WO 2004/ 112137 PCT/ US2004/ 017714 |1 MAGER W TH TUNED
COLOR FILTER FI ELD OF THE | NVENTI ON [ 0001] The present

WO pweniiien relates to i nproved seni conduct or i PEMURLP04/017714
devices and, in particular, to CMOS imagers with
i mproved color filters, color separation and
sensitivity. BACKGROUND OF THE | NVENTI ON [ 0002] Col or
imaging in solid state or digital video caneras is
typically perforned vvith different types of

sem conduct or - ed | ma char coupl ed
devi ces ( %333 ﬁ'rabﬂd LRI %E

sem conduct or (CI\/DS) phot odi ode arrays, charge
i njection devi ~' e arrays, anong
ot hers. [0003] %iﬁkﬁg)éﬁ#gg (rh\{ygﬁi &ggner ally
padmilgdes ah@pFAYntAhvdAtfrel RES rs@écpfcrﬁlkbﬁ&&&o@ﬁﬁagmg
to i maget which converts a co or filtered |ight
devﬁd:sgnﬁi it phsdicalar diogC DS fratgers siithgingproeaticaot fikersayoland
digital processing. The photo inmager portion of the

sepairmemdmsm a focal plane array of pixels, each
one of the pixels including either a |ight sensitive

Srhg?oéFgge%%o@lg%‘bgﬁ@?eggp@giﬁmmg subst rate

[Ldr?ggsc CUMUEBIGrRha %}l}%flﬁ P60l 8d Sfjdf(‘gli‘ﬁf @8ecb Ramth8 s tly}calcally

lying portio t he substrat'e. A readout ci

perfbamed midcdiffdrane tgms bf pinttbndandribasddidegeay, shetastcharge
out put field effect tranSistor fornmed in the substrate

couplad d&VlC@ShCa%ES reamleperiast m@%ﬂmmﬂe@d@%&ﬁ)
t the phot ogat hot hot odi od
phofi S Moo Fufthe e g e anng R O PlrgRarrvheriine

othd}9de, connected to the gate of an out put tranSi stor. A
devi ce | ayer above or surrounding the photo sensitive
regi ons contains wire connections to the photodi odes
[@893dome oA GMIOSDimagdee cateingaberathy irEluCk:adncmttay ©if mrioict lenses,

ot her  things. The i mager e at .| east
colaguies it 3 BhPE HEE W hlctorEert aﬁpﬁﬁsﬁq lglgrsignal into a
digital form using a read out array and digital processing. The photo imager portion

of the imager includes a focal plane array of pixels, each one of the pixels including
either a light sensitive area such as a photogate, photoconductor or a photodiode
overlying a doped region of a substrate for accumulating photo-generated charge in
the underlying portion of the subs&atc. A readout circuit is connected to each pixel
and includes at least an output field effect transistor formed in the substrate and a
charge transfer section formed on the substrate adjacent the photogate,
photoconductor or photodiode having a sensing node, typically a floating diffusion
node, connected to the gate of an output transistor. A device layer above or
surrounding the photo sensitive regions contains wire connections to the
photodiodes and some or all of the elements of a read-out circuit among other
things. The imager may include at least one electronic device such as a transistor for
transferring charge from the charge accumulation region of the substrate to the
floating diffusion node and one device, also typically a transistor, for resetting the

node to a predetermined charge level prior to charge transference.
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transferring charge fromthe charge accunul ati on
region of the substrate to the floating diffusion
woowe/ 182187 one devi ce, also typically a transi SPOF/US1004/017714
resetting the node to a predeterm ned charge | evel
prior to charge transference. 1 WO 2004/ 112137
PCT/ US2004/ 017714 [0004] Col or imagi ng phot odi ode
systens suffer froma variety of problens. For
exanple, light intensity |osses at the photo sensitive

@[oggj ar eac e iﬁfa%]mg&gﬁftg&bag s;%:c)elﬂé §dFaGd AN RGEY ofas

. enters the i enses,” passes through a “col or
protilbib 8 FoRExple, BSht iRtHsief WshY o AlyepBotdndchbitive aicdemiea due to
l'ight passes into the light sensitive area of a
absqeptibn dir diffractiopbotwgatight fie65he Opici e lenset, passes thepugh a
causi ng, anong other things, light intensity |osse
color adigr 85 el imteneBeNE laeroRedigRoriaRs Belke PasiotantosEAERE S
bove a phq i r tructed to include, for
sensg&vgr%?ae??%gf@?ocﬁ?fet %r@l(?t%g&r%éd, green, blue, or cyan,
magenta or yel | ow, depending on technol ogy used, which
@oesdel i neg@heidaladistariidrdtausipigg adongwrhactingshBght indnsity
received by a photodi ode is influenced by the

lossesatesuli: frlosn 2 amdhlre off Idssigh fartenab Pixeh serfaiss pbovepphotodiode are
phot r.eaches

i ode, The intensity, of.light which
conBREEBUFOUE R £ FETEP RS SR S er S B

i r ' LSq: ?‘% g; ngdii & f
| maﬁcggﬂgﬁ% Wifl%\gh dp E??lgggj?lne{% EPloRy 3%%% 4y o%l%f i1t g‘%dtog nd
plarfF s@Ret I The SigHt ecdeRred by ghdtotiode &y influencs ief fheanhaterials
‘ and index of refraction changes based on the depths

andateg thrafer subisgratesd v the pleotiodasts: ' Bhaimsensitiiad lishowbeth
reacPies PR OB TP CHEMRAGYErarhobH P 8 PG Esnfgre i

: i1 Bger Tor R
el BELFE Syl bEUAGHE G20 ERRIILA Touthiat e

andiauBstrpdedde 86 anadiliriamrfeiencetefiocts uhtldnde:0df defraction changes
i mger greatly increases the cost of imager

baserhon flac tlepthn gnd Suashrials vsasl iaxthe ymagierds Tdsdaisi gn cost s
and does not adequately address design limtations on

Liifadl U oL 1 A0 Sl o0 08, ROl B hkBfickk Bm the top
surface of the imager in an effort to adjust for the effects of refraction and absorption
within the substrate above a photodiode. Varying the photodiode distance from the
top surface of the imager greatly increases the cost of imager manufacturing. Such
complexity adds to design costs and does not adequately address design limitations
on the ultimate transmission of photons to the light sensitive area of a photodiode or
adequately increase the maximum photon intensity which can be captured by a given
photodiode. Thus, a new approach is needed which can enable simplified
photodiode construction while still improving or optimizing photon transmission to
various photodiodes which receive different wavelengths of light, e.g., blue, red or

green.



adequately increase the maxi mnum photon intensity which

can be captured by a given photodi ode. Thus, a new
wapmiosB’ i s needed which can enabl e sinplifi ePICT/US2004/017714

phot odi ode construction while still inproving or

opti m zing photon transm ssion to various photodi odes

whi ch receive different wavel engths of light, e.g.,

bl'ue, red or green. 2 WD 2004/112137

PCT/ US2004/ 017714 BRI EF SUMVARY OF THE | NVENTI ON

[0007] ThRRrAREsSSOMMARY OFTPIPYNVEENGTO(Nat i ve

processes for manufacturing color inager pixe
structures for optimzing transm ssion of light to
vari ous phot odi odes which receive different

[80E] engt h’EhmprdsctIgth@umm providies altergreenpragesseeipr

Vari ous t hods of . for I fi.lt ,
arwﬁzswrmc I ERSH PF éﬁrpa?t@rfa.fgg 83'5?%2'% g%@?f@#?fén ot fight to
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N ous cCo ter elenent ocesses

or réd)CVHEHRIM¥EJde ¢S fomSik NG ol G fled dufa@ ard promiﬁdmhichon
with etching and formng a color filter el enent.

mcotqa\mnatrt giffersint @p]?qe@ang @@eﬁm uyﬁeidmg@ sirglaictche mmlﬁpkeg@ches and
ran ion o t .thr h

varigyg ﬁ&fééﬁf{}%% hEmadpoprares i iaariot e
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of a Ut %rd Qfed t@@lﬁﬁﬂﬁ@b@nﬁlz@& tfanbm@eloha)f&rgﬁt \thitotighrlages of
ove a device |ayer such that each color filter

the hmym lmdudlpglad;msedglcnlail fileon svipdownih pdempssene h?(?’équéPCh

pnce{jvgc,g, g[e)g%gqq%] ttqgflfl FRt %’1\:@16 col olrgii( 3@8?'}'? AN Cu Sent provides for
cxth%_n&%Sl%? %11{c9¥a%& \Yﬁ%ﬁ e g? oW &éh&f 19yér%ﬁcﬁ 99{9 daBh Whiot Milter

varl ous co er cavities may be’ f or med

layef isBPHINRBS it Hﬁﬁcrﬁ[&ya&ﬁﬁaﬂtblmww i €xah photodlode which
characteristics for |light absorbed by a particular

absqubet pditauidar waveleagtlt of bghlf (felg- prede gden; blteg.a Pamaseengdayers
arc piFHOHBL PS5 Sm % AU SIS IO ST LRt ok Bk aP BBR ©
dlmgﬁmn%gsgﬂeﬁgB%(rﬁflﬁléglétriﬁ%dccﬁ)dccay&{arac\/@ﬁn@y For MR Sb&rbed by a
particular photodiode. Varied color filter cavities can also be formed within the
overhead portion of device layers immediately above a photodiode if sufficient
headroom is available in a device layer. Various types of damascene or layer
adjustments are possible including the use of encapsulation layers above and below
color filter elements which adjust optical properties of the combined layers above a

ﬁarticular diode by changing combined layer optical properties or by moving a color

filter element in relation to a particular photodiode or light sensitive region.

[0008] These and other features and advantages of the invention will be
better understood from the following detailed description, which is provided in

connection with the accompanying drawings.
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adj ustnments are possible including the use of
encapsul ation | ayers above and below color filter
web@ran137 whi ch adj ust optical properties of tP€I/US2004/017714
conbi ned | ayers above a particul ar di ode by changi ng
conmbi ned | ayer optical properties or by noving a col or
filter element in relation to a particul ar phot odi ode
or light sensitive region. [0008] These and ot her
features and advantages of the invention will be
bet ter usRPEAYPRICRIPTITON OF'THE DRAWNGSD
description, which is provided in connection with the
[@009PanyiFIG. diastiongsa crossWecROf ek 6B exemplary color pixel
PCT/ US2004/ 017714 BRI EF DESCRI PTI QN OF THE DRAW NGS..
and fibeogtudenE befaregioorssing dn 6seordandei i Png icasmphpembodiment
exenpl ary color pixel and filter structure before
Ofdﬁ?ngggﬁég i n accordance with one exenplary enbodi nment
of the invention; [0010] FIG |B shows a cross

@pﬁbﬁ onal MiEWRPEhdwie FbG sebhos@vky BT ¥R FIGNA Eblok pixel

astate of processing subsequent to that shown in
and Flt&r atldstate[ dfptddesiihGsubstGusmotasthat shrayes isBEGi bhal vi ew
of the FIG 1A color pixel and filter at a state of

rocessi ng_subsequent to that, shown i Fl X 012
h%%l]lo sHgs 1 eheyesa grost pesHIpal M nghet hG%Gr— %C[’%E\P&Cl

| or pixel ~and f.ilt t S{Rg
and FsCar DA ol Phstbihdiis R R s oy RIS ERS R0 |
shows a cross sectional viewof the FIG |A color ,
[{H'(Pi@'% andrfc.| I shads @ cBdse ke tdhabriovedsha FlGubAeglmniixel
that shown in FIG 1D, [0014] FIG |IF shows a cross
and $itet hoastatevofgwoodssingeubsaguenpradiap shwn ar FigndCs i | t er
at a state of processing subsequent to that shown in

| G, 1E Fl G 2A sh , - ew.
BloTan el VP B £ SR By PERRCHGEPY el

and P4 BafiR0BEsind ABCRIAANES ik Lo PR PXGTRDAT Y
enbodi ment the 'n on;

vent

[0014] FIG. 1F shows a cross sectional view of the FIG. 1A color pixel

and filter at a state of processing subsequent to that shown in FIG. 1E;

[0015] FIG. 2A shows a cross sectional view of an exemplary color pixel
and filter structure before processing in accordance with one exemplary embodiment

of the invention;

[001 6] FIG. 2B shows a cross sectional view of the FIG. 2A color pixel

and filter at a state of processing subsequent to that shown in FIG. 24;

[0017] FIG. 2C shows a cross sectional view of the FIG. 2A color pixel

and filter at a state of processing subsequent to that shown in FIG. 2B;

i

[0018] FIG. 2D shows a cross sectional view of the FIG. 2A color pixel

and filter at a state of processing subsequent to that shown in FIG. 2C;



[0016] FIG 2B shows a cross sectional view of the

FIG 2A color pixel and filter at a state of
w@e@easdBng subsequent to that shown in FIG 2BCT/USDO#)17714

FIG 2C shows a cross sectional view of the FIG 2A

color pixel and filter at a state of processing

subsequent to that shown in FIG 2B; [0018] FIG 2D

shows a cross sectional view of the FIG 2A col or

pixel and filter at a state of processing subsequent

[(F))g_r@ at  shaw oEshokfsa c#6ss sectifha OR4Y dAREIFIG. 2A color pixel
S2004/ 017714 [0019] FIG 2E shows a cross

and ket dtanahte\of @ro@hsing mtﬁb@exﬁkoabhmhomxeﬂ FEnRIPj | t er
at a state of processing subsequent to that shown in

2D; 0020]. FIG 2F sh i
(0950 ha F1 E10h AF o sraBiecinil Fien o et TG S gaogpirel
and E{t%cf%tgtﬁoqﬁ%&gﬁﬁ Euﬁs‘égﬁé}ﬁttoﬁﬂgé"{hd&l} fil )ﬁlG 2. [0021]

acros sectional view o FI'G 2A
color pixel and filter at a state of processing

[QGQHECI uentprI 2chshovewadss sectibfal vadw of EX2PIG.FlAScoldA pixel
shows a cross sectional view of an exenpl ar col or

and filtzedt 2 sta dfiproessisg suksegnentyef thpeshnvor ssEl g2 Fin
accordance with one exen‘pl ary enbodi nent of the
s sectional (vi SN

9P5ERe P TR At Rorpd ROGAR it BF T PREMRA ol Sk
and E.{t%‘cﬁg%tﬂﬁzo% ae;qH@é}E E% taE'@er%t&"Wlth %nE |e§‘%m’é_ I:x%%gﬂ:ﬂment

cross Sectional view of the
of tiedho¢ntingel and filter at a state of processing
subsequent to that shown in FIG 3B; [0025] FIG 3D

shows a cross sectional view of the Fl col] or )
[@D%éﬂ andfiG.| %Beﬁhfﬁf‘t’ s 9aCf§§Sa%CéU6P T 85 &%Lﬁb& eejoeRixel
sho in ElLG a Cross

and ?ES'E ?to%%ﬁ“tev? KPR éugic&u C%ﬂag%l%pvlvrgg} T ilter

at a st ate of processing subsequent to that shovvn in

['6'0@4;] [PR27AC Fhdevs BErosdisionalclies of SREFIGN3A culewixel
of the FIG 3A col or pi xel

and filter at a state of processing subsequent to that shown in FIG. 3B;

[0025] FIG. 3D shows a cross sectional view of the FIG. 3A color pixel

and filter at a state of processing subsequent to that shown in FIG. 3C;

