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USI NG EXTENDED BURI ED CONTACTS FIELD OF THE | NVENTI ON [0001] This invention
general |y WO 20@835120 the field of light shielding of ineRfFHESHR23E3p| xel s,

BACKGROUND OF REDURBDMIMAGERICROSSTALKSANI PIXELINOISEvi ces can i ncl ude
an optoelectronic converter that transducer |ight energy received, through

an optical |ens, inUSINGEXTENRERBURIED GONIACESectronic converter is
typically arranged in an array of pixels. Each pixel features a discrete
phot osensor that converts a respective portion of the received |ight signal
into an electrical signal. The electrical signals produced by each

phot osensor are processe ﬁgﬁehmﬁﬁ jrcuitry to render a digital
I mage representing the SW 0 i &ﬁioﬁ ght energy was received.

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

t he source bei i ed, through a pixel sufface,faci. . Li.ght stinmulus,
b stri kes: (DY haRRuwepton Rendelly Rtk Boded i dint Heldifdot:

opt oel ect.ronic .converter is scattered by reflection and refraction by pixel
st ruct ur SDASEFHEAEHCERNES an i ndi vi dual phot osensor can receive stray |ight,

such as light that is intended for neighboring photosensors in the array.
This stray light, referred to as optical "crosstal k," reduces the quality

and accuracy of the ' ssociated with opti cal
crosstal k becone i ncbzgggﬁgwg)%ﬁmers beconme snal |l er and
array pixel densities increase. 1

[0002] Solid state imaging devices can include an optoelectronic

converter that transduces light energy received, through an optical lens, into
electrical energy. The optoelectronic converter is typically arranged in an array
of pixels. Each pixel features a discrete photosensor that converts a respective
portion of the received light signal into an electrical signal. The electrical signals
produced by each photosensor 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
vstrikes 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.



WO 2006/ 135720 PCTI US2006/ 022413  [0004] Optical crosstalk is particularly
probl ematic in color inmagers, in which each pixel assunmes a specialized
| i ght det ewto Wge/i33®m. The photosensor in a typical pixelptBuspogoiiise to a
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color images in the visible light spectrum.

[0005] Ideally, each photosensor will receive only those wavelengths of
light which the photosensor is intended to convert. In reality, however, optical

crosstalk between the pixels allows light directed to the blue color filter, for
example, to strike a red color.pixel, causing the red color pixel to register more
red light than is actually present in the image being viewed. A similar problem
occurs with green light stnklng a blue pixél, 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,



di ffering physical and electrical properties of the various conponents
contained in adjoining |ayers and regions of the pixel device-structure.
For exarrplwp ZBO(WSS‘MJOG/ 135720 PCT/ US2006/ 022413 m smat ¢ hrak/us2006/022413
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density t an t stra eat e rap-sites" al ong

the boungaffiges tHARAVSIVE 3l é’taﬁée&%%ﬁuﬁﬁértsﬂfcoﬂ &éﬁ‘zﬁg/ @ahanhexi de

i nterface of a transistor, exanp ap-sites a can result from
defects %hﬁéwatélckéé?ce'alq Héf HRéIMdIdCEr trd &1%57’%% arfiss, | ayer or
regi on boundari es, as dangling 6gnds or roken bonds al ong the

silicon djaexédes Z'ab'c@ﬁﬂaelr@&%ftﬁéﬁhc%ﬁ& &&aehit@iafa%é BEhHRABistOY, fA0! es.
[ 0007] The trap-Sites typically are charged, but becone energetlc by

trapped %k&&l‘p’lé’"’ﬁr'ﬁf -si66Y 180 cih BYuY PO JEFEHS aﬁir%% 66 dRixifekRionl € cal | ed
"hot- carriers t carriers can get trapped the avail able trap-sites,

and cont fhiddfaRes bétwided thelgpercdiaegionBorndirids VisoRel a8 dalgliag bondsider eshol d

vol tage and other electrical characteristics of the deviice.” Current

generati Qnoliéxobmd@@}oﬁgt&é sili®ndHoxidle/siled@in jatdrfiaie) HANER tart Gabrdldutigs to dark
current (i.e., electrical current present in the photosensor in the absence

of |ight)oritivldsMOS i magers due to constant charge |leaking into the
photosensor. Dark current is detrimental to the operation and performance

of a phot 0sen40007] Adhertdamgitys tygically atesinchitged; but becothd energetiedlyat i on
t echni que t hat prevents pi er noise in the formof current generation or

current |tespprgieledteonsomhples. Highlfainethdis ¢lewtgemsorholebard yaltediTiatussed
above are generally known. CMOS Iinagers are discussed, for exanple, in
Ni xon et catriersZ5bictaaridsan get trapped in the available trap-sites, and contribute
to the fixed charge of the device and change the threshold voltage and other
electrical characteristics of the device. Current generation from frap-sites inside
. ornear a photosensor contributes to dark current (i.e., electrical current present
in the photosensor in the absence of light) in CMOS imagers due to constant
chargé leaking into the photosensor. Dark current is detrimental to the
operation and performance of a photosensor. Accordingly, it is desirable to
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 diécussed, for example, in Nixon ef al., “256x256 CMbS
Active Pixel Sensor Camera—on—a-Chlp,” 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.



