COLOR PI XELS W TH ANTI - BLOOM NG | SOLATI ON AND METHOD
OF FORVATI ON FI ELD OF THE | NVENTI ON [ 0001] The present

wo popent47on rel ates to the field of sem conductPCT/US2006/018595

devices and, in particular, to high quantum efficiency
CMCS i mage sensors having an anti-bl oom ng structure.
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phot osensors, where each pixel produces a signal

correspondi ng to {AErH Ot P@FN'IA'T" I mpi ngi ng on
oc

that el enent when an i1 mage Is used on the array.
These signals nay then be stored, for exanple, to

di splay a correspondipIgLiD"@FETHE BN VENTIRINO'
ot herwi se used to provide information about the

optical image. The photosensors are typically

phot o00eN} Thie ?frésem ket @eeitidiies so tHEIAIHRMibbnductor devices
phot odi odes. The magni tude of the signal produced by

each piaged, intpertiefitarcto highrjuepoii ffidlentp AMOSH {sensors
of light inpinging on the photosensor. [0003] To all ow

t he phdiasieigsor anti-bleaping eractaed.or i nage, the

phot osensors nust be able to separately detect red (R
photons, green (G photons and bl ue (B) photons.

Accordi ngly, each pixel nust be sensitive only to one

col or or spectral band. For this, a color filter array
(CFA) is typicall laced in front of the pixels so

that each pi xel GRGROIIND @t THE INNCERJIIENof its

associated filter.[0004] Color imging requires three
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photosensors, where each pixel produces a signal corresponding to the
intensity of light impinging on that element when an image is focused
on the array. These signals may then be stored, for example, to display
a corresponding image on a monitor or otherwise used to provide
information about the optical image. The photosensors are typically
phototransistors, photoconductors, photogates or photodiodes. The
magnitude of the signal produced by each pixel, therefore, is

proportional to the amount of light impinging on the photosensor.

[0003] To allow the photosensors to capture a color image, the
photosensors must be able to separately detect red (R) photons, green
(G) photons and blue (B) photons. Accordingly, each pixel must be
sensitive only to oﬁe color or spectral band. For this, a color filter array
(CFA) is typically placed in front of the pixels so that each pixel

measures the light of the color of its associated filter.



illustrated in Figure 1 as a linear layout for
conveni ence as including a red active pixel sensor

w@eiob/15291 a bl ue active pixel sensor cell 54 aPdI/ES2006/018595

green active pixel sensor cell 56, spaced apart on the
sem conduct or substrate 16 by isolation regions 19.

ol 1's 1094 EolditmaRitie - B fECe Bia) cSpf tal the 335}31%@% of a

or een piidElslor Bk ool drnplE a3 RoteRfrangnis wxel_ sensor 50is
Bayer  pictifed Sl 135% M MG Gor bplhiaRe i e fhcfuding a
one T ow.f 4@ Vteeﬁlfl tdend 95&?3%2;[@1\.%' atfive rﬁf%él%gpg tcell 54 and a

anot her row of erna ng r gree |
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active MB%%%&@ €6 52&5615%151% r§%10n§419. %ch?ﬁ Wugi’écfi g;gue and green

bel ow. Each of pi xel sor cel

shown | gctRRY pix8Fsetsbf QIR 5L Gl SERAvY t&) e@tflv@red blue and green
sem conduct or substrate 16, which nay be a p-t y

si | i confik@ist53x 68|57, axeeh Ao eliyded, BNR'arRl gfhotons,
substrate 51 and having a well Of p-type materi

An n+ tyespectbgilpriozfass shifoarghe dnasrapeed, thé célor plxels are typically
phot osensor fornmed as a photodi ode with a ptype | ayer

53 abovarramngechirta Bayerpd tierrdpispl aged ifh rows andedolu@ls, With one
transfer gate 28 is formed between the n+ type region

26 and v et aliernatingygreen egiddriud pitels,reedl arothemsdw 20.

The n+regions 26 and 30 and transfer gate 28 form a

char ge alfesnating red andigseen p2elshi ch is controlled by a
transfer si gnal TX. The n+ region 30 is typically

Iczl Lﬁ@g&%}fé%g ggs%&@rf I@ égt%;lgqﬂﬁ@l-rar}led Pu;crtl%%g{)glers;\%nts of
each of the red, blue and green active pixel sensor cells 52, 54, 56 is
provided below. Each of the pixel sensor cells 52, 54, 56 is shown in
part as a cross-sectional view of a semiconductor substrate 16, which
may be a p-type silicon epitaxial layer 16 provided over a p-type
sﬁbstrate 51 and having a well of p-type material 20. An n+ type region
26 is formed as part of a photosensor formed as a photodiode with a p-
type layer 53 above it, and laterally displaced from p-well 20. A
transfer gate 28 is formed between the n+ type region 26 and a second
n+ type region 30 formed in p-well 20. The ntregions 26 and 30 and
transfer gate 28 form a charge transfer transistor 29 which is controlled
by a transfer signal TX. The n+ region 30 is typically called a floating
diffusion region. The n+ region 30 is also a storage node for receiving
charge from the n+ type region 26 and for passing charge accumulated

thereat to the gate of a source follower transistor 36 described below.
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charge fromthe n+ type region 26 and for passing
charge accunul ated thereat to the gate of a source

w0 od0bouInl t ransi stor 36 descri bed bel ow. [ 0006] PGT/UEXE4/018595
gate 32 ibalso forned adj acent and between the n+ type
regi on 30 and anot her n+ region 34 which is al so
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transi s € no

Figure 34 MQhElﬂﬁel aﬁg;ggtofé ds' PRFHBEd 9RliEs ?xﬁﬁﬁﬂﬂenta’uon ofa

associ ate transi stor hi's structure 1S

requi r egpHY" %e?—@i@&m%’{n 4 EBWQHX%S W{I‘h&@ dr$ iP%s also

54, 56 al so inclFudes two additional - annel

transi S%@éﬁble&o&ﬁ@l@rﬁeﬁ@é Ces 11&1%128151r§519ﬁ—v3@11 Qﬁd/vﬁldhoé’é(se each
sel ect transistor "38. Transistors 36, 38 are coupl ed

i n seri efbthexPansigtotsdPwdtRd Pe F%M&h@aﬁﬁ%@@ R&hould also be
transi stor 36 al so coupled to voltage source VaaP x

and t henditedi thap fwhile@Rigusé 0 sh3®sehe nbedf & eransfed|gan® 28 and

line 39. The drain of the row select transistor 38 is
connectMOmaaechtmnﬂdth@rtMSJsﬂruetum 5 st retluﬁedn | ar row
select transistors for other pixels in a given pixel

colum. Thus, the red, blue and green active pixel
sensol008g] Eaclsof thepixelsenpnrrcells 58n54a 56iatgd lalﬂludaa% two additional
except that the information provided by each of the

red, bl ﬁ%elgﬁf%‘éﬁﬁs"ﬁb% ﬁ\ﬁeufﬁ%éeﬂoweeﬁéﬁmwm% zpd aggw select

S?ele?] : ﬁlrgﬂﬁlstolr gépé]gw%nt engé t3|8 Gre 8(f)u1t3123 &%gnes? lsggrgengo drain,
with the source of transistor 36 also coupled to voltage source Vea pix
and the drain of transistor 38 coupled to a column line 39. The drain of
the row select transistor 38 is connected via a conductor to the drains of
similar row select transistors for other pixels in a given pixel column.
Thus, the red, blue and green active pixel sensor cells 52, 54, 56 operate -
in a similar way, except that the information provided by each of the
red, blue and green active pixel sensor cells 52, 54, 56 is limited by the

intensities of the red, blue and green light, respectively.

[0008] One of the drawbacks of using a color pixel sensor, such as the
color pixel sensor 50 of Figure 1, is that the minority carriers in the blue
pixel sensor cell 54, for example, are substantially more likely to be lost

in recombination than the minority carriers formed in the red and



[ 0008] One of the drawbacks of using a col or pixel
sensor, such as the col or pixel sensor 50 of Figure 1,
WO g00bh2470t he minority carriers in the bl ue pi xeCT/B8208€018595
cell 54, for exanple, are substantially nore likely to
be lost in reconbination than the mnority carriers
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nunber (sh tRé hvéAgB peakiation e¥ Mlge phston i
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phot onsCraicss ngﬁéfod‘i&ié REPRbRIM AIYS0.2Mickdies, Bllaigeatithber of

response renmai ns substantially bélow the red cell and

green Gk photdagto peAlRHe Huyoindethe o bhliemndthetion. This
associ ated"wi th photodi odes is that of bloom ng. That

i's, undeay,d lauge asouneof tese photenscare 16stitb regombinations and

n-type region 26. Under saturation |light conditions,

t he n- thpdluegtlbrespbnsarencaing sebsthntially belaw the red cell and

el ectrons, and the electrons will then bloomto

adj acergrepn xell sespBinsessi ng i s undesi rabl e because it

can lead, for exanple, to the presence of a bright

spot on the inmage. [0010] The above-nqted drawbacks, of

col or[0pPfitdnethes prohigprofier Assoginted ¥ath Bh?iqdawegﬁ is ghat of

the priagr art. For exanple, U S. Application Seri al

o, 10/aemens. {BaHRoREealIugRat BRI G e ugyen T-type

gg;g‘ r P%@\glﬂl .?ngg/{%saghr ?O%Lﬁg}(ltf clolnecﬁiti@ﬁjsg l%ﬁet: n-Zthpe %ggolg%’% can
completely fill with electrons, and the electrons will then bloom to
adjacent pixels. Blooming is undesirable because it can lead, for

example, to the presence of a bright spot on the image.

[0010] The above-noted drawbacks of color photosensors have been
addressed partially in the prior art. For example, U.S. Application
Serial No. i0/648,378 to Rhodes et al., entitled Method of Forming Well
for CMOS Imagers (filed August 27, 2003), describes the formation of a
well region that is totally masked from a photodiode region of a pixel
sensor cell, improving therefore the charge transfer between the
photodiode and a transistor gate, U.S. Application Serial No.
10/740,599 to Rhodes et al., entitled Image Sensor for reduced Dark
Current (filed December 22, 2003), addresses the reduction of dark

current by proving a peripheral sidewall formed in a substrate region



well region that is totally nasked from a phot odi ode

regi on of a pixel sensor cell, inproving therefore the
w@eb@ogei7or ansf er bet ween t he phot odi ode and a PCT/US2006/018595

transi stor gate. U S. Application Serial No.

