTECHMICANL. FIEIT» apply a | ow viscosity col or
resist in a unique spin recipe onto a standard passivation surface and
attenpt to omel Brekenit heventioR SrHlasd %%n%ll?htdq%eﬁﬂédﬁﬁﬁaoﬁ sy$ems, and more

phot ol i t hography coating process. is process has inheréent drawbacks in

t hat t lperticoppolyrtapptiealisedsezt ures of the surface of the incomng wafer limt
the reduction of non-uniformty that can be achieved. Anot her
solution involves inserting a spin on the planarization |ayer between the
pasgi vation and the color filt i rocess suffers from

i nt ggr ation issues associ ated %ﬁ%@ﬁ?%@%ﬁ%}g interface. The

non-uni formty. of the color filter layer is still on the order, of about 200
Angst roms. peRbctocPOEROR D Bndal TBestiaf el Aernsy ity At iRt

| mpr ovilgt i gadkbhRidMot ¥n @fec&BhiesigdaRNSIHeRS HRNclefrdtid sipahl BOtdves@NaIs. |In
view of the foregoing, it is increasingly critical that answers be found to
t hese digititedror apBMSQroRisRmEcTided bxvENTlon/digital conmegepr esent | nventi on
provi des an tical .col or sensor system.incl udi .providi e
havi g an- optrerRtetfoebioah ENBF Rl Flehitiogt SORRLBHEL RNtk BHP I ¥ e

subst r @icetrudl ioP@Shic dhi®r Thdse uBérratfonp lcan bk zeched by tE®hoi-uhifbrin€itysofapigelf or med
over the passivation |ayer. A planar transparent |layer is forned over the

col or f9-pixsl solan trapsmeisspr sesuliing, lsom dheraan-yaifpraityphpelpr tasishdedr ePAME afer

over t il-ter . tain enbodi nents of the invention have
ot her %v(gg"lfeglgse(gm!lél&aag%fhtslc%srsleq%&g‘ﬁ" in place of those nentioned or obvious

from the abone.sohitnaidvardpphes low [ischsicw osloapgivt dnta droqdd kyds eedpe bhteda i n
the art froma reading of the follow ng detailed description when taken
with standard passivation Surface and attempt to optimize the transmission matching through a
15 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.

25 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

|



reference to the acconpanyi ng drawi ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS
FIG 1 is a cross-sectional view of an optical color sensor systemin an
internedi ate step of manufacturing after a passivation and deposition step
in accordance with an 10 enbodi nent of the present invention; FIG 2

is the structure of FlG. i n.a polishin nd ssivatl i

accor d&‘i?f‘@r AFPALt daYSE 5 i%medoq‘}%ﬁlt 3 fﬂl%lggﬁ i erﬁltclrog‘tﬁr;ls(g’é1 amlém%{l éﬂ tb»é]i s
the st rigiad trBnphardnt ayeloven tiicokdrailich@ and stripping step in accordance with
an enbodi rent of the (Eresent invention; 15!FIG 4 is the structure of FIG

3 in a coat iGagtast epbodimanis of demissentionrhazn otheb adyartages 8t addifionpes dmplace

i nventi gn, . Fl 5.5 the struc e Fl I It p of
2"V ed edtbgsermeispefortlphafied GRS dheciindetsoy™ RERER Mol 18
i nvent itkéke skilled in the art o aGedding bfthstoNewhpalctfilelIdescription whetlaplomi witlon
step of a blue color filter in 20 accordance with an enbodi nent of the

pr esentreferppentq g .accompanymgdrawings t he structure of FIG 6 in a deposition
step of a green color filter in accordance with an enbodi ment of the
presentinvention; FIG 8 is the structure of FIG 7 in an etching

step in accordance W t Rp3pp ¢IHQER PRRONCOF i PRESERYGKNvVention; 25Ha 9 is

the structure of FIG 8 1n a planarization step in accordance with an

oo et o 1% RS D o ot EL st aL TR LML P 0

pr esentsiepv entrhhiifackiting after a passivation drd idepesifibroWwtephat tacedrdancepivithahn col or
sensor systemfor fabricating a optical color 30sensor in accordance with
an 18nbsaibedimens pf thegrpeatiamentionyent i on. BEST MODE FOR CARRYI NG OUT THE

INVENTION - g1G. 2 is the structure of FIG. 1 in a polishing and passivation mask step in
accordance with an embodiment of the present invention;
FIG. 3 is the structure of FIG. 2 in an etching and stripping step in accordance with an
embodiment of the present invention;
15 FIG. 4 is the structure of FIG. 3 in a coating step in accordance 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 structure of FIG. 5 in a deposition step of a blue color filter in
20  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;
25 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

30  sensor in accordance with an embodiment of the present invention.