Active Pixel Sensor Canera-on-a-Chip," |EEE Journal of Solid-State Crcuits,
Vol . 31(12), pp. 2046-2050 (1996); Mendis -et al., "CMOS Active Pixel |nage
Sensors, " WEEBOGuImmactions on El ectron Devices, Vol. 41(BET/USM06/42213453

(1994);  mhisnl it g, B PLEA3R. 61302 50R3hANY SIPatehit 2666388205/ tRe Pat ent
no. 6,310,366: U. S 3 WD 2006/ 135720 PCT/ US20061022413  Patent no.

6, 326, 652%ntide didcidstités Gﬂvhf&?%iﬁg&gﬁﬂgteu-kéreiﬂaé)ﬁféfef&ce@ 333, 205, the

entire disclosures of which are 1 ncorporated herein by reference. [0009]

There is a neqdody] 'TEYE s PREEE 8 ré‘dtfbé%?%icﬁl @0gstrlland PPl foida iA@blid State
i mgers. Particularly advantageous sol utions would provide inproved |ight
filteri ngstubelin brs?%rﬁbﬁmﬂy Q&%&a%éo@rmmoﬁlﬁpﬁoviﬂ@%?b_@éﬁ' al l'y
woul d reduce the nunber and’extent 0of steps or conponents used in the

manuf act L!igk&qu@mfg?@&houehaaﬁmw@p% by@&yéeggiﬂgmépsr, aﬁagﬁat@ﬁﬁmyal crosstalk,
and inprove color Tilter capabilities, wll inprove imging system

sensi ti viwpuldidure thé AtbBRNGRe S AIRYeidor lddmp oM iebl iVEHO] The present

i nvention provides nethods and structures to reduce the occurrence of
crosst al kmandfaetusthg peocss.| Meathbisland stracturegtiat 2edagsoptical @bosseik !l ary
enbodi nent, a section of a |ayer patterned to form polysilicon '

buri ed- comdirhprove doher filtetetapribilitids ndll impedeoimagingrsysterh sediitiditgposed over
the active, photosensor portion of the pixel. The section of the

buri ed- coacha¢curagper covering the photosensor portion of the pixel serves
to filter the light striking the buried-contact |ayer before the |ight

stri kes the photosensor. The polysilicon light filter reduces the anount of

stray light entering fromthe adjacent pixels wthout adding significant
processi ng conpl exi t'yBRER SBIVM&R?{@E NGS

[0010] The present invention provides methods and structures to reduce
the occurrence of crosstalk and pixel néise in solid state imager arrays. In an
exemplary embodiment, a section of a layer patterned to form polysilicon
buried-contacts in the pixel structure is also patterned to be disposed over the
active, photosensor portion of the pixel. The section of the buried-contact layer
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 entéring from the adjacent pixels
without adding significant proceésing 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 exempiary pixel layout according to an

embodiment of the invention;



[ 0011] The above and ot her advantages and features of the invention wll be
nore clearly understood fromthe foll ow ng detail ed description which is
provi ded w0 eeenssTeé on with the acconpanying draw ngs, i BRCRAIS2096/022303 2]

lllll

r
FIG 1 illdstt dgeath gfg%" ¥ deﬂ( ' ﬁ;ﬁ%? ment of

t he inven,tion?éeglgll\oﬁ 06 1§é1‘;a¥e Pﬁelm%ggﬁﬁgﬁ%ﬁ%ﬁgyé ?ustrat es
an exe”ph@EBBa?@{'gfatﬂceHvt er nosaic array arranged in a Bayer pattern; [0014]
FIG 3 illustfatés a partial cross section of a pixel during a fabrication

step accor di ngod1a) AFIGXPIIRlsatesBatialelss SbciidiPoffd gp@Murirgyent i on; [0015]

FIG 4 illustrates a partial cr section of a pix uring a fabrication

step, sUbgSGSRIn 6 bRl toluPtRnpRSS Bifbolimbt aniRBEBbaYy Y enbodi ment

of the present invention; 016] FI illTustrates a partial cross section
of a pixehvehtid?d a fabrication step, subsequent to the FIG 4 step,
according to an exenplary enbodi nent of the present invention; [0017] FIG

6 illustrates [pousy! BYG!4 RustrabésLS Ppafifill lctHB sbétich 8P4 pbed deirirgha | Mager array
according to an exenpl ary enbodi nent of the present invention; [0018] FIG

7 schenaffalsfi¢dtion dtbp,subsé@ieraito theFIG] Ftkp Lddcoidihg @b atexexgplatpry pi xel
according to the pr%sent (?ﬁ?/ention; [0019] FIG 8gi | lustrat'es 'a bl ock

di agr am embudihieng of th isét infehtidhng an array of imager pixels as
illustrated in FIGs. 1-7; and [0020] FIG 9 illustrates a processor system

i ncor por at i ng [6016] e F3G. Biltustfavsa partiticross sactimi dba pixebiduriridhe pr esent
vent! Orf]ébriéation step, sﬁbsequent to the FIG. 4 step, according to an exemplary
- embodiment of the present invention;
[0017] FIG. 6 illustrates in elevation a cross section of a portion of an
imager array according to an exemplary embodiment of the present invention;
[0018] FIG.7 scheﬁtaﬁcaﬂy illustrates an electrical circuit of an
exemplary pixel according to the present inventiory
[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 S};stem 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
Ppracticed. It’ should be understood that like reference numerals represent like
elements throughout the drawings. Thése exemplary embodiments are

