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LI GHT SHI ELD FI ELD OF THE | NVENTI ON [ 0001] The _
WOVeetdosn9r el ates to |ight shields for photoi RRGUFY04010707
and to nethods of form ng and using t hem BACKGROUND

array of pixel colls,  each one of the cel o i NITUIIIN
at

a photoconversion device, for exanple, a photogate, a,
phot oconductor, or a photodi ode, for generating and **'*
accunul ati ng photo-generated charge in a portion of
the substrate. A@aEOVED TMAGER EIGHPNSIIEDDL 0 each
pi xel cell and includes at |east an output transistor,
whi ch receives photogenerated charges froma. doped
di ffusion region and produces an output signal which
i s periodically readFIELDtOFOIHE ENVENTIGN ess

transi stor. The imager may optionally include a

transi stor for _transferring charge fr th ) '
photoEHHUdrsiaﬁmd@VP@QnﬂBhFﬁéoggg¥ﬂ§¢8£k¥é5¥%ﬂnﬁﬁﬂ?ﬁ%dto
di ffusi o] D&, : jfectly connected to or part
of_fﬁgm%a%§€%%ﬁ@1 sf%n 9#%2. A transistor is also
typically provided for resetting the diffusion region
to a predeterm ned charge |evel before it receives

t he photo-converted charges. A CMOS imager circuit is
often associated with a c [ LSuch as a Bayer
filter for discerning var?#ﬁgxkagbgﬁgﬁbths of |ight.

[ 0003] One typical CMOS i mager pixel circuit, the

three Lé(ﬁ Si St OCMOB)imaRér@cuitGRAhddsRSfolal iHeQR9 @€ pixel cells,
for supplying photo-genérated charge to a diffusion

r egi @ih omeloésied cdls ambidibga photocogsesivh migvichdfod exampl¢,on

region; a source follower transistor _having a gate .
connRRAegatE oA Ph%‘oﬂ?'?‘#%‘?‘o Rr# 88‘%?#,5‘0&0 fOI&C&S%&“ﬁgﬂg gequmulating

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
'photdconvcrsion 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 resctting 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 fc_sct transistor for resettng the diffusion region; a source follower

transistor having a gate connected to the diffusion region, for producing an
1
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WO, 2004/ 093439 PCT/ US2004/ 010707 output signal; and a
row sel ect transistor for selectively connect

WPIPHA34D] | ower transistor to a colum line (?HUHB&/MMM
pi xel array. Another typical CMOS i nmger pixe

enpl oys a four-transistor (4T) configuration, which is
simlar to the 3T configuration, but utilizes a

transfer transistor to gate charges fromthe
phobagivedgnil9 ahdi@ rowistiest wamsisewyi fonscdufmhvbly@oso@me the source

foll t t f 0004 I
kgl GRPBOE 89 5P DR R LPSHATTHe rbes el CMOS
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Pat ent No. 6, 376,868 to Rhodes Pat

6, 3 pbosslodesrorirsdhffusion gagion w@hc Patl'éﬁt ﬁﬁ"ﬂeﬂﬁé’é‘% for output.
to Rhodes, U. S. Patent No. 6, 204, 524 t o Rhodes, and

of ea@ﬁ)to2 tthe 1%%3 Cﬁésmagﬁ ??Oé& Sepf tﬁérCOf and

orgO|ng are cor porat ed by
r ef feilie@ dBﬁh@th.t of theefunctiitsiof e:try)us[(()m.‘ﬂiclimnmajf an lmagmg

i mager devices have a light shield praovidin
ex pg:grwg apgtdesergfand, &)rmaqa{q%&m ipp-§- f?@t"gﬁé‘t}%&ﬁggﬁgs hodes, U.S.

dev | d t

iR T R Bl e Fies A7 Furkil RRCbLoNH o Rhodes ceal,
Sh' edj@s PaSBF . 6388663 Bo BBHAd:AUES. Meeait el 6 2@41,524 to Rhodes,
si gnal s of adjacent pi xel s anqwgﬁevent photocurrent

f r orand€i SgPareneNat éoﬁﬁ?anﬁwmth | dheglisalosyres af gaghnef the
pi xel so that the inmager e ca i

e dPERHHAE ety RO Oh SR el i Mo Lotgty,

ot her detrinental effects. Light shlelds can al so

serve [OGD%Y Ot GBpical intaget Hewkdds hyves Bgint shiicdd providing hpertures
pi xel s 006] In the prior art, light shields, have
typi Q‘mb#lyg pelspstadqrargen jof thephotaeanyFrsign devisss fe incoming light

| L
|\/2 %/ Z‘]‘r"blgcg ﬁh;‘g%lgg)thc 6?m:tuﬁlgit‘:nl (%fﬁfég L) 1%1 liutr%(.am#[lé kéﬁi? Ctlght shields
et eljez@itettier L@)mtc kdcaived ﬁ@h@h@ma&tdﬂ&iﬁﬂ:ﬁﬂt piels sedrprevent

drawbacks, such as limting use of the netal |ayer to
t he phcgbtursfmt étagn bainigegeneratag in undesirable locations in the 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 t?pically 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 intcrconncét) layers spaced from the



for its normal conductive interconnect purpose.
Additionally, having the light shield in upper

netal lization (conductive interconnect) |ayers spaced
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phot o-sensitive area can increase |ight piping and

i ght shadowing in the. pixels, which can cause

errors in device functioning. SUVWARY [0007] The

pr esent invention mtigates these drambacks by

R AR St g Y B el RE PRI in FLE R RIS ng 1 the il

t hewiiet adn ¢ankeeaonriedevitaf@ctioningThe | i ght shield can

be a thin film which my be conformal or planar, of
opaque (or nearly-opaque) material with openings for
conductors to pass through fromthe conductive

i nterconnect layers to the underlying circuitry. An
aperture in the light shiekghgxpargs the active

regi on of the pixel's photoconversion device. The
invention also relates to nethods for formng the

| i ghfoQi]el d Taegpresent hugniordemiimcd uilmsrr@mmtlcg)ytmewdmgan

hield. The light shield f the
fnl}gwf?"&ﬂ ‘E}ag‘l"p%\‘ﬁ ?aéaﬁs?méﬂqm@m Shpthqb pvabapixe Grcuicy,
| TR e el BO0RIaREL LA THE Fbf: A64ARAE PR thin im,

protects t ying cir e saving the

netvehith rayibercopfendliot phisari, 6f epazpnr(e;e h):adl;&;tﬁ{@lcf) @faterial with
normal . signal routing purposes Pi xe

ht
s e [RRCAINES o1 conguptasy Wpashihraugh frogy th Cr@ﬂﬁ‘%‘d@‘sq ingggconnect layers

S ehs nafeng S AL Ao Bbpehiq s AR Bl M v

f eategiopDfehe pReEl PplesterinveRicRNddvide. Thd hv@@ué’fpilﬁo relates to
apparent fromthe follow ng detailed description and

d r FRFRgds faxHprning) the §ghtashic ?d/ and gndmageradiivirsineorporatipg the

nv | P THE 00 0
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ac oo¢ldiained foCMOB fagdr\devitbeson.

[0008] The light shield arrangement protects the underlying circuitry
while saving the metallization (conductve 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.



