| SOLATI ON PROCESS AND STRUCTURE FOR CMOS | MAGERS FI ELD
OF THE I NVENTI ON [ 0001] The present invention rel ates

wo o00bhe7725 el d of sem conduct or devices and, i NPCT/US2006/019954
particular, to high quantum efficiency CMOS i mage
sensors. BACKGROUND OF THE | NVENTI ON [ 0002] CMOS
i mgers are known in the art. A top-down view of a
sem conduct or wafer fragment of an exenplary CMOS
sengSOINTEON PROUESS ANDISTRU)ICTURE FORSCMOS IMAGERS
illustrated in Figure 1. As it wll be described
bel ow, the CMOS sensor pixel cell 10 includes a
phot ogener at ed charge accunul ating area 21 in an
underlying portion of the substrate. This area 21 is

LEL?ﬁSi ode gi Cor mod MR THE BV ent 2l i n
ot OB T s 1 OTicy "Gt &b 8aRofiPeRIE R (HEKUR PRy lfcror

however detifatandhén pdMoGuke®diigh Iq&@htlﬁﬁ! lefficldhcraYMOS image

i ncl ude a photogate or other |rmge to charge

convert $agotdevi ce, in lieu of a pinned phot odi ode, as

the initial accunmulating area 2 1 for photo-generated
charge. [0003] The CMOS i mage sensor 10 of Figure 1

has a transfer gate 30 for transferring photoel ectric
charges generated in the charge accunulating region 21

to a floating diFACKGROENDOOFSEAE MIVENEION. The
floating diffusion region 25 is further connected to a
gate H0OQF] a soWiMOS mhdgovedre tnansi istthe artTh tepuiose view of a

foll ower transistor provides an output signal to a row
sel ect &CBKEBAVGIQR FTdGrdFagment Ry ag sxemphry §MOS sensor pixel

four-transistor (4T) cell 10 is illustrated in Figure 1. As it will be

described below, the CMOS sensor pixel cell 10 includes a photo-
generated charge accumulating area 21 in an underlying portion of the
substrate. This area 21 is formed as a pinned diode 11 (Figure 2). The
pinned photodiode is termed “pinned” because the potential in the
photodiode is pinned to a constant value when the photodiode is fully
depleted. It should be understood, however, that the CMOS sensor
pixel cell 10 may include a photogate or other image to charge
converting device, in lieu of a pinned photodiode, as the initial

accumulating area 21 for photo-generated charge.

[0003] The CMOS image sensor 10 of Figure 1 has a transfer gate
30 for transferring photoelectric charges generated in the charge
accumulating region 21 to a floating diffusion region (sensing node)
25. The floating diffusion region 25 is further connected to a gate 50
of a source follower transistor. The source follower transistor provides
an output signal to a row select access transistor having gate 60 for

selectively gating the output signal to terminal 32. A reset transistor
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sel ectively gating the output signal to termnal 32. A

reset transistorhaving gate 40 resets the floating
waledobugizen region 25 froma supply voltage appPCEUSEDG/G19954

source/drain regi on between gates 40 and 50 to a

speci fied charge | evel before each charge transfer

fromthe charge accunul ating region 21. [0004] A

cross-sectional view of the exenplary CMOS i nmage

sensor hevieg ghiegt( fesdtstrthk Boath® diffdsioieregich 25 ifiHm a supply
ilTustrated in F.;%ure 2. The charge accunul at ia?fg

regi on 2altdgs Ipphegtdt asowrcpy draiei rgien beaivege gptesHl ad 50 to a
has a phot nsitive qr p-n-p junction regi.on f.orned

by a pt e tcaybrgseve beforf b Fhiag rmgenfign H charge
p-type §é&§{lﬂﬂﬁ%&%ioﬁrbg pi nned phot odi ode 11 incl udes
two p-type regions 20, 24 so that the n-type

phot odi ode region 26 is fully depleted at a pinning

vol t af@004]npur i Aycrdspedtienalrvied of diaexeagilagCRIOS image
(Figure 1), preferably having n-type conductivity, are
provi deéFisar Eplolﬁ PYTtEs éetag?n gtliigrisPsisglusieted uyfigure 2.

50, 60. ' £ fusi [ l.acent .t he ..
T
General Iy, H'Ehm]ihﬂﬁﬁ@nﬁﬁ%s&f -rSHfh@Rnte8icaMEBmed by a p-
i mage sensv‘(;r1 cell 10 of Figur esl§1- ?ﬁ}ilncinde%t I ighf yap
causes 6lpediyen4, b netypk ecgion 2 @yl dre 26/ peAubsixatad. The

ol Pg&egif%rgglrh’%’io\g‘?%ggﬁ éiiiﬁéﬂéésf gg%g:%g ?‘iﬁ?‘g%gf‘?e’i Zhag thag the
Lhe. nuTalpebhSIRAldONE 4B RHLIAGIRd L Pl voliage.

regi on e maxl num-out put si I NCr eases

i ncr eas@gpeligcd sl wapas/drainGegins 200@Rdaill)i prefahblyiving
region 26 to acquire electrons. The el ectron capacity
of pi nnadypheewticiyys, argpiredlry onaydied side of tihe trdnpstoy gates

! ﬁ;/gl t E%O:ig@ %&? 39 e.gtslgé dJafrfllgsi(grp ?egg(%) gg taéja'ce'?t' t rétt?a%sfer gate

30 is also preferably n-type.

[0005] Generally, in CMOS image sensors such as the CMOS
image sensor cell 10 of Figures 1-2, incident light causes electrons to
collect in region 26. A maximum output signal, which is produced by
the source follower transistor having gate 50, is proportional to the
number of electrons to be extracted from the region 26. The
maximum output signal increases with increased electron capacitance
or acceptability of the region 26 to acquire electrons. The electron
capacity of pinned photodiodes typically depends on the doping level

of the image sensor and the dopants implanted into the active layer.

[0006] Figure 2 also illustrates trench isolation regions 15 formed
in a substrate layer 20 in which the charge accumulating region 21 is
formed. The substrate layer 20 may be an epitaxial layer provided over

a silicon base layer. The trench isolation regions 15 are typically
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[0006] Figure 2 also illustrates trench isolation

regions 15 fornmed in a substrate layer 20 in which the
web@sger7atcunmul ating region 2 1 is fornmed. ThePCT/US2006/019954

substrate | ayer 20 may be an epitaxial |ayer provided

over a silicon base layer. The trench isolation

regions 15 are typicallyfornmed using a conventi onal

STl process or by using a Local Oxidation of Silicon

(LOCOS) fopintxekasing AlcoRg¢hticial 8TT pRodeegb OBy udibg RMMBHaH©x@dation
physical barrier between adjacent pixels and hell&g

i sol at e opSilisbs (BH1CO,) pyocgssd Breach Asadatidny refgicaums Idnprovide a
anot her . . Far as shown in

xampl.e igure .2, trench )
i sol at i BAVTE DI PEVEH s PPl Belf joldtf pces optically
i sol ati g i i.0 pi i
N o SPd Uectiu B OnBAbARLO BB HalhlcDhd ol Bure 2,
regi on BrenkR@dHtichneiier 1P peblide sastioc tlrteaMsslhtidhef the

formation of the above-described trench isolation
r egi ons Pimqdsphatadiodgddnof pixel regieni Anbitoan thaiphetos¢nsitive

substrate close.to bottom 17.and edges or sidewalls 16
(Fi guree%)meﬁsf’ﬁ%c%?‘fe@&@ﬁaﬁﬁ?% t | eakage can occur at

the junction between the active device regions and the

trenchood7 addi tiRhed IOLHSL BBt Withdhé RALARIINCOf the
pl anes al ong the bottom 17 and sidewalls 16 of the

trench aboveatleswmnbee gieons isbhtivanvegeorsi ldghisthati Wihenrions are
density_thf\n t he adjacent sjlicon substrate and, )
t her ef ofBPagE ’t“et?‘ﬁ SHPHFAtE&IR8E 9 befrom 45 agricdgenppsigewalls

the t i | { . .
R P O R R
el ect r obsrvidedh thelesvdesacErebiaiRped the tdieh! TaRJSIHSES the

As a result of these trap sites forned along the
bot t om Hpminantsirprsaliidraplic pbines hlongrtbabotiosoll Ztandrsidewalls 16

(21 0ns A%y UL QeneLall of ect 0 8000, e e

can r edﬁaﬁc&ﬁesﬂ%ﬁts‘ag&?&E %agtherefore, create a high density of trap
sites along the trench bottom 17 and sidewalls 16. These trap sites are
normally uncharged but become charged when electrons and holes
become trapped in the trap sites. As a result of these trap sites formed
along the bottom 17 and sidewalls 16 of the trench isolation regions
15, current generation near and along the trench bottom 17 and
sidewalls 16 can be very high and can reduce the photogenerated
charge otherwise available from light captured by the photodevice.
Current generated from trap sites inside or near the photodiode

depletion region also causes undesired dark current.

