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LI GHT SHI ELD FI ELD OF THE | NVENTI ON [ 0001] The

WO pwe9i4en rel ates to |ight shields for phot oi PEESR04/010707
and to nethods of form ng and using them BACKGROUND
[0002] A CMOS immger circuit includes a focal plane
array of pixel cells, each one of the cells including
a phot oconversi on device, for exanple, a photogate, a
phot oconductor, or a photodi ode, for generating and
accumul ati ng photo-generated charge in a portion of
the substrate. ut cireult i connected to each
pi xel cell and MWQM@Rﬁ%?&HI%si st or,
whi ch receives phot ogenerated charges from a doped
di ffusion region and produces an output signal which

is periodically read-qut I ' cess
transistor. The in J?HRA§E6@@§£H§WH@§&ﬁEﬁ§de a

transi stor for transferring charge fromthe

pho er steN; l: -di ' ' e

G ST o T eoRERERbE itk R gt MBLE o B Jord ) o
ofmtih@dpbbfaeany andiihegddehce. A transistor is al so
typically provided for resetting the diffusion region

to a predeterm ned charge |evel before it receives

t he photo-converted charges. A CMOS i mager circuit is
often associated with a color filter, such as a Bayer
filter for discerning v [ ngt hs of |ight.

[0003] One typi cal cnvosa%&ggﬁ%@@ﬁci rcuit, the
three-transistor (3T) pixel, contains a photodi ode
for(yupﬂlyi nURREL; : j f iQn.
reg!on; a rggg?”?&ﬁksiSf%?&§§¥ﬁp§§g?#?ﬁg?%ﬂ%f%#?#ﬁ F%%CCH&
r egcloone of sloicadb ifidbdiagerphdtoansicsdion dbave, for axgaple, a
connected to the diffusion region, for producing an 1

| PR B, A RlRetosPNdRToNOr 208 WtodRdgoforEEnEISrog ahd POF@Tulating

photo-generated charge in a portion of the substrate. A readout circuit is

connected to each pixel cell and includes at least an output transistor, which
receives photogenerated charges from a doped diffusion region and produces an
output signal which is periodically read-out through a pixel access transistor.
The imager may optionally include a transistor for transferring charge from the
photoconversion device to the diffusion region or the diffusion region may be
directly connected to or part of the photoconversion device. A transistor is also
typically provided for resetting the diffusion region to a predetermined charge
level before it receives the photo-converted charges. A CMOS imager circuit is
often associated with a color filter, such as a Bayer filter for discerning varying

wavelengths of light.

[0003] One typical CMOS imager pixel circuit, the three-transistor (3T
pixel, contains a photodiode for supplying photo-generated charge to a diffusion
region; a reset transistor for resetting the diffusion region; a source follower

transistor having a gate connected to the diffusion region, for producing an
1
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out put signal; and a row select transistor for
sel ectively connecting the source follower transistor

W 000a/0gBumm | ine of a pixel array. Another typCT/EE2004/010707

CMOS i nmager pixel enploys a four-transistor (4T)
configuration, which is simlar to the 3T
configuration, but utilizes a transfer transistor to
gate charges fromthe photodiode to the diffusion
regi on and the source follower ranfistqr for outgﬂt.
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her yncor f.ere . Q. '

et 10204 GBBEb G PHDS ERERRTENE fhofRefdiips shercof, and
shdehittdpd@viipiiogs ePgictfih@sonsfRagbngCMOSadshe@s of an imaging
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| | gtswit agpidescridiedefati ergmples in Eh8i Patent Do. 6Hlety6Z@ ko Rhodes, U.S.
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bl oomi ng, blurring, and other detrinmental effects.

Li fghgoinpiaed bercbpincairporatest hereferepechercin int theirginticetit r y
associated with the pixels. [0006] In the prior art,
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dramibagkeldiridit @falnder of fige pisel dfcuitRomBhallighay BigHrQhields

the light shield rather than for its nornal

C oYEeCHo; hastar separatsrnedivedlighyosignalsmfaidiicentapixgls ahdprexgnt
ield.in upper netalli conductive

it rrhehﬁl,tiegqr#q%rgff?omakgféq& genciated in lll&ﬂFii%g‘ieizﬁ)rc]aéonS mutﬁc pixel so that

the imager device can achieve higher resolution images with less blooming,

blurring, and other detrimental effects. Light shields can also serve to protect

the circuitry associated with the pixels.

[0006] In the prior art, light shields have typically been formed in the
metal interconnect layering (e.g., Metal 1, Metal 2, or, if utilized, Metal 3 layers)
of the integrated circuit. A metallization layer light shield structure has some
drawbacks, such as limiting use of the metal layer to the light shield rather than
for its normal conductive interconnect purpose. Additionally, having the light

shield in upper metallization (conductive interconnect) layers spaced from the



WO 2004/ 093439 PCT/ US2004/ 010707 photo-sensitive area
can increase |ight piping and |ight shadowing in the
W@R0081033439 Wwhi ch can cause errors in device funetT/osiongo10707
SUMVARY [0007] The present invention mtigates these
drawbacks by providing an inproved inmager pixe
arrangenent having a light shield over the pixel
circuitry, but below the nmetal interconnect |ayering.

Th ght .shield can be a in film ich

CoRHPnsEYe ﬁ‘feé r?é? mfafass &gga@%% %gmﬂysf@&@ms m the pixels,
mag &1\ Qﬁn%ﬁﬁ%: céﬁﬁmﬁgﬁﬁﬂ¥tors to pass through
from he con |ve | erconnec ayers to the
underlying circuitry. An aperture in the light shield
exposes the active region of the pixel's

phot oconver si on device. The invention also relates to

nmet hods for forming the Iight shield and an i mager

devi ce incorporating the SKRIMMARRNhe |ight shield and

met hod of forming of the invention are particularly
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Whbl G ovay inrl] o :ﬂa cﬁh%%érﬁ%%t h%@*n(gg oggljﬂi dhif§ over the pixel circuitry,

I nt €r connect ers routing

pUsydsctsw thé i&ﬁitalhhﬂilﬁéorﬁﬁlaﬁf ?ém@ The ﬂ%ﬁt sveld d@zﬁl Be&a thin film,
mtigating undesired effec | oom ng,

bl whichmaay bé gimfopinpk mlamdoéhmm (ng nejudpopiquk)esaterial with
and ot her. advant ages and featgh?s of the present
i RRSHERESOr GPpdugsersgmassihsanghron Hin qansiucye Buisgnnect layers
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d perspective view of a pixel in accordance
W| mpthiolde fomfpeming the lhnehRid m@mmsgm@mmpewﬂ@khe

g\l,gi(]i o&"hgealghﬁ §§igfd %?}?d %re ch oft %ormu(l:é 8 l?heslggér;t?o%azlire particularly

well suited for CMOS imager devices.

[0008] The light shield arrangement protects the underlying circuitry
while saving the metallization (conductive interconnect) layers for normal signal
routing purposes. Pixel light separation is achieved while mitigating undesired

effects, e.g., blooming, blurring, light piping, and shadowing.

[0009] 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.
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is an exploded perspective view of a pixel in accordance

with the invention.



1 through line 2-2', also show ng additional

conductive interconnect layers. [0012] FIG 3 shows a
wa@gmoxBo f abrication of a circuit |ike that sPOWSI004/010707

FIG. 1 and 2 in accordance with the invention. [0013]

FIG 4 shows a stage of fabrication of a circuit

subsequent to that shown in FIG 3. [0014] FIG 5

shows a st age of fabrication of a circuit subsequent

Q@h]c at ?‘%{2:‘302 Idgar érﬁ P%‘Pfgai g@g:ﬁgﬁﬂ%&gg@}\?{% g’%grl of FIG.
' nl ﬁ{rg'u;fgﬁ link %Oéﬁ]alsglsﬁowz\}%ﬂ?ﬁgoﬁal%oﬂgﬁc@éc %?%Ebrgt?éc't Hers.

of " a ciPcuit suBsequent shown

[0017] FIG 8 shows a stage of fabrication of a

ci r 0012 ]subsEqmenihdvs 4 frage ofSfabyitation &f £xirduit [ROABE shown in
FIG 9 shows a stage of fabrication of a circuit
suHSsqglend 2 i agsardansg widh the ifyagtiom. [0019] FIG 10

shows a st age of fabrication of a ci rcuit subsequent

in.FlG Fl G
part@g]cr 0SS~ ‘eﬁgﬁfan’Wae} St%“leﬁﬁéwghﬁat?ﬁ %(%’FC‘E’E ﬂ}qsg‘ﬂuetné to that
t Ngodh iRiRe]. shown in FIG 1 and FIG 2 through the
same cross-section portion of the pixel as line 2-2
of FIG 1. [0021] FIG 12 shows a pixel array
i nt fAPltled iFlh SasHoMBE: stagrgef fabyisttenm of miciamdosutsageent to that
i}h t he | nvent| on. 4 WO 2004/ 093439 PCT/ US2004/ 010707
[ 602PP 1ImEEG- #3 shows circuit diagramof a 4T pi xel
i ke that shovvn in FIG 1. [0023] FIG 14 shows a

pr of&?ﬁﬂr SYSIEM G P &agct Mq ﬁbﬁcatlo 205fa QP& subsequent to that
shown in FIG. 5.

