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OPTI CAL COLOR SENSOR SYSTEM TECHNI CAL FI ELD The
present invention relates generally to sem conductor
systens, and nore particularly to optical sensors. 5
BACKGROUND ART Optical color sensors, can be found in
nost of digital canera system An incident [light is
transfornmed to an el ectronic signal. Then, the

el ectroni c si gREITGAL COIVORISKNSOR SYSUEM zed for an

i mage process and recorded by an anal og/digital
converter. Unfortunately, optical color sensors suffer
fromcolor image aberrations that distort 10 the true

color or the inmage. Theseviabkgr raififpns can be caused by
the non-uniformty of pixel- to-pixel color

t'f‘l?@‘:‘dﬂres%ﬁf Ciﬂv%rﬁﬁﬁil &gs f %gg}aglﬂ td o&nﬁ@ nd% s\sfsfgns and more

col or resi st e presen ti'ons "are
pmﬂmdwﬁz&&xﬁﬂdb&hmma.Che solutlon isto apply a Iow

vi scosity color resist in a unique spin recipe onto a

standard passivation surface and attenpt to optim ze

the transm ssi on mat

phot ol i t hogr aphy co&%ﬁgggﬁggggﬁng%hls process has

i nherent drawbacks in that the &apographlcal features
SPPRGE CelgF PSR Fa b Coudo mgstvilf &igitali gAmerg Restem.  An incident

light i’EA\n %H%hﬁ&i 8 af Wlsctidic! %{ﬂﬁ“ U d e gf%gtrglﬁc %?#1 f%eg(jnverted and

r solutlon I nvol vés inserting a
digitizpd &maniimage ]mocéssymd rdvetdud dry atnhﬁalo@aﬁgltal abm\ferteﬁnd t he

I filter This prao ess suffers from
F‘ﬁ?@&fll&%ﬂé{n OP%%ﬁYJ &8lon sersOratulteT Toun wPtos itee AERsiqas that distort

t -
the trulb gb%? B?gﬁesl%r} ?@ g%@stehﬂé%%r?%(geﬂrs Mn ¥ g})a{g%doo&lhtgé nbi] Iuhﬁ&muy of pixel

to-pixql @al@rttmnsmmalgh resultmgsirom the eldnslnuﬂohmtp ohicolsr ffﬁsrst ﬂow Some of
I QV the uniformty of col or

thep“??iﬁ%ﬁ%&%ﬁ%ﬁgﬁﬁu%ﬁag BW'coIor sensors. In view of the

fOiecgRitieh is fo apply RAbRAGEAGIY c6lok lrkGa! intDad u@Eﬁﬂ’i’erE§pe onto a
be found to these problens. 25 DISCLCSURE

standayq p3syERITPIONKITRRE Prdeattomptitavastiniion ther tstaesemnmpﬂmr@through a
photolﬁl?c%ﬁ?%h%e %88{%32:6‘?(#0%5@ : nﬂu%?h%%g? ] %\él% glnﬁ%p% ﬂ kS 1n that the

sensor

topogrﬁ}ﬂﬁ&il vfaﬁtufu@ (bfathér sefeet of e SHEhinat Wafer Tt Bias %dﬁ@ﬁéﬂ’ Bf non-
is planarized and color filters are forned over

unﬁbn?ﬁﬁﬂﬁ%g%ﬂQ%ﬁqmﬁYe@ayer A planar transparent |laver is
f‘%ﬁ il é?)Yl?tfont RRofRl q{lse[’tﬁ{gt grs?)nf’lgﬂ tﬂk%{l%aﬁgac‘t?o% ﬁiygr 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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pl anar transparent |ayer over the color filters,
Certain enbodi nents of the invention have ot her
advantages in addition to or in place of those
manti oned or obvious fromthe above. The advant ages
beconme apparen 5 those skilled in the art
planary} %ﬁP%{e‘Ptel&?ﬂ‘F falrmﬁqurdh? 6MoR diltgest anid) weprelensep iap fasmed on the
lanarW@Sp i@ %%&thé@él@fﬁ‘ﬁ‘&? to the acconpanying
. ravg\ﬁ) ngs. 2ISlBeRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is
aCettayg smbedinicotrad! the ewentioraimve pntthat atlvavd ges irs addiden to or in place