In the follow ng description, nunmerous specific details are given to
provi de a thorough understanding of the invention. However, it wll be
apparent that the invention may be practiced wthout these specific
details. In order to avoid obscuring present invention, sone well-known

e et o e 0 AN PR TSy TR I st 02 L

sem -di agranmmatic and not to scale and, particularly, sone of the
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"I oner" upper "over", and "under", are defined with respect to the
hori zon zfll pl ane. The term"on" refers to one el ement bei ng in contact with
anot her el emdkéwise, the drawingsoshowingcesteiditgéntasofushe dapparaisidevivel mde&:mi—

depositjon of material or phot or esi st patternin exposure nt,
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requireg L hiavhaspRgen found that, with new
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appar ent V\hé[rheaerpi tharizentalikasnusedl harenorscdelﬁnedms bakkgpautid toshy c@wentionl t he

phone screen urce of problem en dlff cult to ne because
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t he opphémtesteasgdired in ﬂbﬁ&r@%ﬁﬂ@d&dﬁﬁcﬁﬁ@n determ ned that mi cr oscopi c
unevenness of the color filters and | enses for each optical sensor cause

the yel | ow $thdsgheendeund that, with peviddgly r:nfhmopl er:sleeaadﬁ@ae% Ratellowedigganeby ni ty
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titters. As further described in detail below various |ayers of
transp&P%t‘mé’r“I%’@ﬁ?S‘ErPﬁﬁspar ent material are deposited starting with a
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| ayer and then planarize rough a process hem cal mechani cal

pl anar 'phra’(d saredrCMR) on thé pictdre taklpglemdt i Breroturthve ivwistgation! tegeaded BlaGShe 1- 10

do ot il ustrat on-essenti al Ior filter. to rap i n non-pi xel
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internedi ate step of manufacturing after a passivation and deposition step

in accsysderm:butwor Wldarptherrboarhnéed togthe fir¢hgy dessevary rharémprohlemAdsnmdﬁ FRere 101
contaips ensors 102 f .t he optl al sen 00.
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opti cahoﬁemr,m%ﬁbsow&ﬂheaﬁ@sbﬂ% glﬁmswafepunded and covered by a Iayer of
encapsul ati ng passivation material 104. FIG | illustrates an exanple of

th& metal p ezLegerhﬁwﬁhﬁrglnaeatmat;kmewasﬂlsawd thapthe Arobrera is aspesiategl with
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passivation material 104 is deposited to a thickness of about |2, 000A
and lenses for each optical sensor cause the yellow striations.
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20A | ayer of top passivation material 106 is deposited by TECS deposition
on top of the |ayer of encapsul ating passivation material 104. In
accordance with one enbodi ment, the |ayer of top passivation material 106
has a thickness of about 12, 000A Referring nowto FIG 2, therein is

shown the structuwe, of. FlG in.a polishing and passivation mask, step in
accor dance v& %’J"ﬁs E{Ha]é}‘rﬂﬁﬁ?% théptlieﬁ&u%:ng gr?? tl?%@@%mlﬁwn ‘ﬁféoq‘i%ls cBpangF ulsl y
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alone with a portion of the layer of encapsulating passivation material.
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| eaves a thickpess of the, | ayer.. of. encapsul atin assivation material,h 104
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6, 080. An&bridTedr&depdsited st FRAVElyBEMBI@pslathelfhsivaidiphgteib ks dpplied ,
such as nitride 202, is unithmly deposited on the |ayer of encapsul ating
passi vaveon temmstaldeyer@ad then plangrized through aspreegsassugh aschempicel grechanical
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top surface of the nitride 202 exposed over the netal pad 103 of FIG 1.
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the netal pad 103." Referring nowto F , erein is shown the structure
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deposi tjion.step color filter i nce w
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the present inventio e 30 color filter 602, such as, a blue color
mask, passtepios ittaaiabi04 oponiforonthadknesseaabovatliemybbteater THO thicknass is sudutbpor t ed