[0016] FIG. 7 shows a stage of fabrication of a circuit subsequent to that
shown in FIG. 6.

[0017] FIG. 8 shows a stage of fabrication of a circuit subsequent to that
shown in FIG. 7.

[0018] FIG. 9 shows a stage of fabrication of a circuit subsequent to that
shown in FIG. 8.

[0019] FIG. 10 shows a stage of fabrication of a circuit subsequent to that
shown in FIG. 9.

[0020] FIG. 11 shows a partial cross-sectional view of a 3T pixel similar to
the 4T pixel shown in FIG. 1 and FIG. 2 through the same cross-section portion
of the pixel as line 2-2° of FIG. 1.

[0021] FIG. 12 shows a pixel array integrated into a CMOS imager system

in accordance with the invention.



CMCS i mager device, like that showmn in FIG 12, in
accordance with the invention. DETAI LED DESCRI PTI ON

WO 0249348 t he follow ng detail ed descri ption, PCT/US2004/010707
reference is made to the acconpanying draw ngs, which
are a part of the specification, and in which is
shown by way of illustration various enbodi nents
whereby the invention may be practiced. These

cna b hos I s eeirdisiiom f SaEesni ke chitopgn in

igﬁg@ﬁjon. It is to be understood that other
enbodi'ments may be utilized, and that structural,
| ogical, and electrical changes, as well as changes

i n {oe23Mat erkldk.sl4grtvs Mpaocbsonadeenmviideepdratagat ldakgone
fromthe spirit and scope of the present invention.
AGIMOD imngsr, devises Bkanther s im§IGt bpsin amrerddase withglie
and a particular order of processing steps is
m%ﬁﬁ%@%ﬂ; however, the sequence of steps is not
limted to that set forth herein and may be changed as
is known in the art, with the exception of steps or
acts necessarily occurring in a certain order. [0025]
The ternms "wafer"” and "substrate" are to be understood

as interchangeabl e DETAIEEDDESCRIPIIONON,
silicon-on-insulator (SO) or silicon-on- sapphire
(SOS), doped and undoped semni conductors, epitaxial

| ay E0Q@24df  silinj thedollewmgatataibedoieseripricmn reteninsensimeatoto the
foundati on, and .ot her, .sem condu%&glréc structures

FAFENEPHRMES ERsharhirk At PUt b dRe tRycificatigp.gnd igrwhich is
) %ﬂg%ﬁ%ﬁ &‘/;Ly bf‘ﬂlugtfﬂﬁticgrpl'%ﬁﬁﬂs%% ! fzh(rgla E\’gﬂ bﬁqﬂ?é’ 1M tion may be

process ‘st e€ps may have been utl or regl ons,

] pra¢deeds Tieserainbodahed @ yey Gescibed irdsuffidientdd@&sil to enable those
sem conductor structure or 5 WO 2004/ 093439
peilied2o0iag axaearakerandrssatthe nventionddt isitorbe widerstood that other

SeTCORAUELer nesc, o be i1 con:barnd. UL 6 0 P8 e,
ar3 %Hda%'chgﬁg&tiﬁ Ghe KDOWAIs &s%ﬁi, ﬁ&%‘é%?&e FRhSLE aizfa'rting from the
spirit and scope of the preseﬁt invention. Additionally, certain processing steps
are described and a particular order of processing steps is disclosed; however, the
sequence of steps is no.t limited to that set forth herein and may be changed as is

known in the art, with the exception of steps or acts necessarily occurring in a

certain order.

[0025] The terms “wafer” and “substrate” are to be understood as
interchangeable and as including silicon, silicon-on-insulator (SOI) or silicon-on-
sapphire (SOS), 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

5



[0026] The term "pixel" refers to a photo-elenent unit
cell containing a photoconversion device and
WO e@asPEBOrs for converting el ectromagneti c r aPCHUBZIN4/010707
to an electrical signal. The pixels discussed herein
are illustrated and described as 4T pixel circuits
for the salve of exanple only. It should be understood
that the invention is not Iintted to a four
transi stor (4T) er but, be used with  othe
fa @p atl?ranée nh'éhﬁ %?3“? 1Qrengsd naghe s«sthraobeed but could

| nven 5 on i S Cg)l?l "‘é’a“ neggﬁr?a&]%‘?‘hg tho"br%eé}éd Qnthcr known

an@hh&ﬁghghenﬁm§ﬁggbrrcatlon of one pixel, it should
be understood that this is representative of a

pluralit ﬁlxels in an array of an inmager device.
In H00R6G on Thatarhotpgjkell refeistwenpheto-¢lemdas unit lveldl containing a
bel.ow with ref rence(%o a .CMOS.i mager,, the invention

hgﬂ%ﬁmm&aw £yce an FF?II%%FPFSofO&QPFYPHﬁgM&O&&&né@C radiation
hay IQ&tﬁﬂlSs%gntH] e%‘hg ?)b{(c%%@c%s& tt?érla?mdarg %.Eus{:rapc Al %estnbed as

therefore ense

t heT poeper@fitstBe iy AReF ekzﬁﬂ%o g Itssh@efd Bé qnatvsbbolaymat the
t he appended clains. [0027 w referring to

f ilguengsn Minert dinlitedetor afosr erwetsmr(’é@) pmcﬂdmtgnat bze Lisddewith

I I nmbodi
O ko et o L o e o
14
(FEsEUE. Ptohot 00, BN EBH UGl Rirs oo

a utmwc@@klmdrfatﬂ@eoﬁmdeqﬁﬁdlﬁ shemd B@&hd&&%oa%at this is
n-type conductivity region 18 and an uppernost th

p-repeecrgatiduct 4 phurality @y pixeBR(n anenrayhd an-imager dedieo rin addition,
18, .1t _should he unders that while FIG 1 shows
t r?étherlslat}ﬂt IRyepgpn as r%ﬁ%‘f gr low) with refcrfﬂlcs ta@tCMEPS ygeger, the

ther & ljlasbaﬁgﬁpabl}ﬂivﬁttﬂ aﬁr 8Md QtaFeD 4n%l(_a% %Y}gé Vlng%plxcg The

rows and pi Xe

AGBRESRE dthild] AQW: rsotrwmfo%@hﬁﬁtt bl thkaH fof ¥ lim@hd &

knovvn in the art. 1{%«!{&1' xel 12 shovvnocan be Iatergﬁt%/ 6,

i sodahedcorfer @ﬁmhetplnexenpuweh‘somﬁs ddfmedrardy bpyhes hgpdnded claims.

trench i sol ation regions 42. Although 6 WO 2004/093439
04/ 0707 the isolation region 42 is show

onI L@%ﬁ estFfréﬂ%g tq Hie Hgures, vilere ke seiggsnce ppipbers

designate hkc clements, FIGs. 1 and 2 show an exemplary embodiment of the

invention, exemplified in a four transistor (4T) CMOS pixel 12 using a
photodiode 14 as a photoconversion device. The photodiode 14 is formed in a
typically p-type substrate 10, and includes an n-type conductivity region 18 and
an uppermost thin p-type conductivity layer 20 over the n-type region 18. It
should be understood that while FIG. 1 shows the circuitry for a single pixel 12,
in practical use there will be an M x N array of pixels 12 arranged in rows and
columns with the pixels 12 of the array accessed using row and column select
circuitry, as is known in the art. The pixel 12 shown can be laterally isolated

from other pixels of the array by shallow trench isolation regions 42. Although



sake, in practice it may extend around the entire

perinmeter of the pixel 12. [0028] The 4T CMOS pi xel 12
webhamoi4eo FIG 1 (and FIG 2) is formed partiBCT/yS2004/010707

and over a doped p-type region 16 in a substrate 10,

and includes a photodiode 14, a transfer gate 22, a

reset gate 28, a source follower gate 32, and a row

sel ect gate 36. The transfer gate 22 fornms part of a

transfer .transi stqr. for rlcaII at.i

o hie geelation. Feripndds BPBh 8?@5‘%%0&2 ' B pixel 1 for simpicity
di P f
fl{)aia( ’ﬁh?}%#&?dgﬁloﬁ%ﬁ |dodr€6§lidi s in eé?ert?%aﬁ?l% pixel 12.
communi cation with the gate 32 of a source foll ower
t rafg038pr t'EI.ThE)lélg.'hCl\/EOS@Ki-bmll(112(Shljﬁl'ndh(FIG34ﬂq HtHIGU @ is formed
t he conductors F‘? 26 and 34, are not s in the
exl;@ﬂf@ apedp- tymeygmd Qi %)Nttﬁwatﬁhb(),d@tdtlél@IIUdes a

