| MAGE SENSOR LI GHT SHI ELD FI ELD OF THE | NVENTI ON
[ 0001] The present invention generally relates to

wo e@htiorns el ds for i nage sensors. BACKGROUND QPCTTHE2007/005440
| NVENTI ON [ 0002] Solid-state image sensors, also known
as imagers, absorb incident radiation of a particular
wavel ength (such as optical photons, x-rays, or the
i ke) and generate an electrical signal correspondi ng
to the absorbed radiation. There are different types
of sem conductor-based i mage sensors, including charge
coupl ed devi ces EW@SENdeJI&iéTaSHh@ISD char ge
i njection devices, hybrid focal plane arrays, and
conpl enent ary netal oxi de sem conductor (CMOS) i mage
sensors. [0003] CMOS i mage sensors typically consi st
of a focal plane array of pixel cells. Each one of the

pi xel cells includgsppphBhat ally a
phot ogat e, photocond%ctor%(;]?qﬁrl E %ogloge overlying a

substrate for accumul ati ng phot ogenerated charge in

[0001] heThe geedeyit hyvertidn gen@allyhelatedes Rgheshifldsead dbee sensors.
circuit is connected to each pixel céll and includ §

at | east an output transistor fornmed in the substrate
and a charge sB&HGRERQYNR, OFIHEAIN YENTFIQN i ng

di ffusion region, fornmed on the substrate adjacent the
ro00o} "4 SRENEAC 230 SAIDES! SR Ie IR 0L, L2 QUBML L raciation o
r
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electri¢id Sigral Qof&s%)bﬁdfr{gloﬁi thehdbibetb i RNatiSH] Thedd greoaﬁferent types of
device, also typically a transistor, for resetting t

semmoegitmhort-basecbmw@ sarsors dndbaige chen@ caupled deoicel QCQI@’S),
transference. [0004] In a CMOS i mage sensor, the
photogdipe @rmysrenrgednjeatipn davieas hybegifforah plane pocassang

unctjons of: hot on to ch e conversion; (2)
complemgmaTy el Bf‘l‘i%%’é‘é’fﬁ‘a‘%‘étor (« %)N(}QSAWS? SERSQHar ge t o
the floating diffusion region acconpani ed by charge
[0003] CMOS image sensors typically consist of a focal plane array of pixel cells.

Each one of the pixel cells includes a photosensor, generally a photogate,
photoconductor or a photodiode, overlying a substrate for accumulating photo-
generated charge in the underlying portion of the substrate. A readout circuit is
connected to each pixel cell and includes at least an output transistor formed in the
substrate and a charge storage region, typically a floating diffusion region, formed on
the substrate adjacent the photosensor and connected to the gate of the output
transistor. The image sensor may include at least one electronic device such as a
transistor for transferring charge from the underlying portion of the substrate to the
floating diffusion region and one device, also typically a transistor, for resetting the

region to a predetermined charge level prior to charge transference.

[0004] In a CMOS image sensor, the active elements of a pixel cell perform the

necessary functions of: (1) photon to charge conversion; (2) accumulation of image



anplification; (4) resetting the floating diffusion
region to a known state; (5) selection of a pixel cell
wo oro7nerddut ; and (6) out put and anplifi cati onPOF/US2007/005440

signal representing pixel cell charge. Photo charge

may be anplified when it noves fromthe initial charge

accunul ation region to the floating diffusion region.

The charge at the floating diffusion region is

typically converted to a pixel cell output voltage by

a source follower output transistor. [0005] Exen'pl_ar)é
chargepSg transéer efethsgs tothe fleatiyp diffusiongegiprnaespmpanied by charge
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i ncorporated herein by reference in their entirety.

accurh(DR@fIn b0 se taoflSating eafhisiphteiore| Theeladigeaitahe floating
signal corresponding to the intensity of |ight
diffusieniregiongs ¢ypicay ghovoded sorgrixeheni! eutputagdtage by a source
ocused on the array of pixel cells, the conbined

f
followereuiput fansidonsed, for exanple, to forma digital
representation of the image which may be stored,

Conl . . al
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becom ng reflected or refracted. If I'ight does not

6,376j86B, U Pateritidoc6,816,666,11S! Darms No. 6326,651, (£.60Bsteat WNo. 6,204,524
bet ween pi xel cells may occur. [0007] Opti cal

and G BoBateat EJW@XZ% epch agsignerb tgvioramgegimnlogenksy, gvhich are
in a gi xel, cell array  of g solid-state i mage sensor.

incorpgrajad hgEein e ERpTRaCe 4B HREF enbr¢ot odi ode for exanpl e,

light enters only through the surface of the _
00 AGRER i S LS5 ENES O colo SR the nense
ot el SpRT o USRS, Wik Bt agmeleSseain e sy of i
cells, tloe combined signals may be used, for example, to form a digital representation of
the image which may be stored, displayed, printed, and/or transmitted. Accordingly, it
is important that all of the light directed to the photosensor impinges on that
photosensor rather than becoming reflected or refracted. If light does not impinge on

the correct photosensor, optical crosstalk between pixel cells may occur.

[0007] Optical crosstalk may exist between neighbor;'ng photosensors in a pixel cell
array of a solid-state image sensor. In an idealized photosensor, a photodiode for
example, light enters only through the surface of the photodiode that directly receives
light, In reality, however, light intended for neighboring photosensors also enters the

-' .ph(.)todio‘de, in the form of stray light, %h:ough the sides of the photosensor structure for
exainple. Refiection'and refraction within an array of pixel cells can give rise to stray

light, which is also referred to as optical crosstalk.



exanpl e. Refl ection and refraction within an array of
pi xel cells can give rise to stray light, which is
wa@ab®a/10rierred to as optical crosstal k. [ 0008] EpI/USEN7/005440
crosstal k can bring about undesirable results in
I mages that are produced. The undesirable results can
becone nore pronounced as the density of pixel cells
in inmage sensor arrays increases, and as pixel cel
size correspondi ngly decreases. The shrinking pixe
cell sizes make it increasingly difficult to focus
[0008] nc@ptingl drpgdtallorart benghbous andesirablegashltpinbhagesd that are
[ 0009] Opti cal crosstalk can manifest as a blurrin
PrOdli‘%c oundasisare rasults ¢an h%fg%%e m%ln:r@al%ly\cad as the denSIfy of pixel
solid-state |na%e .Sensor. ess

cells 1&,15%%5%6@59551 §ﬁgﬁr§a§§n §B agrprté%) élgsrlg‘:ﬂ g%rr{aﬂ%ondmgly decreases.
The Sﬁpl%lié g o%leﬁ' tsiz%g ’m«rzl?éjngﬁéreg&%lgyr HifFROR ol A5LhY %ncommg light on

r m Xing, eads I mage nol se a

the p ﬁ@io%ngcqraf%%hgﬁxeﬁ%unot ed above, image degradation
can becone noré pronounced as pixel cell and sensor

sizes are reduced. [0010] One nethod to reduce optical
[OOO9§:r oOptiabkcriosstali camgersfestas a bfutringiee redudtyin irs¢nrdtast in images
Typi cal inmage sensors include a |ight shleld ErOVIdIn
prodw by p@g)hgxsryggﬂ inyage sansqkt Irae:fﬁ@pt:g, dptigal cpesstalk in an image sensor
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IXG S and prevent pho ocur rent

becoxaélrﬁsr@ﬁf&ﬁ{o@ﬁﬁ@dla@ %QQF&IMK& Sel o BldeBRFe irBd bR pi xel
hus, the image sensor achieves higher

resol ution images with | ess bl oom ng, blurring, and
[0010pt hemednethiodetut miduetfogtics] cidssialk shaslivsgesrnadsis to use a light
rotect the circuitry associated with the pixel cells,
shiel 5 age sersntp darladesnightrdiel daprp vidBig %Bﬂ?rﬁ'gres exposing at
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greater than
locations in the pixel cells; thus, the image sensor achieves higher resolution images
with less blooming, blurring, and other detrimental effects. Light shields can also
protect the circuitry associated with the pixel cells, for example, from radiation damage

and from using stray light that could be undesirably converted in the circuitry to part of

this pixel cell’s output signal.