t nter ste nuf act ng after
of thofY BBt FoRPhE Hopodieiahonct g N eHeesr WihbEa poparent to
those ﬁﬂlledel t‘ﬁB’@ﬁ@kd}ﬁ‘ at reﬁ’(ilné BF tlﬁri%ﬁgﬁing' dBfaﬁf&i' R%erigiol wien! t8ken with
the structure of FIG in a polishing and passivation

refereliﬁ&éktlma@somnanym@\awar@e with an enbodi nent of the
present invention; FIG 3 is the structure of FIG 2
in an etching and stripping step in accordance with an

embodi ment ?irglﬁag%gééﬁﬁﬂh Mﬁ@p@%ﬁb@ 4is the

stricture o coa Ing S ep In accordance

an errbodl F prese i nvention; FIG
@H 'S & ‘Fﬁﬁﬁf I%ﬁl Vl*—‘i"t;.o an PHU &8‘;96§?1%SP6ﬁYS§‘%“ébn 8t “&ermedlate
step dfeﬂ‘laﬁt(fa&ﬁnﬁydf%f a4 padGeRIHaREE deﬁb§1ﬁor§‘r§tmd&cgﬁﬁﬁn&f with an
the present invention; FIG 6 is the structure of

embo@npmf(ﬁt}@mggqmnwnntgqrgp of a blue color filter in 20

i nven ?g %ﬁe Wkrgmu%‘e |°% nﬁﬁg st La(:t%fﬁpt%hq’gg pa{gﬁ@as%lv?thona mask step in

accorddeqositli ioembbEmeaf ofthgpREENteM@Akioh;i | ter in accordance
with _an enbodi ment of the present invention; FIG 8 is

t1HE. 31¢ therstrpetugss of 16, 2'ip ap tchingeand Isirinping ség) jnraccordance with an

ﬁ%ﬁ& g]pbodl ment of the present
embOd?l{r}{%gntl %‘E’I@ is the structure of FIG $ in a
pﬂ Iéin érls et stoietust ©PFIG. Racocoaingsstsld inhacadrdaguedoih B8 @inbodiment

‘present invention: FIG 10 is the structure of
Oftheﬁrleﬁnt@ CRUSE:f or mat i on step in accordance with an

geodiiiBRtst Attt Iﬂ@e%qma g&qﬂgﬂ &g[? oftf gedﬁ!o"ﬁ? r fhitdr it ScBrdance

fl ow chart of a optical r sens syst
Withaliembmbment@thepmmtaﬂwembmr 30 sensor in accordance

Vﬂlbh r{ebg)tglllc re oto 1:FI(t}hg ﬁ)lr ep051t131\1/ es?éﬂ ?)P 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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BEST MODE FOR CARRYI NG OQUT THE I NVENTION I n the
follow ng description, nunmerous specific details are
given to provide a thorough understanding of the

i nvention. However, it will he apparent that the

e PO R P e SRR

i nvention, S sone well-known circuits, system
clorihe &Lluoafclmg)ﬁ@cnaw proemwss specifindetpils a1pBivan sxprogise athorough
k t
e o Wk A8, i L0 SRR TR 38} gy v

practiced abiehoan thespapédificidatally, 15 order 0b atbid @hisoiiigy BB présest invention,
for the clarity of presentation and are shown greatl
some @3‘3& W&t CEFUt SRy ﬂﬁﬁﬁ&lﬁait?fés and (Prapess tskgPf are not disclosed in
detail," hori zontal " as used herein is defined as a plane
parallel to the conventional plane or surface of a
slukswisat Ghe degangl slssviaf érmboddmblﬁmtd’[ thenapphhetusdavioe are semi-
rtical” refestoaﬁgliection endi cul ar oth?
diagrapfis o apt oCfleSand il peiine TG BRpegalons St e Harity of

presental@l%h(aﬂﬂ are shg%théQtly exﬁé’éérated ﬁi e dre(vﬁﬁg FIG .sidewal | "),
i gher™, "I ower uppe ‘over", and "tinder". are

dl%lfq taenel “hwmihmtaé p&auiedﬂl@remhs debined ont alanpiparadiel ke t@Bmentional

plane ch solirﬁirg?e f H&%{a?e,.r?gaﬁgl elgl?%@%té% LgheC%gn élgla%/(\:/ialt”hrefers to a

dlrectlbﬁi b@ﬂp@ndlﬂﬂhﬂlﬁﬁﬁe Aepasitill a@ RustfdeABdEr T@nsOsuchhet OhRSeS  sbelow”,
erni n%ﬁ%ex posure, devel opnent, et ch| ng, cl eaning,