SO té%ﬂ%ﬁﬁﬁ%ﬁﬁﬁ e P8 & St FrlERTghpate 32, and
CODRRFLALL e B6CAUENLIE R I7 Mokt e SERMMAIAN Byt for

I nt erconne ayer, e.d., aring t

f | dedtibglydidtingsiherhiegs accutdulidetibyt pleototifoaiesi4eto a ﬂoatmg
transi stor is reset transistor havi n%@a gate 28. The

e@lﬁilsmnaﬁglpgt?élr Adirstconduetos 6t a5 the Jloptiag diffsigrersgion 24 is in
rou a sourcel/drain r n havi

C o oS RGeSab GTE 56 eq S2f ¢ gty 3314%@@ tppsistr through
fl i r
cctsod cBhihotdt 32 (REbA oG, (B, F6REHIL Ake not shown
i nin the @x;glb&edllvidw of KEG. 1 2hbeiwoald Astiow gt @(Sttédlﬁﬂﬁ a!sibcmtcd
the art by RESET, TRANSFER and ROW SELECT si gnal s.
Asthsrawith ot @ndugtive pethBP)ei Flaio cordndsers@nanst 34 dre

to,a 3T circuit Qhy.the renoval of e portion .
coﬂ?f&rlﬁ ‘iiant“ﬁFtﬁa it R ENC b 5.1 o Eopdudiidnterconnect

€ 23 d ?Z\ﬂ :Hygf SHM] q?(falti‘fl%l dﬂ%ﬁ&# Qééﬁg 2NGith the X

pho out’put to t oat on regi on
24tréﬁhslfdil thardsReorfs l’éé@@tralﬁﬁﬁbﬂﬂa\i@g atgﬁﬁ: $8.03hkR6set transistor is
di ffusion regi on 24 bei n% connected to the gate 32 of
t heonnsetigdde o wiltagaseuice 4Ms4) shusugh7 sW0ren(irADIBgRS having a

PCC-IZ)/n u%go%AgOO gzaggwdmg a resetting voltage to the floating diffusion region

24.

[0029] An electrical equivalent circuit for the FIG. 1 pixel is illustrated in
FIG. 13 with pixel 12 being operated as known in the art by RESET,
TRANSFER, and ROW SELECT signals. As shown in FIG. 13, the 4T circuit
can be converted to a 3T circuit by the removal of the portion contained within
the dotted box 22°, i.e., the transfer transistor, and electrically coupling the
photodiode 14 output to the floating diffusion region 24 within the p-type
region 16, the floating diffusion region 24 being connected to the gate 32 of the

source follower transistor.



[0030] Over the pixel 12 circuitry is a light shield

44, as shown in FIG 1, which is an opaque nateri al
wa@omvitioga4sed to prevent |ight energy from irradP@r/iuRz04/010707

the underlying circuitry. The light shield 44 materi al

can conprise Weix, W TiN, Ti, Co, Cr, poly/Wsi., A,

Ti/A, TiSi2/Al, and Ti/AI/TiN, or other materials

with the desired |ight-Dblocking, electrical, and

or JOBRV " FERCk e I HBATEY § RNt oV i FIG. 1,
SRS sty P2 b, O iy i

bettichirﬁeﬂgﬁ@kg&ui@y.bme !ﬁ]g_h{ gHitld ebaidterbdCarf\cbRpAROWSI , W,
3,000 A thick. The specitic thickness within this
r ahge, Tialo oy € rd polyy/ VW Sig dAlp i L Ale Ti$i; Ak, and Ti/Al/TiN, or other

absorption/reflectiqn. properties of the ljght shield |
44MRER1S iEh the 3?%6%%&%5?%@%&@41 saqiﬁws&@f racteristics.

|| ] | ' shi .

pe’gielé Pg{%&;ﬁg@kigﬁ; e&'glﬁbdé e{F ft?]]gl V\g{ngx ggﬁ%ﬁﬂ%‘g R= It%glcai metal
anghtEleskhidch & ets whedhaddnohe aBAIRNEO00 Adtd ARATAD,G00 A thick, the
dielectric | ayer 52 can be positioned between 'the

| i ligthtt shishd d# chead cmiyibe Heickindeugly fnblogk tight; ibouad 08 Hotmabout

: 2?/’5}380% é?"df'th &%B:Sh%}%cia’qld%gﬁ {4Y14 g nsr Fq%@éatcgg %fpo c@g%i by the
g@i%@%w@%ﬂ%%%@éﬂ?ﬂi”%?%ﬁ%* SEstiedlefe SGRNERE cRRbe Teis

MeReredt dhet ﬁk@(ﬁiantlrvﬁaﬁﬁgﬁtha[ﬁ)aaﬂﬂ% thelidlc Jhddl€@44 be able to
Optionally, [layer 54 can be onmtted and the first

c oprhgttate/e thetwrdeolyingrwafeny As sixowve anFbE. 2 faodndescribed in relation
directly over the |ight shiel.d 44 if the |light shield,
44DCEtR 0 URBTRAAYS Ja%l.eCtpsa@ff 5$r$én|hewltsqﬂeé| twgen the light

def: r {4t h odi 4 .1 .
SR R PRE R AL D401 U8 AR B8 8 5t R s 44
CONEUSE d ¥éhfofafl 13y &QvePBid SIRal 1 Bgaiflr8felfing 8 FYG. 1, an M1
grounded by a grounding circuit 47, by which it can

- prleydirdenslisiogrdondiictve iatatomndco patiernuy@ srfoyinnd apowethe light
ci rcﬁgi try. In another _enbodinment, the |ight shield 44

caitifd 4ds wishys bereary thegrixd traggisiosgand thayM1 layer. Optionally,

per. | r ddj t i epn| 8..are provided in e
PIHE S oy G S B AR RS BB Rl 50" e
Cofpbmed Hirdbrly Sbor tBé lighP shidd 4ifkRe ﬁgh@i}ﬁ@lﬁ@/—lcﬁ lnot conductive.
comuni cati on between overlying conductive

i nterconnect |ayers 50, 60, such as
[0031] The light shield 44 defines an aperture 46 over the photodiode 14

to allow light to pass thereto. The light shield 44, if conductive, can also
optionally be electrically grounded by a grounding circuit 47, by which it can
provide electrical shielding to the underlying pixel circuitry. In another
embodiment, the light shield 44 can be used for electrical strapping in the
periphery. Additional openings 48 are provided in the light shield 44 to allow
the various circuitry contacts 26, 30, 34, 40, 38 to be in electrical
communication between overlying conductive interconnect layers 50, 60, such as

M1, M2, etc., and underlying pixel circuitry, e.g., 22, 28, 32, 36.
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M, M, etc., and underlying pixel circuitry, e.qg.
22 28, 32, 36. 8 WD 2004/ 093439 PCT/ US2004/ 010707
WO 0@32%3489 Gs. 2 and 2a show alternative cross BEDUSNE010707
of a portion of the FIG 1 pixel 12 taken along the
line 2-2' and with sone additional detail. As is
shown, a light transparent first dielectric |ayer 52
can be provided over the pixel 12 havi ng an upper

ot 606527 0y PGl S il 7a ispw téqa%éi‘%‘?ra%%é’qrcgﬁ% O ppEton of the
lfo i"l)ﬁ(iétﬁ.d]lgﬁé[ m <efn' ;ﬂg{llg glrcgu?é:ﬁ b ﬁ{ gcgz-ﬁ g&%%g @&aﬂ As is

asshefd, adfshic h'iﬁnspirbﬁﬂ’ ﬁﬂs@&ﬂ%[e%tﬁ&c laﬁf&eSZ)téiﬁbe ﬁ%dldec?@ﬂ:rklﬁc pixel
confornally deposited. A second dielectric |ayer 54

hal2 hgwsg A upper puitcetabame thic Jtcwig)fah@ tiansistioalgates, €.g., gate 22,
t.he f.i di el.e ic | aye 2 ca
P oPREh mi a2 HaBR: N e i By sherbicchmlestin baver 52
I, e first
0 5, R A, SEASAERY 5

Whothier RByrsf thopixeC & chy be QBhﬂﬁhﬁﬂ{f dﬂ@src_cﬁo gl blé‘c‘bﬁﬁ dielectric
26) to the underlying circuitry provided in openings

4 ayqxrﬁjlu]g:mmglsnulgr light trahsuyietisg 5dq ir5R]atidvg. prageditics antie first
RSt b PR M B BSOS B e
agJ RGHE s6). BXEE 1OLDAYERCH 1IN HEARRTLLHLOR AR rconnect

