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I NVENTI ON [ 0002] Solid state inmagi ng devices can

i ncl ude GSING:EXTENDEDI BURIEDeCONTAGTS t r ansduces
i ght energy received, through an optical lens, into
el ectrical energy. The optoel ectronic converter is
typically arranged in an array of pixels. Each pixe

features a di t converts a
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an electrical signal. The electrical signals produced
by h -phot osensor are .progessed by. pi.xel.. and, ot her
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. rce: fr ich the light energy was received.
1ma%§§gé%]%u{ea>gg%1¥‘.’”’ light received by each phot osensor
travels directly fromthe source being i maged, through
~a pixel surface facing the |light stinulus, and strikes

the phot oSERGROUNIS B THE IEMENGTON | ght entering

the optoel ectronic converter is scattered by
reflection and refraction by pixel structures.
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light, referred to as optical "crosstalk," reduces the
electgical énteygpnThaoptodegtrafic hrvertarde tgpicaliypgeangé®in an array

probl ens associated with optical crosstalk becone
of pixelsr Eash pipte} featuresevdiderete phoiosenporshiewmvertsmalcbpective

and array pixel densities increase,[0004] Optical )
portignoefshgreeaisedplight dgnalinio an eleciinal bignah g dectrical signals
produrgég %ryse'aci\ rfahotosensor are processed by pixel and other circuitry to
render a digital image representing the source from which the light energy was
received. |

[0003] Ideally, light received by each photosensor travels directly from

the source being imaged, through a pixel surface facing the light stimulus, and
strikes the photosensor. In reality, however, light entering the optoelectronic
converter is scattered by reflection and refraction by pixel structures.
Consequently, an individual photosensor can receive stray light, such as light
that is intended for neighboring photosensors in the array. This stray light,
referred to as optical “crosstalk,” reduces the quality and accuracy of the
rendered image. The problems associated with optical crosstalk become

increasingly more evident as imagers become smaller and array pixel densities

increase.



whi ch each pi xel assumes a specialized |ight-detecting
role. The photosensor in a typical pixel is sensitive
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spectrum [0005] Ideally, each photosensor will
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phot osensor is intended to convert. In reality
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gers, is kno commonly as "pi xel noi se.
exarRPId, 3b BrrikePe fedDéolbl pilel, RaiiSiBgahe rod ecloe pikelye régster more
red light than is actually present in the image being viewed. A similar problem
occurs with green light étriking a blue pixel, red on green, etc. In addition, CFA
imperfections will allow additional crosstalk in the form of some blue and green
light entering red pixels, and red light entering blue and green pixels, for
example. These various types of crosstalk reduce the accuracy of the images
produced.

[0006] Another problem, particularly in CMOS imagers, is known
commonly as “pixel noise.” Certain types of pixel noise are produced due to

differing physical and electrical properties of the various components contained

in adjoining layers and regions of the pixel device-structure. For example,



differing physical and electrical properties of the
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orholgst carriers." Hot-carriers can get trapped in the

avai l able trap-sites,, and contribute to.the fixed
chi0gél ofhe HEPaBtAs B ALY arpehar g (i aseE |reT8etifdy

e Tk RS P 8, SRR e
LSS Bl Bt o s
to tRERRE e ok B At pAEShATBOBL AR PyBRARE B ofher
elecH il bRERLRistids Bf‘ﬂ\é:%ﬁ@. '%r?@%&%&@%ﬁ?ﬂ&ﬁ tRp-dtes inside

phot osensor. Accordi ngly, esirable to provide
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provide an isolation technique that prevents pixel noise in the form of current
generation or current leakage, for example.
[0008] CMOS imagers of the type discussed above are generally known.

CMOS imagers are discussed, for example, in Nixon et al., “256x256 CMOS
Active Pixel Sensor Camera-on-a-Chip,” IEEE Journal of Solid-State Circuits,
Vol. 31(12), pp. 2046-2050 (1996); Mendis et al., “CMOS Active Pixel Image
Sensors,” IEEE Transactions on Electron Devices, Vol. 41(3), pp. 452-453 (1994);

| U.S. Patent no. 6,140,630; U.S. Patent no. 6,376,868; U.S. Patent no. 6,310,366; U.S.
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active, photosensor portion of the pixel. The section of the buried-contact layer

we

covering the photosensor portion of the pixel serves to filter the light striking the
buried-contact layer before the light strikes the photosensor. The polysilicon
light filter reduces the amount of stray light entering from the adjacent pixels

without adding significant processing complexity.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The above and other advantages and features of the invention
will be more clearly understood from the following detailed description which is
provided in connection with the accompanying drawings, in which:

[0012] FIG. 1 illustrates an exemplary pixel layout according to an

embodiment of the invention;



will be nore clearly understood fromthe foll ow ng
detai |l ed description which is provided in connection
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exemplary pixel according to the present invention;
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[0019] FIG. 8 illustrates a block diagram of an imaging device including
an array of imager pixels as illustrated in FIGs. 1-7; and
[0020] FIG. 9 illustrates a processor sjstem incorporating at least one

CMOS imager in accordance with the present invention. .