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

5



. DETAILED DESCRI PTI ON OF THE | NVENTI ON [0021] In the follow ng detail ed
- description, reference is nade to the acconpanying draw ngs which form a

p?rtr)t dherﬁﬁgy‘?,ag(ﬁqbigzgmiﬁ_chpi ‘(S}leihi?m by g/ay of ill us'élrat i oq;cqfq RRobIS
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A R PN SISO SRR ™
doscr Pt balk oL AU RIGRTAGH 305 I BREORRER SRl 0 o roaions
addi ti O”Fu%%rm%%“v?{?&‘? &’cSi’ePénc@‘faeH\aﬁﬁtto Q&mfifé "GP eGhlte HheFBHORLRE based
on ot her” "sem'conductors, tor exanple, sillcon-geéernani um germani urf or

92111 UM g seidle neb ORRloThe R KEIC pES! BB AR GHREe e eent uni

cell contarl ni*ng Ircurtry rncludin otosensor and sem ctors for

converti fthctRing¢h E?@Egé@één‘&cbﬁ@%l&bf gubiré Or eheddddid! Insécﬂﬂﬁhn, ffRr purposes
, tabrication of a 0 n

of illustration representative pixel 1's shown. and
descri begemidtiditédneed not be silicon-based, but could be based on other ‘

semiconductors, for example, silicon-germanium, germanium, or gallium
arsenide. |

[0023] The term "pixel” refers to a picture element unit cell containing;
circuitry including a photosensor and semiconductors for converting
electromagnetic radiation to an electrical signal. For purposes of illustration,
fabrication of 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 takenin a
limiting sense, and the scope of the present invention is defined by the |
appended claims. . |

[0024] The invention relates to a method éﬁd structures which provide a
pattérned 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 sutface as the pixel transistor
layer of the CMOS imager. The CMOS integrated circuit is fabricated using
standard CMOS processes.



fabrication of all pixels in an imager will proceed sinultaneously in a
simlar fashion. The follow ng detailed description is, therefore, not to
e taken iw0aooel18sm20i ng sense, and the scope of the pres®@CI/USAWSARIBH | S

G T S i oy it

and structure prox’/rl conductiv ayer, such as a

pol ysili ' Is il ' t act

| ayer, \Aﬁ?{:bi!l lﬁééglrls%gofﬁg&gg&l e co%%%g?ﬁeéiﬁégtaﬁgo%ﬁ({/ﬁ Iair%::%%r Pygfﬁféj?fi:??er , 1S
deposite i viedBngeF £ Jolyp 22\ shst ';?a)é@m e CMOS

| mager . %gglg&%ei nt egragtéeogﬁgi a?%.tlﬁath 6}15 'I?lgl?rdilgsg{led ués)%}lr?g st an%%?%&c:vos

pr Ocesse%nuée?\?g?@&%ﬂéé&%.mbﬁt@g% Parslate 1636 B ddedaibariéascr i bed,

pol ysi li con, m whi ch buried co s in the pixel transistor circuitry

will be denglaped Ieﬂrﬁirﬁﬁ%‘lﬁith@?o RilfeoRs Blsodeft iR PPacf (ndbreth6Red)® devi ce
undergoi ng fabrication. The polysilicon is then patterned and ‘unused

por ti ons coREmutive drea@ior ipht RRIldiABH1EPOsése MThe pol?ﬁliééﬁdig@ﬁ fidter be
contacts. A remainder of the polysrlicon is also left in"place (not renoved)
to covefefgfii plaee dverallicolor pigéls o8 bhBf #ose s@wiles 65 a phiteculat ¥slok beon | i ght
filter maybe " left in place over all "color pixels or only those sensitive to
a parti clight, steh@s redl-coloredtlightu The pdlysilicarofibéschrovidd additionabdysthl | con
filters provide additional depth for photons to penetrate which can be used
to filteforphatonstto pexetratepivhich catviesissed! tol filter Hajadenit poxel ioptivalrdrosal ar | y
useful to absorb light in the blue and green wavel engths to provide purer
red |i ghtalko Thedfilpdrdt paetiadarlytusefud bo absarb lightt inltheblhedandgreaa pi xel s. An
additional layer or |ayers can be fornmed to cover the polysilicon |ayer.
[0026] Povarsilérigths fo pppvidedurer redolightitetthe photosensar, dhouglyitibnot o

o)

limited to red pixels. An additional layer or layers can be formed to cover the
polysilicon layer. . o
[0026] Polysilicon, applied as a blanket deposition during the

