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color filters and a photo imager which converts a color filtered light signal 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
cither a light sensitive area such as a photogate, photoconductor or a photodiode
overlying a doped region of a substrate for accumulating photo-generated éhargc in
the underlying portion of the substrate. 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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[0006] Some designs vary the distance of the photodiode from 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 adéquaﬁcly 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 stll improving or optimizing photon transmission to
various photodiodes which receive different wavelengths of light, e.g., blue, red or

green.
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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
pﬁrticular 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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[0009] FIG 1A shows a cross sectional view of an
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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;

[0016] 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. 2A;

[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;

[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;



and filter at a state of processing subsequent to that
woSh wnin FIG 1E [0015] FIG 2A shows a cross
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structure before processing in accordance with one

exenpl ary enbodi nent of the invention; [0016] FIG 2B

shows a cross sectional view of the FIG 2A color

pixel and filter at a st ate of processi ng subsequent

to that shown in FIG 2A; 017] FIG 2C shows a cross
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filter at a state of processing subsequent to that
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FIG 2E; [0021] FIG 2G shows a cross sectional view
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of thaovendamce wi th one exenpl ary enbodi nent of the
i nvention; [0023] FIG 3B shows a cross sectional view
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subsequent to that shown in FIG 3B; [0025] FIG 3D
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and fﬂtcr 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 filrer 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
FIG 3C, [0026] FIG 3E shows a cross
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i nventi on; [0034] FIG 4B shows a cross sectional view
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[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 ar 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;
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subsequent to that shown in FIG 4E, [0039] FIG 4G
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to that shown in FIG 5A; [0042] FIG 5C shows a
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sectional view of the FIG 5A color pixel and filter

structure at a_state of processing subseguent to that
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processing su u
shown in FIG 5D; [0045] FIG 6A shows a cross
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mvennon . .
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subsequent to that shown in FIG 6A; [0047] FIG 6C
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and EUGHENEe 13 el gwu}gqs@@ucgg’to that shown 1n 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;



[0048] FIG 6D shows a cross sectional view of the
color pixel and filter structure at state
“Kg%ﬁ%}%ﬁgssing subsequent to that shown in FIE?”@E?W“M7"4
[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

6A C r pixel and filter structure at a.state of
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invepfiopy ocessi ng subsequent to that shown in FIG 6F, 7
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FIG 7B shows a cross sectional view of the FIG 6A
color pixel and filter structure at a state of
H56essi ndlsuSetheerita erosstsieationshgigw ¢frthgFEG. BA; color pixel
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suustructure; [0056] FIG 9 shows an block diagram of a
uter processor system incorporating an inmager

devi ce having an array of pixels fabricated according
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processi ng sequence for manufacturing a color pixe

incrRerafipg permeEendsYice Iviagesr Memd Rikalhiahricassd apsioadipg to the
pl‘cs%%lpﬁlqlezxg@grtx; the of invention;

[0057] FIG. 10 shows a processing sequence for manufacturing a color

pixel and filter element in accordance with an exemplary embodiment the of

mvention,;

[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 manufacturing 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;



[0058] FIG 11 shows a processing sequence for
manuf acturing a color pixel and filter elenent in
WO dhce with an exenpl ary enbodi ment of tR&@/US2004/017714
invention; [0059] FIG 12 shows a processing sequence
for nanufacturing a color pixel and filter elenment in
accordance with an exenpl ary enbodi nent of the
i nvention; [0060] FIG 13 shows a processing sequence

éﬂg' wanuf rIT a _color . pixel r elenenﬁ in
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ows a processing sequence for manufacturing
unmnmoaohﬁd pi xel and filter elenent in accordance with
an exenpl ary enbodi rent of the invention; and [0062]
15 s processi ng sequence .for nuf act urin
90 or BREaT SRR T Oer daE ST fordb DR fev R
ucd%d%&m'cﬁ{cxt SRR wi AhN&embREahb8RimdAE bAED
DESCRI PTI'ON O THE | NVENTI ON [0063]" One aspect of the

verntovnent i on provi des for an alternat|ve processi ng
schenme for formng a color filter array for inager
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matri x naterial which are then filled with a

[0064] 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 propertics 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 propertics 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.



colored material. During a subsequent cheni cal
nmechani cal processing (CW) process, all colored
WO RPEHREY will be removed except for -the receSFaE2004017714
areas, which remain filled to formthe 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 |ayer can be
[ Qg@] to pReveseed yGasing damaseasnavEh 8ve passiilp @ehca fitrsabove
t i zation | ayer abov i ode _so that the tical
a phifiRide FELk §oles SR B DB Or i ecrth §Bve §
photéalddRhs 110k $BFudi STrhé Kitkeraic)Gictente hidghte &bl 481
di ode for a particul ar wavel ength. %\ damascene | ayer
damasggnamieyerbe The qaé péd GRdewindioer e alsr tguddlieciienthirh@ladr oom

. or acaolor. filter cavity to extend into the .|ayer
imcerSted, Ftihind et P HRBHEOTIE YoptRCaN o S tythe
jgstingR 2 7 P?ﬂ.&&%ﬁl -
phOt[@gl(?é%] Re%:secssglecgyar eas iu% a é)rgaa cene ;vg/aiégé%%]mégc of
lightpelsish bd rpcavdibat thapbosodaddey eAlsa, pinghaeiobatEorcarebgréntauality

color.filter array (CFA) w ndow or filter section,
can l&%‘&‘?ﬁé‘“’&dﬁlﬁ&? SR AnCREPHRTNE 48 OBBTSSSE Sfwinsiew 2 high
: g . . e .
resof DR oL AGrc I R RS RSB At Rthonl RIRRERYS, uniite
lithogedphhécformatibhiofi chliok pixelsnisieref difeeneslor F&fst REddivge ARE, color
al roperties of the various materials above

b i
“mqfﬁzgéfﬁi?lfl\é%ﬂg&énﬁiﬁér@a%tqchéom and wsingaedigiasseno ftyke
t] val engt h f.light which i :
s Blehet] P SRR e e el s o

muchNggpr freddoinl @l EhemicAlaprifidaDi Me’rhl @Rsd Bt lso, thinner
i ncorporating an optimzed CFA wi ndow as hi gh

coloy By ¢an bmussdariga bigheepigaicat dapdings wikdyimprovessiptindeaf me
. i t;hogr a hnol o unlike lith aphic. formati on .
imags UCPAE PN ER G RB b Mt Bt PR DR g s

struddife® de§iitcthe abRirR kb adjusdid Letndlabl Gt ARGRISY R9at dhdness’
technol ogy and usi ng a damascene style strucfure and

for cgclprplopintiodualbe sPreblentsaneh rocdler straliaig dic tartdpography of
g LA T G e

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 jons 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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color filnms can be used w th higher pignent |oading,
whi ch inproves optics of sone inager designs.
WOV EF , use of the invention permits ful | §CT/US2004/017714

pl anari zed color matrix structures despite the

ability to adjust damascene and CFA wi ndow | ayer

t hi ckness' for each color individually. Problens such

as col or streaking due to topography of previous

colors adversely affecting another pixel structure are
[0 ded. Mptilat ot vheogbin filml ikteeigrengt sofrbetivicadd cdsoBEUE

to shal ] ower overall film stacks and thus pects of
propathes of HiHET a6 R uodt Pt oI Pt BB E g Pseon
analygllé of (vg%l%g?h %&ﬁﬂg%&méﬂ‘“&lﬁﬁé llcﬁujraft Nﬁﬁ!&hﬁ% }S?Lc?racﬁ'f& and

aspect o e invention also prevents cofor residues
absopitive pebrghtsrdfiphopbdietisamahichagtf leyes isowdt kroost incdleart. For

materials for fabrication Of§i$ qgﬁ. Sﬂf;’ t he .
examiphy eamngHECcipesofivease $4d 8 Math s Dol of JoUagy gpAvailable

. isol at f j ' L Ch: r I

which 33168 -RIGDR LA ERS 2D otxBHRRR SThEp) SHIEHI B o rop
of eabRUSIRG. dymGenyL lithapaphyCoAwhahnihabbilenispd 0Aakseacr inputs

Lastly, the invention offers a built-in |ens above or
the hpsid epticdphraneseissif she yiness flipy, Hesim the peftagPyBRE she

addi t i onal Lanarizi ng _coat,. . The [nventi on
fracei et § 28rarp Bt D e Py E R FR AP o ¢ ¢ e
absof G| Mah€al ‘chldBiaBBns & BB al Well Einployik] Sofitare pplidations

absorptive properties of the layers above a
using BotbdicGawive tQuyiy R FogsntixpatmssweAoo. Byeo Lampart

0067], . Model | f the thinp.filminterf :
cauigp? ATV O uBASHEyB o AP SRR ey

ayers
Egct}g PP AbPHAEE e kPBYGItallP aPGEimBls S HEshed. O
rela eg%% anal ysi s of ma%eléhgth thf;g mhicﬁ mﬁllcbe

requi red. Modeling of refractive and absorptive
[D068Rr t i esasferdhot sericoyef wheronragedergyeed apd apgpHmum

known, in ,t an,  For. . exanmple. co ' .sqf twar,
choigg ésh“%%m%pﬁﬁ&lﬁ{,cmﬁ%%'flﬁ R BGpefRIEE GLAL AR
varifik CHABk RSl oMibidRkienE ©f Wards i diigs ifairdd dbseRtonenf af

multiple films sitting on top of each other. o
nunCemeé cehalg dnprorgeaishyplicsfander @leapigmesbile iyplaged vathin

e 55 G50 LD 1S BT O S PR R o
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 w'mdow 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 opumize 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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fraction that is absorbed, as well as how nuch is
| ected and how nmuch is absorbed. Mnua
““%AW@UPéfﬁons can be used as wel | enpl oyi ng sBETHEHE4/017714
applications wusing Snells refractive equation,
Fresnel's equations as well as Beer Lanbert equations
whi ch di scuss bul k absorption of filns, which have an
exponential relationship where absorption increases
exponentlakéy as thickness increases.
(&

photgdiRicdr Agpenslepapr.cryorss oy W%@%F@Oﬂ@k@f vﬁcﬁetal t&ﬁd)f the
t | i I r .
phofRi SR LM G i & B Bt Mo he BB DA 8
and W a,dsamﬁ/bmamswe maiddca&wagtewhaﬂhsnuacﬂ@@dnbﬁs must
then one of a er of etching approaches is applied

passaridheghisknes Oﬁpg’ﬁ%ﬁvlaﬁ@fffeﬂm@"p Facdep bf bmed in [pert@Bse micro

SOnNEe €exe

lens YICION QY bk o iy S g SR e R L B8y for gprigal fus

or othkridR JErdusNFOBFaNINdbwiEY 2R BSeEd tthi@PEiehdEabove a
reflectivity and absorption properties of an inmager

dcvxs¢ Ry ertxbweastdng lpitorowelsiathiar éharadessin oftoa diinoddecne or device
1 8‘ dln for,the. use of aa?ﬁ]}l scene. |l ayer, as well a
avel o ehienh o I i Ahuthel e BT OB A

mtc%@x@ﬁc@ 38@srivt BE algs%Yfﬁt‘}\ec BNEr of‘%f ifdh étmrsct 8PQ @rs Foove a
di ode 'and underneath the danascene | ayer, per the

phoordadd @nmaefintibein@HAity wif hgbwarofingant idodish atiodiati ons
which optimze reflectivity and other optica

t f i rager. | n other d a CFA w ndow,
BIFRBRe cavh Rort SMPRARG TR cantd e A RBer SRESEHT Slgh. o
matB@dl§ PR diftbRndRBREENFixERYG 44 Wohslgﬂcﬁhgﬁ ﬁﬁ atrn

cases, into the substrate stack eadln own to
matpmitwiddodelbo@:phwmddm of anohne pusb dThevhidd matrix matcnai is