[0011] In the prior art, various back end polymer based light shield materials have
been used; however, none of them attain a light blocking effectiveness greater than
metal. Ideally, for perfect light blocking, c;ne continuous layer of metal would be used
: a!sh-the light shield in the imgg_c_é sensor. ‘The light shield typically is formed above the
circuitry and the photosensors associatéd with the pixel cells. The light shield also has

épertures allowing light to pass through to the photosensors. Examples of light shields



metal . ldeally, for perfect |ight blocking, one
conti nuous |ayer of netal would be used as the |ight
wa@hdoghiaB2ih t he i mage sensor. The |ight shiel d pgPUSENT/H05440
is formed above the circuitry and the photosensors
associated with the pixel cells. The light shield also
has apertures allowing light to pass through to the
phot osensors. Exanpl es of light shieldsforned in inmage
sensors are provided in U S. Patent No. 6,611,013 and
U. S. Patent No. 6,812,539, each assigned to Mcron
formed ithiBpEQ yensate are providedin W AcBaisot Ne @ 4ids@idnang U.S. Patent No.

reference in their entiyety. [0012] There are, )
6'812451’3&6%%951‘, assighe 'i?d@?‘ioé‘d{‘ij?&w&[’ﬂf b, alirears iopeparated herein by
referelhrlg%% tﬂgﬁ-ceﬂqr}gtysm elds in imge sensors. Light shields

e typlica Been formed in the netal interconnect
| ayering (e.g., netal 1, netal 2, or, if utilized,

[0012?T?t'ﬁhe1% éx@?’ﬁbﬁl)ev@f, sblife 1ABEAr&LPEGPertiel relafdPtd WRRaldight blocking
i ght shield arrangenent limts the use of the netal

shieldsireimage sdresolrs. ghighaBhidlds haveeypichiy bben fodrfed o e metal
conductive interconnect purpose (for exanple,
intercoowggt tayesingplergomietald, ftugtat Beor ifagdizash sooetpl 3 layers) of the image

gener al , using_one conti nuous block of nmetal as a
sensor; it thishapeiof bghtshigldaarangemenblimits heyseqnfdbe metal layer to the

tight SHHLY ke AR 0N SQTRONENLS, Of o MRtz SRS COMUELS cxample,
condd c&ﬁtn@c!t{dréqbi‘ Bk irﬁ%gé S ncsgﬁfeﬁl %érférrrbf lﬂlgl one continuous block
phot osensors can | ncrease ?I g pIPINg an r}% gﬂt

of metAPEEOMiBHt ERield forPArk BlecEld] Slevidel ihhy @alis€ avioficey WithShow
in sensor functioning. [0013] Another problemwth

compicats of that sehsc| danduetsapewet or sighadimgl misof hatihgsthe light shield in

i rposed onto the inage sensor. For exanple, achieving
uppeyowtallizghiondayets spgced fitam the phostosapsers ¢pamingreee light piping and
thick tungsten | a ing a large tungsten |ayer

: . layer. Appl er .
light slademwing Fbﬂ'&ﬁ:@@{%ﬁ MERR caf cause egOrHI FIPPE functioning.
whi ch coul d i ntroduce higher dark current, |eakage

[OOlSi}EJ][A?\E%I?e I:Jll&ntxbﬁh\?ﬁééatl lishe @hiefc?%)l‘egertrt%g li?%‘f‘hé Ha{ﬂﬁgﬁyf stress

_ auses severe process pro ccor
impo8ed baks tedirRhgle §&@fsorn Fb%gﬁmiﬁé‘,%é\ﬁﬁ% g@_@@ﬂ(i]glﬁfblocking could
suffer fromthe above shortcom ngs is desired.
require more than a 500 A thick tungsten layer. Applying a large tungsten layer could
introduce significant stress to the device, which could introduce higher dark current,
leakage current, and in the worst case, could cause film peel off that causes severe
process problems. Accordingly, a light shield for an image sensor that does not suffer

from the above shortcomings is desired.
BRIEF SUMMARY OF THE INVENTION

[0014] The present invention provides a structure and method of improving image
sensor performance, for exarhple reducing optical crosstalk, by using a light shield
having light shield-portions comprising-a plﬁrality of opaque material blocks above

each pixel cell’s photosensor. The light shield portions are arranged to form an



BRI EF SUMVARY OF THE | NVENTI ON [ 0014] The present
i nvention provides a structure and net hod of i nproving

wo pgaorensor performance, for exanpl e reduci nECDPE200A005440
crosstal k, by using a light shield having Iight shield
portions-conprising a -plurality of opaque materi al
bl ocks above each pixel cell's photosensor. The |i ght
shield portions are arranged to form anaperture
allowing |light to pass through to the photosensor

assogi at ed ththe i xel_ cel]. The light shield
apertyggs flioting ight o Bas ﬁaﬁggla tp ? BPFH%SﬁB m@sseém%wﬂhgﬂe pixel

cell. 2 iR Bl g RAEF e b e e Rl SRg e Ben the blocks

. t .
whichh Pﬁ%}\?&rﬂ% 8851%]2&'}&59 a% St é@el\'ﬁhgthzs (gﬁﬁtgtc%q\ttl%hkelf passing
theretffﬁbughﬁht'lﬁéﬁfdr@ whbﬁaciﬁs déﬁ%&wmcamgﬂtl ght shield of

the I'nvention reduces the total net stress on the

substrate's surface because it is conposed of snall

[0015p| déxasligipeshitidghwherrd @trebtalds tused for thet imeteridldriodss the exemplary
conti nuous block of netal. A nmaterial block npy be any

light @lnsb% opthesinventioRdieduspnthe togal nejistressprthe subyfapte’s stirface

becaugdt {4 HPaNFLP BB UIONS (BFAEA Sl BRrone FRFGE LTS one
conm{u'fgu§ﬂ krcﬁtrﬁe@l @% n%@%l&fbl%‘l? i‘dr\éﬁﬁggb? "sﬁ&nﬁ?e%fore, the

ayers (e.g., ayer “or "hi‘gher

light &'ﬁ'efd i nétfllﬁx%ﬁﬁlﬂ Wherit 2hn bePlhébdéen mh@gadgb Wb The light
el ectrical contact to other netal |ayouts wever,

shieldtould be phdced a&dotat[ﬁnstdiesd iogiie ssibisehatt onat ondef the conductlve
connected to other netal outs if electrical

intercoawest layens (sg.dmdtakl layBRloE%éugmmRﬂbw light ehiefdiif formed of metal,

DRAWNGS [0 These .and ot her _advant
coulck pliced AR el&.ﬂ@%@% EORIRPE IR PHREPIE) B i eHowever, a block

form%%é E é)g %ﬁgh‘ Flﬁxleicg a Qggc?rlx%%gec? ?r% g"f %rrln?{al o%o?ﬁg if electrical

M| fideqy which: [0017] FIG 1 shows an exenplary
conné%oodl rét:ér%t glf a pixel cell and a light shield

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] These and other advantages and features of the present invention will be more
apparent from the following detailed description and drawings which illustrate various

embodiments of the invention in which:

[0017] FIG. 1 shows an exemplary embodiment of a pixel cell and a light shield

constructed in accordance with the invention;

[0018] FIG. 2 is a partial cross-sectional view of the pixel cell and the light shield of
FIG. 1 through line 2-2";