DETAILED DESCRIPTION OF THE INVENTION

[0021] In the following detailed description, reference is made to the
accompanying drawings which form a part hereof, and in which is shown by
way of illustration of specific embodiments by which the invention may be
practiced. It should be understood that like reference numerals represent like
elements throughout the drawings. These exemplary embodiments are

described in sufficient detail to enable those skilled in the art to practice the

5



[0021] In the follow ng detail ed description,
reference is made to the acconpanyi ng draw ngs which
o wo Q!?W@ﬁp@r t "pg’["gﬁlgf ., and in which is shown by mey/Usf006/022413
hvenlbhtSH B fulilorsbBhihdcomEbadbBRithEnBinaPbE Bitied, and
rnvention may be practiced. It should be ‘under st ood
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that o ey o ot o2
' A Bf glefdresdr@nhivélgicr.! to enabl e those
fromgﬁﬁgg%ﬁ%?ﬁ%égr?ﬁt% practice the, " " " , , ,. Ih
1Mo2hi Thé terms "wafkt" ahd @bbtrate” are to bé tinderstoad s
-1 invention. It is to be understood that other
inclu@odiiFRnba-ifeylatie (SOL) dzstlicoraon-sapphire (308} techhology,
| ogi cal and el ectrical changes nay be nmade w t hout
dopedepdrindgpdd ssmicbadsgtors, epitaxiablypes of siliten pryweted by a
i nvention. [0022] The terns "wafer" and "substrate"
base sarricoadnetarfdendatomy and dthet seniegndiictios suerehsul at or

(SA) or silicon-on-sapphire (SC5) technol ogy, doped ,
Furthenmhare,doben referdnse isinederte 2 "wiafer or asulpsizase gmdhe #ollowing

silicon supported by a base segi condﬁct r foundati on,
descripiiowiprevioysiressasiapsrmay hage Reasutiiized FRidrEt EBIRLF
reference is made to a "wafer" or. "substrate",j.n t
junctiasohn gaaRaamcERBsor siasUE oL freRdart dagedifighBse
been utilized to f.aormyegions,or juncti oRs. | e base
semiggiusimnesbross B bag Pa b Sl el o,
.t he, sem cpnduct or, need n S i - d . ul d
sernif BBt il BeROT e U bR e UPe e EiNaRA or pHliukP
si;l i con-germani um germani um or gallium arsenide.
arsertlgﬁ.zg)] The term "pixel" refers to a picture el ement
“ggbz%e!l*hectg%a' A PO cFdrs G lnli¥Yeuir® 6l it Girdt R SINGOE
ard semi‘conduct ors for converting el ectromagnetic
cirCLﬁi]‘”i‘? 'iﬁ'&hefhéoé’ pRBtdRkR§I drePdentic@RdhctoRpfor ponpesieg of *
iTfustration, fabrication of a representative pixel is

electPh1AWEN SIEr LBEEN Besh clbyRic@bbipyal. fEdpuapobenofdtiustration,
pi xel's in an imager will proceed sinultaneously in a
fabrishtidm af a representative pixel is shown and described. Typically,

fabrication of all pixels in an imager will proceed simultaneously in a similar
fashion. The following detailed description is, therefore, not to be taken in a
limiting sense, and the scope of the present invention is defined by the |
appended claims. |

[0024] The invention relates to a method and structures which provide a
patterned conductive layer, such as a polysilicon buried contact layer, as a light
filter. The buried contact layer, which forms the buried contact and the
polysilicon light filter, is deposited on the same surface as the pixel transistor
layer of the CMOS imager. The CMOS integrated circuit is fabricated using
standard CMOS processes.



fashion. The follow ng detail ed description is,
therefore, not to be taken in a limting sense, and
w0 b@oaspe of the present invention is defi nedr@yustnes/022413
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during the manufacturing process, can be selectively
burieé womedtd fopihkecdraicatiag eRendrits bOa Pixel circuit. Normally, the
polysilicon is not applied over the photosensors to prevent light blockage of the
photosensors, and is applied to avoid shorting or otherwise interfering with the
active area and other conductive structures.