“bottomhdftpb’ﬁ ‘st (@l inoiderallpaf bicher”, Sowephsupnessi overisand “under”,

are deféﬁe%%ﬁlfﬁe #)Qctfté) }ﬁll{&lzgﬁtggﬁ%é 5%% t% uct,,urF tlot%xgﬁzes grﬁelng in

new ecarmer a
contacywithanotleragemadt. 20 striation becones apparent when a
p| cture taken of a rmnochrome background is viewed on
He tsHBnarasessiig. asied dgigin enchrdep ﬂsmsetfﬁm@%me@@ﬁl or photoresist,

patterngl?%,féx%%&ret Qex%%ﬁﬁﬁéﬂkp t@tg?lﬁg;;d%%g#g dogs: rf?xhov C&U{heo{ﬁatenal or

one scree e I'nvestigation
photorbag abe@]muﬂdm:fmmn@a tddsatibédwruptiotl em i s not with the

hone, scr the i.ctu ki n en Even
i REadeS, o8 it bt nor bt il oPhe™ Bigngh oyl disgonel
stnatlomcéﬁkﬁﬁﬁﬁrér@ WA aofﬂEt‘uF@!ak&? Hfsﬁ’ﬁﬁon‘ééﬁ‘énfe%at:?%@u&?&mlewed on
pi xel of the picture. However, 1t was found t
the phgrsl Joeaens tTheapinga o f\woeklen des beendifficudiotrsl ctqpinieaiecger s bdoes not

£ ns but not with others. This led to the further
Occu“%ﬁ/eil @Qpé]refcli K3t the probl em depends upon the |ocation

A frdrhs teRpivie GRVesE SAtRIn, HEHS Vet BisBSvREH ﬁla’d\’ﬂfe%’roﬁeﬂ i Bt with the
the problemw | affect a horrendous 40%to 50% of
phone sprgeiz pup enghe Pigipsgetakingf @rd, 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.

3
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30 After even further investigation, it was discovered

that the problemis associated with color

transm ssion uniformty through the mcrol enses that

fi?cus the light on to the optical sensors. It has
subsequently been determ ned that m croscopic .
Jlievsrmely ditcovered dt She wfarents of dheilrnasueton of calerch enhanced
cal . b " 3
o o B YRy ey Ton o PRt dotdf¥fers. The
topographiksglrfeatsies arecdlingiohted prisr @niahdethg théasplighti@csi the color filters.

lLanari zati on of sjvation |ayer prior to )
Spasf dgserhed i fgpil PRlobGFaTouRVers ofERIRRRRcen semi-transparent
ek BASERRARAAN FU0B 0,01 Pl 95, LT e o
over 3 fepduttal lay@redngvihgm plavegzddatherughof proresspahewtchemical mechanical

I, - t .material are_.deposit.ed rtin
pans R8T LEBT AR Rl B cLEB0RIEE 20 Pt ny
non-es3gtlal eslor AM& T tofodr@phy R indh-piaY 8fead R plubpRBs f @y zed
through a process, such as chem cal nechani cal _
pRefeEmiEZaY ShFI@& herelsy is shown aagspsstesationsh visw ohan optical color
fonl: - n i.llustrate an .
sensor%ggnt_gxélslsdg r%{l ?Jé ﬁ’ntg%rgle??at? Igﬁegfg;f %8%%ét}lggﬁ )'c}ﬁerna RERLY %f%zimd deposition
step iraa@asiahos witlirgpogeSodifmest &F tht YresBef @€t NAWubQrakd 91 contains