10/ 740,599 to Rhodes et al., entitled I mage Sensor for
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sensor cell for use in an imager that exhibits

| mpr %gﬁgl’]c‘g}g @%%lsp@d Bhote? Bendo® GHIE €6k GOt RhdeedtHat exhibits

bl oo as’ I ncreased phot odi ode capacitance,
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exhi biting these inprovenents is al so needed.

SUMVARY Gkrehbieed bNM&MEbwc{a]iG&lt%hcé,ﬂs abedak paahethiodeof fabricating
i nvention provides nultiple inplant regions of a first

conducts pixey sénsoe celberkibitheg these mpecrementstiotlsoaresded.
of an inmager. A first inplant region is forned under
at least a portion of a first color photosensor to

limt the depth of SUMMARY QEJHBANYENBCONN in the

substrate for the first color photosensor. A second

S eCondOL BvomstRssE o mieB R ATovidie Teile gnpLant regions of

second ol sc Lo eplel on I e stheliate Lo A ofun

the fi ri‘;’rt\agae?.d A first implant region is formed under at least a portion of a
first color photosensor to limit the depth of first collection/depletion in
the substrate for the first color photosensor. A second implant region is
formed under at least a portion of a second color photosensor to limit
the depth of a second collection/depletion in the substrate for the
second color photosensor. In an exemplary embodiment, the first and
second color photosensors are blue and green, respectively, and the

implants for each are at different depths.

[0013] To further reduce cross-talk between adjacent pixels and to
decrease blooming, an anti-blooming region of a second conductivity
type is formed in the substrate and below the multiple implant regions

of the first conductivity type.



second col or photosensors are blue and green,
respectively, and the inplants for each are at

waledobaeant depths. [0013] To further reduce crPpGHUSEINK018595

bet ween adj acent pixels and to decrease bl oom ng, an
anti - bl oom ng region of a second conductivity type is
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anti - blf‘%%%?‘gh 51?(9%;30” descri bed above. [0015] These and

ot her es and advant ages of the invention will be
nore apparent fromthe follow ng detail ed description

that rh& 5r désglsﬁdid%h%aa&@g QAd WdkAntddes BF B RRBILIBE will be

drawi'ngs "an ustrated exenplary enbodi nents of the

i nventiggre ﬁ?%ﬂ%@gﬁlﬁﬁbm{g Hefaildd AWsNetibA A& is provided

Figure 1 1s cross-section view of an exenpl ary

conventij, @BaheNwilRge aentapanpingedrawia@d dhd Hlgstisted

is a schematic cross-sectional view of arow of CMOS

i mage ssefRlal &absdithémsiof dié figyenbient abri cation of

stop inplant regions in accordance with a first

_enmbodi nent of the present invention and at an initial

stage of proces<BRIEF DASCRIPHQNQEF THEDRAWHRIGH i ¢

cross-sectional view of the row of CMOS i mage sensor

pi xel s of Figure 2 at a stage of processi nlg subsequent

to tHAO1GHhgnrd hism guesesectiqroview] of sy exemplary canventional

schemati c cross-sectional view of the row of CMOS
CMOS image sensor pixel.

[0017] Figure 2 is a schematic cross-sectional view of a row of CMOS
image sensor pixels illustrating the fabrication of stop implant regions
in accordance with a first embodiment of the present invention and at

an initial stage of processing.

[0018] Figure 3 is a schematic cross-sectional view of the row of CMOS5
image sensor pixels of Figure 2 at a stage of processing subsequent to

that shown in Figure 2.

[0019] Figure 4 is a schematic crpss—sectional view of the row of CMOS
image sensor pixels of Figure 2 at a stage of processing subsequent to

that shown in Figure 3.

[0020] Figure 5 is a schematic cross-sectional view of the row of CMOS
image sensor pixels of Figure 2 at a stage of processing subsequent to

that shown in Figure 2.



I mage sensor pixels of Figure 2 at a stage of
processi ng subsequent to that shown in Figure 3.

WO Q®R0A2478i gure 5 is a schematic cross-secti onaPCWURA06618595
the row of CMOS i nage sensor pixels of Figure 2 at a
stage of processing subsequent to that shown in Figure
2.10 Ri.qur e ' ' = ' '
of ¢ HOOPHBHEEs fad PepRe B SecHeRT VBAV bl BAoW bEEMOS

a stag qgggqepo%glgj@ts&b@g SERMERL 8 bAck 38R g ibsequent to

Fi gure Igure

Cross-s j VI fr a row of CMOS i nage sensor
Ll

pi xel s 1 e fabrication of stop inplant
regions and of an anti-bloom ng region in accordance
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processing. [ 0023] Figure 8 is a schematic

Cr 0SS- siggddedtbol 'gﬁéé’lsﬁfllubﬁﬁtiﬁg\ﬁh@fa%oh@@&)pﬁﬂpﬁht regions
pi xel s of Figure at a stage of processing subsequent

t o t hatgrhepn bfitifblesiénd redif 24 hedrdunee Fitksthe gresent
schemati c cross-sectional view of the row of

I mage siereptioniand & aafinfiatagebfgirosessirgge of

processi ng subsequent to 1 that shown in Figure 8.

[0025] Figure 10 illustrates a schematic diagram of a
conpuildR3pFiguee 8 45 a sylsemati¢ aoss-pectinria yiew obthetovenbHEMOS

i mge sensor pixels fabricated according to the

pr esent inhagessenison peisT HigorCEstRE R @f popcesing subsequent to
I NVENTI ON [ 0026] In the follow ng detailed

descri pthasphowafiatigeee 1.s made to the

[0024] Figure 9 is a schematic cross-sectional view of the row of CMOS
image sensor pixels of Figure 7 at a stage of processing subsequent to

that shown in Figure 8.

[0025] Figure 10 illustrates a schematic diagram of a computer processor
system incorporating a row of CMOS image sensor pixels fabricated

according to the present invention.
DETAILED DESCRIPTION OF THE INVENTION

[0026] 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 specific embodiments in which the
invention may be practiced. These embodiments are described in
sufficient detail to enable those skilled in the art to practice the
invention, and it is to be understood that other embodiments may be

utilized, and that structural, logical and electrical changes may be



acconpanyi ng drawi ngs which forma part hereof, and in

which is shown by way of illustration specific
wepoede4tent s in which the invention may be prapCT/Usm06/018595

These enbodi ments are described in sufficient detail

to enable those skilled in the art to practice the

i nventign 0.be_ und tqod that oth

d
enbodi mEAde aﬂ%‘g}‘% dePrFiDG (FOTATE TINAE 250 6ePe PR Fhe present

| ogi cal ,.and tel ectrical changes may benmade wi t hout
departl% F1EH- t he spirit and scope of the pr esent
i nvention. [0027] The terns "wafer" and substrate

ARES g)OQ?] ?T“%%ﬁtng 0’9\7 Sr2arnd n@t?o%ﬁ% 0% %r:e'tb %?rsg)od as a

i ncl uti ng i'con |con on

g atlﬂawgl@@? % —

t 2on €
ot hor o BODeriRa£oRREPPANBO8 LI ANIARY, Mpefid undoped
refer en§@m1§oﬂ@f&@oﬂsoﬁﬁita>¥i’§f l%gersctff sﬁ?&bk?tss;dsﬂicﬁ‘ged B;tatbease

foll ow ng descriptio previ bus process

been ut idind@hduRtdOfoRndaGoaNEn @ bt el iedSdiidtor Btrﬁt\.‘t%‘i‘es
the base senmiconductor structure or foundation.

addi t i oRurtHeemses) when vefletdndeds ehaid toke“whidrc op b@él%irate” in the
but coul d be based on silicon-gernmani um

si | i confalbewirgidedopiption, previbus pre@ppbichbe m@ehavabeeh utilized to
or gallium arsenide, or other sem conductor materials.

[0028] fTiren tregions pic jehctioms it pirowker ded basersehdeendacter structure
picture el ement unit cell containing a photosensor and

t r ansi sebfeundatiaroninerdditignethectentinendettoc needinat besilicon-

to an el ectri cal nal . For purposes of illustration,

por t i onRasgstd, bas ﬂ@@’éﬂb%bﬁ&ﬁ@ on fidicen gesmianiwy silicen-anminsulator,

the
silicon-on-sapphire, germanium, or gallium arsenide, or other

semiconductor materials.

[0028] The term “pixel” or “pixel cell” refers to a picture element unit cell
containing a photosensor and transistors for converting
electromagnetic radiation to an electrical signal. For purposes of
illustration, portions of representative pixels are illustrated in the
figures and description herein and, typically, fabrication of all imager
pixels in an imager array will proceed simultaneously in a similar

fashion.

[0029] Referring now to the drawings, where like elements are designated
by like reference numerals, Figures 2-9 illustrate exemplary
embodiments of methods of forming implant regions 100, 100a of
exemplary four-transistor (4T) color pixels 300, 300a (Figures 6 and 9),

respectively, of a column/ row of a color pixel cell group 400, 500.
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figures and description herein and, typically,

fabrication of all inmager pixels in an inmager array
wawdob/1pr7oceed sinul taneously in a simlar fashP@US2006/018595

[0029] Referring now to the draw ngs, where |ike

el enents are designated by |ike reference nunerals,

et hods"ari g 1 BERs B8 Y a8 pXRBGtin TiuE dBtail below, the
(¥ gur oLNplBGRGbAETOT 180a e bt AUl (AR D e e
and9, " SRERbu IR0 of sHsrRCHI0 M bW HifiER eSrection
are | ooted barpar e BhoPschial AR pHodyolRE 18 desa, o
bel ow caﬁfagn@éalbﬁgthpgbrﬁeg ceNs$36® @?gé %ﬁ%@és 6 and 9). In one

phot osensors forned as phot odi odes

di f f er egtabealREND bﬁ@htism&ﬁﬁngﬁlegﬁotr@%q g@%@ﬁe 9 QUWeRSnd

6 and 9). In one enbodi nent, 0 g ‘region

200 (Fi gittduchivitgitype seRfted RNHECHIDSkaYe AHAPelciv 6 ARftiple
in the substrate and bel ow the nultiple inplant

regi onsiniplant €}ans 100, 1004, terfur gy ¢edaéOa®st-2lk between adjacent
bet ween adj acent pixels and to decrease bl oom ng. 30]

