OPTI CAL COLOR SENSOR SYSTEM TECHNI CAL FI ELD The
present invention relates generally to sem conductor
systens, and nore particularly to optical sensors.
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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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with an enbodi nent of the present invention; FIG 5
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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.




under st andi ng of the invention. However, it will be
apparent that the invention nay be practiced w thout
these specific details. In order to avoid obscuring
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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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31t was finally discovered that the uniformty of the
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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




FIG 2 illustrates an exanple of the nitride 202
havi ng a thickness of about 5,000(err). A passivation
mask 204 is subsequently deposited on the | ayer of
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111ustlagcse¢)dqfosalom@@epc@1 oredidolaretlteas 392, sgbhs.asredgot@dnastt o red color
filter g&g 15 dg%osbt]e(g £ é‘ pogcé?1 %gtthle ;1%4%201(1%% t%!dtglggldon e{E bg tBe layer of
nitridet 2. | Y eNugdfatioNiplifpodie, %Z’Gd Eolor bSOy @ikl QBvu IPESRSs of about
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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+£0.2um.




Referring nowto FIG 6, therein is shown the
structure of FIG 5 in a deposition step of a blue
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present invention. A blue color filter 602, such as,
ROLYR r(h%lupfo Eﬂi@ﬁ k}' tlie?enq e @Pu&ux@fotF'IG% & dtd'aﬁomnon step
coating | ayer that is supported by t | ayer of

of a gmrem colde fiRe2in le d|ah¢cuwtth amlembogumpm@éghc prlﬁeenb lituenidel.oA green

N o M O A L TN
that issshf)[')t%e'drlﬁf 9k theBof Qithifle QO?GPP@ T HORS SR RimPleOVIRLA the green
co I"ter i'n accordance with an enbodi nent of the

color fpltesi¥Rtis depawtitd edjacontigriedhe blgeicolorfiilier 6P2 rodosthetiedgolor filter

r.een _col or nask s _deposi t (A .
502. 38]2111?%8 1%&/ RUIPYSSs. ’tl%ehéltee} cogolﬁpfggerr?feb& 161%9 hft;]x{/c? 8 ck[\&? of about
11iogpﬁﬁlde 202. FIG 7 illustrates an exanple mhere t he
green color filter 702 is deposited adjacent]y to the
bReferral o i flCes, %@@Haﬁoﬁﬁéwntt%s'fﬂ@é‘“@ 6F BFG £ 1 Intagyetching step in

oy SRR PR GRen e AL EER Pl coning

layer 402N ok@ed hboveBadjhdear dicnmeml plibwod tiheensived ot widhedfankl (B,urmgj the
7 in ap etching step in accordance w.th

etchingtephd hgcedti DIPARRE ISP GO YR aeﬁf%%ﬁ Oéé?StSalaﬂ& 1090(}%1 gom the red

he net al

oor SR8 LRLSEIAORL L ERS A perA e e
skemuu@hanehnﬁkﬁg9ahaeesssﬁbwothenmmé$eaﬁﬂﬁtbBnesswamnmqﬁmq
| ess than 1 OOO%} romthe red color fl|t§ 502, E

sep pF e IO T FCBIOE0RN 2141 HEGE EBRIKHT off I (P gy matera

902 is%%fxf%Frﬁ]yrkg: Hﬁi@dt&x t'l_ilz%p @Jlfa"c@%f Bl el SoRP MR SME the blue color filter

sructureo 8 i'n a planarization stepln
602, aaddbe gmoe:om iﬁﬁtcan’foén!bofwnmplaoai tpesupfesern accordance with one

vent.i on. ayer
ernbod;fiéRo Mt seSaar GO AR g TBert R e” grt passugm.
CRbRFrid ddweto PIRZ,10! hred H%E@Qh@lﬁe ftihdchige of BA2,9 mndfotRetion step
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hQé%?rmgI LR gﬁgﬁ?ogi ARRY is sh%l\?lrg-@ow 0y ts@ia.&‘? oﬁ)ﬁta‘f\%@l%r sensor

eac crol 2 may range om about
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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 fransparent 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,