Iene a ors senmblie wel |
cre g VB R AL e S AR e Scioter iR PREenalr FeeACioh e
ddadsedHRAaLilYhhatiay @hé flil KRR
A T a1a7 Pt ohans Ml € OY?%%Hgg%t%%g@%a%%%épf%mg i
withd e prealdl 9mtcrorthamnwg'co tﬂteunwmtc@sqlot herecial or thieigrévdésusly

used on top pof the odi ode -and refracti ve i ndex of
deiffd St in Bkelan Rroph it F1g SOH DY RoR B g durd bl

ypOLhese fA%eH %tygggﬂfﬁ% g’t&edﬂa%@&ﬂ DG oL RHQ YD WA Clithout an

|nC|dent pho
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

12



pass. The thickness of a particular CFA w ndow can
al so be based in part on a mcro |ens which is used
WORMH A0 xel or i nager assembly in order toPEBUSEWALFH
optical focus or other lens attributes. A CFA‘mnndow
can al so be used which extends above a device |ayer
or damascene | ayer as well, rather than down into a
damascene or device |ayer. A designer can determ ne
an _optimal thickness using a conputer or manua
coaunatlérlf éi‘l?é?ﬁé‘é qu deyciaperivie remoyd selpptoarmsfrne caviicsyl 6, 17
Y, > layers aboy p I od
Whlcg m rzcé l|“:n enS| ?l %atl[ng 'h acr“rlln% ?cr)}gIGolt ﬁgn cmlca? and
lﬂiﬁnﬂiapgbl%ﬂﬁ)g ([@Q@?]s aéccfrhﬁﬁéhcﬁ'&lolﬂ'c ﬁl‘iccppﬁqtd)@ru% et @fding

,éghotosen3|t|ve color materials to form _
15 1fd'Flf\f ¢l mpreoror Od licﬁfmmg toniSliCeld Fa tpr porousf yp;d@ﬁmweéf
phot odi ades o

colof Sl el oldFA S i dtls £ 6y P DR e B RS B e

coloPBsRingl (Le t 19 e20)CHANCAMIH @3 s tsr}@p&@éd)ﬁntﬁ'ahtc%ﬁung layers
naterlal "Each ‘¢ol or can be § ded sequentially by

15ﬁbbauih@aﬁhemhqdhnﬁdﬁﬁkmmnghpﬂheﬁsélected col or and
inagi ng it vvith a mask pattern that renoves the

ted ¢o in the eV|oust def i
oo SRR FlG Lo i ARl R oo SinubE s an
cmbbmofu&e}?ml1rrdplsau>§ﬁlucnﬁwsesh%% be fiererad Qafgrﬁ&ﬂtsm
the third col or and polishing the wafer, %hou

an igddiftlinowek 1§ fomgicd gl%ltcapg agnbstkate Mephczte@r@dai él fysrmcd on the
i xels r n.inthe cavities of, the matrj

subsfigts bl St R rche ROt 2 ek BB H et &

aboveadk svivd faherdr BRI hbttoyrcm&f ngj}cg fb@n@g §Bove the %gl‘acgmgx[}u@

substrate 11. A re ion 7 conprising oxide and neta
matdray er s\tgrecdongreggnome Sd3 arayirivd aphiotmdd odés fhotd rdsék thyer

mat rij x terial |layer 5 is faornmed above the OXIde and
3 by argine B &l o1 e Hhayesiofss S HEPE s EaRatd oine ApREEIne
segr@&fe\sq 15t B HIBd ma&umagr@rrs Bhdd AY¥ER R R@fo%@lg 5&%@9&% fgl
the’ photo resist layer 3 1s |na cavit

ctchad endrmdeppm Bherghsing sregmcsﬂt SLayer pladrowasiphotddi oo edl 5

‘usi tgndard resi rocess @gferrln to FIG
(e.gpee ctp ab et TP i faproslaye eRfﬁYlﬁPﬂij

| fommaoaaeﬂcgsmhr&cés&gss% p@glfy%@c&&%a@@ tsols%ﬁpééca'am

col or coati
_ dcvcdqaid togremiont OOIbh eoq A 15 ssd fcmmmvﬂiex 15;’:\3/%(1313}. Iﬂh)i‘ovcr two

of the t%trgc St?or::glchtold\c/se 9 Cglt goccssmg segment $119, 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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12 WO 290-4/112137 PCT/ US200.1/017714 coating 15 is
e d_and devel oped to renove color coating from
w0022§€4|9f‘1|§1g;87 16, 17 which are to receive ot her RGI/EF2004/017714
coatings. Referring to FIG 1E, chem cal and
mechani cal polishing (CWP) is acconplished on the
applied 15 to bring the coating 15 level with the
matrix layer S. Referring to FIG |F, the process of
application of color, stripping the color from
5. Atrpgrespies segment S, angtheydeepmagasiongs pade pye whetepr not
[ tin [.:C.10 749 then CMP processin IS
snotELBbr ST ridif, dhtronb sglbP Eaugg e Bt Pugebne

segmaftp b1 B caddhgh B2 10Qa¢ tdpgsted RisRpessREer fHIRS HnsiRRt @bIdrng
to FIG 10, one exenplary process for manufacturi nt% an
coatingniserli AR Al GoflFY hE, m @ocespingj segmest S428,ur & desrsiminthapno

furth®' 3 essi ﬁ% s%grrgnt._glll sl initial filmstack is
'S ORHEBLHT Agd Y S BRI 58 {F™MIAG odi odes 9 f or ned
on the substrate 11, a device layer 7 around the

[ooi7e] odi 0d&Sc@ndanRSHmERE 6f heMBl&{tidH is fornRBAWVieh tdMBrate
device layer 7 and a photo resist |ayer 3 forned above

hard magihetclesigr eish calert and; usks Ehrepseparatcesdiicsgosegaeatlor, that

S113, cavi tii re formed.in the tq resist layer 3
are w5 ot LSS B6 Pt Potioieth Btiut o giras Hhoco,
etch, bANGRA KbIB St FOF cRhQGRRS hNYariSe %’%@Eccﬁgo]éwafcp Sifhar d

matri x |ayer underneath the previously forned cavity
standasl pletohresistamiagng itppida litkopuploessil ng reegraht rSist 7y thee

. phot it | ting 15 (e.g., red) i
incen i bRBER By e RING SRS tReRRl 1 401 Sgbioch e afirghen

ts AR PRERN B r¥sist .80 TR rér@Mhid8%si SN nt
BEE S11S, theC colrosrlStcoati nf:] 151 ﬁi%@g’é%ﬁjg%% C%égel\%gl%gpe
areasfio rereovde  Adthioongloatitngart Foaned i e Eay intdces tikd, a lor

(FIG 1D) over two , of the three photodi odes_ 9. At
Coaﬂ{% 8@88&?%?9‘?% grreReddaihe mappes dgscaibed abews ynsil all color filters
are f@af@MP! i shed to renove remaining color material 15

above the level of the hard matrix material 5. At

rocessi ng segnent S120, it is determned if another

[&lﬂ&ir coBefongng o FEgulAglie skformhanbedineat beginoat bag

SNERE T S NN A
and hEAPIPLR S FRAREd B dddParound photodiodes 8,9 and 10. 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 l;cxycr 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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| ayers 5, layer 15 and into cavities 16, 17 at step
7. en, at processing segnent 109, the photo
“Ké%%%v%ﬁve col or coating 19 is exposed and d&é{Uspwder77i+
above the photodiodes 9 without a color coating. At
processi ng segnent S119, the color coating applied at
processi ng segnent S118 is processed by CMP and
cl eaned so that the top surface of color coating 19
is even with the remaining hard matrix |ayer_1
repeager qYprednqay rpRiings2onP|an0dmpedinsent A shpwe &E@g’a\@ FIG.
S herset ] hat i [ d
2 ARG IR PSR B PP SR, ARuke |
undedtodd Bfat €6lod coRd] (elS, 2RPH 6:L26) ddpehs @naseasicdgo selectively
_ segnments S117 through S119 are repeated using another
adjuss e eprabinsd opiieal Psprsrtescd ddiergaiaye . respegtivy ghotegipde f5 9
t processing segnment S120, it is determ ned that no
‘urther color coatings are required, processing
term nates. [0072] A second enbodi ment of the
[oomENt | ONRefriu®d FEBIGM X1 oBERAE@PRry PrdicehsTot fanufeérGNeS an
for each color and uses three separate cavities, one
exenppdgry eglbodimenizaf the FEG y&f sre@uepesing i singlel matgis|csch pag color

. . the trix material t hr ee uent i hot o, ..

s shigp R phicts it Faftng 1 2 cpoinf R PR AERk i ferRe? lusing

substritedARIphBEb DS 8WBT BO fWintdd orf tiRNEdEGaeNAt @ de@dd Ber 7
imaging it with a [ithography tool to renove the

aroundghe photedidies (§,rf,eddedapl mabroamessiahhdbevathcrdgvichyer 7

' d t ch | ., The.wafer. the ts
and BEPErG RG] BPELET St R ChE Rty AL pEEeSing
segnfett B8R0 3L NEVRPLAN(FIA. SR FNSH c BSIRASiodS 8NSIRYRM: in the

Addi tional cavities are formed in the hard matri x then
standardotsdst 3. Ceprongsing segopénteid, 25t Henhardmoated layar b fhelow cavity

21 (R SESG P SRaf 80 Pl anePraeiR S foret eefife? Tia
2C)eRRdiARB R8T, et ﬁr@c&ﬁngfs%ﬂ@ﬂ A7 2 RBRJrREL@EES3 gEICQ

and 10 on a substrate 11. gion 7 conprising oxide
2D)dnd, met, grednaydise)i is afpdicdedeomagmdlagerdund] phoviod2ddés

8, .9 and 10. har d trix terial |ayer is forned
PR MBS Gl Phyalbr Fosties Ly abovs O Of Bernis e

is removed using a method such as CMP. A determinaton of whether or not

orl

another color coating is needed 1s made at processing segment S133. If another
color coating is needed, 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
S135 r.hrough segment S131. If another color coatng is not required at processing

segment S133, then processing stops.



formed above the matrix material layer 5. Referring to
B,. the photo resist layer 3 is inaged and a
W(gg‘{%/t'é] 1is made in the photo resist |ayer BCHbEYWHAITII4
phot odi ode 8 using a standard resist process. As shown
in FIG 2C, the matrix material layer 5 is etched to
forma cavity 22 and the photo resist is stripped.
Referring to FIG 2D, a first photo sensitive color

B2 19,2 SRR B 8 e color goating) Loto
the lEJr@ma%ﬁ( S(H‘%Q%fﬁ@ ¢ G egég}r‘%n Hggtthsfg}'zglg %cglg\gp)]?hc%afcr

acconp on the app or ¢
is ththeomredivichgphddo ke |anWIohh chtigy Fakposedlaay @levéloped. The wafer

Referring to FIG 2F, a hoto resist layer 24 is
1s cogigd) Wighia £elog FFECDt %15 wmﬁgpﬁm@gs €6 Hsr clpraranayed 3 Amather
tayel Bl ke 1By Fapped e RSl o BB BB tianb s o
phot¥didddS3 b Iir d/MdcH tﬂc chl cBloreraatad A CoRMBMICTBIR ma(t;(Linal is

resul ti ng exenplary enbodi nent as shown in FIG
applﬁd@vcr 4G paxed wherdpplishsd 66 rombur excostdoheysma@ria3Sllzandmaming

uni form.,l.t shou st qod t hat c | or
caviy IRy ilds St M%?CV&LDM&O SEROHE Phare retitpm
the &RIRCIARYRIY coRdildyet 1st;{ﬂ>§h@d) Bbingd PE‘{H h&@in B8RP ﬁ:rntxiuﬁﬁg gg\uty
| ayers above a reéspective photodiode 8, 9 or 10.
“mbp@oaﬂplﬁbﬁemklﬁgctokﬁﬂﬁmr$hﬁcmpehﬂxdnphwmpvpnnmsﬁsdE@br
manuf acturing an exenplary enbodi ment of the FIG IF
matgidlyct ur e using a single matrix etch per color is
shown. At processing segnent S121, an initial film

lgfoag |s fp@crr@szk dhd%s YHE RO e BBASLE R GL hor[gﬂlﬂ%&gb &;&»cd

formed on the substrate 11, a devi ayer
on aambsmaic tllhe (phidt end oatasl 1oRrs 9 aic()ﬁo,rmdhmrahdmbnncx photodiodes

5 ab th d d hoto -
R B e S B
layeR 6.AN [ePECS 8% esiStED GBI 25oveAhE BYAchi¥ niateid L Fer 2B)

above a photodiode 8 is imaged in the standard’resist
Ref@ring\to ﬁi@ce&s&hq@lmgmm I43¢P8 is infegreHand cawities X7 Iza‘syzerd a3

e P Aol 151 A PR PRS0 2
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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2C) in the matrix layer S. At processing segnent S127,

/Po0h {3scoating 23 (FIG 2D) (e.g, red, gr ar _
“%"uggﬁfsf applied over matrix |ayer 5 and |n%§g\//lfst28')“@27.7”

At processing segnent S131, the color coating 23
above the level of the matrix layer 5 is renoved

~using a nethod such as CMP. A determination of whether
or not another color coating is needed is nade at