P heal Al DAL 5 29 0 4N AR RUERRSRL 6 AL Rkt
30 202, 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 5,000A. 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



Referring nowto FIG 7, therein is shown the structure of FIG 6 in a
deposition step of a green color filter in accordance wth an enbodi nent of
the present invention. A green color filter 702 such as, a green col or
mask, is deposited on a portion of the coating |ayer 402 that is supported

by th .of nitride,202. FIG 7.ill | .Lh
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FI G 8laydigrein is shown the structure of FIG 7 in an etching step in

accordance w th .an enbodi t ,of .t he.present, i nventiQA. e tion
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removes a thickness of |ess than 1,000A fromthe red color filter 502, the
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to FIG t.herein i r A ani zatd on
step i 1P RSN ol MR SRt e ooyl 104 MAPEERLNED
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Ref er 1 iimgtARY of &epbiitfon Skp Jtherel dIdrFilER 30D, fichlagve edda¢dlorahadkn Aptd célor col or
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pl anar ijzj+mp,inie passivation layer in a block 1106; formng color filters
over the passivation layer in a block 1108; form ng a plapar transparent
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In grea , a Sys 0 optical *sensor cdlor’transnf’ssion unitformty
enhanc es&hbrifiyialde buy # Hplscsean idistbiand ahatpasai, vad,i 2, thae bbredfiltgss tppovddes a
enbodi nent of the present invention, is perforned as follows: |. providing
t he metgliceshle impsovea@hpsul ating the metal pad 103 with t se |ayer of
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passi vation b on to ayer o ncapsul ati ng passivation
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mat erial 106, ositin e layer of nitride 202 on.the |ayer .of . .
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30  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.



6. depositing the blue color filter 602 on the coating |ayer 402. (FIG 6)
7. depositing the green color filter 702 on the coating |ayer 402. (FIG 7)
8. etching the exposed portion of the coating |layer 402. (FIG 8)

9. depositing the planar transparent |ayer 902 on the red color filter 502,

the blue 20color. filter 602, and the green col or fi r 702. (FI.LG 9) 10,
fanning a i C{Brisgeoo oh 7 TN dheliowT B SPHFET of 3 lgezi.egmtﬁl@ S%ao) It
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vari ations apparent to those s l'ed inthe art in |l
af or egetapgncesadamptei with ad\embodinegt pf thetpresent imvemided Adaypartat ptanaaidatesiat h
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embodiment, the planar transparent layer 902 has a thickness of about 0.95+0.2pm.

Referring now to FIG. 10, therein is shown the structure of FIG. 9 in a formation step

in accordance with an embodiment of the present invention. A microlens 1002 is formed on
20  top of the planar transparent layer 902. FIG. 10 illustrates a plurality of microlenses where

each microlens 1002 is adjacent to the red color filter 502, the blue color filter 602, and the

green color filter 702. In accordance with one embodiment, each microlens 1002 has a

thickness of about 1.0+0.1um. 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
25  ranging from about 5.3 pm to about 5.4 pm.

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

30 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,



1. A nethod of manufacture of an optical col or sensor system conpri sing:
provi ding a substrate having an optical sensor therein; formng a

passi vation | ayer over the substrate; platinizing the passivation |ayer;
formng color filters over the passivation |ayer; formng a planar
transparent |ayer over the color fjlters,, the planar transparent .Layer expt
S dovarl of e ey Teimil of Bk oloo ot SPERLROr | R dih2EEY o
the pl af@hndehRAE B Ktive! FURIZANST of RsGPAtRIN, takcording MoCaimRhibodindht Wrahged in
claiml further conprising: form ng the passivation |ayer farther

conpr i swesentliapesion;, rspeaformnd apflloatsi ng passi vation layer, and forming a top
passi vation | ayer_on .the, encapsu i n assi.vation | ayer. - and pl.anari.zi ng
Phe- pacsi vat| o IPEgBeinipg REAR B 33 SBcBRE Rk SRaa LI ¢ ST uBURIREr o
laygr to renove tdagagsQRtiBgSpasyRhtib®mitedAr 1640d add RRpbiifAg Ohe tlAger of top
encapsul ati ng passivation layer. 3. The nmethod as clainmed in claim1
further conprisi mgssipation oiakgiah 196t en tea i dhe tlarersob sngapsdatinen passtvatiot o t he
opti cal sensor; HR& lﬁqohthﬁﬁﬁiivation | ayer further conprises:

encapsul ating the netal pa i an encapsul ati ng passivation |ayer, and
form ng a top pagwiivkihpdack achyaioft top pasdapul hterig 10Bs depaitingnthe dyer; and
pl anari zing the passivation |ayer further conprises: platinizing the top

passi vation | ayeroft BitRds A2 PRetheofpyshsei gagapsHating dasdyaion pwidiabnl Y t he

enggpsul ati ng pa%ﬁb&ﬁﬁﬁ%@g'p@i’s‘?&aﬁonﬁréqs{%?é%ﬁttﬂé’ﬁlg@lso@iﬂd@@zi 1¢] Q% m 1

further conprising: pro ing a nme on t substrate connected to the

optical sensor3. feathingnthe passpation vaisko204 ayerthd expdsed poetipr bf ds: layeposi ti ng
a hard mask |layer on the passivation |la i.ng a passivation mask on
the hard mask Ia§€?ﬂ”BQBEE§§FH@uPBEmﬁgﬁﬁ?ﬁ%§éﬁﬁg§er usi ng the passivation
mask, and procespgififle iRl dyRP 4bAYR ths' $iyef of BRrilaSeh BRS bn tRY Bkial
pad 103. (FIG. 4)

15 depositing the red color filter 502 on the coating layer 402. (FIG. 4)
depositing the blue color filter 602 on the coating layer 402. (FIG. 6)
depositing the green color filter 702 on the coating layer 402. (FIG. 7)

etching the exposed portion of the coating layer 402. (FIG. 8)

© P N o v

depositing the planar transparent layer 902 on the red color filter 502, the blue
20 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
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 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).
30 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.



coating the netal pad and the hard mask | ayer with a coating |ayer;
renmoving the coating layer fromthe netal pad: and form ng the color
filters forms the color filters on the coating layer. 5. The nethod as
claimed in claim1 :further conprising: depositing a coating |ayer over

the passivatjym |l ayer: formng the color filters further includes:.. ..

deposi ting a Fed Rl RIPPREF a3, Fopieuigns s pit shraefiory™d, SaiFetheiye
filter \iRompHcAeAt ';gﬁl;l F¥BhtiledARO Sk, @aR| B dhplehAfAabE Hdap@e kn®Wnt he
color filters; and formng the mcrolenses further conprises: formng the
m cr ol dadwelagies; aed aredusmgadibyysited farretfigientheandedoppmidally epanufagturinglergeol or
filternﬁgﬂﬁ Hﬂg %igqg color filter. 6. A nmethod of manufacture of an
optical"co B EER's ?_??Sten1cpnprising: providing a substrate having an
optiscal senswhilt &S gl itiohee Yetn B&cabRPRmSIonjuiction whityLipeoifiebetiBodd/sikr at e;
pl anari zing the passivation |ayer; depositing color filters over the

passi vdeibksnundeydeodsthag mastyagltarnatives, grodifieginsis: prry varigionn avillt b pryssens fe

| ayer . ) cqQl filite tr t..l. si ng
03 ot Bl O B i Broebin® RpHiflon' [RGRRARED, ic (EXREndR
pl anar dnttanspdl ewdh dlagyedtivey,anhodificdtions, drdevaiiations fhat fadl ®ithin/the Fogpenaftthed as

claimed in claim6 :Further conprising: depositing the passivation |ayer
f ur t her'n¢lg flagas. All matters hithertofore s¢t forth herein or shown 1n the accompanying

10 drawings are to be interpreted in an illustrative and non-limiting sense.



depositing an encapsul ati ng passivation |ayer on the substrate, and form ng
a top passivation |layer on the encapsul ati ng passivation |ayer: and

pl anari zi ng the passivation |layer further conprises: polishing the top
passivation |layer to renove the top passivation |layer and a portion of the

encapsul atin assivat ion layer. 8. The nethod as clainmed in claim®6
further cowﬂﬁTEgWgE.NBPMM%I%t al pad on the substrate connected to the
optical sensor; depembd bN@adulRuRASSh balidaPEbldray@br dybtéth REhprGFpr | ses:

encapsul ating the nmetal pad in an encapsul ating passivation |ayer, the
encapsul at i MEOPHEET REFambaving ap optife) S5B0E thsreHat eri al sel ected from silicon

di oxi de, si Iﬂ,ﬁgﬁg@%gsgi{,ggn 138 3kt @Y subbedigof , a conpound thereof; and a
conbi nati on thereo and depositing a top passivation |layer on the

encapsul at i iPIAAERS PapissMatioay@Fs and pl anari zi ng the passivation | ayer