[0027] At the same time, without additional process steps, the
polysilicon blanket layer used to form the buried contact may ,also be patterned
to remain over all, or only over selected colors of the photosensors to provide
light blockage and reduced optical crosstalk. The polysilicon layer used for the
buried contact may be patterned to remain over all or only particular color
pixels, for example those sensitive to red-colored light. Other light-blocking

structures formerly provided in layers at a further distance from the photosensor

surface, may be eliminated or reduced in thickness. In addition, with the



buried contacts for interconnecting elenments of a
pi xel circuit. Normally, the polysilicon is not
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n-type polysilicon light filter is that surface noise
pregente docedvdyted potenhtiad dran budlding pplopsthieippdysiliaon light filter.
on a PN junction. Carriers fromdangling bonds will be
capf@2 Am exsanplapy enhodiment oftharinvenéon isdeegribed below in
they, can_enter the photodi ode. e advant age of, a
- copnedfiga wﬁ MRy Hnaging drcuisy agd semponegipuhe circuit
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BRIARE USSR 508, BRI 500 b
oth&VS8tb8&hsiftvafRgEd-REehAEE Whidtting devices, in lieu of a
photodiode, and that the invention is not limited by the type of photo-generated
charge accumulator. Also the invention is not limited to use in CMOS image
sensors, but may be used in other semiconductor image sensors as well.

[0030] Referring more specifically now to the drawings, FIG. 1 shows, in
top down view, an exemplary embodiment of a four transistor (4T) CMOS pixel
112 using a photodiode 114 as a photoconversion device according to the present
invention. FIG. 1 illustrates a four pixel vv.iew of a color filter array. The
photodiode 114 is formed in a p-type substrate 110. A polysilicon light filter 115
is shown covering the photodiode 114. The pixel of FIG. 1, indicated by dashed



connection with CMOS imaging circuitry and conponents.

The circuit described bel ow i ncl udes a phot odi ode,
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illustrates a four pixel view of a color fil ter_arraty.
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TheEb%ls%ot!%oW&‘HdV"ithi n dashed box Il in FIG 2. The
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121, 122, 123, 126. The remai ning surroundi ng pi xels
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repeated to produce the nosaic color filter array 119.
Thugtthe potydilpcorf huitied cpatatelaysr tHnisfermed do wpver thephwtodiode

teachings of the invention. . . o
114 of the red-colored pixel 112 only. The polysilicon buried contact material is
removed from covering the photodiodes 131, 133 of the green-colored pixels 121,
123, and the photodiode 135 of the blue-colored pixel 125. FIG. 1 also illustrates
floating diffusion region 126, transistor gate 132, transfer gate 124, reset gate 128
and row select gate 136 which are discussed further below. Fabrication of an
exemplifying embodiment of the present invention is described further below.

[0033] Referring to FIG. 3, a pixel undergoing an interim stage of

fabrication is shown, in cross-section, along the dashed line I'-I’ of FIG. 1. Only
the portion of the cross section relevant to the description of the invention is

shown. It should be understood that while FIGs. 3-6 illustrate the structure of a



The pi xel s not shown and [0032] Referring to FIG 1,
pi xel s 121, 123, 125 do not have a polysilicon |ayer
Wa weassrer i ng t heir respective photodi odes 131pC1/882006/022413
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suchbam aethyde neieseritag én FIAS 1i and 2r The pbaelcioviie driwy will be
phot odi ode 114 of the red-col ored pixel 112 only. The
fabrisetegssiniutandousiyeoh z oomacdn swltstratel Individimbpixeld irothe array
covering the photodi odes 131, 133 of the green-col ored
are gyiceesed using rawandaeedumneefsod tivdiideye ag dekndwh e the art and
bl ue-col ored pixel 125. FIG 1 also illustrates:-
described: fumthegibelqyei bateraldseationbetweempixelsos pyavisleddsy, shallow
transfer gate 124, reset gate 128 and row sel ect gate
trenghygsalpfiemnregiangii4% ussed further bel ow. Fabrication of

AT A ST ol B B LDned S3eky
i o) e HRROI0L B B BSOS S REAERLO 2
sl g A RO BRaShe R SRR b
1230 e ! b e

are@{d@%kﬁnﬂ{@gé}ééﬁ{ﬁﬁd}%aﬂ.ﬁ@w other sinilar pixels,

arranged in rows an ums. A portion of such an

ar [(ug5| SReRRFESENEBE: t’c{u:ﬂ.@?theltr&m&e@%aﬂéh% RbeiRS Pabtdfa
the array will "be fabricated sinultanéeously on a

transfememihsBudis127¢0e eldctitially ghihges s ddtubifaREBYpRbtediode
accessed using row and columm select circuttry,” as is
114 twflnating tdiffusioh ragiond@sc A fied condtibier 18¢bote Aadtizral
i sol ati on between pixels is provided by shallow trench
diffusion aegion 126gs oneledidizal (OB EHtimTiItENDS gptedd? df the as
shown in FIG. 3-6 is fornmed partially in and over the

sourge pelioyet {gasistsirtlady ithtoughg sarondgopduvion da8osnametted by a

conductive path in a conductive interconnect layer. Sharing the floating

diffusion region 126 with the transfer transistor 127 is a reset transistor 130
having areset gate 128. The reset transistor 130 is connected to a voltage source
(Vaq) through a source/drain region having a conductor 131 providing a resetting
voltage to the floating diffusion region 126.