3 WO 2004/ 093439 PCT/ US2004/ 010707 [0011] FIGs. 2 and

2a are partial cross-sectional views of the pixel of

FIG 1 through Iine 2-2', also show ng additional
Worrduaws4se i nt erconnect |ayers. [0012] FI G 3PCINpae+810707
stage of fabrication of a circuit like that shown in

FIGs. 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

sho ager i ' LG :

o t RSP EL RS e, 2 SEb Bl st bl AP EAE el of FIG.
of 1abraughtliner2-df, aBochowing addibsrd uenduddve ift@tconsibeviflyers.
in FIG 5. [0016] FIG 7 shows a stage of fabrication

of a ¢ it sequent to th .shown jn FI G 6. .
[ ooﬁf’bfsffa sﬁﬁézfoﬁ%ﬁ sgec 8F bt opeRt acecut like that shown in
Ci r gkt 1SHRE t&?&ﬁ in FIG 7. [0018]

FI GFI%;'s}homsﬁgyg&ga&gﬁg% a #t?g%gr?ﬁbf acircuit

subsequent to that shown in FIG 8. [0019] FIG 10

showd 0818} ageFIsE. 4 simwscastagmobfabecarionoofiat cikubsetiseeyotnt to that
to that .s]g];téw%in FIG 9. [0020] FIG 11 shows a

par tHA™ B B%Z %ectional view of a 3T pixel similar to

the 4T pixel shown in FIG 1 and FIG 2 through the

sane [6DPSF - SERLG s 4 Qe Bf fablEI*$Ha @ uldsBBseuént to that
of FIG 1. [0021] FIG 12 shows a pixel array

i nt dyrvet sdFIGitd a CMOS i mager system in accordance

with the invention. 4 WD 2004/093439 PCT/ US2004/ 010707

[0015] FIG. 6 shows a stage of fabrication of a circuit 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 inventon.



[0022] FIG 13 shows circuit diagramof a 4T pixe

like that shown in FIG 1. [0023]. FIG 14 shows a
processor systemincorporating at |east one CMOS
WORgev09ss9i ce, |i ke that shown in FIG: 12, i RCT/US2004/010707
accordance with the invention. DETAILED DESCRI PTI ON
[0024] In the follow ng detail ed description,

reference is nmade to the acconpanying draw ngs, which
are a part of the specification, and in which is
showygpyayay BiGI13 UsdvhsabicAlt Hapkdh 6F 2 ANPFEENBRIRat shown in
whereby the invention may be practiced.” These
enb®lGoent s are described in sufficient detail to

enabl e those skilled in the art to make and use the

' ' It ] b der st ood that ot her.
omoorkoiE30 s Bl oL R LR e g s one
| ogicgmbos itﬂ&%cleﬁ@&fcf fik@that HERGE S FIGSL 2084 hcded40aR@BsSthe

in the materials uSed, may -be nmade w thout departing
fromvehgonspirit and scope of the present invention.
Additionally, certain processing steps are described
and a particular order of processing steps is

di scl osed; however, the sequence of steps is not
limted to that set forth herein and may be changed as

Is known in the art,ppralE® DESCRIPPIONf Steps or

acts necessarily occurring in a certain order. [0025]
The ternms "wafer” and "substrate" are to be understood
“as i fi@ddhande did follawihgadethites| des¢ripgios, kéfexsnce is made to the

PSSRt (St o3 LSRR AL whie

fwigi FMustSHER HdiSies b iRBSE wRIEEOMRE YeRfion may be

| ay ghswhlb
foundati on, and ot her sem conductor structures.

Fur tpaamnived.e Thedeembefimesnaee descridkint saffeci¢nyafesil tognable those

"substrate” in the fol|ow .descri ption, ,previ ous

pr oéé'_ilgg ] g&%%ﬁ%ﬂ%&ﬁ%ﬂﬁfl&% T P PR uhyiggiophat other

] UNGLBmPhes TREyHd @lilizeay SIS tHaPstBlcr@Al, 168N 28R electrical changes,

sem conductor structure or 5 WO 2004/ 093239

PCT/ab/S20l4 £Bdrip20 i the materials used, may be made without departing from the
spirit and scope of the present invention. Additionally, certain processing steps
are described and a particular order of processing steps is disclosed; however, the
sequence of steps is not 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



foundation. In addition, the sem conductor need not be
silicon-based, but could be based on

silicon-germani um germani um gallium arsenide, or

wo Beuobdawmn  sem conductor materials. [0026] AERUS2004/410707
"pixel" refers to a photo-elenment unit cell containing

a photoconversion device and transistors for

converting el ectromagnetic radiation to an electrica
signal. The pixels discussed herein are illustrated

and_de crlbe as. AT pixel.circyits for the sake '

e P ERtTy i fiey Py iRt Botparh TiPIEbAb but could
| NVEObhRA dnSs,ﬁL% gdrfiahRh t%nﬂ:uﬁﬁﬁf ghllRRS histAlde (dt Other known

pi xel , but may be used wit ot her pi xel arrangenents
havsdmgcémdlmtoz(matgnalssT) or nmore (e.g., 5T) than four
transistors. Although the invention is described

h [ .1 h tQ, . .
fabr 11008kbn oPbEfEm it e o8 B R kiR Patssl copaining
thi ghbt%coﬁ‘%%ﬁ§ aediad hﬂ/c?tr%ms@or@ lfot @ iviedtinf el rdhgniefic 8ddtiation
array of an inmager device. In additi on al t hou t he

| nv enti electrsaldézat.i Thd pixels aiscwistdh heesfe prsriBestrasechangiiscribed as

st a??wég}fﬁ‘gi%f\éeﬂee%ﬁw? FpHIS @ i #h@gﬂs&%ﬁ%&% 3pod that the

d et Fveflod RSS! mﬁltéa%d anou} '&%ﬁﬁsft@f @Tﬂ%&cﬂ Bubia els @5ed With

[Tmtl ng sense, and the Scope of 1t resen

| NV ettidr ixel srralgfeimads aving fowet (eeg. aﬁffermdatbrc l(@ign®T) than four
[ 0027] hbM/referrltgéto the figures, where |ik

r ef ERBHEErnMEhaueh BedrvsREeR 1y dReriacdbherpavit Fefgrende to the
d
ooRf PR AERR ORI Tl pRade R s i

usi Iﬁ@r&scnﬁﬂwt: ofh @ﬁﬁaﬂtﬂf odpixalsph ah acran vf as uﬁmgcﬁ}eimce In addition,
Theéfhotodlode 14 is forned in a pically p-type
subaithapgh ty ingengiongs Flas&eecdahclﬁ“ft%% refgReatic 9 3 (YOS imager, the

regi

20 A RSB b ol SRR . Toc
undgsitdviag debaitd \&Bsdn@nl'}h @, tHersfbes)siok e be icaleiih ra)lmfuo.ng aense,
S|ngle ixel 12, in practlcal use there will be an' M

x Naadithe scope s Keg Bresont apveange i dofined alnbytheappgndeg claims.
Wi th the pi xel s 12 of the array accessed usi ng row and

col u ect ' P ALd IIB Ers

oo UgEAY o N SLLAHSp 826K EM0 B LB

Pi X &ieSighite Uit€ cRinfeRYs, FYGS.ahdDIvslicwe aa extdplaat embochmcm of the

regions 42. Althou h
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 région.l& It
should be understood that while FIG. 1 shows the CL[‘CUIIIY for a single pxxcl 12,
in practical use thcrc will be an M x N array of pixels 12 axrangcd 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



6 WO 2004/ 093439 PCT/ US2004/ 010707 the isolation
region 42 is shown only along one side of the pixel 12
for sinplicity sake, in practice it nay extend around