[0008] Minimizing dark current in the photodiode is important in
CMOS image sensor fabrication. Dark current is generally attributed
to leakage in the charge collection region 21 of the pinned photodiode
11, which is strongly dependent on the doping implantation conditions

of the CMOS image sensor. In addition and as explained above,
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charge otherw se available fromlight captured by the

phot odevi ce. Current generated fromtrap sites inside
w@erooaazr723 he phot odi ode depl etion regi on al SO PEL/EER06/019954

undesired dark current. [0008] M nim zing dark current

in the photodiode is inportant in CMOS i nage sensor

fabrication. Dark current is generally attributed to

| eakage in the charge collection region 21 of the

pi nned dbfetedinddeap diresihdiéh ot Sedtthephbyodlege ddslationRegion
the doping inplantation conditions of the CMOS i mage
sensor . stranglifdiflienceghd nzagnisnge of datk abosns, atefwetd Emsiun,

trap sites inside or near.the phot odi depl et.ion .
Feqr on SERTETSAtNF FERACE e hRgMER ST o e yies side or
current ,genek rﬁqogibac%epleﬁ@ﬁ%%ieﬂr, sGithcd RafagdeSill t Of
current generdated fromtrap sites i'nside or rnear the
phot odi sitieoléquirice dmrerfegi; dand-tsiahdaanhedipigeluaéd carrier

silicon/surface interface; band-to-band tunneling )
i nduced 2ea¢rAH@R agaferdt pidHshdicklsinshe depletipn gegipheiuastion

in the depletion.region; juncti.aon |eakage com.ng, from
the | at ger al o sT deti O%Wﬁéeﬁigﬁsgﬁli&g, al %Oﬁogécgjfgﬁnd
fromisplgidOforPiBRESN chbiier& 8N Blaenple! R3S i RLEE §Hd trap
and trap assisted tunneling. [0009] 'CMOS i negers al so

t ypi cal hssissad femelingm poor signal to noise ratios and
poor dynamic range as a result of the inability to

full t t th I [ |l ecte
BB On SRMBIEaachealSh BRGHY edraipoor signalto

el ectri I ' t Il ect.i

of phot faseTh P fd PodivhaBilbkingts o:8altf B BRBFELLAD futy
rati o aoellety aadiscoreangelcefrictdhargd dflecedaulttle Rezias 2@l Bince
as possible. [0010] There is needed, therefore, an

i mprove thaaimsof ﬂm@i&eh dhentrient ighalk is verydwealbdyps seethe collection
spacing OP Slt’lg\'/ceo%g if %g %Egigo B’Ir%f? Eesﬁgﬁﬁ rto %%lislesr'atio and dynamic

range of the pixel should be as high as possible.

[0010] There is needed, therefore, an improved CMOS imager that
exhibits reduced pixel spacing between adjacent pixel sensor cells,
reduced cross-talk and blooming, as well as reduced dark current and
increased photodiode capacitance. There is also needed an isolation
region for a CMOS imager and that (i) has minimum width to increase
the pixel fill factor (pixel density) while providing electrical and physical
separation between photosensitive elements of adjacent pixels of the
CMOS imager; (ii) pfevents current generation or current leakage; and
(iii) acts as a reflective barrier to electrons generated by light
absorptioﬁ ina photodiode back to the charge collection region of the

photodiode of a pixel sensor cell.

[0011] A method of fabricating active pixel photosensors exhibiting

these improvements is also needed, as well as an isolation technique
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reduced cross-tal k and bl oom ng, as well as reduced

dark current and increased photodi ode capacitance.
wab@ca2i735 al so needed an isol ation region for BCONVEE06/019954

i mager and that (i) has mninumw dth to increase the

pi xel fill factor (pixel density) while providing

el ectrical and physical separation between ,

phot osensitive el enents of adjacent pixels of the CMOS

i mager ; tfdticlimphgvedirk foheahd gedeseatiddb tdk betvé@ddjacent
| eakage; and (iii) acts as a reflective barrier to

el ect r opiehsamepcedld oby CMEDS immbgasr ption in a

phot odi ode back to the charge collection region of the
phot odi ode of a pixel sensor cell. [0011] A nethod of
fabricating active pixel photosensors exhibiting these
i nprovenents is al so needed, as well as an isolation

techni quet hat @RIBEPFEMMANKY OF'EAE BOVENTIONS

cross-tal k between adjacent pixel sensor cells of a
CMCS i mager. BRI EF SUVMMARY OF THE | NVENTI ON [ 0012] In
one afPR2] theln puenspeash, theonva®nagprovides e barngylimpleded

region of .a first conductivity type formed in |ieu of
an i sol K819 Of 8 Y r?oagu%tl‘ﬁF}S(‘éfPC §‘é‘ﬁ’é‘i§1 chffeﬁf of gipjsolation region
provi de | cal I leal 4. .solatio £ 1 .

Phot osensnPb g 0l Be Bl I8 pH SR e Rlical oqiiqm of

i mager . ﬁﬁb@sb@b&d 8f adjigehaphetsdrRe 8dls GIRANCIVESS ifladdr! Sthe
region having a first width and a second region
| ocat edbpwicownplaatdd regiorr egfnprisesndinsareging bavieg o fidst width

width greater than the first wdth. .The first region
')t SRS R yeeOR P o GO el BB GRS Fesfoh ad Baiue @ second
conduct Lyady. j h i . of. i

censor o PrEHeE i ARk TR A RIcR e Brklly spaced
wi dt h ofrohedspddhgicaifta cdndicondngivilpipdeopddjyceat

| ess than about 0.2 microns, which provides mnimum

spaci ngPhetagiedes of pixel sensor cells of a CR/IOS imager. The first region
has a width of less than about 0.4 microns, preferably of less than
about 0.2 microns, which provides minimum spacing between
elements of adjacent pixel cells, such as between photosensors of

adjacent pixel cells, and improves the pixel density of the CMOS

imager.

[0013] The second region of the barrier implanted region is located
below and in contact with the first region and has a width greater than
the first width, of about 0.6 to about 1.2 microns, more preferably of
about 0.8 microns. The first and second regions of the barrier
implanted region are formed by conducting a plurality of implants of
the first conductivity type at different energies and doping levels below

the substrate surface.

[0014] In another aspect, the invention provides a method of

forming a barrier implanted region below a substrate surface of a
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el ements of adjacent pixel cells, such as between

phot osensors of adjacent pixel cells, and inproves the
w@Rooel2dehsity of the CMOS imager. [0013] The BET/ORIIN6/019954

region of the barrier inplanted region is |ocated

bel ow and in contact wwth the first region and has a

width greater than the first width, of about 0.6 to

about 1.2 mcrons, nore preferably of about 0.8

ni cr ons CMIS fn!]g[g%t‘ aAdlddfeatphote@nons dipitdlGerdiar 4RI The

i nplanted region are fornmed by conducting a plurality

of i npl &atricromplaneed ragion sdnuued byi( t)yCOlH}dpetlag a first implant to

different en i.es . and, do Ieve bel t he

subst r af®m a??%eglplﬁmﬁgp IrSLsR(OF lgsp ghan about 0.4
i nventi f r

I mpl ant gjg regi %Q?%e@gv%? géggu aglta}%dt?%ms%r grggl‘%‘ l?élgm substrate
i mager amdackghad €l cqpliotasgasecendimplaieto SemsOsecond

cells. The barrier inmplanted region is formed by (i)
conduct iAglaated fegton belpwrihefisstigmiantied iregion jang Ihamingch second

region ha wi dt | ess than ab

m crons, %%he‘gfe? )9 'é)fo ?l%%lgt f%dﬂlcﬁ%%sufn%e frﬁs")#’tapg'n%f about 0.8
bel owtﬁga%ﬂg.strate surface; and (ii) conducting a

second inplant to forma second inplanted regi on bel ow
the first inplanted region and having a second w dth

of abb@@13)] 6 t o Thissuiand othemifeators andudeanngdserfaht ymahtion

about 0.8 crons. [0015] These and ot her features and
advant aJed %]Sfm%@%vaﬁ Togh th ﬁﬂow&érs@ﬂs% paTEREORthAt is

the 7ol bostic AELGe S8 GRE] ai%tgcegmga%hng AR 98d 10

connect € acconpanyi ng

i |1 ustr@hseatxedae M’%’_%Miﬂi@ﬁts&)ﬂhc 'iﬂﬁ%nhﬁﬂ.e ntion.
BRI EF DESCRI PTI ON HE DRAW NGS

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Figure 1 is a top plan view of an exemplary conventional
CMOS image sensor pixel.
[0017] Figure 2 is a schematic cross-sectional view of the CMOS

image sensor of Figure 1 taken along line 2-2'.

[0018] Figure 3 is a schematic cross-sectional view of a CMOS
image sensor pixel illustrating the fabrication of a barrier implanted
region in accordance with the present invention and at an initial stage

of processing.

[0019] Figure 4 is a schematic cross-sectional view of the CMOS
image sensor fragment of Figure 3 at a stage of processing subsequent
to that shown in Figure 3 and in accordance with an embodiment of

the present invention.



[0016] Figure 1 is a top plan view of an exenplary
conventional CMOS i nage sensor pixel. [0017] Figure 2

WO g00a/137R®NMat i ¢ cross-sectional view of the CMESBI/URBGE019954
sensor of Figure 1 taken along line 2-2'. [0018]
Figure 3 is a schematic cross-sectional view of a CMOS
i mge sensor pixel illustrating the fabrication of a
barrier inplanted region in accordance with the
presenooigivent i Pigaad 8ta saRerhitid trdbs-sdcligBalofiew of the CMOS
processing. [0019] Figure 4 is a schematic
cr 0ss- sémtgoseasonpiggl of Fighee TMOBstagagé praesing sulsmgaeeiit to
of Figure 3,at a stage pof processing subsequent to
t hat shg%ﬁspﬂwﬁﬂﬁj$€%§4gnd in accordance with an
enbodi nent of the present invention.[0020] Figure 5 is

a schepmiic Crog$s 80 isQNaheh @V Bks- i B otMIPBew BFYRe CMOS
sensor pixXel of Figure 3 at a stage of processing

subsequénigd nstiapixshoffigiire Fagusegd of pAR2idindbwhsequént to
is a schematic crqss-sectional view of the CMOS i nage
sensor 6‘?%@ oyn ipiligure B at a stage of processing
subsequent to that shown in Figure 5. [0022] Figure 7

'S a B tic %@&%‘ﬁﬁgs‘c?&%ﬁ{&%-gﬁﬂa %6 HReR10s
sensof pi xel of gure 3 at a stage of processing
subsequanigd @nbbiepixehSfWighit oM E@g of bﬁﬁ%ﬁn%&ﬂb&%@u&t to
is a schematic cross-sectional view of the i mage
sensor phatehooh ipilgure @ at a stage of processing
subsequent to that shown in Figure 7 . [0024] Figure 9

s a fgm tic %‘Egousr%_8s Sl R0l kY ér%\é\é—ggcdgggl view of the CMOS
image sensor pixel of Figure 3 at a stage of processing subsequent to

that shown in Figure 7.