- -[0019] FIG. 3 shows a GMOS image sensorin.accordance with-the invention; and



constructed in accordance with the invention; [0018]
FIG 2 is a partial cross-sectional view of the pixel
wa@edr/1ea2d3 t he |ight shield of FIG 1 through |PEEUS2087/005440

[0019] FIG 3 shows a-GWVS i mage sensor in accordance
with- the invention; and[0020] FIG 4 illustrates a
processor systemincorporating at |east one CMOS i mage
sensor, constructed in accordance with the invention.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0021] In the

f ol Ilgii ng detail ed description, reference is nmade to )
[0020§ ek Hptern BreRAssisSysigmdAcarporating at lesst ppe CMOS image

specification, and in whi,ch is _shown by way of
SENsofy ?W%’iuef?‘?%ﬁ‘98?9%@9%%%&%%@“&]?&eby the invention
may be practiced. These enbodi nents are described in

suffi ci entpEgLATIED DESERIPTION OFKHE AAVENTIONT

to make and use the invention. It is to be understood
that ot her enbodi nents may be utilized, and that
[0021%t rinctherfallowingidmbiledddsaliptidn, irefdrendwizgasade &s thehécompanying
as changes in the materials used, nmay be made w't hout
drawingsamihigly ate aparhef ths specifigatione apd infwhich ipseewmby way of
) i nvention. Additjonally, certain processing, steps are
illustyptiQry Yaydeu s fRn dﬁ%\éﬁt%m‘*@rgl&f @@rmafﬁnapaeegx PRPrefligrd. These

embodlhECA RO nB AT SRty ARG Rete SR Yl Bhhp.art to make
and use the %ﬂﬁbﬁhﬁ 18k be YriderddedanaeRtHe? @n%ocﬁh?é}tcta gr%aﬁ be utilized,

acts necessarily occurring In a certaln or der.

and thaestiecti®al, 16diedl, and @ledtibslt dhanges,alsewtld) abehanges 5t #ednaterials
as i nterchangeabl e and as including silicon,
used,shhy bermade iwishibatt dep{rEDig) from thiel spidhand ssappbf the present
) SOS), doped and undoped sem conductors, epitaxial
inverytigner Additianally, sariainp pepeessing stephatecdansrbed mangea particular order
“foundation, . and .ot hg sem copnductor str

of ProqR B OIS GG T UETERLS: IS TRAHErEs oh Sl ot Jmited fo that set
o FRABREE gy B, L L0 BB Oy PR Bon of s o
acts rie¢BSdakPP ScOlirrid 81 hbrth@Y8Ffderl N OF on the base

[0022] The terms "wafer" and "substrate” are to be understood as interchangeable and
as including silicon, silicon-on-insulator (SOI) or silicon-on-sapphire (SO5), doped and
undoped semiconductors, epitaxial layers of silicon supported by a base semiconductor
foundation, and other semiconductor structures. Furthermore, when reference is made
to a "wafer” or "substrate"” in the following description, previous process steps may
have been utilized to form regions, junctions or material layers in or on the base
semiconductor structure or foundation. In addition, the semiconductor need not be
silicon-based, but could be based on silicon-germanium, germanium, gallium arsenide,

or other known semiconductor materials.

{0023} - The terms "pixel"-or “pixel cell” refer to a photo-element unit cell centaining a

photosensor and transistors for converting electromagnetic radiation to an electrical



sem conductor structure or foundation. In addition,
t he sem conduct or need not be silicon-based, but could
wheoodas®rds on silicon-gernmani um gernmani um gal PCT/IE2007/005440
arseni de, or other known seniconductor materials.
[0023] The terns "pi xeF-or "pixel cell" refer to a
phot o-el enent unit cell containing a photosensor and
transi stors for converting el ectronmagnetic radiation
to an electricalsignal. Although the invention is
descri bed herein with reference to the architecture
signahnéAlthamghcheiinvention iedescriieddegrein withstefetesicpdo the architecture
understood that this is rePresentatlve of a plurality
and fefprigatiqn okene pixel ch léﬁhay bbe alﬁldﬁﬁ%ta@d%ﬁ%%’rls i yppresentative of a

d bed b
po P B At T R
et A 580 b IS QRO TRASERSH s venton s

apphba%mbh?cs gh{56lid %@Atetlﬁ\ deAk&MMAving Pikél ddlRY ’FHérP@ﬂowmg detailed
e scope of the esent invention is defined only

descrtp‘hcbﬂilﬁs ahpersiednet H§ tae@izd] likdting abrse, iang the scbpe of the present
figures, FIGs. 1 and 2 show an exenpl ary enbodi nent of
inverttiun isrlafirtedoonlydhotire appendsodapnsel cel | 12 forned
partially in and over a doped ptype region 16 in a
an |nclude sor

foo24] ugﬁéé‘?eefs%q?%g 30 e Beutes T1Gs 5 304 23RE5 8 sk fintgpepmbodiment of

e R R Ak 50, S AR s s -

type H%QSH eSh o R tRid XSk NG aEy A g)t olt@éé%rsonz@ll Q/&hnéfae gate 22, a

ype region 18. The transfer e 22 fornms part of
reset fgh@en% &f sdured solidwer Eafe 3, aaldrd frahlsylegagamgz;e. HEhe photosensor 14
charges accunul ated by photosensor 14 to a floating
include$ &usi-type egiductBdty region g a@drmuuppermesta&um [petype conductivity
floating diffusion region 24 is in electrical

layer@@mﬁxi thatr-brpesesion Ag Eberté@srf%ﬂ $IRe2 [gEIE Payt of a fransfer
s B B SIS Bl S BRSSOl o

o PRt AETRAH PRt g e
electxfl#eg;kgngltg%{ril‘hézfsﬁb?{ @ 8 urdd toidhet fareta2as¥d Ssurce follower
transistor through a second conductor 34, connected by a conductive path 50 in a
conductive interconnect layer which may be provided, for example, in the metal 1 (or
first metal) layer,‘ Sharing the floating diffusion region 24 with the transfer transistor is
a reset transistor having reset gate 28. The reset transistor is connected to a voltage

source through a source/drain region having a conductor 30 providing a resetting

voltage to the floating diffusion region 24 when the reset transistor is activated.

[0025] It should be understood that while FIGs. 1 and 2 show the circuitry for a single
pixel cell 12, in practical use there will be an.M x N array of pixel cells 12 formed in
siibsteate 10:and arranped in rows and-clumns with the pixel-cells 12 of the arrdy-

being accessed using row and column select circuitry, as is known in the art. The pixel



a reset transistor having reset gate 28. The reset

transistor is connected to a voltage source through a
wa@omraed2ds ai n regi on having a conductor 30 proRCTIURZPOA005440

resetting voltage to the floating diffusion region 24

when the reset transistor is activated. [0025] It

shoul d be understood that while FIGs. 1 and 2 show t he

circuitry for a single pixel cell 12, in practical use

there will be an Mx N array of pixel cells 12 forned

in substrate 1 G ard arranggd in rows and cal unnms w

I
cell Thehomynaendusieteradyigelptad Hren etianmixeltedsol dhe agrayry shallow
senct bS] ARoh 42 LBl Bo Rt £ Y gloms o
ides BT DR 1286P PNY, g Ech o oPY b may extnd

arounid'elintfle f&lhede? drthe ?ii@'cjeﬂiltzy It BRowIasd hRd fhaReRe pixel cell 12
i sol ation regions may extend around the entire

is menedy eR@ingilasf of drte ginbeldigehk il &:hith tisdinvethtion mayde used. The
that the pixel cell 12 is nerely exenplary of one

constmydbion arshoperatign ohpidedcelh 21 the useyofeeC@E pidtieell in a CMOS
construction and operation of pixel cell 12, or the

array,jgdhys natbmnm@etﬁee@wnmma CMOS array, is thus not
limting of the invention. [0026] A light shield 44