Ntk l.e perinmeter of the pixel 12. [0028] JBguddhovoe10707
%g%%(é? 12 showmn in FIG 1 (and FIG 2) is forned

partially in 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 select gate 36. The transfer gate, .
22 fcbe rolagian tregipn 42tis shesfrepnly alang arcovidg ef the pixel 12 for simplicity

lectrical ly.gati h | -
oo guer Lt it R R AL TR AElee B e piget 12

first conductor 26 at the floating diffusion region 24
I's in[oeggct r Miel4TCOMDS ipbl 12showh in FHE. §fdirel BIXG.KX) isiformed
source follower transistor through .a second condu _toi'
34 (paridiyunhnd eeraodensdirope resign 1648 aswlsmae 19, andigciudes a

sho i he  expl oded vi of Fl {

f ol IR t‘t)cﬁga"dg#t aeg'a‘f‘s?cﬁggcafs‘i\s’loacﬁcgﬁggt ¢ %%’ear Jez)\?\lll¥ ‘ic#ap %Q%rh%m: 32,and
condulal §fcPghid 380) Theltinsketga 0TI B Part2éf axdighsft4 nansistor for
el ectrically connected via a conductive path 50 in a

condilistiicadly igatieg twreherges acayrilated by phatpdioge 14 49 efloating

Shari.pg .the floati di ffusion.reqipns24.w t.h-t.he . . .
tra OR FEEIdR 2%"0 ?‘gﬁ: t ‘f’og_glgftcir Izrg n%itg‘f gf)atﬁna%/clthn%'gmgn JEre” 24isin
28. JO&r¢f eShanidiagiba With ihe gabOBP BFh 88urce fallowr ikAdSistor through
source (Vvdd) through a source/drain region havin

a
condustond 8ndwromddlaltipngh the emetuctars, e/pl 26ged 138, ag@ot shown
floatipng diffusion regjo 24. el ectr.i cal .

U AR FPIREETIRY QBTG hettey trouid Float the AEree i apegjared
in . 2cH0E0 _ [
the Eete i R e B Bt D M 3 e

As sdeuricdlly cBhfctdByiatalvenddctyicrpath b0 im agobduatiypimtricognect

to 3T circuit by the, renpval ,of. th artion )
cont Y"ﬁeﬁgwdﬂﬁm layre Shatine thefiqatipg diffpsign regign, 24 with the

tr an&%ﬁ%g%ga%gﬁé&tlsg{csct%' of ‘Bﬁﬁhg al éaYc' SQUITHE: R&ket Rnsistor is

phot o output to the floating diffusion region
24 widdniettetihe aproltygesouragiVay) théoughhesdurogfdraig region having a

di ffusion region 24 being connected to th te.32.of .
t he conductor 30 for providing agrcsctting voltage to t{m ﬁoeg%lg d].é’lzlSIOIl region

24.

[0029] An clectrical 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 bcihg connected .to the gate 32 of the

source follower transistor.



source follower transistor. 7 WO 2003/093339
PCT/ US2003/ 010707 [0030] Over the pixel 12 circuitry
is.a light shield 44, as showmn in FIG 1, which is an
woopeageesszent eri al configured to prevent |ight pemarsgeo4/010707
fromirradiating the underlying circuitry. The |ight
shield 44 material can conprise Weiz, W TiN, Ti, Co,
Cr, poly/Wsi ., A, Ti/A, TiSi2/Al, and Ti/A I/Ti N, or
other materials with the desired |ight- blocking,

el e iGgal, and_physi .characteri The

ohi Ep05  hRp ey T Redp et shih 4 apabd i FIG. 1,
t phibRls AESpAkre k&L €H cd %Y Bfe¥en feneaggr %&b&n&mg
1,000 A to about 10,000 A'thick, the i ght Shield 44

nehd vodényime cigdiiok. EhowghtﬂdddHﬁjmnd@ﬂnwﬂQﬂmmUMCﬂW&LVV

opabt oo 000,040 ok T saecil & sl 3 U

abFo Rk Q)i'&lftﬁé 'd‘é&il‘-éd%h?f%’&éﬂog %&c&ical BRd!pk gﬁl al cﬁiﬁlaa!cﬂsucs

44 materi al I's preferred’that |8éss 1% of
| it hghtrshxetd 4143 cirhbe btxghhms hEet dxaﬂ;pld:;eoaipaecd o typical metal

533%&%%@8%“% i i on B, A 5 P QA chick, e
| A Shleeg A onlr € "’*ﬁ‘cp EnB8H ‘%’%@%PQ&F W?%“‘t IEA o abour

s &y000 iAnchirdicG. Titspetilie chickrdss sithit] thisdnge ain be datcrmmcd by the

conf or mal Iayer over the pixel 12. Again referring to
Flltghti soption/ reflesrion prepersichphihedighasield &4 material. "It is

N | Sink for h
ot S G I e L8 o2 RS P RS RIAR bl e dabe v
t hgenMradeayehe u@édyﬁ@bvla&r As &% A FIEN2 hed deidnbed i thtion
the first conductive interconnect |ayer 50 can be

f oharedo di qrmpwnbdlelccmcéaw Rt cap hieglogitippedl berwieen| thg lhight

shlel 4 i,S, Not nduct iV 0Q31] T h el
atfiid ed el Inl ShaSRAB By A0 FDEIG, %d%balight sicid 44
al da8Wel d @iforisul R§ESotdiehepRel Thea) gmﬁh&fc&mgetcdl;ﬂ@ ' 1,iadh M1
conductive, can also optionally be electrically

gr m@@dmuyn%@m@mdt MfexsPRBeAtparyn mm\ﬁhmhd alpovsethe light

Shl |m to.the u N

o1 O s Bk i R SR dranditor L MR e opaly.

c alay&%md)cf&fut&h%wme kst SbA@RRIVE Sheeonheet layer 50 can be
formed directly over the light shield 44 if the light shield 44 is not conductive.

[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. Addidonal opcm'hgs 48 are provided in the light shicld 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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peri phery. 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

conmuni cati on between overlying conductive

M EP YRRt | ayers 50, 60, such as M, M, eqc(;r_/lgszgor?énmm
underlying pixel circuitry, e.g., 22, 28, 32, 36. 8 WD
2004/ 093439 PCT/ US2004/ 010707 [0032] FIGs. 2 and 2a

show alternative cross sections of a portion of the

FIG 1 pixel 12 taken along the line 2-2' and wth

sonme B2l ondAIGde? ahdl 2aABowslteshawncross sdcgbiis of a portion of the

trangparent first dielectric layer 52 can be provided. )
over ERhd Pirsich? taken HRpEhe bfe G aRdSTiR siree adenplietail. As i

| eve [ - . of )
ot a0, Bt APl B g lafer s DBAELE frovidld SéPehe pixc
firsi2 Hiviheai npper sayface dibveaholeeeltdfehpivaatistb? gads, e.g., gate 22,
shown_ by FIG 2a, this light shield 44, as well _ as the

ot he?f hapeeklds Lighe shickblayerst4 is fommedyaves she Brsediglgetric layer 52
deposi n ' ' k- B4 i

si i TosvE Pac A EPRE s SRUEED NG, 22, BRToRE SIEN 0 oy el as the

as tbdef lay&t of diegpivelicell Ccahdtionfotntatii dbﬁoﬁ&anaﬂds&msa dielectric
the light shield | ayer 44 (and within the aperture
46) . laygp &t hawing simile lightrirasemitspgend ipsalatingqroperties as the first

conductive . interconnect |ayer 50, i.e. I r s

i e 4% 5. 8R RE fompe L it Rt My, B B winhin he
26) 4ferdube46)) 0OV Ythdafer (et bt Frnidoth $2é doRdABSR iRGSconnect

48 through the various |layers 54, 52, 44. Additional

| ay elyardUoyver Mhkyéi, mhichomayi be conmeciett by commes{c.payenductor
50 is.alsp sh .in FIGs. 2 and, 2a, such gs.a third .