Further compinSifscolRPitesRivAghd R8sil4Bn R§&SI vation |ayer to renove the top
passi vation | ayer and a portiaon of the encapsul ati ng passivation |ayer, the

pol i shi ng bdeRies 2 PR FRBRRASH later AT Hhe<colop Mterarheplanap HrusRafed st cxRpHNg

6, 000A over the nefdlvaPasht leal-one dHBe BBRSIMErsagaacl aimed in claim6 further
conpri sing: providi n(ﬁ a netal pad on the substrate connected to the optical

sensor; depdeminsgicthaspradheplinapiansedrent ey QvRehe edorsticSes:  depositing a
hard mask | ayer on the passivation layer, formng a passivation nmask on the
hard mask I%er, e redhodiphgfaimsd ihcpig hqfé}gkech@@pmtgsi ng the passivation mask,

and pr ocessifa,gliﬁmepgsgisgtmﬁi}@pﬁlhmbmﬁﬁgegtg the hard mask | ayer; coating the
nmetal pad and the hard mask |layer with a bottomanti-reflective coating;

removi ng t héCeSERE AR creap¥laling s VHn f¥eaPidhad: 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.

3. The method 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.

4. The method 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

forming the color filters forms the color filters on the coating layer.

5. The method as claimed in claim 1 further comprising:



depositing the color filters formthe color filters on the coating |ayer.
10. The nmethod as clainmed in claim6 further conprising: depositing a
coating |l ayer 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 thﬁ: coatitrﬁggzl}a ositing a planar transparent

er; .dep
layer on t héBREHE 2CPTHE R QRGN BISH ﬁ{j’ntl??'ggn‘i crol enses further conprises:
‘f orm ng t heomiigg bk eslsefitetsfutiive ifghdesar transparent | ayer over the red col or

filter, the plue. colo ilter, and t reen color filter. 11. An optical
col or sensor‘ggci)sg‘[“ﬁﬁr%ﬁ?kfiﬁitﬁn@bﬁﬁc%lﬁ%&egﬁp‘g? e Cé)ﬂ)‘fridétﬁﬁ ondBseBing W he
substrate; alepdsainghipkas tpasatevolhydon kidyelor Odes; ahdie substrate; color filters

over the passivatjon.layer;_ a planar transpammt |ayer over the col or
filters, théglﬁf‘%%?W?‘iﬁ‘?ﬁ%@&h&cpﬁ%ﬁes'exposi ng a sidewal | of at |east one

of the col orfofnihg @€ Sicrélbthesdetho t@MSE By@Tvvbige el aslaf filtdr ansilas edr filay eiid over
the color fil terst 12. Thﬁ slystem as clainmed claimlIl further conprising:
the passivation IBS&PFQIF Hbs “conprises, an encapsul ating passivation
layer. 13. ¢The syme@od aSmaludictiecbiian optici ¢vlckberdsoi siykten cempdingsi ng: a net al
pad on the substrate connected to.tpe op i cal sensor;

providing a substrate having an optical sensor therein;

depositing a passivation layer over the substrate;

planarizing the passivation layer;

depositing color filters over the passivation layer after planarization;

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

exposing a sidewall of at least one of the color filters; and

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

i The method 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.

8. The method 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

depositing 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 polishing back of the encapsulating passivation

layer to a thickness of about 6,000A over the metal pad.

9. The method 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:

10



t he passivation |layer further conprises: an encapsul ating passivation |ayer
encapsul ating the netal pad with the top surface of the netal pad exposed.
14. The systemas clained in claim.1 | further conprising: a coating

| ayer over the passivation layer; the color filters further include: a red

color filter blue color filter, and .a green color filter on the coating
|l ayer; a pld’ﬁﬂ%ﬂtnﬁaiﬁ@ éﬁt"erloéwlgeerpaéﬁﬂvaflﬂ’é ¢Btor filters: and the

m crol enses fémmﬁ@eepasﬁwmﬁlnﬁﬁcortdnehmmm&1ames on the coating |ayer over the

ed color filter, .the lor fil and th reen color filter. 15.
e Syot em Hkstesina G maf g yitashimisr e moh S bss e havi g’ an