Referring nowto FIG 11, therein is shown a flow

chart of an optical color sensor system 1100 for

manuf acturing the optical col or sensor system 100 in

accordance with an enbodi ment of the present

IV eRtk QN dethlle SYSkem 1t150%ph@9| WelRs: p(EcQM' didd@mssion  uniformity

substrate having "an optical sensor therein in a block
enhan(fpir&m bﬁfomqhn\fﬁga enapiaséiy at ipessivaaper awedmg He asubwbeditent of the

narizing the passivation |ayer in

p"esen&mb’lﬂbtbq{l iis%t%mpgc} 'ﬁﬂ@og& or filters over the

passi vabiiahgl tAy Bletdl Pa@ 103, @ekaphddBig fherdtthigpad 10BaNES the layer of
transparent | ayer over the col or f| Iters in a block

1110; wepshbting nppsrivetiel engesal oh04, handpldgpesiting the layer of top

tlrligs p@%ﬁ%mna}ﬁ%&i m}é gltr()gt (ﬂl t§ o'o‘?r 1.13 IL){ gr(gfp &a ulﬂln C%asswatlon

col or hit@AsiNiOgSi(BIG.Uni f or m ty enhancerrent by act ive
pl anarization of passivation, according

an
enbédi rdkbingfoagly éhc forerseifor inaverition ﬁ“ﬂtP%al plé>r6f gennetingghe layer

follo r L Nghet I

the nettafrdB DR Shitthe! RECMRICIPRRIEL (SRERRSH ALl 104

paSSI v@dpbﬁnngrﬁtemassabatﬂ)(MnasaQ@ﬁl d)ﬁ@knfsﬁayélr@ nhthlde I2&3/ efFin 2)
passi vati on materi al

1 on top of t f
encapsffwafl% iR PatLialign Bk %’2% and e %9980%1 PPE mf gw layer of

polis r invati on materi al
106, %r%g%%a?’“‘? lﬁ'étp? %é‘La%)ésﬁél?a%lba?@ﬁw?ﬁe%zoz on the | ayer

of énc@pssmag tlngequéis g ilasat 467 omdhetdyat ofl 04gide d&hasl on ty metal
t he paSSI t'?f&nﬁSk 204 on the layer of nitride 202.
(FIG % é g the passivation nask 204 and the

expes e@epeghhg afe ef c&BEﬁlt@yﬁm (ﬁhfthe ERGRARIMAUDNGFIG. 4)
passi vation material 104. (F 3) 4. depositin the

coatdi n@lploayeg f%dﬁﬂ@mlmh@ltﬁtfzﬁ@é ondhe eratipg deyepdil.

col a1 toreefEs e i uskyoRgn PSR 1%%9“(‘@%@% 7>

6. depasiihi i@ dxBesdal peeticiodfhe f:daklhgﬂaﬁgz()l)r(ﬁldleéﬁ)coatl ng
| ayer 402. (FIG 6) 7. depositi n&zt he green

fil Perdeppgitivg tltqﬁéawéppﬁ@mnéyy,ei on therg cql)jr ﬁger 502, the blue
eLen! ngb A HR9SRA ROLLLE0SE ﬁﬁa%aogﬁcns) | ayer 402.

(FIG depos anar transparent |ayer
902 10nfoirhengr a&@hcﬁ@ibm 1602| dnethe pldar ttdmepdrbutdayee 60D (FIG. 10)
filter 602, and the green color filter 702. (FIG 9)
10. formng a mcrolens 1002 on the planar transparent

| 8Y6L b tisch il th]aQﬂle sd %] schefvafeh tﬁ&sﬁ%@\ﬁﬁﬁa@%u% lﬂ@@an&a%@s

present 1 nvention as numer ous advant ages.
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.