[0024] Figure 9 is a schematic cross-sectional view of the CMOS
image sensor pixel of Figure 3 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 CMOS image sensor 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

7



I mage sensor pixel of Figure 3 at a stage of
processi ng subsequent to that shown in Figure 8.

wQ 0@a52778% gure 10 illustrates a schematic di agpemusiooa019954
comput er processor systemincorporating a CMOS i mage
sensor fabricated according to the present invention.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0026] In the
followi ng detail ed description, reference is nmade to

the accprBaRYh HhddE o 6tSuMNGIbHORE GehRAEIDIRHAOkts may be
and in which i's shown by way of illustration specific

enbodi metlized, andhhatstiveairahVegitalandrectbel phatgds oeay. be made
These enbodi nents .are descrihed in sufficjent detail

to enabWét?‘PHgg%P%R%E ithe spat é’i"? S‘%QP%? él?? PEgsent invention.
theinvention, and it is to be understood that other

en‘oodL@yﬂs rmyTﬁg t fu?é b e AL RP LHCEY Eﬁ lualtderstood as

| ogi c d electric changes may be made wt

depart i agerhicondifrer-dpsad maﬁdi?dl ﬁfk@ﬂﬁn@fsﬂltdj@ dili@sedii-insulator
invention. [0027] The terns "wafer" and "substrate"

are to P¥ODmiasisosoen- a@mh@eéﬁ%rm@krtcd@gm slopgdradamdgped
|nclud|n SI| SI| su at or

ST onsdntbnddth, BitElnRis ahSHR RbghRet by Hpase

undoped séﬁ@bﬁm&cf&{nﬁangﬁ' LK ber S@URLAdAELO? 's{rh&%@es
supported by a base sem conductor foundation, and

ot her sEnrtheamaoref whenirefnostmaesma&u td) h émrbard or\Msehstratc” in
ref erence ii‘ nmade to a . "wafer” or "substrate" in the
fol | owi HY 19ES¥MEHFSHPUPP cRICHIOYS P EESYCRY BPK hﬁ’é&/b‘?ﬁdve

been ut ead t NS Q) ctions i.n _or
t he bas{éh é%eer(rildtgof%r ch}ongg)rr cut}Oéls 6[?'2) F QNS dt%[e base scfrrnuconductor

addi ti ogrudihfe SefPuaaREssT O a&&ﬁfdmn e &%n@d)ﬁd&&ar héseHot be
but coul d be based on silicon-ger Arani um
si | i consibeombadeds but cailfibedresedh ogapisbirrgermgeivmkilinon-on-
or galljum arsepide, or

insulator, silicon-on-sapphire, germanium, or gallium arsenide, or

other semiconductor materials.

[0028] The term “pixel” 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 will proceed simultaneously in a similar fashion.

[0029] The term “minimally spaced” refers to the minimal distance
between at least two adjacent pixels spaced from one another in
accordance with the embodiments of the present invention. For
purposes of the present invention, the term “minimally spaced” refers
to a distance of less than about 0.4 microns, preferably of less than

about 0.2 microns.



ot her sem conductor materials. [0028] The term "pixel"
refers to a picture elenent unit cell containing a

w@b@basErsor and transistors for converting  PCT/US2006/019954
el ectromagnetic radiation to an electrical signal. For

purposes of illustration, portions of representative
pi xels are illustrated in the figures and description
herein and, typically, fabrication of all imger

pi xel $0030Nn | mEEfErrine|dovptOeRedrasings| vReOlSd dleinBn@ are
simlar fashion. [0029] The term "minimally spaced"
ref ers desighatedibyilikglreigrenca meandsalseignrest 3-P dhisstrarevoxemplary

b e TaERERT S GhOf B! BPOURh ATy SPleGHEd Tegion 200
pU" POS S afed B0 88 SR SIbLOMe LIRELAPIACEE BLIBLI Y

spaced” refers to a distance o ess than out

m cr ons coleceionr@blons AR6| &36a biiphombentordformed as photodiodes
m crons.[0030] Referring now to the draw ngs, where

li ke el éf8nt83araf adissprinatedrapyisiarké L) pixet snser cells 100, 100a
numer al $g. Fi ex.3-9 il ustrat xenpl ary .enbodi nent s .
of et hoHS Il o ilaips £F gr B R By bR ged rigion
| ocat ed 206!ioWrhi@l SHiFERIY dSphst bak Girdt ¥Bnantivi

adj acent cﬁaréé cgﬁfeé?ioﬁgéeg?%ﬁs 126f 128a opmytypeat
phot osedgtarent arargids aisd fdrod@dgodedow8Be sdi8a, ofgf-type epitaxial
adj acent four-t sistor (4T) . pixel sensor_cells 100

100a ( FAgR Elygs if&@t e almaﬁaéqdamgl%vel%%f,ha‘flﬁgaﬁrst
barrier j i i.s_far | MRl ant,n
dopant ", I Al S8 AN Saiol I pREpg FEr R WiRien
ener gi egreunéel ®an 4hs A Wil OThé BRosu it el ré%-i&y 99 is

epi t axi al &;gl) | ayer 110a to forma first inplanted

regi on keetdsabélay the flirstgmphinded region and senneuds the first

i npl ant ed {afelgei(don 299 having a second. wi dth greater

than th&PP TRERTEO HGRRSE SHERGCrRI TanthstiAgl Wb, pyeviding
IS therefore reduced cross-talk between adjacent pixels and reduced
blooming.
[0031] It should be noted that, although the invention Will be

described below in connection with use in a four-transistor (4T) pixel
cell, the inveﬁtion also has applicability to any CMOS imager

including, for example, a three-transistor (3T) cell which differs from
the 4T cell in the omission of a charge transfer transistor, and to pixel

cells having more than four transistors.

[0032] Figures 3-9 illustrate a substrate 110 along a cross-sectional
view which is the same view as in Figure 2. For exemplary purposes,
Figures 3-9 illustrate the substrate 110 as comprising an epitaxial layer
supported by a base semiconductor. Ifa p+ epitaxial substrate layer is
desired, a p-type epitaxial (epi) layer 110a (Figure 3) is formed over a
highly doped P+ substrate 110D, as iltustrated in Figure 3. The p-type

epitaxial layer 110a may be formed to a thickness of about 2 microns to
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| ocated bel ow the first inplanted regi on and connects

the first inplanted region to the upper surface of P+
wammstieaR® 110b, providing therefore reduced cPOBES1086/819954

bet ween adj acent pixels and reduced bl oom ng. [0031]

It should be noted that, although the invention wll

be descri bed below in connection with use in a

four-transistor (4T) pixel cell, the invention al so

has apphbe@bl2 itiyrone, @oye fidRSablragaboun? Inididig, tofdout 7

exanple, a three-transistor (3T) cell which differs

from t henapngeind may thikee a dopantaenetnizatidmaiydetrange peabout 1

t i st t i | 1 s hayi t 14
transi ot 7' 1B peuSF e aad wes oY HrY Biederab i eBPhs 8 10
110 al ORg.Boltt 53058E5ME ?éll cﬁﬁ".e?"hwﬁii+cs'ﬂ1b's§aﬁehﬁdl§_c?f§‘3 hiéhly

Fo a I gure

view as In Figure 2 . exenpl ary pur poses,

3-9 i || depédtgbsthee sidhsdn dédridd Qedgivir®rggrabsun 0.1 Q-cm to
epi taxi al |ayer supported by a base seniconductor. If

a p+ epibewi hE2-smhmoratpsee of B H. 0 §-ca to-abpue 0.1 Q-
epitaxial (epi) layer 110a (Figure 3) is forned over a
hi ghly &3ped P+ substrate 110b, as illustrated in

Figure 3. The p-type epitaxial |ayer 110a may be

formedygzsia thi ngtﬁé% Qlo AROMred nlilGN18RFed BARGHT %&8 stacks

m crons, nore preferably of about 2 m'crons to about 7

m cr ons 13anti3Gmforhredeovar doppnypcepicai taytt dh0a reathe

range of about 1 x|l Ol4 to_about 5 xI OlL6 atons per cnB,

mor e pr EPEFSRIOIGING toyfEst and ssqond pjacenipiek regionsd. amd B,
atons p T + t 10b .1 s a_ hi dope
substr a? ‘"Iesp ‘\%ﬁ’ﬁlya Eﬂé?glgﬁf%l?%sa(ﬁfagrhgst% S ?a’\r/ ig?g/e %?Ckgg%% gre SPmﬂar to

0. 001 Wied¥e tof tRO Bldhsfér YHte RtacRU136a RhETBAAIDLY sigfplRRp UL
0.01 Wcmto about 0.1"W cm [0033] Figure 3 also
i |1 ust r desssiphiohtaf-dody theedemenssifehe gateastakacisis provided

below.

[0034] 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 (PECVD), followed by a patterned etch, among many

others.