002 AP RS D B BT B
porﬁ@ﬁﬁ&éﬂig’ﬂ%xﬁéags BlloRhdb dldliredtdreds d2thdW&ay of pixel cells

exenpl ary enbodi nent of the’i nvention, as shown in
12. OhkGEserniplangdebodinmend e tieairtvepitiosl, as shbwhAn#I3s. & and 2, provides

light shield 44 fornmed above the photosensor 14 and
each pisebedlhi2with adightshieldHd formled abvivel the phatesengor 14 and associated
. .plurality of _oFaque [ight shield portions q% r %nged_ and
arculgrp(a&élaﬁ lighpehjeididd as aRlprality Qf@%qu&/&‘&rhj ¢JHtPQigions arranged
ass, fhrough to the, pho nsor .14 of eac I xel . cell
and B85 iR fe B F A FIEVBRt © Bt trodh fE g photosensor
' AT KNG ' r i :
1o FyHUBREPERN B4, TR0 Mol 5Lyl 1 IERT Wit
porticiebiRAd it gh p@bnCPAdsing HAGASh ol sther 8Ria8ld edbh pixel cell 12 and to
conprises light shield portions formed as a plurality
neighbbriogasinel cells.
[0027] Light shield 44 comprises light shield portions formed as a plurality of opaque
material blocks 45a, 45b, 45¢, 45d, 45e, 45f, 45g, 45h, 45i, 45j, 45k, 451, and 45m per pixel
cell 12. The light shield 44 material can comprise WSix, W, TiN, Ti, Co, Cr, poly/WSix,
Al, Ti/Al, TiSiz/Al, and Ti/Al/TiN, Mo, Ta or other materials with desired light-blocking,
electrical, and physical characteristics. For example, refractal metal materials such as
tungsten have a higher temperature tolerance; therefore, a tungsten light shield could
be applied at locations very close to the substrate 10 surface. Aluminum light shields

could be used in the conductive interconnect layer 50 (i.e;, metal 1 layer), which is

relatively close-to the Substrate's 10 surface,;



mat eri al bl ocks 45a, 45b, 45c, 45d, 45e, 45f, 45q,

45h, 45i, 45j, 45k, 451, and 45m per pixel cell 12.
wab@7hoxght shield 44 material can conprise WS RCT/W§2007/005440

TiN, Ti, Co, Cr, poly/Wsix, A, Ti/A, TiSWA, and

Ti/AI/TiN, Mo, Ta or other materials wth desired

I'i ght-bl ocking, electrical, and physi cal

characteristics. For exanple, refractal netal

materials such as tungsten have a higher tenperature

ol erance; therefore, a tungsten |ljight shield could be )
[0028) ol &y eé%mpg%lat embedimpent, {Re St shitid 44 sums rompaise plurality of

e SRR ST B8 S0, O AP I 161, ansom per
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pine (95 A o B0 038 S L e

blocksidghetabielsti4 1%% mrﬁﬁeeﬁtsﬂ{igh%hiésy ofifthEB{1&lon surface.
mat eri al bl ocks a, 45b,” 45c, 45d, 45e, 45f, 45g,

Brealdfig thd Bnetallinto shikller4fidcesadidtritntep éie pinveint of InhethPstréss on the
Unli ke one continuous bl ock of netal as a |ight
substsafeptherefprentnestoba]i nat shless koudd bedesd thap dosnprisinig thietlight shield of
ess. on the silicon surface,

hield i gh
one 1g5Hecaa R iaS ek ! Paial deahnuld br apBEecih8e thpt blocke pamprising of
t_of | st th bst . .th f , .
metafRRHG R is HEL ors sEERRDEoRinEnt hafedbHeniaing: material block
may (o Brise B S MR A Ened it 1688 & JordBH 8 wavelengths of

incidefet egh8ba1 padsing $hiilgh.one exenpl ary enbodi ment  of
the T nvention. A nmaterial block nmay conprise any

opaque material which prevents at |east a portion of
[002%)avEhe Hghh shisld ddsaddret verydhin.f Fonexmasplen gomipaged o typical metal

) 0029] . The light shield 44 can he very thin. For . .
mteri&{%mﬁl Byers rmgwbocamobq Fheetal U0 falio ahﬂy@ﬂ@dme/gtﬂﬁck, the light shield
| ayenrs ich can,be about .1, 000 A to.aboyt 1Q,0
a4 nep{EREY b Bl afih o P AL e s Ry PR B deblight 47 from
ihg tREGHADE AL Gbi AR T IBciAd i ithi
pessif§ SERHATH 1oL SR 205bbaE5Shp BN A B s i
this rdngdtakbe dH@HRARE by thd Hgﬁk&&%%pﬁbh}’i‘eﬂ&%ﬁ F&@ﬁ&fﬁe%fm the light
be determ ned by the |ight absorption/reflection
shielpaépeatetiak Iifis pheferiqhthat bésslthari4 %ref Bghedmphtting the light shield 44
referred that less than 1% of |ight inpacting the
be ablqg {ghpengttatedo4he underlying pixel cell 12.
[0030] The light shield comprising a plurality of material blocks 45a, 45b, 45c, 45d,
45e, 45f, 45g, 45h, 451, 45j, 45k, 45}, and 45m can be arranged such that the blocks are
separated from each other by a first distance 43a to provide a space of sufficient size to
prevent at least a portion of wavelengths of incident light 47a from passing through,
- and a second distance 43b to provide the aperture 46 of sufficient size to allow light 47b
to pass through. In the illustrated embodiment, material blocks 45b, 45¢ and 45d of
light shield 44 aré arranged to be sei:aratéd'from matetial block 45a by the second
distance 48b-to-define the éﬁe;‘-ture-iié-é‘}éf -El-le-ﬁl:;hotosens'of 14y -t.heréby' allowing light - -

47b to pass through to the photosensor 14. The first distance 43a between material .



be able to penetrate to the underlying pixel cell 12.
[0030] The light shield conprising a plurality of
wodoenoah3 bl ocks 45a, 45b, 45c, 45d, 45e, 45f,paBys2007/005440
45h, 45i, 45), 45k, 451, and 45m can be arranged such
that the bl ocks are separated from each other by a
first distance 43a to provide a space of sufficient
size to prevent at |east a portion of wavel engths of
incident |ight 47a from passing through, and a second
di st ance 43b to provide the. aperture 46 of sufficient
blod@i@@' 45¢ and dad rgrtudesntienss adortionfgrnavelengths of incident light 47a
illustrated enbodi pent,, materjial hl ocks 45b.  45c and
from passipg firgyigh i tindsusd areasiot Regiick GslbiZ TheHatenal blocks are

opaclE AR iy 3515 100 ORGP PEEOATd g cach

mateHBEDRIK Bl dRe kY rf%bﬂ{eqlw%g?wmeﬁm f¥;., material block

phot osensor 14. The figr st di st bet ween
45b). niedaeerial Blbokk 451 5c alklcamh dard Alboeeairafi@sd &b pk@asgit a least a portion
portion of wavel engths of incident |light 47a from
of ingident light froouphsding tihesgh soneigbhsriof pikel qElleelA osdterial block, if
12.. The material blocks are opaque and thick enough o
condyriivg a5 ritanallysbe elpchicallycgraumdad bine sroundingeirewy by which it
each terial bl ock to penet e throygh.ta the, .
can ST rigicpl 3RS (BECEsThing Fireldpny oSy Openings 4
: c
axe pHOGBEATh FARHST AT AR045A 20k FATUA A ot A0S ey comtacs
26, 333510388 ty v Gheleotrital 66RRhUATaRbN Yetobh DveflyiRs 8bhdhictive
bl ock, if conductive, can optionally be electfically
intergproweet &y enp0arglh anddilping pibel circuibyy, whyg.c22,i28, 82,166.
provide electrical shielding to the underlying pixel
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Simul ation of Light Intensity on the Surface or Inside

000 bl £ ol Rl o R Surtaceor e

the SIH®AYSi) Substrate.

