Bt FRI ED DOPED REA ON FOR VERTI CAL ANTI - BLOOM NG
CONTROL AND CROSS- TALK REDUCTI ON FOR | MAGERS FI ELD OF
WA RE7IONSENTI ON [ 0001] The present invention rePEr/@S2006/032697
generally to imagi ng devices and fabrication nmethods
for formng an inmagi ng pixel cell. BACKGROUND CF THE
I NVENTI ON [ 0002] Solid state imager devices which
i ncl ude char ge-coupl ed-devi ces (CCD) and conpl enent ar
BURTFEt BOPEDX RERTOY eFAiRC BRRIICHB rANTENESPM I Fa veN BRI BI yREBETTALK
REDUFSEEF iFRRpHEEEES magi ng appl i cations. [0003] | mager
devices typically contain thousands of pixel cells in
a pixel array on a single chip. Pixel cells convert
light into an electrical signal that can then be
stored and recalHIEGDOYF AR INMENEKPNdevi ce such as,
for exanple, a processor. The electrical signals that
are stored may be recalled to produce an image, on, for
[O%% ™ 5 Ehe presenpinventionrelatesgenerally i mpmgingseivices and
o 4] Exenplary CMOS imaging_ cifcuits, processin
fabrlca’tloé‘,ltl”élﬁﬂlqﬁi”ﬁépé&Emlaﬁ@fﬂ&%méiﬁmfgfé% ipti onspof t he °
functions of various CMOS el ements of an imagi ng
circuit are described, for exanple, in U'S. Patent No.

6. 310, 366, LPACISERERINKor s RRIIDE. L3 ETL o
6, 204,524, and U. S. Patent No. 6,333,205, each of .

[@@Q@Pogélri@ééaggﬂgg %%‘o%el&i?e{?gp]?fgﬁ‘iﬂaﬁhggﬁar e{-‘é;ou 188 devices

or gol ng pat re hereby

(CCD) %'gf ?%ﬁg?eg:%\gﬁtla% i RAES686E geﬁﬁ&i!a%ﬂchrim@%, havk@8=honly been

( ger devices typica have an array of
used infREEb-ifilelidy applications.

[0003] Imager devices typically contain thousands of pixel cells in a pixel
array on a single chip. Pixel cells convert light into an electrical signal that can then be
stored and recalled by an electrical device such as, for example, a processor. The
electrical signals that are stored may be recalled to produce an image on, for example,

a computer screen or a printable media.

[0004] Exemplary CMOS imaging circuits, processing steps thereof, and
detailed descriptions of the functions of various CMOS elements of an imaging circuit
are described, for example, in U.S. Patent No. 6,140,630, U.S. Patent No. 6,376,868, U.S.
Patent No. 6,310,366, U.S. Patent No. 6,326,652, U.S. Patent No. 6,204,524, and U.S.
Patent No. 6,333,205, each of which is assigned to Micron Technology, Inc. The
disclosures of each of the forgoing patents are hereby incorporated by reference in

their entirety.

[0005] Solid state imager devices typically have an array of pixel cells

containing photosensors, where each pixel cell produces a signal corresponding to the
1



cont ai ni ng phot osensors, where each pixel cel
produces a signal corresponding to theintensity of
wO p@hin248mpi ngi ng on that el enent when an i nagePCHUS2006/032697

focused on the array. These signals nmay then be used,

for exanple, to display a corresponding i mage on a

nmoni tor or otherw se used to provide infornmation about
mtensn‘yhﬂ lippit ie@indifp@s. thibelepteot odemsat imageistfppiseal dry the array.

otogates phototran5|stors phot oconduct ors or

These spgrcaﬂ@magothen behssed, fohexampdk) ¢6 idiplyy aicortespphdingsergeron a

corresponds to the intensity of |ight |np|ng|ng on the
monitopbobtirenisr usethe prayidd ndernitiarnebaitghalopgicabineage. thhe

each pixel cell, therefore, is proportional to the
photosmmmredwpiqa@mphqtpgatgs,r@mmtrmstprﬁam@@%\ducw@@6]

CMOS active pixel sensor (APS) solid state i i ng . .
photodidascwhers thegoneichsity of dhe Eh@ﬁ%ﬁ@orﬂﬁr&eﬁﬁomg$ g@%neﬁatens&y of

patents. These inmaging eV|ces gge an rra
light i lrrmuasmgc@r fhe pla@tpaw@a . Pﬁ%%uc‘ed by each

ver ht ener eI ectri nal.s.. Each,pi xel
pixel oqlf Bharateze S POt ELt ﬁﬂeaamomofﬁ@ﬁgﬁmsmw ol
tranS| stors. The tranS| stors typically provide
ification, read-out control and reset control, in
addition to producing the electric signal output from

td686]° C,@%oﬁs Q7L \&ul 58 s%?gA&%z boR4 9QYe Pﬂé%ﬁg‘gﬁ a%ed

photos

mager are creasli ng
S
descnbga fo[r eszﬁﬂi#;&ég% Ceqsrgaégéea%g%ﬂgtdévwsuﬁaad@ an

array of ﬁuel" ROLLY Laﬂ@hggd an P@\% aﬁa r&SﬁhﬁhQ RheeriRrt fight @¥%agPhdto
a' phot ogat e hot oconduct or, phot otransistor, or a

electric¥neiA8li Bsleh pixel BEOURS aaibhmdet@@t@ m@@ﬁm@@ atiee transistors.
a portion of the substrate. A readout circuit is

The traeistugs tepically pacvidpiaxeplifielkionared di-owt aodés] ahdlresettcoatrol, in
out put tranS|stor whi ch recei ves phot ogener at ed

additionhargedutingrtha ethmp&ds@nﬁl‘ astipot frosg itfencedhd produces an
out put signal which is periodically read out through a

i xel access transistor. The inager nay
0007] While CCD technology has a Wldespread use, CMOS imagers are being

increasingly used as low cost imaging devices. A CMOS imager circuit includes a focal
plane array of pixel cells, each one of the cells including a photoconversion device, for
éxample, a photogate, photoconductor, phototransistor, or a photodiode for
accumulating photo-generated charge in a portion of the substrate. A readout circuitis
connected to each pixel cell and includes at least an output transistor, which receives
photogenerated charges from a doped diffusion region and produces an output signal
'which is periodically read out through a pixel access transistor. The imager may
optionally include a transistor for transferring charge from the photoconversion device
to the diffusion region or the diffusion region may be directly connected to or be part

of the photoconversion device. A transistor is also typically provided for resetting the



optionally include a transistor for transferring
charge fromthe photoconversion device to the
walpdof7asisen regi on or the diffusion regi on nmay BPET/US2006/032697
directly connected to or be part of the
phot oconversi on device. Atransistor is also typically
... .provided for resetting thediffusion region to a
diffusion eegion terapradetenmiied dhaspe Inviebbefore itrreceivesthet leotoconverted
phot oconverted charges. [0008] In a CMOS i nager, the
chargesctive el ements of a pi xel cell performthe necessary
functions of: (1) photon to charge conversion; (2)

RO 3 i B1e Seege shatnts spamie Byl Reirguthe
s RGBT SRS BB T S i
carse[ 8 EFRRRYF Ko B 0 n R AR PR 58 080 1 e
amp B A A ST b FRUES L tcion

of a pil bVEHGRaHEEE A @ﬁg%@@g 48 ﬁ%lmtfohocgtagﬁg%%itﬁe{)&%hﬁang the

region is typica a plxe

. ) ERHL |
pixel cAPERAGE. PYiofy Mgt‘éﬁrel&}ggée gi{fﬁ%ﬁ%ﬂ WHeén 10895 t-Om t}%qgﬁ%l

To detect color, conponents of 1 ncldent

chargelab@ithulitiin &%ic&ﬁﬁﬁ&@tfﬁﬁtﬁgdﬁﬁfﬁbﬂoﬁ%gﬁm. Al'h@élﬁa@gé’%jc tife floating
color filter "array (CFA) oOn top of an imager chip may

diffusidreragien if typiclyoctordetteditb arpikel qutpat veltastebealsfaAR follower
sensor, for exanple, a CCD or imager. 1n a
outputttygmistsédr. CFA | ayout, a color filter for each individual
phot osensor of the inmager allows only a narrow
spectral band (red, green, or blue) to pass, and
@992k bd ordniectasiorpthe spechhbtamperenyy of radd@jt lighd must be
pi_xel C(ﬁgl receives |light that may have been focused
separaief] 3gdytelisatedo rARBPEOtRIYE S0l A es arqy(CSiA)earsop @frpreimager
. [ er help increase aoptical, efficiency and
chip ma 8&?@ 3 el E?f@_gg@% B o0 feéniprgetenserifer exemple, a CCD
or CMOS %Hgstgcler(.) r11."1021f tytpri]ceal THE la%rfoutc, haeC ot Eiter for each individual
photosensor of the imager allows only a narrow spectral band (red, green, or blue) to

pass, and absorbs the rest of the photo energy.