It shoupitelsentbtoededrérse blabttinggh the invention will

be descri bed bel ow in connection with use in a

four-transistor (4T) pixel cell, the invention _aI SO
has dREBPIcksheildbe potgdythaedttiaveethei invenidom gyillfherdescribed
exanple, .a five-transistor (5T) pixel cell, a

si x- t r RPRAPYIHcoppeytion wath wse in a srunstrensistont(dahpixet cell, the

T b i T e e N e sy o

gggi It iso%%hgil)l.i?ﬂ%hgg-tltﬁ%g% (%%igglec%ﬁ?g 51a><r-trrg¥1§iétC)lr%T) pixel cell,
or a three-transistor (3T) pixel cell, among others. The invention also
has application to other solid state photosensor arrays and is not
limited to CMOS photosensor arrays. In addition, although the -
invention will be described below with reference to implant regions
100, 100a formed below photosensors of exemplary blue and green
pixel sensor cells 300, 300a, the invention is not limited to this
illustrative embodiment, and has applicability to any color pixel sensor
cell or to a combination of such color pixel sensor cells. Further,
although the invention is described with reference to red, blue and
green photosensors, the invention is not limited to this combination of
photosensor colors and it can be used with YCMK color pixel arrays,

and others as well.



invention will be described below with reference to

i npl ant regi ons 100, 100a fornmed bel ow phot osensors of
wes@apreanry bl ue and green pixel sensor cells 3ROI/USIO&()18595

the invention is not limted to this illustrative

enbodi nent, and has applicability to any col or pixel

sensor cell or tg a conbinatjon of uch col or pixel . .

sens 033k Frgire2iHupgntes & sn%at;@w {i0elprgengiogrspetional view

described with reference to e and

phot os®Aueh is thepame igHt 3R lg“%f Fﬁ”fﬁ’%‘ %E[%rytm}rgoses,

conbi nati on qf hot ose or colors.and it can be

with YEgureskei ]blﬁ;gépe §tra 0BsorapLising A epi%gmal layer

\ge'clr os SURBCHFR a%%'ﬁ'@iﬁ#@f@#@% 4R b HhSit SRR tayer is

il 32?@5@1@5 ,ifaeﬁina”&'{eﬁé%f@fi@%‘ﬁgff%roﬁgﬁﬂﬁa%% i formed over a
P oSl g AN DI BTG RIEANUEIE THE p-type

a p+ e ayer s desire

epl t

gL BT PR S Ay g on
Fi gure ou’Er ngﬂc{?ﬁ@em%% b@%fbf’albl %Y%o&tlﬁﬁnﬁ?dneb@) about 7
forrred ness o 0 m crons to about 12

m cron ?mc%l‘{se st P@é@ﬁl}ly oF aBORHS nmdcrdrs!, OTtee pnlepb epitaXial layer
e

m crons, nost preferably’ of about 3 m crons.

p-type 1@9&&?@#1@&@ AN6partlibhceRtatian ¢ thelopagd of about 1 x10™ to
concentrati in the range of about 1 x|l Ol4 to about 5

x| OL6 abe(®s5Ke0' aftins pef emprrbday pieferably ababbubb x1@1 4o about 5
to about 5 x|l Ol5 atonms per cnB. [0032] Figure 2 also

i 11 ust rabeatempypentimdnal field oxide regions 119,

often referred to as trench isolation regions, forned

in the p-type epitaxial |ayer 110a. The field oxide

r egi ¢0R32] Figares alsp ikastraiehgonyersionahfipksh gride regions 119, often

referred to as trench isolation regions, formed in the p-type epitaxial
layer 110a. The field oxide-regions 119 are formed using a conventional
STI process and are typically formed by etching a trench in the
substrate via a directional etching process, such as Reactive Ion Etching
(RIE), or etching with a preferential anisotropic etchant used to etch

into the substrate.

[0033] The trenches are then filled with an insulating material, for
example, silicon dioxide, silicon nitride, ON (oxide-nitride), NO
(nitride-oxide), or ONO (oxide-nitride-oxide). The insulating materials
may be formed by various chemical vapor deposition (CVD)
techniques such as low pressure chemical vapor deposition (LPCVD),
high density plasma (HDP) deposition, or anyy other suitable method

for depositing an insulating material within a trench. After the
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STl process and are typically formed by etching a

trench in the substrate via a directional etching
w@e@eassPl such as Reactive lon Etching (R E), PECT/US2006/018595

etching with a preferential anisotropic etchant used

to etch into the substrate. [0033] The trenches are

e B B, e
N ol b M P BLL L ehas e

vapor d%Po ition (CVD) techniques such as | ow pressure
cheni cdl qé'ﬁ deposition (LPCVD), high density plasma
(HDP) deposition, or any other suitable nethod for

Afe ItO gﬁot)%zgtgl}/@@té—'rl]%géfé?gfa?@Fe{%@%t?hké{%@ %g(&?gl:l(lﬂ Egb%'? gate stacks
teri 2 I ng
L1 oy 0] 5 ATy a4 bl

struct hr deFBPediivaily f#E fe@hed Svechte p-type
130, 130a %%%Qr%éls(%li\ééggdt}fe st acngZB\gDﬁZSOa, each p-typ

cor r espYse4l 1hPereNORRIRE Yhd STI tréfidiesiagé eorniekd hnd filled.
and green pi xel” sensor cells, respectively, are forned

over t hgltRohyhigpietrtiuatrates)pate staeksaftiae cotresp@Td to one blue
trenches are fornmed and filled. Al though Figure 2

i || ust r @hkenggteerspiackeell, bespeciivelgstheridveotionés wtlinited to
and one green pixel cell, respectively, the inventiaon

i s not {hisriltuestrativeenilsoditriemstarat corderiplaes rphuralidyi of
contenplates a plurality of alternating gate stacks |

t hat coaltespting gate stagksthat resyesonsl toet pg%ruah@f elaligrnating
pi xel cells. [0035] The el enents of the gate stack 130
are si molar pi¢l etllise of the gate :

[0635] The elements of the gate stack 130 are similar to those of the gate
stack 130a, 230 and 230a, and thus, for simplicity, a description of only
the elements of the gate stack 130 is provided below. The transfer gate
stack 130 comprises a first gate oxide layer 131 of grown or deposited
silicon oxide on the p-type epitaxial layer 110a, a conductive layer 132
of doped polysilicon or other suitable conductor material, and a second
insulating layer 133, which may be formed of, for example, silicon
oxide (silicon dioxide), nitride (silicon nitride), oxynitride (silicon
oxynitride), ON (oxide-nitride), NO (nitride-oxide), or ONO (oxide-
nitride-oxide). The first and second insulating layers 131, 133 and the
conductive layer 132 may be formed by conventional deposition and
etching methods, for example, blanket chemical vapor deposition
(CVD) or plasma enhanced chemical vapor deposition (FECVD),

followed by a patterned etch, among many others. Sidewall spacers
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stack 130a, 230 and 230a, and thus, for sinplicity, a
description of only the elenents of the gate stack 130

wo gsoopnaarpded bel ow. The transfer gate stack 13BCT/US2006/018595
conprises a first gate oxide layer 131 of grown or
deposited silicon oxide on the p-type epitaxial |ayer

other st EaBPel CoTIS R Hatared DY depostheendeiching an
excanp! iR o RYER: Hed pisfehcEetiesh e step inaye varied as i
(silicon nitri dreg %)%kr}‘itt&{’%de sil.icon oxypitride), ON

: & PGS Pracees Bow.
§8§: ggnﬁquﬁje-?bx?ﬁd@e§. The first asr:;:l secongzi nsul ati ng

. t . r,132. ma e

o me RS Bl %?ﬂ%ﬁ%?ﬁ%%%‘ggj‘%ﬁﬁaﬂg li-aﬁ%ﬁnn%ﬁ%weﬂ 120
for exaf&hfe%@él fib oGREIL GA 136PPRY; %g?@ ' ?%%%pectively.
or plasnma enhanced ciem cal  vapor dét | OH ,
Lo | ouegng PRtk 2hAg R0 ARS ARAAOLP BB S mpaniation
deposi tbéﬁr@ﬁfiaﬁ&ﬁﬂwerfenﬁaﬁblgg?gééé srfgdisamfl-so@%ﬁ 530a.

of these process steps nay aried as Is require r
convenient for a particular process flow [0036]

Fi gur [9037F Refeb@icelib hul matie 3o Fiz1aRlI. BidseQubdd® the formation of
i mpl anted well 120 | ocated bel ow t he gate 'stacks 130

130a anihe2Btle atadks B3R 130630 @indVAI0y, arld©f fhd ¥PEonal p-type

i npl anted well 120 may be forned by dopant

i npl antimplentdsbivelld 26y a photeredisidajer bt isdormed @atethe structure
stacks 130 130a, 230 and 230a. [0037] Reference is now

made t coffigure2 & a hiskrepsaritabout 1080 fAurgsitdros twabdute50,000
gate stacks 130, 130a, 230 and 230a, and of the '

opt i onafngstrgmes. The Phetewgsistlayer 207 ispattemeddeiobtain openings

| ayer 167 ig formed over the structure of Figure 2 to

a thick & owgdhe PrtyeecraygAl s 1tL6a athnare ebaneus of the

photosensors 188, 188a will be formed as described below.