[0032] Table 1 compares (1) a photosensor without a light shield comprising opaque
material blocks over the photosensor, (2) an alﬁminum material block with 0.15um
width and 0.15um first distance 43a, and (3) an aluminum material block with 0.3um
width and 0.4um first distance. As shown, using a light shield comprising metal
material blocks has a 4 to 6 order of magnitude of light intensity reduction, which is

ideal for image sensors.

[0033] FIG. 2 shows a cross section _o.f.'sg..j')prt.ipn‘ of the FIG. 1 pixel cell 12 taken along
the it 2-2". " As'i$ sHown, 4 light trarisparert frst disleetiic layer 52 can be provided

over the pixel cell 12 having an upper surface above the level of the transistor gates,
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mat eri al bl ocks over the photosensor, (2) an al um num
material block with 0.15um w dth and 0. 15um first
walk@ramzes 43a, and (3) an al um num nat eri al bl BCRUS2D005440
0.3umwi dth and 0.4umfirst distance. As shown, using
a light shield conprising netal material blocks has a
4 to 6 order of magnitude of light intensity
reduction, which is ideal for inage sensors. [0033]
FIG 2 shows a cross section of a portion of the FIG
i pixel cell 12 taken along the lirie"2-2'. As
e.g.r Fanssigrigade PRoitheminelellel?: fLight shield dit de fdrmed pagethe first
. . 52 cafi rovi ded, over the pixel cell 12 having an
dleleﬂﬁ’ﬁé?}’%mgf-agées% diglgstriclager g %@H@& figpdardlight transmitting and
. tr .St pn. gate 22 th Lxel cell 12, <
insul g Brépduier S EH0AE Bo Ty oiie el taifasdByes e ight shield
44 (aﬁ&m‘chig’lzbhe%rﬁce?ﬁ%Ch@.' &l EStdi& .@%@ércgﬁnggﬂhggr §d),’P<J. Hhetal 1 layer
I tting an prop ie

I ght trans d insul'ating proper as 't h¢

may bé frimed eves bédond atscthid 187t 328 WHIERBShPBE cohhecteHBY contacts
shield 44 (and -within the "aperture 46).” A conductivé

(e.g., conéuciom &g to kleyendéflying eircuitit ptovidéed ye bpeningeds through the
. formed over second dielectric |ayer 54, which may be
varioug haeers 84, B3 anddacd dditiongl dieleettice cond@@jve intetpennect, or
ircuitr rovided in openings, 48 through

passi?_ﬂggérﬁﬁlggéftﬁa%%ﬂ%&g lenps lawarsigpn beytgrofedhgrer the conductive
interth SR blef 20 BREHE A GHARE 5 3087 6l e gBRFGD 1B S0

the conductive interconnect |ayer 50, but are not

[0034F hows iBgstriRN TG lankinDwaljident Beatafibl blRR34d.£A45b and 45¢, 45¢
Illustrated in FIGs. 1 and 2, adjacent material -

and 4btp48zs and 45, 458 haBimd 85a adbct5yabf Abd, 4565 a58ald 45§, 45f and 45m,
45a _and 45m 45a and 451, 45f and 45e, 45f and 45j,
45e angd #5hndbaiang 4hd5a sadsbti, 45i5and 481, 45) and 96gah’e 461 45), 45g and 45k,

45 angE 5 A 438y 48R graciul, 4 nal (b St SaAra4FRdFipshasl other by
the fiRFeRHAREE agf o ThR 20, Glotiice o dGindr AopdS HranE Suffident in size to
preverithalt :1é‘ais@ gt dr@ifo%éc?f% %1@&%&5‘%}? i%%gieﬁ%g%h"{’ 499 rffc%#{g)e& through to the

wavel engt Hs of i nci dent _ pass thrdug
pixel t8ls. PTXE kirstedlistancEiBafib Geterdhineansette3srocEsH@éer] o ARlte the image

by the process used to nake the inage
sensor. The first distance 43a should be any length shorter than the wavelength of
visible light 47a. In another exemplary embodiment, a pixel cell array comprising a
plurality of pixel cells 12, each associated with a color filter (e.g., red, green and blue)
and thus, associated with a wavelength of light passed by the filter, can have the first
distance 43a determined based upon the associated wavelength of light, so that at least

a portion of the wavelength of light can be blocked.

[0035] As is known in the art, light is electromagnetic radiation with a wavelength -
that is visible to the human eye, (i.e., visible light). Wave transmission can be described
-by*e'leé,t'ro'rri'a'gn'e&ctheor;y; Foi-example; When'ai':piane'Wéve' meets-arFaraday cup - -

electromagnetic shield it diffracts if the opéning of the cup is smaller than the
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sensor. The first distance 43a should be any | ength

shorter than the wavelength of visible light 47a. In
war@rheniexenpl ary enbodi ment, a pixel cell arPeyUS2007/005440

conprising a plurality of pixel cells 12, each

associated with a color filter (e.g., red, green and

bl ue) and thus, associated with a wavel ength of [|ight

passed by the filter, can have the first distance 43a

det erm ned based upon the associ ated wavel engt h of

‘i gh{_l, E@\% that at |east a portion of the wavel ength of )
wavelength. cdwe thennqréaiéen proesties af apelectsamagnetipavasieare relative to

e g P AR o O B SN vy

l'ight). V\avE tysansm ssi on can be descri bed

will delcpeiseeRBONeE] £, siikd; id thid dup 8pé8 didmbhe RRENI BAhefwavelength.
the cup is | er than thewavel ength. The

transportati on properties of an el ectronmagnetic wave
Wherpthe reningef the cupdswanedles then the wavelengibnthegpercentage of wave

cup. The electromagpeti.c radiation intensity wll
penetﬁ%ﬁ?’%éss%lg&ﬁ%n(t&m%{]u,ceﬁhere a is the cup open dianeter
and | is the wavelength. \ |) When the opening of the

[00365\&‘; FFélsef?é@ideqli%ﬁMeHﬁ?g%;’@?é?gﬁﬁ%&i it ugdégﬁ'i-l?g %gg?ﬁgggd be less than

ve penetrat ni1 s si y re

or eq@lfteciboir 0.4gh] wiitkidhBut deqRaréess 8 Watelength of visible light.
di stance 43a should be | ess than or equal to about

As illgst4ated inhFIh 2, sviadroutsilda digih 476 eneet thdopenirg) @legtahspaice defined
visible light. As illustrated in FIG 2, when visible ‘

by the figHdigtrncrddnl betfreesspatipreninaterial bleglecls- gletianrnd BHf where light

block g Al L SRS S AT BT SLEL aves istead of

propa%%?r{\é@%egln :ﬂﬁ gt%élgagélréfﬁﬁ@ ngtsiacre\é\@ﬁ,e st fBhlf 4 88{1131? 6f % s light 47a is

unable to pass through the opening between adjacent material blocks 45a and 45f to

undesired areas.