. manufacturing process, can be selectively removed from certain areas to form
buried contacts for ihterconnecﬁng elements of a 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
fo 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 patterﬁed 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



manuf acturi ng process, can be selectively renoved fromcertain areas to form
buried contacts for interconnecting elenents of a pixel circuit. Normally,
the pol yswoizenssronot applied over the photosensors to RUTENS20M6/22415t

bl ockage cHOIYﬁBCOIp]rW@b%pg&#Q"EﬁWﬁrﬁ%ﬁﬁpﬂfitb@PwlMdametlﬂﬁ@a!br ot herwi se
interfering with the active area and other conductive structures. [0027] At
the sane tdepositiqn swsfacedsprevisked) theresrpatentially elininating oy abbresdating anket

| ayer used to formthe buried contact may al so be patterned to repmain over
al |, or orfupseguant pelishingsteps dpx exampleeoflaye itedqyesthe palysilicogh

bl ockage 3négr%duced optical crosstal k. The polysilicon layer used for the
buri ed cont tﬂ??ﬁy be patterned to remain over all or only particular color
pi xel s, for.ex | e those sensitjve to red-colored |jght. Qher |ight

bl ocki ng struig&és 1 Advaneeniandipe palys Qﬂélggktﬁ&?eﬁ'&ﬂ}%rsu&@ﬁ@ance from
t he phot osensor urface, may be elimnated,. or reduced ipn._thickness. In

addi ti on, RfPHIS{REUGE ib@ﬁyafgm A7 lgthceon ag’@ﬂ JE9E080n | ayer in

pl ace beet
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geg:\lejt :Jg(r:\tre i on ¢ . d «sS t @ bef op,e tae can_ent.er %ﬁz hp odj 23 . One
advant agedgqﬁg:pq t;fﬁf)gmﬁ%ﬁpéafvﬁ%w?gﬁ%a Fintage gt @F%ﬁ%&hio&rﬁgéﬁi on may
e s LY el the BelvR0n et BReP o AT R A i Giackghe 11 fer - “The
bett er or Oﬂﬂ%@eﬁ%%%ltwgﬂted potential from building up on the polysilicon light filter. o

[0029] An exemplary embodiment of the invention is described below in
. connection with CMOS imaging circuitry and components. The circuit

described below includes a photodiode, serving as a photosensor, for
‘accumulating i)hoto-generated charge in an underlying portion of the substrate.
It should be understood, however, that the imager may include a photogate or
other photosensitive' image-to-charge converting devices, in lieu of a
photodiode, and that the invention is not limited by the type of photo-generated
charge accumulator. Also the iﬁvention 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 pi¥e1 ﬁew 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



prevents an unwanted potential from building up on the polysilicon |ight
filter. [0029] An exenplary embodinent of the invention i s descri bed bel ow

in cpnne(%t,qugdrllqyml\/‘[@ !Imi ,i“r}gm,_ci rcuitry and conponents.POHEs006/€20413
descri bedﬂé&t&ﬂtﬂé‘&ﬁfﬁ%ﬁ%ﬁm Pl odR RPN e ARP IS OBINERGred B
accurnul ati ng phot o- generated charge 'n art underlying portion of th

subst | at thd érosh RHlcishe, WIRE of £80v. iRNEYRI LAY JfbdIBREEd (oY | ncl ude a

phot ogate or other p sitive i mge-to-char nverting devices, in
lieu of ajmp bdi ode, and that the invention is not limted by the type of
phot o- generated charge accunulator. Also the invention is not limted to

use in CMOS i mpusB1 Stmé%@ﬁ-gmé_l sEEorPet TIeRd is ShWASTitRRAAsMRA LI ih MBge
sensors as well'. [0030] Referring nore specifically now to the draw ngs,

FIG 1 sh@gyg, 2. The I&H-@W&I\/ bikel se%ﬁoﬁ&?ﬁ@bpfééeﬁﬁﬁ@ﬂi dfeht BaheAcdlBk filter _
transi stor (4T) CMOS pi'xel 12 using a photodi ode 114 as a photoconversion

devi ce acafia§i "EachGed pixdlr1e3 ¢niurrbiMded b9redrl fnd blud pbi@ly. dbiéctly f our pi xel
view of a color filter array. The photodiode 114 is formed in ap-type

subst r at e adjelkenttiRakdsddloredpikeldt? drelghedn-édlored pixel1Rl, 40% 28R4, he
phot odi ode 114. The pixel of FIG 1, indicated by dashed 8 WD 2006/ 135720

PCT/ USZOOm&aﬁibaﬁn%%ﬂodxﬁiihg %‘iﬁﬂb wreppixels 195, F405141, b4 degisitive todliysd | i con

filter 115 (as indicated by e cross hatching), is part of a
r ow- and- c eblored dighty Thé patteml of cseted, ¢woi gregn,id ondBRik}colored pixel, pi xel

section of FIG I's shown within dashed box Il in FI.G 2. The four-by-four
pi xel secillustrated dn deghebbot his repeated toepBdyee thenosaicidolarfilterraregy Each red
pi xel 112 is surrounded by green and blue pixels. Directly adjacent the
- red- col or d29pDther ddlér filter pattenmswahdearsedi within theteadfifgs ebthe ib2eéntioThe
szgihing surroundi ng pixels are pixels 125, 140, 141, 144 sehsjtive to
{0032} Referring to FIG. 1, pixels 121, 123, 125 do not have a polysilicon
layer 115 covering their respective photodiodes 131, 133, 135. According to the
exemplary illustrated embodifnent, the polysilicon material used for the buried
contacts absorbs most of the hght in the blue and green wavelength ranges.
Thus, the polysilicon buried contact layer 115 is formed to cover the photodiode
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 'pi)éel 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 lineI'-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