An aspect is that by actively planarizing the
sem conduct or passivation surface prior to and during
color filter resist dispense, topographically-induced
rom;non uniformties are significantly reduced or
e r%ﬁtﬁ &c§se€e§ﬁj(§ é&lfl‘%hlglﬂbﬁé CRaL étya@ﬁhfi‘@ﬁt%d RisX8ffective,
or n133|on uniformty through a reduction in
uncomt)lwatcﬂ n’mghia{n}/@‘azktdﬂ; emﬁstﬂmeduém ihg ioatleonentedibyt adapting known
technog%b(g argf arg%ﬁ ea%glk%éggi Q%Egruﬁwdfcg&gobltpéglbhmawgtagw ing large
dwzc?ggﬁgap@mnggnltude reductlon in non-uniformty over
he prior schenmes). Yet another aspect of the present
| Whidetlieonvénsionthas been thﬂﬁl ip cguupp@irqnswalm@ sgeqil bess mode, it is

to be gvngsé%ds hggb%%lﬁ Cz{ltrgen 1H(és F%?C? fg‘ %%2581%t é‘gt;ioggs gﬂfl X)' a?)parent to

those allddaipl e agnecisht 6f tHehFoREERE MesdipyeA! IAARRRNSE Y G;n{(nltcylded to
further the state of the technology to at |east

t he

embragresdt smcéxvzgqemcrywq:hénqdéﬁQﬁt{opﬁgmgr\@@ég@gsthatn@lI within thc scope of the
r r I r. cQs fechi.v

ncna S 3 B8R BP0, AP ol Bl B sggpansing

drawmgmafﬁﬁ%hﬁdrﬂ%te(adﬁpi illngrkivownd nbetimiotognes, and are
thus readily suited for efficiently and econom cally
manuf acturing large die |IC packaged devices. Wile
the invention has been described in conjunction with a
specific best node, it is to be understood that many
alternatives, nodifications, and variations will be
apparent to those skilled in the art in |light of the
af oregoi ng description. Accordingly, it is intended to
enbrace all such alternatives, nodifications, and
variations that fall within the scope of the included
claims. All matters hithertofore set forth herein or
shown in the acconpanying drawi ngs are to be
interpreted in an illustrative and non-limting sense.
8 THE I NVENTION CLAIMED I S: 1. An optical color sensor
system conpri sing: providing a substrate having an
optical sensor therein; formng a passivation |ayer
over the substrate; planarizing the passivation
| ayer; formng color filters over the passivation
| ayer; formng a planar transparent |ayer over the
color filters; and form ng nmicrol enses on the pl anar
transparent |ayer over the color filters. 2. The
systemas clainmed in claiml further conprising:




form ng the passivation |ayer further conprises:
depositing an encapsul ati ng passivation | ayer, and
formng a top passivation |ayer on the encapsul ati ng
passi vation |layer; and planarizing the passivation

THE TN TION thanvgey i ses: planarizing the top

1.

passi vation |ayer to renove the top passivation |ayer
ang ogﬁ&%&bpgbne& dbeneneapsiat i ng passivation layer.
3. The systemas clainmed in claim1 further
conpradviding a sphstratediannzeaanrmptighl sgaedr dieteine substrat e
connect.ed to thg oPticq; %§ns %iteforning t he

pas @VBF$%Ha$59 PP et éﬁ%%?l%és: encapsul ating the
met alanBagini; heasangRRIWE i ng passivation layer, and
form ng a top_passivation |ayer on the encapsul ating
pas $orBng epfor 5{;@13 overibe p@ﬁsafﬁé@m MRy the passivation

| ay %m{i é&ﬁﬁ@mﬁ?ﬂﬁ?&%&ﬁa é?'lo‘ci"? Ak 20130 ﬁhg@ 3P

passi vatto ayer 1o fefve the top passivation |ayer
and fenag hia@oleafestonehepaapstinapdrag 1passisaht aslot Alyes..
4. The systemas clainmed in claim1l further