I ng’'proper r

dll &@F0, i.6., MY ey r,5#hicBfayole c&&ﬁ&t&%ﬁc&ﬁﬁ@t@ @e.o., conductor
diel ectric Iayer 56 can be formed a second condtictive

| i@rtodha eadetlppgreigojtrypiovidedan dpenings diSethtougtathe various
onductive intercannect, | ayer

h f
gst(%g b 4‘% oRgghignal fg hecting grerbe éirﬁt&epfiwyu‘@rmr%@mect layer

d { t

S RT3 B2 UL PHRIEL e s b i

f QiR echi@HR addﬁisﬁelﬁﬁﬁ@ ProSeeECsnvgr t@ﬂﬁrﬂepﬁﬁé di@é’c%ﬁc layers 52
60, but are not shown for the sake of clarity. Pixel

1 2ndlehA. c Oyemthis sroandidiclettac ldyenhd ckh Ge forRedinde@mdeamductive

be forned as de bel ow. [0033] FIG 3 shows a

p r%qumwyfag%faéfi ‘Bﬁwg 3R bedn flgctrical eRmastoal the By sonductive
rlnf’c'réc%‘ﬂ}% {&ge%&g?/}(bthggﬁgrt? b ‘Sle plxcl 1% c!n‘sc%kt%tf (end 1r¥1mager cPewcc

the su
by conductors 58. Additional dielectric, conductive interconnect, or passivation

layers can be formed over the second conductive interconnect layer 60, but are
not shown for the sake of clarity. Pixel 12 devices as shown in FIG. 1 and FIGs.

2 and 2a can be formed as described below.

[0033] FIG. 3 shows a preliminary stage of processing. As mentioned
above in discussing FIG. 1, each pixel 12 is isolated within the substrate 10 by
isolation regions 42, which are preferably STI (shallow trench isolation) regions,
but may also be formed by LOCOS processing. FIG. 3 shows the formed STI
isolation regions 42. The STT isolation regions 42 can be formed by using a

photoresist mask, patterning, and etching to leave trenches where the isolation
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i solation regions 42, which are preferably STI
(shallow trench isol ation) regions, but may al so be
wo eoorweB4by LOCOS processing. FIG 3 shows the POI/Iemo4/010707
STl isolation regions 42. The STl isolation regions
42 can be fornmed by using a photoresist nmask,
patterning, and etching to | eave trenches where the
i solation 9 WO 2004/ 093439 PCT/ US2004/ 010707 regi ons

e SR 5 o U s
(t dﬁhc&f(ggﬁucﬂ:' glil;(‘;l? ni dE r 6%86 Lgi@ Itn%lrld? oxick h or o%lde-

de OXI etc
C\@tn&d:’@eiac &8, is Rfrme@[txbﬁbm&ﬂhbttﬁéﬂcﬁeﬁl?}am ALPEVD, HDP, or
filling the trenches with the dielectric material, the

wadther smtqbllamamz edftef ﬁﬂmgxhqpleeclbf;s vaNP thor diRlcEtrii ylatcrlal the
ch roces and e n re ions are
BRORIEE Gy .eﬁampfg%c iﬁlﬁ Lo Brogspseg,and the
ar r S
glguérgg %ﬁ or ne |1 cf%gl?\rgrgow h;fGa er’ glg)t ehgtﬁélc pixel 12

shgm in FIG 1 and FIG 2. Standard MOS gates are
formed by form ng a gate oxide layer 100 (e.g.,

silicon oxide) over the substrate 10, then formng a
dop&B0Pb) ysi Nestons seyven il BEG odetransiseconygates oxifdemedyacluding

SUBe At B3 THPAATRIR MEn! %ﬁﬂﬁéﬂfpﬁm@mw@w are
BRI P 50l (D0 g R B0 bR substare
pald,ahse dopiaardsjedtp cﬂﬁh@maqu,oz cRd tied ghrebxidk layer 100

| eave stacks, which will be the transistor gat es,
| niche go}yglhcchtelaytr camshhedopert i s o subaq:thmtlgmmlmed with a

b ga%'af”f thene qalsnlvlaé gllagr?ﬁ i Vgrﬁ‘l %353 V??-s %J%r pteds). These
1 ﬁfcrr% igge% %ir_?l\é@/% &g&?hga ]Eh ﬁ%?erﬁé%ﬁagc?e&&yfgg example,

pedridoétoRet 8lchidstRdle C%ﬁfdhr\ﬁlﬂaﬁ?c the tkdiRiForl dhtdshehcliding the
[0035] After form ng the gate stacks (e.qg., transfer

garask2)gate Jdpdman mpiaam cad®dimepeafsdicredayar kHe(shown in
S Liplsérla %t ]f1%tt1r(1)FE8r 21) aa.[{) be ¥£rrenerd oxle? ﬁlc polyg ggrtx Elyer 102.
However, omission of the silicide layer 104 is preferred. Additionally, a V,

implant can be performed during processing as is known in the art.

[0035] . After forming the gate stacks (e.g., transfer gate 22) a dopant
implant 108 is performed in the substrate 10 to form a p-type region 16 beneath
a portion of the pixel 12. A photorésist mask 160 prevents the implant 108 from
doping the area of the pixel where the photodiode 14 will later be formed (see
FIG. 2). As an alternative, the p-type region 16 may be formed by a blanket
implant. Note, however, the dopant conductivity types utilized throughout
processing can easily be reversed to form a PMOS type pixel structure, as

opposed to an NMOS pixel.
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a portion of the pixel 12. A photoresist mask 160

prevents the inplant 108 from doping the area of the
W@Rooeloosber e t he photodi ode 14 will |ater be fPCHES2004/010707

(see FIG 2). As an alternative, the p-type region 16

may be formed by a bl anket inplant. Note, however,

t he dopant conductivity types utilized throughout

processing can easily be reversed to forma PMOS type

2 bOEALS ) EBE R R R al 8 s wtco
B R BR Be PA S R BSED,

t rigfesiis irothegat Gosik@GKiran regidonk 93 fNoWMer iAnkiB®raédn be formed
(source/drain regions 23 for other transistors can be

f ctimedtanenusiy)t dedimsitipg diffhsion region 3¢, d¢ts fsis isowrce £diagm region
24, .acts as a saurceldrajn regjgn. of the_transfer
¢ S BF R S oE e gletinB Ao o 22 4RI aS can be

1 : ' [ £ 16
o opeYin S BF old yhle pEIRLAL X IPR0 SRR % 10
prieherded Bibpetifereed etbedim@lant igphet H@E@ﬁmff@ ifot fHiSimplant
inmplant 118 Is about 4 x 1012 to about 2 x 1015

i srpoand 1t HE” to ehoutng xdioFt ivsis Gem” ardthmfl@atinigsdiffusion
conpl eted. by diffusio .0037] The phot odi ode 14 (see
Flrgigloé’)f‘gg -glggeﬁ}ypé}ﬁh%\ogt ructure made of the
underlying p-type substrate 10, an n-type region 18

ui L MogzFNe PThY BRotRidde £ (scBIE P 2 chifpfist&Y Bln-pdtructure made

abo e n-typeé region ayers-o

phsftrbdivaderltitg(J-type substyfe 1 018n nl§pe aeor AB widhintie p-type well
fornmed as sﬁgmgjpﬁ FIG 5 and F%%? %%QFIG. 5 showsptyp

t b, s st p-ayre laperi 20 ahoykeabic wtype acgiantldr bl layers of the

hqt or esi,st. 110 and apother i.an..inplantation 112 of

P s TRE R o e DS D el D 2Py dorped Bo HapmimEIG: 5
Thj ng ' i i '

2R BTG S0P IRRB0IA 1 AP W5 Spdfemed

| mioaotesitd 210 and haotidr libz BHplaftatioar MY 604 StoA8 cbAductivity type,
achieve certain spatial characteristics of the

pHisrodi e, is perfpuned] This formaan inntyPt @:gien 18finehe pixel’s 12 active
Fres and b(tallg)SV &I’éottra%rs e Iggtt;e ﬂoAnaarlllgled implant 112 can be utilized to

form region 18 to achieve certain spatial characteristics of the photodiode 14.