[0010] ~ Each pixel cell receives light that may have been focused through one
or more micro-lenses. Micro-lenses on a CMOS imager help increase optical efficiency
and reduce optical cross-talk between pixel cells. A reduction of the size of the pixel
cells allows for a greater number of pixel cells to be arranged in a specific pixel cell
array, thereby increasing the resolution of the array. In one process for forming micro-
lenses, the radius of each micro-lens is correlated to the size of the pixel cell. Thus, as

the pixel cells decrease in size, the radius of each micro-lens also decreases.



cells allows for a greater nunber of pixel cells to be
arranged in a specific pixel cell array, thereby
W0 p@reasing the resolution of the array. |n onECPUSOEE32697
for formng mcrol enses, the radius of each mcro-I|ens
is correlated to the size of the pixel cell. Thus, as
the pixel cells decrease in size, the radius of each
po0dnd- IMedriahlswostetalle fsalso h@@dblein Hithcinmagiag devices. Electrical
cross-talk is also a problemw th imagi ng devi ces.
cross-talkewruicaher photo-gahkrated dra getieom phyixd-ig colecied By an adjacent
charge froma pixel is collected by an adjacent or
or neighbpgingqrikelg Foiresampie aneslesiniregeraiateiddotthe piligonamates he red
in the silicon under the red pixel, rather, than

pixel, rtter ibpm giffigsing upetode edllected yytherredmhwtpfiodsamsgeiave a
signifi(g)gq){ ﬂ%g%/ @gmsplog{élngdm o %ﬁ%ﬁ%ﬁpﬁ%@%ﬁﬁ%@%ﬁ%ﬁ%@iwe.

Cross-tal k can bring about undesirable results in the
S hat_t e oduced. tTh Jundesirabl e r Slil| ts c N are
(e CroF 4k sb e e deanal roStlts ipr the mraget
produ, IRAF A ERY s T BRecrRE i ARGl Bty o
pixe Z AR TS o bRSLCAR ATH LI 10U LD bpd Rl ecreases
The s bDEe1 870880 RhKe ithQGEin ifridit t £l incoming light
bR LS e g lig

I t as a urring or In contrast I n

on the ?K@&%%n%&ﬁ%@ﬂ ﬁ@:}/el%eﬂ,oig'gfifa%iﬁ{fcﬂo@@%k; I n essence,
ro i mage

ss-talk in a sensor array degrades the
spatial resolution, reduces overall sensitivity,
P@1SESs CelsotalRickhiganifert ab @ dlsrrirg onRdeictioh e cahtr@st in images
color correction. As noted above, inmmge degradation
producsibipa solid-state émppen dmessehas coiss-tdlk de bh iaragedensarearray
sizes are reduced. [0014] Another problemin
degradesthespattel apsalutigerredevecewernl sphsitmtngravses eelor atikimg, and
Bl oom ng_occurs when too many photons strike a )
leads tp &mpge nbipe afiex splazerrreghan: As npsed pho el ivage degrrdation can

overflow into adjacent pixel cells, artifjcially
become moregrpRguRers & @é@fﬁﬁ%&fﬁ%lC%ﬁlZ@ﬁégeere&% - cel I s.

[0014] Another problem in conventional imager devices is blooming or
saturation. Blooming occurs when too many photons strike a particular pixel cell and
the generated electrons overflow into adjacent pixel cells, artificially increasing the

electron counts of those pixel cells.

[0015] Another common problem associated with conventional imager pixel
cells is dark current, that is, current generated as a photo-conversion device signal in
the absence of light. Dark current may be caused by many different factors, including:
photosensor junction leakage, leakage along isolation edges, transistor sub-threshold
leakage, drain induced barrier lowering leakage, gate induced drain leakage, trap

assisted tunneling, and pixel cell fabrication defects.
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[ 0015] Anot her common probl em associated with
conventional imager pixel cells is dark current, that
WO 3007/02481€Nnt generated as a phot o-conversi on dBWI/US2006/032697
signal in the absence of light. Dark current nmay be
caused by many different factors, including:
phot osensor junction | eakage, | eakage al ong isol ation
cR63, Thexndd seavteds therefore sinainthger alerie hating vedunadcadss-talk,
barrier |owering | eakage, gate induced drain |eakage,
reducedrblpoméng enddlecraaned idags canranipi Adsb reetlkd fimbsimplei mathod of
., defects.[0016] There is needed, therefore, an inager
fabricagiag)arel pperptpg suduegixelr oss-tal k, reduced bl oomi ng and
decreased dark current. Al so needed is a sinple nethod
of fabricating and operating such a pixel. BRI EF
SUMVARYOF T 7 ent _invention
provi des anWﬁ#&#ﬁ%ﬁ&&ﬁﬁ%@N reduci ng

electrical color cross-talk. The invention also
o R S BRSSP B B 3P o
p ) . ; o, ; noth
recucthZBAIAPYLRE AR ARUE, 008D EATL AN LRRLIE o xcess
electroﬁ%hﬁ%&%fég%%ﬁ Cﬁhf%glt&r ons and thus reduces cross-talk,
0

reduces om ng of excess el ectrons and reduces dark
current. [0019] Additional advantages and features of

gdm 8Pr R rebEManyERobldvies aﬁ)ﬁﬁa%at déviBdhhPie a buried
ol |l owm ng detail ed description and draw ngs whi gh

doped irégivatin ahesyisstfLs, aefeabgtin®nEsped rédien] tha€Bblléis excess
BRI EF DESCRIPTICNIgg THE DRAMVN&% [O&gO] FIG 1
electron$ hod thas exlures clussailikcraiuwes bReehingratl exeewl edtr@s and
i mager pixel cell having a buried doped region
reduces dasgk rugerd i n accordance with an exenplary
[0019] Additional advantages and features of the present invention will be
apparent from the following detailed description and drawings which illustrate

preferred embodiments of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 illustrates a schematic cross-sectional view of an imager pixel cell
having a buried doped region constructed in accordance with an exemplary

embodiment of the present invention.
[0021] FIG. 2 is a representative diagram of the imager pixel cell of FIG. 1.

[0022]  FIG. 3 illustrates a schematic cross-sectional view of an imager pixel cell
having a buried doped region under the isolation regions constructed in accordance

with an exemplary embodiment of the present invention.



enbodi nent of the present invention. [0021] FIG 2 is
a representative diagram of the imager pixel cell of
wWO-2@7/02481 0022] FIG 3 illustrates a schemati CPCT/US2006/032697
cross-sectional view of an imager pixel cell having a
buri ed doped regi on under the isolation regions
constructed in accordance with an exenpl ary enbodi nent
[0023]heFHE ebithistratesentrosmsddfiond)] vienw®f @sérhlcoatnatorsvater
cross-sectional view of a sem conductor wafer
undergaingethggnogesshoé fpmoingssbufied doped gegiouacieling pedn exemplary
regi on according to an exenpl ary enbodi nent of the
embodiprerdeftthe pvesent byvenfion24] FIG 5 illustrates the
sem conductor wafer of FIG 4 at a stage of processing
subsequent _to that shown in FIG 4.

[BDF 4ot e e livnizagene sraiRaeciaraaies ot El 4 at aptoge of
processiig PgbpapER| @ ot AR £ SH6cit he som conduct or e o1

of FIG 4 at a stage of processing subsequent to that

BT ol Blusfiarenths Flmioetayigr WHRHERERG 4 3Py stagg of
processH SRkt RAMEAIMEICS Ve &5 of FIG 4 at a

stage of processing subsequent to that shown in FIG

0026100288, THifasthtbsHHO WA ARES waRRDE PG £6t 4 Btage of
accordance wth an enbodi nent of the invention. [0030]

processﬁhgsuﬁéeqi}ﬁnafb ihlat bisdwALH PIGOS. an i magi ng system havi ng
an i mager according to an exenplary enbodi nent of the

present invention. DETAILED DESCRI PTI ON OF THE
[IODYENTFIBL 8 illustrates the semiconductor wafer of FIG. 4 at a stage of

processing subsequent to that shown in FIG. 7.