[0037] FIG. 3 illustrates a block diagram for a CMOS image sensor 100 having a pixel
cell array 120 incorporating pixel cells 12 and light shield 44 constructed in the manner
discussed above in relation to FIGs. 1 and 2. Pixel cell array 120 comprises a plurality
of pixel cells 12 arranged in a predetermined number of columns and rows. The pixel
cells 12 of each row in array 120 can all be turned on at the same time by a row select
line and the pixel cells 12 of each column are selectively output onto output lines by
column select lines. A plurality of row and column lines is provided for the entire array
120. The row lines are selectively activated by the row driver 130 in response to row
address decoder 140 and the column select lines are selectively activated by the column
driver 160 in response to column address decoderv 170. Thus, a row and column

.address is provided for éacthi;xel'..cell,‘lz.
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propagating themin a straight line. As a result, at
| east a portion of visible Iight 47a is unable to pass
wo boogagizis he openi ng bet ween adj acent materi al POT/083087/005440
45a and 45f to undesired areas. [0037] FIG 3
illustrates a block diagramfor a CMOS i nage sensor
100 having a pixel cell array 120 incorporating pixe
cells 12 and light shield 44 constructed in the manner
di scussed above in relation to FIGs. 1 and 2. Pixe

05 R Bl i i b33
conel B8 ARS8k S7dFolhra SR LR BB 3 B s
for pﬁ&ﬂi rbiolt 3Rk B4 gﬂfl %llﬁilgﬁ%rc&l‘dﬂm'yaf@, ?8(5 aﬁ{i'clxgk%ly driving

out put ont o out put I nes umm ser ect I Nes.

voltalettbahé QYivef traf¥isRE of the BledttASW Snd'cBUARdiHA! A BRemory 175,
entire array 120. The row lines are selectively

e.g., ant SRAVIE dah e tih @ ofrawughi ¢catiin 430 the aresp 106 end @ohew! circuit 150. A
address decoder 140 and the columm select lines are

serialjseroidude 8@ enth iR (Brwgial FarctionRegisievkdetigo 185 can each be in
response to, colum address decoder. 17Q0. Thus, a_row

commguRi Ao ithdiecontral gicyl 19 | Pptionallym lacelized power source 190

12..10038] Th i_mge _se 100 i s operated by
can b{eﬁgcégmrla%ﬁd léﬁf’%%mfgﬁ%\?ﬂf%rh ontrol s address
decoders 140, 170 for selecting the appropriate row

003/NA TRIAM, HhdSZnhP oM HPthe i ardod Wewaadb & 120
[ %ri \FEZ? C:I'[r@’cuitr1 n130,0 160 mlﬁgér%%&sy dri \Q)\}%ng voélg?gggme array

uport its t&Rivdhg\tthdibanpius andsgareratieg aahaegedThevigiad is output to a read-
colum lines. A nenory 175, e.g., an SRAM can be in
out cinstrifaricctitancte an ahalogetoadigital togvensibre davicel Thencthietsignal is
50. A serializer _nodule 180 and SFR (Special  (Function
trans}@gﬁé tRAPrRseisos then thasesatiret an,ihe Fhe il ican D qytput from
e contr ci rcuilh?%%o. Optionally, a localized power

.t h I
the inngge SENSQIFOLXSE ¥58rated into the i nage sensor
100. [0039] Typically, the signal flowin the inmge

[00404€N$QG, 4 AR10PAbS 2 BRBLEBE shftenPEIRihcIEdi ixinﬁge sensor 100
recei ving photo-input and generating a charge. The
contaihfipapixeb cellil Pwith dight shbadd 44 constructed in accordance with the
invention. The processor system 200 is exemplary of a system utilizing an image sensor
100 which includes a pixel array 200 having pixel cell 12 with light shield 44
constructed and operated in accordance with the invention. Without being limiting,

such a system could include a camera system, computer system, scanner, machine

vision system, vehicle navigation system, cell phone, and others.

[0041] The processor system 200, for example a camera system, generally comprises a
central processing unit (CPU) 205, such as a microprocessor, that communicates with an
input/output (I/O) device 21(? over a bus 215. Image sensor 100 also communicates with
the CPU 205 over-bus 215.. "I'h‘e' pfocé,ssor system 200 _also.inclucies, random access
méinox;y (RAM) 220, and can include rémévable memory 225, suéh' as flash memory,

which also communicate with CPU 205 over the bus 215. Image sensor 100 may be
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out circuit and then to an anal og-to-digital

conversion device. Then the signal is transferred to a
w@e@casros , then the serializer, and then the BCTNS1007/005440

can be output fromthe i mage sensor to externa

hardware. [0040] FIG 4 illustrates a processor system

200 including an i mage sensor 100 contai ni ng pi xe

cell 12 with light shield 44 constructed in accordance

with the invention. The processor system 200 is

o RS B ) AR 475 aroprocor
w3 R {8 SO0R A S BB Ao o i

than fHéGhrceSdttl €m coul d include a canera system conputer
system scanner, nmachine vision system vehicle
navi gati on system cell phone, and others. [0041] The
[0042pr OLles poocesyest amd Aeiceb deseribap bbove lhrstrate pyreferrad methods and
_generally conprises a central processing unit (CP
typlcagl(@, viegrctf meny thitewpgddeeysast and paedu he abevewespription and
an input/output (1/0 device 210 oyer a bus 215. |nage
drawingsitustrgle egnbg veichachievs theobisats Fexrgee ansiadvantages

ot e WA S L A b P ente
strictl?gﬁm'i%d%%%e%%ﬁk}e- Hélgéa v o traé\%i.s&g\f?ﬁ?\ﬁgé% Any modification,

mruni cate wth 6 over the
thougiepeaenli§QuiteyeseesBRITEE fiRdpidsbht BvRHOGIGAHAL cofies RvidBirdthe spirit
, digital signal processor, or mcroprocessor, wth
and sovpevdf Huufollenimgyclsines slgeuldrbeacensidérd pargif ahe grresent invention.
circuit or on a different chip than the processor.
[0042] The processes and devi ces descri bed above
illustrate preferred nethods and typical devices of
many that could be used and produced. The above
description and drawi ngs illustrate enbodi nents, which
achi eve the objects, features, and advantages of the
present invention. However, it is not intended that
the present invention be strictly limted to the
above-described and illustrated enbodi nents. Any
nodi fi cati on,
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t hough presently unforeseeable, of the present

invention that conmes within the spirit and scope of
wo b@7fiad2idwi ng cl ai ns shoul d be consi dered parpPCDUS100B005440

present invention. CLAIMS What is clained as new and

desired to be protected by Letters Patent of the

United States is: 1. An inmge sensor, conprising: a

phot osensor supported on a substrate; and a |ight

shield conprising a plurality of opaque materia

bl ocks associated with and formed above the

phot osensor, a portion of EV@ﬁality of materi al

bl ocks being arranged to define a |light blocking area,

t he i J j [ i
bl ook igt Lrdaio 55 pB8) A SRRFEALE e dholclizd bt Kot Patent of the
Unitddefat&y isequal to the wavel engths of incident |ight. 2.

The i mage sensor according to claim1, wherein the

di stance is |less than or equal to about 0.4um 3. The

i mage sénioragecensol, egnipristhgi m.1, wherein the

di stance prevents-at | east a portion of wavel engths of

incident |ight from passing therethrough. 4. The inmage

sensor accordPRGIIsENEPLSERRO o OPe W‘ﬁ%@tﬁmf@ i al

bl ocks conprise a netal material. 5. The inage sensor

sccor 19, 9 88 B AR R TRAGH Gt or

- 1% of -mhRGIABMSclS B8bcihRPRIE AP EGTREQYBBve the
photosensor, a portion of the plurality of material blocks
being arranged to define a light blocking area, the material
blocks being separated in the light blocking area by a
distance, the distance being less than or equal to the

wavelengths of incident light.

2. The image sensor according to claim 1, wherein the distance

is less than or equal to about 0.4um.

3. The image sensor according to claim 1, wherein the distance
prevents at least a portion of wavelengths of incident light

from passing therethrough.

4. The image sensor according to claim 1, wherein the material

blocks comprise a metal material.

5. The image sensor according to claim 1, wherein the material
blocks are of a thickness ahd ‘rhaterial so as to allow less than

1%-of -iiigiden@i -ﬁ'g-hf;-'t@-passathéifethrouygh-; .