ai el 26kt e Fagiag e g Po Vit & oneiiten A phgidhfie various

| NS Ulagdrt 58, 97 QRETAdBiBioRhlThyefing Vel i MENYndl¥ive interconnect layer
dielectric layers 52 and 54. "Over this second .

di el 2@ isralso shayenn F3Gsah ahad 24 ounkds a thet divtkcommdyatiovieving light
i nt er connect altuﬁy.er 60, whi ch. can .be i?léel ctri c%}l )

cont TEETE 1O FIE RORGTRSS Plar o th ethiensre dicdgraic layers 52

50 (Hd M. h&FePiid 2cOhd e cRicBler 58 Ginteiobin¥d Qfsed MRS hductive
devi ce) by conductors 58. Additional dielectric,

c onducdrtamnecniaperadh ivduth cor bomsdearatal contakayahshe first benductive
fornmed over the second conductive interconnect |ayer .
60, Bfreopnect Hyr &Wﬁsrrpafﬁ@félawmslf{%%ww or ppagear device)

12 dﬁyk&ﬁﬁcﬁﬁs 58O WA didor gf‘iclc]ctr?é?gogclllgz:ﬁivc 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 4:2, which are preferably STI (shallow trench isolation) regions

but may also be formed by LOCOS processing. FIG. 3 shows the formed STI

bl

isolation regions 42. The STI isolation regions 42 can be formed by using a

photoresist mask, patterning, and etching to leave trenches where the isolation

9



2 and 2a can be forned as described below [0033] FIG
3 shows a prelimnary stage of processing. As
nmenti oned above in discussing FIG 1, each pixel 12

wigs0bS@babed wi thin the substrate 10 by i sol @idaR2004/010707
regions 42, which are preferably STI (shallow trench

i solation) regions, but may also be forned by LOCOS
processing. FIG 3 shows the formed STI isolation

regions 42. The STl isolation regions 42 can be forned

by u3|ng a photoresjst nask atternln and ef.chin

Lo IF@S% 45 pesHonE e kbt @LOHESTIS ) EROTdo Ay SOy igsHgenatcrial

gr %ﬁgéﬁ%cﬁ)g smch 'n?tEAllﬁlc 4oL S%tﬂg ﬁ{jc% rJ}H&c or oxide-

’ési'st IS rénove ayer ic materia

.( e xgmdcso;dldd; @t s Ginile]l within the nronichdsi hi;eCVD LPCVD, HDP, or
oxide-nitride, nitride-oxide, or oxide- nitride- OXIde
et ©therssutable maeangi Alenfilling the sisaskss With thepliclepggmaterial, the

PPEnC%I pghgﬁ&dﬁyrggngfﬁﬁfgiﬁ%égkigfh§Fﬁﬁugué gcwcsa“dthc

pl asildtoredgidnd arcxanplee R¥h&VR i@ FIGRB Endsirr8hsd| ltmgpuccl 12
processes, and the 1isolation regions are conplete as
sh@-in FIG 3 and surround the pixel 12 area.

[0034] Next, as shown in FIG 4, transistor gates are

for 4' nCI L PG, ahg\gnk@fé u%s?oggatéshﬁg\@%ﬁﬁkdf lﬂ%‘ldiﬂg

1 an bs are or ned

f ordie ﬁ@ﬂs’fc@ tezsz)shdﬁnI@HG laﬁd(RIng. Sﬂddaﬁ@M(OSlgd&)s are
over the substrate 10, then form ng a dope

polf?@iwd by formigee gagooxdelyerkd Gy &, s;qumeoxxésf)ecrvczdm: substrate

St B P prioft Ch §ise ar BT e Bhd S Pricsige 100

AR L@}S@a 08 id Selor sub¥dflRnfy ifphahtddBiith
These Igﬁgrsl%ggc 10 o%06 are ?%%n éggﬁe% aA 2

patd‘@ah‘édﬂ}&hcfpm mm@aummygr 1oélﬁﬁget0e¢d@dmtmmdc) These

b HO5 . 105 G e matked 3508 pRRGHE PhoftibER fr cxample,
enb.&@' ST, to 1&V§|SHCE.‘! Mhit WA bd Bt SRR ga&s El'C@dL[?g

but not in FIG 4) can be formed over the ofyS|I|con
| ayteqnsfed Zate IHowayvar altqnm@s;l qmanrhmthg asilicidgi lebe:rﬂ@ytdshown in

104Ff65. 2p IE%]E Fot EdFIGA %I n‘\{éd over thc polysilicon layer 102.

However, omission of the silicide layer 104 is preferred. Additionally, a V,

implant can be performed during proccssing 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 photoresist 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 do?ant conductvity types utilized throughout
processing can easily be reversed to form a PMOS type pixel soucture, as

opposed to an NMOS pixel.

10



i npl ant can be performed during processing as i s known

inthe art. [0035] - After form ng the gate stacks

(e.g., transfer gate 22) a dopant inplant 108 is
woSodQdedRd i n the substrate 10 to forma p-tyRR®IbAN16707

16 beneath a portion of the pixel 12. A photoresist

mask 160 prevents the inplant 108 from doping the

area of the pixel where the photodiode 14 will |ater
be formed (see FIG 2). As an alternative, the p-type
reg| on 16 may be formed by a bl anket inplant.

61t he Adtsp formipg #ERJETWRR {c)ﬂz;lqryb%sang qriimglnt tlTB is used to

t h .
"M BARRRS] O SO LB B Lgf e
p| Xkabwnlfl M aRQBHOOEHSD rE’gIB/thSZ FOA 6 thkD ddsistbBX3h]be formed

After formn the E‘Ptype regi on 16, another inplant

118imuitapcausly 2fingg) @Etlwﬁg regipn 34 s %@ﬁ%ﬁcqﬁm region
adJ ?%E% & ttr %rsvﬂlr § %@ﬁ%}og gd&l(an: 24 Sfmgl(ang 8'cth be

the ar source ral n regl on nsiI stors

CalperfoRhsd th tifel ifipldntiRee! fngr of ABeud 1 Ra0MNG Aot asi DO
region 24, acts as a source/drain region .of the

t r apms/sm’t Aangirsfeoed cmhodinont ﬁhngm@iafnt descomnge frchisimplant

nt 118 ca erf n the,i dose
g o8 1 o AB9bt £ Hh s 408" 4 HogfiBRcifusion
| N r8giBholak cempRIRPEY BBRLiIOKhe | mpl ant dose range for
thi s inpl ant 518 i s about 4 x 1012 to about 2 x 1015

ions/cn? and the floating diffusion region 24 is
corrp[@a&] by Tdiefpthesodnde E@(ﬁsﬂﬁ] Hﬂa@)p‘hm@@oﬁkﬂm sirgetgre made

nds Fﬁ%/ H’i‘g %@Eié‘%ﬁ@fv%ﬁdi 3ﬁt“§'.[’¥%ﬁ n?aéj%% 1%&%} the p-type well
ui tlm And4% SltpE)l #r 98 hbovelhe @RfcaepiohNBe TIRYRfcrsBf the

above the'n € region 18. Thé | ayers of

- phobegedade 14, (1 £ 1aécr$ 10a}8s @d_LZ)O) (]?8 beafnan@)w émwdorel FIG. 5

I PARB IR G s theisds b hfa 10,5 pafed il < pESE

PhiHeeRbist 1 l0Leh PaMbAAALASH lz@x@addﬂjj PNbRS §2Bnd cégd@éuv?cy type,
second conductivity type, fere n- type, is perforned

Thiber¢ ortppe,anpefarmpd. rldgs fommb&ni moipeegcgpordi® is the pixel’s 12 active
aCtaIIé/aeand below the transfer gate 22. An angled unplant 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
insulatng 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.