[0028] FIG. 9 illustrates the semiconductor wafer of FIG. 4 at a stage of

processing subsequent to that shown in FIG. 8.

[0029] FIG. 10 shows an imager constructed in accordance with an

embodiment of the invention.

[0030] FIG. 11 is an illustration of an imaging system having an imager

according to an exemplary embodiment of the present invention.
DETAILED DESCRIPTION OF THE INVENTION

[0031]  In the following detailed description, reference is made to the
accompanying drawings, which form a part hereof and show 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,
6



[003 1] In the followi ng detailed description, _
reference is made to the acconpanying draw ngs, which
wo eoomozsspart hereof and show by way of il ust rBtT/U82006/032697
speci fic enbodiments in which the invention may be
practiced. These enbodi ments are described in
sufficient detail to enable those skilled in the art
logical, ard siestérwaé ghangesiax ke masle without depantingfsomntberspirtioahd scope
t hat other, e di ments may be utilized, and that
of the PLaSFYIERFOT 04 NE ATOEEAHORIE §F<Pqeé%ing@’hﬁi?ﬁgfé@cﬁb?d freexemplary of
arting . fromthe spirit and scope of the
embOd"ES‘FE‘ES ‘i#thﬁ %‘?ﬁ i hoyyexer, rtgg ?%ﬁgqn@ﬁ Oéﬁt%’nsé%@%hlﬁ‘@teétt@ skat set

crised is of enpodi nent s
forth hef I3 &R 5hy bR sRETER. o1 kdPoufLBH e GF "B she Pacepgon of steps
h set forth herein and may be changed as
necessaélﬁéﬁg%ﬁﬁgﬁﬁf"%%rtglﬂod\?fth the exception of steps
necessarily occurring in a certain order. [0032] The

[63RM 3?51&5“ Th resubét:fa{eo iDf YOGS Js?c?odd o mﬁg@&u %tfy &Wiconductor-

Sem con base ructure. Sem Co

based s‘cﬁiéﬂiﬁé UT'e %ﬁi&bﬂdﬁ&o? Qﬁ!’:?ﬁé’ Qﬁpﬁlﬁ B@ﬁﬁ&g&t&# {ocﬁ?%)sﬂmon,

i con-on-insul at or I con- on- Sapphi
sﬂmon—cﬁi—irﬂsﬁ&l’doﬂ i lBn-649B Oﬁﬁgoﬁ-g/&-ﬁﬁgﬂﬁﬁt 855ed and
epi t axi al Iayers of sili con sup orted
undoped sebondiuctas, dpitinaalayts offitlcoh beppsa W&%@%Eﬁu«%}@uctor
sem conduct or structures. When reference i's nmade t
foundatiomeand losherateenicond intofsaindossntigonkésctot ptrucftires fWHeﬁLi’éference is
process steps may have been utilized to formregions
made todhe pubgtate s thefodiowing desdriptinas reeivus prdest tepdimay have
foundation. The sem conductor al so need not be forned
been utlbaredstq fosBnreginns erdynpéorisinmedvef the hase senicooduitot or
ials 0033] The terns "pixel" and "pixel cells"
foundaﬁé%} %@éeﬁé%%uct%ﬂé@ need gopbe faarechehsilioon, tbudendy be formed

cont ai | east one photosensor and additional
OfOtherg‘?IPEﬁ?f‘a g*“d?‘a’??&% rting photons to an electrical

signal . For purposes of illustration, a singl fe
RS AR PSP, o el JER R i % il

element unit cell containing at least one photosensor and additional structure for
converting photons to an electrical signal. For purposes of illustration, a single
representative pixel cells and its manner of formation are illustrated in the figures and
description herein; however, typically fabrication of a plurality of like pixel cells
proceeds simultaneously. Accordingly, the following detailed description is not to be
taken in a limiting sense, and the scope of the present invention is defined only by the

appended claims.

[0034]  The following description of the invention is provided within the
exemplary environment of a CMOS pixel using a pinned photodiode as a photosensor;
however, the invention is not limited to use in a CMOS imager or to use in a CMOS

imager employing a pinned photodiode as a photosensor. Any type of photosensor may
7



description herein; however, typically fabrication of
a plurality of like pixel cells proceeds
wa@povaloreemeousl y. Accordingly, the foll ow ng dePEi/Usm06/032697
description is not to be taken in a limting sense,
and the scope of the present invention is defined only
by the appended clains. [0034] The foll ow ng
be used ifldseiriviehtion inélutiiveg phvediodss, phofwgatdsdend wtheriphatpgensing
exenpl ary environnment of a CMOS pi xel using a pinned
devices. phot odi ode as a phot osensor; however, the invention is
not limted to use in a CMOS inager or to use in a
CMOS i mager enpl oyi ng a_pi nned phot odi ode as, )
[0QR50t osEKg drshoaysan gyeansted e @lfﬂof?afyﬁoaescwgatatm%@r 20

T P e
ooty S B 3 22 TR 86600
N 1 P N e T S

., . .bnt ] f . '
et 58 350, BT ST L R

LS. £ [ * : I
O
noted thzflrnlﬂ 9&1@&?&@ 40Rnaa Qllsg@éi%~ didEatd In the Afowhen an-%bﬁﬁate is
ha? e 30 I n

e substr al so be a p- substrate.

used, theld'B FRAGIRRNNA st [SUPiahall Sayey 3u5€d, there is no need
for the first p- epitaxial |ayer 31. [0036] The pi xel

array is covered by a protective |layer 24 that acts as
[0esqias sTHapiadl aang ipkaveredagta proteetjer lafror 24 tretaosgsra
20. Protective layer 24 may be a layer of BPSG PSG
passivatiBs@nsli planavizatioxiager fai the mager 2¢.i Boteqibleylaydrd mey be a layer
ot her wel | -known |ight transm ssive insulator. [0037]
of BPSG, RS|BSG, fsilicoar dibaigey silioon initridsy pelyisnde, artesher well-known light
passi vation | ayer 24. The
transmissive insulator.

[0037] A color filter layer 100 is formed over the passivation layer 24. The
color filter layer 100 comprises an array of red, blue and green sensitive elements which
may be arranged in a pattern understood by the person having ordinary skill in the art
as exemplified by U.S. Patent Nos. 6,783,900 and 3,971,065, which are herein

incorporated by reference.

[0038]  Asalso depicted in the figures, a micro-lens 70 is formed above each
pixel cell. Each micro-lens 70 is formed such that its focal point is centered over the
photosensitive elements in the corresponding pixel cell. A spacer layer 25 is also formed
under the mircolens 70 and under the color filter layer 100. The thickness of spacer layer
25 is adjusted such that the photosensitive element is at a focal point for the light

traveling through lenses 70.



color filter layer 100 conprises an array of red, blue
and green sensitive elenents which may be arranged in
w@2@ane4in under st ood by the person havi ng or dP@ED$2006/032697
skill in the art as exenplified by U S. Patent Nos.
6, 783,900 and 3,971, 065, which are herein incorporated
by reference. [0038% As al so depicted in the figures
[008%i crAs Feergnio HIG. 1,qprenitexind JayesadHs fostaed euer a pesubstrate
mcro-lens 70 is formed such that its fogal,?oint i S
30 of the pixel eelbarray.e Antveragion 88 éntormegdndhe pespifaxial {aysr 31. In FIG.

corresponding pixel cell. A spacer |ayer, 25 is al so
1, the n+ Fegioab (VWA RE PRNELOFERY Usies e aRat D RRCelbarapy. When the

e regiong s pREY HeASt Fon 5p REIOBHSEBEB AL FI o) dTErruRP Hetes rgnd in
e ey LA P S 5
N P R A
formed ke U ep b PR RSB, B, osion
2 il AR R DA SRS, 100 r e
entire pi){eg 2@11 gy gli:ﬂg% r12 g;r?oﬁ%@s PRGN 8EE 6f 1IBRRY crédsGallSartd @MEws for

n+ re nmed under the Tsolation regi ons 64.

easier pré¥es¥ink! TRBotNERTS 108 3,Whe h+regionsd e Pabteradd had Hoesmet
under "t he isol ation regi ons 64 throughout the pixel

extend siggifRantlpondside bhmmﬁﬁxéb@iraﬁ.s 33 will forma grid
throughout the pixel array. Form ng the n+ region 33
under the entire pixel cell arr ai/_ (FIG 1) provides
[0040d adVbehagesionf33map bebiased nasitiveindopdraton. Tbe n+ region 33
easi er processing. In both FIGS. 1 and 3, the n+
is preferabibiaed a0 PRCIRGH DY Holeseibeivesendhal and Vdd. When the
. significantly outside of the gi xel ar%iay. [ 0040%]r The
n+ region33 jsdyeseA BB deak srEeahelssgPns {amed Bpikesubswatepelow the
. h+t region 33.is preferably biased in operation at.a
v region, 3 te (Uewsrn gL BERER . S SHEPAISY RHEH t ReAching the
photosensor 34. Electrons generated from photons between photosensors 34 or those
generated deep in the substrate and most prone to aggravate cross-talk are also collected
in n+ region 33 and swept away, thereby reducing cross-talk. Electrons from pixel

blooming will also be collected in n+ region 33.