colored light. The pattern of one red, two green, and one bl ue-col ored
pixel, illustrated in dashed box |I is repeated to produce the nosaic col or
filter arro 20049571 he[,.,__,“cﬂplﬂag_ filter patterns can be useBCTHUSHIGORHKE

t eachi ng&ihgilyiddiitodin phahichiafaheRefilt be ag Mo Rlaraylof pixehl inchding23, 125
do not have a polysilicon |ayer 115 covering their respective photodi odes
131, 133, Iixe] HWxavidiotigertsimilaepixelsp arraagyd ih rowt aatedhannediAnpottiort dfe
polysilicon material used for the buried contacts absorbs nost of the |ight
in the blawhamayayénrepresdrded irhFIGsdemnd 2. THhes pixdeirpihleyatay wilhbbur i ed
contact layer 115 is formed to cover the photodi ode 114 of the red-col ored
pi xel 11Xabricgted®imyltinesislycnma bomiesh substrate. Tratividual pixels retheveatay r om
covering the photodi odes 131, 133 of the green-colored pixels 121, 123, and
t he phot cateadeessed using hew kindecoburnorsetbcpcivetitry? Bs isski@wnah she attlansk r at es
floating diffusion region 126, transistor gate 132, transfer gate 124, reset
gat e 128 desqribedfusthiee belayat batesd isvlation betwekrspixelsdd providedrbybehadlow
Fabrication of an exenplifying enbodi nent of the present invention is
describedhfmﬁhk%ﬂaﬁnntmﬁom@%QB] Referring to FIG 3, a pixel undergoing an
interimstage of  fabrication is shown, in cross-section, along the dashed
line 1'-1" of [0084] 1ThedT\CMOSepipel 112038 shiovemin ElGss $-Gisdormad pardalint to t he
description of the invention is shown. It should be_ understood that while
FI Gs. 3- eniand,eventhe dopedpriyipe apidadal regian {6 prvddedoveutlecT| US2006/ 022413
single pixel 112, in practical use there will be_an Mx N array of including

pi xel 112sespigopdusiorsupsirate Hioxand indudegiberhatodiane Hdda sismsiergaten portion

of such an array is represented in P|Gs.1 an . The pixels in the array
~will be Fefbrndfregetgaisi ian wye'é?ﬂoave;rogﬁ%aéaag@rrmselﬁ%aﬁé 482l pi xel s

in the array, are, agcessed usi r ow |l utm select circuitry, as is
known i n %Wéhé’ﬂngh eﬁfz@mbﬁéggmﬁgﬁﬁﬁrﬁow Lateral isolation between
pixels is pr OVto%SQ] bﬁefserlllgllnlg%lvl\fl‘ﬂiertoFIG. 7, the transfer gate 124 forms partof a

transfer transistor 127 for electrically gating charges accumulgfed by photodiode
114 to a floating diffusion region 126. A first conductor 134 a‘; the floating
diffusion region 126 is in electrical communication with the gate 132 of the
source follower transistor 137 through a second conductor 138, connected by a
conductive path in a conductive intercoﬁnect layer. Sharing the floating
diffusion region 126 with the transfer transistor 127 is a reset transistor 130
ﬁaving a reset 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] Referting again to FIG. 3, an insulating layer 172 is formed over
the surface and a blanket of BPSG 192 is deposifed over the msulating 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,

10



trench isol ation regions 142. [0034) The 4T CMOS pi xel 112 as shown in FIGs.
3-6 is fornmed partially in and over the doped p-type epitaxial region 116

provi ded '!%3 ,2"0‘}?@,5"72%@171,0. ng ctor substrate 110, and incl B&FULHLREIS odi ode
114, a't agdgut ,-‘ﬂiei‘ﬁf‘ @fi@y& 1934e etchad ewipsfrom twphetotiindeciddr gate 132
and a row select gate 136 are shown in the schenmatic diagramof FIG 7.
[0035] Raetive ates, toallaws filing pf the Imle 20t withna podysiliconempgeridldhatwihrt of a
transfer transistor 127 for electrically gating charges accunul ated by

phot odi ofgovide dighk shieldiag: (dirgussedielowh regi on 126. A first conductor 134 at
the floating _diffusion region 126 is_in el ectrical comunicatjon with the
gate 132 of t H9375oHftes ﬂ‘@gpﬂﬂérmﬁ%ﬁbp@ﬁ@plrl@ﬁ anefetrgadea pelysitigononduct or
138, conpected by a c¢onductjve path_in a copductive jnterconnect |ayer.
Sharing ta3veri#Qis deppsiteds asshownie §lGrD. 10elysilican lagern 145:s etohed padéorst or 127
Is a reset _transistor 130 having a reset gate 128. The reset .transistor 130
i s connePpPlished far @éﬁmﬁbet%lﬂﬁﬁé@atfémbﬂlﬂ¢‘gﬁ%ta§tsslﬂ@rm g\edlghtfﬁé'@i'on havi ng