[0038] According to an exemplary embodiment of the invention, each of
the photosensors 188, 188a is a p-n-p photodiode formed by regions
124, 124a, p-type epitaxial layer 110a, and regions 126, 126a,
respectively. The n-type region 126, 126a (Figure 4) is formed by
implanting dopants of a second conductivity type, which for
exemplary purposes is n-type, in the area of the substrate directly
beneath the active areas of the adjacent blue and green pixel cells. The
implanted n-doped region 126, 126a forms a photosensitive charge
storage region for collecting photogenerated electrons. Ion
implantation may be conducted by placing the substrate 110 in an ion
implanter, and implanting appropriate n-type dopant ions into the

substrate 110 at an energy of 20 keV to 1 MeV to form n-doped region
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Angstrons. The photoresist |layer 167 is patterned to
obt ai n openings 168, 168a over the p-type epitaxial
wo 2o0en24r00a where el enments of the phot osensor sPABBS2006/018595
188a will be forned as described bel ow. [0038]
According to an exenpl ary enbodi nent of the invention,

St ogiabo P RFRAGE e IR 5 g o o
epi t axi i .

oo poc PR TRBe dopgBECo B RRRn A tie hitihad aion 26, 126
s for Rf%u% 4} &B&ﬁﬂ%&%ﬁ%@?% Eb&ﬁﬁ P §68999bout 1 Ix81018 atoms

conduc exenplary pur poses

- t , 1 3h f .
th ﬁy Simeﬁ anty o IoGhefirablyy RHEE efieRgl L GBLLY3 R Hbout 3 x
cells. e i 0N .
phot os él S F?‘M}g IP%E 'glr%g'eﬂ_s ogggéﬁl?g%?% n1 ﬁf%?n%éﬁ?%f&@ rdr%d %o tailor
phot og$§§ E:g&ﬁg RRE B[c?(ﬁjced 1e@forl T4 anbAt TR iﬁ'@jYarﬁS forming

conduc y placing the substrate 110 in an”ion

i npl antgr; R84 TND BPRIEIBH idfRarits | fopdedappiigling th
i ons i?}rtggmtnha{e%’slij strg g 110 atélanletrlfgar gy’ of 2oqﬁzv%ﬂg ©

IMeV Qiifé?:"ti%hfbf%ﬁﬁ&ht% egivard 8 gdrdGeackN30yp80adopant s
such as arsenic or phosphorous fmay be enpl oyed. The

dopant concentration in the n-doped region 126, 126a
(Fi gy0e3A) Ahsthet dobant eplaatgivrovithirodopanbof k0fifst ronductivity
about 1 x 1018 atons per cnB, and is preferably within
the rangpeofvhixbofiot eSempliy prrposdsds p-pe, BoLbsageemily
per cnB. If desired, nmultiple inplants nay be used to
tail or domelustesfsd ghabp-type iondanedthplagiedrintiothe arpg #f the
The inplants form ng.retlzji on_ 126, 126a may al so b?
angl ed sulbstrate everftbe imgplanfedRglyPedesivs ]c%%r 6443, bp tgm a p-type
i nplants toward the gate stack_ 130, 130a. 039 .
Anot herpiaopdsurfagplayier 424 drdaif g#f‘an%pf&mpl%?ecgpl}l?‘io&"de 188,
conductj vit
188a (Vigure 4).

[0040] Subsequent to the formation of the photodiode 188, 188a, and using
the same patterned photoresist 167 as a mask, p-type ions are
implanted through openings 168 and into areas of the p-type epitaxial
layer 110a to form a first implant region 100 (or a blue stop implant
region 100), as illustrated in Figure 5. The first implant region 100
extends below surface 111 of the p-type epitaxial layer 110a, and is
located below at least a portion of the implanted n-type region 126.

The depth into the substrate 110 of upper margin 103, shown as depth
D1 (Figure 5), of the first implant region 100 is of about 0.5 to about 1
microns, more preferably of about 0.6 micron. The depth into the

substrate 110 of lower margin 104, shown as depth D2 (Figure 5), of the
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type, which for exenplary purposes is p-type, is
subsequently conducted so that p-type ions are
wo pbamt7ed i nto the area of the substrate overP€TES2006/018595
i mpl anted n-type region 126, 126a, to forma p-type
pi nned surface |ayer 124, 124a of the now conpl et ed
phot odi gde ,18 188a (Fi gur é0040 Subsequent to
the for tl’é‘lP ¥t teio 5@ ela@utl 6 to abgut 2 srigrans mpre
t he sane gb hotoreS|st 167 as a mask, p-type
i ons arEr PE liFroBpeni ngs 168 and into areas
of the p- type epltaX|aI | ayer HOa to forma first

100) - natf fhe Bectdmations eefont fo @ TEmienas be ek it P-
it axi BPIRe Rigdan Fge ﬂcgﬁivéﬁ%éfd&twgﬁﬁmeégﬁa%onto

"o ﬂ%géla%@?r%{"g @%ggfh ab BBfor EPiRfuo o dfign gt Bie'p-pe
0 B BN AT PRy o
about Oel%rgnggg LeV ARl @ 1?,“{835 F?_é’t*@?elﬂl?%:? aﬁo&ioo keV to

| ower marg shown as

thefir sghdutol BRly. M'eH Qﬁ{@l%\i%@db &f thRaut mg]%ﬁrf %ﬁ?iﬁ%}g% within

mcrons, nore prefera of about 1 mecr

first ifmel Afke beabot 1RA0EH abeE DX 108%td8s gePt‘fnPr Ifdesired,
Pi npl anted regi on formed by conducting a dopant

i npl ant slulgpletinplantsaniy Petiged to edifor the phofile dFQhefirsiimplant
indium into area of the p-type epitaxial |ayer HQOa.

The i onreighqm 200 &t therhorbsoritel aaehderticalddiaéctiomsenanagdiddn, the
50 keV to about 5 MeV, nore preferably of about 100
keV to iaumpl@nt or tevmnultieleiinylamts fdosing thetfivst frhpkint region 100
i npl ant ion 100 is within

may e angled or used in connection with at least one angled implant.

[0042] Subsequent to the formation of the first implant region 100, and
preferably using the same patterned photoresist 167, p-type ions are
implanted through opening 168a and into the p-type epitaxial layer
110a to form a second implant region 100a (or a green stop implant
region 100a), as illustrated in Figure 5. The second implant region 100
extends below surface 111 of the p-type epitaxial layer 110a, and is
located below at least a portion of the implanted n-type region 126a.
The depth into the substrate 110 of upper margin 103a, shown as depth
D1 (Figure 5), of the second implant region 100a is of about 1.5 to about
2.5 microns, more preferably of about 1.9 microns. The depth into the
substrate 110 of lower margin 104a, shown as depth D2. (Figure 5), of
the second implant region 100a is of about 2 to about 4 microns, more

preferably of about 2.5 microns.
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t he range of about 5 x 1016 to about 5 x 1017 atons
per cnB. If desired, nmultiple inplants nay be used to
W 200b02470he profile of the first inplant regi oPCT/OS20061018595
the horizontal and vertical directions. In addition,
the inplant or the nultiple inplants formng the first
i mpl ant _regi on 100 may be angl ed or_used in connection

e or et o &1 L he gt TELant £ o8t o o0 o
D vee o0 3 ooy EoLa: 0. o obeh nepne Lot
into t hdMPIEsRrteRs 1omg stich apRaToney Tndiumsy inte ateaceithe p-type
10bay. SETAALa5eE 40F] Fhs ppfbtelost i B desmod iptant region
et i AR08 B WRRRAERGe o SbBRED 5t ahoti S ealfatams per
nto  nsttu B el BRED R Ry Phiesaftosnli fEbrone of
1008 1 o 7 sl Fyptant Keio FotSh St 7 s8Rt B hBoonta

or o o b bR bofech BB TP ISR LR o
(F1 0070t ool pIaRE AR Tl 00T 1003542 lonnecton
(Frour e 2 noy by EF o PRIl anted regi on for med

by conducting a dopant inplantation to inplant p-type

i ons, [G04dh Sabsdpieoit tothd fodiriamon ofithe de€dhdimblaeit Pedi¥RE00a
epitaxi al layer 110a. The inplant dose in the second

i npl ant sheyndn Figaee 5, shephitemednshotangistdib? abesthobedby

1016 ‘to about 5 x 1017 atoms per cnB. |f desired,

mul ti pl eonvgsitionad tecdwpnidueesysach aspoxygenoplasing fpr exathpleofThe
remaining devices of the four-transistor (4T) pixel cell 300, 300a,
including the source follower transistor 136, 136a and row select
transistor 138, 138a shown in Figure 1 as associated with respective
gates and source/drain regions on either sides of the gates, are formed

by well-known methods. The resulting structure is depicted in Figure

6.

[0045] Although the embodiment above has been described with
reference to the formation of the first implant region 100, employing a
first resist mask, followed by the formation of the second implant
region 100a employing the same first resist mask, the invention is not
limited to this embodiment. Accordingly, the invention also
contemplates the formation of the second implant region 100a first,

followed by the subsequent formation of the first implant region 100,
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the second inplant region 100a in both the vertical or
hori zontal direction. In addition, the inplant or the

woriositpd7el | npl ants form ng the second i npl ant PEQUSW06/018595

100a nay be angled or used in connection with at |east
one angled inplant. [0044] Subsequent to the formation

f the second inplant region 100a shown in Figure 5

? he pat @IEP%%HBHE £ GRS @‘?dlgfgwntgna@%dacadﬁ}tmn, the invention also
conventi onal techni ques, such a CR( gen pl asma for

exanpl eConterRnlategiembRAimante Bswaich He impplant regiens ey be at
4T ixel cel) 300, 3Q0a, including_the source .

§o| I)oIOI aﬁtrpa"‘l%]iaé‘tyo‘igni@%,snﬁ nﬁﬂ‘ésl}’oﬁ/%a}eéc e invention also
transistor 13 138a shown.in Figyre 1 as, assogi ated

i oh 1 oilemiblate Bithodifhes iy whidh GrerintolgReraeions are first

ei ther gides .of ,the tes re rmed by wel |l - known,

bt nosOrRe iRt B Folkfied By The spbeditent Eophalipmuof the
6. [004 h h t odi.nent above has been .
Geseri eabrehe OF B8 B PE e PRE Sk eSrenBploying the

i npl ant LOR: ying a first resist mask,
foll omes(?g’ﬁ%bfﬁé& opﬁa | 2)(% of the second inplant region
100a enpl oying the sanme first resist nmask, the

| nvenbbes Igf p@@(zidihgitﬁ@ ?atgﬁe ?ﬂéﬁnﬁﬁ?gﬁ%{%{;ﬁe S1O(t) Ilqaglow the n-type

Accordi ngl the i1 nvent al so c

for mat i @BicdH 12d16f PREIIHoHEMERBE a Ti@@;ﬁ?&eﬂs@géof :&JlP{for example, a
foll owed by the subsequent formation of the firs

i npl antblue gixel Y, LMPEDYE Hee %)h?pé CE irﬁ‘j?fah@i' bn 100a below
masks. In addition, the invention also contenpl at es

enbodi rtatstyipe wyich 126eof phbtediodetsanst a@acohd pitkel sensor cell
| east partially formed sinmultaneously. Further, the

i nvent i(6or edasopbo atgreph phed celb)h ooliomseparationwifithé phbeodiodes

i npl ant regions are first
corresponding to individual pixel sensor cells is improved and cross-
talk between adjacent pixel sensor cells is reduced. Color separated
photodiodes allow, in turn, to use thinner color filter array (CFA)
(which is typically placed in front of the pixels so that each pixel

measures the light of the color of its associated filter) and increase the

light transmission by the CFA.