[0035] If desired, a silicide layer (not shown) may be also formed in

the multi-layered gate stack 130, between the conductive layer 132 and
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130, 130a fornmed over die p-type epitaxial |layer 110a,
each corresponding to first and second adjacent pi xel

WO e@bors2A and B, respectively. The el enments o0PCT/082006/019954
transfer gate stack 130 are simlar to those of the
transfer gate stack 130a and thus, for sinplicity, a
description of only the elenents of the gate stack 130
is provided below. [0034] The transfer gate stack 130

conpri sege @cbhd sisubding [9ydrdes3. a&@‘fanlé’geoaﬁlygﬂﬁvghteﬁtructurcs of
deposited silicon oxide on the p-type epitaxial |ayer

110a, a2l othiwdrangistaraijretheligmest ciopedesign yay|hagehisor

ot her sui t.abl e conductqr.material,,. and .a.,second .
“hou at PGEPRgTRISEE sRicideray “pis PEPABAREF B e dranium
exanpl egisiyk i i.de: {Si-hi diax] 1T

(sili co%ﬂlﬁl% ’rtﬁg‘gf&ﬁggl;%ﬁ r F3§9ﬂlgﬂd?b%g’%)g§§ﬁflﬁéﬂg‘g§?’ Ko

(oxi de- mdtaludedilicitNO The tsHicttk- laydrdwlild glko G&I@ barrier
(oxide-nitride-oxide). The first and second insul ating

| ayers lgyer/refzatarydnetnd sedhasuEN AW oudYy/ M oringowd be
formed by.conventi.o zi\;sqﬂdepositi on and etchi ng nethods,
for exaﬁ%ﬁl’%e?y%lngﬁﬁé{% ém cal vapor deposition (CVD)

or plasma enhanced chem cal vapor deposition (PECVD),

fol | opgoBdly a pPREfRENRIs BbHNmMaddeNTidBOY. FubSESuent to the
[0035] If desired, a silicide |ayer (not shown) nay be

al so f ofgrethtion aflthe gatet stadkaySi0ed 30atefist plodtotSist layer 167 is
bet ween .t he conductive | ayer_132 andt he, secon
i nsul at fHPadQrEr ASYTUGRS %@é&g g 2 E“%félog about 1,000
st ruct ur ' S i ' :
Agx stPdmetd 206 8EL0 b??@a%%ﬁ%{‘?so n’glil‘% 51%}: gggn‘gjgémst layer 167

circuit sign may have 1t ( (
sui ci deid piy@Fnedltd 6btaid 4 G @pkA@r 1 dBYvdRantdréANO U Figure 4)

silicide, tungsten silicide, cobalt silicide,

nol ybdertithesp-typsi apéitaxiel layent H0abetsieen ¢heledjaddne pixels where a

silici d%rslt"f1 Sfani(::eo }egrioa}ll will Bee f(%n?e%’ irni accordance with an
embodiment of the present invention. As illustrated in Figure 4, the
first photoresist layer 167 is patterned so that, on one side of the first
opening 168, the photoresist layer 167 extends by a distance “W, /27
within each of the first and second pixel regions A and B. Preferably,
the distance W, is of less than about 0.4 microns, more preferably less

than about 0.2 microns, which represents the width W, of the first

implanted region 199 (Figure 6).

[0037] Next, the structure of Figure 4 is subjected to a first dopant
implantation 169 (Figure 5) with a dopant of the first conductivity
type, which for exemplary purposes is p-type. This way, p-type ions are
implanted through opening 168 and into area 101 of the p-type
epitaxial layer 110a to form a first p-type well region 199 (or a first
implanted region 199), as illustrated in Figure 6. The first p-type well
region 199 extends below surface 111a of the p-type epitaxial layer

110a, and is located adjacent active areas A and B of the substrate 110

11



| ayer/refractory nmetal such as TiNWor WNc/ Wor it

could be entirely formed of WNx . [0036] Reference is
wooewesremiest o Figure 4 . Subsequent to the fornptT/082006/019954

the gate stacks 130, 130a, a first photoresist |ayer

167 is formed over the structure of Figure 3 to a

t hi ckness of about 1,000 Angstrons to about 50, 000

Angstroms. The first photoresist |layer 167 is

pat t er ngthek® Wb hdjabertt photSdiodpEted LeSB 8! asafilldeedescribed
101 (Fi%gre 4 of the p-type epitaxial |ayer 110a
bet ween btlvav.adhadepth initx ghssubisares hlG,isheown asphkhesd T,

N T M R .

the first resi ' rned so that,
on one 2i rgfewg s9tnﬁ(zljefgpltr ?i}gt@{)%ce)%ﬁodi t?G@l?gr%)ﬁ'e phot or esi st

| ayer 167 extends by a distance "W/2" within each of
the f{0638phnd sddendbpahkihplkegitionsl@® BrdnBucted to implant p-
Preferably, the distanceW js of |ess than about 0.4
ni cr ons [YRfoPas ek as hprap prinslivmainta e LQL of thear-bips,

whi ch ts. t gt h f the first inpl

r elgiconr %B%Q%islgiq@aerreﬁg)f% ?%%%%e ﬁﬁsﬂ)f&%g@tr?%@?‘uﬁg @ggurc 6).
Fi gure AHeSof YRipe@kftbri P6R nfdy il cHRRRAL 4tR AL 6050 keV to
169 (Figure 5) with a dopant "of the first conducCtivity

type, whbotit 1 dMecExmopd preferpbly mdabout $0pkeypo.abdht 500 keV.
way, p-type ions are. inplanted through opening 168 and
into ar wa?%ﬁ ‘f‘ﬁ% %H{)e;/%ét RPYRGYEAregiaydP91g wiathin the range
forma fj 1 I | Ofz199 r.a first. ]

| ol ant S08uPs KBEbout 8 80 hichab Bhr pt s referily

first pwigpe tieldngteFiabbut PR 10 endsoles QWOSAHSARS Per cm?. If
I[lia of the p-type epitaxial |ayer 110a, and is

| ocat eddasifesk emtltipletimpdangs ewy bk wed t8 tafortthe psofils tof ahefirst

T e B ube patlsase 1R SRS, Bl tmpfant o the Mltipfe”

implants forming the first p-type well region 199 may be angled or

used in connection with at least one angled implant.

[0039] Subsequent to the formation of the first p-type well region
199 shown in Figure 6, the first patterned photoresist 167 is removed
by conventional techniques, such as oxygen plasma for example. The

structure at this point is depicted in Figure 6.

[0040] A second masked dopant implantation is conducted with a
dopant of the first conductivity type, which for exemplary purposes is
p-type, to implant ions in the area of the substrate directly beneath,
and in contact with, the first p-type well region 199 and to form a
second p-type well region 299, as illustrated in Figure 8. For this, a
second photoresist layer 267 (Figure 7) having a thickness of about
13,000 Angstroms to about 100,000 Angstroms is formed over the

structure of Figure 6 and patterned to obtain a second opening 268, as
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bel ow. The depth into the substrate 110, shown as
thickness Tl (Figure 6), of the first p-type well

w0 e@bo277299 is of about 0.5 to about 2 m cr onsSPCTYDEE06/019954
preferably of about 1 micron. [0038] The dopant
i nplantation 169 is conducted to inplant ptype ions,
such as boron or indium into area 101 of the p-type
epitaxial layer 110a to formthe first p-type well
regi on 989w ki Giguee 6) . Ashillastrared inpigure &t tonsct6Ad phytdiesist
conducted at an energy of 50 keV to about 1 MeV, nore
pr ef er abiygr 467 sopatternod sk ehats on abe sidesghk sagonflhepening 268,
i mpl ant ,dose in the fi -type wel.l regi 9.i.S
W Ehin B b ivebatl Bty T diehtony »425 witin cach of
at ons j f.er: 4RI
about 10 OL TR g c0n; 5 AR PORUIDIAR Rtance W,
desi r edjs ofiabbupDes torpbeutt 52 maiyrdis, usee pidetadiy of abdue 0.8
profile of the first p-type well region 199. In
addi t i oFCHORS, dNghICREESCBIS tﬁﬁ apael vidsh Vi aptheresond implagted

he fi . p- | | i op 199 . d .
| conn et asaR s & s Boka uioviiE i LR SHeoiges i
Subsequ@idertifad fige e %Ptl&fo%é?ﬁné 68t p-type well

region 199 shown in Figure 6, the first patterned
phot oresi st 167 i s renoved by conventional techniques,
such 8804%kygen pllhsmacdsl depaartpinglantteons? 69t comeluated to

t hi oint, i depicted i Fi.gure 6. [.0040] A second
s ken UBHART PIIRRE Geati D s/ Ten A RAIBEh M orras J0BgEERe D-
f th ' : I 4 I , ] 1 ;
Ot poge DPERPIGRATHEL V10 d ¥ bl hd Pl SEEER ALY, 299

subst r a{Eigdid 8ct The b@mﬁaltdtg)aﬁﬂ tnpAn&EIdHATE9 Wal be doR€ucted by
first p-type well region 199 and to form a second

p-type Rlekingrthgisvhsteayg 118¢njan|igs imptaater andrimplansigg
For thi gppr%priatc p-type dopant ions through the opening 268. The ion
implantation 269 may be conducted at an energy of 50 keV to about 3
MeV, more preferably of about 200 keV to about 1.5 MeV. The
implant dose in the second p-type well region 299 may be the same as
or different from the implant dose in the first p-type well region 199.
For exemplary purposes only, the implant dose in the second p-type
well region 299 is within the range of about 5 x 10* to about 5 x 10*3
atoms per cm?, and is preferably within the range of about 1 x 10" to
about 5 x 10" atoms per cm®. If desired, multiple implants may be
used to tailor the profile of the second p-type well region 299. In
addition, the implant or the multiple implants forming the second p-

type well region 299 may be angled or used in connection with at least

one angled implant.