1, .therei is shown a cross-sectional view of an
the opfieal F%"éPrsclglzé’nf thejgpticalcoler sepsor eystand0Pn an i nt er nedi at e

SA 6Ret@f pIRNYSE ACHBFHAY off the suBstRAS S EY 108 c%gﬁ?%enc{ to the optical

deposition step in accordance wth an enbodi
sensorg.heThe evenl padvEdt iorurrduslet sindatevet@il byoat layers of teheapsulating
col or sensor system

B N SN T RO T 0 T
thickn@R @ aBor& FUVBAL erhd @yérHt ARlpsERling E%ﬁﬁgﬁ m-gt@iap%ﬂnay include,

pad 103 is surrounded and covered aver o
for examplgpsilicani digxide Hrpaliein aitiidn depasited iy higdh. défisiy plasma (HDP)
1.l Lustrates, an ex le of the netal. pad 103 having a . .
deposifipic e LSRG, SEBrE sbioetintmt 15y afetoe Lty prgivation
materi fla9E iy aéposited@tethickhes 04 abBY 12MObAde, for exanpl e,
silicon dioxide or silicon nitride deposited by hi Ix
defayiet 9f top 28pivatiapmyaterid J08iit denesitedbinEEOSdenestion emtop of the

' . encapsul atin assi vati.on
layer RRIRThEBAL LR el Pl 2P RGBS EBbAiRNent, e
layer of ByfOR0k vaDnAnhtasislr1 06fhak aphiplasss vBibioan1Bo@K al 106 is
eposited b deposition on top of the |ayer of

TECS
HEEI09M %gF 168 s itReagin dh shpe teastrugige of HIGick it dapbighing and
s LSy Dt AU BfhBy BASHIA e, i
previowRdy depasiied tayer dDtopl f@ssi2atidnhenterial 16 shewformhepolished back along

it RS Rl e B e SRS B psivaion
materid)l ®BERcohipYRAY ir@Roved € 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 5,000A. 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
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25 previously deposited |ayer of top passivation
material 106 is uniformy polished back along with a
portion of the layer of encapsul ating passivation
material 104 until the top passivation material 106

i letely renoye | eaves a thickness of the
the m:ni‘éﬁggggfexgﬂi‘lépgmra\{’ien@et 6P§§| {4 obFlffat bor i iy aqqemdagee with one

I t
cmbodlBh01 R pHLFRAEAST NS S AR L0 AL FACERT boncou
layer)t he net al pad 101 A hard mask | ayer, such as nitride

d ted, on the I
2R3t HEE R haR B Sl R0 e’ R, Pt an tcing and
stripplhE t1h%‘b@§rd§1{be3¥1@lﬂ'ﬁh Ruidbbdinki&it BF tHd plese? @mj%ﬁﬁbrpgTﬁe assivation
ness of about 5,000k A passivation nmask g

mask %be’§é‘ém@‘fﬂdl ayld@@mwm&nrogws mhl@gltlag/@ntn@r 209 asra l@ed ztask removes an

exposed1 gom%%ﬁsdfotgg 18 %6,‘%&%(’?1’%“ a 1ng %rs%g? jon P{latﬁf’l Fﬁéf tl%(éited above the

metal ﬁadf(BCtG eafaose4hétupsntme cfah@Peteyp0se3l over the netal
pad 103 of FIG I. In accordance with one enbodi nent,

glepmesianata BiE. r‘f‘aélpﬁf‘2045 pliruthe straptune obFIGe S inta coatmg step in
f
L T T S T Y-S

the layer ofinitgdalR abd gter fop purfgcesd e infet Aceaar ﬁﬂn CleorVilltidiraiBn purposes,
i me t of the present vention, The passivation
the CO?FHW% 2smpy ﬂaﬂaleé%ofgﬂom ABODr ddws9ating lwgjer HE may, for
&dl efl noves an exposed portion
examp'[k]&(,tl lgﬁa%ge? %t@gggaatg;gl}ﬁgﬂtéfl%g passi vation material 104

| Refatrag mvotoeFICh &, theetialis JmavnliBa stroctercpafSAGL Hen haieposmon step
103., Referring now to, FIG

of .t he taI d
of & rgh B TRt i AdiuAterae, M8t pcribpa B e FRRGIEEHGFIC. 3
illustra8éseP dépdsitib sAHCET éjﬁ:r(l%ld‘iﬂ filfer 302 6RAG BRI Qflod REsk. A red color
fiter é%r esent invention. A coating |ayer 402 is deposited on