CPREys &S clARRY i LIRN 3 fiRk@|coRpesiap: the substrate
connected to the optical sensor; formng the

pas $ong the dasgreationdasen &yrthes spnPEs: depositing a hard
mask |ayer on.the passiyation layer, . ing a
passivat%g%mﬁggfmﬁﬁcgﬁgy’g%gaﬁﬁglo?gvgégﬁglocessing

t he har d femgke b ayefasHishie e dpabs bvapiudningasksivaid layer, and
processi ng the passivation |ayer using the hard mask

| ay@kanarigigatheppstineiondpyr fyslec SA@PHHS har d mask | ayer

with ac [ , , DY | ' f _
the mot aP i pagank oo pACHRIGT bl SR 1Y Flec AR layer
t he col or faddiepationof fhe ecomkilagngd pagaivatiotblaydhe system

as clained in claiml further conprising: depositing a

CPI &R@nl aY@iinRdef clahe | Fassdrtipasingayer; forning the
color filters further includes: dePOS|ting.a red col or
fi | pegvidigs pimpsalasr on the subsiate spignested te By WErdsersort er

o 186 BALI00, L BYSLic I5BRSLLBAR Pl anar transpar ent
| ayer “on color fil1ters; an
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




formng the mcrol enses further conprises: formng the
m crol enses on the coating |ayer over the red col or
filter, the blue color filter, and the green col or
filter. 6. An optical color sensor system conprising:

Pr oYdrfHiMEthd <5 1p il etk REIcAR11ORWINGBE cHERAS Myer.
therein;” depositing a passivation |ayer over the

%élgt‘@fneas cm}n@&l & LA R raaﬁﬁhylagl on |ayer;
ositing color filters over the passivation |ayer
af t depsitangar doating biver odte fegiassinggion lgteanar t r anspar ent

Iay r on and ol.or. filters; and form ng
ﬁHF@H%@@CB% %ﬁ@mgeﬁﬁﬁﬁngpfﬁsparent | ayer over each

Of the cabgisitfdol 4 RdScolor filteFNhEbBY THRNAGT, Ghala"®ded Bolor filter on

claim6 further conprising: depositing t he passi vati on

| ayer furt hée comgrligss: dep03|t|ng an encapsulatlng

pas |va%upn Ha enaonath Subst a%ecn% d. fq{n1ng a top

pas SFRARHTS 1A f Bﬁ’f gﬁcapsulg g pad¥ivation

| ay efriniadithe nRca@stZfunget dignassi vation layer further

conprises: polishing the top passjvation Ia&gr to

renove tfﬁ@ﬂtl@@tfm@@%mse@ﬁmtbf*yé@at@gdayoa ope theged 6@1% fidter, the
encapsul a“tﬂﬁ B&%rghq,(- %@hégye%h col%rﬁ'ﬁ&e system as
al utr ther €o

claimed in rrsing. providing a

mEﬁabn@mdomns&ﬂ@m@dﬁﬁhﬁﬁﬁﬁmﬂq@nected to the optica
sensor; . depositing the aSS|vat|o | ayer further

conmprqvidiag aéH‘é‘-‘é‘ﬁéed}aéitﬁgrf’& qphisalierser 55N n an |
enc ﬁQf?[ attﬁ&f&sﬁ@&%n\’i ch r\}ml A¥ %ﬁbstxtd{%e encapsul ati ng

passi ayer 1nc es a material selected from
siIbbmnuﬂn@ﬁuﬂﬁ$&smkmdmﬁxnltr|de an alloy thereof, a

nmpound. t her eq a conbi nati on thereof, and 10
d ep QEI?QSFtHE; cg[qrd‘éfeﬁsa%@f \}gtgaé%vqtgzyé?yeé ﬁ{"tf:rﬁgananzatlon

encapsitidld alﬁ)ﬁﬁﬁhyﬁ%n@wca&%nd o@?%emo@d}afme@ ngd t he
passi t|on ayer further "conprises: polishing "t he top

pas$orvang oncrblyess ondhe plapargrankgareispaysaswireath ofthe agler filters.
and a portion of the encapsul ating passivation |ayer,
t hie: peteirsis dignleddk clafin 6tfineh@eroapsisingt i ng passi vati on
| ayer to a %hlckness of about 6, 000A over
depos1tm§3 y the passivation layer turther COMpIiSes:
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
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10.