[0042] As illustrated in Figure 8 and according to an exemplary
embodiment, the second p-type well region 299 has a trapezoidal

cross-section with upper width W, of about 0.6 to about 1.2 microns,
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second photoresi st |layer 267 (Figure 7) having a

t hi ckness of about 13,000 Angstrons to about 100, 000
wae\egstiees i s formed over the structure of Fi geeBUS20861019954

patterned to obtain a second opening 268, asshown in

Figure 7. As illustrated in Figure 7, the second

phot oresi st |ayer 267 is patterned so that, on one

side of the second opening 268, the photoresist |ayer

267 ext efsle phdfeabli Stabdae 0.8\Blicrond i loweaehdaf WL, about

first and second pi xel regions A and B. Preferably,

t he di sOdhteabitils4 oficrmsyumaone eraferablyoeftaboup 1) miigws,

nor e przierably of abaout ?.8 m crops, and represents

the uppEIOWBLITEERtORAO LB AHs-AE sty Srpogel

(Fi gure_.8) , ' _af. [

Lo v derRRAR P AT Ryt SLionT R85 P s5Hfole o
The seceaqtarpanhapdiphtoigbilers. 268 HepthaRtbIaiREate0110 of the
i mpl ant p-type ions, such as boron or indium into

area 10cconditheypgtwadkregism 3R9 andicatedy byl thiekness To(Higateed), is
d p-t 11" regi oy 299 (Fi _.Th d .
socond gy el Legln 200, (e BT secems L

the substrate 110 in an ion inplanter and inplanting
appropoo4de P- t $8BsedABANo HRNR O QBPihilpIARSMANYI69 (Figure
268. The ion inplantation 269 may be conducted at an

ener gy @, the skevidt phatbostst By Y67 ireengyeéd fograinlvyntidnal
about 200 keV to apout 1.5 MeV. The inplant dose in )
the secHifdRflUeHIEchar PXYEE RIASDY LT REp IR t hBe sEHeruggat this
or diff . et MpLant dose in the first p-type
wel | regpgﬁﬁﬁ%éga%%gggﬁgﬁ%?gry pur poses only, the

i npl ant dose in the second p-type well region 299 is

Wi t hi f004E] r angBeftiriap vty f Righon 9t dedbtitofphotddibdes 188,
atonms per cn2, and is preferably wthin the range of
about 11%8aof ourdgragsister @1} pivel 2ersonwellpkf0,dria aré next

desir edfForrrTnl'lclcit a ]altc%ml: el ﬁr@% gnc??é/co%% p-type implant regions 199, 299

of the barrier implanted isolation region 200 of the present invention.
Although the invention will be described below with reference to a
photodiode as a photosensitive element, the invention is not limited to
this exemplary embodiment and contemplates the formation of the
implanted region 200 adjacent various photosensitive elements such as

photoconductor and photogates, among others.

[0045] According to an exemplary embodiment of the invention,
each of the photodiodes 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 9) 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 A and B of the adjacent pixel cells, and adjacent the barrier

implanted region 200. As shown in Figure 9, the n-type region 126,
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used to tailor the profile of the second p-type well
region 299. In addition, the inplant or the nmultiple

WO pbant7ss f orm ng the second ptype wel |l regi onPCEOSI0AY019954
be angl ed or used in connection with at |east one
angled inplant. [0042] As illustrated in Figure 8 and
according to an exenpl aryenbodi nent, the second p-type
wel | region 299 has a trapezoidal cross-section with
upper wildth isMpacdd fbathedirbt p-oypwell rdgidn M09 disRkee “d,”
preferably of about 0.8 mcrons, and |ower wdth W of
about 0082beutabdte abour I smoinsthe hgrigoptad idineativy. Afthough
about 1.0 m ver, the inv

aqn. Ho [ al.s
cont et S ABeccBO M b eied F24-dattoriaby masesgrom
other vagd g NG ELi ERE SXAMR :
rect angul arﬁgﬁm,é%vaem?g lbgﬁ?egr’gﬂégﬁgngégtlﬁwﬁl nt oltgd@O this
subst r aembbHimefit ddibalse condmplitypehamlinatiegiod m-23R, region
i ndi cated by thickness T2 (Figure 8), is of about 1.5
t o about2621pEpdincent gpeldopehing ithy figst of tyap avell rsgion 199 in at
m cr onsy aLtOOréllS% CSubsequent to the second dopant
i mpl ant a2 6 (Figure 7), the second phot oresi st
| ayer 267 is renpved by conventional techniques, such
as oxygessp! asn®uber OXAGRLER Fidi@ Slifudhids ehah-thfd fgion
point is depicted in Figure 8 [0044] Referring nowto
Fi gure 326¢l26@slightlyfspptedt fodinalie s8] p-tBawell region 299 by a
four-tragnsi stqr, (471), pi xel sensor cells 100, 100a are
next fo Cﬁdjdacé?gf‘b‘?‘ﬁ:l s Oéﬁ@coé)e%nﬁl%-ewgabyoubout
i npl ant | On: « e el |
S0l ati aa0iner B, thy gkl iRt dalivk flioh ARG TBhAhplaces the
Al t hougbmiboeimeneaicbatingvid whixth drRsetbieg-hpt MallWedibn 299
reference to a photodiode as a Shot osensi tive el enent,
t he i nvepRtasi the npe r¢givn dd6t 26nimsateleastmingrdirection (for

embodi ment Slre]fjincﬁlnt e@la? Eﬂﬁ‘gct}or}l ofr%{l ot (\)fgrt?cfal attrch horizontal

€xam € vertic
directions.
[0047] The implanted n-doped region 126, 126a forms a

photosensitive charge storage region for collecting photogenerated
electrons. Jon 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 500 keV to form
n-doped region 126, 126a. N-type dopants such as arsenic, antimony,
or phosphorous may be employed. The dopant concentration in the n-
doped region 126, 126a (Figure 9) 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 5 x 10'°to about 5 x 10 atoms per cm®. If desired,
multiple implants may be used to tailor the profile of the n-doped
region 126, 126a. The implants forming region 126, 126a may also be
angled implants, formed by angling the direction of implants toward

the gate stack 130, 130a.
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i npl anted regi on 200 adj acent various photosensitive

el ements such as photoconductor and phot ogates, anong
w@btdvens’72f 0045] According to an exenpl ary enmboRPCTERL1000619954

the invention, each of the photodi odes 188, 188a is a

p-n-p photodi ode forned by regions 124, 124a, p-type

epitaxial |ayer 110a, and regions 126, 126a,

respectively. The n-type region 126, 126a (Figure 9)

is foroeBlby i mAndahirdbpiapanplnitiod wiek aifbpant of the first
conductivity type, which for exenplary purposes is
n-type, comdudintingpe, ofhick éorsaxiosiplay @udpeses isl prtipen satomducted

the active areas A and B of the adjacent pixel cells,

and adj SREHE P HBSHRT H8imPIARCehina thE 800 I 2B subgrate over the
shown i ' . - j '

Shoen PoBREHEnfrod RS0 LYBLIRHRA R 8P bfter o 130,
di st anc&3042iid diic Beitk ithPlaheedaRRgidn 200, fobmthe-type pinned
hori zontal direction. Although Figure 9 illustrates

t he n-t §péacedyicsd 242424a pbtheshowlspmplespd pbdtddiode 188, 188a
first p_é'éﬁe [l region 199, the invention is not

[imt ed( B enbodi mrent and al so contenpl ates the
formati on of n-type region 126, 126a adjacent and

t ouchj he fi i '
e ol IR e PR pufROLARr 198, | Pucbhs ol6TBtmed by

i |1 ustredmiuding andoype impiunoatick?ith b2d@pasi ioffloihd Hirst
spaced fromthe second p-type well region 299 by a
~ di st ancECPICUVEY typfo (FTRIgiyEdF e BIpiATY PYORPSERS RTBIRS, sO that p-

prefer o g A0 A0, D HIGAGELIEAL 8 Lason

the inv on also-conte S the enbo

accor di figplhftedhi-efpd ReIGETPO Ibatndicbbben HEIHAR @Y e 130,
contacts the n-tyge region 126, 126a in at |east one

di rect i 4809 fd thebanpice Implhntdderegamt 2041  directi on) or

in both vertical and horizontal directions.

[0050] Figure 9 also illustrates n-type floating diffusion region 129,
129a located adjacent the multi-layered gate stack 130, 130a and
opposite the n-type doped region 126, 126a of the p-n-p photodiode
188, 188a. This way, the multi-layered transfer gate stack 130, 130a
transfers charge accumulated in the charge collection region 126, 126a

of the photodiode 188, 188a to the floating diffusion region 129, 129.

[0051] The barrier implanted isolation région 200 of Figure 9
adjacent the n-type region 126, 126a acts as a reflective barrier to
clectrons generated by light in the n-doped regions 126, 126a of the p-
n-p photodiodes 188, 188a. When 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-
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[0047] The inplanted n-doped region 126, 126a forns a

phot osensitive charge storage region for collecting
w@b@bagerer at ed el ectrons. lon inplantation mapChes2006/019954

conducted by placing the substrate 110 in an ion

i npl anter, and inplanting appropriate n-type dopant

ions into the substrate 110 at an energy of 20 keV to

500 keV to form n-doped region 126, 126a. N-type

dopant s w&lich iathediclenthar agndrorsanyThey, ipHesgeaipius may

be enpl oyed. The dopant concentration in the ndoped

regi on tpdodipert dastgorcbalyyve; havigg wichanped desisgefosmed in the

about 1 x 1015 t o .about x,1018.atons per .cnB,, and |s .

o of r aB YPRFDRPLIRG! LA RgeeoB e atishs SR s HaPhphBtosice

S X 101?e§6&'1§6?§?6££§%-e1&d‘trc9ﬁ$!Tl‘lf‘edbarﬁ’e} ﬁﬁ;%h&eﬁ%l%r?rcgion

may be used to lor the profile of the doped
regi on 2P6,actkA6aedddescairrigy lasd © fhersubsigate d§i0dy h2fming a
126a may al so be angled inplants, fornmed by angling

the di r EeRFHFaBPnigapliank diaf srpdificy the byadelizgramiantzwrves to
L300, [OBARL: 80 her o0 LS HBL R, P36, 106

of the TSt ¢on I Vi

pur poseshdrebPrddiRe drdssCANABEHREN $Qja B! piRells¥R&ri RS
are inplanted into the area of the Substrate over the
i npl anted n-type reg'i on 126, 126a and between the

trans{@pP5Yht e 130ad trproviiéng arefiastive bpirgntedlectrons
region 200, ta forma p:type pinped. surface | ayer, 124,
0n or EeRtrncians e R ae ek stledionisgior, shabRic s o
9). [00 0~ i 4.