Rds degasited pn giporiieieo D2 cantthg hger 4)2 &at fsavppafedttyethe layer of

nltnde%alFogggusﬁgéo% gvr olselsI fégrrﬁﬁtglg@p g1?t g@%{nagélﬁt g g-ﬂﬁgkrfess gf about

1.0+£0.2@af i ng Iayer 402 rray, for exanple, include
FIF%?_refl ectjve coating materials, Referring nowto

s Beentfpaideihat the ossvd denesitien eicthgridtest alpy makes ¢ diffgrence in
solvm%%ofééfol\xpﬁnﬁﬁcfrﬁpro%?en? f 5 S%%t‘e%% %? rgd lbl&é an? the green filters was

ccordance w enbo
used onlguraﬂyllmn it KdsGheeh d1$do|vet$:ﬂ rthitegreén, de@,Oeﬁidt Ilheﬁl bideelt@f pRovides a
. T color filter 502, such as, a red color mask. A red
n"tlcea@z‘f’d’i‘pr"’r"fql?nér 502 i s deposited on a portl on of the

Qbudide enffiRnt Bi@tyab Sfoﬁﬁlpm%t é is @é’de ko %Fevent pixel
n|tr|de 02. For 1llustration purposes§, 't &' ed
peeling whee thesBiRe fdier mdepoaitedlask nBdss beeraldBudverdd At AepwBition 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+0.2um.



10

15

20

25

30

20 It has been found that the order of deposition of
the filters also nakes a difference in solving the
yel low striation problem The sequence of red, blue,
and the green filters was used originally but it has

been di scover that green, red, and then blue filters
PREFRET ELG o dptranimphovEiesmtrrs @gh- 6 ina deposivon sep

of a gR¥RRLITEIHeAT Qébordahcél\@f?thf V\% EnthF tg%; ggaslfrﬁ '{nge%}ii LeA green

to prevent pixel 25 peellng
color ﬁuéq,;&@msadl hsastgreentcohmsndskeis dﬁpm& en aqaotrﬂitat ofttB@ 0&dtinigQflyer 402

that is| Sélpﬂ ﬁlgglfrl] Cet?‘ & ﬁtgllgg %B% e ﬁ;'(fﬁg 9\Aﬁlﬂs]tt1gteqr§] él%:?gcgrrr]lpllcel \lzv{le%re S‘Ehe green

color ﬁWQB'd@pés‘i’te& raﬁ_ﬁ@entfyel@ th@Bﬁleté&%f ﬁl{éﬂ &ob! ahﬂ)%? ¥he red color filter
Referrlng now t o therein is shown

502. &pr wléuslm@ommumogs 5he grean depwsiiltérot)2stmep havé aathidkness of about
1.1205 1lnor filter in accordance with an enbodi nrent of the
l?esent i nvention. A blue 30 color filter 602, such

aRefeﬁlrigl & ROFIQY. 8NMBiekein isSshd@PRARE sREHRR of FRG! ¥ irpz[h Qbhing step in
the coating |ayer 402 that is supported by the |ayer

accordgpee it jag émi’eélmqﬂb pf thel nresepbiniverniiopu rivo sxsed hertibh 0é the coating
layer éﬁﬁl 1%5&8@:% ilf)&;e %(ﬁ%%%l{rﬁ'}é Bgt\éFgéi\(’l 64 § k%%:’os?’/eg R & e?& ﬁ away during the

erring n
etchlng ht(epn Thbetchimguaberse abd réh&est ﬂhibkﬁeéi&ﬂ@éds tehaN1, 60@Y fro@f the red

g 0 lf in accordance with an enbodi nment
color {gle? 5fig tb?gfyé lof ﬁi‘éﬁ?%ﬁn d egrresarrolardilise 7021 t er 702
RGBrAS ncdy & Fﬂ‘ §Qh8‘§18§§%hﬁwh§héj gtp@c%ﬁlje%q Fh e;glanarlzatlon

of the coating layer I'S support
step in| apgendande with an deb20RuenE bGtheTprisdnt atvieati@s Aﬂa@f&if@'ldhar material
gn 5 col or is d pos