[0038] As shown in FIG. 6, after removing the photoresist 110, an
insulating layer 120 is formed over the transistor gate 22 (this same layer 120 can
also form sidewall spacers for other transistor gates). Another mask of
photoresist 111 is formed partially over the transistor gate 22 and a dopant
implant 114 is performed to form a top p-type layer 20 of the photodiode 14.
Optionally, an angled implant for implant 114 may be used as well. The
photodiode 14 is termed a “pinned” photodiode 14 because the potential in the

photodiode 14 is pinned to a constant value when it is fully depleted.
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insulating layer 120 is fornmed over the transistor

gate 22 (this sane |ayer 120 can al so form sidewal |
wGQpaamoR3d or ot her transistor gates). Another PEEKSID4/010707

photoresist 111 is fornmed partially over the

transi stor gate 22 and a dopant inplant 114 is

perfornmed to forma top p-type |layer 20 of the

phot odi ode 14. Optionally, an angl ed i npl ant for

tor KR i Ardooip o ks iRt RAepOTE gt the pixc
m&%m%%W%%MMWW%mm

P@ﬂdd&@%h@)h@&&%o z{sQﬁB% iApedd bl frémMPeSzhidg tide photodiode 14.
dielectric l'ayer 52 is deposited over the pixel 12
ci Flaudictoptric lagenil nagl cdmpmeang geiliegar exides ormhitigdes, glasses, or

di el ect I 1y, t
sh»eogir%ﬁ%% FriE A, a8 A QPO BAERPRE e IR G-
4]? ghg fift ré)rcoéh@y ? hﬁ%&%@ﬁn%ﬁ'@ﬁ 'tﬁcearte '1916’ chclectrlc layer
I con’o es

nitri asses

Meg B friadt bz, plﬁﬂﬁhz@d Igh@ndﬁ@ﬁ&hﬁﬁﬁlebysueh apma.PldteRIE etchmg
t echni ques, ECVD, sputtering, or other

t e‘?slmmqu‘e@y,kzﬁ@mnfommhéwkptnc IIyes isl dedivgdlt (ns¢€cFI(éy%9r) thg2
orblpga 'p‘é‘ﬁ%zc%%my eaecﬁgieﬁv St gl L3t Fgpied over the
di gLECHL! 1§y yer & §t§y Hépo@ﬁﬁ élf'(ﬁiﬁpedglqﬁ? q{caﬂ% Bsa ue 8tenal as a

planariza can

44thir§ﬁfn@ EH@GO@VEHC Liglex slﬁ’él& |1£§ﬁefdr§blkr%@ﬁt 5@0 lZ)‘yto about 3,000 A
depositing a | ayer of opaque or nearly opaque materi al

ashick. tHaalight slmldld:h dasbouldibeof 4 gﬁm:ktmsa; elhd magerial so as to allow
f t 100 t bout The
lgﬁte hé]l %q%ag%%il b by grgn%rmt %M&% be a
o%ﬁu&t%{ea!a} ﬁzh\gﬁlahs rchag}ﬁﬂ] a%’goe %ﬁghk gl%@%it AQ : e 15&9‘{? kad 901@1%1?136 e.g.,

ransm er et roug

I 8l aw, VﬁNthleraC-r H&?/W%hhl Sh/@lldrf%/fmt &id ?ﬂ/&;rrnN
corrprl se, e. g. pol y/ Wi .

Al Suchj mmcrlarf icsn b‘:‘,ﬁqaoamdi i thad diflcmlﬂam Eri?ab3e comtentionnl
be d p05|te on the dielectric |ayer 52

cdRY a5 grchERRracien e aiasy, Bsel déhasision, sputtering,
t

S 40U S B e 1 e o
Fli&er2@hedight sRleda4 can be electrically conductive or electrically insulative.

If formed of a conductive material, the light shield 44 can be connected to
ground, thereby offering an electrical shield to protect the underlying circuitry
from the overlying conductive interconnect, e.g., metallization, layers, which will
be formed in subsequent steps. The light shield 44 is positioned relatively close
to the underlying photodiode, as compared to those of the prior art formed in
the M1 and/or M2 layers. Thus, the detrimental effects of light piping and

shadowing are mitigated.

[0040] Next, as shown in FIG. 8, a patterned photoresist mask 122 is
formed over the light shield 44 layer. Subsequently, the light shield 44 layer is
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| ayer. The light shield 44 can be electrically

conductive or electrically insulative. If forned of a
weomdioeiBye material, the light shield 44 can PET/US2004/010707

connected to ground, thereby offering an electrica

shield to protect the underlying circuitry fromthe

overl yi ng conductive interconnect, e.g.,

netallization, layers, which will be formed in

...IThe ligh hiel d [ ity d
; REFRLETYpeB] SEBerT e A Bk DU Gh i P SRRk iR tyer 2
Conpakal afsqnté%a%eog TheE, Rrsh8lvnahtFI rglrjag?(;cxhd 4t cMe layer 54

and/or M2 |ayers. Thus, the detrinenta ects of

| iigkepgsiteidroycanlt ligheshisld Ag aadevithini thatapertufddPd 0fer the first
Next, as shown in FIG 8, a patterned photoresist mask

1 2pickestricilayesed . olhis diglectric fayer ahican he Ahe pape pr similar in
Subsegquent | .he light. shield. 44 |layer is. 12 . .
Soongbas Bttty g Aok Bropefusse it diclectic
ANQFdr WL B HAVEE dEf&iRAMH Q4inafe fshion MFLAIL &‘:‘(Lﬂieféctric layer 54
| ayer 52 can serve as an etchstop. Then, as shown In

Fldzn 1%, plana@edrisy GMP e RIE etdhayg techbiques, slegiashit®dly, can be a

over the light shield 44 and within the aperture 46
ovenfenmaldayiest A ptearaed phetoresyss A 2445 formesl eiesite sacppd

e SR AR APE b b oe e e R T 48
t rtﬁréﬁ%lﬁﬂledﬂ.w% §lehric b @Y 6D aﬁg %nﬂic?ﬂﬂ: ].:?@'xt%ﬁ&@& !4%}8 ckPose the

a simTlar fashion. This secon 1electr l'ayer

c aictibe ajehairathiezsadstioyre dchelindtte fdcingngiffusionitgivas4. or
alternatively, can be a conformal |ayer. A patterned
phoLore ist 124 is fornmed over the second dielectric

| ay Qoﬂﬁd t Heonduprsite the piweh L SHTyitet cardiye recas radormed

A R B Bl SN bl i BC Tho CaP 518 gl laver

Tobeaybee it oo o 10,9 P o i

cilightishield 44 a€tonduaive pomrthefcondectorsvi OhkButieonductor 26 is
openi ngs 48 as shown in FIG 10. Optionally, a thin
i Aouned r ghq Agating diffgsionriesgian 24anOper depesonddicldctrid layer 54

the openi ngs,48 to electrical ly,isolgte the Light
SREGR e Bl VB sl dhquctibstivGgerconncet
S ugfer GONGHELABIYST hétal, is deposited to form an M1 layer. Preferably, the

conductive interconnect layer 50 should not extend over the aperture 46 and

photodiode 14 if composed of an opaque or translucent material. However,
transparent or semi-transparent materials such as, e.g., polysilicon, can be used

for the conductive interconnect layer 50, and if so they can overly the

photodiode 14, if desired.

[0042] The floating diffusion region 24 is electrically connected with the
source follower gate 32 through standard metallization steps, e.g., forming a
conductor 26 to the floating diffusion region 24 and a conductor 34 (see FIG.
1) to the source follower gate, and forming a conductive interconnect 50

therebetween. Conductor 26 is in electrical communication with the M1
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formed to the floating diffusion region 24. Over the
second dielectric layer 54 and in electrica

W@ orm9d4eat i on Wit h conductor 26 a conducti ve PCT/US2004/010707
i nterconnect |ayer 50, preferably of netal, is
deposited to forman ML |ayer. Preferably, the
conductive interconnect |ayer 50 should not extend
over the aperture 46 and photodi ode 14 if conposed of

ancSRRYHGe ﬁ{tc}cf)ﬁﬁéétﬂ%feg% O%det%xite?é &éﬁég?@&%ﬁoggc follower gate

transparent or sem nspare

e. 82 andhehey fdst bE EHE, inEcbiRated cUeRE, off WhichRBe %%fl Petd y ?%ré'

i nterconnect |ayer 50, and if so they cah overly
phdddigiopdleproasssing aesblled, sydios priititort bbai baglying dielectric

diffusion region 24 is electrically connected with the

S VGBI BiRsON OBt InAIGARICAHIEF B0/ RS ksawain the
st%?_s, e.g., formng a conductor 26 to the floating

di

usion region 24 and a conductor 34 (see FIG 1)
to the source follower gate, and form ng a conductive

| nt ¢0@4BInect Abdidabal SheleVERMigHeRRRUE 12 0f4Be irivehfon is suitable
electrical communication with the ML 13 WD 2004/ 093439

PEPr wspwih/the oirovitrycefray EMQS pintk noanatee hotayeany B@nsistors are

h h h.w foll 32
o et AT bR B RS Pt OB Of A T ixe b2, which i
' P j: 1 ' fol | ow,
P iokfilar 8 sy che A4ULLENHARAERR W CBRe 3 iRishe

archnafes @D BaREHOELY THePIRASHBAL QY ik BNEHi i -
known i %ﬁt he art. [0043]c As i ndi cat eld bé:g%r{/cg?ytﬁ.ﬁgéd d@éCdy

| ivgHh thehsosirer fpdlovfer ghte 3huentgbinhé fosting diffision @pionsBt and
mﬁthd;he i r ui&iy of  any CMOS pi xel, ngo mater how

ey P?tgﬁgﬁsﬁtﬁ Lgndugligintercopaeqsilaser 595 pedicondukitar 34. No
1 . - [ f T pixel 12, .which i.s .