[0026] FIG. 3E shows a cross sectional view of the FIG. 3A color pixel

and filter at a state of processing subsequent to that shown in FIG. 3D;

[0027] FIG. 3F shows a cross sectional view of the FIG. 3A color pixel

and filter at a state of processing subsequent to that shown in FIG. 3E;

[0028] FIG. 3G shows a cross sectional view of the FIG. 3A color pixel

and filter at a state of processing subsequent to that shown in FIG. 3F;

[0029] FIG. 3H shows a cross sectional view of the FIG. 3A color pixel

and filter at a state of processing subsequent to that shown in FIG. 3G;



and filter at a state of processing subsequent to that
shown in FIG 3E;, [0028] FIG 3G shows a cross
waeewtitoiat view of the FIG 3A color pixel anpCt/ib10e4/017714

at a state of processing subsequent to that shown in

FIG 3F;, [0029] FIG 3H shows a cross sectional view

of the FIG 3A color pixel and filter at a state of
processi ng subsequent to that shown in FIG 3G 5 WO
2004/ 112137 PCT/ US2004/ 017714 [0030] FIG 31 shows a

Iﬁolgtéir sectiRpady s‘lﬁiogr?’ aQbodsREctfdrfal viddr sfthe FId. 38l C(ﬂdildgixcl and

at a state processi ng subsequent to that
filte S fOMEtateroffprEcesaibly sib@3hitnttoGhaBshehows FEGc3ds s
sectional view of the FIG 3A color pixel and filter

o131 ol does SonSsneonat s b Al et and
f the FI 3A caol i xel ' .St at f

flecfpeg ot oiprotpeeg anees iR it BLFRR L3S ™ Fogasy
FIG 4A shows a cross sectional view of an exenplary

39N Pi xehIGasM shbwé £Erast sdteibralevibeiofitiee PIGCA Sbhy pirel
ccordance with one exenplary enbodi mrent of the

andifileeat 4 snare pONDLEEssEEGubARUShbws that shows in E&Gi dhal vi ew
of the FIG 4A color pixel and filter at a state of
ent to that. s

r ocessi ng bseq hown in FIG 4A 035
@379 onBlls. A chouse Sist PoienaLY e B an eemefey Cola? Bhel
| or. ni il at j i
and 3isE e beBRntdcbiile PiacCpRd uih IIEERRIA cppodiment
of tBOAWenfoks 0SS sectional view of the FIG 4A color
pixel and filter at a state of processing subsequent

to that shown in FIG 4C [0037] FIG A4E shows a rross
E¥34lonal ¥lGwBrshewea Frass seraiossl vewpmsibtae Flanéhscolqrgyxel

a state o rocessi ng subsequent .to t.h Wwnoin

and%tl'ér ay B;Stﬁtﬁengocﬁ?S@g %‘Ibg% t%%%ﬂr'lcégg“@elg?ilgﬁgf Vi ew

of the FIG 4A color pixel and filter at a state of
POEEERS si NngpgabIEFUBL atc9qsts RedticihovRew of tht BIGAEA color pixel

and filter at a state of processing subsequent to that shown in FIG. 4B;

[0036] FIG. 4D shows a cross sectional view of the FIG. 4A color pixel

and filter at a state of processing subsequent to that shown in FIG. 4G;

[0037] FIG. 4E shows a cross sectional view of the FIG. 4A color pixel

and filter at a state of processing subsequent to that shown in FIG. 4D;

!

[0038] FIG. 4F shows a cross sectional view of the FIG. 4A color pixel

and filter at a state of processing subsequent to that shown in FIG. 4E;

[0039] FIG. 4G shows a cross sectional view of the FIG. 4F color pixel

and filter at a state of processing subsequent to that shown in FIG. 4F;

[0040] FIG. 5A shows a cross sectional view of a portion of a color pixel
structure before processing in accordance with one exemplary embodiment of the

invention;



[0039] FIG 4G shows a cross sectional view of the
FIG 4F color pixel and filter at a state of
w@e@easdBng subsequent to that shown in FIG 4PCT/PSDMO)17714

FIG 5A shows a cross sectional view of a portion of a
col or pixel structure before processing in accordance

Wi th one exenplary enbodi nent of the invention; 6 WD
2004/ 112137 PCT/ US2004/ 017714 [0041] FIG 5B shows a
cross sectional view of the FIG 5A col or pixel and

(0 =LA b B &g EF AP OFRY PSR QR i
and%&? $r8@etd ANAkratel @f"ibr@&cshﬁg stibdequédt @oihat stdwaein FEBUSA;
Ilter structure at state of processing subsequent

to that shown in FIG 5B; [0043] FIG 5D shows a cross

HEeilonal  FI@ws Gfshowea krass s@nonal vewsifitat FIGnBAfdolarenixel

structure at a stat rocessi ng_sub eq ent to_.tha
and SRAHFOR t 4 ot OfRIOseAnEPEbScaRoRT by oh g o FIG 5B,

sectional view of the FIG 5A color pixel and filter

E(Ldﬁl\';ﬁt ur eFFEG a%%ts"ﬁ%ﬁrg 85&(?? ge&ﬁﬁia[‘ﬁc%lﬁfstﬁg QL 5POJIbepixel

G 6A shows a cross
andSBEE s@haurdy hestafe & frotdssiap sabscguent ay that Xledwn in FIG. 5C;
structure before processing in accordance with one

exenpl ary enbodi nent of the invention; E&)M .
BEW4dions a Eﬁo&g Sb@YY@ R 6FREP SeAtORAD ‘flc‘l"rﬂ,fth# IklfrplXCl

d t [ .
anc S e bt s SEARIE sEhehoBhPl b B R RERIGD:
shows a cross sectional view of the FIG 6A col or

E@%ﬁg and fidt BA sEbHYG HEE s@ltichaBligw O pditiea &F i ddlbr pixel
quent to that shown in FIG 6B; [0048] FIG 6D

strushowbefore posssing in awakdancewidf ommacdﬁh@ary&mbmnt of the
pi xel and filter structure at a state of processing

inveni®siequent to that shown in FIG 6C [0049] FIG 6E
shows a cross sectional view of the FIG 6A col or

E%(E‘gééq u andy, Eél {Sﬁ Pg&’% licci'cys% Eecﬁo&gl %E@tcﬁ‘ Bt FREOBASHIAGixel

ent
and filter structure at a state of processing subsequent to that shown in FIG. 6A;

[0047] FIG. 6C shows a cross sectional view of the FIG. 6A color pixel

and filter structure at a state of processing subsequent to that shown in FIG. 6B;

[0048] FIG. 6D shows a cross sectional view of the FIG. 6A color pixel

and filter structure at a state of processing subsequent to that shown in FIG. 6C;

[0049] FIG. 6E shows a cross sectional view of the FIG. 6A color pixel

and filter structure at a state of processing subsequent to that shown in FIG. 6D;

[0050] FIG. 6F shows a cross sectional view of the FIG. 6A color pixel

and filter structure at a state of processing subsequent to that shown in FIG. 6E;

[0051] FIG. 6G shows a cross sectional view of the FIG. 6A color pixel

and filter structure at a state of processing subsequent to that shown in FIG. 6F;

Ps



[0050] FIG 6F shows a cross sectional view of the
FIG 6A color pixel and filter structure at a state of
w@e@easdBng subsequent to that shown in FI G 6BCT/US2004/017714
[0051] FIG 6G shows a cross sectional view of the
FIG 6A color pixel and filter structure at a state
of processing subsequent to that showmn in FIG 6F, 7
WO 2004/ 112137 PCT/ US2004/ 017714 [0052] FIG 7A shows
a cross sectional view of a portion of a col or pixel
gidsggt ure PREOYA sRENS 8 $idsh SectidnACAOK GTAGROMbih B @R6lor pixel
xenpl ary enbodi nent of the invention; [0053] FIG 7B
strusfiebefore pesesshge i amatdanice withf ortchexeRipBiry @antyasliment of the
~ pixel and filter structure at a state of processing
mvenglogiequent to that shown in FIG 7A; [0054] FIG 7C
shows a cross sectional view of the FIG 6A color

et quen: 16 T SBORHERHS siRaNRY Sf P BIGERRRORG il
andsfprf)%‘f’%trﬁct%&@ §a S8 6%&%@11?%5&(}1@8:1@@@& aliown in FIG. 7A;
enpodi nent of a portion of a color pixel and filter

structure showi ng exenplary layers in the__structure;

[@UEEE] FI GFIG. E6chewanr dbsssketifinabyiam affthe FdGrpdt e@lor pixel

processor system ipcorporati an | mager device )
anchEF S USHIR RS 8 §1obt OTRTRSFSINg A PIRSE BEELES PO W 1 ETEnZB:

present invention; [0057] FIG 10 shows a processing

g X nce f ?fGF@'QgB@QE‘é[‘é)sQ JeRiondl QEw oF iaﬁ%lxcfﬁgﬂarfr ebRdiment

nt in accordance wth an exenpl ary enbodi nment the
of D ortibAEAldolY; pik€lQDa] filfdr Grudtirs llowsing egempbss laygrs in the
sequence for manufacturing a color pixel and filter
strigbwgent in accordance with an exenpl ary enbodi ment of
the invention; [0059] FIG 12 shows a processing

T&%J 6e]nc ef 21c"8 QHI)\%% LHBO& a%aé:r(a{&ocgf a computer processor system

incorporating an imager device having an array of pixels fabricated according to the

present invention;

[0057] FIG. 10 shows a processing sequence for manufacturing a color
pixel and filter element in accordance with an exemplary embodiment the of

invention;

[0058] FIG. 11 shows a processing sequence for manufacturing a color
pixel and filter element in accordance with an exemplary embodiment of the

invention;

[0059] FIG. 12 shows a processing sequence for manufactliring a color
pixel and filter element in accordance with an exemplary embodiment of the

invention;

[0060] FIG. 13 shows a processing sequence for manufacturing a color
pixel and filter element in accordance with an exemplary embodiment of the

invention;



pi xel and filter elenent in accordance with an
exenpl ary enbodi nent of the invention; [0060] FIG 13
W@ h@Ma1A3pr ocessi ng sequence for manuf act uri ngPEI/T81004/017714

pi xel and filter elenment in accordance with an

exenpl ary enbodi nent of the invention; 8 WO

2004/ 112137 PCT/ US2004/ 017714 [0061] FIG 14 shows a

processi ng sequence for manufacturing a col or pixe

and filter elenent in accordance wth an exenplary

[e06epi nentrIgf 14hfiows A\RBEdsSiAg sedqbnl® Bfi2harkifEctutih gshwher

a processi ng sequence for manufacturing a color i xel
pixelond filidrtebemeitanentordancecwish darcsemplarhcahodiashs] qfrtBe
~enbodi nent of the invention. DETAI LED DESCRI PTI ON OF
inverpien;| aQYENT| ON [ 0063] One aspect of the invention

provides for an alternative processing schene for

ng a & K r f ' i

[B862her 2di8L S shbpha prBLiate s AinortP A mufigehting  color
pixelCaHd BIidr d@MémEnmaestiastdmithantexemplagy esbbdimeninofithe

specific areas of the substrate for maxi mum col or
invehnamsni ssi on. [0064] An exenpl ary enbodi nent uses a

danmascene type of processing to forma color pixel

rat he a.di ' [ ' col or
Cfi tebﬁﬂﬁ%%ﬁﬁé}{ﬁﬁﬁgﬁmhwggg%? les for
s ar e [ i
DER) " DREAGLRL SR RABA bR AN pr80ing
scheY!d fob f@ngink heldr filte@drial tfbr @nageobarnseds. Naiahenispe@uotithy
~a subsequent chem cal nechanical processing (CVP) )
inveptiog @sgnitathe welaf cotrenndevi¢eamaniiartusag e e aucsioE &yung
for thecgrtﬁcesﬁc,ed areas, .which , remain. f.illed to form
specififeareds) Qf the SRRt I MM tolgr FARUPISS O 065]  Col or ed
: ]
materi al depths used in color filters can be varied to
[t()lé%g] An exemplary embodiment uses a damascene type of processing to

form a color pixel rather than a direct lithographic imaging of a color filter resist.
Color filter array (CFA) cavities for pixels are generated by conventional lithography
and etch in oxide or another suitable matrix material which are then filled with a
colored material. During a subsequent chemical mechanical processing (CMP)
process, all colored material will be removed except for the recessed areas, which

remain filled to form the color filter portion of the pixels.

[0065] Colored material depths used in color filters can be varied to tune
the optical properties of a particular photo sensitive region of the imager array. A
damascene layer can be used to provide sufficient room above a diode and/or
metallization layer above a diode so that the optical properties of the layers above
the diode can be varied in order to optimize incident light at the diode for a
particular wavelength. A damascene layer may not be required when there is
sufficient headroom for a color filter cavity to extend into the layer above the

photodiode if needed for optical property adjustment.
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the optical properties of a particular photo sensitive
region of the inmager array. A danascene |ayer can be
wae@d/11a3provi de sufficient room above a di odePEnusmm04/017714
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lithdgraplaig fagrhatidreoferdbopiyels usinghkdirect colbogrsisp rnegihgr ddtad, salor
of col gr pixels using di recéﬂgol or resjst i mging

matmi@lgppl%ql Fiith stepdard spatinghicchpolaey And usngdr drBseianiyyle
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stru%‘t%%%g\g% %E%%@v Q\gd% oW %eéﬂgé‘%%%rb% @@éjaglgr gll’id g%egwo?c fi'ﬂ)%dcs a

€5 not have to be
mudH8FRk FRdBAPY dRfidl foedidnadrdematerabanttiainte NAo¢ tinner
formati on and naterial constraints. Al so, thinner ‘
colordilms chn bemisedwithchigherdpigirtent iaghg, whigninprovesnaptigs,of some
. Wwhich inproves optics_.qof sone, inmager si gns.. .
imaggsrdasigns, Meeeossr, theof MrdATTRSIPIRA: s b pfiarized color matrix

strug%ll"%l?s?{l%/s%ﬁg th® L&hﬁ%}ta#é%st cﬁh{ay&gllé Ea,ﬁ% é\;l\nﬁ% glgx\tlxv&?\wl] er thickness’