6. An image sensor, comprising:.
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6. An inmage sensor, conprising:.a photosensor
supported on a substrate; and a |ight shield
we@oeopnoring a plurality of netal naterial bl oCRET/US2007/005440
associated with and forned above the photosensor, the
materi al bl ocks being arranged to define a |ight
bl ocki ng area, the material blocks being arranged in
the light blocking area to be separated by a first
di stance, the first distance which prevents at |east a
portion of wavel engths of incident I[ight from passing
t her et hr ougha phetpsansonghippartessen esivbstratearsler t he
phot osensor, the material blocks being arranged in the

LLE?%EE?”? oAl G AR e PO eFdpetel 5 ace!
accor aPhg P AR R AN ey Spb TR PR Rensor

I ess t hRE nVitefi@lBlocke belif; ARURELENES BRfiAk 4 ﬁgi.@le@kking
light. 8. The inmage sensor according to clafm 6,

wher ei aréd)aht imateridl bldtke deirgg haangtdan the lightdlodkén
about 0.4um 9. The inmge sensor according to cl ai m%,
wher ei areato beseparmated byekfiist distance, lthe kimgtsdistarde
material so as to allow | ess than 1% of incident |ight
F‘?ﬁr%g:

to pas¥hishrenenisqt leasy a portionepfew aunlengthyehisic

o TR e RBR Gy B4 Y Ll
area over the photosensor, the material blocks being
arranged in the light transmission area to be separated by a
second distance, the second distance allowing light to pass

through to the photosensor.

7. The image sensor according to claim 6, wherein the first
distance is less than or equal to the wavelengths of incident

light.

8. The image sensor according to claim 6, wherein the first

distance is less than or equal to about 0.4um.

9. The image sensor according to claim 6, wherein the material
block is of a thickness and material so as to allow less than

1% of incident light to pass therethrough.
10. An image sensor, comprising:
a photosensor supported on a substrate; and
a light shield comprisinga plurality of opaque

material blocks associated with and formed above the
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mat eri al bl ocks associated with and forned above
t hephot osensor, the material bl ocks being arranged to
waledornes2a3 | i ght transm ssion area over the phoPOBFERROT/005440

to allow light to pass through to the phot osensor, and

a light blocking area, the material blocks being

arranged in the |ight blocking area to be separated by

a first distance, the first distance being | ess than

or equal to the wavel engths of incident light. 11. The

I mage sensor according to claim1Q, wherein the first
di st an&g‘qtesqrtﬁg@ thegnatarial blegksiheing grxanged o dafine ahe
[ or . di t | ai 0, wh ' he .fi.rst
i ot andE BT aTige g0 es BRLPRP S eBro i SR JHAE  of
i nei d . . ¢ :

| mage. <afs? el HiMRUIRLARE eIk cbioall. | o,

of the 84, ahbahafdhRe bfodks b%ﬁpglaﬁtaﬁgeaxnahé%%m%%?cking
ellg

di stance, the second di stance providing th

t r ansmasea embakeparatdd byhefirstelgstanes she fascdiseirmg t o
claim 10, wherein the nmaterial blocks are isolated

f r om arkeing tass deamor equel ta el wavelengthg of incidbarddighity e
i nterconnect | ayer of the inmage sensor. 15. The inage

sensor ,according to claim 10 erej t | eagt qne of
el (R RSB eriagy Bprrding b RETmald aytbesefs Big AFst
cont aclyiliahlle f RAOHNGE b Eqhlll B BAMNPUuhaver of the

i mage sensor. 16. e ma%e sensor according to claim
10, wherein the material bl oeks CGornprise

a- NEX alFHEinRd gd Sensbf acddilin @ elas@NEY iwlkereni ehé1firdto
claim 10, wherein the
distance prevents at least a portion of wavelengths of

incident light from passing therethrough.

13. The image sensor according to claim 10, wherein a portion
of the material blocks is separated by a second distance, the

second distance providing the light transmission area.

14. The image sensor according to claim 10, wherein the
material blocks are isolated from and provide no electrical
contact to a conductive interconnect layer of the image

sensor.

15. The image sensor according to claim 10, wherein at least one
of the plurality of material blocks has electrical contact with

a conductive interconnect layer of the image sensor.

16; The image sensof according to claim 10, wherein the

material blocks.comprise-a-metal material: -
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mat eri al bl ocks conprise a material selected fromthe
group consisting of tungsten, tungsten silicide,

W0 240anoazmy titaniumnitride, cobalt, chrom um PCT/US2007/005440
pol ysilicon-rungsten silicide, alumnum titanium
silicide, nolybdenum tantalum and conbi nations
thereof. 18. The inmge sensor according to claim 10,
wherein the material bl ocks are about 100 A to about
3,000 A thick. 19. The image sensor according to claim
10, wherein the material blocks are of a thickness and
matler i gﬁ[hesl&i%&e semsar perprHERg tq flapmidy yrhergin thent |1 ght

an 2??395%2%?&@4% GOt SPAGaTsgroen rft%ﬁf@?rgéé‘eﬁg:
Depar at oy st Rt Bion AREIEH sl BBl tlobidin
pi xel  gfiride, Qf)b’éﬁ,ec}ﬁbhﬁ)[lm,%tﬂyﬁﬂi@ohftﬁngﬁgeﬁgéiﬁﬁc@, ocks

are arranged to define an apefture ove

phot os @bsmintim, sitdivn sditidd, enpbBdslenboughtdlan Bad
phot osensors of the pixel cells, and to define a |ight
bl ocki cgrabivationnitheraokri al bl ocks being arranged in
the light blocking area to be separated by a first

Lo 18 nd HiPUBS AFPREr BFGFEGI QAU gh PO 18, | mage
sensor Aseor gt e Al 3% ABSHSL 4 6 & b

di stanCe i s Tess than or egua

19. The image sensor according to claim 10, wherein the
material blocks are of a thickness and material so as to allow

less than 1% of incident light to pass therethrough.
20. Animage sensor, comprising:

an array contacting a plurality of pixel cells, each

pixel cell having a photosensor; and

a plurality of separated opaque material blocks

arranged above the pixel cells of the array,

wherein the material blocks are arranged to define an
aperture over the photosensor to allow light to pass through
to the photosensors of the pixel cells, and to define a light
blocking area, the material blocks being arranged in the light
blocking area to be sepérated by a first distance, the first
distance being less than or equal to the wavelengths of

incident-light.
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22. The inmage sensor according to claim20, wherein

the first distance prevents at |east a portion of
worwelienzgs hs of incident |ight from passing  PCT/US2007/005440

t heret hrough. 23. The inmage sensor according to claim

20, wherein the material bl ocks conprise a netal

material. 24. The imge sensor according to claim 20,

wherein the material blocks are of a thickness and

material so as to allow |l ess than 1% of incident |ight

to pass_therethrough. 25. An inmage sensor system
cor?&ri ST RRyimage peses §6pording tasiesh yohetebthmficstt i ng

with th rocessor, the inmage sensor. conprising: a
pi xel c‘g‘ls{g‘rﬁ?ﬁ% S ERAThGT 8% aﬂ%lotlﬁyoo‘furﬁ'rxel cells,

each of the pixel cells conprising a photosensor

t A ACt A j t
oy oy SRk REb ity R G 30 T nGleRt BITREE o)

conpri sdibgnee ?ré‘i}é{tis Y 1t ARRAUBNBFLRAVALN RIS
associ ated wi th and forned above the photosensor/ the

mat er i dhcidlent kighb éiony passiagghdrdthrelgfh.ne a | i ght
transm ssion area over the photosensor to allow
Iig‘{nto pass through to the photosensor, and to define
a 14%htThy Berensensos accankinghe slainy 20 voaeein heg