[0047] Figures 7-9 illustrate yet another embodiment according to which
isolation region 200 (Figure 9) (or anti-blooming isolation region 200) is
formed in the substrate and optionally below the multiple implant
regions 100, 100a, to further reduce cross-talk between adjacent pixels
and to decrease blooming. In a preferred embodiment, the isolation
region 200 has a conductivity type which is different from the
conductivity type of the multiple implant regions 100, 100a (Figure 6).

Thus, in an exemplary embodiment of the present invention, the
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formed in the substrate, followed by the subsequent

formation of the elenents of the gate and/or
Web@bosensor structures, enploying the same orPCT/US2006/018595

different masks. [0046] By providing the p-type first

i npl ant region 100 bel ow the n-type region 126 of

Exarpl el eBariatd fdpred fo gty e condugitiporresponding
1264 of {Ogﬁ"&s‘?‘%‘]eﬁﬁﬁ"@g%%%gﬁsgfd&??’?@mﬁgﬁ?éﬁ%ggeﬁgg'ft%@r-| f
(for exanple, a green pixel ce , color separation o
sensol CiSf pEHBRefThe g@@@@@gggpggog@%nu@%ogq:@ggg with reference
. : . . c ‘

e e T

j : £ .
Front or fledghint Seiind 160, 1004 3 W Blon oGt o this
l'i ght OémbB&iﬁ&ﬁn@éoﬂtEﬁﬁééQ@ﬁ%‘g&ﬁ;}%ﬁd&g{ ?ftegggl%ion region 200

nt

i ncrease the |1 ght transmssion

Fi gur eswithdut Heusial@pie iﬁﬁﬂaﬁﬂ‘égi&{s IR dp4e

accordi ng to which isolation ré&gion 200 (Figure 9) (or
anti-bloom ng isolation region 200) is fornmed in the

subst[084%] Eislisopitiooneiion 26d tiistaeedri Figilre 8ifRY) 8RN the form
regions 100, 100a, to further reduce cross-talk

bet weerofadjtaiperdikepngrid-lkedniplantd @gin bhdenkanatepikel rows
preferred enbodi nent, the isolation region 200 has a
conductwherethepixelsif tie icw diaf e cfoe eikafipden dltegnating blue and
conductivity type of the nultiple inplant regions 100, .
100a ( F8rgem @D&‘is, Tiheiisolatioraregicm A0 anay kerfrodiarkby cofiducting a
the pr sient i.nvention, theisolation region 200 is

for ms'de‘? anket implypfationvith @ denantes the seeond enndustivity type,

[ j ions 100, 100a of p-type | .
mul plv%bicgglpla Q)t(erﬁgpalr? rI]:ourposes is n-type, toplm%/)f)an’c ions in the area of

conduct’
the substrate directly above the base substrate 110b of Figure 7 and to
form the anti-blooming isolation region 200, as illustrated in Figure 8.
N-type dopants such as arsenic, antimony, or phosphorous may be
blanket implanted into the substrate 110. The dopant concentration in
the n-type anti-blooming isolation region 200 is within the range of
about 1 x 10% to about 1 x 10'® atoms per cm?, and is preferably within
the range of about 3 x 10%to about 3 x 10" atoms per cm®. If desired,
multiple implants may be used to tailor the profile of the anti-blooming

isolation region 200. The thickness T (Figure 8) of the isolation region

200 is of about 0.5 to 2 microns, more preferably of about 0.75 microns.

[0050] In a preferred embodiment, the anti-blooming isolation region 200
may be connected to Vaa (positive power supply) outside the imager

array, via, for example, N well and N+ diffusions, to bias the anti-

17



[0048] Although the enbodi nent below will be described
with reference to the formation of the isol ation

w0 e@ood7200 i n connection with the nultiple i NPCENS2006/018595

regions 100, 100a, the invention is not linmted to
thi s enbodi nent and contenpl ates the formation of the

' ogi ons Diestegata lgaémééﬁg%%fﬁ’gtn@%ﬁ? gfﬁhf @E?gﬁ?ef»&@ allow it to
[ in Fi orm.of a
Stripe. PHRD %?flfsglﬁ@%?fﬁméaﬁﬁéagﬁﬁ‘#@an}lﬁg B
alternate pixel rows where the pixels o e row have,

' ixels..The. .
o S S AR S i e
bl anket melllaéféﬁEh%\';\l%]f}ﬂg% %}L?e dop g%e]ngéhétggerf‘s%?sofb%%ed as blue

conduct i vi'ty type, or ex y pur poses

n-type, ,48 gg‘g@g{ ?ﬁétoid?&fesi 138! maaéﬁq fgfgh% ?ﬁ@g;@e Er%igﬁa 100,

directly a e base substrafe

to for i ' j i .
1ot T B e e O e AR R & r o 500, are

ar seni cforafdd BP e steps BEREHREATBoTe Y iB8sRhRAKAL conjunction
implanted into the substrate 110. The dopant

concent wath Bigurds 2-6e n-type anti-bl oomi ng isol ation

region 200 is within the range of about 1 x 1015 to

about 1 x 1018 atons per cnB, and is preferably within

t he rEKAG2] The phiype itplartiGegions 1860100adoxatd@ hdjareanand below

per cnB. If desired, nmultiple inplants may be used to

tailor theen-pypss tegionl 26, Ha6zrmnid- thieaotyipregarntsblmin og isolation

region 200. The thickness T (Figure 8) of the

i sol at i ¥BioRHGlecatrdl helowrthe poiypertep tmplantiregioms, 100, 100a act,

nore preferably of ahout Q.75 mcrons. [0050] In_ a

pr ef er r&f Ee%%&g‘i"ﬁ%ﬁfl?ert e %?thﬁ%’@ﬁ@tﬁé[h%kﬂ}ﬁtmdhe n-doped

, e )

oo P R 106, T2 SNEEEE-p Photodisdss™ sk, s Witen light
radiation in the form of photons strikes the photosite regions 126, 126a,
photo-energy is converted to electrons which are stored in the n-doped
region 126, 126a. The absorption of light creates electron-hole pairs.
For the case of an n-doped photosite in a p-well or a p-type epitaxial
layer, it is the electrons that are stored. For the case of a p-doped
photosite in an n-well, it is the holes that are stored. Thus, in the
exemplary embodiment described above having n-channel devices
formed in the p-type epitaxial layer 110a, the carriers stored in the n-
doped photosite region 126, 126a are electrons. The p-type implant
regions 100, 100a of the blue and green pixels and the n-type anti-
blooming isolation region 200 located below these implanted regions

act as stop regions that reduce carrier loss to the substrate 110, by

forming a concentration gradient that modifies the silicon potential and
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array, via, for exanple, Nwell and N+ diffusions, to

bi as the anti bl oom ng isolation region 200 positively
w@nas/1241er efore, to allow it to drain excess cP@r/ys2006/018595

during anti-bl oom ng operation. [0051] Subsequent to

the formation of the anti-bloomng isolation region

il -
s, SO0R % o MG B S0 5 iy cn
conj un ﬁ%@ﬁ%ﬁﬁ%ﬂfi’%&g PdE% 8@8"*5“6@ E}Lﬁ%ﬁ%é {Q%iébloommg

e oGR8 200 MRS G B A Ao K- bRk B or

ant! - ol SATLPA thak Bl Belod0liofh & 0l RAE AhREY ot Photosite

p-type I nplant” regrons 1 a act,

refl ecé_'g%@algal%,i ﬂéat@fgb%%yégapg,ﬁner ated by light in

the n- regi ons 6a o he p-n-p phot odi odes
188, 188a. When light radiation in the form of photons

stri Pf@@sér] hene ?&haﬁﬁhg de&itied B8 tHe2Bixel 2 or PEIDBOO, 8084 dicluding
is converted to el ectrons which are stored in the

n- dopedhk eeke® Brahdfitor] Be@souee falhsweptransistol anhdgbtv select
creates electron-hole pairs. For the case of an

n- dopedrafedtes shewnrinFigumel s assoaiaped with wppedtiviegates and

| ayer, it is the electrons that are stored. For the

case ofsoarge/defindegionisasi dithersides of-theghiesj areiadsqt feemed by

hol es that are stored. Thus, in the exenplary

enbodi neall-kaesor ifeddodb olentertionpl pre¢essing] stepamag e also

formed in the p-type epitaxial |ayer 110a, the _

car ri eremplayeddoifarmimenirpspard PSSP ICENPEFi gate fipes and other

126a are electrons., The p-ty I opl ant regi gns, 100,

1008 ofcarmecHPREIT it RiNEGH IAUREH W2 PreaTp gy emtire surface

anti bl '

nt! orgg]y %% covered with a passivation layer of, e.g., silicon dioxide, BSG,

PSG, or BPSG, which is CMP planarized and etched to provide contact
holes, which are then metallized to provide contacts to the reset gate,
transfer gate and other pixel gate structures, as needed. Conventional
multiple layers of conductors and insulators to other circuit structures

may also be used to interconnect the structures of the pixel sensor cell.