0 adj us scene an ayer

for ¢thon@simdividiilly e 2ebbleMlsQtich Altslbfstadaiing Rt @pogedpbly of
as col or streaking due to topography of
previous colors adversely affecting another pixel structure are avoided. Optical cross
talk can also be reduced due to shallower overall film stacks and thus aspects of the
invention offers an option to increase separation or create a separation matrix
between pixels. An aspect of the invention also prevents color residues on
neighboring pixels and offers lower cost color materials for fabrication of the CFA.
Also, the invention permits the elimination of a need for isolated photo fabrication
areas which is currently required due to resist contamination with mobile ions caused
by conventional CFA fabrication processes. Lastly, the invention offers a built-in
lens above or underneath the color pixel without the need for an additional
planarizing coat. The invention also permits a wide variety of structures which

afford the requisite “tuning” of the collective refractive and absorptive properties of

the layers above a photodiode.
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previous col ors adversely affecting another pixe
structure are avoided. Optical cross talk can also be
w0 edwaerd3tue to shall ower overall film stacks pemUSiw$017714

aspects of the invention offers an option to increase
separation or create a separation nmatrix between

pi xel s. An aspect of the invention also prevents col or
resi dues on neighboring pixels and offers | ower cost

col or naterials for fabrication of the CFA. Also, the
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tuni ng the collective refractive and
Whl&b&iﬁ'umitbé/ﬁluﬂlﬁ[ﬂa eefldceisities and hlssorpy@t sf atubtiple dilms sitting on top
phot odi ode. 10 WD 2004/112137 PCT/ US2004/ 017714
of e4ch0Bitr. Modmithergiablithageaphyisaftharmsanrls 'P"erl&ﬁ’c designer inputs

the %M%%ﬁ%f?%?%g ég &Ft %1%11 rtfléne gt& <6 rrp | s e %.[t? the
fract?oergjdﬁt 15‘3'{[%%%&? Ia?(vc Y ﬁbﬁﬂ'ﬂﬁ&h fs%@ﬂ&ﬂed\@h& BoW dhhche

require ng o active and absorptive
absdPb@peMadnes! eflciiidistiande wed as waljemplayieg softwameiplphcations
known in the art. For exanple, comercial soft
usmg@@hum:fmumam Frasnclycasefiparacyel ayBEereAabert

whi ch c ul at ct| Vit
cauiuB AR bASH R FpIosb s R Arp ot B B Sespengal,
gt LRAG RPN SRS, ehiClasdinefeabd.
relatg(g%gip Xﬁgea 5ﬁgﬁlqldn%ut sgﬂrst h a%asﬁg%%%tl cal Spar ararlet ers
of the various filns, then the software outputs the

flooseq i on tﬁaﬁcﬂaﬂy,&b\&mbedﬁ sohsiomslare detchminadiagial dnsoptimum
refl ected and how nmuch |s absor bed. nual

choisalicsglestach néﬁélaﬁetﬁgn%% RAEREDCSeH Ph YRS, Wskiding the
Varl%ﬁg at L O ul'}sll%[}] SSnaeS l“lfﬁﬁl as %&t%lgilg qul n_gl'b%t H%ill onec Ofa

er ert quat i ons

nung(yrr) of e nth?‘% §1§p1@>ﬁ&l‘fes Q@ﬁﬂﬂi@ﬂ'aﬁﬂ aQdoldi ﬂ)lgﬁlcn‘t\lﬁlleﬂhs bﬁted &fithin
the CFA window cavity. In some exemplary embodiments, different CFA window
dimensions and material for use in the CFA window cavity may be used to optimize
reflectivity and absorption properties of an imager stack above the photosensitive
area of a diode. Providing for the use of a damascene layer, as well as variable depth
CFA window through a damascene, and in some cases, the device layer of an imager
above a diode and underneath the damascene layer, permits the creation of the CFA
window of various dimensions which optimize reflectivity and other optical
properties of an imager. In other words, a CFA window, or the cavity with color
filler, may extend through a portion of the damascene layer as well as, in some cases,
into the substrate stack leading down to the photodiode. CFA windows can be used

with complementary colors photodiode assemblies as well. Determination of

thickness of a particular CFA window and underlying layer(s) above an underlying
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rel ati onshi p where absorption increases exponentially
as thickness increases. [0068] Generally, a variety of
w@eltiiass are determ ned and an optimum choi BET/UUS2004/017714
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wi th,color filler . ' '
eyl S0l Sl TR S AL YRR, OB PPl

intelBRnsUReh@lR HladskrpiRathort] douRives stk dehet eflapdeabove a
CFA w'ndows can be used w th conplenentary col ors
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RBLS o AR b O o e e HEER PLRTOSG AL el
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mattRAWASER S d0d9c Phradibdevef a @l piktl. Ofthehardayenx mixexiel is
t he phot odi ode, through which inci dent photons nust
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| e . ; . .
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I ch extends above a device 'l ayer
defiféd daB&GaNEddvalsy stgs. Wkt two adloes hdvedeen dmmagéedytthe ahird pixel

damascene or device
type can be formed by coating the third color and polishing the wafer, without an
additional imaging step, until three separately colored pixels remain in the cavities of

the matrix.

[0070] Referring to FIG. 1A, the first embodiment begins with a plurality
of photodiodes 9 formed on a substrate 11. A region 7 comprising oxide and metal
layers are formed on and around photodiodes 9. A hard matrix material layer 5 is
formed above the oxide and metal layers 7. A layer of photo resist 3 is formed above
the matrix material layer 5. Referring to FIG. 1B, the photo resist layer 3 is imaged
and cavities are made in the photo resist layer above photodiodes 9 using a standard
resist process. Referring to FIG. 1C, the matrix material layer 5 is etched, remaining
photo resist 3 is stripped and a first photo sensitive color coating 15 is applied (e.g. a
red color coating) into the cavities in matrix layer 5. The photo sensitive color
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| ayer. A designer can determ ne an optimal thickness
using a conputer or manual interference, refractive
woeotahsaspti ve nodel of a given stack or set OPCT/Hy®O$017714
above a photodiode to maxim ze intensity of |ight
arriving at the' photodi ode. [0069] A first enbodi nent
can be created wth photosensitive color materials to
formdifferently colored pixels inside a previously
defined hard matrix material which is above
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is etchéd to open all three CFA cavities for the
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be formed by coating the third color and polishing the
colomabeting (iid. Nbt2BntheaddME promkssingg és mpestd pntilial coating layers

three separately colored pixels reqain in the cavities
15, ¢ angdde #ﬁtapp&e.&/ mgﬂtﬂcqaémgf Prchﬁsnga FIG 1A the first

enbodi nent begins with a plurality of photodi odes 9

d on 1 reqi (S j

T ot RrSYER ISR T, e GBI pROTN (ol ibufih g on

embddifieRESThEEBTIG. X Fikél sk trad YeedhoWvol. SAt {;@fcﬂﬁﬁlga&gﬁ%nt 811,

oxide and netal layers 7. A layer of g@otp resist 3is
an ifigiah@ldn stadvis fotrhed raludirg netibstrait 1l apketosliodref 2 ferinmyl on the

Sub%l%\tﬁ[:: tl fe% glng'flget Eg%\pj %tpo a Sw%:p%gcﬁgégg%i qsl%j%;g?rg%g%wg{]tgﬂal 5
B e oy

mat€lif e dAt pRITBIsH@eni¥neS0 1 B S&ivities Ard forfilctiip plee FB@@) Resist layer
first photo sensitive color coating 15 is applied '
3 by ienagingabovechlicef the pbosedingys 9 nsigttsearshd tdsss b processing

e N Sl photo senslLive color B v
corf AR BRSO 7721 BB TR el s 1
(e.gRete) isiapgliéddovdr Gemining herd @atrixalager 5 and into the previously

. formed cavities. At processing segment S118, the color coating 15 is exposed and
developed to remove color coating 15 and form cavities 16, 17 (FIG. 1D) over two
of the three photodiodes 9. At processing segment S119, CMP and cleaning is
accomplished to remove remaining color material 15 above the level of the hard
matrix material 5. At processing segment S120, it is determined if another color
coating is required. If another color coating is required, then a different photo
sensitive color coating 19 (e.g., green or blue) is applied over remaining hard matrix
layers 5, layer 15 and into cavities 16, 17 at step S117. Then, at processing segment
109, the photo sensitive color coating 19 is exposed and developed above the
photodiodes 9 without a color coating. At processing segment S119, the color
coating applied at processing segment S118 is processed by CMP and cleaned so

that the top surface of color coating 19 is even with the remaining hard matrix layer
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mechani cal polishing (CWP) is acconplished on the
applied 15 to bring the coating 15 level with the
woradoritxeiBayer 5. Referring to FIG |F, the proP€EESmN4/017714
application of color, stripping the color from
cavities (i.e., 16, 17) which are to receive another
color coating (i.e., 19, 20), then CMP processing, is
repeated until all coating layers 15, 16 and 17 are
appl i ed and the coatings processed. [0071] Referring
Bl ;e%gn e T uf acwhetheg or not
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by i magi ng above all of the photodi odes 9 using a
[607Z2Tdar d Pesicshd edtbodimesss thg inwagivaris f@akd, with ecpazatd
matri x | ayer 5 underneath the previously . .forned cavity
hard ineatrigtegthed famnenchcplqspad. uspy thipd sepatn GOLEEERE P& g Or-ghat

hpt osensi t color coating 15 .(e. LS
are oGP BB 0 M 458 A5 b P i 3y e Sttt photo,
etch ! Qﬁ&ﬁbﬁé&?‘ét}{ps.fpéﬂ"&@h @BMrl 4 e8atirf¥ isRPPEABEI N afee GHIENt
S118, the color coating 15 is exposed and devel oped
standadd photy eesize) intagingsit iwidh 4 Bthagaphyrtwot avidniess the resisy in the
. (FIG. 1D) over two of the three photodi od s,[% At
intengled qixd jaFigs s8¢ EFRNSEOPEVBEINA AR AL EPQls The wafer then

acconpl.i;shed to.re e r L0 .CO erijal:
ecs TG, ok S 5P [P i
areaP ISQERTVeAI ARG cSA8E ark folnSe B! @leHaR@ ehatfix et Heslor
¢olor coating is required. |f another color coating

coating is eppliede thert feeovad di themenneplotibed abpevietuntd a sobor filters
coating 19 (e.g., green or blue) is applied over

are foaned ni ng hard matrix layers 5, layer 15 and into
cavities 16, 17 at step S117. Then, at processing

L Y T
fornRdGAHR bheARtibAG.-8, Al arfdl DO 885 sipse@ENt REJiSA,7 ddimpiisih®oxide
and ;r%?;iaggegig E‘gly;rg@g; p,gg. 855;1&9@3%]0%2 t8, gla%l% 1IOS A hard matrix
material layer 5 is formed above the oxide layer 7. A layer of photo resist 3 is
formed above the matrix material layer 5. Referring to FIG. 2B, the photo resist
layer 3 is imaged and a cavity 21 is made in the photo resist layer 3 above a
photodiode 8 using a standard resist process. As shown in FIG. 2C, the matrix
material layer 5 is etched to form a cavity 22 and the photo resist is stripped.
Referring to FIG. 2D, a first photo sensitive color coating 23 is applied (e.g. a red
color coating) into cavity 22 and on top of matrix layer 5. Referring to FIG. 2E,
chemical and mechanical polishing (CMP) is accomplished on the applied color coat
. 23 to bring the coating 23 level with the matrix layer 5. Referring to FIG. 2F, a
photo resist layer 24 is applied to the top of remaining color coating 23 and matrix
layer 5. The process of a separate matrix etch for each color (e.g., 26 then 27) is
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that the top surface of color coating 19 is even wth

the remaining hard matrix layer 13 WD 2004/112137
weIMWeae0n4/ 017714 5. At processi ng segnent SRCDUS2004/017714

anot her determ nation is nade as to whether or not

anot her col-or coating is required. |If another col or

coat is required, then processing segnents S117

t hrough S119 are repeated using anot her photo

sensitive color coating (e.g., 20 FIG 1F). If, at
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imaging it with a |ithography tool to renove the
[08sd§t i n RéferringnteRHEd] hiorel exampday pnokest forimapufiveuring an
open areas in a dry_etch tool. The wafer then,

. y : el s
exerppanEempames|Qhths B4 bF ARACRE U Bfd S THEF S per color
. .except. the color in d L. [ . .

B RO AT T R,
sub@ratOl T %h&l.%%idcﬂg 8. 9. 20Bbine oh HieNsutRERKET] | ddviRR layer 7
manner” descri bed above until all color filters are
arodr!rl;ib thiebhdt6aialks Rf%B10), adard nfitGx nRueridl peabmwe gheldevice layer 7
enbodi nent begins to be forned with photodiodes 8, 9. .
andThoL0 et deist Bopraed 10ve e MBS RF Sy Sheakesing
and | |ayers i-S~f : ' S
i re e SR R L
sta.n?gﬁi’ RshsP8. N HA8cdsaiNBsedmert $ 1Y thO@hafiv@b i lapdrs bdowscavity
ornmed above ‘the matriXx material layer 5. Referring to
21 (HIG. 285 anthhqubdipde 18ds eshed hag stripedstoi foemg edcazity 22 (FIG.
cavity 21 is made in the photo regj | ayer 3 abaye
2C)yinghe mase laen i iy %rog%salﬁaéﬁﬂn%fsgw’&%ﬁ%%@%% :
in FIG, 2C th trl X ' . j : t
2D} e i 5 i TEREE bRk BYEF 5 nliTn FLEAER. (R
processing segment S131, the color coating 23 above the level of the matrix layer 5
is removed using a method such as CMP. A determination of whether or not
another color coating is needed is made at processing segment $133. If another
color coating is heedcd, then photo resist 24 will be applied on top of the previously
applied color material (e.g., FIG. 2F, 23) and the remaining hard matrix material 5.
Then processing continues from processing segment S123 to create a cavity in photo
resist (e.g., 24), create a cavity in hard matrix material over a photodiode (e.g., 9 or
10), apply a different color coating (e.g., green or blue), following removal of color
coating above the level of the matrix layer 5. Another determination is made of
whether or not another color coating is required at processing segment S133. If
another color coat is required, then processing commences at processing segment

$135 through segment S131. If another color coating is not required at processing

segment S133, then processing stops.
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Referring to FIG 2D, a first photo sensitive color
coating 23 is applied (e.g. ared color coating) into
w@200441y2122 and on top of matrix |layer 5. ReferPCTysS1004/017714
FIG 2E, chem cal and nechanical polishing (CW) is

acconpl i shed on the applied color coat 23 to bring
the coating 23 level with the matrix |ayer 5.
Referring to FIG 2F, a photo resist layer 24 is
applied to the top of remaining color coating 23 and
[pwsn X | o elirPembBEIRERGRESIdES foR iSRgR ¢reliihpxadtiedinto
or each color (e.g., 26 then 27) is 14 WO 2004/ 112137
the REA/mIBPAGEY 411 Pk at vepewitht ¢cammoodlepeh forraisigletsndhe wafer
. _exenpl ary enpodi nrent as shown in FIG 2 Fl 2
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.phofcﬁﬁ)ﬂcfﬂs] toRed filed wirhtthe BeG cdldr, mateeiabxArgohting of coloe smtérl is
manufacturing an exenplary enbodi nent of the ELG 2F, .
applindr ewet thepiveh thgn ha%f’ © RROVEEXetss Rolgs matgiyly Thegemaining

.shown. At processin t | 0Lt iLa
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ar otgnd t he phot oglﬁodegp%, 9,,10),13% hard matri x g cavity
withoat eoloalmdemd ovithet dedolleyérde theaymolisiied tontenaoyshandesired color

resist layer 3 forned above the hard matri x materi al
matgrial At processing segnment S123, a cavity 21 (FIG 2B)
above a photodiode 8 is inmaged in the standard resist

proc i t1f i X
D078, S SR iRt diodRY Do
on £bs&htei IANEOxide dnelr el tgwst7yard Zofpiddon addhardund plgotodiodes

matrix layer 5. At processing segnent S127, a col or
8, 9cndtlithgA 2@rd FlaGix nRmyriql daygr 5 ieprmgdabave thapxidy apd metal