reai on' 1485 cptruity bhetasiedsidobiant eidin 1af Phatodicde did protidad 72 | <
| neulat | Rt ARPRoD i PPRESLsaER} A Eijer REBIRLYITRES SOPREICEIITES or
ol cs 20 eREn descahEgAvich elfeence 10 FiGe 7 UPBDF ATUTRIRICPSLa8 ol so. ot ched
Advant agBRuRyR R xRSt CNIDS (ke FRRiSagRigF? O 140 CRGEORA oo 114
A AR Rl R S s
light filter of the present invention, as'shown in FIG. 6.
[0038] The amount of light absorbed in 1600A polysilicon is significantly

higher for light of blue and green wavelengths than for light of visible red
wavelengths. The energy bandgap (Ec) of silicon is 1.11 €V at 300° K ora
wavelength (Ac) of 1117.8 nm. Photons with a wavelength A less than Ac are
absorbed by the electrons in the polysﬂicon lattice. Statistically, red light (A=600-
750 nm) penetrates 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: _ ‘
dP(x)/D = adx | Eq.1
[0040] A solution to this equation 1s ,
O(x) = Po e Eq.2

where ®o is the incident irradiance, o is the absorption coefficient, and x is path

length.

11



[0037] After the buried contact holes 201, 203 are forned, a polysilicon
. layer 140 is deposited, as showmn in FIG 5. Polysilicon |layer 140 is etched
and/ or poIW POBA/ 135720 xarr‘pI N to | eave patterned buri ed BEERMUAENG0298 and

~ the I ghtPfieik iobl e absbvphidiitoetmabmast \feilitdrgWas deiosined 1 or
'~ phot odi ode 114 s prOV|ded | i ght absorption in polysilicon light filter

115. The éxp@im@ﬁfaam)yotubﬂs@rt@éteae MOptdaVRRIpeRtiesl6E Phodisitb r%-fd*ibpéaf erence to
FIGs. 3-5 may be furfther processed as known in the art to arrive at CMOS

i mager s r Pplyespdthliine Gilicdn Lapss,"di & s. B2, 148705878 ¢Nevetnbel19%1), 1-5, and
" having the buried contact and thfajl pmm I'i con | i ght ?llter of thg present

i nvent i onresadtsi wiich ardslowh.in[I2BES]: The anount of |ight absorbed in 1600A
- polysilicon is significantly higher for Iight of blue and green wavel engt hs
than for light of visible red wavgheledths. The energy bandgap (EG of
siliconis 1.11 eV gt _300 K, _or_a velength (Ac) of 1117.8 run. Photons
with a wavel ength k (IWaselehgth (lm)ar éF dded by the electrons in the
polysilicon lattice.l Stati stl cally, rfed light (A£600- 750 nmu) penetrates the
deepest before beconi ng absorbed. G ¢éxd(0B4gm)(,{500- 600 nu) penetrates

| ess, while blue Iidght (A=400-500 nn) is quickly|absorbed. Polysilicon wll
absorb about five tijnes nmore light than crystal gilicon. [0039] Absorption
is defined as the rglative Odcrease of ir2adi ance (D per wunit path |ength:
60(x)/4) = abx Eq. 1 [0040] ‘A solutijon to this équation is: (D(x) _ (Do e

" Eg. 2 where Co is theincident irradiance _a is.fhe absorption coefficient,

and x is path lengtjh. 11 V(DLQOOGI 13Eli720 8631 US2006/ 022413
0.5 3.7 ‘
0.55 -1.84
06 0.981

The results shown in Table I reveal that light of loﬁger wavelength (e.g., red
colored light) will be absorbed less (i.e., have a lower absorption coefficient o)
than ﬁght of shorter wéveleggtgh (e.g., greén 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 pifcels 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.
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[ 0041] The absorption coefficient of polysilicon was determ ned
experinentally by Lubberts et al., "Optical Properties of Phosphorus-doped
Pol ycryst aWwQ moe/sisraecon Layers, " J. Appl. Phys. 52, 6870- BET/@simbavrAiser
1981), rledullt Waddy \ikbrehireg-ddatndorFIGn 7, el repteseiimhive pixeliA24s epgtated m) a
undoped (x10E4 cnrl) 0.4 22.7 0.45 8.33 .5 3.7 .55 1.84 0.6 0.981 The
resul ts saslmown i i art byrRESET, TRANIHER) and ROWNEELE@  weinérad stgriads. 9., red
colored light) will be absorbed less (i.e., have a | ower absorption
coef fi ci €khe 4T circhil 12 icghbe abnvéried ¢o avhves teargtistot GT).circyi embvingd and
blue colored light). A substantial majority of light shielding is provided
by |ight theswapsferimansistotendelbgtsidally @oupling thd photodliode lithoutpaititotdeat i on
has particular utility for blocking light to red pixels, it nmay be used
wi t h ot hefloatimpdiffiisiant segian 126, the dldatingadiffukion degipr 126beingtconnected to
characteristics of the pixels. } 0042] The polysilicon light filter 115 maybe
anon- el ecthe soatreefodlowergate 2320 M&oelrrceafdl.&we)t transistgr b3 .desirabl e to ground
or slightly bias theﬁly.si licon light filter 115. A bias applied to the
filter 115 is [09é4lulFICo 8[illustratesa Wock diagyawsfor afwWlidSeiinaging dewicedi. 12 WO
2006/ 135720 PCTI US2006/ 022413 [0043] Referring again to FIG 7, the
r epr esent having apixel arrap30Gingpepenading pixels 112 constructed in the manner
discussed above in relation to FIGs. 1-7. Pixel array 300 comprises a plurality of
pixels 112 arranged in a predetermined number of columns and rows. The
pixels 112 of each row in pixel array 300 can all be turned on at the same time by
. arow select line and the pixels 112 of each column are selectively output by a
column select line. A plurality of row and column lines are provided for the
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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as known in the art by RESET, TRANSFER, and ROW SELECT control signals. The
AT circuit 112 can be converted to a three transistor (3T) circuit by