[0036] Referring again to FIG. 3, an insulating layer 172 is formed over
the surface and a blanket of BPSG 192 is deposited over the insulating layer 172.
The insulating layer 172 may be formed of TEOS or gate oxide. The BPSG 192 is
patterned and etched to form buried contact holes 201, 203, as shown in FIG. 4.

The insulating layer 172 is also etched away in the area of the holes 201, 203.
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sem conduct or substrate 110, and includes the
phot odi ode 114, a transfer gate 124, and a reset gate
wa 2@s6/185730ur ce _fol | ower gate 132 and a row sel PCI/USENE022413

KdvahagdéalsipsBrstithe Jonanached divagrfesinahe Phetodiode 114
[ 0035] RZ?errlng f&u}ﬁher to FIGW%9 t he tr?rtllsferloggte

activezded, corlopafillirgf ofthehas 26 withanpbBistiicohdratesial that will
el ectrically gating charges accunul ated by phot odi ode
providelight hitlding i(digcatstd below). r egi on 126. A first
conductor 134 at the floating diffusion region 126 is
i n[08BZkct Aftenthelommied cemintidrles 201, 208 agaf@nill agfolydikicon
source follower transistor 137 through a second
layer btiscteposited, aschonarinedGhp. £dysiioen layer p4d 1s étocheal and/or
conductive interconnect layer. Sharing the floating

poligherl; fay examelgi torleavepaitened furiadgosttacts 19Q and §h®hghf2f71ter
115 e regRtoto RIS Silorl 8B s Rhiontods Wais Reided by
lightghatic ? £ eyt ou%ﬁ%&?ﬁ&%ﬁi@? Ffis v Prage o brd Rressent
invepBRide? iﬁf%ﬁh’s@@?fgf\?ﬂ’nﬁonlf P-EF3 e e e BN
knogfih ¢ aﬁq?.aﬁs% A EROS RS e Rter it TabEie PSisseg
S5 S O B BB f i
lig htzﬁl@ercﬁsthé?gé‘ébnt%@r@on as Qi{tﬁfvhnﬁ‘l"’![@t ng layer 172 is

al so etch away in the area of the holes 201, 203.192
i sgoegg]h eThu@Yuink @mlgmeama%@ﬁirpﬁ@ol&lﬁog@ﬂic%ﬁ igkigaificafitly

allowTfilling of the hole 201 with a polysilicon

higheafarligit dffbdiie whil lgregrowadeehg@hitthahiftet HERgof(Hiiblusged
bel ow). [0037] After the buried contact holes 201, 203

waveleagflor ridd: ereergpbyndfape (He) lofgicond®1i1d edepadior &l or as
shown in FIG 5. Polysilicon |ayer 140 is etched

waveletgth (Asdlof $hBHS nfor Plaxtanp Math a ovd vedareggthal lees thad Ac are
buried contacts 190 and the light filter 115 covering

absopbrst byithelelectrans in gir peljisiicen Lajhﬁ@r Stalisticallyo ded light ﬁAg600-
ded by
750 r%ng\falengtrates the deepest before becoming absorbed. Green light (A=500-

600 nm) penetrates less, while blue light (A=400-500 nm) is quickly absorbed.
Polysilicon will absorb about five times more light than crystal silicon.
[0039] Absorption is defined as the relative decrease of irradiance @ per
unit path length: 4
0P (x)/D = adx Eq.1
[0040] A solution to this equation is:
D(x) = Do e Eq.2
where @o is the incident irradiance, o is the absorption coefficient, and x is path

length.
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l'ight absorption in polysilicon light filter
arrays of the present
wo edoernsitee to FI Gs. 3-5 nmay be further

pi xel

115. The

i nventi on described with
pr ocesSPAT/as2006/022413

T R i %f ’hﬁgﬁﬁéﬁl '%&fefﬁ Y i .
ﬁ)@i ! %f t hose dﬁ%gsegd vmb céfﬁ%%%etermmed

representative

: Ay .
expérifntallyby BOBb&RY b4l VTl PRPEAES éPPlilﬁﬁi}glrﬁrP%ﬁl,opgg

polysilicon light filter "of the present

Polyrdpawalling Jitiéon Baydr8OI8 A pphePtaapsn) 6870-6578 (RodbsBEPEIRT),

in 1600A polysilicon is Significantly higher for
resulfs divdeichade ghieen indablelngt hs than for

vi si bl e

red wavel engt hs.