NETR OGN TN AC RN )
e YT, 8, AL L BT  rbded MRS 0530 2
are made in the photo resist layer 3 above photodiodes 8, 9 and 10 using a standard
resist process. As shown in FIG. 3C, the matrix material layer 5 is etched to form
cavities 30, 31 and 32 above photodiodes 8, 9 and 10 and the photo resist 3 is
stripped from the top of matrix layer 5. Referring to FIG. 3D, photo resist 33 is
formed into cavities 30, 31 and 32 (FIG. 3C) and onto remaining portions of layer 5
then the photo resist 33 is imaged and etched to reopen cavity 30 above diode 8.
Referring to FIG. 3E, a first color coat 34 (e.g., red) is formed into cavity 31 and on
remaining photo resist layer 33. The color coat 34 and photo resist 33 is processed
by CMP so that the color coat and photo resist 34 is removed so that the color coat
34 is flush with matrix layer 5 within cavity 30 (FIG. 3C) and photo resist 33 is flush
with matrix layer 5 within cavities 31, 32 (FIG. 3C) as shown in FIG. 3F. Referring
to FIG. 3G, photo resist 33 is removed from cavities 31, 32. Photo resist 33 is

formed into cavities 31, 32 as well as on matrix layer 5 and first color layer 34 as
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anot her color coating is needed is made at processing
segnment S133. If another color coating is needed,

WO b@a/1p161 0 resist 24 will be applied on top oOPCT/HB82004/017714
previously applied color material (e.g., FIG 2F, 23)
and the remaining hard matrix material 5. Then

. processing continues from processing segnent S123 to
create a cavity in photo resist (e.g., 24), create a
cavity in hard matrix material over a photodi ode

: 9 . [ I j
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of c@BP 417 1d Bokhé dREBHIEZ0RMBiAg Iatrik D, olohicostings 34, 35 and
" enbodi nent provides for i mag7| ng and etching cavities
intojcatity 8% ¢FHar 3Grtiteni colénlayer 37 isipediskedhlpy @Mg sQthat the third

common,_depth for all. colors. The wafer is then coated
COlO\f\n'?%Yﬁr gﬁeﬁ usihe‘gliﬂ%fnaéﬂﬂ?%’ﬁé cavity is exposed and

devel oped. The wafer is coated with a color then the

ted i I ayer

L g S S S e
manfufidihe tHReXIG. R btrycravetwhare gbhsikelslheoechal deorfcel 1Axd

with the next color material. A coating of color, )
proqessieg pegmens S14ppan énjtighfdm gtpek <;ﬁ~geefl@hgé~) sdprmaedinciusling a

subdE ] o BUBIORET Pr Pl bpsa B i et aE shetrs TR higte
layeg Z %h?%ﬂd@ AP Lb Ve PRotb BB IERY | § V10 ANPED Shathi® nPitedi@YSer 5Sand

C
over the pixel and into the remaining cavity
thennh photd resst layermilesvicathe hihknmofiolaytaly.eCavisies BEN28, 29 are
polished to renove undesired color material. [0076]
fornmddn pirotepesizs 1ayise tatiprocesrips agrasRt MW4dh phiosesigesssoent

st e RS SRSA R BB il DR e

photodiodes 8, 9, 10. All photo resist 3 is stripped as well at processing segment

§145. Standard photo resist 33 (FIG. 3D) is coated onto the remaining hard matrix
layer 5 and into cavities 30, 31, 32 in matrix layer 5 at processing segment S147. At
processing segment S149, the photo resist 33 is exposed and a cavity 30 is formed in
the photo resist 33. At processing segment S151, a color coating 34 (e.g., red, blue,
green) is applied onto photo resist 33 and into cavity 30. The applied color coating
34 is then removed above the level of the hard matrix layer 5 layer top so that the
applied color remaining is previous cavity 30 is flush with the hard matrix layer 5 at
processing segment S153. At processing segment S153, the photo resist 33 in
cavities without color coating, i.e., 31, 32 is stripped. At processing segment S155,
a determination of whether or not another color coating is to be applied is made. If
another color coating is to be applied, then another determination is made as to

whether or not the new color coating is a final color coating at processing segment
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8, 9 and 10. A hard matrix material layer 5 is forned
above the oxide and netal Ilayers 6. A layer of photo
w0 e®iua12137i s formed above the matrix materi al PEWER2084/017714
Referring to FIG 3B, the photo resist layer 3 is
i maged and cavities 27, 28 and 29 are made in the
photo resist |ayer 3 above photodi odes 8, 9 and 10
using a standard resist process. As shown in FIG 3C
the matrix material layer 5 is etched to form
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IS ormed into cavities 30, 31 and 32 (FIG 30 aqg
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coat ahd photo resist 34 is renoved so that the color

proassihg r&bmmentasshpricessingsagment Sl vwherr aifingl eelor egatmg is
Fl 3C) and photo resist 33.is flus L th tri
spplisey hencprpe ening SCaURID Bpccsipg epring s o4 Ml Blfpibes as
Fl ' : g hoto resist 33 i
thmFéhD9§§hg§§%§%§£?¥%@§9gg?g%ggﬁ%%gto resist 33 isIS
formed into cavities 31, 32 as well as on matrix | ayer

firsn foaltirentisytimedd ofichclifvaMdi ROMwWsIR L BiYe adjustment of
"PCT/ US2004/ 017714 shown in FIG 3H _The photo resist

the ggpﬂstmdmh_ nepQsEnedo d f-he calordilisp del opEMiFR VHHBB OPUCRs; st
W t.hin.cavi.t 1 i .sSh ' . .

R TATIENE R e S

forr%ﬁ&r%{ﬂ %Qhﬁbﬁ e ghétt.odié%e%rSZ?,’d%?)? 84 fhihéd 6a\thé bulklsubidate

e Sec color ¢bdating 35 and photo resist 33 which

51, hi &R cabrkendhdedqgsat tombonetsiss art dymnedson sop efrhee d by

CWP as shown in FIG 3J. Referring to Fig. 3K a third
phdtagiodes b2, 534 o Bhe devicortagsdaporianaied @ sgqath g, then a

matri x | ayer. col gr coatin 4 j CaVvi
dargzeons e sdhRet Siost Wl erog S 38 P dieeh ) Bifiglebth. A
sho}ng%rﬁll?i 4R S Jan £:04 SmpIAKETCRIOS Smigedhcic i orRkd with
photodiodes 52, 53, 54, interconnects and transistors without the need for various
depths to the photodiodes in combination with a variety of other circuit or substrate

elements which are varied as well.

[0079] Referring to FIG. 4B, the photo resist layer 59 is imaged and a
cavity 60 is formed in the resist 59 above a photodiode, €.g., 54. The depths of the
cavities formed into the damascene layer 57 in this and subsequent processing, and
the device layer 25 if required, is determined by well known formulas and principles
used to optimize optical properties of the layers with respect to a color wavelength
which a diode in question is designed to sense including intensity or reflectivity of
incident light. Determination of optical properties of layers is well known in the art
and is in part described above. Referring to FIG. 4C, the photo resist 59 is etched
to form a cavity 60’ in the damascene layer 57 for the color filter being constructed.
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[0077] Referring to FIG 12, an exenplary process is
shown for nmanufacturing the FIG 3K structure where
w@bkdo4piagt s are etched at once. At processi ngPGHURIN/017714

S141, an initial filmstack (e.g., FIG 3A) is formed
including a substrate 11, photodi odes 8, 9, 10 on or

at the top of the substrate 11, a device |layer 7

around and above phot odi odes 8, 9, 10, a hard matrix
material |ayer 5 and then a photo resist |ayer 3

abo hard, matri S. it i,
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stripped as well at processing segpent . S145. St andar.
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abox;(%a'he /t\émﬂingﬁg gllid)il’wh@c&gm withSlddpth aviidh ordatomtined) t@gptimize
~ (e.g., red, ue, reen) is applied opto photo resi.st
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Fic) IR R SO 5 A0 QY ARtk maci
71, 38978 (4.g SI&S, bltiber pheehd whesh sdrrBonds tocavivityeshivh hirobgen
color coating, i.e., 31, 32 is stripped. At processing

optimszefor a$hbtcularcadet mateiiaht i on of whet her or not
anot her color coating is to be applied'is nade. If

er caolor _coating i.s to be appli :
GBI nar PeR Sl Srie it Ge GrBPRin Yajer sdt % RERRERportion
O QficeS \WhdsSd &h Hi GObPKive QA irbaciive P QBT .
Ofﬁgee%%é%‘?t&%}é’ To55dM Qéfg%?a g‘%%hﬁgzooil TR aSTe .ra]glflts
Each bgvigdads of diffeenadihéssibi duaod tie fidedaio aopt CHAeindow
processi ng continues at_ processing segnent, S147 and
Silapighefo

dimension gives adnsired pravelergihrry lighg deatd 1Y ther
exXpels gsmglg)%tg%g Tl SR a:PEx 1o MBS e BF 6Bl RECEA
window cavities into the damascene layer 57 as well as device stack above each
photodiode location. In the FIG. 4G exemplary embodiment, each CFA window is
then filled with a color pigment or filtering material. FIG. 4G shows an exemplary
embodiment of completed imager with CFA windows etched and filled with the
appropriate color or filtering substance. In this embodiment, red is on the left, blue
is in the middle and green filtering material is used on the right hand side.

However, a variety of color schemes and orders of color manufacturing for a given

CFA window can be used with the invention.

[0081] Referring to FIG. 13, an exemplary process is shown for
manufacturing a structure with different CFA window dimensions such as the
structure shown in FIG. 4G. At processing segment S171, an initial film stack is

formed including a damascene layer 57, a device stack above photodiodes 55,
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anot her color coating is to be applied, then another
determ nation is made at processing segnent S157 of
wob@thex13or not the color coating to be appli eBCT/ES2004/017714

final color coating. If the color coating to be
applied is a final color coating, then processing
recommences at processing segment S151 where a fina
color coating is applied then processing continues to
pro?eSS|ng segnent S155 then ternminates as there are
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W .t hout, t he ne ri .
coifb BB RE F0sh 7 AL Uy bryBa. IEanocher

1§ 15 el direl! cifibsidBtresistal SpptRiSnwhileipravieustacteddasvity 60°
CaVI%lFF%H[%O?Q] eferrisr% to FIG 4B, {prfe pﬁo?gtresi&?tqty
thrdughehe pRoisrdsizag dndntinascanatiyey 560.0isaskghaserchicd caviy 60"

resist 59 ab hot odi ode, e.g., . .
Progchng eeameniad | 75 AR a1 o s (RAPEPERRE PR BT

.t.hi s and subsequent...pr : i
L S P B M A oA St
the ?(ﬁgaﬁfv’e gﬂo@écﬁédey%,dss An@tht4thzvieps 58265 pMaperities of
t ayers with respect to a color wavel ength mhiqhtﬁ
detétironiel arprquesingonginend §37% Hed nodfusdies eaviitiesl g nagrled in the
intensity or reflectivity of incident |ight. .
canescaeri 798 11 kAT, PROpRPET SR ORETRTSS o Brogstyne
nowWg, he art . and |s.] !
BRI TES f5dae 1 ahd aRPS LalESeh o 808y Rymca o
recdi® 4 Pﬁrﬁkﬁ‘la? 8ot YWadBlenkth. t Repdassizgargmeay 8185, tht epldrhe
color filter being constructed.
coating is exposed and developed. At processing segment S187, the color coating
applied at processing segment S187 is polished by CMP and cleaned. At processing
segment S189, a determination is made of whether or not another color coating is
required. Ifanother color coating is required to be formed into a cavity without

color material, then processing continues at processing segment S183 through S189

until no further color coatings are required and processing ceases.

[0082] Many alternative embodiments are possible which employ CFA
filters which are optimized for optical properties using a damascene layer or variable
CFA window dimensions or both. For example, FIG. 5A shows the addition of a
general filtering layer 81 above the device stack 55 and over a photodiode 53, in this

embodiment, tuned for a green wavelength of light incident to a photo detector
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18 WD 2004/ 112137 PCT/ US2004/ 017714 Referring to FIG
4D, photo resist 59 is forned into cavity 60'. Then,
wa@p@ihex137 cavity is formed into the photo resiBCT/B5S2004/017714

above anot her phot odi ode, e.g., 52, then the hard

matrix layer 5 and the. device layer 7 is etched to
formanother cavity 63. The depth of the cavity 63

above photodi ode 52 is determned to optimze incident

| i ght on photodi ode 52. Referring to FIG 4E, another
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laycffﬁl etinaining S8 laephtionis atcepiuiryed mith ersepwdatienmaterial 83.
ayer 57, as well as a portion of. the.device,stack,
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. lts,- h g ' ' i .
oG o PR R Bl Sy BARCG R et n

glasgﬁss(i)(%g wavel ength of Iight that a particular
phot odi ode is expected to process. FIG 4G shows an

exenpl ary enbodi ment of conpleted CFA wi ndow cavities
[0083]t he dRafestene FEgebDsanekengeneraldiltsipgdayasigigrmed on

T
AL B T Ty RO

stacM 3o A dradavsheiodirit SMAThe ekedded dhmbdvene filter layer 85 in
_appropriate color or filtering substance, In this | ‘
thisexboghlarg atbodideitss onadcher opsimized [forea rqdstiltgring @agrigh] e

and green fjiltering. rial is used,on_ the right .
Addipigedl corgmmlrgien naatg«afﬂi g fgfmeﬁi bR et el e eer
laye?fS e LEvIBRUEAE EHEARGIafiBh 1/cBBY € Then, another general filtering
layer (e.g., blue) is formed over the surface of the second encapsulation layer 87,
“which is above another photodiode location 54 without general ﬁltci:ing material,

and then etched to form another extended damascene filter layer 89.