L al a0 ToihRE okt LD MoHLLARE phO¥EEcketo it Brensor
with a topaioh, &r ddgipld,istlatianefieid printy phyRRliod1 88 from an

for exenplary purposes is p-type, so that ptype ions
are i npkéicatt dhetedipte (schasetjachet B@bBPth(EKth@NS@elocatcd

on the other side of the barrier implanted region 200.

[0053] In addition to providing a barrier region and photosensor-
to- photosensor isolation, the barrier implanted isolation region 200
also eliminates the formation of shallow trench isolation regions and,
therefore, the formation of trap sites along the bottom of such shallow
trench isolation regions. As a result of eliminating the formation of
these trap sites along the bottom of the trench isolation regions, dark
current generation and leakage is decreased. The barrier implanted
region 200 also “hooks-up” the p-type epitaxial layer 110a to the P+
substrate 110b to minimize cross-talk, and allows for improved pixel

scaling.

[0054] The remaining devices of the pixel sensor cell 100, 100a,
including the reset transistor, the source follower transistor and row
select transistor shown in Figure 1 as associated with respective gates

40, 50 and 60 and source/drain regions on either sides of the gates,
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I mpl anted n-type region 126, 126a and between the
transfer gate 130, 130a and the barrier inplanted

WO e@ba277290. [ 0050] Figure 9 also illustrates PET/YpEO6/019954
floating diffusion region 129, 129a | ocated adj acent
the nulti-layered gate stack 130, 130a and opposite
the n-type doped region 126, 126a of the p-n-p
phot odi ode 188, 188a. This way, the nulti-I|ayered

t r ansf earegiefhadkbylwell-kddRa hedish.e ConsBafiGigal processing
accunul ated in the charge collection region 126, 126a

of the plsps owydutealsgempioged te domnh cortagestandgvidingftosioonect
region 129,.129. [0051] The.barrier inpl

ol ot i BALEH S HRSOBOGoREGis 15 BhPAELRAL L0 H00s et
region 2 ' RA | .

el ectr o%%ﬁg%%é?(gct g-i(}&%;ﬁ'{f?%hr%% h@tE ﬁt&ﬁqdope% ésgféllg%%% layer of,
126, 126a.ofiliddiedipkidepBHGOPSA, o BPSIBBvhitB&aC M Eﬁnarized
l'ight radiation in the formof photons strikes the

phot osi eed etdicdrte prowde tostact hplss.ovkish rey then momnllized ad

to electron stored in the n-do r [

whi ch ar gd regi.on
126, 1285V 80r5tsgt8 FB%‘%F}CSS? ge}tF,gtﬁims crgaf¢ and other pixel gate
el ect I O8It héedeBOCRNEBRR Al RyRRFdonductors and

photosite in a p-we or a p-type epi layer, 1t

i s the @lsetttosns dthet ciaué sstuenads nfagraldohise ekgleodhtedconnect
p- doped photosite in an nwell, it is the hol es that

are st ofifstragities of she pckseasen @lly enbodi ment

descri bed above having n-channel devices fornmed in the

p-t ypf()@gﬁ axi altAoé/?%/cgif ?Po%gs%or &gsgd%?ggfneé(% SvgflﬁEE ?mg n

t he n-doped pho egl on a are electrons.

The bar ebgifiedtdt CMOSAriaget 642 BAvihe Pikdls SHdtr@aeted dceording to
reduce carrier loss to the substrate 110 by form ng a

concent g inyanger i idnstratediin Figgiré iL@s A heodessod bdsedgystam is

AT R TEE Rl R S

cross- t gMaRERR ARt RivtinSERRH e GELY 2 system could
include a computer system, camera system, scanner, machine vision,
vehicle navigation, video phone, surveillance system, auto focus system,
star tracker system, motion detection system, image stabilization system
and data compression systém for high-definition television, all of which

can utilize the present invention.

[0056] A processor based system, such as a computer system, for
example generally comprises a central processing unit (CPU) 644, for
example, a microprocessor, that communicates with an input/output
(I/0) device 646 over a bus 652. The CMOS image sensor 642 also
communicates with the system over bus 652. The computer system
600 also includes random access memory (RAM) 648, and, in the case
of a computer system may include peripheral devices such as a floppy
disk drive 654, and a compact disk (CD) ROM drive 656 or a flash
memory card 657 which also communicate with CPU 644 over the bus
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[0052] In addition to providing a reflective barrier

to electrons generated by light in the charge
wa@oelobaztedn regi on, the barrier inplanted i sol BET/OR2006/019954

regi on 200 provi des phot osensor-to-phot osensor

i solation, for exanple, isolation of the p-n-p

phot odi ode 188 from an adj acent phot odi ode (such as

adj acent p-n-p phot odi ode 188a) | ocated on the other

si de of 65he TbaayiaBb bedsaablRdoig@itie 200prdc@QB35HNCMOS
addition to providing a barrier region and

phot os eimsaget ssnsqtogedh smory 6148t oo a singlel G ghip. er

i npl anted isolation region 200 also elimnates the

f or mat of sh ow trench isol ati.on regions and, . .
ther el 1% ne RpRliEh Ghe GPots Spbasiu-S g aeRiescribed with
bot t om plfe SHEN S HR! foPWatibRBF ?hb&ﬁlel%drgﬁ‘st }{)]zlg% PRBrodiSdé of

result of elimnating the fornation o trap

Si tes ahdjagni ipéxebotiisosmdf astthe p-nenplivtosaldat 188) 188a (Figure 9)
regions, dark current generation_ and | eakage is )

decr easBaing RetyBa chitge Golpttian EsionsdiZsn 1268 farmsesd adjacent p-
"“hooks- up" ;the p-t pi t.axi l.ayer ,110a.tg t P+
substr a%effﬁ%crﬁgl%gnﬁftﬁir%og 09 G bcalﬁ[_bdeéfqof}a;th?to’ihe

| mpr ovephveh%&h isSkcH liffed k&8¢ kmbdaihenm| &éd&@dﬁ?l’y‘, ¢RS

of the pixel sensor cell 100, 100a, including {he

reset tmansiic bes equrd applicabdity ob looverphotasessets dncladithg n-p-n
row sel ect trapsistor shown in Figure 1 as associ ated

with r egla%f@éwﬂcs Gapwgisig PaPeaHhisncaligtiondrgions famed

r egi ons?(ggce%ittaﬂﬁ{.ﬂ%i%goﬁg%fn iv eﬂr]]?ntgatr?gcigﬁgﬁh@tlo%%efs %Q%Qher

by wel | - known e I 'ona essrPng steps

may be qipa@oﬁ?m@m@tom OocsuseNthRopadhthdtbhdiéctivity type of
connect gate [ines and other connections in the pixel

cel | 108! stroaurespol chragphesordinglye mithr thegrarfster gatmy be

covered with a passivagtij | ayer o . 9., .Silicon

di oxi d e,co%‘%oné%é O ﬁgﬁ%%“%ﬁ‘?% ﬁ’élf%eg» %Fhém:hi e
embodiments of the present invention have been described above with
reference to a p-n-p photodiode, the invention also has applicability to

n-p or p-n photodiodes.

[0058] In addition and as noted above, although the invention has
been described with reference to the formation of only one barrier
implanted isolation region 200 isolating charge collection regions of
photosensitive elements of adjacent pixel sensor cells, the invention also
contemplates the formation of a multitude of such barrier implanted
regions located at various locations on the substrate to isolate pixels.
Further, although the invention has been described above with
reference to a transfer gate of a transfer transistor connection for use in
a four-transistor (4T) 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.
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and etched to provide contact holes, which are then
netallized to provide contacts to the reset gate,

wo ec@adtees gat e and ot her pi xel gate structur eSPCEES2006/019954
needed. Conventional nultiple layers of conductors and
insulators to other circuit structures may al so be
used to interconnect the structures of the pixe
sensor cell. [0055] A typical processor based system
600, Y0391 has Theabbee testripMob andedewifid ArdaMiye be
pi xel s constructed according to the invention is
I || ust r gpetdérad Blugtredvd of exvenpplayesrsbedibmney vehich achiew the
exenpl ary of a tem havi.ng digital circuits which
coul d | frapYEe SRRy agss of e BEntige, Meditiufonyand
Lim ti ngy b Sietod r%ysgttgiﬁb %96‘4693 LOEiHEgs & FQAPRYEES can be made
system canmera system scanner, nachine vi sion,
vehi cl ewithougdtpating \ficie eho Bsifie and YEorR) off ths Gevedyishem

auto focus system star tracker sgsteny motion
det ect i ¥ceiglinglyy the ipvsationdpnpt rabt sansigecdns haimedimised by

conpressi op system for high-definition tel evj.sion, al
of b o oA acPprgni g, Bl iy i SSabye
process@ioRastete SYSLRIN 4R, as a conputer system for
exanpl e géneral |y ‘conprises a central processing unit