. . |
902 is Y Gl g B3 Pradn faresucict b i 66 OB 2 ah s brihg Hae celgr filter
602, af® |tlﬁH glekbh tc@for Re 7OE 0(6 fohﬁ l‘hsf)lraﬁéﬂ t%? h%ﬁg%@é) SEp: a?éol?ganc? with one

green color Filter 702 may have a ness o
embodimentothg @lﬁnﬁlﬁé&@pmﬁn@amﬁ% dafh Gnclewsst dieabeirn).D S+ omn

J L A A L ———

in accdrdateBtwitinan AibeAMesest the hidsekt i8fentibe. QpﬁﬁérBEns 1—@01 R%6fmed on
402 | ocated above adj acent the neta: pad 10
top of thenp)ge t@m@r@ﬁ éweaﬁﬁg duEi hg iyseratss @mlwghm @ibmlcwlenses where

s T8 SEERR< 30 FBLAR Myl SRl e 0

green §albt &ite60@2. dndchacthr@andec@ithCelecosmbadiin@ht, €deh nRefo®inki MY2 has a
. nowt FIG therein is shown the structure of FIG
thicknegs 0f ap aaa? ilb3 | GRe sprspbatwedc eashaaiseelend 1 P02may range from

o TR Ty RSN 1S AL vt
ranging {rpfzabeutof.3 phetorabduchf gm.fi | t er 502, the bl ue col or

flielfénelﬂg 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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602, and the green color filter 702. to forma pl anar
top surface. In accordance with one enbodi nent, the
pl anar transparent |aver 902 has a thickness of about
0. 950 2pm Referring nowto FIG 10, therein is shown
tlgg structure of FIG 9 in a formation steg in _ )
atc o GRfRc &'ciith h2 afyssmotn namicalbisenyps ples effensmission uniformity

nhanbd &R Retive Plafdr’ il s dor, 20,
enhant ST Reiivd PERDE0T of dos Qi iRt xo Py (cbofiment of the
presend iiplentian, iis yertifrmel @s Gillenses where each microl ens 1002

is adjacent to the re lor filter 502, the blue.

col 3r P‘i"ﬂdtérig tg‘ﬁ?,le%%lr?&gtlﬁ » CIGARSEHIAG |ﬂ%f‘rmFﬁai pad 103gwith he layer of
accor dgnagsulitind PAK; ' , 188Ch, i :

has a thfsélkrﬁegsﬁof “gggﬁ?m ?@H%l} lgﬁgl%ﬂrgp%lgﬁ%p%ggl%yer oititeR
bet weepasgiggtonringiteriaknd6100 2oprenf tharlgeerf o encapbduating p2ssivation

}inn t b 0. rn, Each mcrolens 1002 nmay have a
hor i zo%?gepgglltor%r@}(g'nﬁ 25 ranging fromabout 5.3 lain

to abopdlishing LR thdRRivEr 6 1§ JA0WW AtRnth&Rerihll 106, RBFQithg e layer
shown a_ flow chart of an optical color sensor system
11. 00 PlomitidedBctonr they layse optehespsuledn® rpasevaiion material 104,

syste | : e Wit n .. enbodi t t

oY eseni PP nRHRGRSHEALG LGN JhE IR Tl 2051 iy

a sUbsttclahg thaypasdfvation ki 2@ aB8&NBO expdrRl Glottidd) of the layer of
bl ock 1102; form ng a passivation_|ayer over the

subst r%cgpqu}ptlgg PosHraser materiel 184 AREF i Di ng the
passi VadoQink ?ﬁegéoalggg 43Rk 8K oh 1RO ;lal)fep %ﬂalﬁ'%fiéé g P rﬂfb gn the metal

filters over si'vation |ayer i
f onsaiprg @3pl(BEKaM)t ransparent | ayer over the col or
in.a .blo rmng rnicrolenses on