[0084] In the exemplary embodiment in FIG. 5D, the extended
damascene filter layers 83, 85, 89 as well as the encapsulation layers 83, 87 are
designed to optimize optical characteristics of one or more layers through which
light is incident on the photodiodes 52, 53, 54. Encapsulation layers under, for
example, the blue extended damascene filter layer are thicker than the encapsulation
layers of the other extended damascene filter layers. Instead of etching down, this
embodiment involves building substrate up from a node or area to a point where the

intensity or other optical property shows a maximum or other desirable value. The
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CFA wi ndow can be used with the invention. [0081]
Referring to FIG 13, an exenplary process is shown
wo oo04/1naBUf act uring a structure wth differentPCFBS2004/017714
wi ndow di nensi ons such as the structure shown in FIG
4G At processing segnment S171, an initial filmstack
is fornmed including a damascene | ayer 57, a device
stack above phot odi odes 55, 19 WD 2004/ 112137
PCT/ US2004/ 017714 phot odi odes 52, 53, 54 and bul k

enca iSMa§8H d'x":f%tﬁri {2 R HRCESSANT 1518 98R At dSI asAf hidhlenttval

tandar oto resist 59 is deposited on the damascene
implWE Eolof trafbmpsion as shadiosle fighnindsderf sudacavi ty is
i mged in the standard photo resist above a photodi ode

(e.g., 54). At processing segnent S177, etching.is
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t he devi.ce | ayer, 55 through t.h ayi t. '
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the @Rk BﬁSﬂ HREGERWhBchCn RTanfoR@hlly ElehBhateri@ht FIG. 5E shows
mavg engt h expected to be absorbed by a phot odi ode
an ehb@imebd wvithnaesmepdubatidrescheaei which Amppoyscassforg

segment S179, a determ nation of ether?ﬁr not
encapsolation matsyink 30 whichre plsedbetrandarenng allgxenged damascene

devi ce | ayer, .55 . s.required. |f anqgi.h cavity is
filtey Gﬁ#@d?%$ﬁgﬁnﬂﬁngm%?gwg?u?%L%%%ﬁ%%g&into t he
previously etched cavity 60 through the photo resist

E(ﬂ)@ﬂd dampgeeiss LRREG. DB, dile afyifro&dss Refotaviok y
0’ Processi ng segnents” S175 through S179 are then

marghaatiag atsorucoramddyidriable @&Bnasgéne filirotrustives resulting in
dinmensions that will optinize the optical properties
optigpizedh OPHE3) M PHBEYOT layses %ﬁé\cﬁﬁf%ﬁ%@t%&&g&@% as,dfqr

underneath cavitie o (SO ] t
cxaigplsc B regrSa it Shofi H1EF 0 AEpAELEdIBRb A S201,
an iﬂﬁtﬁsﬂ &fhnistick ReforSRABSE AR B d Sl RAckB hisreghresdidles 52, 53,
then processi ng conmences at processing segnent S183
54 whittheara coqpddded @ni o Ayt ibetk silican 81 c Aviprgceating begraent 5203, a

been formed to .receive a. particular.colo vel engt h.
layentof splns dlter mptedd) $d it depgste tq{’eﬁ’&éfea’rcc S?&gtﬁga 'i%fogcssmg

seg%ﬁg §S§% ,Zt[rl%g ncho\{‘%%p ehice Al 18?885 FihGHP N extifided t he

damascene filter layer 81. At processing segment S207, a determination is made of
whether or not the color material applied and formed in processing segments S203-
$205 is the final color coating. If additional color coatings are to be applied, the
processing continues at processing sequence S209 where an encapsulation layer 83 is
formed with a predetermined depth which optimizcs}optica.l properties of layers
above a selected photodiode (e.g., 52) for a particular \;Vavclcngth of light incident
to the selected photodiode (e.g., 52). At processing segment 211, a determination
of whether or not another color is to be applied. If another color layer (e.g., 85)
requires application, then processing continues at processing segment 5203 and
continues through $209. If a color layer applied in processing segments 203 and
formed in S205 is the final color layer, then processing branches to processing

" segment S209 which then terminates processing.
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appl i ed at processing segnent S187 is polished by CwW
and cl eaned. At processing segnent S189, a

waletwenmisati on i s nade of whether or not anot hBCT/T82004/017714
coating is required. If another color coating is
required to be fornmed into a cavity wi thout color
material, then processing continues at processing
segnent S183 through S189 until no further col or
coatings are required and processing ceases. [0082]
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extended damascene layers as well to serve a variety of functions including further

alterations of the optical properties of the combined layers through which light must

pass above a particular photodiode.

[0088] Referring to FIG. 15, another exemplary process is shown for
manufacturing a structure with variable filter structures resulting in optimized optical
properties for layers above a particular photodiode such as, for example, the
exemplary structure shown in FIG. 6F. At processing segment $221, an initial film
stack is formed including a device stack 55 above photodiodes 52, 53, 54 which are
emplaced on or above bulk silicon 51. At processing segment $223, color material is
deposited on the device stack 55 to a predetermined depth which optimizes color
layer (e.g., 91) for a particular wavelength of light which is incident to a selected

photodiode surface (e.g., 53). At processing segment $225, the color material layer

23



this exenplary enbodinent is tuned or optimzed for a

red filtering material. Additional encapsulation
woretoenizB7 87 is formed above the extended danaBCEIE2004/017714

filter' Jlayer 85 and over the first encapsul ation

| ayer 83. Then, another general filtering |ayer

(e.g., blue) is forned over the surface of the second

encapsul ation | ayer 87, which is above anot her
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or area to a point where.the jntensit t
S22t @QW}I}’p‘g‘?HS’éFF‘}/ Coib R oD So o iDL grtended
vial ue, e 7 / / :
alceifRetfi B ssivere RETRAAEIERES TPLaRE P faRbtdfes fom

prock &Y de@thent 82D 3a6 92R75uie noekiditédnal tolpr aveeriad ddyers are to be
transm'ssion at the diode |ight incident surfaces.

dcpcﬁs&@&ﬂcxf@f@&cmﬂgtﬂrmiﬂt& 5E, a final coat or layer 90
“is placed on top of the encapsulation material. In

ceh (e Shcaps
T
. [ ) . .

sl T b s Gtltny o el geatthcars), o

or 9§ RGAPSatct loeRismbes répe@brewinndntiveitipkaped taliodevicerdayer 55

around all extended danascene filter lLa 81, 8
and 8Paammilarphotediodss HI: 7Hrshoay éhe ugsgc,)g agqlar%?{gg% j%lycr §7 above

N e
witt] é}lt%[?&cds&{xﬂ&td:‘ﬁéﬁyéﬁs Wb N8ltdrlement dimensions within damascene
layer 57 are determined such that passage of a particular vx(favelcngth of light through
the layers over a photodiode beneath an elémcnt is optimized. FIG. 7C shows how
2 micro lens 99 can be used over an exemplary embodiment which employs
optimized color filter elements with a damascene layer. It should be noted that a
micro lens 99 may be used with any of the exemplary embodiments of the invention

described herein.

[0090] The sequence in which color filters are formed can be varied. For
example, in some of the exemplary embodiments, red is formed, then green, then
blue. However, the order of color filter formation is not limited to this sequence in
this, or any other embodixﬁents. It should also be noted that the encapsulation
layers can be used with or without an embodiment of the invention to further tune
and adjust the optical properties of an imager.
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opti m zed optical properties for |ayers above a

particul ar photodi ode such as, for exanple, the
wex@aplasy structure shown in FIG 5D. At procPGEUSZP04/017714

segnment S201, an initial filmstack is forned

i ncluding a device stack 55 above photodi odes 52, 53,

54 which are enplaced on or above bulk silicon 51. At

processi ng segnent S203, a layer of color filter

material 81 is deposited on the device stack 55. At

essi . . . : . i
I8 51 "Varip B RER B Souteip gl S CRRGPS g con
be uéleg% g;eoifxﬂntﬁ’(‘}r?&? SptifizeSqaNpropefties. Aretrendidddmanene

~whet her “or not the color material applied
layerad bedbrmaed,i plapd cesscagbsegrehwithspgatingigs: vaiethis

final color coating. | f addjti I oat i
selectal eprapis s Y e R RGOS OB Sekeci e proapedpiy:
seqguence S209 er . i : 3
prort S : EOR PR PR ME BRI Cp bR EEc o i
furth%ghb (HBE BREhbERSoPfs dRYERtikd @Rhe¢efaokelftetieg photo resist as
photodi ode (e.g., 52) for a particul ar wavel ength of
matdriasdledtiogiisaot limitedtHymbsliy ¢o tbedmpied builishe Celay filtasimg

At processing segnent 211, a.determ natipn of. whet her
polymer moerigh samalso b6 used iz Plage B%Céﬁbﬁwa%f}g Pgo%’if‘f‘ﬁfer

color layer (e.g., 85) requires application, then

@@ﬁ?fssﬂ NErGONL! cﬂq}égta@t: dﬁj&g& | NOFARGIEBLs 2B &t the

nues roug color layer applied in
devi?dr Q58S DI RBIBAYe? SR ndtilies prvitd aimeHSRASr Adjustieg optical

I nal color layer, then processing branches to i
proglt@@&sfsaitlﬁglagsebmdtonszogel\/dait@ and ctige Fyggpwperties. Optical

o 0T 00, S0 AT PR B s
enbodi nent i e gﬂgaggggﬁg i h
the %9&18’[515 ggar}’s? rs\i\ﬂ?h ggﬁé%tkgl %‘ﬁ%ﬁg@%ﬁg‘? i on [ ayer sﬂtg%%hgl . for eac
wavElb g thGACEB® 4 Fﬁrti%dlik dice. dfach @A eviatdloWwichh efsorig designed
[ayer 91 above the device stack 55. In FIG_ 6B, .the
to tgenar aptirthizetlighit imtehsigierransmittad dn diffssentrapteripls for didfigrent
or .green wavel ength ,of |ight. El '
frqug@@;sm Iny (pth:.%wpﬁ(gs, %g& Q?Ptbﬁ_ o?%ep@gﬂ a\xrzllng‘gsgg Igrne, ‘(i)l? geérrt, df%pgndcnt
on t|é1§ ;a{%/ Ta é’g %d%é%gérctg% éfo gl;lg Fxglﬁrfﬁlcr fhplagfcdng th@BFA Rindows.
Accordingly, various depths of different materials can be used in order to obtain the

appropriate effect or maximum intensity in the photo diode collection area.

(

‘[0093] Another aspect of the invention focuses on how different colors
can be optimized so that each one is delivered with maximum efficiency through the
substrate to the photodiode. Differently dimensioned materials can also include
pigments or dye which is capable of optimized filtering through imager layers for a
particular color. A color or dye can be formed into a cavity which has different
optical path lengths that are compatible with the average wavelength expected to
pass through the path as well as the imager substrate or stack above the photodiode.
Tuning the stack thickness to minimize reflection and absorption in the stack for
each wavelength range of interest increases the intensity of the light collected by a
photodiode, usually red, green and blue or cyan magenta and yellow.
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extendi ng above the device stack |ayer 55 over one
phot odi ode 53. Next, in FIG 6C another genera
wo pootarday | ayer 93 tuned to a different |ightPCT/US2004/017714
wavel ength, e.g., red, is forned on the device |ayer
over anot her photodi ode 52. Referring to FIG 6D, the
second general filtering layer 93 is planarized to
| eave .a portion of filtering material 93 (extended
danasceng_#syer) ext endi ng above the device stack 55
ver a i,f ferent i . ' i ioBE
(¥ ner ghreran I, PrappRuaF 3 fen BEVFE! b P idiohEFor
cxam@ﬁ!’ ?agrrg-}ge{é) the sukasgokide ldew, sahsisailiconadiaxide s wigh
xt ende amascene | ayers 91, 93 Ereviously f or med.
variohfiefchGropBFhetten geidetaykrstis pravidasy tehing ¢ag beyiprg,on the first

t d, in thi le f i '
ovidplr0ie 8010 ¢ brFsh e N il Tt e et B
. 1 C i i
A SRR LT B ey Sy o

ctchﬁslgrcﬂgﬁjli § stii€hededsl SRAREr drpEsd @th dodgtel shiasighed decomd

rve a variety of functions including further

oxid@layer O, 102 wftil teheh wpp Nal 03isopabeiled hsn, erethebibitrel
| ayers through whic

h.light t
madg e gt gtghipg W%}f gfélécﬂ ’?G g Qg?tgﬁfr%q ?(?l\égq}:ﬁﬁ se;i%r}d etch
r. exenpl a r i j

stop 3 LR S 1 nsBr SO T, o R e
105 k8 RRBlskop Ked 08RVhieR] in disopaipl€ds dlsivel talesiticab @06 bart could

parti cul-ar "phot odi ode such as, for exanple, the
also By ésmtat iy mbringtyutcea phowdiode ¢ EhotoRenREVHFEEUY sfARgnitial

segnent S221, an initial film  stack is._ forned
A ok e s S6PSPSEI-Sea PR GHrD T s A thyee

i ch,are I 0 : hid

o B S5 fREAER2 s SHE B ShlanBhen e
to 2 A IBmIgIEe depacdand tasiedineddeeionproeetdiefhfetdiing i

optimzes color layer (e.g., 91) for_a particular . .
necesaavel Bifitranokydrs gin behe roie mageial en diffescny rafegafs aghich are

IECRCRTIE RN W e
is pogﬁggtgg%gﬁrﬁ}léxgelﬁho&eﬁ%% an® &hpds§ dif®ERajdts.0 an

; ayer er the sel ected phot odi ode
e.g.,

[0095] Various thicknesses can be used with the different layers in
different embodiments depending on what layer material is used. For example, if
silicon nitride is used, a 500 Angstroms thickness can be used for the etch stop. If
other materials are used, then thinner thicknesses may be permissible. Also, it is
possible to use different materials with different oxide layers each having their own
selective chemistries. If a selective etch is desired with a sensitivity to different
etching chemistries, then an etching process which may be used includes exposing a
layer to create cavities above all photodiodes at once, then etching all cavities at the
first layer or depth at the same time, then mask the cavities which have reached a
maximum desired depth, with or without etch stops. Then, if necessary, an etch
stop can be etched through, then apply chemistry etching for a second layer to etch

down to a desired depth or dimension. If necessary, the etching, chemistry switch,
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53) by nethods such as planarization. At processing
segnment S227, a determnation is nade of whether or
wooei4antiber color is to be deposited and pl anaPCres2004/617714
another color is to be deposited on one or nore
portions of the imager, then processing segnent S223
i s acconplished and another color material |ayer
(e.g., 93) is deposited on the device stack 55 and the
color material which was previously formed on the

crchipgomadgpagid stk brosgys o i Gy SR O LR dljer oty
hmﬂ#%%?é#%btg%xﬁgﬁ&f [ mmgﬁ? is formed into an extended

ayer over e selected photodi ode (e.g., 52).
Processing conti nues from processing segnent S223 to
(G4 unti frmg;iﬁadtmtmmhemm am batnepipiratedyintosamineages
be ‘'deposite

then processing termnates. [Q08§9
devidedfaring agatray ¢f [grelyAt legsoerepf @@&%ﬁéfwﬂémﬁﬁ%%tﬁrg
shown whi ch conbi.nes nul tipl e depths. onrdi; I of
consgrugisdAcceiding fo %%Y/Cfbt}oé’rm? ¢ %?gﬁg %Sg lgg 1{\;\%@?# ari ed
hocat | 6Ny stehd 107 8SRRBEbWhANFIG. 9.
coup(]fecglé)clé SF%c%gsro? %@9%8%&1\’1 BL& stehd D R

and a particul ar' phot odi ode. FIG 7B

ProcefiWsystdif 1056 eferpldgrafacsgsenl hyeng Bigitab _givglitstvhl@'ch could

devi ce |l ayer 55 involving varioug di ne l.or
receifé hepugiugafandmeger drzice 99, incleias garisdevase

layers. lor filter elenment di L.ons. wi fhi
g R R

of rl ; 1¢ hehbatidif 8@, vide phone,
Cam?rﬁy?gsrtgglo%/éea?ﬁg&%%@g% ‘gggﬁ‘g\gﬁﬁecat h a%a el e?rgnt is P
survAlhhd8 §6@m, b fotGs ssaus, hmvirackersystam) @AEOY gletegHiopsystem,

used over an exenpl ary enbodi pent whi ¢h enpl,oys. .
imagepdtabilizagbregistm and date copEFaian R g”&ﬁ%ﬁé‘&%‘h‘é“m

l.ayer. | houl d be ngt ed t hat. icro lens 99 nay be
televigem, # ?ﬁwgﬁﬁ%’ﬂwﬂﬁé‘f ee?ﬁgfeéﬁ)}n \Zér%%' ments of the
i nvention described herein. [0090] The sequence in

jogh ol O drblds§drbagéPsysRiBdcEana kempaidresgisteirofor example,
xanple, in'some of the exenpl ar%@errbodi ments, red is
genérallyredmphisenirgiddtion then imbgerel 0%avasntral progessiyedEpt and

color filter formation is not limted to this s
storage devices 10y for ayaaplnermisHRIAF R L2t Fompiisafesayills ofg or

morré%ggt} oql%f)utt crllgfic%rs] 1363 Yt ihﬁ%cr communicates with the processor 108

over a bus or other conventional communication path. It may also be desirable to
integrate the processor 108, image device 109 and any other required components,

such as input/output device 110, onto a single chip.