[0054] A typical processor based system 600, which has a connected
CMOS imager 642 having pixel arrays constructed according to the
invention is illustrated in Figure 10. A processor based system is
exemplary of a system having digital circuits which could include
CMOS image sensors. Without being limi’éing, such a system could
include a computer system, camera system, scanner, machine vision,

vehicle navigation, video phone, surveillance system, auto focus
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i solation region 200 | ocated bel ow these inplanted
regions act as stop regions that reduce carrier |oss

wa o00bhai78ubst rate 110, by form ng a concent r at PONUS2006/018595
gradient that nodifies the silicon potential andserves
to reflect electrons back towards the n-doped

Cr oss- t ST RCBRPREHohey ST IS o klegi st Brmeptabilization
ant bl bRt ek Bage pgeiie oy Gt ol hichsapgiize the
stray ?k)?&%ﬁ?ﬁﬁfegl%ﬁr ated or available in the bulk

bel ow i and carries them away from photosite regions
126, 126a to the power supply. [0053] The renai ning

devi t - e (.ncl udi n
the r GRS0] A pocRshE baSER S fPactrars SR ity Mample
q . L '
Aes0ci apes oY <ORBINES en b Ml U (P64, for example, a

regi onSpRRroPrbBBE0S KRR MR8 W th A i?\g"si‘xlt/%%t 121‘{ g@ device

by well-known net hods. Convent i onal processin

may be eé4&G6ovarbayesh. t Thé CMODS mfag@fsénﬁﬁ%zmauéd‘&nﬁ&qnicates
connect gate |lines and other connéctions in the pixe

cel | 30@ith3beaystent oexelbid 652. Tite edthpltersytieat 000 Recludes
covered with a passivation |layer of, e.g., silicon

di oxi derar8@ a&$es nemERSBAM)i6EB, dred, Gvthe tarasfiazZ@nputer

and etched to provide contact holes, which are then

net al | i ssternangy ovdlede periphetad devicehsucteaet flgpbe,disk drive 654,

transfer gate and other [i)i xel gqt e structures, as

needed. awha verpasheiskrGllR)i OM fltiye 656 of adtastiunemosy amdl 657

i nsul ators tci other circuit structures nay also be

used t oVhifheRlee RerERURIGatesy D KR 644 over Hie Rriscei2. 1t may also

sensor cell .. 054) A typi.cal processor based system

500, wHiCRe DI Ky bl e RHoRe 508 G54, @M s dpensor 642

Pixel Al ¥RntOydds it SUrRASRE & 10 the

[0056] Although the above embodiments have been described with

reference to the formation of photosensors as p-n-p photodiodes of
adjacent blue and green pixel cells, such as the p-n-p photodiode as
photosensor 188, 188a (Figures 6 and 9) having n-type charge collection
regions 126, 126a formed adjacent and above p-type stop implant
regions 100, 100a, it must be understood that the invention is not
limited to the described embodiments. Accordingly, the invention has
equal applicability to other photosensors including photogates,
photoconductors, photoconversion and other photosensors as well as
n-p-n photodiode photosensors comprising comprising p-type charge
collection regions formed adjacent n-type stop implant regions. Of

course, the dopant and conductivity type of all structures will change

20



invention is illustrated in Figure 10. A processor
based systemis exenplary of a system having digital

W@ 200624781 whi ch coul d i ncl ude CMOS i mage sensoPGT/US2006/018595
Wthout being limting, such a systemcould include a
conputer system canera system scanner, machine

Syt erpessg Ly BR apotgeOd R B PR oot
o1 ocos Ermieby AT e B RS b Rp o iR Ave been
Pt o ncleh S HSve TRl RSB0 pRE 0P B Thvention

conpri ses .a cent . ' i . 644, f
exanpl @fsoff‘a}ﬁ a@p&{gﬁ%@&ﬁ%ﬁ%'{)ﬂ&ﬁ@%ﬁ%@%ﬁ es Wi tgr an
i nput/output (1/0O device 646 over a bus 652. The CMOS

| 0SB IR AR ARE af ABTE IS/ A1 NEE B HeirRiatB has been

over %us e conputer system so I ncl udes

randomceass] IBiIeYereRAMo @48or@Rfoniof ohieos@astiPlodming
conputer system nmay 1 nclude peripheral devices such as

a fl oppYyidi [ i &B)th
G\ A o o Spht s Mg

comMmuniceAb&ioM fdEisAdbigifotevaisitivicelonfensaf adjhcerdpixdl sensor
be desirable to 1ntegrate the processor 654, CMOS

i mage seNnsahe bdveriiveh diBsrontefidBaten the formgtiorl & ahiydtitude of
[ 0056] Al though the above enbodi nents have been

descr i badhwiripe implnenagoholdchted wndetvariowsf pixel rows on the
phot osensors as p-n-p photodi odes of adjacent bl ue and
green pistraiee Musthesualthaugh the ipvenionhes baewdescibed above
phot osensor 188, 188a (Figures 6 and havi ng n-type

9) , :
char ge with refer¢nse tp @dranséerigage oizééarfsé@rrﬁéw%ﬁpae@me%twn for
and above _p-tfype stop i npl ant . .
use in a our-transmtorn(ET) pixel cell, the invention also has
applicability to a five-transistor (5T) pixel cell, a six-transistor (6T) pixel

cell, or a three-transistor (3T) cell, among others.

[0058] The above description and drawings are only to be considered
illustrative of exemplary embodiments, which achieve the features and
advantages of the invention. Modification and substitutions to specific
process conditions and structures can be made without departing from
the spirit and scope of the invention. Accordingly, the invention is not
to be considered as being limited by the foregoing description and

drawings, but is only limited by the scope of the appended claims.
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regi ons 100, 100a, it nust be understood that the

invention is not limted to the described enbodi nents.
woeweonzizngl y, the invention has equal appli cabPd¢T/U§200€018595

ot her phot osensors includi ng phot ogat es,

phot oconduct ors, phot oconversi on and ot her

phot osensors as well as ns -ﬂ%ﬁhotodiode phot osensors

conpri sing conpri sing p-Rgg% arge collection regions

formed adjacent n-type stop inplant regions. O

COU{ARSL+ . n Lvity type aof all
st r At rl‘LéEl%\l/\l/;3 ?ﬁ%@ E’%g{'}é ?8%3%1 tﬁ be \ﬁw%ﬁte@ﬁ@r ﬁggwssfP&tent of the
: zarresponding to a PMOS transi stor. Further,
UmtEdg?(%%gE%h the enbodi ments of the present invention have
been descri bed above with reference to a p-n-p
Phet odiOEhea oih B €l Aee Bl i B 0 has applicability to
n-p or p-n%hgto |06g651%‘%F18 ] I'n addition and as
noted above, although the invention has been described
distbstratpef erfirst condusivigr tymej on of only one
anti-bl oom ng region 200 running bel ow the stop
siT6e89bLmed oecceichantpsertors Byrasshov g el subrisds,
SCIRFOL 3 Ef)L PV s8 ’
s, the invention also contenplates the formation

reinective desions efa secand epndusbivitiittypedoons | ocat ed
Furt her,

nder yarious pixel .rows on, fhe substrate.
accumifif iRt Soroninsting Reasdislien esordtbeqvandensi t
thghggﬁ&rence to a transfer gate of a transfer transistor
tonnection for use in a four-transistor (4T) pixe
cell, the invention also has applicability to a
j r j ) R . a3l x-transi.stor (6T)
didge AP bod NGB FLuiGRL bty B SRRREHET
e £ [ ngs. are
P e e e og 11 Gepra oL SEreds, dE UGS

of said ffS1QAINERAbA] dWPedtegMsBéthd Bt HERLEA LI G rom

another of said first and second doped regions.

each h%fgll’lg

2. The imaging device of claim 1 further comprising an
implanted region of said second conductivity type located
.below said first and second doped regions.
3. The imaging device of claim 2, wherein said implanted
region has a thickness of about 0.5 to about 2 microns.
4. The imaging device of claim 3, wherein said implanted

region has a thickness of about 0.75 microns.
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advant ages of the invention. Modification and
substitutions to specific process conditions and

W@ 2006a2419ES can be made w t hout departing fronP€TES2006/018595
spirit and scope of the invention. Accordingly, the
invention is not to be considered as being limted by

the faregoi ng descriptiyo i s only
|« B B ERaR 0o 2 R AR ruBlietd Vs
What is clainmed as new and desired to be protected by

Let t efegidipisasléctitally eotdcted tcSh sérasinabforkecdnirigmgi ng
devi ce,” conprising: a substrate of a first

conductivity type; at least first and second
phot oBHEeVeliage.ned over said substrate, each having
respective regions of a second conductivity type for

acgu afel | 1 ent
R A e L
and second doped regions of said first conductivity
type tepiomistorceddyianrepitsxialdnyer ofrsaid anbstsateche
phot osensors, at |east one of said first and second

of " sarort pere R Rihmiebld i ARBERE TR OF

device of claim1l further conprising an inplanted
r egi oippér swifacesefwaidlepimdalinyei by abype? tochoed . bel ow
said first and second doped regions. 3. The inaging
device ,of claim2, wherein said inplanted region has a
t hi ckHES®USf about 0.5 to about 2 microns. 4. The
i magi ng device of claim3, wherein said inplanted

7. The imaging device of claim 1, wherein said first

photosensor and associated first doped region are arranged
to receive a blue wavelength of light, and wherein said
second photosensor and associated second doped region are
arranged to receive a green wavelength of light.

8. The imaging device of claim 1, wherein said first and second
photosensors collect charges for blue and green
wavelengths, respectively.

9. The imaging device of claim 1, wherein said first and second
doped region are provided in an epitaxial layer of said
substrate.

10. The imaging device of claim 9, wherein an upper margin of

said first doped region extends below an upper surface of

23



region has a thickness of about 0.75 mcrons.5. The
i magi ng device of claim2, wherein said inplanted
WO e@bom7ds el ectrically connected to a ternm naPCT/U82006/018595

receiving a source voltage. 6. The imagi ng devi ce of
claim2, wherein said inplanted region is fornmed in an

epi taxi.gl l.ayer,.of said.sulstrate, the upper margin of

sai d f"ﬂale?ﬁ LlaysrdR ae&@éﬁﬂphbog%h’%%%mb@ﬂ]surf ace

of said epitaxial l[ayer by about 2 to about 3 mcrons.

7. Thinibrdhg] Med 9Evered Plovediaid lii*rst‘(’)%kg{ﬁ 13_. Gihd first

phot osensor and associated first d on are
arranged to receive a blue wavel ength of Iight, and
wher ef¥ieBds Belos: said wpraresefaseof aail episodaldager ©exond
doped region are arranged to receive a green

wavel [ [ i.hng device of claiml,
wher elgér%gfslgi%ﬁtbroggbgﬁge'ggggkaﬂgg6’9%5%1?153ors col | ect
charges for blue and green wavel engths, respectively.
911.ThEh¢ imaging devite of dbim %iwheteinreapper sairgind off st
and second doped region are provided in an epitaxial

| ayer of said,substrate. 10. The i nmagi ng devi ce of
ci i 184 st ABEA kiR s T oW Pt suacs e
regi on extends bel ow an upper surface ofsaid epitaxial

| ayersalid epithidat layderd b okt abem ofhbouk 9, PP ouk 2.5

m crons, and wherein a |lower said first doped region

ext ends bel ow sai d upper surface of_ said epitaxial
| ay er™igo8s, and Wherequa lower said first doped regfon

extends below said upper surface of said epitaxial layer to a
second depth of about 2 to about 4 microns.

12. The imaging device of claim 9, wherein said epitaxial layer
has a thickness of about 2 to about 12 microns.

13. The imaging device of claim 1, wherein said first doped
region has a dopant concentration of about 5 x 10%to about 5
x 10¥ atoms per cm?®.

14. The imaging device of claim 1, wherein said second doped
region has a dopant concentration of about 5 x 10 to about 5
x 10Y atoms per cm?.