arranged jn. l,i ght Dbl.ocki n rea t.o be separated by
T Sl Hecisd S g mital haterial.
24. The image sensor according to claim 20, wherein the
material blocks are of a thickness and material so as to allow

less than 1% of incident light to pass therethrough.
25. Animage sensor system, comprising:
a processor;

an image sensor communicating with the processor,

the image sensor comprising:

a pixel cell array having a plurality of pixel cells, each
of the pixel cells comprising a photosensor supported on a

substrate;

a conductive interconnect layer formed above the

photosensor; and

a light shield comprising a plurality of opaque
material blqcks associated with and f_qrmed above the
photosensor, the material blocks being arra’nggd'to define a

light transmission area over the photosensor to allow light
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| east a portion of -wavel engths of incident [ight from

passi ng therethrough. 26. The inage sensor system
wa@aewaonaizngy to claim?25, wherein the first di stBOLEsS2087/005440

| ess than or equal to about 0.4um 27. The inage

sensor system according to claim25, wherein the first

di stance being |l ess than or equal to the wavel engths

of incident light. 28. The i mage sensor system

according to claim?25, wherein the material blocks are

arranged in the light transm ssion area separated by a

second tﬂﬁ%%%rﬁb%‘?“@%to theephofpgensoanaind te defiamadighl di ng
t [ ai,m 25, wh in th i,al. bl ock '
metal  rPEFing cioaghe maferip b UG helnd Syereandpabe s

to cl aiﬁfb@l@in&"\%g% b Betsgga{mé& !J.ga‘ia l?f%'\%ﬁ%ian% ?%gke Tt at

t hi ckness an eri al O as ess

i nci deneadd DPbrifch Wv&ﬁﬁ%‘ié@?ﬂﬁtﬂeﬁ]ﬁ T ﬂ@t}%\%sﬁfg

form ng an i'mage sensor coifprising the acts of:

f or m ngharethisw@gh.contacting a plurality of pixel
cells, each pixel cell having a photosensor; and

forrring¥a plurality of nmetal material_ blocks .
asstfei atReIMREN SO BEFieRtactsading Freclahni2ds sviwsein the

themat eri al.. bl ocks .bei arran to define a |ight
bl ocki rférsgfiésg?n‘ferf@ lﬁ%@sf‘aﬂr e&‘%ig%aﬁgVﬁé'4Hm'anged in
the light blocking area to be separated by a first

di S3ANCAd AnRESY&Nor B steb@Eledtding to claim 25, wherein the

first distance being less than or equal to the wavelengths of

incident light.

28. The image sensor system according to claim 25, wherein the
material blocks are arranged in the light transmission area

separated by a second distance.

29. Theimage sensor system according to claim 25, wherein the

material blocks comprise a metal material.

30. The image sensor system according to claim 25, wherein the
material blocks are of a thickness and material so as to allow

less than 1% of incident light to pass therethrough.

31. A method of forming an image sensor comprising the acts

of:

foi'ming an array contacting a plurality of pixel cells,

each pixel cell having a phctosensor; and

forming a plurality of metal material blocks

associated with and formed above the photosensor, the
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portion of wavel engths of incident [ight from passing
t heret hrough, and to define a |light transm ssion area
wo@e@r/1032¢3 phot osensor, the material bl ocks bei PQI/US2007/005440

arranged in the light transm ssion area to be
separated by a second distance to allow light to pass
through to the photosensor. 32. The nethod accordi ng
to claim3l, wherein the first distance is |ess than
or equal to about 0.4um 33. The nmethod according to
claim 31, wherein the first distance is |ess than or
equal toaterial hdeddsdeing errahgeddpdiafing 4 ght bRkinghe
nmet hod according to aim 31, wherein.the matecrjal, .

bl ocks AiFE 1 AL RIRSs berie AFaBERd indbe Joht bihing,
l ess than_ 1%.of ingci t 1ight,. ass_therethrough
and cartiha teBRanerrethy o4& irRolPRipla iR 2tigut
met NOd (o ol $F Wevéen] iRERRAE IEATRId igigsige acts
of : forIsnE;rné) an ar‘r,ayngﬁglﬁ;el ce I1 , eac I%ig?(lg‘:%ecell

havi ng thepitBtQsE s9id tdf @Efidg lighl kgisnEbii6htrea over
conprising an opaque materi al above the photosensors;

and pattherpliotgsertser,| thghhatehiad btbdks Heimgrazrapigeddhithg of
opaque material blocks per pixel cell associated with
andf or dightdrenamispionses 48 beseparatpd by 4 segond digtance
mat eri al ocks.being arranged to define a |ight
bl ocki ﬁ@ﬁiﬂé&ﬁg{“ﬁéo f%mrﬁf‘%gl%éﬁ% tPRFTE8Par at ed i n
the |ight blocking area by

32. The method according to claim 31, wherein the first distance

is less than or equal to about 0.4um.

33. The method according to claim 31, wherein the first distance

is less than or equal to the wavelengths of incident light.

34. The method according to claim 31, wherein the material
blocks are of a thickness and material so as to allow less than
1% of incident light to pass therethrough and can be

conductive or insulative material.

35. A method of forming an image sensor comprising the acts

of:

forming an array of pixel cells, each pixel cell having

a photosensor;

forming a light shield comprising an opaque. material

above the photosensors; and

patterning the light shield to form a plurality of-

opaque material blocks per pixel céll associated with and
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a first distance, the first distance being | ess than

or equal to the wavel engths of incident |ight. 36. The
woreaohaa2axcording to claim35, further conpri sPELUS1E7/005440

act of formng a conductive interconnect |ayer above

t he photosensor. 37. The nethod according to claim 35,

further conprising of the material blocks being

arranged to define a light transm ssion area, the

mat eri al bl ocks being separated in the |ight

transm ssion area.by a second distance to allow |ight
to pasdOrRedabhpve she phopnssnset ke plursity phanaterinbd

F R o

[ ) ' i Ny f. ' h
oo Oy T e WS AR
40. The, mRt ARdades lfiRg difrahkebBinidles b eﬁﬁ&lat%t ep

of formng the Iight shield conprises depositirig

mat er i ahe s&lveldrggdht bomdidendlighto consi sting of
tungsten, tungsten silicide, titanium titanium
nitride, cobalt, chrom um polysilicon-tungsten

si 136ei dde methachaesordingte daimidd; firgher eashppigisgithe
tantal u d conbi natC{ ons thereof.41. The nethod
accor didof BTENRER endugteredplerenpiest ay et aie Bni ng

the |ight ield forms materi al bl ocks about 100 A to
Pl Sspf

about i ck.

37. The method according to claim 35, further comprising of the
material blocks being arranged to define a light transmission
area, the material blocks being separated in the light
transmission area by a second distance to allow light to pass

through to the photosensor.

38. The method according to claim 35, wherein the first distance

is less than or equal to about 0.4um.

39. The method according to claim 35, wherein the step of
forming the light shield comprises depositing a metal

material.

40. The method according to claim 35, wherein the step of
fornﬁng the light shield comprises depositing a material
selected from the grdup consisting of tungsten, tungsten
silicide, titanium, titanium nitride, cobalt, chromium,
polysilicon-tungsten silicide, aluminum, titanium silicide,

molybdenum, tantalum, and combinations thereof.
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42. The nethod according to claim35, wherein the
mat eri al bl ocks are of a thickness and material so as
W 000a/1bms | ess than 1% of incident |ight to paBGI/US2007/005440

t heret hrough and can be conductive or insulative
mat eri al .

41. The method according to claim 35, wherein the step of
patterning the light shield forms material blocks about 100 A
to about 3,000 A thick. .

42. The method according to claim 35, wherein the material
blocks are of a thickness and material so as to allow less than
1% of incident light to pass therethrough and can be

conductive or insulative material.
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