[0098] Reference is made to various specific embodiments of the
invention. These embodiments are described with sufficient detail to enable those
skilled in the art to practice the invention. It is to be understood that other
embodiments of the invention may be employed and that structural and electrical
changes may be made without departing from the scope or spirit of the present

invention.
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| ayers can be used with or wi thout an enbodi nent of
the invention to further tune and adjust the optica
w@e@parides of an imager. 24 WD 2004/ 112137  PCT/US2004/017714
PCT/ US2004/ 017714 [0091] Various materials, coatings
and di nensi ons of CFA wi ndows can be used with the
invention to optim ze optical properties. An extended
damascene | ayer can be forned, planed, then can be
coated with a coating layer which is selected to
provi de sel ective altepqty to the cunul ative
n reflective and absorptive properties of the Iayers][d g
G i peifchel by TtairesdPateht sfidiel Wnite
W A B B P e ot 11 mted to
Stated$e of color filtering photo resist as material
selection is not limted by ability to be imaged by
light. Color filtering polymer material can also be
lus €th imaging dlevie¢ CR@PHFNB | t eri ng photo resist. [0092]
The use of variabl e di nensioned CFA w ndows above
ei thetrdibeof pesiocensitiaciegiasdor meeiyhng ingidsaelight;
t herrsel ves provides a neans for adjusting optica
properties. of i nRdgbufdbad Phekality of
coﬁﬁi%?%e%Fﬁé?ggeSggggé?gggsﬂﬁgnga| proper??g§1y
i nclude focal, absorptive thin filminterference and
phote sutsitve 16B8OHET ti es of the conbined | ayers.
Optim zation effects include increasing |ight
| NtLASE layef Armrdcibovevsie hekatthotermi ert other kyers; and
particul ar di ode. Each CFA wi ndow can al so be desi gned
to tune.or Ny i ' [ ARl doRekspéndin
ai 14 REHRY pEBET oo (BRhed B ATt e gttsh v
ot her. words, the_depths of the CFA w ndows, are,.
s of s oL Of RRPTORET T B o P {iigid leer
dopants and filler inplanted in the CFA wi ndows.
AERs Handiferemasp ivabpibpptiits faf seitictifely enedifitngpptrd can
be used in order to obtain the appropriate effect or
X1 mum.J L& Yaski ' 166 diRCitek €ifebp he
s e Db R B s e e e an ow
different colors can be optimzed so that each one is
plegtioeREHVFSHOMaxi mum ef fi ci ency through the
substrate to the photodiode. Differently dinensioned
materials can al so include

2. An imaging device of claim 1 wherein said plurality of filter regions
comprises first, second and third filter regions, and said plurality of
photo sensitive regions comprises first, second and third photo sensitive
regions for respectively receiving first, second and third incident light,
said first filter region being optimized for said ﬁrslc incident light, said
second filter region is optimized for said second incident light and said

third filter region is optimized for said third incident light.
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pi gmrents or dye which is capable of optim zed

filtering through imager |layers for a particular
w@od0an12189 col or or dye can be forned into a caR€T/¥S2004/017714

whi ch has different optical path I engths that are

conpatible with the average wavel ength expected to

pass through the path as well as the inmager substrate

or stack above the photodi ode. Tuning the stack

thi ckness to mnimze reflection and absorption in the

stack, for, each vel ength range | [ j ;

£ hekx iroares € vioe OF Hah Ponbe b TaL fiey B PiBRln s DEERASEE
usual ly red, green and blue or cyan magenta and .

yel fopwgraim W chogth of fighy spdTesroyegpnas optmiu far
variety of etching strategies can be used with the

I nvenyi d a8 8fifd fMertregionGs oftindzckfor af
oxﬁﬁg ‘gggkggﬂéggﬁgggﬁéi{icon dioxid%, Wi t vari ous
etch stops between.oxide |ayers is provided. Etching
carPlBe vagsen ?éhg irst oxide layer OX, 100 to the
first etch stop NI 101. Then, the etching chem stry is
switched to a different chemical etch to break through
the NI 101 etch stop then the etching chemstry is
£ AGBGAhS RRRERFTIGRETIEBIcieL Ak (il (et Fedibi Bughimaized
secon %x de layer OX2 102 until etch stop N2 103 is

reached. Then, another .switech is t. et chij
Chelraryy MPURORS Sates B Ereobid TG e Atk for o
second etch stop N2 103 if necessary. Then, etch

c anmagemavevtiengteof ightindxsaiglethirgh il er oxgion 19 SPEFIZEIRT
stop N. 105 which, in this exanple, is above bul k
siI'ggﬂg;ggyggﬁgﬂ¥%gﬁkhtalsp be located in proximty to
a phot odi ode or  photo sensitive region. An initia
filmstack can include etch stops between each | ayer

or selected layers. Al three I|ayers can be etched at
the same tine, then resulting cavities which Egégfﬁeen
6t c Aedmagimgadeviod oflthites whettid sy Hirsta propad padibyd;iiter
order to proceed with etching if necessary. Different
| ay ?é'gﬁoxﬁsaﬂ‘«w@ SedREvAAB:, sBBIRY dritl third diinfdngio@stwhich are
materials which are sensitive to different etch

chem stries, or selective etch 1yf i g
A < Baspiin T G oBRpRanpITEREETR B b iele BHURGY
expose different |ayers. ,

second and third photo sensitive regions.

st

6. An imaging device of claim 2, wherein said first, second and third filter
regions comprise color filter regions formed, respectively, of first, second

and third photo sensitive color materials.

7. An imaging device of claim 6, wherein said first, second and third color

filter regions comprise a color filtering photo resist.

8. An imaging device comprising:
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[ 0095] Various thicknesses can be used with the

different layers in different enbodi nents dependi ng
woerian#13t ayer material is used. For exanpl e, PET/US2004/017714

silicon nitride is used, a 500 Angstrons thickness can

‘be used for the .etch stop. If other materials are

used, then thinner thicknesses may be perm ssi bl e.

Also, it is possible to use different naterials with

different oxide |ayers each having their own

selectiye chem stries. If .a sel Meretch is desired
Wi taﬂﬁ‘ér B’n‘%ﬁh < Rigely gorcﬁcf?“élp %ﬁrtl S&éer%t\g%hﬁg cheni stri es,
then an etching process which nay be used incl|udes

expe &angore of mper other hyerstfermaed phias areid id purality of
phot odi odes at once, then etching all cavities at the
Cghﬁif‘ﬁ@yer or depth at the sane tine, then mask the
cavi‘ties which have reached a maxi num desired depth,

with or wthout etch st .. Then, i .

et anfirslegsy fggﬁc%é %‘fccsﬁjecggtflﬁ?s GghRO %ﬂrgl%gtg%ﬁs%y%ﬁ’e?nﬂst ry
etching for a second |layer to etch dow) to a d631ﬂﬁg
depi plumlitylofiiiinsi rogions formessbinsaid first lgeraabaye ggrresponding
chem stry switch, 26 WD 2004/ 112137 PCT/ US2004/ 017714
o%%g BF BGd gpahilyw B k) iR rElh QAEIS BF i filter rogjrerastied
unti'l "each co

or filter cavity has been etched to a

desired dinension. [0096]. The pi Lot '
B R L ot e
array of pixels, at |east one of the pixels bean a
ljgihx phssity througle theBihatncgivne @nd ceshgaiy B colRy pixcls.
invention. The imger device 109 itself may be

coupled to a processor 109 to forma processor system
107 as is showmn in FIG 9. Processor system 107 is

exenpl . ary, of  a. system havi,ng .di gi ' [ ]
Soun g rEERE <P BT bt e GEYd Bl gons
including a CMOS or CCD image device. Wthout being

| i ntdrhpuises aypdiota lifyegraphic areteidl ude a conput er system
canera system scanner, machine vision, vehicle

navi gati on system video phone, surveillance system
auto focus system star tracker system notion

L5 SR 0 P B9 e S shemenee

are formed within previously defined openings in said first layer.

11. An imaging device of claim 8 wherein said plurality of color pixels
comprise first, second and third color pixels for respectively receiving
first, second and third incident light, and said filter regions comprise
first, second and third filter regions which are respectively optimized for

said first, second and third incident light.

12. An imaging device of claim 11 wherein said first filter region is

optimized for a green wavelength of light, said second filter region is
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television, all of which can utilize the present

i nvention. [0097] A processor based system such as a
w@ormpai1as7 system for exanple, generally conprPGEES20041017714

addition to an imager 109, a central processing unit

and storage device 108, for exanple a m croprocessor

that communi cates with one or nore input/output

devi ces 110. The inager comunicates with the

processor 108 over a bus or other conventiona

connunlcatlon pat h l.so be d

 propgaise o Aot lnEt OB e R AR YL RGO RN 5iny
ot her required conmponents, such as input/output
de\jpnikdd forantlac avastlagieh offfight. [ 0098] Reference is
made to various specific enbodi nents of the

i nvention. These enbodi nents are described with
sufficient detail to enable those skilled in the art

to practice the invention. i§$ under st.ood t hat
13t Hep imaging dicrienesclam ¢ Hé”lilfﬁ@é‘rﬁaw‘ &E—kFefb@g Ko oyed
and that structural and electrical changes may be

MadtikhizBA ér departdvenirlioof ligler, sddpecond Bpirmegionfis t he
present invention. 27 WD 2004/112137

gl TS eipylg ey e

United States is; 1. An_ i evi ce conpr|S|ng a
pIUﬁQPﬂﬂyﬂﬁ¥0ﬁﬁd@8°§éﬁ§?k?ﬁ ggg Bns for recei vi ng
incident light; at |east one or nore other |ayers
formed on or around said plurality of photo sensitive
regions; a first Iayer formed above said at | east one

148" rn%agng‘?{cv cBYFLRI dwﬁe&}rgga%l kY, REodd hb&®third filter

regions N sal |rst yer above correspondlng
f d pl [it f phot
\aﬂ thseg?qnszg:gﬁ a (‘5?3%2‘3?‘%? f{rptg ts%cr%no Y &ursdl é.lirnve%mrog or sc?éctwcly

altering the intensity of said incident light received by said first, second

and third color pixels.

15. A color pixel for an imaging device, said comprising:
a plurality of photo sensitive rcgionsufor receiving incident light;
a first layer formed above said photo sensitive regions; and
a plurality of ﬁiter regions formed in said first layer abové corresponding
ones of said plurality of photo sensitive regions, wherein each of said filter
regions has different optical properties for selectively modifying optical
characteristics of light passing through the filter regions and received by the

photo sensitive regions.
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regions has different optical properties for
sel ectively nodi fying optical characteristics of

WO e@hti1zyassi ng through the filter regi ons and pPerEswed017714
by the photo sensitive regions. 2. An inaging device
of claim1l wherein said plurality of filter regions
conprises first, second and third filter regions, and
said plurality of photo sensitive regions conprises
first, second and third photo sensitive regi ons for

16 3PS50 HEe L L Bt R GB fy comprie

optim zed for said first incident Ilght said second
f1 lfeer secogtlandithird filientegenss snd szsid plusabemf phose saHitve
light and said third filter region is optimzed for

sal %gg%é&}xgﬂgésqﬁ&t sécbﬁﬂ%nd%&r&‘@h%@@édxﬂsitﬁr&Qg%ions for

17714 3 i magi ng device of aim 2

mhereln said fjrst.filter r n e
gr EBWCRRVEY G SRS |S‘§ﬁﬂnd *B’g% %u sie%%ln gh# ﬁ% gaﬁrl g‘%%t girlltcr
is optinmized for a red mavelengéh of Ilght angﬁfald

t hiregiohibdimy opegizsd fos saih firstiadert

ter

ag} sgson

wavel ength of light. 4. An inmaging deV|ce of claim?2
Wh%Egl i i$ @ggnﬁicrcﬁ‘br §4ill k&dondagtident Bgleindndaitechird filtera

Cyan wav el

ngth of light, said second filter region is

t d f el th _of |ight d d
CPiseois oBAmiGg) B8 0 B TGl B a yellow

wavel ength of light. 5. An imaging device of claim?2
wherein said first, second and third filter regions
have respective first, second and third di nensi ons

1 7Nh | & Qog{ ?1}{& fedich N 6Rﬁlﬁérel@1rlsaﬁpﬁﬂsﬂﬁl?cbm@gldrgis toptietgdid/fed a

by “sal

espective said first, second and third photo

sensitive re eV 9 d
R v G st BB R e R F e Jgtﬁ*u?é%‘}f%nas“
conprise color filter regions forned respeeilvelg

f i retyelamtbodlight and said third filter region is optimized for a blue

18.

19.

wavelength of light.

A color pixel of claim 16 wherein said first filter region is optimized for a
cyan wavelength of light, said second filter region is optimized for a
magenta wavelength of light and said third filter region is optimized for

a yellow wavelength of light.

A color pixel of claim 16 wherein said first, second and third filter
regions have a respective first, second and third dimension for
optimizing the incident light received, respectively, by said first, second

and third photo sensitive region.

32



and third photo sensitive color materials. 7. An

i magi ng device of claim®6, wherein said first, second
w@pa41d18™ col or filter regions conprise a coPOF/US2004/017714

filtering photo resist. 8. An inmaging device

conprising: 29 WO 2004/ 112137 PCT/ US2004/ 017714 a

plurality of color pixels for receiving incident

light; at |least one or nore other layers forned on or

around said plurality of color pixels; a first |ayer

fornmed above said at.$$ast one or nore other |ayers;

2020 APAMRBHIZITESF SR regions fornmed in said first
| ayer above corresponding ones of said . plurality of
coh pturplityedfphonp sensitivea§gRNY fOfsféF“d"lflgl“tl%igethel& ns has
different optical properties for selectively nodifyin
OP%I tahlGha Rt REd Rt lhfss Rrmelirgipeciady Abgvet saicopighalithe
fi tper regions and received by the color pixels. 9. An
gnaging.device of glaim8, wherein at | east one of

PRSPV g2 8RS conprises a photo Iithographic
material . 10. An imagi ng device of cJaim8, wherein at
| eaglurehey efffilteairegipns respeqtivglydagmedp O‘ffo%aﬁjeal“\r\ﬁttﬁ an]
previ ously defined openings in said first layer. 11.

AR BRI LRG3 Gl PlurdicpbfipBothensitine saiohsykantedf said of
color pixels conprise first, second and third col or

i xel s for respectivel RV £ and

R e R S S R
first, second and third filter regiqns which are

medifyerg theedpticeppiaricrtees af spid %@Fiﬁpt%ig%étf?c% a4thd
third incident light. 12. An inmagi ng device of claim
réslaemr;ﬁid%o%@ﬁﬁti‘fd feglod.il ter region is optimzed for

a green wavel ength of |ight, said second filter region
s 30 :

21. An imaging device of claim 20, wherein said plurality of filter regions
comprises first, second and ti]ird filter regions, and said plurality of
photo sensitive regions comprises first, second and third photo sensitive
regions for respectively receiving first, second and third incident light,
said first filter region being optimized for said first incident light, said
second filter region is optimized for said second incident light and said

third filter region is optimized for said third incident light.