(CPU) 644, for exanple, a mcroprocessor, that

communi cates with an input/output (1/0O device 646
over a bus 652. The CMOS i mage sensor 642 al so

communi cates wth the system over bus 652. The
conputer system 600 al so i ncludes random access nenory
(RAM 648, and, in the case of a conputer system may

i ncl ude peripheral devices such as a floppy disk drive
654, and a conpact disk (CD) ROM drive 656 or a flash
menory card 657 which also comrunicate with CPU 644
over the bus652. It nmay al so be desirable to integrate
the processor 654, CMOS
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I mage sensor 642 and nenory 648 on a single IC chip.
[ 0057] Although the above enbodi nents have been
walementtiesl with reference to the formati on of PCT/US2006/019954
phot osensors as p-n-p photodi odes of adjacent pixe
cells, such as the p-n-p photodi ode 188, 188a (Figure
9 ) having n-type charge collection regions 126, 126a
formed adj acent ptype barrier inplanted region 200, it
nmust be understood that the ICIVATMISON is not limted
to this enbodi nent. Accordingly, the invention has
equal applicability to other photosensors including
n- p-n phot odi odes conprising p-type charge collection
r edi omspikel sttt rad] cdegsisirg) N-type barrier inplanted
regi on, photogates and other types of photosensors. O
GAHLSEyet he dopant and conductivity type of al
structures will change accordingly, with the transfer
gate corresponding to a PMOS transistor. Further,
AP L9 TegEoeRbR HrSeARdUSHIT HEPplasateR Daloant i on have
been descri bed above with reference to a p-n-p
surfacepifetiddiubsieate] fvdd implntddorgilnsarhpssiagpt leasdiwla ty to
n-p or p-n photodi odes. [0058] In addition and as
implanfRf 8512 A8R Yeioft BQ\QH% %¢&&ﬂ WieRL 1,aR has been descri bed
Wth reference to the formation’of only one barrier
inPIanted isoIatioH rregi op 200 i sol ati ng charge
EbICPEQNSRPGEIISRE MBI A SHYSETOLlEF RN EEORAL S of
adj acent pi xel sensor cells, the invention al so
secondoontiengvigt gpe tfhenédadiptdno saidfimglanied isolxd®nakgmc h
barrier inplanted regions |ocated at various |ocations
onat hghe 11s ' t1e wii idk 1. t,hough
t he inveﬁ?%%naﬁggﬁgégﬁﬁgggéF?%éghgggdgk&ﬁ§%m?€¥grence
to a tbapﬁﬁeé gate of a transfer transistor connection
for uBECrfode

3. The pixel structure of claim 1, wherein said photosensor is a
photoconductor.

4. The pixel structure of claim 1, wherein said photosensor is a
photogate.

5. The pixel structure of claim 1, wherein said pixel comprises
two photosensors, each disposed on opposite sides of said
implanted region and adjacent said implanted region.

6. The pixel structure of claim 1, wherein said substrate
further comprises a doped epitaxial layer over a substrate
layer, and wherein said implanted region is provided within

said doped epitaxial layer.
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a four-transistor (4T) pixel cell, the invention al so
has applicability to a five-transistor (5T) pixel
w@edob/12825i X-transi stor (6T) pixel cell, or a PCT/US2006/019954
threetransistor (3T) cell, anobng others.59] The above
description and drawi ngs are only to be consi dered
illustrative of exenplary enbodi nents, which achieve
the features and advantages of the invention.
Modi f Ttetpiee seackusel bS tial e, @rdif ssidefipldngedr OCeSs
conditions and structures can be nmade w t hout
depart.j f t.he LEIL L, and, ScO . i_nvention.
Accor %I‘%%g? 3?51%?5%% an@%% Iélélnanpesd lrsf‘.}olf1 85%9%%&3: g%c 't%‘gr ed as
being Iijmted by the foregoi ng description and
dr awi REOY BUEPPE syrfage pf sald daped epitaxial doss id t he
appended clains. CLAIMS 1. A pixel structure
conpr fisst ippladtaslibslatiohaegion Havhlged fisawiddi andafl a
first conductivity type |ocated bel ow a surface of
sai d §é&%ﬁhfi§r{§?‘am§@i 1T AP P FOIRA P! NG At
| east two i ant ecf I sol atFon regions Navi ng different
wi dt hs; and at |east one phatosensor having a charge
col | eEPRBH i%‘ﬁ%ﬁt implantsdslairnEagion-t59ic ype f or med
adj acent said inplanted isolation region. 2. The pixel
st r uctenoedamptdnaednisd]ativneregion It pbaioadenigiol i s a
phot odi ode. 3. The pixel structure of claim1, wherein
sai d ?[rgagé}stﬁ%gge'ﬁl%t% ot oconductor. 4. The pi xel
structure of claim1l, erein said photosensor is a
22 gogﬁt&%’ixe Bl'rxfg{:]l]%ggg? gl'ain? t7‘; gv%teycrlg s:ﬁfi ﬁ%tavlvi tﬂ' is l\é\'{sqser ern

than about 0.4 microns.
9. The pixel structure of claim 8, wherein said first width is less
than about 0.2 microns.

10. The pixel structure of claim 7, wherein said second width is
about 0.6 to about 1.2 microns.

11. The pixel structure of claim 10, wherein said sgcond width
is about 0.8 microns.

12. The pixel structure of claim 7, wherein said first implanted
isolation region has a thickness of about 0.5 to about 2.0
microns.

13. The pixel structure of claim 12, wherein said first implanted

isolation region has a thickness of about 1 micron.
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two photosensors, each di sposed on opposite sides of
said i nplanted regi on and adj acent said inplanted
wo egpoan7726. The pixel structure of claiml, WhPCEUB2006/019954
sai d substrate further conprises a doped epitaxia
| ayer over a substrate |ayer, and wherein said
inplanted region is provided wthin said doped
epi taxial layer.7. The pixel structure of claim®6,

WET efTfe ?ﬁéeﬁsﬂrﬁﬂ%ﬁ%@éﬂmh@ gl QRCAMTRAH S&Hrd first
i npl anted isol ation reglon | ocat ed bel ow an upper

f f t I d-f t
ol afERaneE bRt B heor e ohor el WP e and a
second i nplanted isolation region |ocated below and in

cont aebowti k210 smicebnsi r st i npl anted i sol ation region,
sai d second inplanted isolation region having a second

Wi gt hTHE @ategbrrbdtare b@aibh 18! wieHimsaid secbh@ pi xel
structure of claim7, wherein said first width is |ess

h b I f
E:I glnn%e}% \A?]cgr cfl%uoslg%%%?ﬁlr%g \%‘\A%glg%ég()f%ss%{ ﬁ;ﬁ gbout

0.2 mcrons. 10. The pixel structure of claim?7,
wher elHcoap.d second width is about 0.6 to about 1.2
m crons. 11. The pixel structure of claim10, wherein

sabd Tbepne] virdétard of dbionV, Wh8rdih edidR6cont?. The pi xel
structure of claim?7, wherein said first i npl ant ed

' sol f‘nhhﬁﬂn{e%%&gn&?%eg%ﬁ L&k RGP Qa8 seOign L © about

17. The pixel structure of claim 7, wherein said first implanted
isolation region is doped with a p-type dopant at a dopant
concentration of from about 5 x 10** to about 5 x 10**
atoms per cm”.

18. The pixel structure of claim 17, wherein said first implanted
isolation region is doped with a p-type dopant at a dopant
concentration of about 1 x 10*? to about 5 x 10"? atoms per
cm’.

19. The pixel structure of claim 7, wherein said second
implanted isolation region is doped with a p-type dopant at
a dopant concentration of from about 5 x 10 to about 5 x
10" atoms per cm’.

20. The pixel structure of claim 19, wherein said second

implanted isolation region is doped with a p-type dopant at
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13. The pixel structure of claim 12, wherein said

first inplanted isolation region has a thickness of
wa@b@dti27723 cron. 14. The pi xel structure of cl aP@T/¥S$2006/019954

wherei n said second inplanted isolation region has a

t hi ckness of about 1.5 to about 12.0 mcrons. 15. The

pi xel structure of claim 14, wherein said second

i npl anted isolation region has a thickness of about 5

m cr oaslophfit cdenpiaeh ofbboat kel 13F tocdduns/x 10Her ei n

said second inplanted isolation region has a

t rapezpi ss-section. 17. The pixel structure of
cl ai mé%%rgg\,hgfgerﬁri said first inplanted isolation region

is doped with a p-type dopant at a dopant
caoncentrat.iqn of fro bouyt x .1011 to about 5 x 1013
aP0ns e Pisgtragaire o éﬁHP:ie I"V??f‘?l{}éﬁlér@%%nte aim 17,

wherein said first inplanted isolation region is doped

Wi t h asopetigmpeegttapianocantd witiopapttypeepemtisldiyeon of
about 1 x 1012 to about 5 x 1012 atons per cnR. 109.

The piy@he VML PY Sukratd @i M 7, wherein said second
i mpl anted isolation region is doped with a p-type

dopant at a dopant concentration of from about 5 x

1931 boyt 5 x 1013 at .cn2.. 20. The pi xel
ePucoDeaPter sesfin D4 e Pl MRERALEBR | ot ant ed

isolation region is doped with a p-type dopant ata
dopan€pPkstieldayaras fasmedftoabbikngssiofaboat fgoalbout 5 x
1012 atons per cn?.

12 microns.

23. The pixel structure of claim 22, wherein said p-type
epitaxial layer is formed to a thickness of about 2 to about 7

microns.

24. The pixel structure of claim 1, wherein said first
conductivity type is p-type and said second conductivity
type is n-type.

25. The pixel structure of claim 1, wherein said first
conductivity type is n-type and said second conductivity
type is p-type.