I

the netal pad. 9. The systemas clainmed in claim®6
further conprising: providing a netal pad on the
substrate connected to the optical sensor; depositing
t he passivation layer further conprises: depositing a

hard naskepaytal & fsivassi kgtd om thaytRapsuldt@ifasgvaion layer;
passi vati on nmask on the hard mask | ayer, processing

the hard me&® | ayer using the passivation mask, and

pr oé?a?l% é}g% ttljﬂf:Sp ?ﬂ§§tloY1qg)(09 @uljctjl'?ey %Bmkiﬁkégg the har d mask

e hard mask | ayer
vv| th a beblishim@theitop pﬁds&atm\/myemmat:mge threetrp phssgvatibe fayer and
coating layer fromthe netal pad; and, depositing
col or fi | t 4 BORGR A (o crsapoatii et Katis i %d%qhﬁ@% back of

layer. thgt&ﬁ‘c Itatﬁrgﬂ 6‘331%@61%9?1 10 2GhidkMRs6 of E’J(M‘ B1000A over

conpri si ng: depo a coating layer over
paSS|vat|omhbaﬁﬁﬂpaand depositing the color fllters
further includes: depositing a red color filter, a

bt esyeehois dliibiegrin cland 6afuxg1ﬁeee:ﬁrr@ahmg filter on the
coating | ayer; dep03|t|£% pl anar transparent | ayer
on trevidiag armetilined g:they Strzftér»mrw@teelﬁ%thﬁOdaltleflﬁéﬁ%'?@g»

fur tdﬁ&?stlt%gjnf‘éﬂé gﬁs%ﬁfan{ng{/%% “ﬁrth@xeco”ﬁe&f sgl.enses on the

pl ana rent over the red color filter,
t he bl ue dep(bmng‘ei hdré maskahget met}@rpammmh@aycfl lter. 11.

An optical color sensor syste risi
subst r at Omaﬁgamsaﬁtwgéw%fm i mé'lﬁllbg"g’?‘éte a

pl anari zed, pags %@%’aﬁﬂnhﬁy@{/el%‘éﬁ tﬁ@saswm&ma& and

color filters o er the passivati layer; 11 a pl anar
transpar mcebsalygeﬁle@a@uvamhe lgel osing tlietlerd;madniayer

n1cro|ens S on pl an rent | ayer
col ot g gl y5d ot bdinBs Epsr sl FRIPE aft-rgtcctive
furthe&mgggpr|3|ng the passi vation |ayer further

conpris es
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.

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;

11




12.

13.

14.

15.

16.

an encapsul ati ng passivation |layer. 13. The system as
claimed in claim1l1l further conprising: a netal pad on
the substrate connected to the optical sensor; the
passivation layer further conprises: an encapsul ating

pasgipYaht @Mshadal lapacARstkabionditReadet al pad with the
top surface of the netal pad exposed. 14. The system

as oleiotasgesion BE alapgy trgnspyetieyer egpithe splagliltetsnet al

pad on the substrate connected to the optical sensor;
t e yaresi asafdiowrd iayem fl lfwter cooppsinges: an

enc uIatln as%i gtlon |.ayer, and a hard mask | ayer
ém%ﬂg "Hé PAETPVES on 1 ayer; a coating

Iayer onahgﬁaggﬂgmﬁﬁ&gab@yﬁ{m i,th the top surface of
the netal pad exposed; and the color filters forned