22. An imaging device of claim 21, wherein said first filter region is
optimized for a green wavelength of light, said second filter region is
optimized for a red wavelength of light and said third filter region is

optimized for a blue wavelength of light.
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WO 2004/ 112137 PCT/ US2004/ 017714 optim zed for a red
wavel ength of light and said third filter region is
wopikinzagd for a bl ue wavel ength of |ight. 13.PENUS2004/017714
i magi ng device of claim 11l wherein said first filter
region is optimzed for a cyan wavel ength of |ight,
said second filter regionis optimzed for a nmagenta
wavel ength of light and said third filter region is
optim zed for a yell ow wavel ength of |ight. 14. An
I magi ng device of. cl.aim 11 wherei i d first. second
23andnipagng deviesrof qlag) ﬁw?’ £ Sa@.{d:ﬁéitg{el%trir%&lilsr st
second and third dimension for selectivel alterjng
t heptinfigssiot ¢ cpin savdengrhi afdight] saightccped Sitpe N Bai d
first, second and third color pixels. 15. A color
pi xel. f. [ ' j ioflt eededid $hirgd filtRr region
pISﬁgFﬁgéigﬁaﬁﬂ%%%ﬁggﬁgyﬁi ecﬁgggons for receivin§
i nci dent_|ight; first |ayer..formed above said photo
se#ﬁs@ﬁtim@c@g%ﬁ dh ,O%W&V%le%%rcillﬁ ’ of filter regions
formed in said first |ayer above correspondi ng ones
of said plurality of photo sensitive regions, wherein
each of said filter regions has different optica
ropestl i ioh v el ishidl 8, Bddrelednd third filter
242h2§5%%%§%%??%g§§$8%%%%?‘%ggggng through the filter

PacteriStics of Tront passing thrdugh the filter
A e T S e e O

of claim 15 wherein said plurality of filter regions
conhe irsdderftilight recemedriy santifitshiseeprid dndethifdephFRSENYHYE

said plurality of photo sensitive regions conprises

first. 806 third photo sensitive regions for
reggéngsgﬁggPecgiving first, second and third

incident light, said first filter region being
optim zed for said first incident |ight, said second
filter

25. An imaging device comprising:

a plurality of photo sensitive regions for receiving incident light;

a first layer formed above said photo sensitive regions; and

a plurality of filter regions formed in said first layer above corresponding
ones of said plurality of photo sensitive regions, wherein each of said filter
regions has different optical properties for selectively modifying optical

characteristics of light passing through the filter regions and received by the

photo sensitive regions.

26. An imaging device of claim 25 wherein said plurality of filter regions
comprises first, second and third filter regions, and said plurality of
photo sensitive regions comprises first, second and third photo sensitive

regions for respectively receiving first, second and third incident light,
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region is optimzed for said second incident |ight and
said third filter regionis optimzed for said third
wo p@udes7 | i ght. 17. A col or pixel of clai m 16P@iTesmo#a017714
said first filter region is optimzed for a green
wavel ength of light, said second filter region is
optim zed for a red wavelength of light and said
third filter region is optimzed for a blue
wavel ength of light. 18. A color pixel of claim16
wher eicn sai d £ il 8k sal Sfigpircidene tighgrsaid
cy§W§£§$§ﬁgg5%%&%Fmﬁgéﬁgﬁm%§?ggggcond filter ?egion IS
optimzed for .a .nmagenta . wavel ength of .li iyd
t hbecenglifiltes pegieRyiShP ZSSE@W%‘@?&PS? m%héfg‘ﬂ%l?ﬁﬂdm
wavel ength of light. 19. A color pixel of claim16
whetiied flteaiegdidn i optinseabfnt saiddhitdiipadent fght. regions
have a respective first, second and third di nensi on
for optimzing the incident |ight received,
respectively, by said first, second and third photo
sensitive region. 32 2Q04/.1121.37 PCT/ US2. 017714
2720Ammamd%%%ﬁﬁ%@@éﬁ‘%ﬁ%ﬁ@%ﬁs tft a‘F%‘tQ’gA%f phot o
sensitive regions for receiving incident |light; a |
pl Wpainiked B adaoas vendehgherfdighorsaistiscrea® &lser Lagign is
above said plurality of photo sensitive regions; and
a Rl ALLE Yord refividvelen &gbplrlg‘ltr £RINar ihvel Medraegia is
above sard plurality o danmascene | ayers and said
plurality of photo sensitive.regions, each of said
f i lqpaimigedfansblan dvaysiens he | ayers having
optical properties for nodifying the optical
properties of said incident |ight received by said
respective photo sensitive region. 21. An inmaging

2§6VA& € 2ing R 20 clath Dtk RerR Ridfist alied degdn &si | ter
edi ons
optimized for a cyan wavelength of light, said second filter region is
optimized for a magenta wavelength of light and said third filter region

is optimized for a yellow wavelength of light.

29. An imaging device of claim 26 wherein said first, second and third filter
regions have respective first, second and third dimensions for optimizing
light received by said first, second and third photo sensitive regions,

respectively.

30. A color pixel for an imaging device, said pixel comprising;:
a plurality of photo sensitive regions for receiving incident light;

a first layer formed above said photo sensitive regions; and
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conprises first, second and third filter regions, and
said plurality of photo sensitive regions conprises
wo poogt11213econd and third photo sensitive regi BOBEUSZNNG/017714
respectively receiving first, second and third
incident light, said first filter region being
optim zed for said first incident |light, said second
filter region is optim zed for said second incident
light and said third filter region is optimzed ;&L
sal i iAMG 1 oBiakd ir Said AlstilRg hbgvdletaponding
cl gﬁrlérg‘i&dov\qﬁ%ﬁgi 1srzlslsji fg&% rst gfi I terms?egi on is ?
optim zed for a.green wavel ength I [ ond
ones afinaic gty PETGEER Bty Whelri@Bich Gafh MES
light and said third filter region is optimzed for a
rdaliones Maveffeegt dptidal piapertiesFar wircpyelymaedifying optical
CT/ US2004/ 017714 23. An imagi ng device of claim?21
wherel.n. Saiedofi fSbink| H @i f0Rr k&g d #eeivéd by ahe
C%?%ﬁ%ﬁg¥§?éﬁ'%%ﬁ%$m%fg%$¥;said sec%%d filter regign IS
optim zed for a nagenta wavel ength of |ight and said
phata $E0SIVE §¢81P%Yi on  is optimized for a yellow
wavel ength- of light. 24. An imagi ng device of claim
'21 wherein said first, second and third filter
regi ons have respective first, second and third .
310! %Q&g?gﬁcef OF c19R! B wAeRdn shidepliAtitdentldrirgfions eomipvied
y “sai I'rst, second and third photo sensitive
regi ons, respectiy . 25. An_i;mgi ' i
coript, §§99gd aé“eir}ﬁ‘HFlgih?/cf VP ﬁgggm;a ggﬁaﬁ%&é &0 ons For
receiving incident light; a first layer forned above
sai [dgiohecompeissi firsty scaondi apasthirgdrizhago SERAEG Reglags tor
filter regions fornmed in said first |ayer above

cor | DGk civaieBrsPfseSctidlamd thiad irlcideat liphgtsaid first filter
sen%?@#@ggyggﬁcg%g f/\sh’esfei n each of said filter

; S?%g{]qsf\,lg&;g %ég;g%ﬁ%%r g%%i:ffé:%: inPHERERIHE §’ai<§ 9Lcond filter
region is optimized for said second incident light and said third filter

region is optimized for said third incident light.

32. A color pixel of claim 31 wherein said first filter region is optimized for a
green wavelength of light, said second filter region is optimized for a red
wavelength of light and said third filter region is optimized for a blue

wavelength of light.

33. A color pixel of claim 31 wherein said first filter region is optimized for a
cyan wavelength of light, said second filter region is optimized for a
magenta wavelength of light and said third fileer region is optimized for

a yellow wavelength of light.
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characteristics of light passing through the filter

regions and received by the photo sensitive regions.
WQ@eo4Ar18magi ng devi ce of claim 25 wherei n sai BCT/US2004/017714

plurality of filter regions conprises first, second

and third filter regions, and said plurality of photo

sensitive regions conprises first, second and third

photo sensitive regions for respectively receiving

first, second and third incident light, 34 WO

2004/ 112137 PCT/ US2004/ 017714 said first filter

regi on being optimzed for said first incident |ight,

said second filter region is optim zed for . sai(d second
34i. ncA delor pidichhf claint 35 syhereip faiddurss, F?@P%Ta@g# i fﬂtef
optimzed for said third incident light. 27. An
| Megiions davd fepative ik se2bndvied eind danchsidmssbr bptiiging
region is optimzed for a green wavel ength of |ight,

_ ptim zed for a green wavel en t
vt SRGET et Fi g o o N ARt Belive

optimzed for a blue wavel ength of light. 28. An

i mergBioms deespasevely- cl ai m 26 wherein said first filter
region is optimzed for a cyan wavel ength of I|ight,
said second filter region is optimzed for a nmagenta
wavel ength of light and said third filter region is

ptimzed. for a wavel ength of light. 29. An
3§naéfﬂaﬂa%vﬁ%§f%¥%é#ﬁﬁﬁﬁga wherein said first, second

and third filter regions have respective first,
sebwsd and third dimensions for optimzing |ight
received by said first, second and third photo

S@Bebddsitt doRpledns, saidriaspect i vel y. 30. A col or pi xel
for an imaging device, said pixel conprising: a

luralit f { it ] [ f I Vi
Al S PRES PAIE Y KRB DTS hove el d phot o

sensitive regions; and ) o
an imaging device coupled to said bus and in communication

with said processor and input/output device comprising:

a plurality of photo sensitive regions for receiving incident light;

at least one or more other layers formed on or around said plurality of
éhoto sensitive regions;

a first layer formed above said at least one or more other layers; and

a plurality of filter regions formed in said first layer above cbrrcsponding
ones of said plurality of photo sensitive regions, wherein each of said filter
regions has different optical properties for selectively modifying optical
characteristics of light passing through the filter regions and received by the

photo sensitive regions.
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35 WD 2004/112137 PCT/ US2004/ 017714 a plurality of

filter regions forned in said first |ayer above
w@ormasaendi ng ones of said plurality of phot oPCT/US2004/017714

sensitive regions, wherein each of said filter

regions has different optical properties for

sel ectively nodifying optical 1 characteristics of

| i ght passing through the filter regions and received

by the photo sensitive regions. 31. A color pixel of

36! aij’x@%@%&’@fgy@{eﬁl SIS nPB Y Rlerdin sid flitali®f of §18dra8Sions

conpri

I'rst, second and third filter regions, and

said pluraljty of photo, s itive region onpri ses
{1 r SempEesdHh serant APE AL ANGT EEier FOL P lEALY
respectively receiving first, second and third

i ncphlett sehbight regsariscoimprists firsktsecond anyd drirdphoiy sensitive
optim zed for said first incident |ight, said second

fil
lig

ﬁc%'ion di%g %&gcétﬁc&g%ééﬁlﬁg ?irit? Sec®Al dnd RRAGndiAG ARIM:,

t~ and said thi Tilt region is optimzed for

said.third, incident light. 32, .A colpor pixgl aof claim
37 Sidien lichrapion bepefiRnized 64 6R e Bisienr SenCed
green wavel ength of light, said second filter region

i s subndifited rdgion & opetnized fed sivhsdeond indiddnt lmghd agdisald
third filter region is optimzed for a blue

vav gl e gl 13@%&& i Bb%inﬁé’bd PrSAHhirRiiXGHe @ ligheai m 31

wherel n sai

irst filter region is optimzed for a

cyan wavel ength of light, said second filter region is
optim zed for a magenta wavel ength of Iight and said
third filter region is optimzed for a yellow

. 3%av &l @ngpireos$ystany bf claid® 3PEvIRGeMy saitsrfilter region is
PCT/ US2004/ 017714 34. A color pixel of claim31l
whepstimisd ©r bigdredn wiREQIh ¥R Ughtlishid sttddBhiltéQ@ERMSIs
hangngﬁgggf% r?%??t, second gnd third dinensigns for
opti m.zi.

38.

39.

opt1m19¢% for a red wavelength of light and said third filter region is

optimized for a blue wavelength of light.

A computer system of claim 36 wherein said first filter region is
optimized for a cyan wavelength of light, said second filter region is
optimized for a magenta wavelength of light and said third filter region

is optimized for a yellow wavelength of light.

A computer system of claim 36 wherein said first, second and third filter
regions have respective first, second and third dimensions which are
based in part on optimizing light received by said respective said first,

second and third photo sensitive regions.
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the incident Iight received by said first, second and
third photo sensitive regions, respectively. 35. A

W@ ivpaiHs7 system conprising: a bus; a procesBOI/US2004/017714
coupl ed to said bus; an input/output device coupled to
said bus; an imaging device coupled to said bus and in
communi cation wth said processor and i nput/out put
device conprising: a plurality of photo sensitive
regions for receiving incident light; at |east one or

her. |l ayers f ) ' | i .
4@? %pﬁc%{lgﬁ@é %Zsc{nﬁ \?g RS0 Wile Irs;?g?ﬁfts ;?/‘écgng aﬂﬁacglrﬁﬂt r

regions; a ayer ftorme

above said at | east one or nore other l|layers; and a

pl uregipnycarnpfisd qoler filegyiregions Srumad, respseivel iof §rst) sepepd
above corresponding ones of said plurality of photo

senshllitMRd phBtofssitb eoRirimaaaklsof said filter
regions has different optical properties for

sel ectively nodi fying optical characteristics of

i ght passing through the filter regions and received
by the photo sensitive regions. 37 WD 2004/ 112137
43CT/AUSEODUICD $yEYErY. of 3lRim B 6s Brhsuein saidyfirtte pecondand thirdmsolor
wherein said plurality of filter regions conprises

fir Higer s@GOMRASide dolof fikédig pledtoaasist. and sai d

plurality of photo sensitive regions conprises first,
second and third photo sensitive regions for
respectively receiving first, second and third
incident light, said first filter region being
43pt irromgutes sysseindcdpesingnci dent |ight, said second
filter region is optim zed for said second incident
| i gbhs;and said third filter region is optimzed for
said third incident |ight.
a processor coupled to said bus;
an input/output device coupled to said bus;
an imaging device coupled to said bus and in communication
with said processor and input/output device comprising:
a plurality of color pixels for receiving incident light;
at least one or more other layers formed on or around said plurality of
color pixel;
a first layer formed above said at least one or more other layers; and
a plurality of filter regions formed in said first layer above corresponding
ones of said plurality of color pixels, wherein each of said filter regions has

different optical properties for selectively modifying optical characteristics of

light passing through the filter regions and received by the color pixels.
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37. A conputer systemof claim36 wherein said first
filter region is optimzed for a green wavel ength of

woO 2@ht11213ai d second filter region is optim zepCT/OR2084/017714
red wavel ength of light and said third filter region
is optimzed for a blue wavelength of light. 38. A
conputer systemof claim36 wherein said first filter
region is optimzed for a cyan wavel ength of I|ight,
said second filter region is optinmzed for a magenta

val . , i , . =
B R el B PO (20U L R Pl of AR gids

comput er, system of claim 36 _wherein said first, second
and COMPFIges s, é?confi@@%othgdrfﬁ% regiep® apfl vaidrplpsity of color

second and third dinmensions which are based in part
on ppdelsrdompre lfirghiccoad and eblird yokaipikelsefop eespemevedai d
first, second and third photo sensitive regions. 38

O Fif, %%g%gng’égg AP OB QUAEAL1 0 v0id QT Gleion

system i erein sard first, secon

third filter regions, conprise ¢olor filter regions .

f or REWS qpé%‘b‘é%‘f ?%W fiigf Iycjdeat !Clg%fe sy gec ¢ Teglon is
photo sensitive color materials. 41. A conputer system
of obammcdior vdidseiandsiatidehi kgt ansleahthiminfltdrhegidn is
color filter regions conprise a color filtering photo

I eShstimifd foPs 590 : t _conprising: a bus; a
procésg%%%%8ugﬁegng%%%§?%ﬁb S; an input/output device
coupled to said bus; an inmging device coupled to said
bus and in communication wth said processor and
i nput/out put device conprising: a plurality of color
44i xAl enfiprter gseiny bfigainm di3 dendreini sgial first filter region is

optimized for a green wavelength of light, said second filter region is
optimized fora red wavelength of light and said third filter region is

optimized for a blue wavelength of light.