fil k 1110; d f
t he ol SeRarieE HitapEFeRt hids 2P v CeedBrs O Terd  n
a gl ofdpodilid@thelblhdcdIb @t 608 Shahd eoaﬁ%ig:g'azet?g@i?ﬂﬁ 6)

optical sensor color transm ssion uni
enhdncdapesitingthegrednalql fdtea D2 at ttercoafing taysi 462 | (B1G. 7)

di.ng. t di_ment: of th i tion,
o Sert Ok G2 RER AR & mgtosbAa i e Trbal pad
1039. glljb?aﬁﬁﬂé el g)ghak B@ndRkak 18RA9IDSh WietRd thRr iR¥e500%he blue

encap ating passivation material 104, and depositing

the | a3pdar ffer 68 ang desgrpen Paor ierdi02a(F1G08) on top of
t heéb.af%ﬁﬁi?gfaprgﬂ?og%?suﬂo% 'A9hd P Islallrvtraa%r/léé)ar}%qtq%%g Ibbi‘l (FJ[8410)

(FI I'ng back- e la
passi vation material 106, depositing the layer of
ride %102 on the | aver of encapsul ati ng passivation

Nhbas e ooy ered hatfdp pEisentigventien asdiay apmerpusadiantzas.

Ok adffect AUELt Hf adtivery Iﬂgna%&i?ng &E'sGnidhductor 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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3. etching the passivation mask 204 and the exposed

portion of the |ayer of encapsul ating passivation

material 104. (FIG 3) 4, depositing the coating |ayer

402 on the layer of nitride 202 and on the netal pad

103. (FIL.G 4) 15 5. depositin%,the red color filter _

she gRsSWkRe JBasssERy 1989 eporfpratiops Gare4 ptraightfomasedi eosigffective,

ug; kL.t t oat.] .

uncomplfth cigfl) lrsadl; flo SRERR, AR RO TR RACEy HBing known
technoldges; amd aneghusayadilyddi2ed fdrl Eiciéntly dhd ebatinivglly heanufacturing large

] expose artion of the coating layer 401 (FIG 8) 9.
die 1c GaHGSES o

g°©he pl anar transparent |ayer 902 on the red

fﬁ/'élﬂ& tihd ﬂnb&{tio%%fs b‘éé}‘?d&l%)lg?d i%gcloglnggiorg g).iﬁl?ags r@ﬁ@lﬁig bgﬁqnode, it is

green color filter '
to be midargibedh thal GEyoaltertmsivps, anedificatams pande maridtiape wilOR. apparent to

e S0 8 ot SR P RS S R, AL BbgECRYy s

embraéd@l sidh A€drhaRley, MbAALATING] Al VHRLSANIHGO RBUGIRI the scope of the
passi vation surface prior 25 to and during col or

included rclagips.r i snatigisshigiesiofore sgbrrtp heriewapt shawrdire g ddcompanying
. - uni.f Lti.es.are. significantly .reduced or

drawirg A e B8 PSRl g AP ARG i ancea i xe
color transmssion uniformty through a reduction in
fluid nechani cal resistance during col or resi st
di spense. This color filter non-uniformty is on the
order of about 20A peak to trough, (representing an
order of magnitude reduction in non-uniformty over
the prior schenmes). 30 Yet another aspect of the
present invention is that it valuably supports and
services the historical trend of reducing costs,
sinplifying systens, and increasing performance. These
and ot her val uabl e aspects of the present invention
consequently further the state of the technology to
at least the next level. 7 The resulting processes and
configurations are straightforward, cost-effective,
unconplicated, highly versatile and effective, can be
i npl enent ed by adapti ng known technol ogies, and are
thus readily suited for efficiently and econom cally
manuf acturing large die |IC packaged devices. 5 Wile
the invention has been described in conjunction with a
specific best node, it is to be understood that nany
alternatives, nodifications, and variations will be
apparent to
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those skilled in the art in light of the aforegoing
description. Accordingly, it is intended to enbrace
all such alternatives, nodifications, and variations
that fall within the scope of the included clains.