11



area and bel ow the transfer gate 22. An angl ed i npl ant
112 can be utilized to formregion 18 to achieve
certain spatial characteristics of the photodi ode 14.

wbOhfbsA§ shown in FIG 6, after renmoving thecruse04010707
photoresi st 110, an insulating layer 120 is forned

over the transistor gate 22 (this sane |ayer 120 can
al so formsidewal | spacers for other transistor
gates). Another nmask of photoresist 111 is forned
partlallﬁ over the tranS| tor, gate 22 and a dopa

1

i mpIlQAg9 T 14 fsshoem d‘ diglertos 3ysp o i %{@sw @Ycrz@c pixel

f t
fob > EREs} %%%%ﬂ%ﬁﬂ”%% R AR08 LR AIAHE Ryt B2 Biuld be
1l4opacallg m@ba&tcntpbrh@ @bt tp apedh ligda Aoin beehiigecht photodiode 14.

potential in the photodi gde 14 is pi nned to_a
cohBe gdirlecmg lagermerrn ¢omprise, £igy sdispp oxides of pitpdes, glasses, or

Zogéfygm%%ff?’ el %ﬁ%{gglﬁggémd[ y%géom pftc qibln

rlc’layer SVer

12pgOvy)] gphymnhg,céw&legt&hﬁlqm&am&ﬁt mgaicaxa 2Thd. Bicﬁ:ctnc laycr
diel ectric | ayer 52 should be optic trans arent
s o Sagnaydee plandrizsd by warlgm techpiques aud ﬁgélvﬂkop

Th el-ectric 2 2 .can.c
o PehRfgsly e g hblofmafiglechtc (SR8 £ 3AREY ?Scsﬁﬁ%? &hc
rrabrahwaﬁon%&gb &Abe S cHRRAS ITHRAidhY BRI AlfbMBed over the
techni ques, CVD, PECVD, sputterlng, or ot her

t edhincquebywﬁﬂ/\by depasting hayerTofopdiet ecnedrly dmygec mafZial as a

g e B Tho P i R Sedr Rl B ETEH R 3ot Sl000 A
di gligct The hgﬂé/ﬁﬁcléi 24488 L PG bFLEhiEHEss a%ﬂ)maﬁ:pﬁl 50,25 0 allow

pl anari zat i step can be excl uded. The shield
44k$sdﬁnﬂﬁ©dfmmﬁrunghghdufbeoﬁnmnmkdybmtﬁﬁohghandcmlbca

<SR oF B P S R A RS I S, ..
r r pl 1 qugo [
Plgﬁfxgﬁfgggb§2t§%g81ﬁble of” gﬁ{ﬁ(ggggs /égéﬁﬁg?ggf .

soSash mataialsaan Heakepositrainod thodiclieomdiyien §2 | byglonveridnel

~transm {ted therethrou can be a nducti ve or
. ngtﬂt%?‘issv guGhggs Y. SYppors emtst%m% @Yalcawocaaflepmpussﬂng,

D76 Tpl ey Mttt td¥ap'bi st ek (R 1) 6 a planar

Iaycr. The light shield 44 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

12



Such materials can be deposited on the dielectric
| ayer 52 by conventional nethods, such as by
evaporation techni ques, physical deposition,
wop4t0eHBhg, CVD, etc. The light shield 44 cB@I/Be2004/010707
conformal |ayer (see FIG 2a) or a planar |ayer. The
light shield 44 can be electrically conductive or
electrically insulative. |f fornmed of a conductive
material, the light shield 44. can be connected to

9" SWREH td FRRERY apRhfr€ 4o e Athe PHRESdibaaN 4 S HHR! dHelt @ric layer 52
protect the underlying circuitry fromthe. overlyin

copdustioke anretehstemnében, ae siipwn meFKE | 9, zactand dickymicdayer 54

which wi.ll, be fo d, i bsequent .steps. The |ight

S hisdiegosited ayeh g et shield 2 384 VAP thieppirtupe, 46 peer the firs

ungdeldc t o0 QTR X inﬁgp-

pri or ﬁcpg}foglr?%ed [ ngﬁatlchcg%Mﬁ and/(%?l B@%EE%ES?QT usf[1

t heomipositioremid gl frastssafn dridyditlepiripiprgparties asshe Asseidiedectric

are mijgajed. 040] Xt,. as owmn in FIG 8, a .

paﬁf’ %‘r#e%fl ot lb% 8%9%{“: ‘ks‘-Tgif op.orlihispesord diclegtric layer 54

T . . > o | o

sl ap L by GV o RISSEIEI b Boq) ighyDeh bt bea

et chrdrha 1dyer.mAgpatapedd phicrodsisol2t istthan@hotadhosieodd .
ielectric |ayer 52 can serve as an_etchstop.

The, .

Thgﬁgx% layes Aadithe pratsr igsubsequsady gichee ke farm epeningsi4854

is ' 0 ' el nd w-thin. the

ap P BRI UBlectlprcr e T o afl e B A% ofifpose che
di edtwebrdacid eeasubbdate fincldido e H30En® Hiffusidnl réfioh 4.
conmposition and light transm ssion and diel ectric

properties as the first dielectric |ayer 52 and can
be 358%%1 t ed-Prducterstp|ths Pialsh FFuitTys actvsseag are formed

di A ) aNar e . or _RIE
SN 5o O BEE R AR, o v
cofdanhain) ayebe ddpgpirtd etthedthhupleaings 4Sto LR4mially BoRRthe

over, the second dielectric layer and the wafer is
s_uﬁg%tdg@ffﬁy, iEcepdiruve, e the penfussers 4 Onersuebh ggrductor 26 is
th [ [ .C 1daay d d the,light.
Pt L LA 506n 380 b P B b e s
sulsd inadl@rri¢al ebp@hirgcddden wildoadhdig et 16 & sbRIudiR8 inRércddnect

[ 0041] Conductors to the pixel 12 circuitry's active

ar Bger 50 preferablygef metal, 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. .Howcvcr,
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 floadng 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 clcctri_cél communication with the M1
13 |



wi thin the openings 48 as shown in FIG 10.
Optionally, a thin insulating |ayer (not shown) can
be deposited within the openings 48 to electrically
‘wo soh/ed3e3s he |ight shield 44, if conducti ve, PTG 044030707
conductors. One such conductor 26 is forned to the
floating diffusion region 24. Over the second
dielectric layer 54 and in electrical comrunication
wi th conductor 26 a conductive interconnect |ayer 50,