[0041] A patterned n+ region 33, either continuous in the array as illustrated in
FIG. 1 or between pixels as illustrated in FIG. 3, provides the benefits as discussed above
(i.e., reduced cross-talk, blooming and dark current) without adding unwanted substrate

resistance or parasitic coupling in the periphery circuits/logic.

[0042] ~ Asshown in FIGS. 1-3, each pixel sensor cell contains a photosensor 34,
which may be a photodiode, photogate, or the like. A pinned photodiode photosensor

34 is depicted in FIGS. 1-3. When incident radiation 101 in the form of photons passes -
9



n+ region 33 is biased positive, dark current
el ectrons forned in the substrate bel ow the n+ region
w@oanzisenl | ected in the n+t region 33 and swepPCEHUBS2006/032697
prior to reaching the photosensor 34. Electrons
generated from phot ons between photosensors 34 or
those generated deep in the substrate and nost prone
color filtet tayrggnavatietikeshe phickosneonds dhe phptrgeerpiedrlectrons
region 33 and swept away, thereby reducing cross-talk.
accumula B theodapdd wgipi | Altasiergangistor 42 iplogateddiaé iq g&?

in n+ region 33. [0041] A patterned n+ region 33,
photosensott 3e anddwsisautsiestichdiie regipRg 364l and,a gRsh K spntrelled by a

1 or between pixels as illustrated r& F%G .3 ﬁ%&wi des .
transfer coptrobsiganl TX. dbedragpegion 4HHAsq pqltg_ 2 flgating dittusion region,

i e o Moo AL B B e
s ot 15 RTLLANS.YofhEHAb S AUl e
st P BN 5 AN S iy i
et ol AL TG P GO0 22 A M R conped by
reset conf3P HaRarROT mﬁﬁ% EéBgrgfe&Oﬁo%Q@&ﬁé Hfbng! BELEPATegion 40 to a

accu in ped region 36. A transfer

predeterrtg%??ﬁﬁﬁﬁ&’lrvcﬁ?agbiuét‘iﬁ'ﬁ;r_qg siendl réddulte DRAsilOsfeMe dormdtion and

as sourc nd“drai n regions 36, 40 and a gate

function 8f BfKaSRRLAQHBE Blenterits aﬂélfpeielgmédrojeumgﬂay bd fourldyefor
drain region 40 is also called a floating diffusion

example,i8dT SNPa@Nbsl §,386,868nd 6368205 sheidisdoduresrof Which are

phot osensor 34. The charges are applied to the gate of
incorpor@ted®yr eferentd hevein.t r ansi stor 44 and converted to an

out put signal to row select transistor 46 which is

then output to readout circuitry 48 and to an arra

[004Hurm AsiiHustraterldn FIGE e 5t Bie sie st A4 LoF thifenster 42

regi ons 40, 52 and gate stack 54.js caqntrolled,. a
and resel GoERnGSNES BB CREAASIOF P aTE e E Sifttefie 56 over

floating diffusion region t.0, a predet.erm ned
the p- cpitaRy WYLyt AGPEYBIAIGE oSl RO Cao: Lpgtsy g other
suitable r?fatérri]ael ig cgrrrrr?et c())\per%ﬂg insulating layer 56, and is covered by an insulating
cap layer 60 of, for example, silicon dioxide, silicon nitride, or ONO (oxide-nitride-
oxide). A silicide layer 59 may be used between the polysilicon layer 58 and the cap 60,
if desired. Insulating sidewalls 62 are also formed on the sides of the gate stacks 42, 54.
These sidewalls 62 may be formed of, for example, silicon dioxide, silicon nitride, or
ONO. A field oxide isolation layer 64 around the pixel sensor cell 28 serves to isolate it
from other pixel cells in the array. P-well or p-type implant regions 65 provide
additional isolation between pixel cells in the array. Transfer transistor 42 is optional, in

which case the diffusion regions 36 and 40 are connected together.

10



function of the above-described el enents of a pixel
sensor cell 28 may be found, for exanple, in U S. Pat.
wWONo®7/05488% 6, 868 and 6, 333, 205, the di scl osur esPOf/USIWEHB2697
are incorporated by reference herein. [0043] As
illustrated in FIGS. 1 and 3, the gate stacks 42, 54
for the transfer 42 and reset 54 transistors include a
[B044]cOITHY iendode dek/icei20idestribéd tbokee gatherefirehestd FIGS6-3 is
over the p- epitaxial layer 41. A conductive |ayer 58
manufaetuedphcoygt y prddesodesdribedsiscolloas, adatusstatédhil BIGS. 4-9.
material is fornmed over the insulating |ayer 56, and
Referring noevterH (. Hya smbstrete Bt iwhirhaapy bayey @dhetypdsarf substrates
exanpl e, silicon dioxide, silicon nitride, or ONO
describeéd xbdee s shovde okhelsbstrate B0 icpriderablea pFsubstyatee lusheald
bet ween the polysilicon Ia)fer 58 and the cap 60, if
be undepstiadedhat tfhessihstiate3e ceiddailsasbsoraras of ap- material. dhthe
the sides of the gate stacks 42, 54. These sidewalls
substragp3(vigfopaed of aatt ragterinh then Bniheddrosessi aceprding k¢ e present

ovens S o S AR 1 L2

it fromother pixel cells in the array. P-well or

REr B e TSRS ST ARes Pl PR iy R e S flns
o116, 4353y PABL P8 e PotU ], 7608 sl s a0 85RE
p-opi GERE SRR RS RLSUCTAE L 05t e

conduchid bgl dd&ﬁﬁ% %?ﬁlﬁdﬁtg lefSBnedt: SuctReS €6 &R PRV &dnFlvRchthas
a substrate 30, ‘whith may be any of the types of

one les$VRIBhEasIRstroR T84Tt BRGeatioyedh&iveaWerial 16 foraS e30
is preferably a p+ substrate. It should be understood

materidlhThetphepitikial lagiee 3B0art bufoknaéd frobe sfandardi nefteraly-such as,
material. If the substrate 30 is forned of a p-

- for exampl€rsiladon tehrechloridelve sflane eBsefambbyr theny- exitakiad 1gyree S& id
invention the p- epitaxial |ayer 31 discussed bel ow

formeddaomizilaoai t t ed. [0045] Reference is now nade to FIG 5
whi ch shows the device according

[0046] The p- epitaxial layer 31 is grown to form a transition between the
p+ subsfrate 30 and the p- epitaxial layer 31. The p- epitaxial layer 31 may be
grown with any method for growing single- crystal silicon. The thickness of the p-
epitaxial layer 31 is from about 0.05 pum to about 5.0 um, preferably from about 0.5

um to about 1.5 pm.