o e R RO P TR AREN B bR el ot v Lo diode 14 since

ahby Boating diffifsfoer &gid’n 2PatintdiRce &1&@@&51%@?#5@% éﬂesphotodiode

renoved. The photodiode 14 is electrically

dildeddpyeves the tases gaoe28és §tdl prowietedgaidas 3R ctrivabiy gbniideeed to a

floating diffusjon region 24 and conductor 26, the M

c SRR TRHESS [Yeah Bo 5Bt PAyer EB: oA copdtibectB 0. No

[0044] FIG. 12 illustrates a block diagram for a CMOS imager device 308

having a pixel array 200 incorporating pixels 12 constructed in the manner
discussed above in relation to FIG. 1 through FIG. 11. Pixel array 200
comprises a plurality of pixels 12 arranged in a predetermined number of
columns and rows. The pixels 12 of each row in array 200 can all be turned on
at the same time by a row select line and the pixels 12 of each column are
selectively output by a column select line. A plurality of rows and column lines
are provided for the entire array 200. The row-lines are selectively activated by
the row driver 210 in response to row address decoder 220 and the column

select lines are selectively activated by the column driver 260 in response to

column address decoder 270. Thus, a row and column address is provided for

each pixel 12.
14



transfer transistor is needed to gate charges

generated at the photodiode 14 since the floating
walRdoftosi4en region 24 is in direct electrical cPOI/ESL004/010707

with the photodi ode 14. However, the reset gate 28 is

still provided and is electrically connected to a

vol tage source (Vvdd) via contact 30 and part of the

conductive path 50. [0044] FIG 12 illustrates a bl ock

ar 990550 nlr bOREIS Rovepr et 195 copmarvistidale Rotel circui
Fra0 TR ISR Rsb Ak 2D, 020 P lesbinetpy pplbiare row

pi 2@ cold@ndies figesixtiread R aed eswiaR8doNHIR Mrivef circuitry 210,
colums and rows. The plxefs 12 of each row in array

200G whichl dppledtivingedltage tathet dravestaamsistonyoftilye seleaed row and
select l.ine gnd the pixels 12 of each colum are . . )
SIOMIPPIASS. AUBSROTEY” 3, €81 dfssiMacin Pri Communication with

pl ' f, o . l 4 . I ov4 ged .
PIE B S U A0 00, 14 AR SOBLRUSPS] SR (specia
ackunctioaRdpisteit) RvIc@\I 8B danedacl? bE ih Boi@SRARKET RithQWe control
address decoder 220 and the colum select lines are

s edirswiti 204). yOptiohalht, edognlizedh powort sonrced 290 @nn DeGncarporated into

r ﬁggonseﬂ{g . co@‘n address decoder 270. Thus, a row

artd® YO aTh P YUGr is provided for each pixel 12. 14

WD 2004/ 093439 PCT/ US2004/ 010707 [0045] The CMOS

I ma evi I §..0 Dy Lk i i .
aOSAGIeV! OFcilh BRARELAEY Bist MBI Dl K4 GBLL begin o
saheatap @00 oaMiRy Rp¢ividlHHRMLinGRChieDsdHBRatid 4 €8arkOr The signal
pi xel readout, and row and col um driver circuitry

2 1§ outppé 00 whcadroap pirguit and ey toodit agpdog-co-tdigitad comreersion device.

transistors of the.selected row an colum_|ines., A
néﬁbﬁwé’fﬂ%n Isqransforrediig ProsFssBe then Hamsriialiecss pesh then the
Wi . ral: ci ' 1 A

vl et R Bl it i

Regi ster) device 285 can each be in conmunication wth

t he[@O#7]r ol FIQ. rldHowd@Pste@B0RRAkpital prob&8as bZed system
power source 290 can be incorporated into the imager
denpdiied o include an imager device 308 as in FIG. 12 and an input device to

the system 300. The imager device 308 may also receive control or other data
from system 300 as well. Examples of processor based systems, which may
employ the imager device 308, include, without limitation, computer systems,
camera systems, scanners, machine vision systems, vehicle navigation systems,
video telephones, surveillance systems, auto focus systems, star tracker systems,

motion detection systems, image stabilization systems, and others.

[0048] System 300 includes a central processing unit (CPU) 302 that
communicates with various devices over a bus 304. Some of the devices
connected to the bus 304 provide communication into and out of the system
300, illustratively including an input/output (I/0) device 306 and imager

device 308. Other devices connected to the bus 304 provide memory,
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[0046] Typically, the signal flow in the inmager device

308 woul d begin at the array 200 upon its receivVving
w@b@io9i4aput and generating a charge. The si gneCT/UBR04/010707

output to a read-out circuit and then to an

anal og-to-digital conversion device. Then the signa

is transferred to a processor, then the serializer,

and then the signal can be output fromthe inmager

oy iRy TR o B b owcméﬁ@% T Wb ceive 312, and
{ QohdiGl pdfe prripHERIGhCARY 86vidd%uasal £ab @é diE BRE 30 gnd

i nput devic 0 syst em 300. evi ce
Mo AP0 drskc(ej]:v)edﬁmsl@l The 1mhgard@aie8808‘ mambsyehththed with a
300 as wel|. | es _of processor based systens,
mr@ﬁCSﬁﬁl‘y Su@h‘ﬁﬂ @&D Nhedipitalgignalipracessos®, midtepuagessor, in a single
OUH;H'”1 ation, conputer systens, canera systens,
séﬁ‘ﬁ%?g HE¥hi ne vi sion systems, vehicle navigation
systens, video tel ephones, surveillance systens, auto
foc F@o&gst eNBhe Phctkssks A5k QEvisddRBbed Jmige s‘ﬂ&"t@ﬁféf@r?cd
Sys i mage stabilization systens, an

[ 0fdBilodSyad eypidd@civines afimany teerbukl bepnmdeafd p@dumd:d The
302 that communi cates wi th various devi ces over

CP
é %h%c dgscripgenesngs drewangsdljnsemse cmbpdiaents, whichiehisye the

provide co |c i on i-nt o and out :

R A P SRR of B mf gtiorbiapp oty s not
dq}ite‘fﬁeé PR1rahd I?ré?%ﬁ?fnvegﬁéﬂl ®€ s 1hit&d tdjﬁi’é e-described and
connected to the bus 304 provide nory,
2(004dt 2984 3 bBAI ¢8R 0 Ay Odification, Ithsﬁglapreselhﬂry unforeseeable, of
including a randon1access nenD 310, hard drive

3tthe pa%snt ’@Nén%‘?n €Ops ViR dhe ﬁmﬁbﬂgd seapecadshs fiellowing

as di sk conpact di sk (CD)
drclki}%l ﬁgﬁ e E?C?Bae% %%S?Pé BEO8nbi ned with
a processor, such as a CPU dlgltal signal processor,

G5@PT ORIk claidh | |
[Oog%] he procesges gﬁ3§gggﬁ§g§k§%§%%?Eggngkg%gHylﬁﬁmS

i |Ratsitrafithe prmfeel Statts istet hods and typi cal devices of
many that could be used and produced. The
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above description and drawings illustrate enbodi nents,
whi ch achi eve the objects, features, and advant ages

wo@Rooles34py esent i nvention. However, it is not PCHUSINA€E0707

that the present invention be strictly limted to the
above-described and illustrated enbodi nents. Any
nmodi fi cation, though presently unforeseeable, of the
present invention that conmes within the spirit and
scope of the followi ng clai houl d be consi dered
part of the present inventi d#: 0] What is clained
as new and desired to be protected by Letters Patent

b tsoo0 P I Me i ik, U nager dovi ce,

conprising: a pixel photoconversion device; pixe

Ci r cuid pixel ph&tbesiversidh de@aruni cation with said pixel

phot oconversion device; a light shield | ayer, said

l'ight shield |layer provided over said pixel circuitry

and hmﬂgimuiﬁ}gimelcqtaﬂ@wbggn@mcui@a“@ﬁmctmd photoconversion
photoconvgision device; and at |east one interconnect

| ayer, al 19°¥4fd i nterconnect |ayers being provided

over said light shield layer. 2. The inmager device of

o A 1y R B GO S B e

phot oconv endiRingdeligleeritndssibf iids over a&dphdtocdavdsion device;
di ffusion region being electrically coupled to a
transi storngate by a conductor, which is provided in
said at |least one interconnect |ayer. 3. The inmager
devi ce ?f cl ai onduct or i
[

2, . wher i id. i ded .
in o Fivist ofsiFroRpErdatetl s P ICRPERAtdRE Y Geins Provided
sai d |i ghtovehised dgh@MBEld layer.