Pr &d @BV inkérc OBt laytS501SRO B € thibgh Wit @R sHlirck B wer gate
Preferably, the conductive interconnect |ayer 50 -

shdirad tlag resiofethd imegratedharcaise of whh4abe pixdl 15 kot patt.ode
14,1.f. conposed .of an aque .or translucent majerial .
HOREEPR rPETSa e o, Sirl 1 PERERaR Ghin REELIIEfigicctic
SURJer®% arftt YsocoRlcY8dhd e hteBAnLE 1WREE0 (MY). hdfhown in the
conductive interconnect [ayer 50, and if 'so ‘fhey can

ovatly the photodiode 14, if desired. [0042] The
floating diffusion region 24 is electrically connected

o TophE,, SRS AR Py e R RIS

t hyrfs©@kdhNfle @k@&ﬁ?'o‘? Anj EQMOB pAfkl A nfd e & HOWHDLRY teddsistors are
(see FIG 1) to the source follower gate, an orm ng

a ewdduchd pizel qitcaitc FGedl sbOws b hersebatrionef.a 3 palcI Drwhich is

26.is in electrical, c nication with the ML 13 WO

2 OO ABESaY i GiEeb Siscritiavcy Buy difer s che

| a B h i & : . S > [
B A s
whwith thérsoyrcx fillod2r gsreB2nhkdugh AddldavapdifipicaCREHn M and
can follow such as formation of an overlying

di emeluctqr26, the Ml amdygaveinseseonnece ierrdiapd conductor 34. No

in NRES nas _known, i.n the  art. .
[ 0GRS AL %‘é’!”%ﬁ%&ggﬁ‘ég@ PREBT BGAT 25 i phrtgdiofRd 4 since
i ntherfldadng idiffission @llon 24 Blin diecoiditdiritdl @ostat Cwith filye Photodiode
any CMOS pi xel, no mater how many transistors are
usg‘& Hovrayer, phe egsergate g8 is sallgrovided padds electrically connected to a
cr - i 0 [ gl ich is imlar.in
e AAESEOtyEh o (3R 1 podBar B Bl
differs in that the

[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 pixcfs 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 aré
selectively output by a column select line. A plufality of rows and column lines
‘are provided for the entire array 200. The row-lines are selectively activated by
the row driflcr 210 in response to row addrcss decoder 220 and the column
select lines are selectively activated by thc._’column driver 260 in response to
column address decoder 270. Thus, a row and column address is provided for
each piﬁccl 12.
14



transfer gate 22 is renoved. The photodiode 14 is
electrically linked directly wth the source foll ower
gate 32 through the floating diffusion region 24 and
wawnies43dr 26, the M conducti ve inter connecPCrapaqo48pm707
and conductor 34. No transfer transistor is needed to
gate charges generated at the photodi ode 14 since the
floating diffusion region 24 is in direct .electrica
contact with the photodi ode 14. However, the reset
gat 'S Il V] i | ' ..
QonfOAE1", Sk CMEIIRELARRL 308 § gelsiad B) e conug) circui
arxb Opatiith abndrble addiesiuddcod ers 220N220 for[s0R4dhg Heapptapriate row
illustrates a block diagramfor a CMOS i mager device

30@d gelumm §nes for pixel rsadent, 2pdrowand pelnmn davesicenisry 210,

c tructed in th npe [ sed above.in relation
ot At Sl Bt TRABS o o SR SER SR KBl Bl ieAlp hnd

a dplumh@lihésy Dmpiorplslecanh®Ied, tdh Be B @FRhAhTFaASSE with

nunber of colums and rows. The pixels 12 of each row

i rthe ayray 200 end eentzglicitseit 2§00 e‘elsqmﬁzqmmd;dc 28frandiSKR (Spccial

afow.select |line.a he pixels 12 of each calu are

o H AT EEFrsel Ao, 8 i B o FlpRnfaon gttt oo

Pl dikicaie 209, Wprichely,ANdcAREE Fowet Bftiice 29@caH BY id8ehdrfed into

the entire array 200. The rowlines are selectively

acht vmagsd doyice 868 row driver 210 in response to row

address decoder 220 and the colum select |lines are

| ivel tiyated .by .t m_dri [ .
YR A 08 g
T o B e B B A g Cind BB S ot P signal
i magepud év ik caad398 disuigped shadtdan stuogontigilal conversidn device.
2 whi ch. trol d d d 20, 270 f .
oS PR ESBTRNY I SORBR Ottt BT en the

Pi skilal ERASOG puAREn AW iRASerCRvVIERo Afic Ml helduwrabd.t Iy
210, 260 which apply driving voltage to the drive

transistors of the selected row and colum |ines. A
menbPQ47175, F8Ggl4 shewsmatym 360, biypical proeesser lwaed gstem

08y AP A L b drce o

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/0O) device 306 and imager

device 308. Other devices connected to the bus 304 provide memory,

15



Function Regi ster) device 285 can each be in

conmuni cation with the control circuit 200.

ggtionally, a localized power source 290 can be
WHh8#93#38t ed into the imager device 308. [ 00Ag}US2004/010767
Typically, the signal flowin the inmager device 308
woul d begin at the array 200 upon its receiving
phot o-i nput and generating a charge. The signal is
output to a read-out circuit and then to an

anéllegrativeld iglidihg & @ydoms aotesdmeney (RAMN3 10 thasd died 312, and
is transferred to a processor, then the serializer
andPrerREinesPenpheahmernory Bevigtstsyah 25 2 §apphdisk deye 14 and

devj ce BX . h e.. 47]. . Fl 14 shows, . :

Gy RO D] A 3161 i BOR ! 35 ity DR M Rsbined pich o
t 0 pro€dsstsiesih ak AR, dthlCigl) Bré@sson, bt @icrdgroadfoin a single
i nput device to the systen130§. The inager&%évice 308 5
mayingdgsased eicaiitve control or other data from system

300 as well. Exanples of processor based systens, _

whi ¢ enpl he i r. deyice 308 inglud

i ¢ nLoEB, o b AR Eric&d 8%%‘?“9%%%@%%%@%&’%@&“

S CanBdiods akBEPicaEd s O nfay§ itBiFcoulebé Gbl fapbdutQ) The
systens, video tel ephones, surveillance systens, auto

f ocabove gescapgon snd drawingkillnstzats earhodimans; whichachicvd t

syst.e i rage st,ahilizati systens, and others. . .

R N R R e R e R R

( CREYended thdt @he pLSHURGRORDNRIVERIOY o HRVABERE-dV&Ibed and
a bus 304. Sonme of the devices connected to the bus

304illpstow¢diembodimenisc ahnpmodificatiangthough presehdy enforesatable, of
300, illustratively including an input/qutput 10Q). .
deViBEETS6R GRRtORIgat -COIB%SV‘P’EEL“&*ES SPEf A8 Sfngﬁ ‘lf(égc %ﬂowmg

COnA&e: SHoLIA ble RBnlHSed M BAUL BfesPB Rtk VO
2004/ 093439 PCT/ U52004/:010707 "iTlustratively

i ncluding a random access nenory (RAM 310, hard drive
- 312, [60fD] ondVimat indpisngsbasi neiverrsd dested ity bdgprowewddydbetters

as flo I sk .drive. 314 and conpact disk (CD)
dri@%m§fggﬁ%ﬂ%“$ﬂgﬁﬁ?sﬁevice 308 may be conbined with

a processor, such as a CPU, digital signal processor,
or mcroprocessor, in a single
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integrated circuit. [0049] The processes and devi ces
descri bed above illustrate preferred nethods and
typi cal devices of many that could be used and
wopnavaes. The above description and drawi Ng&t/us2004/010707
illustrate enbodi ments, which achieve the objects,
features, and advantages of the present invention.
However, it is not intended that the present
invention be strictly limted to the above-descri bed
and illustrated enbodi nents. Amg nmodi fi cation, though
presently unforeseeable, o present invention
that.comes within the spirit and scope of the

f ol l;ow G, in¢l 'Hﬁﬁé? ngg consi dered part of the
pr esent inveﬁ?&on. ’8% @ﬁ%t is clained as new and
desired to be protected by Letters Patent of the

Uni t etdpStigtlesocenvetsiod HSYE; W SE WO 20041093439
PCT/ US2004/ 010707 CLAIM5S = 1. An i nmager device,

conpri.si,ng: a pixel photoconversion .device; pixel .
o T O iR it RO C Bt ot s Rixebiprpsonuprsion
phot oconwggkon device; a light shield |ayer, said

light shield 1ayer provided over said pixel circuitry

and having a |light transm ssion area over said
phot ctkightehild lnyer wriddight ahididdayer pasidahever stid poehciemiitry

| ayer, all ,said interconnect. |l ayers bei.ng, provi ded .
over sai &nfiﬁ’@ﬁ\“gﬁnlll td:‘“ﬁné?’ésrsl.on%cﬁ‘?yér sid §hPrasepysraon device;
claim1l, jpherein said pixel circuitry conprises a
transfer transistor for electrically connecting said

phot oconversion device to a diffusion region, said

di f f uasilenst ergjinsercopieny layenadlshidahieyconnect layers being provided

over said light shield layer.