reference to

ligh
i ght of

The energy bandgap (EG of
siliconis 1.11 eV at 3é&fleK, or a wavel ength (LG of

1117.8 nm_Photons with a wavelength LIess than AG are
absor bed Waveleagth oty ons oi unddypedpol ysilicon lattice.
Statistijcally, red light|(l=600- 750|\nn) penetrates

t he deegest before beconi fl0&dsorhed]! G een |ight
(L=500- (600 nm) penetrate¢s |less, while blue |ight

(1 =400- 500—AM—+s—gut-eckl-y—absorbed—Pol ysil i con w | |
absorb gbout fi0d tines more ?3.ght than crystal

as the relative

N | ength: dF(x)/F=
pquation is: F(x)
irradiance, ais

pat h | ength. pET/ n

silicon.| [0039] Absorption is defined
decr easg—of—rrattance—Fper—unit—pat
adx Eq. |1 [004Cﬁ-4§ sol uti”on t&3Bhis
= Fo a Bg. 2 where Fo isjthe incident
t he absqgrptTon frcrent—ant xS
ir"i TU Lihii: be b;’d. D" 37

0.55 1.84

0.6 0.981

The results shown in Table I reveal that light of longer wavelength (e.g., red

colored light) will be absorbed less (i.e., have a lower absorption coefficient a)

than light of longer wavelength (e.g., green colored and blue colored light). A

substantial majority of light shielding is provided by light absorption in the

polysilicon layer 140. Although the invention has particular utility for blocking

light to red pixels, it may be used with other color pixels as well to tailor the

light absorption characteristics of the pixels.

[0042] The polysilicon light filter 115 may be a non-electrically active

layer. Alternatively it may be desirable to ground or slightly bias the polysilicon

light filter 115. A bias applied to the filter 115 is useful to prevent a build up of

unwanted dark current.

1
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"OlE 'r"p " Bt "i.'o " lin"" clioefficient of
pol ysilicon was determ ned experinentally by Lubberts
werooal1ss72apt i cal Properties of Phosphor us- dopeBCT/US2006/022413

¥ I Fo[upd 8 SkRletet timgagatnriodF Q. Ty dreskprebentytivie. piRiYId2 iS8perated
6870- 6878 (Novenber 1981), results of which are shown

as knowfidhltke brt:byTRBSET| TRASSEER) land ROWNEELECTaionérdl signals.
reveal that light of |onger wavelength (e.g., red

The d3) aircait 112 ghn pewionvetied b adhieedrimsistor (3B .circhitby wmoving
| oner absorption coefficient a) than light of |onger

the wensfeengnsistos. and elgetwimally soupling dhelpbotaslieds dl4eutput to the
light). A substantial majority of light shielding is

floaing difflesionyegipg H£6d$@dlqmtxgwd1¥fmswegmrym being cpagegted to
140. Al t hough the invention heﬁs particular utility for

the spugerfallpwerginte 132 petheriovera followerdansistas B3y - wi t h

D IR A T ——
o B S| S5y SO0 R0 - A gLt
s 5 B AR, PR g s iy o
e L

pixdl§! lﬁ‘ff &ch 1B% BEpikdl artRABGH B aft BE tFMG5 EGheGad @ine by

signals. The 4T *circuit’ 112 can be converted to a

a roWS@&ct 1in@RPIAShe pikeld 112 bF SaUH cIMnireATR SeREtVEY JdtpAshPR
transistor, and'electrically coupling the photodl ode

colukdA s@ldtilitte. LA pliidlity 08tdbWwhrd ddlugirdindsege pRotided fohthe
floating diffusion region 126 being connected to
entire pixel array 300. The row lines are selectively activated by the row driver
’310 in response to row address decoder 320 and the column select lines are
selectively activated by the column driver 360 in response to column address
decoder 370. Thus, a row and column address is provided for each pixel 112,
[0045] The CMOS imaging device 308 is operated by the control circuit
350, which controls address decoders 320, 370 for selecting the appropriate row
and column lines for pixel readout, and row and column driver circuits 310, 360
which apply driving voltage to the drive transistors of the selected row and
column lines. A memory 375, e.g., an SRAM, can be in communication with the
pixel array 300 and control circuit 350. A serializer module 380 and SFR (Special
Function Register) device 385 can each be in communication with the control
circuit 300. Optionally, a localized power source 390 can be incorporated into