, | fhertofore set forth herein or shown in
THEI@héﬂ%@%J Zﬁa#ﬁg)ﬁio drawi ngs are to be interpreted in

an illustrative and non-limting sense. THE | NVENTI ON
CLAIMED I'S: 1. An optical color sensor system
conprising: a substrate; 5 an optical sensor in the
substrhte; AnRBHGA CYIQHSENOR YSICELUBERRTINE: connect ed t O
the optical, ggesqaes @ planarized passivation |ayer
over the su%strateﬂ t he passivation layer further
conpri ses: aromwralgessdrat thegupstsgé;vati on | ayer, and 10

a hard mask | ayer on the encapsul ati assi.vation
| ayer; a co%FW%Epyg?b e6H§$Fﬁé%ﬂ%P&xﬁggﬁgF89%?‘ﬁ??ﬂmthe
top surface, glanidiRdPak@latioRady& Res 8l subQkRE, thé h&s%fv%tion layer

formed on the coating |ayer over the passivatio
| ayer ; furtheqdommaises:r anspar ent | ayer over the col or
filters: and 15 nicroi%F Elanar t ranspar ent

es on.the
| ayer over the cB1B¥HS aﬁlé‘rgf?ss“?tlo‘f’ &5 8t em as

claimed in claingharfl widskelyef O BIel encaiBulatihB assivation layer;
passi vation [ ayer further conprises: the encapsul ating

passi vat i or? ¢ealiag layge ap thel hrd mgsk heenwiththepap sudgeewifitie metal
the t d%&@%&ﬁe of the netal pad exposed. 3. The

system as arimed in clairrr 1 further conprising: a

coati ng | ay®iordiitees foneedas Shevatatinnldyay®rer tHe\Rs§0AtRI layer;
filters further include: 25 a red cqolor filter, a blue

col or filterPlangdragsparens fasenpwer the ealer filkwsiand  coat i ng

| ayer; and the inierolenses further conprise: the
riEFdPeses ew therplaee trenspareng layayever theegolartdtered col or

filter, the blue

2 The system as claimed in claim 1 further comprising:
the passivation layer further comprises:
the encapsulating passivation layer encapsulating the metal pad

with the top surface of the metal pad exposed.

8l The system as claimed in claim 1 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; 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.
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color filter, and the green color filter. 30 9 4. The
systemas clained in claiml further conprising: the
color filters over the planarized surface of the
passi vation |layer; the planar transparent |ayer on

the color filters; and the mcrol enses over the planar

t ans paRensiaagerlaigirein shim Idprthereogirisigt i I ters. 5.

The syglkeploR$iltelsdveEfe plarkliddd Quftabdibf RE Ha GRERLH $iyag:

the passivation |layer further conprises an
encapsiealdnagtrgspsicutlnyaron thy esloofiltersfmdsubst rat e, t he
encapsyl at.i ng passivation | ayer characterized i

v hoths T AkebeY st Dot FTtpaient b Guss Eah ofdhe color filters.
claimed in claim4 further conprising: the passivation

| ayer further conprises an encapsul ati ng passivation

|l ayer TRNGRRSHAANL; ~ QLhi ckness of

aﬁout 0, O%%A ovszér éllt ggg%ﬁﬁa%gg&%ﬁ{pygm%he system as

cl ai netheipassivagiom ldydr fnttharcooqmises s kocapsulaiad pavgivhdgretayer on
of a bottomanti-reflective coat.ing on the hard sk . )
| ayer. ZOH%‘.e Hhstralg s s eReanshiaiing PASHVaLoR; 1AYET rlipeAigrzed in
conpri si ng: hdvirgs &?ﬂaﬁirtf)' k@i further includes a red

color filter, a blue color filter, and a green col or
filter on the coating layer, and the mcrol ens

further conprises the mcrolenses formed on the

c@at i nthe dyatear ascol@metitie cragd 4doither doirplieing: t he bl ue

col or fhilter., and the green color filter. 25 10 .
the passivation layer further comprises an encapsulating passivation layer

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

7. The system as claimed in claim 4 further comprising:

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

8. The system as claimed in claim 4 further comprising:
the color filters further includes a red color filter, a blue color filter,
and a green color filter on the coating layer; 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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