opti cal seng@scetshrie pasg‘lﬁuhoﬂﬁ‘gr&mtshgglelhaglhhaskn@éleon t he passivation |ayer
color filters over

over the substrate praovi ‘ﬂ é i zed, urface
the pl anari Z8#"g 4 a¢d rg a‘l Bglffg Yeéﬁ” 3)?851‘““ ?‘H‘ereﬁfcélﬁﬁfoaf‘?%nspar ent
 ayer on ande@u@ﬁgmaa)aﬁ@gmyerfﬂolxﬁtﬁéﬁwtaap’ud, idae m crol enses on and over the

pl anar transparent | a er. each he cqlor filters, 16. The system as
claimed in é{gﬁ‘?sfﬂnﬁgmf%]%{ﬁg q@%éﬁtmﬁﬂg S8UGYFoN | ayer furt her

encapsul at | 19 pactr Peg R BTER b d b 2P ayi g a pl anar top
surface. 17.defddRingySbRiNg &ScChval the PaskiRatindiyet; hid f ur t her conpri si ng:
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. An optical color sensor system comprising:

a substrate;

an optical sensor in the substrate;

a planarized passivation layer over the substrate;

color filters over the passivation layer;

a planar transparent layer over the color filters, the planar transparent layer exposing a
sidewall of at least one of the color filters; and

microlenses on the planar transparent layer over the color filters.

12. The system as claimed in claim 11 further comprising:
the passivation layer further comprises:

an encapsulating passivation layer.

13. The system as claimed in claim 11 further comprising:

a metal pad on the substrate connected to the optical sensor;

the passivation layer further comprises:

an encapsulating passivation layer encapsulating the metal pad with the top surface of the

metal pad exposed.

14. The system as claimed in claim 11 further comprising:
a coating layer over the passivation layer;
the color filters further include:

a red color filter, a blue color filter, and a green color filter on the coating layer;

11



a netal pad on the substrate connected to the optical sensor; and the

passi vation | ayer further conprises an encapsul ati ng passivation |ayer
encapsul ating the nmetal pad of a thickness of about 6, 000A over the netal
pad. 18. The systemas clainmed in claim15 further conprising: a netal pad

on the substraite connect gad to he OB.[II cal sensor; the passivation |ayer
further comptR @BEransPaeht (py ' e passivation layer, and a

passi vation tﬁaﬁlk;r&éhsémrtﬁb’ib&nmk | ayer; a coating Iayer of a bottom
anti-reflectjve . coating gn the hard mask the col fo d on the
coating | ayéf® micfgjenses, n L8P ORlRERIQYE | X Pl §heO wrisr f%e ‘Flﬂ? vl T @%n?ﬂd] B ng: a
coating | ayer oveg:regnh;empgﬁ@l vation layer; the color filters further

includes a red color filter, a, bl lor filter, and a green color filter
on the coatilng w@wsy%elgp%ﬂgmeﬂwgﬁgﬁdggﬂmplp%r on the color filters; and

the m er ol enge fubkitddekavme AR bptE@Bschdde thdteas foF @&asg figk Meo@n the coating |ayer
over the red color filter, the hblue color fi lter and the green col or
filter. the passivation layer over the substrate providing a planarized surface;

the color filters over the planarized surface of the passivation layer;

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

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

16. The system as claimed in claim 15 further comprising:
the passivation layer further comprises an encapsulating passivation layer on the substrate, the

encapsulating passivation layer characterized in having a planar top surface.

17. The system as claimed in claim 15 further comprising:
a metal pad on the substrate connected to the optical sensor; and
the passivation layer further comprises an encapsulating passivation layer encapsulating the

metal pad of a thickness of about 6,000A over the metal pad.

18. The system as claimed in claim 15 further comprising:

a metal pad on the substrate connected to the optical sensor;

the passivation layer further comprises:

a hard mask layer on the passivation layer, and

a passivation mask on the hard mask layer;

a coating layer of a bottom anti-reflective coating on the hard mask layer; and

the color filters formed on the coating layer.

19. The system as claimed in claim 15 further comprising:

a coating layer over the passivation layer;

the color filters further includes a red color filter, a blue color filter, and a green color filter on
the coating layer;

a planar transparent layer on the color filters; and

the microlens further comprises the microlenses formed on the coating layer over the red

color filter, the blue color filter, and the green color filter.
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