15.  The imaging device of claim 1, wherein said photosensor is a

photodiode.
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second depth of about 0.6 to about 2 mcrons. 11. The
i magi ng device of claim9, wherein an upper margin of

w@ aiod/135eond doped regi on extends bel ow an uppRCT/US2006/018595

surface of said epitaxial layer to a first depth of
about 1.5 to about 2.5 mcrons, and wherein a | ower
said first doped region extends bel ow said upper

sliof abke nagiagdleyite ebdlaim 15ywhereingakbpbatbdiede is of
about 2 to about 4 mcrons. 12. The imagi ng devi-ce of

cl ai naﬁln_ﬁﬁhqgo%ég@aé@i_ d epitaxial layer has a thickness

of abodut 12 mcrons. 13. The inmagi ng device
of claim1l, wherein said first doped region has a
doparThenagingrdaviaofaflaiab®bt whexeihGitil photdeliadle & x
1017 atons per cnB. 14. The inmagi ng device of claiml,
wherei n sai d,second, doped regi on has a dopant
conceﬁ%?ﬁ%‘pd’rhcg?&é’glﬁut 5 x 1016 to about 5 x 1017
atons per cnB. 15. The imagi ng device of claiml,

WIS ETHRe ﬁﬁagggmav@&eémm $, WHeREhoRi®dfadthg dBECe

i magi ng dev of claim 15, wherein said photodiode is
a p-n-p photodiode. 17. The inmagi ng device of claim
15, vie? BMOSdM@gehot odi ode is an n-p-n phot odi ode.
18. The imagi ng device of claim1, wherein said

I ARl : k LS er. 19. An inmagi ng

G ﬂﬂlcoﬁgﬁfglbﬁl&é, SMFridigy

devi ce,

a substrate of a first conductivity type;

a first photosensor comprising a first charge collection region of a
second conductivity type provided in said substrate, for sensing a first

color wavelength;

a second photosensor comprising a second charge collection region
of said second conductivity type provided in said substrate, for sensing a

second color wavelength;

a first doped region of said first conductivity type extending below

at least a portion of said first charge collection region;

a second doped region of said first conductivity type extending

below at least a portion of said second charge collection region; and

an implanted region of said second conductivity type extending

below said first and second doped regions.

20. The imaging device of claim 19, wherein said first charge

collection region and associated first doped region are
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a substrate of a first conductivity type; a first
phot osensor conprising a first charge collection
wo e@vom7of a second conductivity type provi dedPCHUSHDE018595
substrate, for sensing a first color wavel ength; a
second phot osensor conprising a second charge

coll ection i on, of id second, candyctivity type
provi a%angﬁé E%F%ekvf&gﬁ'ﬁt%?v?ﬁ%?g@éﬁgﬁﬂ@ and yehpT8itt ol or
wavel ength;- a first doped region of said first _
condugdid\setond ¥iRere8%bREGH IR fbiPh@hsd RBREIRBGRA | ON

of said first charge collection region; a second doped
region of said first conductivity type extending bel ow
at | edeped 1¢gion psmaanged tp mseivie glieangeavelehgth obn
region; and an inplanted region of said second
condugé%yity type extendi ng bel ow said first and

secon oped regions. 20. The imaging device of claim
19, wherein said first charge collection region and

a8bocThe sdagingsdeviopeitlaieyRowhewht saddadt thargecei ve a
bl ue wavel ength of |ight, and wherein said second

charge,gcol.l ecti.on reqi nd associ at ed second, doped
r egi 0?101%9 oﬂrr?%ﬁ%‘ee&%q'ﬁ%ﬁ’é’i%‘iv\?@ ‘ép@?resé’l’fg\ﬁﬁ\ﬂglsé th of
light. 21. The inmagi ng device of claim 20, wherein

‘sai d dubissitate fod deptodd €t 01 tordiowt 08 deRdnsbel ow an
upper surface of said substrate to a depth of about

P TR ARBE A LR 51, RSO IhBL EheAg: oI on
ext ends bel ow sai d upper surface of said
collection region extends below said upper surface of said
substrate to a depth of about 0.6 microns.

23. The imaging device of claim 20, wherein said second charge
collection region extends below an upper surface of said
substrate to a depth of about 1.5 to about 2.5 microns.

24. The imaging device of claim 23, wherein said second charge
collection region extends below said upper surface of said
substrate to a depth of about 1.9 microns.

25. The imaging device of claim 19, wherein said implanted
region has a thickness of about 0.5 to about 2 microns.

26.  The imaging device of claim 25, wherein said implanted

region has a thickness of about 0.75 microns.
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substrate to a depth of about 0.6 mi crons. 23. The

i magi ng device of claim 20, wherein said second charge
w@oiobaezt7don regi on extends bel ow an upper surfBCEUS$006/018595

said substrate to a depth of about 1.5 to about 2.5

mcrons. 24. The inmaging device of claim23, wherein

sai d second charge col ect on regj on extends bel ow

sal.d Tkm@nagng Ci"ﬁ %Gf}%‘i’r Hf@ladnﬁ‘gb%t h of

about 1.9 m crons 25 The i magi ng device of claim19,

wher ej gdes €9i on has a thickness of about
0.5 t%&é ot Mrrq)%?gnge 26. The imaging device of

claim25, wherein said inplanted region has a
t p8.ckAndmagpr edwopristhgZ5 m crons. 27. The i magi ng devi ce
of claim19, wherein said inmaging device is a CM3XS

e pr ) B oo o BB RO R an”

array of pixel sensor cells fornmed in said epitaxial

l a G Hay 3? %ngl %%ﬁ@ff c%ggpcgﬂmc‘é&& & gﬁﬁﬁha‘?[‘%eﬁt i @f

ueé and green pixe conprrsing: a

array chlnf%ﬁ I{Fé %(t l%gstfd eHoviB al?éarﬁaﬁﬂgmﬁ% 28& é’éﬁ'gf x@lgred in

a er for senstng respectiv bl Ue and
n col or mavelengths a plurality of first and
n1r1 . , . -
comp ?ﬁnd stop inplant regions of said first conductivity
type provi ded bel ow respective first and second

phot og Eﬁﬁﬁlﬁy of fitdl ahidrsetorah phetsensbrs fommednh aaitl
regi ons havi'ng
epitaxial layer for sensing respective blue and green color

wavelengths;

a plurality of first and second stop implant regions of said
first conductivity type provided below respective first and second
photosensors, said first and second stop implant regions having
substantially different depths in said substrate and being displaced

laterally from each other;

an implanted region of a second conductivity type located

below said plurality of first and second stop implant region; and

a circuit electrically connected to receive and process output

signals from said array.

29. The imager of claim 28, wherein said photosensor is a

photodiode.
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substantially different depths in said substrate and
bei ng di splaced laterally fromeach other; an

wo pbamt7ed regi on of a second conductivity typRCT/OSRDES595
bel ow said plurality of first and second stop inplant
region; and a circuit electrically connected to

r egei and pro S tput signals from.said aryay.
o e tidRr O FRinalt Psr Al S re it sl sor
i s a photodiode.30. The imger of claim28, wherein an

upper fiststeys emplarstaegior éx&énds belownan appef SHAR of

ext ends bel ow an upper surface of said epitaxial |ayer

to a first deptlfi of abouyt 0.5 to about 1 mcrons, and
8

wher ePRidLnits] layerrtaetivst depthiof abasit 0% epaborg lant

regi on extends bel ow said upper surface of said

epi t axh; a . f, to
about Hélarﬁr{cs f %ﬁg w}gef@l nsrﬁ E&{}%&%@?&%f&g Fg?frinf% §?0p6\;\h erein
an upper surface of said second stop inplant region
ext enéfopheitsegian axdereds lselofvasaid uppsnsarfers dbsdidl | ayer
to a first depth of about 1.5 to about 2.5 m crons,

and PN rface of .said cond staqp
R A b R
said epitaxial layer to a second depth of about 2 to
about microngr ons. 32. The imager of claim 28, wherein
sai d epitaxial layer has a thickness of about 2 to
alg?.u t Tlllg h@aé&? Ofclaim 28, wherein an upper surface of said
second stop implant region extends below an upper surface
of said epitaxial layer to a first depth of about 1.5 to about
2.5 microns, and wherein a lower surface of said second stop
implant region extends below said upper surface of said
epitaxial layer to a second depth of about 2 to about 4
microns.
32. The imager of claim 28, wherein said epitaxial layer has a
thickness of about 2 to about 12 microns.
33. The imager of claim 28, wherein said first stop implant

region has a dopant concentration of about 5 x 10%to about 5

x 10" atoms per cm?.
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33. The imager of claim28, wherein said first stop

i npl ant regi on has a dopant concentration of about 5 X
waemwé/1240ebout 5 x 1017 atons per cnB.34. The PCEYS000618595

claim 28, wherein said second stop inplant regi on has

a dopant concentration of about 5 x 1016 to about 5 x

1Q17 ons per . . The imgger of claim 28,

vv%ér eﬁ‘ eé%‘iageb?ﬁi\‘ggl@ §§ wherein pailsegond siapdanplest |, a

4T pixel cell or a 5T pixel cell. 36. An inmager system

CONPr y&diBf hak h)d%)al?i"t Eﬁ?&i@faﬁoﬁ"tﬁ abbld g@@ldl%%'b%gt 5.

devi ce toupl ed to said processor, said inmaging device

conprising: a plurality of gate stacks fornmed over a

subst kd0B atdmaper ewf. conductivity type; a plurality of

phot osensitive regions of a second conductivity type

e TN R

plurality of doped regions of said first conductivity
type pideireel], iadt pixdl selbst 4 BT pirsld¢elel ow and in contact
with each of the plurality of photosensitive regions,
ag Iega, one of said plurality of doped regions having
238 f D BAEEY SBRAYY SURPHANGj acent doped regi on. 37.

The system of claim 36, further conprising an

ﬁi)’r@bame@golﬁgﬁaon of said second conductivity type
ocat ed bel ow said plurality of doped regions.38. The

system of claim 37, wherein said inplanted region has
@) an imaging device coupled to said processor, said imaging

device comprising:

a plurality of gate stacks formed over a substrate of a first

conductivity type;

a plurality of photosensitive regions of a second conductivity type
formed in said substrate for receiving photocharges corresponding to a

particular wavelength; and

a plurality of doped regions of said first conductivity type formed
in said substrate and below and in contact with each of the plurality of
photosensitive regions, at least one of said plurality of doped regions

having a different depth from an adjacent doped region.