S133, I f th | t [
shoxRLBGEET FReRTRRBEY P88l 31 IZACRATo b ab kP oo hpbBTo
resist 5 wRHBYEQHS BY is SPRlelded sGQ&AT, FRG 851 ad S&%f’lg §01(J: ! Eatu‘?g'z 35

23) and the renaining hard matrix materia

is thgr gdsdiongop @ﬁﬂlmmmmthpt@&esshayrg 3S3egmaﬁto &bz 3l and
create a cavity i oto resist 24), create a

the sgepnq ¢! P ORHRE P ;Qmatr%t ap de%} figs phetcodie dete! of matrix
ff c
laycrgfﬁxsgcmogccpg , CHB Iﬁﬁ ﬂ'lg%a\%ry Pg]]:]]d% ]eﬁ&ﬁ;tm&? It(? Ei %itblarllﬂud layer

g., dgreen or vvlng renpva

of codma$7 goahaledvhehd mtﬁimﬁhfg thingix B Bﬂdl&y@fat@lﬁs Anasherd
term natl on is made of whether or not anotRer col or

into E%)"é‘thgr?g g Pl alin?re’éolat lagerote s PlotghcddyrfeMil ®18m@t thefthird
coloxaﬂ Jﬂﬁfls‘ﬁ%%mﬁ%&trmwe?%u”ed then processing

nces at processing segnment S135 through segnent
8131 I f another color coating is not required at

[ﬁﬁ@E]ESSI NHefes@emenFIG1B3 antd’i'eﬂlpmpﬁﬁ&sﬂgslﬁxﬁp@r 15 WO
2004/ 112137 PCT/ 11520114 /10177 [0075] A third

manydfsRigingehe FHe o descruse “1hﬁﬁg4ﬂrfgxcah@r6@fc@ﬁriﬁgoewm es

P rocg‘l‘[ﬁ%ogcgg' Hﬁ% of é‘:"'l)& col or §d‘ Xeﬂ:ﬁ% gerfr\f/‘fméitﬁnggﬁlf’%&

subsmtchllpfpihbﬁbd@ﬁds& 9and dener Lané top ¢f&h@m&aﬁé BNG device
devel oped. The wafer is coated with a color t’hen t he

laycru%wédnﬁéb?mﬁsotgﬂiqdﬁr@8c‘84 H arrerdpedix mnmhbkaycrISazyei
th(:noJ %lp&gtrgsﬁt ?i{EIS abg caB]%| l{a?cqj maﬁ lﬁlg%rrog d X&avm%s g%n?? laj‘ec

he ne cavit y over. ode

fomwdhh phbeo resixit lage@| 304t CFFBE&Elhgkegrﬁerﬁ@dt}Bng&t%o&@i&& segment
material is applied over the pixel then pollshed to

5145 dhpeatax beesd serdredmmdestiipped mHferm emmaiiesi Hy 31c 3% iabgvetadl
orol QLS50 W' holF 5Pt 200 Sy Rt Lo Lemmte,
smapstanaardquﬁfco tARc BBXEIGaRD ) i Ucreldt b ehBtcR fiing BYtd Mratrix

 layer 5 and into cavities 30, 31, 32 in matrix layer 5 at processing segment S147. At
processing segment $149, 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 cavify 30 is flush with the hard matrix layer 5 at
processing segment §153. At processing segment S153, the photo resist 33 in
caviues 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 fs 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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wi t hout color material. The color layer is then
wdAiisEs to renove undesired color material. [0076]
(éf 3A shows the third. enbodiment with phof@ﬂ“@ﬂ@§"97ﬂ
forned on a substrate 11. Oxide and netal |ayers 7
are fornmed on and around photodiodes 8, 9 and 10. A
hard matrix material layer 5 is formed above the oxide

and netal |ayers 6. A Iayer of photo resist 3 is
5%0& d above the trix rial layer S. Referring
S1 ’@COgBtO PHEPRYRS ISR Cpay Hienprpscspipg gortawes at

o 4T B S 0T RECELE

anotttms deterpimeies ©f whsthighonwnot andth&r ca3és cda Bid bé(apphcd If
material layer 5 is etched to forn1 cavities 30,
anothsg calor a%v@g ipHOPoARRIGEs the D amoshes degeramehtidnas pmte@t

f f t |
proqe s bselll S5 EPERRERC! P IDLUR ol BauhEed bt gpilbel v iy
colog aMhdingi‘SIﬁﬁe cSdr &Sh@n%&o(t%'a@ 1i8f)s Achi 0P b Qhélﬂ

. portions of layer 5 then the photo resist 33
Ploqcmﬂicﬁﬁwgtcéh@@f@@sm@ p@’mUa\E]IS)l Blierabdinel @blodeoa&ng is
3E,  a rst color c

=op FEfeh ¢ e b it P e tamisn STihion wiishue o

therk Q&d ﬁ@) kG0 codiiysG8lHRrappaad. 34 and photo resist 33
is processed by so that the col or coat and photo
resist 34 is renoved so that the color coat 34 is

007 S vvi t hA fereh sanba@derens ofichdhinmemtau 4liovBFof EichJlBﬁ)xcnt of

010 resi st wth matrjx |ayer 5
the {fs RO SGmpP ko of thsoian 5 se PoihiShisios AORIS 3F
I rﬁ)&fcﬁﬁtﬁd N thd PixEil day 3 t \
L eo 41, P3P R BREL P A (STRUE LS
r@cai,wtthéJ‘gJUgg_dlcchS hbyhaeddiods Th S¥pbiifkrrhalen the bunldt stibdcile

51, a%cwcc s @%ﬁé@ #6 WO 2004/ 112137 PCT/ US2004/ 017714

Shown TR FRMBRBERE P forsaed Qn 19pepf Wkposed
phogdlodeVsl, arzed4 S Thk ieviph 9&8{ 55 Gx‘ssf)l%ﬁa.r%dg’b tsnﬂogtﬁ AV e} 231
IS opened as shown in FIG 31. A secon or cbatlng

darr@g:cnp dayeh &7 1afophiddborn thoplevite stack 5B nakrichigdi@id depth. As
showh ih %IIG. %eg st%g)daz% sunprltﬁ%dc(%l\/kt)y ur?;}gc?lggcmt is formed 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, e.g., 54. The depths of the
cavides 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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the second col or coating 35 and photo resist 33 which

ri ses above the level of matrix layer 5 is renoved by
-WORB/ 1A 3%hown in FIG 3J. Referring to Fig. ZKI/US2H0mpIia

| ayer of.-.color 37 is forned above the remaining

matri x |ayer 5, color coatings 34, 35 and into cavity

32 (FIG 3G then color layer 37 is polished by CWP so

that the third color layer 37 is flush with matrix

| ayer 5. [0077] Referring to FIG 12, an exenplary
Refe®in@ @6 FIGL 815 powo feoist SIRTufraed umortgvﬂt)héo Fl'l(EcnSziﬁothcr

structure where all pi xel s are etched at_once.

cawmwé@r@m np Sltfgwlmw rsmﬁS’ RAVE AROYAF PRt asicat k- (5% gen

FI G in t
the hﬁ’f‘i‘o‘?’%’iﬂ"&ﬁ%% 58a“dg§m “8% Pag?r gtls ?tﬁﬁ&%)gopfoé éh PRI B O e
The &e'lpth 3f Eifcvcia% 6Bap8Ye phétbaiid Y baMendhetGlirdgdes cilent
10, a hard matrix material layer 5 and then a

h@tphqﬁmtw@eds&l RebarriBg ab Ve ¢hHeamether hmfrqf?hpéw@ﬁlstsw 1s
vities 27, to rests | aye

formgh Ky1b bk e RBRASHES S ety BiSu e Sk i

abov§&@nen¥aﬂﬁn€§h&8&&@é’ €5 wathiSd&h Wc@ﬁdﬂc@érﬁhme(@ @imize

formcavitres 30, 31, 32 above all photodi odes 9,
incidafx. lightt lonptatrodiods 58t B:-férsngttoilifedFaphael fesistth9 is smppcd

t S145. Standard
S DR e
FIG. 4{@’ e[ElC[l cgchdcav A 1 c aéq tga %n]c? gg\ 1§ ?Lﬂcc?’anthq c]ﬂﬂr%htxc lcﬁyrﬁgtcgal

a 1

pr 6CESSI hg processi ng seg

71, BLl49, (clghaephilue o&%ﬁdc&t) whithl Soressposédicanehvay Qa!t:lhtbés 86cn
is formed in the photo resist 33. At processing

optimiggebena mrseulancelor onuteiht ing 34 (e.g., red, blue,
green) is applied onto photo resist 33 and into cavity

[gg%%]lhe aﬁ%g\%kgﬁf g(?lu?xﬁ i5Qah rlglma%éerlcsla}cb 8n [ammved pomon

t he matTix layer 5 layer top
of the@letdattatlds bayeglin @dltml a(bﬁofpeﬂfalandrtgﬁ acsivp e lmpsresults.

cavity 30 is flush with the hard nmatrix | r 5 at
Bachyeayie Bay ngisaprehmensiggdungo &%e%ﬁ%@%@éﬁgﬁm

P 0 ' [ ’
cm PR RN S L83 YA 0RU: e
expes@dMBHroé&zld 5FIG M @ hew Tk a:tctrﬁplaqf embedihent of cdilﬁ{ilctcd CFA
anot her color coating is tg be applied is nade.

winggioevestes daogihe cagrptege et 7 e vafpe iderce ithféﬁbgﬁ%f%ér
Pho%’gf c[crpg “ Or![nI &w'ﬁ?& 4 cxtc plmeé eordu(%n QhchiBEA UWow is

Ing i s tRorYcoat 1 ng a processi ng
theSERABMALh a color pigment or ﬁltcrmg material. FIG. 4G shows an exemplary

embodiment of completed imager with CFA windows ctched 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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17 WO 211414/ 112137 PCT/ US2004/0. 17714 S157. |f the

coat to be applied is not a final coat, then
WhHsHEdEi'ng conti nues at processi ng segment SIHTSANG017714

continues until processing segnent S155 where anot her

determ nati on of whether or not another color coating

is to be applied. If another color coating is to be

appl i ed, then another deternmination is made at

processi ng segnent S157 of whether or not the col or

phot6@MdeNER. 193, Be apfthdlieciliten 81f iAMgrocessih@kegeaid1g3, 4 fayer of
the col or coatln to be applied is a final color

standrod phap, resibiel? isglcpess) qxg&wé&m%@égycat 7 prﬁetdyggqsﬁ@g
5151 where fl,nal c a
SCg“ffﬁlgﬁ?% SCELY g™ sk (i?llmnghe‘:sSt bdoaﬁc?gkéét(s%gc% sl? é) gh ar??‘ ngldg(gd
(c.gl BEN ACH B ARMBSe@Sient SEIR R dctibrh @slhc&%t@rthc damascene
coatlngs to -be appli ed. [0078] A fourth enbodi nent of
57 ahfhaf heneesatyi, ol dévicolgydrdd m@lgdmsqamméo o the pleotd epiish 0

d t f th I t to
< PrRier BRSPS R RREE SPPAea B BreRis B i ehe

Wavéﬂ:rfé{ﬁ @;(ﬁccte%etfoelgcr :!Llﬂgrgc‘?_l 8y SohdddicHR (e FRORS) lﬁf(‘icpndaﬁlszhc

formed With bulk silicon 5 phot o |odes 52, 53
cavifyorArgpdoassitid ecgmdtrk SSGABsE HettcemirBtionaf dehettoe ostrae knathdr

el.ectrical conponents 5 on top of the
cavigyip tfgflsmrsscalayy D7 St/ ori 6 P ERS s fteioged ¥ shother

I 0 I _
co PRI 518 RERPEDL e sgblefios EFRIEEDF AL 40
throt@Rlche plisto BQVBY At Fdrfmscds lagerBardand ki pdhcticedry 60'.

imager circuit is formed with photodlodes 52,
Pro@@smgwgmwﬁ Wintheersh ShEP micahsh sersatedotRunicatifies todd