2. The imager device of claim 1, wherein said pixel circuitry comprises a
transfer transistor for electrically connecting said photoconversion
device to a diffusion region, said diffusion region being electrically
coupled to a transistor gate by a conductor, which is provided in said

at least one interconnect layer.

3.  The imager device of claim 2, wherein said conductor is provided in a

first metal interconnect layer provided over said light shield layer.

4.  The imager device of claim 1, wherein said photoconversion device is
electrically coupled to a diffusion region, said pixel circuitry further
comprising a conductor for electrically connecting said diffusion
region to a transistor gate, said conductor being provided in said at

" least one interconnect layer.

5.  The imager device of claim 4, wherein said conductor is provided in a
first conductive interconnect layer provided over said light shield layer.
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4. The imager device of claim1, wherein said

phot oconversion device is electrically coupled to a
walRdoftosi4en regi on, said pixel circuitry furthePCT/US2004/010707

conprising a conductor for electrically connecting

said diffusion region to a transistor gate, said

conductor being provided in said at |east one

i nterconnect layer. 5. The i mager device of claim4,

Wwh e&ei n-Sa i%a%gpgé’xﬁécocg c'l?smp i O\Y%Qr%gn %32% %g\c/)g}croég?rai% ca:mcc isa

conduct i've TnPerconnect "Tayet provi
shiel d | §Rftosenddr MR ELOALRHBEIRoRSTL LPLBKOGdi&d
The i mager device of Cc:I aiml1, ergnhﬁ?‘% 9 s

phot oconvdrasogate gdnd Tphomcanghabosensor sel ected from

the group consisting of a photodi ode, a photogate,

and phot acondugtor. 7. The ipmager device of claiml,
wherei n ilﬂmﬁﬁ‘b%%"d%?n %%fv wg%.eg’esaﬂ PROtGsRBYYEOHJEVICe is a
8. The igﬂﬁﬁg- agice of claim1l, wherein said |ight

shield isan el'ectrically conductive layer. 9. The

i mger device of claim1, wherein said light shield is

an @l ecthicdalapyr déviceudfadliiMel | wii€ein skl lighesHidlBae4n electrically
device of claim1, wherein said |ight transm ssion

area of ceaddctiveghyershield is an aperture in said

light shield layer. 11. The inmager device of claiml,

\é\gle ilt Q(ﬁ]% h%ﬁ%%ﬁ@évé%géfglggﬁg@{‘%%’gﬁ#d Pgﬁ%@{@ﬁ[m an electrically

tungsten jngiddyeijffer. titanium titaniumnitride,

cobalt, chromum” polysilicon- tungsten silicide,
alum num titaniumsilicide, and conbi nations
t hdOeof Tht2maZéreddvicegsiicldev] cehatincdaid hghs trinsitifgdn area of

conprising a grounding circuit in electrical contact
with sai @aupiﬂ@%(t shiglcbis @n aperture in said light shield layer.

11.  The imager device of claim 1, wherein said light shield comprises a
material selected from the group consisting of tungsten, tungsten
silicide, titanium, titanium nitride, cobalt, chromium, polysilicon-
tungsten silicide, aluminum, titanium silicide, and combinations

thereof.

12, The imager device of claim 1, further comprising a grounding circuit in

electrical contact with said light shield.

13.  The imager device of claim 1, further comprising openings in said light

shield configured to allow conductors to pass therethrough.

14.  The imager device of claim 1, wherein said at least one interconnect

layer comprises at least a first and a second interconnect layer above

said first interconnect layer.
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13. The imager device of claim1, further conprising

openings in said light shield configured to allow
w@orndei4er s t o pass therethrough. 14. The i mageeT/Uds004€10707

of claim1, wherein said at |east one interconnect

| ayer conprises at least a first and a second

i nterconnect | ayer above said first interconnect

| ayer. 18 WD 2004/ 093439 PCT/ US2004/ 010707 15. The

[ r Vi .al . wherein.sal.di.l i . ' i
abant 100 A el N8 Oph TSR 8hd Kol fhfud Too A
devi ce oftoGbau3l000Maneikn said |ight shield allows

|l ess than 1% of |ight inpacting thereon to be

transmtted to said underlying pixel circuitry. 17.
Thd 6. madédre ideger dedte of daim 1, whinstresaid Sightshield| adlasss less than

one intergpnpgct . layer is at least partially . )

t r anspar e]rq%t? ogﬁg%rqga@ﬁgg FIERD &9 gFltfaéls’"s"é‘it to said underlying
photocon%g&gk g vice. 18. The inmager device of claim
1, wherei'n sal I'ght shield layer is a planar |ayer
over said pixel circuitry. 19. The inmager device of

cl di7m 1 Thetisfagendsatdof dlght 1 sWhédeth $a8 8f lehst che interconnect
conformal layer over said pixel circuitry. 20. The

i mager déwicees dfleast parrially tiahepasent A giattipnagbichdeerlizesaid
is a mager device. 21. An integrated circuit

CMOS, |
cont ai ni MICRRCTESIOBASVINOS pi xel sensor cell, said
pi xel sensor cell conprising: a sem conductor

SubRt r at@re i/ aBROHARENSONAM § NivRerRf Ql%& HQﬁE di81a 2 is a glanar

transi stor gate over said substrate for-gating charge
pr oduced liyer satidsaip pokbsansey .,

19.  The imager device of claim 1, wherein said light shield layer is a

conformal layer over said pixel circuitry.

20.  The imager device of claim 1, wherein said imager device is a CMOS

imager device.

21.  Anintegrated circuit containing at least one CMOS pixel sensor cell,

said pixel sensor cell comprising:
a semiconductor substrate;
a photosensor within said substrate;

a transistor gate over said substrate for gating charges produced by said

photosensor;

a light-blocking film over said substrate and said transistor gate, but under
all conductive interconnect layers of said integrated circuit, wherein

said light-blocking film has an opening over said photosensor; and
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a light-blocking fil mover said substrate and said
transi stor gate, but under all conductive

WO paoeganect | ayers of said integrated circui PCT/US2004/010707
wherein said |light-blocking film has an openi ng over
sai d photosensor; and 19 WD 2004/093439
PCT/ US2004/ 010707 a first conductive interconnect
Iayer over said | ight bl ocking film 22. The CMOS

|
Fr anst Bropond it Slefolie Ao AP AR Beio R AT,
source follower transistor. 23. The CMOS pi xel sensor

celdy of THACMAES pid8éBbP c8PbElclhibd 91, GRABRSHIEIIY ransfer transistor
i nt er connect Iayer electrically connects a region

whi ch r ecgitesochacharfgan shidgrhatasets@hiot Dsburde fallwwdngransistor.
gate of a source follower transistor. 24. The CMOS

Pl .- b ngss mvf’éwé’r'ssgé? 3 V“‘eéi'%%%'ucmﬁﬁﬁtfepdcuﬂve
sensor ool 06, ¢l 2l 20 W0gKkel . aald Ll s BlAGkLAG
acC (0]

fil mhas ‘opéenings g con Cl rcw

of under | sHaRgeSRbEh saRi fél%to%lﬁﬂ:ﬁ:% thelghtd 6f PRSifrce follower
t her et hrough.” 26. The pi xel sensor cell of claim

21, wher diramssadml phot osensor is a photodiode. 27. An
irrager system conprising: a processor; and an

R GRS et AL SR SR AR Beone
Ieast oney R ; %} gﬁdécf’" d array conprising: a pixel

phot oconver si evice; pixel circuitry in electrical
comuni cation with said pixel photoconversion device;

25.  The CMOS pixel sensor cell of claim 21, wherein said light-blocking
film has openings for allowing contacts to circuitry of underlying said

pixel sensor cell to pass therethrough.