[0047] Reference is now made to FIG. 6 which shows the device according
to FIG. 5 at a further stage of processing. An oxide layer 35 is deposited over the p-
epitaxial layer 31. The oxide layer 35 is formed over the p- epitaxial layer 31 by
conventional methods such as, for example, chemical vapor deposition or thermal
oxidation. A preferred method to form oxide layer 35 is thermal oxidation by

exposing the surface of the p- epitaxial layer 31 in an oxygen atmosphere at an
11



to FIG 4 at a further stage of processing. Were the
substrate 30 is a p+ material, a p- epitaxial layer 31
WO 200g048m0 over substrate 30. The p- epitaxial PEyE82086/032697
i s made conductive by adding an inpurity el enent, such
as, for exanple, boron which has one | ess val ence
el ectron than the sem conductive material, to forma
elevategd temppeatoee. eFhabxideiay er-35qpeferablgl hdsayihicli@ikss efatirit 20
formed fromstandard materials, such as, for exanple,
angstrogid focahoutd0p avgbiwoinde or sil ane. Preferably the p-
exitaxial layer 31 is fornmed fromsilane. [0046] The
IBg‘%epltamal layer 31 is grown to forma transition

Slee qufﬁleeng@ isnpwinadeta@BlGaiowhith shovesihesubsirateay er

31. g epi taxial layer 31 may be grown wth any ~
accordipgtq gng At g faitherstageg Btocgs,;sygg .allhe pxidedayeridds patterned

wit pH SRR e BBk it ihe 3+ Baphaien oo i
s%wmﬁﬁﬁtrgﬁa%gw%gwef d‘z&%ﬁg@e SRt ©
photordglh RS 395 Pl FRSR D e MU i nat e
it e e t?ee&éefé‘fg'ﬁ%:agpr%%cmoipg?%m
photoréé?s@e&a hbhczﬂ ¢RE wtaF&f r’i‘ﬂe ?ayeiJ 35 P %ﬁ‘%r(e%dfr

or m oxi de T ayer her ma

any sul%ﬁ’@ﬁia@éi'lilhﬁlé%g R84 br Ump'ln qauEbH, 3bith Y er%%ghahﬁhg
an oxygen at nosphere at anel evated terrpera ure

techniq@¥d, dke pAYEIresibt Ryef 87 bl Heasp plicdhiisdiRs® Ak gaaguaxﬁp

angstrons to about 500 angstrons. [0048] Ref ceis
layer 3Inovittnadeht oxfdeGayér 31 ch shows the substrate according

to FIG 6 at a further stage of processing. The oxide

| ayer 35 is patterned with photoresist |ayer 37 and

[804H e d Refefencerisopemimad S8 FITth@ whichi shiowaf the lsebstxatde
according to FIG. 7 at a further stage of processing. N+ doped region 33 is formed
in p- epitaxial layer 31. The n+ doped region 33 is formed by implanting a dopant
into p- epitaxial layer 31. N+ doped region 33 is doped with a dopant implant by
conventional methods, preferably by ion implantation. The dopants are implanted
into n+ déped region 33 at a dopant concentration of from about 1 x 10? ions/cm? to
about 1 x 10 ions/cm?, preferably at a dopant concentration of from about 1 x 10%
ions/cm? to about 1 x 10% ions/cm?. N+ doped region 33 may be doped with any
suitable dopant containing materials, for example, materials containing one or
more of phosphorous or arsenic. In a preferred embodiment, the dopant is arsenic.
The n+ doped region 33 is preferably doped with the dopant by ion implantation at
a power of from about 15KeV to about 50 MeV. It should be understood that the

dopant concentratlon and power will vary depending upon a variety of physical

parameters such as, for example, the material being implanted, the processing stage

12



| ayer 35 which is renoved to formopening 39 is
renmoved by conventional photoresist patterning and
weetohiomg1of the oxide layer 35. It shoul d be nptBUS1I00&032697
the oxide layer 35 under the photoresist layer 37 is
the preferred approach to prevent photoresi st
contam nation of the wafer. The oxide | ayer 35 may be
of the sb@¥ Rt BUBBN a2t th @@ uiB befriadérial ¢t Bl rafmdviedrdrideotbler
ONO L addition, with proper cleaning techniques, the
factors.pDepetidisigsin thadigndierttauledatiesaip phdyelse dedessdryytotpmttene and
p- epitaxial layer 31, wthout the oxide |ayer 35.
etch a rfddéM 81 midek én drecleadksideosf thmdabstoatel30.at hetinehofsthews- infpdant
substrate according to FIG 7 at a further stage of
s0 as topligrethsintgegivn Iowetdh thegiixel 86y of therimeger fordater processing
epitaxial layer 31. The n+ doped region 33 is forned
and aliggymend| anti ng a dopant into p- epitaxial |ayer 31. N+
: doped region 33 is doped with a dopant inplant by
conventjonal_ nethods, preferably by ion jnplantation.
[PRe0]d o pAeroEdingdoi the PAtead MRS 1tds pessibledrsenasctdhe g+
dopanf_cqncentratjion ,of from about, 1 X Jfglo [ ogs/ %@WQ
doped yegioq, a3, ith gn Hryyel FHS Al 1Geet éF—‘é’tSFy £ NgWEGpYwhte not
. concentration of from.,about 1 1013,i ons/ t 0 about
disclos§P e figtirghds Rhown I Adiages deiors dehedmbore s
. W any .suita dopant _cont ai ni terjal. or
incorpote IAAYerShieD Ife SRERBo RN & Ay AR Biify deBlces
. I ' . ' ntlhe
describBIBERIR L0 RBlen oSl ersd AR OLBHEE SEANAMIRRE o

: . g on 33t
R B A A T R

make a8BGUAH 1h9 st QA HbaR thdiBnslORANLIRANREHI R dEPe@nd

power w vary dependi ng upon a variety of physical
region.paraneters such as, for exanple, the material being

i npl anted, the processing stageof the semn conductor

substrate, the anmount of material to be renpved and

[005Er fRefexmnse isDepwniade toRLG.Hewhldhgrhmevd thecudrstmates,

it my be necessary to pattern and
according to FIG. 8 at a further stage of processing. The photoresist 37 and oxide
layer 35 are stripped off by conventional methods. A second p- epitaxial layer 41 is
grown over p-epitaxial layer 31. The p- epitaxial layer 41 may be grown with any
method for growing single- crystal silicon. The thickness of the p- epitaxial layer 41
is from about 0. 5 pm to about 20.0 um, preferably from about 2.5 um to about 4.0
um. The p- epitaxial layer 41 is doped with a concentration of from about 1 x 10
ions/cm? to about 1 x 10? ions/cm?, preferably at a dopant concentration of from
about 1 x 10* ions/cm? to about 1 x 10% ions/cm?. P- epitaxial layer 41 may be
doped with any suitable dopant containing materials, for example, materials

containing boron.

[0052] From the resultant structure illustrated in FIG. 9, an image device is

formed by standard imager processing. An exemplary imager is illustrated in
13



etch a notch or mark in the backside of the substrate
30 at the tinme of the n+ inplant so as to align the n+
wOo e@romsdB with the pixel array of the inmager PCI/USBDE032697
processi ng and alignnent. [0050] According to the
present invention, it is possible to connect the n+
doped region 33 with an n-well region in an inmager
FIGS. 1-§e¥ké@yplayeCMOBIthagingicireuitgtprocessirgs sidps therbef, and
figures, Is known in the imger devices discussed
detailedatsgusiptions bhtherfpochorsobyariafcCid® clemnts nt an powgirigon
of an n-well in imging devices described herein are
circuit akedestribed; for exengde, ihdV.SnbatentiNeap 14880 UiSaPateat i¥a.
For exanple, it may be necessary to connect the n+
6,376,868,0( & Pategit oo 5B 10368, Ulie Patend INO-16e320e002, Hfe diagert No.
t op-si de contact between the inager, device_and the n+
6,204,524 caretiUrs dladent Nog5333,205 epdnelewhichdsassigned foMicen o
whi ch shows the substrate according to FIG 8 at a
Technolpgyilér stage of processing. The photoresist 37 and
oxi de layer 35 are stripped off by conventiona

G s S AL AR
I T
ORI s e
Accordi%é?’b%l{l%ﬁg%g rcn&%f&n?ecgé’sn&@s‘éhbéﬂ 288vOndy de@t edlin’CCD

to about 1 x 1020 1ons/cm 2, preferably

image s8hsots 4ORAIM asCONKSRThAsd Qthsefs. from about 1 x 1014
lons/cn to about 1 x 1015 ions/cm 2. P- epitaxi al

| ayer 41 may be doped with any suitabl e dopant
[o@sa) ai Mheg-+adrsd laler 33 eedurea oyise-talipbkronaing and dark
cont ai ni ng boron.
current by collecting excess electrons in the imaging device. As discussed below,
the n+ doped layer 33 may be biased positive to aid in electron collection within the
imaging device. The biasing of the region can be accomplished by well known

techniques for biasing a region.