Whl%} té}lv\é%gl?ﬁsl%lgsdt%g ﬁ{ L our%pz% tRhoiagdl %g(%‘és. r acff%ﬁb Ilalygrs agnvc

r circul

the Mp@mvapﬁomnd;c&d 525 59&inkderr QA7 QiR 681 55 NYViidn iELsG 4B
t he photo resi st Iayer 59 is imaged and a cavity 60
dctqrm@rmocrqqsmg] acgreertstl 78 ghatesy élfﬂlep" [satiBen a8 accdsdgn the

h f.th
danaag?%ng I% & naél?ilr}tgr acaﬁgtac S i YL t | es ongoqnﬁlghgcs 2 groccssgg

quent proc

scgbsk sﬁéxewﬂ&wacc%ahag Wal:%)ﬁcdl imb QQidbﬁﬁ(ﬂuch&ad @t:a{ rirhrd by
wel | known fornulas and principles

receive a particular color wavelength. At processing scgmcnt S185, the color

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 coatng 1s

required. If another 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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used to optimze optical properties of the Iayers Wi th
to a color wavel ength which a diode j
W({qﬁgjs?tﬁ?gjrz i s designed to sense including i ntérg [hghagp77i4
reflectivity of incident [ight. Determ nation of
optical properties of layers is well known in the an
and is in part described above. Referring to FIG 4C,
‘the photo resist 59 is etched to forma cavity 60" in

chrogghhshe Arrethove ThOVE S04 ) Tt BEGhChy BepeieL o g 81
is pla%%_(lg%({ lnG%dEPL?FILaQ‘c aﬁ)% H%% thf cﬁic?‘aﬁ ﬁﬁg?.hg rég{ 8F ? xlt (ﬁd

damwa@xt;@ﬁrtﬁsa}&t éi&rﬂbfg\/ﬁwcﬁrﬂ th ee\upmxakdaml(ss ®cgone 52
then the hard matrix |ayer 5 and_the device |ayer 7

photodiodst hebhq @Vfcsrsmcbrﬁétqiethe eavirehfilgging layes Sdedsprh bis 2

t he cav it t odi ode_52 et ermn dt
chicliies G SRR oG E e nPhd Sy ARSI ERE: Micy is
beink Jofth&d oﬁt% m@ﬂ@&:&e{tadl\aw&toﬁ Plmtsq ﬂﬁsd)&éncﬁa dafnascene filter

ornmed into the cavity 63 above phot odi ode 53 then

1aycxa$1btm¢un@g\ﬁﬁtlyp16@msnmrsmapvalbmﬁbwtthe:nﬁmlanpn gnaterial 83.
hot adi od IS ter ned to

th whi
EncBRlA0 0 Br 3 abii L RER b b b BT S gl e
odeQn:{:tEL@‘al Afkh aPHQ&Qdchﬁ sk r§§1d!cslo§x chhﬂ:pﬁgl{é reposhe s%rﬂQm

hard matrix |ayer 57 as well as cavities 60
glassa(rﬁs_DG5. Referring to FIG 4G then each cawty, i.e
63 and 65 is filled with a different col or

BBl pondhigt o £p ! SDuhn R et R fE TR dfrreg) on
the BrsP 8yt Gln@hpsGRESA niRdeH 88 thed PREM 2 HBIBavRTa SI:6HA 69

into’the damascene | ayer 57, as well as a portion
filtetihg nobaeniiat 85 {txaeikdedi danppased filer fraret) carendirspatptvie ke émlcc

ractive.nodeling.result Each vity ha
stach S b QL AT TR Be 4 o Thh EER CUPULFF s 85 in
this %&ﬁeww ShpBAFIRNis QﬁrY&f‘o@o&&%hE@ el f@&gﬁhﬁ Rftedidight
that a particul ar photodiode is expected t0o process.

AddifiGhal ¢@£§>hldwrama@xlehfﬁﬂ arfyrmmbwhweht epfndohpimasecheaGier
wi,ndo caV|t|eS|nto ma er, 57 as | . as

layclgo; 08 SERiE tisvEBHBRon S%f 3 gaen %\f’é’_&“’rrcﬁﬁ’.“c‘_i fiine

layc’?'(@g.,%%c? XEMIRhAd ¥v&Te TR Af Ba&hoSE ‘é‘l(‘!&p@lﬂ%ﬁ Biyer 87,

~ which is above another photodiode location 54 without general filtering 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 §3, 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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then filled with a color pignment or filtering
wdB &R FIG 4G shows an exenplary enbodi nent of

co&p”é?gh i mager with CFA wi ndows etched andPETIUSUE4/017714
with the appropriate color or filtering substance. In
this enbodinment, red is on the left, blue is in the
m ddl e and green filtering material is used on the
right hand side. However, a variety of color schenes
and arders of co ufacturing for a given

C“CWSHBBRP QR C R C%&E gpie L'ilﬁéS CAVBRL sHAb ag 8@@41 removal

c? IR e h Qi acddhe Cﬁ‘@dce?%@m%dﬁtp %:less i's shown

manufacturing a struc di Ff8rent CFA
mnndom1d|nen5|ons such as the structure shown in FIG

mS SAt pr dtdesinggo FEGISIRL a Hhidllcoadmr iayet P@is p‘ladcmcﬁut@falbf
d r med |nclrdﬁhg a dapascene | ayer 57, devi ce
e §'t‘%’<? AR BAHRGBE ol BdeseBBod ey npgp axp iy Ay @m-pﬁaced on top of

the E’SEE/rpHﬁ%Q&%QéJZﬂl%Vm&PEa%%OQ@ %Pré%a'tﬂygﬁ%hlagcqagygﬁ gEfE shows

con b51. At processing seg

an estlantiaed: phbto chepialatby stisereptshtaghion 4 hafdamscene
| ayer. 57.. At proceSS|n% segnent S175, a cavity is
Cﬂcaﬁ%abéanwtfq*?é 9§t‘@naars $ﬂ¢ét opeand aroabdwd eatqpded ddimastenc

Al e B8 b O A RBB T P B0, T nocessary.

the deV|ce | ayer 55 through the cavity 60 in the photo

Fescgt to ReéfepingdetGrilaean deghplawipobesd E&t s'hm)vﬁ%r
optical characterjistics for a particular |ight

maRiHyEIERE f BrBKBECYEY Ve e damassene ﬁltblystalcphgt oeildde in

o I G e B o
cxar@plll; BeS exePliry YrrhdtutedhofhMBSERN & Th aye br&&sﬁ%c%ﬁlcnt $201,

deV|ce | ayer 55 is required. If another ca
fikg gacle ﬁe‘ﬁrrmﬁomél seeyice stpel 5 2abavatpbotdrliodes 52, 53,

60. h th hot
o PP LIS SOl A
layeB @ coloPfineemsicrigl 816@&@5&@@@&&%&5&%%113@ HrbO&hng
repeated to formcavities 63, 65 which have

seBc RN oriBe £olar filiEn matspal layere 1t i éoroprd inwd ampropetdd es

danfliclNLPYSE 5o ALRY B o LG, L SSREet L4y PGt 00888, R ot

whether or not the color material applied and formed in processing segments $203-
S205 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.optical properties of layers
above a selected photodiode (e.g., 52) for a particular Qvavclcngrh 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 S203 and
conunues through S209. Ifa color layer applied in processing segments 203 and
formed in S205 is the final color layer, then processing branches to processing

segment $209 which then terminates processing.
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determ ned at processing segment S179 that no further
b are needed in the danascene 57 and/or device
“Kg%ggb E@ t hen processing comences at proc&§3{Usgle+e17714
segnent S183 where a coating is applied into a cavity
whi ch has been formed to receive a particular color
wavel ength. At processing segnent S185, the color
coating is exposed and devel oped. At processing
egnment S187, the color coatin appl i ed at processung
udes

[QQGent SReffriirg Mﬁcslf@déﬁ;f capmnlassatbodapent inc
the ¢ V\}t}t ?1 &3 aar&gsccn gncergto %}%‘é%% s wﬁlt el{ i ngaﬁtxclsaga}l!%tz nﬁgcd's %fr’)f87

anot or coa
FIG. P08H¢s thelafiefalfia@nk&l Aleaiid Beertoq R vE B ide RIS,
cavity without color material, then processing
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opti'm zed for optical propert|e usi ng a damascen
cxtcddilyg abave thardeaibt etackCRyerndiSnolaw odk phpsidis &, Netd)in FHE.
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green wave engt o) I"nci

the s2€ MR R0al ARG IBaZrchQBI' lsuﬁﬁméédidvcméa pdmn@ugjf fildading
| ayers above hotodiode 54. In FIG 5B, the genera
materfa] 3£ ¢ignd gaeneilayep) aiardineabevs the dewnce wagkefyaves 2

diffehht 'hSEbcﬁégé F‘? Ref ?Ju?ol ftict‘, 5k Q%oh@égcnc %1 él&gmglg%r 95

scene Ter endi'n

(c.g$ bﬁﬁb( isl fop@Ed Bﬁcme @ume th@la@\h&ddtmtes Hahd dhbextadtge
stack 55 or the general filtering |ayer 81 depth has a

damepssprklisas %ds 9é@ﬁﬁjéf§wbifeﬁnm EthI sé%psm ﬁfrz%l ferifigned
h to th
matc‘élaf w‘inc% 1 I@ur{klda m\l\,ﬂel fé‘l bét& ?c Ly en grglq nlar?anzcg to

evice s e e scene

fornf addtRér exdrayRd c&lnaﬁ@ﬂi&lld’ytHQS afthe is abamnioa&trl;m@td)cﬁodc
encapsul ated with encapsul ati on materi al 83.

locagpg 565 dHeAeriog e éﬂGbéGae% éwpﬁlslhw wietdsiabd % rfpemed efer the
ials Wt teri.a

cxtcggc s,lc%%cnica {51 ﬁs \gclk & 5 r@c g:wet fuB %&n&?ﬁﬁgﬁﬁcr

alter@fons of the optical properties of thc combined layers tluough 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 S223, color material is
deposited on the device stack 55 to a predetermined depth which optmizes 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 S225, the color material layer
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glass (SOG . [0083] Referring to FIG 5D, another

) filtering layer is formed on the first |ayer
“(%ﬁmgﬁggésulation material 83 then pIanarizedTFHEP@é@E”L‘
a portion of filtering material 85 (extended
damascene filter |layer) extendi ng above the device
stack 55 over a different photodi ode 52. The extended
damascene filter tayer 85 in this exenplary
enbodi ment is tuned or optim zed for a red filtering
(e P80 exrfoamed imadint ssrnsded dilienlsxe oyer B selscid pitotagiofs (€g.,
f or ned,aboyve the _extend d Ll ter SH-
53) byt B e e RS bt 307 B¥miFcion
is mad@06f WREhILBL Nt arfthbd @619 o bayesosited @nd phingi}ed. SIf another
formed over the surface of the second encapsul ation
colorligyeelre @gpositohivptPrieprahoy @osmotsHithy HBgsdi bge ProcaiiHn

54 thout general filteri teri. d then
oS A RO R R S P, 0D,
depofittd diPARHevIR stRR 58X@RRhaE Y oe FRecHaIRMicH WasPrvioddy fdrhed

extended danmascene filter layers 83, 85, 89 as well
on thasleviae laync bps P A} tona pralyersirgd, depth.afe prafessingnegment
optim ze opticgl characteristics one or nore |ayers
5225 Pty sipetteaicphR €4 yEhure S7) BaTBHb PG R GRERsd
thé sclEREARABAR AR e | AVEN)S TBEEEIng BAin 8% T €,
mux?ﬁgréﬁﬁe e%%endeg danascgﬁég fﬁlter Ié?%r are thicker
procdskiap ségraemri2odstel $27omiil nayeldiafal tdler otaherl bytreactad be
damascene filter layers. Instead of etching down, this
depogifshdicrPRPCISHIS [ 8X0HET | di ng substrate up from a node
or area to a point where the intensity or other