the imaging device 308.
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the source foll ower gate 132 of the source foll ower
transistor 137. [0044] FIG 8 illustrates a block
. Waln@gnasmed or a CII\/DS i magi ng devi ce 308 havi ng BCPUSHENG6/022413
i Sy [cw% Fipiokicy: e sffinat floiwiel the 1kAgboNaEvide Beswould lb@igm
manner di scussed above in relationto FIGs. 1-7. Pixe
at therpiryl 3647 80hparsEs recepvingphoty-imputandegencrddng archaggel
inapre eterm ned nunber of colums and rows. The -
The pignel 1 ditpubfo ®aead-ouvcircuipaneé thar teegn afdlogao-digitabe
turned on at the sane tine by a row select |Iine and
convdrsiopi desiice. e signalas therotransferned te el protéaset,ythew tipt
by a colum select line. A plurality of row and col um
serlahmesam} theprtbe sigaal ¢an be hutrutirem theimiaging dgvisom extamnal
row |l ines are selectively activated by the row driver
dﬂ@’fei n response to row address decoder 320 and the

um. s lines are selecti veI y activated by the
[Q%] d i e‘?rsh@w sytera 2B by pieal <P6P€ﬁ?ﬁ0’é]a%ﬁeés‘5§73tem

mocﬁﬁ%@ PG an HEREise %V'lvaei"%& %%%ﬁgynp@r@%%%e' Fhgsgyishign 200.
The Ji¥kfi% St P R ALt re ik AEr &l bh St Frogt it aysten
200 b e B BRI gfvﬁ%vﬁvaﬁas'ég bﬁﬁn&’ W .t%*é‘? SEniBpRY $Sinjoy e
imaileiliRide, HANAG S R ABRILAON oribuils S SBAS) ShbR

systémS; scafflersRMchiRiBen! sfé?xm@hfd’é h;S’sFi Wi sg?c@m@' Qﬁ%ﬂeo

array 300 and control cfrcuit 350. A's r|aI| er nodul e
teleHEhANSLISER AP SPdtans NS fobis Epdiémt,Stdr 8Mice Sys8mssan

each be in conmunication with the control CIrCUIt 300.
motiopt deteatidry systehdeddgeasalfitivetion sytems 3t oderhe

incorporated into the imaging device 308.ip in: - f

| Mp48Y Bysteme20BAAclwdel d denfyiahpedcebding pinkte(CrAl 202 tHA0

upon its receiving photo-input and generating a
comaimainigates With vagotad dewcesuoyrrta bies 204 suneof the dmc&s and

then to an anal og-to-digital conversion device.

connrgaferdhto the huseldipranidecaramurdcatiosy inte asd out of ghe Qméem 200,
illustratively including an input/output (I/O) device 206 and imaging device 308.

Other devices connected to the bus 204 provide memory, illustratively including
a random access memory (RAM) 210 and one or more removable memory
devices 214, such as a floppy disk drives, compact disk (CD) drives, flash
memory cards, etc. The imaging device 308 may be combined with a processor,
such as a CPU, digital signal processor, or microprocessor, in a single integrated
circuit.

[0049] The processes and devices described above illustrate exemplary
methods and devices out of many that could be used and produced according to

the present invention. The above description and drawings illustrate exemplary
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serializer, and then the signal can be output fromthe

i magi ng device to external hardware. [0047] FIG 9
\Nehmm53$&6tenh200 a_typical processor based spPSI/BR2006/022413
EhibotitreHBEy ok bdkih objerhy taguteyirntadtshtagesof fhepresent

device for the system 200. The i mgi ng devi ce 308 may
inveation. Mesaioténtendeddhowever, Heat tHapaesendinvehéionybet stricttp0

as well. Exanples of processor based systens, which
hmltmytoehhplabpve-ldesmnﬂmgi myyl dénsteede@ egbodimentse Any trivslification,

limtation, conputer systenms, canera systens,
thoughapresently néireseeables 0b haprssentinvertion Haatreamegavithin the

systens, video telephones, surveillance systens, auto
plrrt@@dsscgpg pé the folloaing clpirsrsheyid bﬁﬁonstdenedrpaié pbthe priesent
. Systenms, immge stabilization systens, and others.
mv 28] System 200 includes a central processing unit

(CPU) 202 that communi cates with various devices over

a bus 204. Sone of the devices connected to the bus

204 provide comunication into and out of the system

200, illustratively including an input/output (I/0

devi ce 206 ‘and i nagi ng devi ce 308. O her devices

connected to the bus 204 provide nmenory,

illustratively including a random access nenory (RAM

210 and one or nore renovable nenory devices 214, such

as a floppy disk drives, conpact disk (CD), drives,

flash nenory cards, etc. The inaging devi ce 308 may be

conbined with a processor, such as a CPU, digital

signal processor, or mcroprocessor, in a single

integrated circuit. [0049] The processes and devi ces

descri bed above illustrate exenplary nethods and

devi ces out of many that could be used and produced

according to the present invention. The above

description and drawings illustrate exenplary,” "," "