[0055] FIG. 10 illustrates an exemplary imager 200 that may utilize any
embodiment of the invention. The imager 200 has a pixel array 205 comprising pixel
cells constructed as described above with respect to FIGS. 1-9. Row lines are selecﬁvely
activated by a row driver 210 in response to row address decoder 220. A column driver
260 and column address decoder 270 are also included in the imager 200. The imager
200 is operated by the timing and control circuit 250, which controls the address
decoders 220, 270. The control circuit 250 also controls the row and column driver

circuitry 210, 260.
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[0052] Fromthe resultant structure illustrated in
FIG 9, an inage device is forned by standard i mager
wWEe@ecossing. An exenplary imager is illustratepCi/HF10@G3032697
1-3. Exenplary CMOS imaging circuits, processing steps
thereof, and detail ed descriptions of the functions of
various CMOS el enents of an inmaging circuit are
[088@r i b damipde amk hotdl €S/H) nirtlii26 Passeaiatdd with d0cdd@in driver
U S. Patent No. 6,376,868, U S. Patent No. 6,310, 366,
260 readp gpb@treﬁqt sigmal §rg26debpixelinagesignal Vg fobseleded pixel cells.
and U.S. Patent No. 6,333,205, each of which is
A differeniiphsignal (/ ot-Ybig) isreoplibied §y. diffarentiad osgilifiai( AMPH262 for
processes have_ been described with reference to a CMOS
each PW%&’@QlS digitized byranglegrtqidigital GeryerterT 5t(ARC). Hhe analog-to-

r ocess y be al ed wth plxel cell's of other
digital é’—gteafzggﬁ‘éeﬁh%s (ﬁ&lﬂze diixelsignals o apimagprgpssor 280,
ordlngly, the pixel cell fornmed as
‘thhf88§gfﬁb H ‘may be enployed in CCD image sensors
as well as CMOS |nage sensors. [0054] The n+ doped

(1 T2 5 5330 B PR AR o
Py A R S 2B U,

ase Itive to al f ect
al,
m1crop1t§£&§%é€g%l% Be ?(gr (£ Eﬁgﬁa‘ ﬁ?é %e:achfeégff | gxg%%}ygaerocessor

system B@@]h@iﬂ a{@ﬂ/f@ﬂ; nﬁb r Helring Lali!ﬁlfe {25 iR R ¥ Me%ythitf@ Fésent
;

Othat may utilize any embodinent of the invention.

mventldihﬁ illoegatedA0FIGAS1.aARoREssBE base 2 RtaR E@éﬂe‘iﬁ%ﬁrf bKglsystem
cells constructed as descri bed above with respect to

having &ig#al cireQits RaicH condd inclede€IMOS stedthepihagatReidds. ithout
row driver 210 in response to row address decoder 220.
being limitngumehdy $ywseam 260! daimtlurte aicompd threystede cadwra 87éteny,
al so_included in the inmager 200. The inager
scanner, machine vision system, vehicle navigation system, video telephone,
surveillance system, auto focus system, star tracker system, motion detection system,

image stabilization system and other image processing systems.

[0058]  As shown in FIG. 11, an exemplary processor system 300, for example,
a camera generally comprises a central processing unit (CPU) 344, e.g., a
microprocessor, that communicates with an input/output (I/O) device 346 over a bus
352. The imager 200 also communicates with the system over bus 352. The computer
system 300 also includes random access memory (RAM) 348, and may include
peripheral devices such as a floppy disk drive 454, a compact disk (CD) ROM drive 356
or a removable memory or a flash memory 358 which also communicate with CPU 344
over the bus 352. The floppy disk 454, the CD ROM 356 or flash memory 358 stores
images captured by imager 200. The imager 200 is preferably constructed as an

integrated circuit as previously described with respect to FIGS. 1-9.
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200 is operated by the timng and control circuit 250,

whi ch controls the address decoders 220, 270. The
w@oowrodsizi rcuit 250 al so control s the row andP€CDUS2UNG6/032697

driver circuitry 210, 260.[0056] A sanple and hold

(S/'H) circuit 261 associated with the col umm driver

260 reads a pixel reset signal Vrst and a pixel image

Bosoal Whiile the invltRalted bRk Bes@ddin detdilfih o8RRI with
signal (Vrst-Vsig) is anplified by differenti al

exemplampémbbdimeM¥RInRAR af e thae it ghotdt rneadily dirdictitaed that the
anal og-to-digital converter 275 (ADC). The
inventiom & wef-lirtteditd alicle divekise & embodlimenty. iRgheh ehdirgicntioadan be
pi xel signals to an inmage processor 280, which forns a
modifiadi {gi inadrparatgeanyt 0OHPEr of vatestiansdal téradionspaydstiA ey
be conmbined with a processor, such as a CPU, digital
equivalenprahngeoentsswt heretnfare desadresls but witich armgenm@dsurate with
the mcroprocessor may be fornmed in a single
the spititrarshseppedidhe suvantionn Ascerdingly the boeotion is pot tnbSeen as
a CMXS i mager having a_n+ region in accordance
hmlted\Lththe {PRegOIRE dRSCHRiPBnbTbR ondy imitest Prtkaisqopemf the appended
lai A processor based systemis exenplary of a system
ClamS. having digital circuits which could include CMOS or
ot her i mager devices. Wthout being limting, such a
system coul d i nclude a conputer system canmera system
scanner, machine vision system vehicle navigation
system video tel ephone, surveillance system auto
focus system star tracker system nption detection
system image stabilization system and ot her i mage
processi ng systens. [0058] As shown in FIG 11, an
exenpl ary processor system 300, for exanple, a canera
generally conprises a central processing unit (CPU)
344, e.g., a mcroprocessor, that comrunicates with an
i nput/output (I/0O device 346 over a bus 352. The
I mager 200 al so communi cates wth the system over bus
352. The conputer
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system 300 al so includes random access nenory (RAM
348, and may i nclude peripheral devices such as a

w0 bappg4std sk dri ve 454, a conpact disk (CD) ROMTUS2006/032697

356 or a renovable nmenory or a flash nenory 358 which
al so communi cate wth CPU 344 over the bus 352. The
floppy disk 454, the CD ROM 356 or flash nenory 358
stores i mages captured hyramuger 200. The i nager 200
is preferably constructed as an integrated circuit .as
previously described with respect to FIGS. 1-9.[0059]

VWhiWkat ib eldimeerdsi rew had desized de be proedtddbylbbaets Ratent of the

connection with exenplary enbodi mrents known at the
United bfiabes,isi t shoul d be readily understood that the

invention is not limted to such discl osed

enbodi nents. Rather, the invention can be nodified to

i ncdr pdkmimaageryconptisingof vari ati ons, alterations,

substitutions or equival ent arrangenments not

her et of or e descri bed, _but which are commensurate with

abstte havigg @ firshpenductivily typeawith gdirsidepanfi ngl v,

t%f i%ve'tion is not to be seen as limted by the
concentfaQILIEVRY description, but is only limted by the

scope of the appended cl ai nms. CLAIMS What is cl ainmed as

ew.an i.hed.to bhe protect.e et.t;ers_Patent of
P S p SRRy e SR S
dopant ?H&&ﬁ%‘tﬁnﬁ%émrﬁe{i'd Sdaid @ é%&ft_b;" ity type with a
I'rs opant concentration I'evel;” an epitaxial |ayer
having a first conductivity type with a second dopant
C&gfé%ﬂ‘é’ rh ARvingVéechRE PBHIAB P}y hicdligatd doped
are i on Pfavi ng a%seceocnd conductiﬁftgk’ type for r?ed in at
least a pa@Bsf sadd Rpithxial lay@k;hrpi t axi al | ayer; and

an array of pixel sensor cells comprising a plurality of pixel cells

formed at a first surface of said epitaxial layer.

2. The imager according to claim 1, wherein said substrate is doped to a
P+ conductivity type.
3. The imager according to claim 1, wherein said epitaxial layer is doped

to a P- conductivity type.

4.  The imager according to claim 3, wherein said doped region is doped
to an N+ conductivity type.
5. The imager according to claim 1, wherein said doped region is

formed under said array in the entirety of said epitaxial layer.
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an array of pixel sensor cells conprising a plurality

of pixel cells fornmed at a first surface of said
wepivaxisgd | ayer. 2. The inmager according to CPEI/ISN6/032697

wherein said substrate is doped to a P+ conductivity

type. 3. The imager according to claiml1, wherein said

epitaxial layer is doped to a P- conductivity type. 4.