B PSS ThRYerA AT ) St s

whicRreafénds ahulepldddpehd al dieansibes of easledfiitér drtayiegement 93, 91
requi red, such as if such renoval. inproves colo

or 9% PSS 1GTGP OF AEIEGRIE ATBIR: TiHL IR 1S ar e ayer 55

and 4 ggt%lélﬂaﬁgflg{ordh(g& L 7B shefs tRe hideda §RR1scQie hRY S 2BBve
IS placed on top of the encapsulation material. In

the d&oie lgrb6dineitiag varioiscdimehgnsed solpt Alcactlonentpfl o93, 95

_ the encapsul ation material, which can be an o quall
mth(gxg@ﬂcﬁ,él@gyapcgp_c lq;qc@. é@og %Sclcmcnt mensions wi amascene

layer 57 are determined such that passage of a particular wavelength of light through
the layers over a photodiode beneath an element is optimized. FIG. 7C shows how
a micro lens 99 can be used over an exemplary embodiment which cnl1ploys
optimized color filter clements 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
cxamplc, 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 cmbodir-ncnts.. It should also be noted that the encapsulation
layers can be used with or without an embodiment of the invention to further tune
and adj.ust the optical properties of an imager.
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an enbodi ment with an encapsul ati on schenme which
s a uni formencapsulation material 90 which is
W(b?"élt’éé'%bove and around al |l extended danmasceN&/U24t0aT714
| ayers 81, 85, 89 and thin encapsul ation |ayers 83,
87. [0086] Referring to FIG 14, an exenplary process
is shown for manufacturing a structure with variable
damascene filter structures resulting in optimnzed
optical properties for |ayers above a particul ar
[@ivatjodi odearsdis imasrialf aratigysamdl dmenhienertGpharipdows can
structure . shown in FIG 5D. At processing segnent
be ussgmmm &@nnwmpppatp PRrS PREMR! POPEHIGTe M HEFREd fmgscene
ayer G2} bE s fBRc SREAR AP BRI S VR T Eopug et
selecRId0©§R 688 si@gie AlteaZi0ds tachelcayrilatfe refidcdive hind tiesorptive
material 81 is deposited on the device stack 55. At
propprtas f mcd@ycrss@mve rtpagohr pheeodiefe poipg|magd. nkitsBpilg|be

i.nto e ende a n I
furcicEyatedghar e vieBeeeds ng CRgTbIt CSa0 <0 TR R R o5 =
matdrﬁl Mﬁoﬁ)ﬁs noMghn&l b Bbll]@rttotmﬁnﬁgl:@ Cy)rL%her C@lor&mﬁfmgd

and formed in proceSS|n %nents S203- S205 is the
polyfrienalatarial cn dwwabé nepd infplad @ colon fltedng phowoigsistngs ar e
to be appli ed, the processi ng conti nues at processing

@g?#ﬁ nce ]Q gls \gfr‘ Fya g,?cm men Bg Héc?%wljﬁ%ws a8 §vc Sther the

optimzes
dcvn@@kb&@hyrep @ ﬁbidcﬁ@d&fthkrﬂ%ﬁfcs puﬁb@ééel @es8l foEid@sting optical
phot odi ode {e.g., 52) for a particular wavel ength of
propqr@chtof jan mnelgartbasechon eodsb et pad cphentgilaygep(apeics. Spyical

rofaRSRISEEERS, SRS, G ST MIBN Bl RS0

the EGhBihel BYEH. C@;?tgmjzaaéal cFERSIHCLRAS Lﬁ&l@hduﬁg@ﬁél&ﬂn&hﬂ@rﬁor each
proceSS|ng conti nues at processin ment S203 and

wavcbnguhnueécqthpmuggggdmdqs Ba(é]oq: Wla ew C&B&lspé’s dlcﬂgncd
r%éﬁé%ﬁ%ﬁi gg&%%{‘%{éﬁﬁmgggggs% Irc{r;%c rrlgrrr]léﬁtnals for &H@rcnt

freqie RGES ShREhe SOOHB nﬁhcﬁfe%gjswffltﬁb CEReRiddRkRIaPa e gal t, dependent
rocessing. 22 WO 2004/112137 PCT/ US2004/ 017714

on {HRG8F]ctiRefretexiof ghct dopii® arglalBGimphat¢rtbin by & windows.
Acc%?ggg Iy n\g?itoué cptﬁ ?dlffcrcnt materials can be used in order to obtain the

- appropriate effect or maximum intensity in the photo diode collecton 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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t he extended damascene | ayers or extrusions w thout
. wbeognGagsul ation layers 83, 87. FIG 6A shows the
addition of a general filtering | ayer 91 above’@THgS2004/017714
device stack 55. In FIG 6B, the general filtering
layer in this enbodinment is tuned for green
wavel ength of light. In FIG 6B, the general filtering
| ayer 91 is planarized in order to |leave a portion of
%Q eneral filtering |layer 91 (extended damascene
| @% exOEREFHPIsboVas SHarcgsy caebs tagckwich g irysnireer For
. ' 5 L: net her,. gener a
R S e A R e R e
varioay etchngd s, beewekn, oxide layetsSs pesvid. Hirching @8 WeCfhdeethe first
.over anot her photodi ode 52. Referring to FIG 6D, the
oxide bypOge R8P 40 tps first erdhgstpmpbrl 83 Thenglamenchingd-hemistry is

| ea a rtion of filterin terjal xt ended
ol S iy e Rt sl T b PR b b Sbe b AT o ghn he
ctcRM@rchdmisdyfif ariedHe dRBOLRM Q% eRRcal BREGET k&ﬂmtrf)u% GsecBhd
another general filtering layer 95 (e.g., blu 'S
oxiflg karedOdy P2 tumel! stehfsaee NN dieviackedt Abkn, Smoand stireh is

xt ended, . danascene |ayers 9 9 revi ously forned.
ol G e TREVGEREPAR F F1RALNS ol CHiaE SvroRehinr etrond ecch
stop MOED 3 if Rededasy. €XALR) &ckﬁjﬂg b ye deaaved &Hrcp(gmj:i%: ga%r b¥,
pl anari zed to ~ formanot her extended danmascene Tayer
109 %0 eiwholog ¥; Abbwehicndthbis ephlmbldisatteve balkatlicon 194 but could

ferring to FIG 6G an encapsul ation nmaterial 97 is
alengF ff&atf&%a @f?’ﬁ@lq'éﬁtaemmdwﬂﬁggd@@éo PAVEIS regionelAn inigial
Ykl Q | ' i urther
E e UEREL ol B ORI OG MIRE, o e

lay¢ray s be ttthed ghehshvagte disnghthe AUSultiASS Bl Q4BcRhave been etched
articular photodi ode. [0088] Referring to FIG 15,

p . : S

to HABEHRI M Seaings denfh s bsgmasked énelsr £o Procsech whthcttdring if
[ u i riaple filter .structures resultin ]

nectslgt M i S bl b F e RE Sl weh e
senpiivt it¢ differerphadtochcmietrfed Cor fectit©ércRéaiferehSxides. Also, it
. exenplary structure shown in FIG 6F. At processing
15 Psoéﬁ\grgﬁf’ psgfonm ogg pheice istap #id| gxposs diffkrens layens ned

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

o0 o5 AN B L B L R B
differcrichentsteithesrs slepedihB doowiatlaRd ieedil Radcdepob ek, if
sﬂiggg }xirtnriczice 183 u%g(!l,%rS 00 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 cetching, chemistry switch,

26



| ayer (e.g., 91) for a particular wavel ength of Iight
wWhh edueli$2kNCi dent to a sel ected photodi ode surface
(e.g., 53). At processing segment S225, the coPgF/US2004017714
material |ayer 23 WD 20114/112137
PCT/ 1JS200- 4/ 01771-1 (e.g., 91) is formed into an
extended filter |ayer over the sel ected phot odi ode
(e.g., 53) by nethods such as planarization. At
processi ng segnent S227, a determ nation is made of
etefpes Hapsking wst ciahinB@roest en berapsatsd ugtihoshtatbraiigr cavity
fm?%%595&%§9'OIQCQQ%F er .color is to be deposited on
dne or or & POFTTonE™6P' e i mager, then processing
segnent 5223 is acconplished and anot her col or
npacdlal | ayge EL\QL @ruct@hekein cd€ @@%Jo@po@&dtiﬂt% ﬂﬁ\‘rﬁa“g%r
stack 55 and the color material which was previously
depise davingan artay of pielsead legse pn¢ @f ghc pi9dly btinga pixel structure
RLegdet rning?ldep h. ﬁu.$ro?§ssin sggrent .S225, the
REW Y a8pTET T8 EBY BICNaLEr it af Uragerdcyise 407 iggf may be
couPled®d d Prolesddr FOY RNEDRM o flobl&hr %___Y@bé%{ 187 &4 js%H@wn in FIG. 9.
sel ect ed phot odi ode (e.g., 52). Processing continues
Proegspor yrwoetel ngxsmghenof S32&nh ba8AR digint ¢ikcu® which could

addi tional color. material | ayer re to be deposited
re i s, GERUEPAD iTABHS Settessl O codotingar eV her CoLFinmee

debfte. ARMBE! bEXEMRERLY sCHPOYs (BAT . l&h
“Conbi nes nul?%%reugé%ﬁhs ng |neﬁg§gﬁggggxgm@%PdW“an’
cafrickd gystanysaynrelk eneeitindddsiod lvehatle Qavivdddn dakehgdideo phone,

| ocation of a respective element with respect to a
5 S SEJER, B0 fOHIY SETHRr T CHREET PETb AN dfttGior7@stem,

- . ) scene layer 57 abov the.
iR R R R b S e S R G R T
tefeirisioar, altlo€ mbithscal kitili98 thdOpresaMttiRveeibanded danmascene
| ayers. Color filter elenment dinensions wthin
d ene |ayer 57 are determ ned such that passage
of@;@ar ti cOf BIPCSRRFAIETTHTRCET: SUFYRE 2 EPPBYIGH SYstame for example,
RV S oS5 @ 1P NRAA8) RS t cdsing uni
& opt i ?n zo ed. SIC:PG. 7C9géﬁg€/sgn %gél\ff?&alrbr%? 2 rcghﬁ%elﬁsl&ﬁsmc%\ﬁn%ém d
stosied devee 188, foxenphple v meichgpaboandr thih @m@OPIcO¥S with one or -
optjmzed color filter elements with a damascene '
MPLyEPUL PUBHbHFACBd Aotldy PREET eompugicates @it hY preesise 108
ox%éﬁsg)# %nfbtﬂayco%@c&&%aﬁé%%hﬁ@éuSH’%%H{ LG rr]rtle%r a?gfo -l%‘éhgcsirablc' to
integrate the préccssor 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 strucrural and electrical
changes may be made without departing from the scope or spirit of the present

mventon.



descri bed herein. [0090] The sequence in which col or
filters are forned can be varied. For exanple, in
some of the exenplary enbodi nents, red is forned, t herbOYD WISE
green, then blue. However, the order of color filter
formation i s not quéigﬂ%go this sequence in this, or
any ot her enbodi nent’s. shoul d al so be noted that
the encapsul ation |ayers can be used with or w thout
an lefB dapgBE dewre coPI#HD&Nti on to further tune and
adj ust the optical properties of an imager. 24 WO
200. ¢ larbAty3T fhoTY 44821004 tdgiohs fdr {e06 bl ivadens light;
mat eri al s, coatings and di mensi ons of CFA wi ndows can
be s adstdrielor nfite bthée tyeBTotnedodi drirdehdofaid slatality of
properties. An extended damascene | ayer can be

F)gmggmsim@[@ggns;t hen can be coated with a coating
ayer which I's selected to provide selective

al t & 1%15{ Bgér f%ﬁné&%o&lé @cilild% %e}\égt c{n folr g{:otré é@s@ﬁgers; and

absorpti v prope es of ayers a

particul ar t odi ade being.tuned. It shoul d be

P ot et SR dr S OR O HOLIR P i g0 t od to use
of color filtering photo resist as  material selection
carrespendingiopesiofippida prality ofiphofresenpitiyje eegigns| Wherein Col or
filtering polyner material can al so be used in place
efchoaflserd filtdr tregiomphas kiafferemtepiisa]. pro o) foil sedeativel yof

vari abl e di nensi oned CFA wi ndows above either the
@iyt eSdplick] dhayRteriSlicsdTaighepReiag thridess tle\fRter Pégddtisdes

a neans for adjusting optical properties of an inager

ﬂ&?éée d'g?@ﬁé pl%% §en§fﬂg,eq ibgctive layer properties.
p

B
Opti ca operties iInclude focal, absorptive thin

o A L L S05E AThel LRSS RIRARH 48R e

corrpl S. tTmzation e S I'n

i ncr easi i ght intensi for each .wavelen ﬁéb
CREPEat oSS OB PR LU e, EuiP PR ARy o2
al so be designed, to tune or optimze light intensity
{SeRpHETe regieds FompRises drgntecond ad; third phejp seyif e TesOns
frequencies. In other words, the depths of the CFA
dbmespestieelg redervipgfitst, sdemdradd third wnidehidighéfsaricfiist e
i ndex of the dopants and filler inplanted in the CFA
Vii1f3€l @3fon 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.