renovi ng . tW@ 2006 20 transistor, and el ectrically coupl PREUSEWHEMIDII ode.
114 out pd&""mﬁf { ﬁ%ﬁﬁﬁ%ﬁ%ﬂw igtherimiging tevicel308woulddieginisi on
region 126 being connected to the source follower gate 132 of the source
fol | ower atthegpizelarraBd00 fparits réceiving phdtodnpat asd gebematingdi chprgen for a
CMOS i magi ng device 308 having a pixel array 300 incorporating pixels 112
const r uct e isigrahis mmtpuétoadeaiguuiseﬁcw'lband then teamnnalog:o-di 1-7. Pixel
~array 300 conprises a plurality of pixels 112 arranged in a predeterm ned
nunmber of comversion davice: cliw sighal is theretransferresf togaptrocesseri thepitkel array 300
~can all be turned on at the sane tinme by a row select line and the pixels
112 of easéridigegmndithendbe signial ey be uput fremathedolaging dewvisetto exteznala
plurality of row and colum lines are provided for the entire pixel array
300. The hawlwarges are sel ecti vel y activated by the row driver 310 in,
- response to row address decoder 320 and the columm select lines are
sel ectively ac{9044] eBHl(\P shawseystem 200; @ sypigalpriogesses pasesbsytstemol urm addr ess
decoder 370. Thus, a row and colum address is provided for each pixel 112.
- [0045] Thanadhified teringlnde animegimpdevice 892 aseninpiyt deidcefortthesystenc2id. 350,
whi ch control s address decoders 320,370 for selecting the appropriate row
and col umAheimagingdevirs 308 maylse recgive ¢asvral oy otber datadromdhe systent t s 310,
360 which apply driving voltage to the drive transistors of the sel ected
" row and &80 anwelk feem eﬁe}r@vqpegsps,ba@%ﬁyst&ms M%PIQY ®8nmuni cati on

wth the _pixel arra 00 and control . .ciircuit 350. A serializer nodule 380
and SFR ( Bpasig é‘e‘ffﬁ%ﬁq’b‘?ﬁ‘i’éﬁi‘@’c P}‘th%{a@@%m&'ﬁ?re’%fé’?% CAREESB muni cat i on
with the cosgtrol circuit 300. Qption Ilg/, .élocaliz%d ower source 390 can

~ be i ncor p8YHFEY PRPGETS MAGHRGYS rb%(?%rét?g“. § Javigalion systems, video

telephones, surveillance systems, auto focus systems, stat tracker systems,

motion detection systems, image stabilization systems, and others.

[0048] System 200 includes a central processing unit (CPU) 202 that
communicates with various devices over a bus 204. Some of the devices
connected té the bus 204 pfovide communication into and out of the system 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 mﬁy be combined with a processor,
such as a CPU, digital signal processor, or microprocessot, in a single integrated
circuit. | | |

[0049] The processes and 'devices desctibed above illustrate exemplary
memods 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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WD 2006/ 135720 PCT/ US2006/ 022413 [0046] Typically, the signal flowin the
i magi ng device 308 woul d begin at the pixel array 300 upon its receivVving
phot o- i n%%g_amp/ §merating a charge. The signal is outplRCHES2806/03243 out
circuit ey ' "-W‘-ﬁi‘&aﬁjgﬁts,a‘éatmemmdsddmandfgdsmﬂlé'pness:h'gnal is
then transferred to a processor, then the serializer, and then the signal
can be oidmyentidn. dinis het interglady hoewever, that thet presait inventien be stfdly47] FIG 9
shows system 200, a typical processor based system nodified to include an

i magi ng diswited tate akoverdéesepbed aodi ilustrated: embadimeants.2 80y modifidatiogi ng
device 308 may al so receive control or other data fromthe system 200 as
wel | . Exéhw@% paeseptlyamnferaseeahledofdhe prasent invertiiomathat npmney vithin themgi ng
device 308, include, without Iimtation, conputer systens, canera systens,
scanner s Sphitaandecopesifdhe fgllawing claims sheuldde cpmsidened partofithe presant

t el ephones, surveillance systens, auto focus systens, star tracker systens,
nmot i on déNeERNth systens, image stabilization systenms, and others. [0048]
System 200 i ncludes a central processing unit (CPU) 202 that conmunicates
wi th various devices over a bus 204. Sone of the devices connected to the
bus 204 provide conmunication into and out of the system 200,