The,i ma ; [ : i ' i

Fegfon | ohe BaR Achttduty & Bt 1, W GhtaRdipenRiher

ihérages isepa@i%%ggn{sgeﬁh@dtm lsai VBRIr1iRy 5PpBePOARANAM Sftay of

I's fornmed under said arraé inthe entirety of said

pERdtcans ahd baedopfed rHpfort ¥EEENheA S ardidigntier said iBdlation regions.

wherein said i mager further includes isolation regions

separating said plurality of pixel cells in said array

o 3 X e BB B S B s

C i.n .cl ai.m. 4 LN %3] ' & 2
REALHEORZRkERER I to PO S 0B8R he} SR aPEgfsiem
to about 1 x 1018 ions/cn2. 8. The inmger according to
claim4, wherein said doped region has a,  dopant )
con8ent rEhq ignagsr aceending suelaim 2, wihezeingiid daped gegigpdias a
1 x 1015 ions/cnR. 9. The imager. according to_claim1,
Adgang FoNSRPGHORG) é]fom@]l;autl/@é%?sﬁaa%/ﬁmz To2DoRb1 w@a‘"’ésms/cmz-
according to claim1l1, wherein said inager is a CCD
i mager. 11. An inmager conprising: a substrate having a
firgt cdhituivhagartaecdnding vo thim 1f ivtstreiicgaidh imager is a CMOS

imager.

10.  The imager according to claim 1, wherein said imager is a CCD

imager.

11. Animager comprising:

a substrate having a first conductivity type with a first dopant

concentration level;

a first epitaxial layer having a first conductivity type with a second

dopant concentration level formed on said substrate;

a doped region having a second conductivity type formed in at

least a part of said first epitaxial layer;

a second epitaxial layer having a first conductivity type with a

second dopant concentration level formed over said first epitaxial layer;
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concentration level; a first epitaxial |ayer having a
first conductivity type with a second dopant

w@eoncemsiati on | evel formed on sai d substrat e; PEI/TSYOE032697
regi on having a second conductivity type forned in at
| east a part of said first epitaxial layer; a second
epitaxial layer having a first conductivity type with

d t trati : id
an e St SR S50 Sp e g g efteg pP RS AKET O
J i $i i L i xel I1s f d at
formed oES HEAFRURP LA fofig Pttt o xel cel e Tormd o
The imager according to claim1l1l, wherein said

SYpSLr e ﬂr?‘aﬁgp Q@&r&%gato%[aiﬁ?l‘ﬁl%ﬁéﬁéh{ Yaitl spBstrdfd is Hoped t

i meEger "‘according to alm 11, wherein said first and
i h@al | ayers are both doped to a P-
a%?%&??‘tﬁ@#&?ﬁ%pe. 14. The inmager according to claim
11, wherein said doped region is doped to an N+
c@pductThd f¥adey Becordng fhetainmagerhawtosaidrfiyst and beiond
11, wherein said dopeo‘l(g region is forned in the
epRaLial Riperodredait dbped to e-tcandattiviay grpe. 16. The i mager
according to claim 14, wherein said doped region has a
dopant concentration of fromabout 1 x 1010 ions/c¢cnP,
t d4aboUFhelinxaged b8carding tndaim 11, wherqinggier deradoresion s
to claim 14, wherein said doped region has a dopant
dopedderntvrldt icondestivityolfiP&#bout 1 x 1013 ions/cn2 to about
1 x 1015 ions/cnR. 18. The imager according to claim
1115. V\'he{‘}?é nggelrdacggr%%lg Eoeglg&q 1L1,Swherein said doped region is

formed in the entirety of said first epitaxial layer.

16.  The imager according to claim 14, wherein said doped region has a

dopant concentration of from about 1 x 10' ions/cm? to about 1 x 10 jons/cm?.

17.  The imager according to claim 14, wherein said doped region has a

dopant concentration of from about 1 x 10* ions/cm? to about 1 x 10® ions/cm?.

18.  The imager according to claim 11, wherein said doped region is

formed under said array in the entirety of said epitaxial layer.

19.  The imager according to claim 11, wherein said imager further
includes isolation regions separating said plurality of pixel cells in said array of

pixel cells and said doped region is formed as a grid under said isolation regions.

20. The imager according to claim 11, wherein said imager is a CMOS

imagetr.
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formed under said array in the entirety of said

epitaxial layer. 19. The imger according to claim 11,
wob@re481sai d i mager further includes isolati OPCT/E§10061832697

separating said plurality of pixel cells in said array

of pixel cells and said doped region is forned as a

grid under said isolation regions. 20. The imager

ac rd| t.o cl e -
nZS e s ek ing RGN 12 Rel R R gl )b
ggrnl rrager is a CCD imager. 22. An inmager conpri si ng:

a Substrate having a first conductivity type with a

first dopant concentration |level; a doped region

havi ng a second conductivity type formed in at |east a

par?2. ofAB HNggeBENPHEEBEl ayer; an epitaxial |ayer

having a first conduct|V| ty type W th a second dopant

concentration | evel, sai d. nd an

ar r%?u trafp l"ub%%l FﬁtC@B P%tl RSV ’F‘??y of
cel | rmed at a first surface of sald

@&CF%‘?{P‘&P iea‘ﬂ?gf 23. The imager according to claim 22,

wherein said substrate and said epitaxial |ayer are

bot f ggggs TebBnhaving SRR é’dﬁ&ﬁchm;&ggéé forfh&d ITRIer

accd cldi'm ereln sai ed regionis

1@8&69%5ﬁ0@§a1 qe8aduoklMi LY type. 25, The i mager

accor to c erein said doped region is
formed in the entirety of said substrate.

an epitaxial layer having a first conductivity type with a

second dopant concentration level formed over said substrate; and

an array of pixel sensor cells comprising a plurality of pixel

cells formed at a first surface of said epitaxial layer.

23.  The imager according to claim 22, wherein said substrate and said

epitaxial layer are both doped to a P- conductivity type.

24.  The imager according to claim 22, wherein said doped region is

doped to an N+ conductivity type.

25.  The imager according to claim 22, wherein said doped region is

formed in the entirety of said substrate.

26.  The imager according to claim 22, wherein said imager further
includes isolation regions separating said plurality of pixel cells in said array of

pixel cells and said doped region is formed as a grid under said isolation regions.

27.  The imager according to claim 24, wherein said doped region has a

dopant concentration of from about 1 x 10® ions/cm? to about 1 x 10% ions/cm?.
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26. The imager according to claim22, wherein said

i mger further includes isolation regions separating
wa200d/opdsur al ity of pixel cells in said array oPCPUSBING6/032697

cells and said doped region is forned as a grid under

-said isolation regions. 27. The imger according to

claim 24, wherein said doped region has a dopant

copgent regfd PRa gt afcﬁmax%w&laﬁnm,l%%réiﬁ@af&ﬂ%geﬁ 1R TWIOS

1 x 1015 1 ons/TtnR. 28. e i mager according to claim

jlglagefv_\her ein said imger is a CMOS i mager. 29. The
i mager according to claim 22, wherein said inmager is a
CCD i nmager. 30. A processor system conprising: a

sufstratg having a fifrst, conductivity .type,wth a

reh " Gofhe i Brvidis shopEYer: WikehRRi e Saccp
a Lpg a first conductivity type with a second dopant
concentration | evel forned on said substrate; a doped
regi on having a second conductivity type forned in at

| east a part of said epitaxial layer; an array of

pi BB Shipsecesser systersepripgisieg:a plural ity of pixel
cells formed at a first surface of said epitaxia

| ayer; _and pr.ocessor foy receiving and _processing
dat éﬁu@&ré&%‘ﬂ‘ﬂﬂ% afHgt ¢ tvey typpavs aéfgggfqpagyst em

according to claim30, wherein said arrays and said
CBP%@@E&‘%WE&N med on a single substrate. 32. The
processor system according to claim 30, wherein said

su b%re?)ﬁt%xiaﬁ 1%9&%%v§r9g 2iksk c%ﬁﬂﬁ%ﬁ“ty it§71¥e bRea

second dopant concentration level formed on said substrate;

a doped region having a second conductivity type formed in

at least a part of said epitaxial layer;

an array of pixel sensor cells comprising a plurality of pixel cells formed

at a first surface of said epitaxial layer; and

a processor for receiving and processing data representing the image.