3. Animaging device of claim 2 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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Accordingly, various depths of different materials can
be used in order to obtain the .appropriate effect or
maxi mum i ntensity in the photo diode collection area. LLOYD WISE
[ 0093] Anot her aspect of the invention focuses on how

different col ti.m z4 at .each one is
def G Bireia P e o AN 2 VR FBARG H E Rea L
substrate to the photodi ode. D'fferently di mensi oned
ARtimized for acqyan ayayeslength)of dight, saig seqond fidter eRgionRi ch i s
capabl e of optimzed filtering through i mager |ayers
bptimezed fara meghdnta wewdlength of kgt and eaid thyird Glher rbgioh ar med
into a cavity which has different optical path
bptgiZes férayel@dmewaigpth 6f lighti t h t he aver age

wavel engt h expected to pass through the path as well
as the i mager substrate or stack above the phot odi ode.
Tuning the stack thickness to mnimze reflection and

0SONGHAUARE K 1 OfereSAGIA RV ELENGLR hR0° O

inte eases t ensi t

IIected b hot dlode red n.and
BN GGreg1ons PaYe TesRAEHYS HEsbcrogand a&%ﬁ%d%nﬁfﬁ VRIS 57
PCT/ US2004/ 017714 L0094] A variety of etching
basedtie gie on @aHming, 5 el rmea‘fﬁdtha/esam\?mtlmmsalqtérst
exanple, referring to FIG 8, a set of oxide |ayers,
seroihd asd diitd oo sinsitivdecgionst h  vari ous etch stops
bet ween oxi de |l ayers is provided. Etching can be done

on the first oxide |layer OX1 100 to the first etch
stop N1 101. Then, the etching chemstry is swtched

tog g {gﬂagir?g;&ev?mc@ﬂn ElaRrdiR s el debsigha thire N1

101 etc then the étching chem'stry is swtched

anot her chem ¢ ch t e h d
SieRfbelolS s MBRE? S8 fheiPekiSackiled MUelsR RERRE | o
Then,, an SWtc an etching chem str
\HWQEHaPQqE§€@BV%S%FREFGHcﬂB“@ﬁP%bgh t he segond etch d
stop N2 103 if necessary. Then, etching can be done to

the third oxide layer OX3 105 to etch stop N. 105
which, in this exanple, is above bulk silicon 106 but
coul. dAn ahagingdevicmefiaidmi 6 wireooin said firstosegonghatdgbiirdde or
photo sensitive region. An initial filmstack can
icolor Widker Rlgidhs sbepaisdetoeefiltadtiphoayesisor sel ect ed

| ayers. Al three
8. An imaging 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 pixels;

a first layer formed above said at least one or more other layers; and
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| ayers can be etched at the sane tinme, then resulting
cavities which have been etched to a maxinmumdesired ||oypwisE
depth can be masked in order to proceed with etching
if necessary. Different |ayers can be the sane,
material or djfferent ter.ial. ich afe sensitive
to &ipf]?ré]r‘(é’rﬂqulalfeé ﬁegé?{’érfg’g’?‘ﬂr@ﬁ‘% prsiday eé@%’?‘(ﬁe et ches of
different oxides. Al so, it is possible to perfaormone
piroespordieg oraschf sxigperatityrafeplon pixelsy wherein eashof sadr i ous
t hi cknesses can be used with the different layers in
ditéf regiens handiffdreneopticatippeeries tpreeleviitedy magddyingat er i al
is used. For exanple, if silicon nitride is used, a

I@@%mwmm& B B eassisathraghubetitdraegivheast ch st op.

ot her materials are used, then thinner thicknesses

. 135 Also, it is possible to use
§%¥Vg§82?ﬂﬂ%?§#?gﬁg with different oxide |ayers each
having their own selective chem stries. If a
selective etch is desired with a sensitivity to
different _etching chem stries, then an etc
pr Qe simaging-deyiss of clamy “ihﬁfﬂlrbﬁfégas&%%ﬁesﬁ‘ﬁp gﬂ‘gl ayer
to create cavities above all photodi odes at once, then
e¢gidrisrogmpirisecaphatd dithographisematetialst | ayer or depth at
the sane tinme, then mask the cavities which have _
reached a naxi num desired depth, with or without etch
stops. Then, if necessary, an etch stop can be etched

t o YgimdeBNd AR of S48, Sitledei®hIBashBnd 6f sadd SREONd
| ayer to etc down to a desired depth or dinension.

SRS B S Bl R B s A BB,
etchi ng process can be repeated until each col or
filter cavity has been etched to a desired dinension.

0096] The pixel structure, herein, can, be | ncorporated
| ilo Amimasovisaldm by gL RRy o IR o
| east one of the pixels beuig a pixel structure
comptisaufitse secandzoddhindjcalor pikels forvesperivyely meelvingager
device 109 itself nmay be coupled to a processor 109
tfastf sucondamt thidsscaders Yighte and &i7d Alter sg®hovempmseHir&, 9.
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
optimized for a red wavelength of light and said third filter region is

optimized for a blue wavelength of light.
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Processor system 107 is exenplary of a system having

digital circuits which could receive the output of an

i mager device 109, including a CMOS or CCD i mage LLOYD WISE
devi ce. Wthout being Iiniting, such a system can

i nclude a conputer s caner.a_s em scanner,
h&n ARAAEERGRYIcs BF CIaT | h et s ) S Ehtee o0

phone, surveillance system auto focus system star
optieized forpgyamvapelengh of iglicsdid pecond fitay regiondg e
stabilization system and data conpression system for
bptiphize® fornirhagenta watebonigdi affljghtbid oiid tividcfilter acgion isl | ze
the present invention. [0097] A processor based
SHMEh2BA ferUGRIIBw \aamemgm&ndgyst em for exanple,
generally conprises, In addition to an inmager 109, a
central processing unit and storage device 108, for
exanpl e a m croprocessor that connunicates wi th one or
myy e i nput/ ou eyvic ni.cat es
i A dsBich o7 SuS T odieein 5l ol SR SR
conventlonal communi cation path. It may al sqg
filter regionghavs a IieF'Reé&V%\ﬁEStatsﬁ%o%‘r%‘éé@%ga imgggion; fﬂfage
device 109 and any other required conponents, such as
beiguivelyaltoring thevintesityl o sashineidentdighgreseived by 5{16098]
Reference is made to various specific enbodi nents of
tfihe, setandemdithind cdlbepreRnmbodi ments are descri bed with
sufficient detail to enable those skilled in the art
to practice the invention. It is to be understood that
ot her enbodi nents of the invention may be enpl oyed

and t)hat . t .may be
1 2

e ACRSEHTRE ST I SRR LE Bl SRR Y 0 e
pres invention. 27 LLOYD WSE. CL
| madi qugrali@ﬂﬁfd’é‘%oo%?ﬁ?‘%? H°"a i TSF%W‘]“E;}“%/E HS@Q
sensitive regions for recei |ng |nC|g hF%g at
| east legHeons dAmBpeEne (38T IaTmye PR OF BioNEd B PUTEY Sind
said plurality of
photo sensitive regions

a first layer formed above said photo sensitive regions and said at
least one damascene layer; 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.

31



photo sensitive regions; a first |ayer fornmed above

said at | east one or nore other |ayers; and a

plurality of filter regions forned in said first IayelrLLOYDW'SE
above corresponding ones of said plurality of photo

sensitiye regians, erein eac f sai.d filter

"6 Orre o pixedior Faine A8 tete s Bty BF Bler piors

sel ectively nndifying optical characteristics of
¢dmpivisep Arst,i sagondranduibisd fifter regiopsrand sgid phrality o phetoei ved
by the photo sensitive regions. 2. An inmagi ng device
shsitivarepidnswoarpeises Sat, deqoindaad itisd pifotd sdnsigive regyérsns
conprises first, second and third filter regi ons, and
RRirsbpBdtived) febdividly MBQsRond ambihirdvecid&gilighs ssiampsti Ses
firsP, second and third photo sensitive regions for

ﬁﬁéﬂg h{l %Fﬂlnéﬁgﬁﬁﬁie\agﬂgsaﬁ& Fisd ]jncﬁfeﬁf’ﬂgut,a{h‘i’d §debhd filter

I nci sal I rst Ilter Tegion being

Rl S5 it TR bt ad b il e PGy

light. and said third. filter region is optimzed for
ERIQn 1§ ﬁpmlﬁeﬁg%%ﬁ{&vlﬂgmﬁe%.llg i magi ng devi ce of

claim2 wherein said first filter region is optimzed
for a green wavel ength of |ight, said second filter
region is optimzed for a red wavel ength of |ight and
sai7d A ¢vlorpikell df etaimel@i volreréia saidfiritriilee degiar isaphilnized
wavel ength of light. 28 LLOYD WSE 4. An inmaging

4R\ FrEerOf vl g of NI A dsesidifiltdrirsdion id dptimiz@biopa i s
optim zed for a cyan wavel ength of Tight, said second

PRI PV an PRl i i PRRRREA IR LR

for a l 1 wavel ength of light. 5. An inmaging device
&@VQFQ%EPQE erein said first, second and third

filter regions have respective first, second and third
di mensi ons which are

18. 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.

19. 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.
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based in part on optimzing |ight received by said
respective said first, second and third photo
sensitive regions. 6. An imagi ng device of claim 2, LLOYD WISE
wherein said first, second and third filter regions
conprise color filter .regions formed, respectively, of
f £9-sAn Imagipg £lgviss QOMANFIAS Hhot 0 sensitive col or
materials. 7. An imaging device of claim6, wherein
sai d plurality of phelersanative reiong forgegesying incident Hglhfi ons
conprise a color filtering photo resist. 8. An inmaging
dev apturalitypifidamagrena layersrfatmddyresfectodlpabgiesald f or
receiving incident light; at |east one or nore other
piavit s of SHOW® SerRiiveregdbmyiagd sai d plurality of color

pi xel's; a first |layer forned above said at |east one

OF Iiraffly TR YeRAchs rBRRcrRR) Fob P allveRaidpilaMEA tY

ter ‘regions forned In sa I rst Iayer above

orrespaondi n ne f .sai l.ural ity of. col or, pixels,
SreERTE ke oSG8 pBira Ry pf efor sdislvé g efifton
optical properties for selectively nodifying ,o&tica
sich filier regions prd said dpmagcenglayers Aavipg PpligH Prapertes (fofer
regions and received by the color pixels. 9. An
mudifyying thieentizel propertias od ®id inkident lighhrecewvgd by sad of
said filter regions conprises a photo |ithographic
rRp&tivaphotbGensitive mBipnng devi ce of claim 8, wherein at
| east one of said filter regions are formed wthin
previ ously defined openings in said first |ayer. 11.
An imagi ng device of claim8 wherein said plurality of

pibkeru ik SRR S By P e AR AR S Al O
%fqhgjiérg’cio&%irigeesnftlrstl, isgclgtnﬁ and glirsdafiilgerfrciagligr?sr, and ga'u? lr)]lsﬁraﬁ%/m rise
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. Animaging 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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second and third filter regions which are respectively

optim zed for said first, second and third incident

light. 12. An imagi ng device of claim1ll wherein said LLOYD WiSE
first filter region is optinmzed for a green

wayel engt h_of saj econd I ionis

o3 hnogasig ewcf Shaiy ef aletan $i< sy AleEfBiods o ni r o
filter region is optimzed for a blue wavel ength of
onitighized B0 acy@ywavelgth elishtnsaidesgprgliliensegionds cl ai m
11 wherein said first filter region is optimzed for a
eptmnizydifos laenagehtaok avelapigth, ofdghtiarxkbsaoththiriliflltee regieyison i s
opti m zed for a nagenta wavel ength of |ight and said

&;mnﬁﬁeé fdrtaeyenwgm@wn h dfighti zed for a yellow
wavel ength 'of light. 14. An inmaging device of claim1ll
wherein said first, second and third filter regions

have a respective first second and third di nension

fqQr ,selectiv al.t he.in t

| O aBnmaeriEy e BLHGlh 28 i h P R, oo Qla AR Mg
third color pixels. 15, A c I far ap i magi ng
Hlonresons Gava TEPeEN & BisbrsresrAghd el Grsniions phot o
sensitive regions for rece|V|ng i ncident i
betimizingthe thwndest bl reepjvad Yyseidelirst second and thmi r&m“d
plurality of photo sensitive regions a first |ayer
fokied refiovwerspedivplyot o sensitive regions and said at
| east one damascene |layer; and a plurality of filter
regions fornmed in said first |ayer above
correspondi ng ones of said plurality of photo

S%@S¥uf¥ﬁ§ égPeren ﬁE% n each of said filter

régi ons optical properties for
P S o PO SRR R P ALl . o

at least one other layer formed on or around said plurality of photo
sensitive regions;

a first layer formed above said photo sensitive regions and said at
least one other layer; 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.
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and received by the photo sensitive regions. 31 LLOYD
WSE 16. A color pixel of claim15 wherein said LLOYD WISE
plurality of filter regions conprises first, second
and third filter regions, and said plurality of photo
sensitive regions conprjises first, second dthird
pHdt AN dBANE Hgwcs g ?16‘?%&? Wz‘FrePb%aﬂﬂeBlPﬁi'gY of Piei vi ng
first, second and third incident |ight, said first
regione compsiges firgesengndpd third Sdter mgionsi andrspidpluiality dent
light, said second filter region is optimzed for
staihdtossasitide roptordenmphisesfirsgsetosdiand thidrhota $eneitive
region is optimzed for said third incident light. 17.
RgfoRl &r rBipeetivedy réekivinp fi6t, Wbdhe afd Sadddnéidemtlight,| t er
region is optimzed for a green wavelength of |ight,

: il - . o - ed
B A EREEG e SRR SRl Bt o,
optim.zed f.or.a bl ue vel.engt h.of. .light. 18 .A color
?ﬁCQ‘é‘Phé‘?r TEBIAN Ay QRITRES ﬁ(?ﬁalgaff‘gmpil?%fla}t?ﬁg te"lrndrs‘cé\_ngclﬁon i's
optimzed, for a cyan wavel ength of |jght, said second
thirdtfidier Fegggrols opEmaEd; fag %aé‘athf‘réirm%lderﬁé‘éhﬁt a wavel engt h
of light and said third filter region is optimzed for
a yellow wavel ength of light. 19. A col or pixel of
claim 16 wherein said first, second and third filter
r e9i amsinhging device s elairn 26 wWhereit said diessfidtearsgidrhisr d
di mension for optimzing the incident |ight received,
EHRREBEA K8l gheerPWaviddrgtl bf 9dht, sARICRBShEMILrrEibAlis phot o
sensitive region. 32 LLOY WSE 20. An i magi ng devi ce

SR8 K% regi@gg{eﬁ%&oﬁ gigﬁt RN Ff TS ¥Bidngg! ons for

elrvi ng in

optimized for a blue wavelength of light.