:ﬁ)}@tffimo tda ehW@lﬁml@faJﬁ@céﬁlgﬁﬁ as clainmed in

urt er conpri sing oating |ayer over the
pasaumﬁﬁumdoh&MemﬂmkMecomkmﬁﬁﬁoﬁmam@cﬂuwnhmi i ncl ude:
ared color filt bl ue .color fitter, and a green

col & 1asiy %tfonolﬁy‘fl rf\élﬂg%ﬁﬂ“ﬁﬂsesf ayer; a planar
transpar %H%n&z@)ﬁﬁﬁtnﬂf dsB@at l‘ag'erfénl:zﬁiﬁ[lfatm@ﬂfi métb]lepad w1th the top

m crol enses further conprise: the mcrol enses on
coat i ng | ayerfaoyef themeetalgdd cvpasedfi [ ter, the blue
color filter, and the green color filter. 16. The
SYlsd epteasasodlained dn chire |l difttkt coappsingi ng: the
substrate having an optical sensor therein for

det @emtﬂgmﬂ OQHQC phare ol DRSS Tayer over

thet%ﬂ%ﬁ%&ﬁkﬁlE&&Nﬁ§hﬁ%o§mﬁgﬁnar'Zed surface; the

col o ters over the planarized surface of the
paSS|vatmnmnﬁ@yénﬂngh@swh@mahy@xantparent | ayer on and
m.crol enses on and

over the qgol lters;

over t ho AgRiERK AFSBHPE AP S S RRAEr BREHBE. t he

col ar coafihl tig¥ed -on the hard mask layer with the top surface of the metal pad
exposed; and

the color filters formed on the coating layer.

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;
a planar transparent layer on the color filters; and
the microlenses further comprise:
the microlenses on the coating layer over the red color filter, the blue color
filter, and the green color filter.
The system as clatmed in claim 11 comprising:
the substrate having an optical sensor therein for detecting light thereon;
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
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I7.

18.

[9.

20.

17. The systemas clainmed in claim16 further
conprising: the passivation |ayer further conprises an
encapsul ati ng passivation |layer on the substrate, the
encapsul ati ng passivation |layer characterized in
havitigmacrpleagaron &@Posdirth@gemal Gansphens ¥gtetva@seach of the color
claimed in claim16 further conprising: a netal pad on
t he sublé¥f.ate connected to the optical sensor; and the
passi vation |ayer further conprises an encapsulatlng
pélssivstt ovcliimgdin cl@nnépmltmuca@pnﬁeg met al pad of a

kness. of a

;3;3‘&%%&“’8 fiogt F%ar fuﬁfhg{ 8?1}%)11%8 f’iﬂre{]ﬁ%)lslﬂa in Iplcl%SIVﬁ%'IOH Iayer on the

met al  adae thbensipbsihiiat {aas@@amctaggk @mﬁtctwm@m B&ling a planar
sensor; the passi vation |ayer further conprises: a

har d m@gwuﬁav@r on the passivation layer, and a
passi vati on mask on the hard nmask |ayer; a coating
Iﬁ@enmmhlauﬁmnmdﬁmahthﬁéﬁmbnmbmeﬁ@ogting on the hard
mask | aye he color filter ormed on the
coatigH et o u e o fselan s S BRI i m 16
fur thepasGiommiy l§yé}@urth& c@%hhéb%n' AYRsuRYiRE &Jéﬁ/atlon layer
passivation | ayer; the color filters urtﬁ i ncl udes

a red owhpldtingtes metal padref acfcblcbrlesmorfﬁ@ut 65{}991&6\0&@# thermetal pad.
color filter on the coating |ayer; a planar
tThmspamemhﬂMayﬂnnohhnhéfmdkmmompHMBgs and the

m crol ens furt rises the mcrolenses fornmed on

t he 3dBgR) g ong SRS TR cobrgteddn REAPEFASCRYO%r | the bl ue
col Qe fdskilv@fion BRG hiARrALRPRs&O! or filter. 13

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.

The system as claimed in claim 16 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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