illustratively including an input/output (1/0O device 206 and i nmagi ng devi ce
308. O her devices connected to the bus 204 provide nmenory, illustratively
i ncluding a random access nenory (RAM 210 and one or nore renovable nenory
devi ces 214, such as a floppy disk drives, conpact disk (CD) drives, flash
nmenory cards, etc. The inmmging device 308 nay 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
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met hods and devi ces out of many that could be used and produced according to
the present invention. The above description and draw ngs illustrate
exenplary 14 WD 2006/ 135720 PCT/ US2006/ 022413 enbodi nents whi ch achi eve
the objects, features, and advantages of the present invention. It is not

i nt ended, however, that the present invention be strictly limted to the
above-described and illustrated enbodi nents. Any nodification, though
presently unforeseeable, of the present invention that comes within the
spirit and scope of the follow ng cl &lwsIM$ioul d be consi dered part of the
present invention. 15 CLAINS 1. An inmager pixel conprising: a substrate; a
photo collection region formed in said substrate; a buried contact forned

over a f{qgfpgediikdl¢sinphsihggi on; and a light-filtering region, formed on
t he sanme planar l'evel as thé buried contact, arranged to at |least partially

cover the photsubstodté;ecti on region, wherein the buried contact and the
light-filtering regipn.are separated by gt |east a transistor. 2. The
i mger pi xel ao‘ﬂwfﬂ %ilﬁfti(?n%‘é’_}lgf_’wleflﬂlésql%{&?ﬂs@ﬁei tering region and the buried
contact are 4 @iriEB@omthctIOS dvef ®foatihg diffgsidRERA; &idkel of claim 2, wherein
the light filtering region and the buried contact are formed fromthe sane

pol ysi | i con |alght-filteringregidngéogmed ph shel sawe planal level as edraied condqd, arranged to
light-filtering. ion. g e .passive. 5. The imager pixel of claim
R L i )

1, wherein t-filtering region to prevent
wherein the buried contact and the light-filtering region are separated by at least a

transistor.

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.

7. The imager pixel of claim 1, wherein the light-filtering region is electronically isolated from

the photo collection region.

8. The imager pixel of claim 1, further comprising a colored light filter arranged to intercept light

directed toward the photo collection region.

9. The imager pixel of claim 8, wherein the colored light filter is red.

16



the build up of dark current. 6. The imager pixel of claim1l1l, wherein said
light-filtering region is grounded. 7. The imager pixel of claiml1l, wherein
the light-filtering region is electronically isolated from the photo
collection region. 8. The inmager pixel of claim1l, further conprising a
colored light filter arranged to intercept light directed toward the photo
collection region. 9. The imager pixel of claim8, wherein the colored |ight
filter is red. 16 10. The inager pixel of claim1, wherein said |ight
filtering region is formed only for red color pixels. 11. The inmager pixel

of claim 1. . wherein a|d light filterin ion i.s f ned, of ilicon
ayer o 19 The e phasl Gl I aersim i s F5oHoR pbipa t<toMace il orlboalonc ol <
conpri swp,gﬂs. a phot osensor; a buried contact fornmed over a floating

di ffusion region; and a Iight-filtering region, formed on the same planar
| evel as the buried contact, arranged to at least partially cover the photo

coL ect B0 S M IR b A5 PR b/ g oo

| i ght - fildyler i ng region and the burled contact are fornmed of polysilicon.
14. The pixel array of claim 13, wherein the light-filtering region and the
buried contact are fornmed fromthe sane polysilicon layer. 15. The pi xel

oy, 18 AHHE ey MREHEY PBURRH et cheH e etk B BRIRE DYFY 7 L By P
filters thataameum@dorgreen and blue 17. The pixel array of claim15,
wherein the | Ib%péd I:dnltgc(tarfolrn%d ov r a oatmg?ir}'h%mfnorggg& a(rjl er one color
a light-filtering region, formed on the same planar level as the buried contact, arranged to
at least partially cover the photo collection region,

wherein the light-filtering region and the buried contact are formed simultaneously.

13. The pixel array of claim 12, wherein the light-filtering region and the buried contact are

formed of polysilicon.

14. The pixel array of claim 13, wherein the light-filtering region and the buried contact are

formed from the same polysilicon layer.
15. The pixel array of claim 12, wherein a color filter array is formed over said pixel array.

16. The pixel array of claim 15, wherein the color filter array has filters that are red, green and
blue.

17. The pixel array of claim 15, wherein the light-filtering region is only formed over one color

of the color filter array.

18. The pixel array of claim 15, wherein the light-filtering region is only formed over two colors

of the color filter array.
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of the color filter array. 18. The pixel array of claim15, wherein the
light-filtering region is only formed over two colors of the color filter
array. 17 19. The pixel array of claim 12, wherein said light-filtering
region is electrically passive. 20. The pixel array of claim12, wherein a
bias is applied to said light-filtering region to prevent the build up of
dark current. 21. The pixel array of claim 16, wherein said light-filtering
region is forned only for pixels having a.red color filter. 18

19. The pixel array of claim 12, wherein said light-filtering region is electrically passive.

20. The pixel array of claim 12, wherein a bias is applied to said light-filtering region to prevent

the build up of dark current.

21. The pixel array of claim 16, wherein said light-filtering region is formed only for pixels

having a red color filter.
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