LLOYD WiSE

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.

-

. 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

Jeast 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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coupled to a transistor gate by a conductor, which is

provided in said at |east one interconnect |ayer. 3.

The i mager device of claim 2, wherein said conductor
wbSoRl9¥dssled in a first netal interconnect |paypus2004/010707

provided over said light shield layer. 4. The inmager

device of claim1l, wherein said photoconversion device

is electrically coupled to a diffusion region, said

pi xel circuitry further conprising a conductor for

electricglly connecti sai i ffusion, regi -

trandi s;:]gl?c Iérg[ggr’ d%vé(icoonf%&#[&ug’t‘%?cr%‘g‘i Sﬁ% Pphr"é‘s‘g’é‘ g’gm%o% cgcglmg{ a

at | east p%sén%ﬂcfc@fk@i%m' tBY @Foupconbing BBE photirlodes a

of claim4, wherein said conductor is provided in a

first conphmbgate, anst ephotenerdudtayer provi ded over said

light shield layer. 17 LLOYD WSE WD 2004/093439

PCT/ 1)S20Q4/ 010707 6. The .i r vj ce of ' -

wher i n S5 ﬁnﬁﬁﬁfi%‘e%cn?fgcﬁ%’fn(m%d%c\ﬂg%egﬂdgphf t°‘g n?tc%géﬂncécg}cc e

sel ect ed ﬁﬁgﬁﬁkﬁ@.group consi sting of a photodi ode, a

phot ogate, and a photoconductor. 7. The inmager device

of claim1l, wherein said photoconversjon device is a .

. ph®t odTlatlnaggr davies ofdgey 1 guhsrei id lighgishield isap slesirrally

said light shield, is an electrically conductive

| ayer . 9.C3?é§qﬁﬁﬁﬂﬁndevice of claim1, wherein said

light shield is an electrically insulative |ayer. 10.

The 9Magehe dfMdet detite 6f dhim 1, wiitielrtdaid Bglitdhieldistan clectrically

transm ssion area of said light shield is an aperture

in said | inghlatishiagerd | ayer. 11. The inmger device of

claim1, wherein said Iight shield conprises a

il o ThE grﬁa;écf AL OB ik 9! RHECPAK Bt Warhnission area of

said light shield is an aperture in said light shield layer.

LLOYD WISE

11.  The imager device of claim 1, wherein said light shield comprises a
material selected from the group consisting of tungstén, tungsten
silicide, titanium, dtanium 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 hight 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 sccond interconnect layer above

said first interconnect layer. -
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silicide, titanium titaniumnitride, cobalt,

chromum polysilicon- tungsten silicide, alum num LLOYD WISE
titaniumsilicide, and conbinations thereof. 12. The
Woradood¥yi ce of claim 1, further conprisi ng BET/US2004/010707
grounding circuit in electrical contact with said

light shield. 13. The inmager device of claiml,

further conprising openings in said light shield
configured to allow conductors to pass therethrough.

14. Ikhe Miegeagdeisvice oftlaivh di, whireinked Bihx shadld issdbout 100 A
| east one interconnegt |ayer conprises at |east a

first and t‘aaé@'éro%eoﬁ):&@%nnect | ayer above said

first interconnect |ayer. 18 LLOYD WSE WO

2004/ 093 . 07Q7 - Theqti: : j f

Cl a1, o e Bargof PR g b PR LRARi NI chan
about 3, 00 & lighit édspacting theonmaderraemitee] @f said @iderl¥ing
wherein said |ight shield allows |ess - than 1% of '

l'i ght in’pa\’é’fciﬁ‘gc“cl%reon to be transmtted to said
underlying pixel circuitry. 17. The i mager device of

claim 1, RGHE:D RHE ofbialndS WS LR & EORREEY tlc%:cﬁméct

is at least partially transparent at portions

overlie sdiydr isphddasomintidlysiranpaent agpordSns whiehiovedie kaid
device of claim1l, wherein said |ight shield |layer is

a pl anar DhgRsPo¥grEPndsyigepi xel circuitry. 19. The

i mager device of claim1l1l, wherein said |light shield

I a I ST ; 0 k. | SGLECUL LY.
20" e (oS SRRB UL obPUER 1 WRErE i BLAEHAN TR Katblanar
devi ce i s layeCMD saidpigd cirdeiwyce.

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.  An integrated 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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21. An integrated circuit containing at |east one CMOS
pi xel sensor cell, said pixel sensor cell conprising: D WISE
a sem conductor substrate; a photosensor within said LLOY

a transistor gate over said subst 0841010707
wég&“’aﬁéﬁar ges produced by said phot osensors’éugﬁIS

i ght-blocking filmover said substrate and said
transi stor gate, but under all conductive

i nterconnect |ayers of said integrated circuit,
wherein said |ight-Dblocki ng filmhas _an openi ng over
sai d plfiotcordudive inggaconngct layoyovesy s liglgy ‘2‘99@#6%@%
PCT/ U82004/ 010707 a first conduct ive interconnect

! aygj? 0 Flpu%?gcqgl)zogéﬁl ol 70 viifere lﬂggsd%cr transistor

pi X alm 2 eréin sali ransfer

transi St 0 atcsgéﬁaegcsqtlﬂﬁgﬁa [ihbmmlrdo ahouesdoiowert wamgistor. -
source follower transistor. 23. The CMOS pixel sensor

Il _of cl 21, wh A Lirst deut .
it &8 Corifes May st pepr FLH T R iy fondeute
o o SRk eSS P OES hRBS UelnbiOh ReliOR Stk Icbyes

gate of a SOUFC ower ansi st or

pi xel senggngeehbmofaidpbitidle tokie ghte ofaisdurce follower
light-blocking filmis grounded. 25. The CMOS pi xel

sensor cefhosstos] ai m 21, wherein said |ight-blocking
filmhas openings for allowi ng contacts to circuitry

of der. cel | blockin:
the?gthr%gﬁﬁd% P“ﬁ%g&‘@béag&i‘g s%jhs‘gé&gﬂﬁi olf‘ghé acl)m 8
21, V\hereﬁnnsgagﬁuali@dosensor is a photodiode. 27. An .
i mager system conpri sing:

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 scnso_f cell of claim 21, wherein said photosensor is a

photodiode.
27.  An imager system, COmMprising:
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;



a processor; and an imgi ng device electrically
coupled to said processor, said inmaging device LLOYD WISE
conprising a CMOS pi xel array, at |east one pixel of
weaédodiogxsay conprising: a pixel photoconver sREK{US2004/010767
device; pixel circuitry in electrical conmunication
with said pixel photoconversion device; 20 LLOYD W SE
WO 2004/ 093439 PCTI US2004/ 010707 a light shield I ayer,
said light shield | ayer provided over said pixe

Ci rcuj figtyr shidld 1dyay snd light d1961H Liyen PEsvided O¥tr 86 pikY Sikcuitry
sai d photoconversion device; and at |east one ) )

i nt er conreadthaviger lighdtransmission arear aven said phpeprepyergien ggvice;
provi ded over said |ight shield. 28. The imager
systenloﬁqﬁ aim 27, wherein said at |east one

i nterconnect |ayer conprises at least a first and a

secong jL4t 8he fiBR6hndAYSEr, ANQYiE infedddhrletd [&fers being provided
i nterconnect |ayer. 29. "The imager system of clalm 27,

wher ei n swiedsdid bt shilél d i s about 100 A to about
3,000 k thick. 30. A CMOS i mager pixel having pixe

cirguitry in electric cO ni.cation., Ww,th a .
photbcorkhriBREH JRSTLE SRl 2 ST TR AR A e P e
through  @ferlc8apris@e IGONARGE AVE® a s&doRdGaRRGSnc LA above
conprising. a light shield | ayer provided between said
pi xel ci rsaid firsyingerdormegt bperduct i ve i nt er connect

| ayers and having a light transm ssion area over said

DrokgC O 0 Rl o7 p PRSI 8l 100 A
to about 3,000 A thick.