26. The CMOS pixel sensor cell of claim 21, wherein said photosensor is a

photodiode.
27.  An imager system, comprising;:
a processor; and

an imaging device electrically coupled to said processor, said imaging device
comprising a CMOS pixel array, at least one pixel of said array

comprising:
a pixel photoconversion device;

pixel circuitry in electrical communication with said pixel photoconversion

device;
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20 WD 2004/ 093439 PCT/ US2004/ 010707 a light shield

| ayer, said |ight shield | ayer provided over said
W@Ro0el093BY cui try and having a |ight transm ssiPOT/EHSB®A4/010707

over said photoconversion device; and at |east one

i nterconnect layer, all said interconnect |ayers being

provided over said light shield. 28. The inmger

system of claim 27, wherein said at | east one

intergc egt 14l r [ St jar o

secort iy s L UM AR Bel SRR ol S Bt Biruiry

i ntercon fh@iféitheiv.ﬁ'}%i lighStranshessiorRaRh W8 s pRbtdcbatdhidh. device;
wherein said light shield is about 100 A "to about

3,0001 thindk. 30. A CMOS i mager pixel having pixel
circuitry in electrical comunication wth a

phot ocqnver si on devi ce and ectrically intercpnnected
t hr olAACasEPDf AR LR R RS gjgprovided

conprisiQgérgﬂaMgH{ﬂﬁgheld | ayer provided between said
pi xel circuitry and any conductive interconnect

| ayers and having a light transm ssion area over said

phaBocoMirrigiagsr &tent ef clditn 27N &hedidbsiidag tastbeint@tonnect
claim 30, wherein said light shield layer is
conf i gur dayer somipirisey dtdeast a st andhaofecong nteiappacttilager above

said light.shield layer to transmt to said pixel

circuit r;??‘ldség?‘tqaﬁ%rc@w&til%ber pi xel of clai m 30,

wherein said light shield layer is a conformal [ayer

5eBd at 9 hiEABLSAAAPbKEhint by Cihbicln Bid Baflt Shieflit hbour 100 A

layer. 33. A | mager device, conprising. a pixe

array havongoat plooOehithickof pi xel s, each of said

pi xel s having pixel «circuitry in electrica

communi cation wth a photoconversion device 21 _
30. A CMOS imager pixel having pixel circuitry in electrical communication

with a photoconversion device and electrically interconnected through

at least one conductive interconnect layer, comprising:

a light shield layer provided between said pixel circuitry and any conductive
interconnect layers and having a light transmission area over said

photoconversion device.

31. The CMOS imager pixel of claim 30, wherein said light shield layer is
configured to allow less than 1% of light impacting said light shield

layer to transmit to said pixel circuitry.

32.  The CMOS imager pixel of claim 30, wherein said light shield layer is a

conformal layer separated from said pixel circuitry by a dielectric layer.
33. A CMOS imager device, comprising;:

a pixel array having a plurality of pixels, each of said pixels having pixel
circuitry in electrical communication with a photoconversion device

21



WO 2004/ 093439 PCT/ US2004/ 010707 and a light shield
provi ded between said pixel circuitry and any netal

wo paoefogBanect | ayers, said |ight shield havi ngPer/Uszph4/010707

transm ssion area over said photoconversion devi ce,
wherein an electrical signal flowis generated by

said pixel array in response to photo-input; a

read-out circuit configured to receive said electrical
signal fl fv ' i an. S

anal og-t oa-%g[l ag{l%)[gq Sﬁ?é% é&éé{%inb evcl%%:{esal?g)nlﬁlgc i Iélﬂ %1(1 any metal
recei ve satedc@lRet laved| saich lignedhidll Reving Mg tansmission area
read-out circuit; a processor configured to receive

sai d el eciver sadl phiotrainvélsion devion, sdiectin an electrical signal flow is
anal og-to-digit devi ce; and, a serializer caqnfigured

Co T ocei ETSHtE EV sl pueh preay ghaqsp?mw%ww%
processor. 34. The CMOS i mager device of claim 33,

wher ej ' tri i : ' f :
o d 1 Pesiptt BB b BB @iyl Bt Bl doifrqm sad
of form ngxd aplayel of an imager device, conprising:

form ng a photoconversion device in a substrate,;

formng a light shield over said substrate, said |ight
shi el #h beslogrteshgita yppvkrsion devicowonfighedito rpeaies sawsd clectrical

sai d phot oconyersion device; and formng at |east one
retal i nEEbARRAEO P readQUESHOWT | ght shi el d,
wherein all said fornmed netal interconnect |ayers are

cl ai mggg?/&\g/\%)g?g?%é%rg?go & %?1\?' sg'hdi élgcc}:r%%% [ sggq’af%m said
mat eri al anaRJgeas-digital deni¢diandr oup consi sting of
tungsten, tungsten silicide, 22 WO 2004/ 093439
PCT/ US2004/ 010707 tjtanium titaniumnitride, cobalt,
chr ons saraligen spsifigueeshta iesejge s3id clectrical signal flow from said

processor.

34. The CMOS imager device of claim 33, wherein said electrical signal

flow is output from said imager device to external hardware.
35. A method of forming a pixel of an imager device, comprising;:
forming a photoconversion device in a substrate;

forming a light shield over said substrate, said light shield being configured

to allow light to pass to said photoconversion device; and

forming at least one metal interconnect layer over said light shield, wherein
all said formed metal interconnect layers are formed over said light

shield.

36. The method of claim 35, wherein said light shield comprises a material

selected from the group consisting of tungsten, tungsten silicide,
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silicide, alumnum titaniumsilicide, and

conbi nations thereof. 37. The nethod of claim 35,
wobk@repi3sai d 1ight shield is about 100 A to BUODUB2004/010707

3,000 A thick. 38. The nethod of claim 35, wherein

said light shield is configured to prevent at |east

99% of |ight inpacting said |ight shield from being

transmtted to underlying ci rcuitry 39. The rret hod of

claim 35’t1t\9'£'1%n$ 'tpcaﬁl‘ri'lngnltlzlggtc%) & l{&o%ﬁ a loll n tun stcn

transm tting openi ng over oconve S|on gevi'e
40. The nmtd@d aBfmidhdd, Htd@iund bihl:lﬁ@ T arfePEGH batl8nd ﬂfe%dfg
at | east one “opening in said | |ght shield and form ng
an electrical conductor therein. 41. The method of

cl &7m 35 hefmettival ofoddaipr 35, wigerty saichligh dhiadtlécabaug 100 A to
| ayer r sai st one netal interconnect |ayer
and for maﬁ’é’ué% m&h tal interconnect |ayer over

said dielectric |layer. 42. The nethod of cl ai m 35,

wh in [ e NS

I a;%fegf Bﬁ [ﬁlﬁmo%g%fh% b %gc"lvg?rémi%%m er é]il %désgl u‘i‘ﬁcgto
shi el d i pravditanidast 2YRof Ii Hﬁlmﬁdaﬁngemaqush&lcaﬁmxﬁscmg
wherein said |ight shield is an electrically

conduct i viearsmyjesed tdBndatigngwirhaigryof cl ai m 35, wherein
said light shield is an el ectrlcally |nsuI ative

S, SRRt
CNDS ' mag@ snﬂ&ﬁ%@pcnﬁn%“ S@%@Eoﬁ%ﬂbﬂ@eﬂcm

i mager pixel arr ing:" formng an array of
CMCS pi xel s isolated fromone another within and on
40. The method of claim 35, further comprising forming at least one

opening in said light shield and forming an electrical conductor

therein.

41.  The method of claim 35, further comprising forming a dielectric layer
over said at least one metal interconnect layer and forming a second

metal interconnect layer over said dielectric layer.

42.  The method of claim 35, wherein said light shield is a conformally
deposited layer.

43.  The method of claim 35, wherein said light shield is a planar layer.

44. The method of claim 35, wherein said light shield is an electrically

conductive layer.

45.  The method of claim 35, wherein said light shield is an electrically

insulative layer.
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a substrate, each of said CMOS pi xels being forned by

the acts of: formng a photodiode within said
waeomseHEse; forming a first dielectric |ayer ORET/USEN010707

phot odi ode; forming a light shield layer over said

dielectric layer; formng an aperture in said |ight

shield | ayer above at | east a portion of said

phot odi ode; and formng a plurality of netal

:124{28 nect g}q‘#’ 9;751 S%h\gﬁégn{ L9 ms ér e(vilcc 1s4§ Cﬁbﬁ‘) imager

( rconprisin
form ng ,% Jansfer transistor for transferrl ng charge
from sai otodiode to a diffusion region. 49. The
met hod of cI aim47, further conprisi formng a
di 4 usi Amdrhod of forating lad@MQ®S ne@gqr\mxcg ey eeo RPBWR S ai d
phot odi ode. 50. The nethod of claim47, further

ooy formEB eAGraY S SOUKIL Tl dotsted fioh gna iy Ath and on
di el ectri ¢ Layer Quebe 534 Exiie ne}%leq?'b@in BB LRE bets of:

| ayer, orm’ng secon rconnect | ayer
over said third dlelectrlc | ayer. 24

forming a photodiode within said substrate;
forming a first dielectric layer over said photodiode;
forming a light shield layer over said dielectric layer;

forming an aperture in said light shield layer above at least a portion of said

photodiode; and
forming a plurality of metal interconnect layers over said light shield.

48. The method of claim 47, further comprising the act of forming a

transfer transistor for transferring charge from said photodiode to a

diffusion region.

49. The method of claim 47, further comprising forming a diffusion region

coupled to receive charges from said photodiode.

50. The method of claim 47, further comprising forming a first metal
interconnect layer over a second dielectric layer, forming a third
dielectric layer over said first metal interconnect layer, and forming a

second metal interconnect layer over said third dielectric layer.
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