28. An imaging device of claim 26 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.

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.
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a plurality of damascene | ayers fornmed respectively
above said plurality of photo sensitive regions; and
a plurality of filter regions respectively forned LLOYD WISE
above said plurality of danascene |ayers and said
plurality of photo sensitive re ons each of said
f 39t Arcopa g §oraa@drrsag}n@ dexicasEhRixeLEPRIPEISHSY i ng
optical properties for nodifying the optical
pr opehuralety of phetaisdnsities wgions Fargeaeivieg icdeat bghtsai d
respective photo sensitive region. 21. An inmaging
devickastfone damnmascahe layhefoaned staive spildphatosénsitofe il t er
regions conprises first, second and third filter
f8fnens, and said plurality of photo sensitive
regi ons conprises first, second and third photo
sensi I I,V fhigst,
sec?;ﬁ%“%efr fﬁ“@%&?géﬁ?‘ AT b BB ropleS,
|on bei n m.zed for said first incident |ight,
ﬂsm§geﬁﬁgg?$ PE? region is opt|n1zed for said
second incident light and said_ third filter region is
opt ialyrelityradifiliearegionsi fpanedinisaid firsy lay@above. A
i magi ng device of claim?21, wherein said first filter
cargdspondisg ongstdf shideduraby o pgoteesnnmmeemgs,rwhﬁreml ght,
said second filter regionis optimzed for a red

vrnelremdttep tedior@tas aifteraniogtitdiprapeftidstfer seteegively i s
optim zed for a blue wavel ength of light. 33 LLOYD

wl( ; sﬁ?’l g%iptléﬂ chIBBleRst do¢ i ?ﬁ‘t &Jssﬂ%é ﬁirﬁﬂlg’iﬂ{h%%?fe%m‘h@l d

ter reglon I's opfimzed for a cyan wavel ength

d f
HizsEnr o R BRERRS S ool S Sai d hird T ircer

region 'S opt|n1zed for a yellow wavel ength of Iight.
24. An imagi ng device of cIain121 mherein said first,

second and third filter region ve r? Pective
f i3l stA calerpinel TR e A ‘H§ g 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 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.

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
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optim zing the incident |ight received by said first,

second and third photo sensitive regions,

respectively. 25. An inaging device conprising: a LLOYD wisg
plurality of photo sensitive regions for receiving

i nci dent at |east one other |ayer fornmed on or
rgd W@leggfhd)%b‘lgb‘r and; spil §d g;ﬁtsf feiondh gpte%vsd (YA RHE; a
first layer forned above said photo sensitive regions
wanctlengildofdight]| east one other layer; and a plurality of
filter regions fornmed in said first |ayer above
correspondi ng ones of said plurality of photo
sensitive regions, wherein each of said filter

r ggi Qrb%l&ﬁﬁxéj 'O?Eﬁfrﬁ RY wHRtdik 8did Wit Fidtef te@forf i bptimized
selectively nodifying optical characteristics of

Lor gfekamg?%l&ggsﬂ BE (ufNschdSecbid fifer rEEBh ot FgGel v ed

ensi e regions. WSE 26.

rhptn Vot oL berasud iR Ede 3o it fark

fllter regi ons and said plurality of photo sensitive
Y@bwagwﬂﬁﬁﬁbP§%§“flrst second and third photo
sensitive regions for respectively receiving first,
second and third incident light, said first filter
regi on being optimzed for said first incident |ight,
said A cerQsitel fof kctagh 31 agheddin issid dpsét] secasdlaridthird dildr
second incident light and said third filter region is

Fb%adn@héﬁ‘éjrefsﬁéctﬁ@ 'ﬁ?stt bl dAGhiH€ BimdnisdRb for?oZ)tmﬁ‘ﬂnF Cer

ging device of claim26 wherein said first fi

Lheql on nt ?1'%59 1?‘}: 1%&?}?5&@ |f'lrszal &E&%ﬁn‘ﬁ@ﬂﬁé Eﬁkﬁl) I@er%ﬁtl\le' ght,

§'s%co ter mzed Tor are
wayel engt l'i ght and sai d th|rd filter reglon 'S
Bistans: Cf‘?ﬁ‘?lya bl ue wavel ength of |ight.

35. A computer system, comprising:

a bus;

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 photo sensitive regions for receiving incident light;

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

a first layer formed above said at least one or more other layers; and
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28. An imaging device of claim 26 wherein said first

filter region is optimzed for a cyan wavel ength of LLOYDWISE
light, said second filter region is optimzed for a

magent a wavel ength of light and said third filter

regiop is imzed for g.yellow wavel ength of |ight.
29. aRﬂ“ﬂHﬁg}?%eH@ﬂO&é fgmeg it 53¢ et eF 8bHesai 0 £ r ot ,
second and third filter regions have respective
¢arrespondins-eiied oA prid PHIrAlLy @f RBoTR iSensiYedESIoBH THEF SN ng
l'ight received by said first, second and third photo
sehof taid dlter mgiams das didfeopant pptical propesics fasElep By 30. A
col or pixel for an imagi ng device, said pixe

@08iying optcal @hghetedstics pf tifhtylasding theaghtthy lteeggons f or
receiving incident light; at |east one damascene

LidiRkeil & BRthe PROMAS Rtk RBMINGSENSi tive regions; a
first layer forned above said at | east one damascene

| ayer and said photo sensitive regions; and a
plurality of filter regions formed in said first |ayer

ahov correspondi on of said pluralit f photo

s B as reb‘t qq;%pqlgég'gtﬁgl, Or}%ﬂ?é]in Vhereln said lgrgﬁ%a/ (ffi}@{%(re r

regions has different optical properties for )

EEI Qs CPIFises firslel Feopns gnd rnddalfer g¢gonse it yaid plugaligy

l'i ght passing through the filter regions and received
bf/phdte squisiive regiord eampisee §fsbrsgcondand thigbplnto penstiveof
claim 30 wherein said plurality of filter regions
il ifoeespdctisély recetangl fimndetdndraid fthird cidesgligits, and
said plurality of photo sensitive regions conprises

£difi ot FRRERRATENG HitirHized QI Qaig grsti ihdident Nighi, emg  f or
respectively receiving first, second and third

'(s)e%?)#l&i Sk Jeigga:ﬂtis o?tgrin&lefi Ie8:Shid debdridinciaes 1Mt Bfd £8d

ptim zed sa rst rncident |i1ght,” sard second
ftllnidt filter region is optimized for said third incident light.

37. A computer system of claim 36 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.

38. 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.
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region is optimzed for said second incident |ight and
said third filter regionis optimzed for said third

incident light. 32. A color pixel of claim31l wherein
said first filter region is optinmzed for a green LLOYD WISE

wavel ength of light, said second filter region is
optimzed for a 36 LLOYD WSE red wavel ength of

light and said third filter regiqn _is opti 'zeg.for a
bﬁﬁeAwammteﬁgmermof claypso whereinsaid figst, %FR@IEW Efai m
31 wherein said first filter region is optimzed for
flter yegionschaok ecspettiveffinst, ggeond grd thirdalimarsions wlich peegi on
is optimzed for a nmgenta wavel ength of |ight and
wabdlint gairt ¢h dptinkieingrR@t feeeived bpsiidirespectiversaid firgel | ow
wavel ength of light. 34. A color pixel of claim31

éﬁ@&!&éﬂa tﬁﬁa?héﬂo%ﬁsui&@&gm&and third filter regions
ave respective first, sSecond and third di mensions for
optimzing the incident |ight received by said first,
second and third photo sensitive regions,

respectively. 35, 0 ter syste QNpPriSi Ng:. . a
AL, Aopmisk st sfe e §hediy Bt SRR At pue
devi ce coupl ed to, sajd bus; ?n [ i ng devicg.coupl ed
fikergagIanHeMRIHG CP}PT?QW%{%F%‘& PIFIEdnfespECtY S\]iydoé"réb essor
and i nput/output device conprising: a plurality of
gicondaskbthgid iphote sengjiioneoloomaterdelei vi ng i nci dent 1i ght;
at | east one or nore other |ayers formed on or around
said plurality of photo sensitive regions; a first

| ayer fornmed above said at | east one or nore other

| 3y emSsondifler system of claim 36, wherein said first, second and third

color filter regions comprise a color filtering photo resist.

42. A computer system, comprising:

a bus;

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
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37 LLOYD WSE a plurality of filter regions fornmed in
said first |ayer above correspondi ng ones of said
plurality of photo sensitive regions, wherein each of LLOYD WISE
said filter regions has different optical properties
for selecti y nodifying.optical characteristics of

| i ghPlusalEy Pﬁgktfrrﬁe&?&ﬁf rﬂ’é’giﬂ?F '@%rsrtéad‘lebﬁl%oveand recei ved
by the photo sensitive regions. 36. A conputer system
eptregpandingamennésaid plusality ogmlplalplﬁ?ly, hergin cpgh of iaé%i ons
conprises first, second and third filter regions, and
Bladrdegibns ledsidi fferentf oppieal propreties for sedeativgiyonedi€angr i ses
first, second and third photo sensitive regions for
stipehalacRirigticseefdight passingrthiongls erdiitbr aggiorshindd

incident light, said first filter region being

Igg%i{,gg BethelcBlorpdiets. 1 rst incident light, said second
filter Tegion is optim zed for said second incident
light and said third filter region is optimzed for
said third incident light. 37. A conputer system of
claim36 wherein said.first filter regjon.

ofit m%‘ww-‘/%{e@@géf?l A\;evf'%@lflﬁalgfpﬁlfr%ﬁ'to,f fﬁtgf d second
filter region is optimzed for a red wave| ength of
regtpms camprisesifgst proend ard thad fllegregirnssandostd PREAY for a
bl ue wavel ength of |ight. 38. A conputer system of

of @ilon Beelnhenprise firai, decond gnd thindteetorpixsloteri s

optim zed for a cyan wavel ength of light, said second
fdspéctivellyegiedving Sirstogetond adhird incidemtlights seidveirse Fidtengt h

of light and said third filter region is optim zed

fedortbeniE) tinivey Rirematiitsthciliédight, 88dlsbd¥B AAeBE  39. A
conmput er: system of claim 36 wherein said first,

geg?o%nig ogir@i%eﬁgféﬂsay LdeBhd fn%ﬁfegﬂ?gcl-ﬁ ﬁgcfsezﬁ@ﬁﬁﬁ?ﬁlitéfe first,

con mensi ons

region is optimized for said third incident light.