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 shicld layer provided berween 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 pi;ccls, each of said pbccls having pixel
circuitry in electrical communication with a photoconversion device
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configured to allow | ess than. 1% of |ight inpacting

said light shield layer to transmt to said pixel LLOYD WISE

circuitry. 32. The CMOS i mager pixel of claim 30,

wherein said light shield layer is a conformal |ayer
separated fromsaid pixel circuitry by a dielectric

|l ayer. 33. A CMOS inmger dev!ce conprising: a pixe

ar ey a'i‘i%Hﬂ éﬂ&l@pﬁl\/}!{eelb'e{vyeeﬂ faifll iX §1r ‘l;‘t%fgncngr}y AL interconnect

pi xel s having pixe C|rCU|tr rica

co caonversi.on devi ce LLOYD
S, A e éﬁ‘r iy 1%?‘3%“%885‘8%9%8%6%55‘? {gggpversion
circuitry and an net al, er connect | ayers, sald
| é‘ﬁi“c%ﬁ%/}bﬁedn F\F@w%‘ Sl‘%”g"m"o‘t"r‘%&%ﬁ{ RS %Saéﬁ Rigelyey in response to
salg phot oconversion device, wherein an electrica
aio-1PEiy i s generated by said pixel array in
response to photo-input; 5 a read-out circuit
a regtoeifticonibeprifiguredde ireceivsanid adogridat sigadl flowgitarh shidpixe aoay; an
said pixel array; an analog-to-digital conversion
analdg¥o-digitelomvhivgsivedetioe taduveal 16aedivelsartdldctiadal Siggdl@ow from said
flow fromsaid read-out circuit; a processor
readeqntirguir;ed to receive said electrical signal flow from
said anal og-to-digital device; and 10 a serializer
a pré@&or GbrfRsirdddo rr@é‘e?devﬁldséié&irl@il §%ﬁéﬂ'ﬂ:o%\L frS3aRY fafogv{’o IS AM device;
sai d processor. er device of
433, wherein said electrlcal S|gnal flowis output from
said inager device to external hardware. 15 35. A
a pi,xel of an i er device,
a Se@%i%sfr ?055%1%“8 9 Eﬁcﬁwﬁ gﬁg egﬂﬁgtcah%ﬁ% Ao drproiail @edcesron
substrate; formng a |light shield over said substrate,
said l'ight shield conprising an aperture to all ow
to pass to said photoconversion device; and
34. ?}&W imagpideiceph €lamp 33l whereiarseisraestrical sigeal foweis output from
said light shield, wherein all said forned 20 netal
SMdmn@%rdéﬂn%bx®¢%mdﬂ@ﬂbmeeforned over said light shield.

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 comprising an aperture 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, titanium, titanium nitride, cobalt, chromium,

polysilicon-tungsten silicide, aluminum, titanium silicide, and combinations thereof.
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36. The nethod of claim35, wherein said |ight shield

conprises a material selected fromthe group

consi sting of tungsten, tungsten silicide, titanium
titaniumnitride, cobalt, chrom um LLOYD WISE
pol ysilicon-tungsten silicide, alumnum titanium

silicide, and conbi nations thereof. 22 LLOYD WSE 37.

The nethod of claim 35, wherein said light shield is

about 100 A to about 3,000 A thick. 38. The nethod of

j i i.d _l.i,gh hield.is nfigured._to

57 ThG i o R & BBl st S s pndt PG Srbou g A ek

shield frombeing transnmtted to underlying circuitry.

39. The nethod of claim35, wherein said |ight shield

as a light transmtting opening over said
38. JB?FO‘PS@%QE?@%%C}@W %E.SE%QGI%hOShlqgiﬁes erofigadd o6 peiventra Bast 99% of
. further conprising formng at |east one opening in

lightimpactinggtaid kgtit ehigld faord beingrtiangmitted ed enderlyingl cicanguct or

therein. 41. The nethod of claim 35, further

conprising formng a dielectric |layer over said at

| east one netal interconnect |ayer and formng a

39. Blecraetlodref @hinm BS,6iieeiine4l lioBY Sficl @& a Bt SrabiBih&d Sdehii .
15 layer. 42. The met hod OF cIain13§T gke?eintéigcﬁelngovmsam

photot@Rerssdhl @hftel S @ conformal |y deposited layer. 43.
The nethod of claim 35, wherein said light shield is a
pl anar | ayer. 20 44. The nethod of claim 35, wherein
said light shield is an electrically conductive | ayer.
5. The thod,of. claim35,. wherein said |ight shield )
40. Tlllc? %%tﬁ% %c%‘?‘f‘b%\% eﬁ§ﬁﬁ“8’£‘f"€)\é@ﬁ“av'é% at leasgong quepingpmpaid light shield
6. . The nethod of claim 35, wherein said inmger device
and formipg arstsGinical ePndyetor dsrein7. A nmethod of forming a
CMOS i mager pixel array, conprising: formng an array
of CMOS pixels isolated fromone another within and
on a substrate., each of said CMOS pixels being 5
41. Fhermeshodyf aléim 3% figrthet composing fgmingxdielediriedsyeniot& said at least one
sai d substrate;
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.



10

15

20

formng a first dielectric |aver over said photodi ode;

formng a light shield | ayer over said dielectric

| ayer; forming an aperture in said light shield | ayer LLOYD WISE
above at | east a portion of said photodiode; and 10

formng a plurality of nmetal interconnect |ayers over

said |ight shield, wherein all said plurality of

46. 'l"l?et IﬂEthbH‘ bEEIGAN @? Cxtvh é}{ Ghid n%'ég 2 f&g{ég m°§$/f0$ﬁ?€igﬁé%jgnce

shield | ayer. nmet ho
conpri si ng the act of formng a transfer transistor
for transferring charge from sai d photodiode to a

i ffusj 49. The nethod of claim 47,
4 ’gur ] T e & O dFHiesicp el et RSPioWisinggfoomine sy of CMOS
. rec i.ve char s from said photodi ode. 50. The
PIX¢ f“ﬂ%ta GONLoRg E}ﬂoﬁ"ﬂ Within agdroncosubstirale.regclf off saidiGMOS piksls being
netal interconnect |ayer over a 20 second dielectric

formegyparthegass ofsai d 1§ ght shiel d | ayer, formng a third
dielectric |ayer over said first netal interconnect
fornlimy & photadidd¢ eithinngidsubstensid netal interconnect | ayer
over said third dielectric |layer. 24
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, wherein all said plurality

of metal interconnect layers are formed over said light shield layer.

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 over said light shield 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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