45. A computer system of claim 43 wherein said first filter region is
optimized for a cyan wavelength of light, said second filter region is
optimized for a magenta wavelength of light and said third filter region

is optimized for a yellow wavelength of light.

46. A computer system of claim 43 wherein said first, second and third filter
regions have respective first, second and third dimensions which are
based in part on optimizing light received by said respective said first,

second and third color pixels.
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at | east one or nore other |ayers formed on or around

said plurality of color pixel; a first layer forned
w@bona133i d at | east one or nore other |ayers;PEnuSmo4/017714

plurality of filter regions formed in said first |ayer

above corresponding ones of said plurality of color

pi xel s, wherein each of said filter regions has

di fferent optical properties for selectively nodifying

optical characteristics of [|ight passing through the

i tae ' 0
Foos PrTsP B REHRIR 427 i 36 R Dlechd BhE R AHEY
of claim42 wherein ald plurality of filter i ons
conpraieRscampiEse colciif raEant faﬁfffff fF‘?SP%‘rUVFE(g Pg & sgpRpd
said plurality of color pixels conprise first, second
andahdbicied phbar sepisitiet sofoomaresgect i vel y recei vi ng
first, second and third incident light, said first
filter region being optimzed for said first incident

light, said second filter region is optimzed for

sal econd i nci dent nd.sai.d third filt .
gofr?mgut%msmw blatrp A5 AP GrCih i et G ORE apslghid color

44 A computer systemof claim43 wherein said first

fil filker regiprorconsprise ptdolozfdctringrptotgresist. wavel engt h of

light, said second filter regionis optimzed for, a

red wavel ength of light and said third filter region

is optimzed for a blue wavel ength of light. 45. A

conmputer system of claim43 wherein said first filter

40egidomettod ofrhanuizetirihgra @laypirel oy &t engdihgof |i ght,

said second filter region is optinzed for a magenta

wav t ht and said third filter region is
opt?hﬁggdg?gﬁmbﬁgelIom1mave|ength of light. 46. A

uter system of claim43 wherein said first, second
and empg afjiptlayer 4beys 8 REURLRYOF, rﬁé%tp&cppg éﬂfjiqg%fi,
second and third dinmensions which are
photo sensitive regions for respectively receiving a first, second

,;;

and third incident light; and

forming sequentially first, second and third light filter regions
in said first layer, each of said filter regions being selectively
formed to have a color and a depth such that the incident light
received by said respective said first, second and third regions is
modified to a predetermined intensity value for optimizing

performance of said photosensitive regions.

50. A method of manufacturing of claim 49 wherein said color is a

photo lithographic material.
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based in part on optimzing |ight received by said

respective said first, second and third col or pixels.
wa oo A804/ 112137 PCT/ US2004/ 017714 47. A cop@LIUS2004/017714

system of claim 43, wherein said first, second and

third filter regions conprise color filter regions

fornmed, respectively, of first, second and third

photo sensitive color nmaterials. 48. A conputer system

of claim43, wherein said first, second and third

ol gr, L it er | QBLLS . bidid-1 ng phot o
5?es$§??Lﬁ§fﬁiP%§?%%§ﬁ%§ nanﬁ?g%?%fgﬁgﬁgﬁ%%ﬁfg pi xel

for an_inmaging. device, conprising: forming a first

| aylOrmihy Srsy pélruafﬂaﬁ ?fffgpeamgﬁ i %ﬁfgé%V&B ﬁglo‘é%ﬂ third

photo sensitive regions for respectively receiving a

édrfespon&iﬁgtﬁirct plarditt bf plebtb sensiidvetartasghtan ismgef or m ng

sequentially first, second and third light filter

.egions in said first layer, each of said filter

r égi ons being selectively forned to have. a col or and

a depth such that the incident Iight received by said
r esprasingsaidsdie vigh ﬁtcggggﬁ rgﬁﬂg¥%ird regions is

nodified to a predetermned intensity val ue for

opt femaiing exqeey Edobrmaneaidbibeai the poploskosiaid die;

regions. 50. A nethod of manufacturing of claim49
rein said color is a photo |ithographic material.
WD 2004/ 112137 PCT/ US2004/ 017714 51. A nethod of

manuf acturin

11 1 rmph Ry Db ORGRTER Ched PBE V) SR bove 8 -
another corresponding plurality of photo sénsitive areas in said
imager die;
coating said die with a second color filter material; and
removing excess color material above the top 1ev§l of said die;
wherein each of said openings is formed to a predetermined
depth based upon the desired int‘ensity of light to be passed
through said respective color material and underlying layer, and
received by ;aid corresponding photo sensitive areas.
4
52. A method of manufacturing as in claim 51 further comprising;
forming another plurality of openings in said first layer above
another plurality of photo scnsitiye areas in said imager die;
coating said die with a third color filter material; and

removing excess color material above the top level of said die.
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corresponding first plurality of photo sensitive areas
in an imger die; coating said die with a first col or
wo pdosar21amt eri al ; renovi ng excess col or nat eri BCT/ERIO€017714
the top level of said die; and form ng anot her
plurality of openings in said first |ayer above
~anot her corresponding plurality of photo sensitive
areas in said inager die; coating said die with a
second color filter material; and renoving excess

STk e S bR R B o

predet erm ned depth based upon the desired i ntensi ty
of Hdvide, comphisingassed through said respective col or
mat eri al and underlying layer, and received by said

cor ﬁﬁ{-}g dh G«BNARL? st%@la e @h@@ﬁres@@ a Hrdret hod of

manut r|ng as in claimb5l further conprising:
fornlng anot he | ur Ilty eni.n in.said first
wayrer laggse 'allr%‘{f% E)Y%l%ﬁ P‘{hﬁg PRERG S ensi ti ve
areas in said imager die; coating said die with a
plhotodiciebor filter material; and renoving excess

col or material above the top | evel of said die. 42 WO

2004, %{%ﬁ%
man ué%%lﬁ% ri n ol gsgfd ﬂgﬂ(gtlglrfé%?&g% V? r%ta{;;élggrsgmdé e(f/ﬂ|c ce,

conprlégg formng an initial filmstack including
?@? a hard matrix layer, and at |east one
Iayer including a plurality of photodiodes;

etching and stripping said hard matrix material above said at

least one photodiode to form an opening above said at least one
photodiode;
applying a color material into said etched opening; and
performing chemical mechanical polishing to remove excess

color material above the top level of said matrix layer.

54. A method of manufacturing a color pixel for an imaging
device, comprising;:
applying photo resist onto a die;
forming an opening in photo resist above a photo sensitive
area on said die;
removing material underneath said opening in said photo
resist to a predetermined depth based upon the desired optical

properties of light to be received by said photo sensitive area;
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form ng an opening in said photo resist above at | east
one of said photodi odes; etching and stripping said

whaood/1naBT i X materi al above said at | east onePCT/US2004/017714

phot odi ode to form an openi ng above said at | east one
phot odi ode; applying a color material into said etched
openi ng; and perform ng chem cal nechani cal polishing
to renove excess color material above the top | evel

of said matrix layer. 54. A nmethod of manufacturing a

color pixel for_an inmagin devj.ce, ,caonpr.,si ng:
appPphipg pleslos ey F%*’cm%n?%réalaict? a3, r?&ldan openi ng
in photo resist above a photo sensitive area on said
di egpdn@m@\andlg naterial underneath said opening in said
photo resist to a predeterm ned depth based upon the

desjred. opt] L8 Hoko kisghbbbg B T ecei ved by
sai RS PLYER bl PERBE O 5004/ 115137

PCT/ US2004/ 017714 applying a color filter coating
ovesurige @f Al difnd i nto said opening; and renoving
color filter coating and photo resist above top
surface of said die. 55. A nethod of manufacturing a
col or pixel of claimb54, further conprising:

epgat i i@l Bhahen 5&sfistherr enovi ng
5%@?@%@?@%3‘?@%&?@%?5@%ggf“i ng and rermvierr19 col or

filter
comprising:

repeating the steps of applying photo resist, removing
matetial, applying a color coating and removing color filter

coating steps for each additional color filter material to be

applied to said die.

56. A method of manufacturing a color pixel for an imaging
device, comprising;:
applying photo resist onto a die;
forming a plurality of openings in photo resist above a
plurality of photo sensitive areas on said die;
removing material underneath said opening in photo resist to
a selected depth based upon desired light transmission
properties for a particular wavelength of light to be received

by said plurality of light sensitive areas;
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coating steps for each additional color filter

material to be applied to said die. 56. A nethod of
worewfisasuri ng a col or pixel for an imaging dePOT/TE2004/017714

conprising: applying photo resist onto a die; formng

a plurality of openings in photo resist above a

plurality of photo sensitive areas on said die;

renovi ng material underneath said opening in photo

resist to a selected depth based upon desired |ight

transm ssi o er t.i f dwavel engt h
of aPP]@’H{g‘iS‘ﬂBEB# cé?a%gsovﬁgg g | ur g(:)??{ly of |ight
sensitive areas; 44 WO 2004/112137 PCT/ US2004/ 017714

appipghimgszancbl or filter coating over said die and into
sai d openings; and renoving color filter coating and

ph %1‘&0("&1? Shordllereoh@ps asdiphateresist sadwd tdpe. 57. A
nmet hod manuf acturing a col or pixel of cl ai m 56,

furtgg |S|ng repeating said steps of applying
phdtHar%es] emoving material, applying a color
coati ng and renmoving color filter coating steps for
each additional color filter material to be applied
to said die. 58. A nethod of manufacturing a col or

5701 Xelp fRthof MBghfAguridg\e &ﬂor gigelpsfickiimgB6,appl yi ng
photo resist onto a die;
further comprising;:
repeating said steps of applying photo resist, removing
material, applying a color coating and removing color filter

coating steps for each additional color filter material to be

applied to said die.

58. A method of manufacturing a color pixel for an imaging
device, comprising:
applying photo resist onto a dic;
forming a plurality of opénings in photo ')rcsist above a photo
sensitive area on said die;
removing material underneath said openings in photo resist to
a predetermined depth based upon desired properties of light
to be received by said photo sensitive area;

applying a color filter coating over said die and into said

openings; and
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formng a plurality of openings in photo resist above

a photo sensitive area on said die; renoving nateri al
wapeenmar h sai d openings in photo resist to BCT/US2004/017714

predet erm ned depth based upon desired properties of

light to be received by said photo sensitive area,;

applying a color filter coating over said die and into

said openings; and 45 WO 2004/112137

PCT/ US2004/ 017714 renoving color filter coating and

photo resi st ahove top sua&gfe of.sa%d die. 59. A

met I§6R0GRS fRlRE FIHEY ¢AAERG ARAFRBP IHIStEPO¥T N ai m 58,
further conprising: repeating said steps of applying
phodafacesifstid dienovi ng material, applying a col or
coating and renovi ng excess color filter coating for
each additional color filter material to be applied
to said die. 60. A nethod of manufacturing a col or

i xel for an imaging, device, .C ri si : fagrmng
5£eq¢ﬁ+ém¢19ﬂlof W’b‘%%ﬁ%“i‘& ¥ C%k’ré’b’feggpflia’rnﬁ 5& ﬁlé'g?%ns
respectively above a corresponding plurality of photo

sengrhpnging:areas on a die; and applying a |ayer of
encapsul atton material after each application of a

col qr I id §QsUPappRisth FAGRPRYsELEABvIRBL eri al

for3%%£¥%k§£5%%%ﬁqggggghﬂ%gn desi r éd prg%grties of

light to be [eceide by .sai d,phot o _sensitive areas.
material, applying a color coating and removing excess color

filter coating for each additional color filter material to be

applicd to said die.

60. A method of manufacturing a color pixel for an imaging
device, comprising;:
forming sequentially a plurality of color filter regions
respectively above a corresponding plurality of photo sensitive
areas on a die; and
applying a layer of encapsulation material after each
application of a color filter region, said encapsulation material
formed to a depth based upon desired properties of light to be

received by said photo sensitive areas.

61. A method of manufacturing a color pixel of claim 60 wherein

said color filter regions comprise groups of first, second and

third color materials.
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61. A nethod of manufacturing a color pixel of claim
60 wherein said color filter regions conprise groups
wo@Rooilta87 second and third color material s. PGI/V&2004/017714
2004/ 112137 PCT/ US2004/ 017714 62. A nethod of
manuf acturing a color pixel for an inmagi ng device,
conprising: formng sequentially a plurality of color
filter regions respectively above a plurality of
photo sensitive areas on a die, said regions forned
on top of a |layer above said photo sensitive areas,
wherein said color filter regions conprise groups of
first, second and thjrd caql or, erials with different
62d et Fethad P mIBPRRRI G 2FNMPHBECHIEL 88 T8 Edesi r ed
properties of light to be received by said photo
senddvidey orapdng: 63. A nethod as in claim62 wherein
said first color material is forned to optimze

intﬁgé&%%ggﬁfg?g{s uﬁﬁ%?b?agbpﬁﬁ£rk%ghk, sai d second

col©o ormed to optimze intensity of a

red wavel ength of |ight an said.third col or. materi al
i s Tespsrsiyely dbapR 1 Rlufghti’r?’?é’g’é’m $EOSHVE AFAH O Ny engt h

of light. 64. A nethod as in claim®62 wherein said
firsid eslions forned oal topoffadayaedboee saapphafoze intensity
of. a cyan wavel ength of light, said second col or

mat grj.al i -t Nap ' SbhinprRé a magent a
mavgngﬁg ﬁﬁﬁ%qﬁggﬁfigﬁﬁ lgg?%&?ﬁgggﬁcoﬁgr material is

];? ' gfwd t %f %;stt: srgcér?d Iaurllcti %hrﬁcli thlo?fmﬁcP{aﬁls l;v‘i’é(‘u’ i er\érelL ength

depths, said depths determined based upon desired properties

of light to be received by said photo sensitive areas.

63. A method as in claim 62 wherein said first color material is formed to
optimize intensity of a green wavelength of light, said second color
material is formed to optimize intensity of a red wavelength of light and
saici third color material is formed to optimize intensity of a blue

wavelength of light.

64. A method as in claim 62 wherein said first color material is formed to
optimize intensity of a cyan wavelength of light, said second color
material is formed to optimize intensity of a magenta wavelength of light
and said third color material is formed to optimize intensity of a yellow

wavelength of light.
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