37. 'The system of claim 36, further comprising an implanted
region of said second conductivity type located below said

plurality of doped regions.
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t hi ckness of about 0.75 m crons. 39. The system of

claim 36, wherein at | east one of said doped regions
whamea4fopant concentrati on of about 5 x 1016 POI/ERIMOE/018595

5 x 1017 atoms per cnB. 40. The system of clai m 36,

wherein at | east one of said doped regions has a

dgpant, concentration of about 5 x 1016 to about 5 X
18%-7 ihe SESSBY 0*‘2‘#81.111 21, W%ﬁ@lg yaiddmplantadategiaphas a
wherein said plurality of photosensitive regions

cor r egperske %f%bg%yﬁ.%irﬁi%rcﬁ{s.phm odi odes. 42. The

systemof claim erein said imager is a CMOS

i mager. 43. A nmethod of forning photosensors for an

i Belgi Whe dpstemeof daind 3hewherkic atteassomeof ded stoped of :
formng at least first and second photosensors having

respegti.ve charge coll ection,.reqi.opns i.rs
conauiaeiRs §AS ABrRRt o teknBRraT B AB3nEd alokits abeut
having a second conductivity type; and form ng at

| east 5kil0%tatemd peeeaifl doped regi ons of said second

conductivity type bel ow respective first and second
charge, col |l ecti regions, said first and second doped
B S Bt o mibn SacWhbroRR pblerstrn pLsa domrd
substrate. 44. The nethod of claim43, further

CONDI itk A&y AUBPadicdriBhAatisd of §8La¢5 Rf1088b dhbi St
conductivity type below said first and second doped
regi ons.

5 x 10" atoms per cm?,

41. The system of claim 36, wherein said plurality of
photosensitive regions correspond to a plurality of
photodiodes.

42. The system of claim 36, wherein said imager is a CMOS
imager.

43. A method of forming photosensors for an imaging device,
said method comprising the steps of:

forming at least first and second photosensors having
respective charge collection regions of a first conductivity type in a

substrate, said substrate having a second conductivity type; and

forming at least first and second doped regions of said
second conductivity type below respective first and second charge
collection regions, said first and second doped regions being

formed at different depths in said substrate.
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45. The nethod of claim 43, wherein said first and

second doped regions are fornmed by ion inplantation.
wagne/Tsonet hod of claim 43, wherein said firsPCHI006/018595

second doped regions are formed sequentially. 47. The

rret hod of claim 43, wherein said first and second

gions are fornmed sybsequent to the formation
of %a.ﬁlerme mgreeg?@fus%@rgemm% formingeyi ons.
48. The nethod of claim 43, wherein said first and

seconqg@mdr@gwﬁf s%i&fﬁ« fc@ﬁﬂu@ﬁﬁi’{é gﬁ}? e bABwW Shigeti on

of sai I'rst aid second arge co on regions.
49. A nethod of forming a color pi xel cell for an
inagidgsﬂmwde@xwmbdmpeé;%@mh&onprising the steps of:
providing an epitaxial |ayer of a first conductivity

[ b - f ' f. I i f
LB B i 8, B b R R 1,
type in said epitaxial layer, said first plurality of

char gelopeld! regiorerre Egined bdon iipkiritagoghar ges
corresponding to a first wavelength of light;formng a

secon plur i} r col l ection regions, of said
sébon gl“k@ ‘%’lfi Ctﬂ?/m{‘ gge‘g’ﬁﬁreé% ?%‘aeflﬁsﬁ %&‘& éPqukﬂ/ er, said
second plurality of charge coIIection regi ons

accumg {.‘dil-@rag@%ﬁl@éd to a second
Waveleog)%3 Ilght form afl st plurality of

doped reglons of said flrst conduct|V|t type in said
et axitgi methpsk ofzghainy 4B, owheveim saifl firgt and second

. doped regions are formed subsequent to the formation of
said first and second charge collection regions.

48. The method of claim 43, wherein said .first and second
doped regions are formed prior to the formation of said first
and second charge collection regions.

49. A method of forming a color pixel cell for an imaging
device, said method comprising the steps of:

providing an epitaxial layer of a first conductivity type in a

substrate;

forming a first plurality of charge collection regions of a
second conductivity type in said epitaxial layer, said first plurality
of charge collection regions accumulating charges corresponding to

a first wavelength of light;
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first plurality of charge collection regions; formng
a second plurality of doped regions of said first

w@onduztdvity type in said epitaxial |ayer andP@EUS206/018595

each of said second plurality of charge collection

regions; and formng an inplanted region of said

second conductivity type bel ow said first and second

pl ur aferpyingra spsead plugalifiof cdbergerenllegiphaegiohs of ai m

49, further conprising:, form n% a plurality of

prHe e sprduetivity triein wid epitaxiat layeersaid secoind

char ge c&ﬂectioa regions for controlling the

BUIREBE Plgthasee CREPEHOT Frerenhaccimlabingichgrgespl ural ity

of floatjng. diffusion region . said second

IHARRIAINE §0 £y 6E0R R WAt haLBERE | ayer 1 or

recei ving charges transferred from sai d charge

col legtion regi ons, 51. The. nethod. of claim.50, wherein

one o Ogﬁfrlg??ﬁrgttﬁblféﬂ%? VM@@M?@&F%& s forned
Ik pi.h, i Lo _epitaxi ayer ..52. The

Rl ip opEihnteld effufialRvshehgpeldy foaitesad
I d I i.s formed at a second depth

ﬁ%sle?gﬁlﬂgﬁl ?%5%9%% cf(%%g{rlgﬂzgé%né’econd dept h bei ng

greater than said first depth. 53. The nethod of claim

50, mtaﬁﬁﬁhg ORRoAN gﬁﬁiﬂi&ﬁfﬁop@ﬂ%?ﬂn‘sbf%iﬁfgﬂ?d

regi ons corresponds to a ue pi xef cell, and wherein

@iRletived §peeaeat episahi Iary/epan@ BERAv & 8N$hid
correspondS'to a green pixel cell.
second plurality of charge collection regions; and

forming an implanted region of said second conductivity

typé below said first and second plurality of doped regions.

50. The method of claim 49, further comprising:

forming a plurality of photosensors on an upper surface of each of
said charge collection regions for controlling the collection of charge

therein; and

forming a plurality of floating diffusion regions of said second
conductivity type in said epitaxial layer for receiving charges transferred

from said charge collection regions.

51.  The method of claim 50, wherein one of said first plurality of

doped regions is formed at a first depth in said epitaxial

layer.
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54. The nethod of claim49, wherein said first
conductivity type is n-type, and said second
w@onduztdvity type is p-type. 55. The net hod oPCTIUS1006/018595
49, wherein said photosensitive regions correspond to
phot osensors. 56. The nethod of claimb55, wherein at
| east, . pone o ai_d, phat.osensors is phot odi pde. 57. A
nggho gingt Paﬂﬁejlaém%lxé«r%ea?w%esada Sg ng devi ce,
said nmethod conprising the steps of: formng a
pl ur abidrk1iff ol Sed Aictes iBlronad de g | nsor
cel | sbi n a\%;substlfe;tlzég?)f a1 f?&ﬁgt co%gggﬁ(gpté?ﬁ%%e
wherein each bl ue and&reen pi xel sensor cell has a
char geaid @pitastal tayeregid srecwndadepbdraing gmeatet thart y t ype
and a floating diffusion region of a second
condugt: i\ e;formng a first doped region of said
fi rsté:%lci)\rﬁ&%%?éll\y/tﬁty type below and in contact with each
of said charge collection regions of said blue pixel

sBBis oThe eldthod b chiimdbOandeesindrdogmeshid mbtoplu%lit?'&ifd
first conductivity type below and in contact with each

of sai,d charge collectian regions, of said green pixel
sensofOReH Feglons cory t ﬁ%l%Pﬁﬁlééﬂr%‘g ¥Heseins 5 d

second conductivity type below said first and second

dopedorieaf £8 se®hd phRaiBdItbreld 1%'@%15% Srre IR0

said first doped region is fornmed By I nplantation and
has a dopant, concentrati on of about 5 x 1016 to about
5 x 1DgteeRRivel cnB.

54. The method of claim 49, wherein said first conductivity type
is n-type, and said second conductivity type is p-type.

55. The method of claim 49, wherein said photosensitive regions
correspond to photosensors.

56. The method of claim 55, wherein at least one of said
photosensors is a photodiode.

57. A method of forming a pixel array for an imaging device,
said method comprising the steps of:

forming a plurality of alternating blue and green pixel
sensor cells in a substrate of a first conductivity type, wherein each
blue and green pixel sensor cell has a charge collection region of a
second conductivity type and a floating diffusion region of a

second conductivity type;
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59. The nethod of claim57, wherein said second doped

region is forned by inplantation and has a dopant
w@overn7ort i on of about 5 x 1016 to about 5 x ROWVS2006/018595

atons per cnB. 60. The nethod of claimb57, wherein

said inplanted region IS forned by bl anket

i npl anpt at.i on. gggénetho laim57, wherein said

i npl a rg&ng@gﬁl@ﬁ PRed 5e5E8 Q éalél 15 eQRdaetivity Ayrit 0. 5
2 mcrons, 62, The thod of claimb57,
fmﬂeweﬁﬂ?ﬁ i rontact with-gagh of éa\ﬁ@@a&%aolleéep@n@gaw efor med

nt| alei he nmet hod of claim57, wherein said
?‘5}1 USRHK é%f&ﬁ?&ica fed regions are forned

si mul t aneousl y.
forming a second doped region of said first conductivity

type below and in contact with each of said charge collection

regions of said green pixel sensor cells; and

forming an implanted region of said second conductivity

type below said first and second doped regions.

58. The method of claim 57, wherein said first doped region is
formed by implantation and has a dopant concentration of
about 5 x 10%to about 5 x 10¥ atoms per cm?.

59. The method of claim 57, wherein said second doped region
is formed by implantation and has a dopant concentration of
about 5 x 10%to about 5 x 10" atoms per cm®.

60. The method of claim 57, wherein said implanted region is
formed by blanket implantation.

61. The method of claim 57, wherein said implanted region is
formed to a thickness of about 0.5 to about 2 microns.

62. The method of claim 57, wherein said first and second
doped regions are formed sequentially.

63. The method of claim 57, wherein said first and second

doped regions are formed simultaneously.

34