, », Moi y fi | objects, features, and advantages of

t he present
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invention. It is not intended, however, that the
present invention be strictly [imted to the
wabasasdescri bed and illustrated enbodi nents. POYUS2006/022413
modi fication, though pregepd !y unforeseeable, of the
present invention that conmes wthin the spirit and
scope of the followi ng clainms should be considered
WA i9Elainh@] BS RERHnd AR t@rbeq%ﬁté@e&\hﬂéte‘erwateﬁe df the
as new and desired to be protected by Letters Patent
United Stateb id:he United States is: 1. An inmager pixel
conprising: a substrate; a photo collection region
fornmed in said substrate; a buried contact formed over
1.a Amdngeec pitedcoinpmisireni on; and a light-filtering
region, fornmed on the same planar |evel as the buried
cont act a salpsteatgged to at | east partially cover the
photo col |l ection region. 2. The inager pixel of claim
1, wherein the |ight-filtering region and the buried
cont act 2 ghetq @s}l}eégomegi@n;fgrmﬁdm saigl substraterager pi xel
of claim2, wherein the light filtering region and the
buri ed contagt are formed fromthe sa pol ysi licon
| ayer. ﬁguﬁ*ﬁ CPH?&E%‘D]’B?%@@PV%& ehargrcollechiaay ei n sai d
light-filtering region is electrically passive. 5. The
Fqé&ﬁé i xel of claim1, wherein a bias is applied to
said light-filtering region to prevent the build up of

dark cug ﬁigﬂ{—ﬁltering region, formed on the same planar
level as the buried contact, arranged to at least partially

cover the photo collection region.

2. The imager pixel of claim 1, wherein the light-filtering

region and the buried contact are formed of polysilicon.

3. The imager pixel of claim 2, wherein the light filtering
region and the buried contact are formed from the same

polysilicon layer.

4. The imager pixel of claim 1, wherein said light-filtering

region is electrically passive.

5. The imager pixel of claim 1, wherein a bias is applied to said

light-filtering region to prevent the build up of dark current.

6. The imager pixel of claim 1, wherein said light-filtering

region is grounded.
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6. The imager pixel of claim1l1, wherein said
light-filtering region is grounded.?7. The inmager pixel
wobooshaseo 1, wherein the light-filtering regi oPCT/552006/022413

7 e s ageT P! PhAGER pitiarolsy e iBhEter g ¢ hr

i Si, | d lLight. fil dt
o EBFoR deRiRF daafe o B Ok ARG e | ect on
relqiggﬂ)g' 9. The imager pixel of claim8 wherein the
co e

light filter is red. 10. The i mager pixel of
claiml1l, wherein said |light filtering region is forned

) s e BB P Ll st o BB PIPR s Tor o
Conm FRE kiR B0 HREreb RO IOARINES io:

Iaﬁﬂfotggom)é@ﬁ%hr@gf&pnent materi al supported by the
substrate, the prxel conponent material being

patterned to conprise discrete constructs for

Dpditatintgee bdel bf elatmB, wHerc@nPerered liphd fidel ayer,
formed on the sanme planar | evel as said layer of pixel

conposknt material, covering a plurality of the

phot osensors configured to function as a light filter.

13. An imagi ng device as in claim12, wherein said
105i xdie Wﬁb%gltoﬁcéa}@r 1 s whensisy sagh hight fdesingneegingul at i ng

| Nfformed only for red color pixels.

11. The imager pixel of claim 1, wherein said light filtering region

is formed of a polysilicon layer.

12.  Animaging device comprising:
photosensors supported by a substrate;
a layer of pixel component material supported by the
substrate, the pixel component material being patter‘ned to
comprise discrete constructs for operating electrical pixel

components; and

a layer, formed on the same planar level as said layer
of pixel component material, covering a plurality of the

photosensors configured to function as a light filter.

13.  Animaging device as in claim 12, wherein said pixel
component layer further comprises an insulating layer

covering the layer of pixel component material.
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covering the layer of pixel conponent material.; il
vcets Ilir:;lblaim13, wherein the insulating |layer is
Wwa Bil06/133720 An i maqéi ng device as in claim12, WleT/@Es006/022413

4t.heA1H TdiREidertie

stiylfaii 13, avh@eiroterinseldtipgxel s. 16.
A CMOS i mager conprising: an array of inmager pixels

ar layeydsl TEQSt ows and col unmms on a substrate, each
i mager pixel conprising: a photoactive region; a
fabrication | ayer supported by the substrate

156 onfpn irsagiggplevede as incldit §2, vainetetn thedightffilterer i ng

alon formed on the sane planar |evel as said
ayerds fasmadageer, redpinelged. and configured to cover

the phot oactive region and absorb incident light. 17.