44. A computer system of claim 43 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.

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.
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based in part on optimzing |ight received by said
respective said first, second and third photo
sensitive regions. 40. A conputer system of claim36, LLOYDWISE
wherein said first, second and third filter regions
conprise color filter regions fornmed, respectively, of
first, second and third photo sensitive color
materials. 41. A conputer systemof claim 36, wherein
séb.dAfdomputer sesen@®L gﬁmﬁﬁiwwme stig firstj secand andythigds
conprise a color filtering photo resist. 42. A
filoarpegions Isavs trespectoenist, séaogd andthindsiimangiemscekishare
coupl ed to said bus; an input/output device coupled to
SRbdinbsist orddptim@Gignizht excived bougill ecbpeaiveanid fivss and in
communi cation with said processor and input/output
QeYAFamERITRCbR: Pkeld Pl urality of color pixels for
receiving incident light; at |east one or nore other
| ayers formed on or around said plurality of color
pi xel; a first layer formed above said at |east one or
re other |ayers; .and 9 LLQYD E. a plurality of
£ AT reonaiss S Bhaalim o wigrei 1 sty s itd
correspondi ng_ones of said plurality of col or_pixels,
filterrregianeeqpprise colardilter ragians forapaderesperiively; of skt
optical properties for selectively nodifying optica
sdeandandethird tpho® sshsitivebelopmsteiialg. t hr ough the filter
regions and received by the color pixels. 43. A
conputer system of claim42 wherein said plurality of
filter regions conprises first, second and third

figkt Qf cInfist NS steRF SR D el $a¥d first, second and third

color filter regions comprise a color filtering photo resist.

49. A method of manufacturing a color pixel for an imaging device,

comprising:

forming at least one other layer above a plurality of first, second and
third photo sensitive regions for respectively receiving a first, second and
third incident light;

forming a first layer above said at least one other layer; 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
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of col or pixels conprise first, second and third col or
pi xel s for respectively receiving first, second and
third incident light, said first filter region being LLOYD WISE
optim zed for said first incident |light, said second
filter reqgion is, optimzed for said.second. incident
Jai st aprpnd i thir regions s apdified %BreP%tGHB‘PFWB%‘Eﬂ or
said third incident light. 44. A conputer system of
e for aptimizangperfosaiapee ofrsgid hofqsensifivegiegions-s
optim zed for a green wavel ength of |ight, said second
filter region is optimzed for a red wavel ength of
light and said third filter region is optimzed for a
bkgle Awasabe 6 ginan@hctuiighbf cldim 4Awhergautaeh of yaitl eniood
claim43 wherein said first filter region is
g!%#édﬂcé&’ﬂy £, 0hofd 1AHEFapVRY RlaRPET h Qth bf SN filt&@degiongcond
irfter region is optimzed for a magenta wavel ength
of light and said third filter region is optinzed
for a yellow wavel ength of light. 40 LLOYD WSE 46. A
conmpuyt er _system of cl.aim 43 wherei.n said .first, second
aﬁ&-3HPW@°¥P?F@P“¢@§PB%§“HBW%“%ggﬁg%FPvgnPPgSt, second
and third di mensions which are _based in part on
opt iferming g firstphiraliyafioperngs ingfirgt lagersbeys Ydeashpre
first, . second and third col or pixels. 47. A conputer
sthst egerp§aid hulieast 48¢ othiee lagerbeing Wrned shovegaesnsdtiyhd
third filter regions conprise color filter regions
fiest pRelality 8 pRatb isviditive adéasfin asimages dxond and third
photo sensitive color materials. 48. A conputer system

of GhaddD &l diwRaEled Nrst8d16r filtérShatesgcond and third
color filter regions conprise a color filtering photo

r esirgﬁlbviﬁg'ex&sgrg(glgpgla%ﬁiam@gﬂgtU Q1 8¢ SRl @k, Bhxel
for "an i nagi ng device, conprisin

forming another plurality of openings in said first layer above another
respective plurélity of photo sensitive areas in said imager die;

coating said die with a second color filter material; and

removing excess color material above the top level of said die;

wherein each of said openings is formed to a predetermined depth
based upon the desired intensity of light to be passed through said

respective color material and underlying layer, and received by said

respective photo sensitive areas.

52. A method of manufacturing as in claim 51 further comprising:

forming another plurality of openings in said first layer above another
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formng at | east one other |ayer above a plurality of
first, second and third photo sensitive regions for
respectively receiving a first, second and third
incident light; formng a first |ayer above said at

- . f ' . fak-Ly . first,
R/ OF b it Eee Rl e o SR Y Xy L
l,ayer h of said filter regions being selectively
PB%ﬁ%%P¢%§&ﬁ5W%FQ§i?ﬁ$ or and a depth such that the
incident |ight received by said respective 41 LLOYD
W SEemeying expgss colog pratsiial ghayeiths top levehpbyaid dis. nodi i ed
to a predeterm ned intensity value for optim zing
performance of said photosensitive regions. 50. A
nmet hod of manufacturing of claim49 wherein each of
s&i3d Acoletiod of nsanpfactutitgdh doyoraixed déraanl intabingrdepitec
material in each of said filter regions. 51. A nethod
ebmpAging:act uri ng an i magi ng device, conprising:
formng a first plurality of openings in a first |ayer

abovBrfihgla8 3Sitia Of stQ&ﬂ?ElgE%?hoton%gigt, 2haldGAStixOne

ot her layer being forne a respéctive Tirst

LLOYD WISE

| uralj f. photo . sensitive areas.in:an.i er_dje;
Gyt Al s o B R Rt 2R3y P AbueRER e
renovi ng excess color material above the top | evel of
atjogst ang damprsend (v lﬁgatacﬁ@tms rsalgwai'eaﬁti g fsf l8¥s&ni ngs
in said first |ayer above another respective
pl urfarming agfopppg én sasthphatp yesish pbeies at feasiong dfseider di e;
coating said die with a second color filter material;
ahotodiodeyvi ng excess col or naterial above the top
| evel of said die; wherein each of said openings is

f or repshifiardl RfiGSIBE S4iAThBRIMSER Nt &8 @B AN 4theastesd r ed
intensity of light to be passed through said

hRSBERHE UEfoRAl MloptRtEabae ARflaiBdeshypiiodisyer . and
received by said
damascene layer;

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, said die having a photosensitive area

and at least one layer formed above said photosensitive area,
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respective photo sensitive areas. 52. A nethod of

manuf acturing as in claimb51 further conprising:

forming another plurality of openings in said first LLOYD WISE
| ayer above another 42 LLOYD WSE plurality of photo

\?Me? ho}rhl}llgl ?ﬁ(} t? réSI Yrél evrel sgﬁi phgﬁ 3%“3%3\5; ?#g Ogli °

g%ss color naterlal above the top level of said die.
K> et hod of manuf acturing a color pixel for an

|nag|ng device, conprising: formng an initial film
st adRMPHEE wwAteraal plné@taeqrtb §@1310peran& Hr thidrphate gesist sg/er |
and at |east one first layer including a plurality of
phedesanogd siepthrbdsedatpondbs desome opltivah proprdics af iphtitocat ed
above said at |east one first layer; formng an
bp edtieivgd bl saidi phophsehsitiveateaf above at | east one of
said photodi odes; etching and stripping said hard

TR rdos1yived £E418F fIRGR6AHFEH ebr dhid|dRad i3RFsai PERAY, 0de to
form an openi ng above said at | east one phot odi0de

Q@yascene | ayer; applying a color material into said
hed openi ng; and perforning chem cal nechani ca

pol i shin r xces ol or terial bove. t he
Pop Faourtesiok TG FrafESaT o esis TBinind nudcror
manuf acturing a col or pixel for an inmagi ng device,
&89S si ng: appl yi ng photo resist onto a die, said die
havi ng a photosensitive area and at |east one |ayer
formed above said photosensitive area; 43

55. A method of manufacturing a color pixel of claim 54, further
comprising:
repeating the 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.

56. A method of manufacturing a color pixel for an imaging device,
comprising:
applying photo resist above a die, said die containing a plurality of
photo sensitive areas on said die and at least one layer above said plurality
of photo sensitive areas;
forming a plurality of openings in photo resist above said at least one

layer and said plurality of photo sensitive areas;
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LLOYD WSE form ng an opening in photo resist above
sai d photo sensitive area on said die; renoving LLOYD WISE
mat eri al underneath said opening in said photo resi st
to a predeternined dept h based upon the desired
opti e elve said
hotrgﬁg‘élng %?ﬁ%/rgedl g’ﬁ%%%eith 9%18 h@mng mo‘F HolS 5 erf}/coat i ng
ove and into enln and renovi ng
é?JF%FdS it Bpsed 3360 G RIS TR s UroBB e oF By
surface of said die. 55. A nethod of manufacturing a
eatigplappaeglength of Hghhtg be recgived by said phwplity afdight
repeati ng the steps of applying photo resist, renoving
settsdivieareas; appl yi ng a col or coating and reaning col or
filter coating steps for each additional color filter
mat eppbling ©cdler filug doating oves 8hid dik #nd info. sall efRinlipd; of
manuf acturing a color pixel for an imaging device,
aRdPri sing: applying photo resist above a die, said
die containing a plurality of photo sensitive areas
on v,
; o Rk o0dR anf Prb AR (ARG Skt of
g grallty of openings in photo resist above said at
one |ayer and said plurality of photo sensitive
areas; 44 LLOYD WSE renoving nmaterial underneath
said opening in photo resist to a selected depth based

upon desired light transm ssion properties for a
57. A method of manufacturing a color pixel of claim 56, 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 die, said die having a photosensitive area
and at least one other layer formed above said photosensitive area;
forming a plurality of openings in photo resist above said photo

sensitive area on said die;
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particul ar wavel ength of |light to be received by said
plurality of light sensitive areas; applying a color
filter coating over said die and into said openings;
and renoving color filter coating and photo resist
abovy r. f id.die. 57 thod of
g fle MR Bafpedfedls Shiing i afel g e Rer

conpri sing:. repeatjng sai.d steps.of | yi ng phot
peesbiemined derih g R dapired PRBRATFRf LEnt i B reE4ed ng
and renoving color filter coating steps for each

by aud ipbptg| seavlivg aredl t er material to be applied to said
die. 58. A nmethod of manufacturing a color pixel for
an iapplyinga ddoi fiksr cogomgoves isaid dicagyl inforggidodmenmgsesi st
onto a die, said die having a photosensitive area and
ahd | east one other |ayer forned above said

phot osensitive area; formng a plurality of openings

in F}E&b@ing%io‘itﬁlﬁpé’d@in%%&i pROBT&ist ABOW thp ErfaleqF ON
said die; 45 LLOYD WSE renoving material underneath

%ahqiopenings in photo resist to a predeterm ned depth
aseJiupon 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
renovi ng color filter coating and photo resist above

t é@ A pelwd of manyfactpripgea color pixel of claim 58, further

comprising:
repeating said steps of applying photo resist, removing material,
applying a color coating and removing excess color filter coating for each

additional color filter material to be applied 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.
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59. A nethod of manufacturing a color pixel of claim

58, further conprising: repeating said steps of LLOYD WISE
appl yi ng photo resist, renoving material, applying a

col or coating and renoving excess color filter coating

f h ddi ti I fil i al
5 RS Tl BT Bt
RN INE M, AT I AL

regions respectively above a corresponding plurality
oralgsiadi o sensitive areas on a die; and applying a

| ayer of encapsul ation material after each application
of a color filter region, said encapsul ation materi al
formed to a depth based wupon desired properties of

| i6ghtA inetHod of etmuethring aScdilct Pt er drdfitiging\Rvica) eas.

46 LLOYD WSE 61. A nethod of manufacturing a col or
BorkplisiAf: clai m 60 wherein said color filter regions
conprise groups of first, second and third col or

mater i al . CL LK | olor pixel
for SaheSeaRyafy TRLIRRy BE BB AT phE ReflioLty
sequent i al | lurality of colar filter. region
BSanth Gy of B ettt areas B p s Spitotiotsalned on
areas on a die, said regions forned on top of a
seiscdamastenpdayealaboee soid phoyheansitiye grdas, whereinsaid,
wherein said color filter regions conprise groups of
tolos fijtersregions camplrisengroupsod] fost, sevand andathsdwotdn

di fferent depths, said depths determ ned based upon

@esdriattwith difpeédtidesthefsald dpthstdetdpined basedathobMesiaddd
photo sensitive areas.

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
said 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
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63. A nethod as in claim®62 wherein said first color

material is formed to optimze intensity of a green LLOYD wisg
wavel ength of light, said second color material is

formed to optim ze intensity of a red mavelength of

aid third_col

e)b@f’%aeﬁ el mdpepgatas 5 e Pt st obf SFIghe . 6o,

nethod as in claim62 wherein said first col or
WﬁY@?W%ﬂ‘OfBQﬁorned to optinize intensity of a cyan
wavel ength of light, said second color material is
formed to optim ze intensity of a nmagenta wavel ength
of light 47 LLOYD WSE and said third color nateri al
is formed to optimze intensity of a yell ow wavel ength
of light. 48
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