31. The processor system according to claim 30, wherein said arrays and

said processor are formed on a single substrate.

32.  The processor system according to claim 30, wherein said substrate is

doped to a P+ conductivity type.

33.  The processor system according to claim 30, wherein said epitaxial

layer is doped to a P- conductivity type.
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33. The processor system according to claim 30,

wherein said epitaxial layer is doped to a P-
w@ondozsivi ty type.34. The processor system ackOr/uib19g6/032697

to claim33, wherein said doped region is doped to an

N+ conductivity type. 35. The processor system

according to claim 30, wherein said doped region is

fonged iThd hi@ 8ol %ﬁ%ﬁénpiccéfmgqeldaaﬁ 34, WiRHRIn sal§-doped

The processor system according'to claim 34, wherein

régibﬁigia@pédt@ahw baedac econcentration of from

about 1 x 1013 ions/cnR to about 1 x 1015 ions/cnR.

37. The processor system according to claim 30,

wh gein ai d i mager_ further anclud?s i$9l upn reqi ns 4

Sopdr at i M5 EGCESSF av SiFM g-esrebEcTata PE Whe:ghh trid ey

. Ri. ce ' j Ls fornmed as a

Bl R R R b o ARE SRR O Coescor

system conprising: a substrate having a first

conductivity type with a first dopant concentration

| evél ; altid processor sustenl aqcaydingtavilaim 3¢ whegein said doped

condyctivity type with a second dopant_concentration

1pgipB| hap grdriang soBgsTHTatims of fpm abputdpell wgsarhipabat 1 x

lﬁssecond conductivity type forned in at l|east a part

PiQug/emfi rst epitaxial |ayer; a second epitaxial

| ayer having a first conductivity with a second dopant

concentration | evel type fornmed over said first

epiBZaxi dlhd prpeessan sgsteryaabringab ansdl, whéletn said imager

conprising a plurality of pixel cells forned

further includes isolation regions separating said plurality of pixel cells in said

array of pixel cells and said doped region is formed as a grid under said isolation

regions.

38. A processor system comprising:

a substrate having a first conductivity type with a first dopant

concentration level;

a first epitaxial layer having a first conductivity type with a

second dopant concentration level formed on said substrate;

a doped region having a second conductivity type formed in at

least a part of said first epitaxial layer;

a second epitaxial layer having a first conductivity with a
second dopant concentration level type formed over said first

epitaxial layer;

22



at a first surface of said second epitaxial |ayer; and
a processor for receiving and processi ng data

wo epressm i ng the i mage. 39. The processor SysSPEMUS2006/032697
according to claim38, wherein said arrays and said
processor are formed on a single substrate. 40. The
processor system accor di ng to claim38, wherein said

subgf nat Sf 6@919&%%%&% [?s%\’%ﬁ 'r%‘l' ItaYI%P Elxe‘fr éellsTf’?o?med

pr OCGSSO st em accor di ng ein said

Eh“fﬁ&t £hca ©F QR s%@bﬁ&égﬁb%hgbégéﬁ ade both doped to a

con uct Lvity type rocessor system
according to claim 38, wherein said doped region is

dopgArdssdt fiF r&@BAHS aindi privcésy ey d#3 repiesenting dsinage.
system according to claim 38, wherein said doped

regl onis formed in the entirety of said first

R 3le pbRsor el FBhBRERS R SAGEYAM bR and
SéléfPla Ie%s g?@fo%edsgﬂ?rsﬁ{éggu * pI ural|ty of pi xel

arra S and sai d doped
region is fornmed as a grld under said isolation

F eQpons giviereth §lidistbstrat
%\Aherléﬁegprsoga%ogogggﬁ?%c? g%ﬁ ch] Cgﬁgg%ant islibstrate Is

@@gqgtarp;b&{u@hvﬁ{ng‘pabout 1 x 1013 ions/cn? to about
x 1015 ions/cn A net hod of form ng an i mgi ng

devi ce, said method conprising: providing a substrate
haviing arihé pricesswrdysieny atcprdipgetowddim 38, iwhereirdsrid first and
concentration level; formng a first epitaxial |ayer
shaondgpitatial layefSard both dbpgd ty p&-wonduetivity type.
42.  The processor system according to claim 38, wherein said doped

region is doped to an N+ conductivity type.

43.  The processor system according to claim 38, wherein said doped

region is formed in the entirety of said first epitaxial layer.

44,  The processor system according to claim 38, wherein said imager
further includes isolation regions separating said plurality of pixel cells in said
array of pixel cells and said doped region is formed as a grid under said isolation

regions.

45.  The processor system according to claim 42, wherein said doped
region has a dopant concentration of from about 1 x 10% jons/cm? to about 1 x

105 jions/cm?.

46. A method of forming an imaging device, said method comprising:
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second dopant concentration | evel over said substrate,;
form ng a doped regi on having a second conductivity

wao e/ o24815ai d first epitaxial |ayer; form ng aPGEUSN6/032697
epitaxial layer having a first conductivity type with
a second dopant concentration |level over said first
epitaxial layer; and form ng an array of pixel sensor

cells farnmed at, an upper_surface i C .
cpi ¢ Rivaiesg e PR B 38 le P Ap s IR M5 fiysg dopant
whegg%qasa%y poped region is N+ doped fornmed by ion
PREFURTUTT SYS 48. The net hod according to claim 47,
wherein said doped region is doped with arsenic. 49.
The . . _ . : )
subs ey EEREERlBgal Byt Rt GBS R AR ype it a

' 103 46 b 58 a] itpst and second
B o LB B e 13 type. 1.
The nmet hod according to claimb50, wherein said second
epi t irAing AASPedASzidNn hkElpnesscoatl dondutabiop n swidl first
to about 20. ngmng% The nmet hod accordi ng tot}:: ai m 46,
é@]&&gﬂma j d second epitaxial |ayer is doped with
boron. 53. A nethod of form ng an inmagi ng device, said
met hod conprising: providing a substrate having a )
fi r sttormirgecsdcontlyepitppial Wyt having & firgtepaductivity type with a
concentration level; form ng a doped region having a
seeond dopentictdenirationyeiel joyves saig first epitaxial layer; an:

forming an array of pixel sensor cells formed at an upper surface of said

second epitaxial layer.

47.  The method according to claim 46, wherein said doped region is N+

doped formed by ion implantation.

48.  The method according to claim 47, wherein said doped region is

doped with arsenic.

49.  The method according to claim 46, wherein said substrate has a P+
conductivity type.
50. The method according to claim 46, wherein said first and second

epitaxial layer both have a P- conductivity type.

51.  The method according to claim 50, wherein said second epitaxial

layer has a thickness of from about 0.5 pm to about 20.0 pm.
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substrate; formng an epitaxial layer having a first
conductivity type with a second dopant concentration

wo eagl24sver sai d substrate; and form ng an ar regT/U82006/032697
pi xel sensor cells fornmed at an upper surface of said
epitaxial layer. 54. The nethod according to claim53,
wherein said doped region is N+ doped forned by ion

i mehant a4 on. 04d... raing.to..qlaimb4,. .
ungPor - Daf Hreii o BRI ARAEE PP il BHRS Bl
. ing to claim53, wherein said
I%S}?rag?gggﬂigggg%&nepitaxi al layer both have a P-
conductivity type. 57. The nethod according to claim
53,_wherein said epitaxial |ayer has a thickness of
f r % abodtmethgdphformingsan inpagingAaviey saifHaethadewmprising:
according to claim57, wherein said epitaxial |ayer is

do pedpr\{)\”v}(i]mg%rs%%strate having a first conductivity type with a first dopant

concentration level;

forming a doped region having a second conductivity type in said

substrate;

forming an epitaxial layer having a first conductivity type with a second

- dopant concentration level over said substrate; and

forming an array of pixel sensor cells formed at an upper surface of said

epitaxial layer.

54.  The method according to claim 53, wherein said doped region is N+

doped formed by ion implantation.

55.  The method according to claim 54, wherein said doped region is

doped with arsenic.

56.  The method according to claim 53, wherein said substrate and said

epitaxial layer both have a P- conductivity type.

57.  The method according to claim 53, wherein said epitaxial layer has a

thickness of from about 0.5 um to about 20.0 um.

58.  The method according to claim 57, wherein said epitaxial layer is

doped with boron.
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