he CMOS i mager of claim 16, further conprising a

160ur4€@4@§ﬁmé8€1' F@ﬂﬁﬁ‘élﬂgﬂ said fabrication |ayer. 18.
The CMOS immger. of claim.17, wherein said buried
cont act aé‘r?éfr@’a‘?fdlmfigﬁﬁtp-m?lﬁﬁ%rﬁﬁﬁédi‘fé&i"ﬁﬂaﬁiie fornmed of

t he sanme pol n e e CMXS i mager of
ol SoRTRBS BR grauivateateo Pl Snseet Rl ORBARNG 11 1 Ler
| ayer f or med agg)o\r/tgaag‘lf?d E%hot oactive region and said

l'ight- filteritrit

PV The oMo |mager of claim

19, wherein tat}ﬁbﬁ&t%ﬁﬁgeﬁguhﬁ% t!eciﬁ \gﬁs[t%a?ﬁr ed. 21.

The CMOS i mager o erel sai

fi Ictoﬁ{ﬁﬁ‘ﬂng pixel circuitry; and

17

18.

19.

20.

a light-filtering region, formed on the same
planar level as said fabrication layer, arranged and
configured to cover the photoactive region and absorb

incident light.

The CMOS imager of claim 16, further comprising a buried

contact formed in said fabrication layer.

The CMOS imager of claim 17, wherein said buried contact
and said light-filtering region are formed of the same

polysilicon layer.

The CMOS imager of claim 16, further comprising a colored
light filter layer formed above said photoactive region and

said light-filtering region.

The CMOS imager of claim 19, wherein the colored light

filter layer is red.
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region is formed over red photoactive regions. 22. The
CMOS i mager of claim 16, wherein said light filtering
wo egoass7ee formed of polysilicon. 23. A net hodporf/US2006/022413

f or m ng-a- pi-xel —-of--an-i magi ng device, conprising:
Zk-orlhaél\@gﬁa@g@emémm 6, avkerein saad dight Silterimg a fir st
| ayer on the substrate; patterning the first layer to
r erf8GOTHS FQTIRRE OBer kedePRotPactiyeipgionse provi de
circuitry arranged to operate the pixel; formng a

24 o e GMOS brafen i daim 56 arhalairtoain Jebt dllebintang sai c

light. fiJlterin ayer.for further light filtering. 24.
a FeeionisGrhaT of BEGRIGRRS | hmger pi el array.
conprising: arranging a plurality of CMOS i mager

i xglks inqr C 0 .substrate, the CMOS
28 B aie B i SBnMra adBY RE Tui nga
ph ?ﬁéﬁ . supported by the substrate; formng a
fi EHS oﬁggbtive | ayer supported by the substrate

conpr i sifgﬂngg%]gpgb%&h%ﬁﬁac%%@d inacircuit to

operate the sensor;formng a second conductive

llayer bebhgird k &RaQdyéCot Meaubdirategast part of the
phot odi ode to bl ock
patterning the first layer to remove portions of the

first layer to provide circuitry arranged to operate the pixel;

forming a light filtering layer over the photosensor;

and

forming a color filter over said photosensor and said

light filtering layer for further light filtering.

24. A method of forming a CMOS imager pixel array,
comprising:
arranging a plurality of CMOS imager pixels in rows

and columns on a substrate, the CMOS imager pixels each
being formed by:

providing a photosnesor supported by the
substrate;

forming a first conductive layer supported by
the substrate comprising gate structures connected in a

circuit to operate the photosensor;
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light fromentering the photodi ode; and formng a
color filter over said second conductive |ayer. 25.
w{a b@emeibod of cI ai m 24, furt her corrpri si ng t heCBTB2006/022413

Becond condaciq i sind ¥y dRiedak %ﬁg??af m 24,
coniialgtd fo 058 a%fgle%sgéﬁ}t&?ééﬁpﬁﬂﬁo%f»éé%bt |
fil hgﬁfreﬁ?%n%g?% tﬁb?ﬁ' ﬁae a nmet _hod of claim 26,

wher 8i n sail rve Tayer is forned over
red pixel cells. 28. The nmet hod of claim 24, wherein

sai d second CRIAUALINVBISHIBL dver sl
plurality of said |axe I's. 29r T g nmet Ogaof cl ai m 24,

V\hee@mdudth@@y@p of form ng said second conductive
| ayer further” conprises formng a buried contact
coincidently with said portion covering said

2phoTlesersiond of claim 24, further comprising the act of
patterning an insulating layer before forming the second

conductive layer.

26. The method of claim 24, wherein the step of forming said
color filters comprises arranging red, green and blue colored

filters over said pixels.

27. The method of claim 26, wherein said second conductive

layer is formed over red pixel cells.

28. The method of claim 24, wherein said second conductive

layer is formed over a plurality of said pixels.

29. The method of claim 24, wherein the step of forming said
second conductive layer further comprises forming a buried
contact coincidently with said portion covering said

photosensor.
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