26. The pixel structure of claim 1, wherein said photosensor is a
p-n-p photodiode.

27. A pixel structure comprising;:

a substrate;
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21. The pixel structure of claim1, wherein said
inplanted isolation region is |ocated within a p-type
wepiobaxizat | ayer forned over a P+ substrate. 2PCT/TRE06/019954

pi xel structure of claim2l1l, wherein said p-type
epitaxial layer is formed to a thickness of about 2 to
about 12 mcrons. 23. The pixel structure of claim22,
wherein said p-type epitaxial layer is formed to a
bhiigishesal @gictbeni fizsticonabaitlitytype icanrsl baddw alhe pi xel
structure of claiml1l, wherein said first conductivity
t i -1.yYp nd said second conductivity type is

mnﬁmeﬁ¥§§8§ﬁbg§%¥7%gﬁpier structure of claim1l, wherein
said first conductivity type is n-type and said second
é%’iﬁd‘é‘fii sereRd Phposersoss foymed agpceniidimplantady uct ur e
of claim1, wherein said photosensor is a p-n-p

region phdbadippdesite fides A ik ahphhtadaicgion, eddmirstSi ng: a
substrate;an inplanted region of a first conductivity

' rate; and a

ot e e b hoRsch PRSI, Lol

b é | ant ed regi on and on opposite sides of said

about §. H™d region, said first photosensor being spaced
fromsaid second photosensor by |ess than about 0.4
nm28r olde pixel structure of claim 27, wherein said first

photosensor is spaced from said second photosensor by less
than about 0.2 microns.

29. The pixel structure of claim 27, wherein said implanted
region comprises at least two implanted isolation regions
having different widths, said at least two implanted isolation
regions being located one below the other and in contact
with each other.

30.  Anisolation structure formed in a substrate for isolating a
first pixel sensor cell from an adjacent second pixel sensor
cell, said isolation structure comprising:

a first implanted region of a first conductivity type extending below
an upper surface of a substrate, said first conductivity type being
complementary to a second conductivity type first and second charge
collection regions corresponding to said first and second pixel sensor cells,

respectively, said first implanted region having a first width; and
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28. The pixel structure of claim27, wherein said

first photosensor is spaced from said second
w@b@basErsor by | ess than about 0.2 mcrons. 2BCT/TRE06/019954

pi xel structure of claim 27, wherein said inplanted

region conprises at |east two inplanted isolation

regions having different widths, said at |east two

i npl anted isolation regions being | ocated one bel ow

Fa@@c&fd’ﬁﬁ{nplﬁﬁgd irBieANbaftd el SRET QIR wifld saidn

i solation structure forned in a substrate for

. isolating a fi,rst pixel,sensor.cell.from an ,adjacent
first g LA 02D IS SREU HEPIR AT ORS RCCPPuct ur o
conprising: a first inplanted region of a first

width greaign than/thefirstyisltext endi ng bel ow an upper surface of
a substrate, said first conductivity type being

cenp! amRnéickiton SractafCoNdaie®BOIUsheréid yaid YiRe wWidfst and
second charge collection regions corresponding to said

first.an 0 hxel .sensor cells, respectively,
sai d fsﬁF%ttglggnﬁPg%fgg rr]'mecgﬁl%sﬁ having a first w dth; anda

second i nplanted region | ocated bel ow and in contact
wid2h sdihg ifglatian stapdtars elclaiayBBnvhergimsaid sespad
i mpl anted region having a second width greater than

t he fiwidth kBbtt 0.%lto TRanicsosat i on structure of claim
30, wherein said first width is | ess than about 0.4

MGl on T ' j . . Of . im 30,
vvhggf ei ?hse 2?20 a%(;e}g%%&dalvl\n%%ﬁa?%{ gg’g‘h’#&% ;atlcgh%&Z m crons.
33. The jsolation structure of claim30, wherein said

first npEngst goehisohtiekness efaboms 8% topbawot0 0.5 to
about 2.0
microns.

34. The isolation structure of claim 30, wherein said second
implanted region has a thickness of about 1.5 to about 12.0

microns.

35.  The isolation structure of claim 34, wherein said doped
epitaxial layer is formed to a thickness of about 2 to about

12 microns.

36. The isolation structure of claim 34, wherein said doped
epitaxial layer is formed to a thickness of about 2 to about 7
microns.

37. An imaging device, comprising:

a first photosensor of a first pixel cell, said first photosensor

comprising a first doped layer of a first conductivity type formed in a
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m crons. 34. The isolation structure of claim 30,

wherein said second inplanted region has a thickness
woboosho1es 1.5 to about 12.0 microns. 35. The iBOI/&B20061019954

structure of claim 34, wherein said doped epitaxial

| ayer is formed to a thickness of about 2 to about 12

m crons. 36. The isolation structure of claim 34,

wherei n said doped epitaxial layer is forned to a

substrafel hGdk BEHS Gar@h@llecon e brmledibeloonaid Bréc  An
I magi ng device, conprising: a first photosensor of a

fir L xel ¢ I ' 0 onprising a
dopui¥Y?§%r§%%% u%ﬁééphéﬁ;g¢%+é%%‘%%%%ﬁ§§ﬁ3ﬁ%:%type f or med

in asubstrate, and a first charge collection region
“ﬂkcuﬂﬁWﬁﬁ@nﬁ@ﬁémpééﬁﬂoﬂdﬁ@ﬂdﬂﬁﬁﬁa*WB9br for accumul ating

phot o- gener at ed charge, said charge collection region

HeddopdPharoseonof £srdid ipixe tyll tsyidesecand econd
phot osensor of a second pixel cell, said second

Qf. ,CO, | $i . -of said
photos10L SR e B O A bR o and
a second charge col lection region formed pel ow said
type forrpech HsH 5@5@5@@?@%%&%@ EPBaCPIE ORIEE Gener at ed
charge, said charge collection region being of said
formeddetomdaidordunt duped/laygfer aanonalating pheto-gamdrareded
region of said first conductivity type | ocated

charge,asqi'cgel}%? e P&E&ﬁéﬁ!ro%iﬁhrb%ingaaﬂsﬁ@g&aﬁdwﬁaeéﬁeﬁ?r s for

pro g Isolati of said first photosensor from

%fid second phot osensor, said barrier
type; an

a barrier implanted region of said first conductivity type located
adjacent both said first and second photosensors for providing isolation of
said first photosensor from said second photosensor, said barrier
implanted region comprising at least two different isolation regions having
different widths.

38. The imaging device of claim 37, wherein said barrier
implanted isolation region comprises a first isolation region
having a first width of less than about 0.2 microns, and a
second isolation region located below and in contact with
said first isolation region and having a second width of
about 0.8 microns.

39.  The imaging device of claim 38, wherein each of said first

- and second isolation regions is doped with a p-type dopant

27



i npl anted region conprising at |east two different
i solation regions having different widths. 38. The

wo pwgilery28levi ce of claim 37, wherein said barrP@r/us2006/019954
i npl anted isolation region conprises a first isolation
region having a first wdth of |ess than about 0.2
m crons, and a second isolation region | ocated bel ow
and in contact with said first isolation region and

havi ngt @ depeanebndetlirhtioh ofBoHt albbut 31k 08NS abdht 5The
I magi ng device of claim38, wherein each of said first

and secqqd._ i i ore regions is doped with a p-type
PV e

dopan concentration of fromabout 5 x 10n
to about 5 x 1013 atonps per cnR. 40. The inagi ng

débi cd hsrimagingvigace ghdtial 39 cubercisy cashiaf spidrfast and
second isolation regions is doped wwth a p-type dopant

at a dapaatombicRtibnatgions Bfddpedwidbapt tybeXopRd? t O
about 5 x 1012 atons per cnR. 41. The imagi ng device

of ¢! & NadBant ORIRh A8 Br RbnP At £ 30 20finsEANd
charge coltection regions 1I's adjacent "a respective
gate of g,transfer tyansistor fornmed over said

subst Kat'k, AOMYPITARsf er gate transferring charge
accunul ated in respective first and second charge
cdlll edihecamagerg dexdcd of daine3Peehérem Edchsif saiddirsecond
doped regi on of said second conductivity type. 42. A

CMOS 'aﬁaggccﬁﬁi"&i)arrp_gk@ eOMYctish Nsiofts R-dyRENER ki pEicRle | aver
provi ded over a substrat €;
gate of a transfer transistor formed over said substrate, said
transfer gate transferring charge accumulated in respective
first and second charge collection regions to a respective
first and second doped region of said second conductivity
type.
42. A CMOS image sensor comprising:
a p-type epitaxial layer provided over a P+ substrate;
a p-type barrier implanted isolation region formed within said p-
type epitaxial layer; and
a first pixel adjacent said p-type barrier implanted region and
comprising a first photosensor, and a second pixel adjacent said p-type
barrier implanted region and comprising a second photosensor, wherein
said first photosensor is spaced from said second photosensor by less than

about 0.2 microns.
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a p-type barrier inplanted isolation region forned

W thin said ptype epitaxial layer; and a first pixel
wa@djoaaermes sai d p-type barrier inplanted regi onP@NUS2006/019954

conprising a first photosensor, and a second pi xel

adj acent said p-type barrier inplanted region and

conprising a second photosensor, wherein said first

phot osensor is spaced from said second phot osensor by

| 235  trR@CRIeSS im & Pscis 6 NGaift342, ikereMRid e Sensor
of claim42, wherein said p-type barrier inplanted

regi op conprise first p-type [l .reqi havi ng a
fi Tt CaEt APRRRC RO EoRPHYEE S Pl -TaRh o

bel ow and in contact with said first p-type well

r egi ohavisgiadirstewistth apdtasseongpitypeyebnegianiloerted second
width which is greater than the first width. 44. The

CM3S beRgeasEis@ntaét withisiid 4i3st pMgletiéll Sogich, fshidst
ptype well region is in contact with an upper surface

of sai d p-t it axi-al ..l ayer, and i nd p-type
el 1 ragha BBl G palEh se A BRA HREELE B
said P+ substrate. 45. The CMOS i mage sensor of claim
44, weesessrthanitee firstsedgtype wel | region has a

t hi ckness of about 0.5 to about 2.0 mcrons. 46. The

CHES T geMEBS fofigdiensbnbirldim 43 whaicin sid frssgsond
p-type well region has a thickness of about 1.5 to

0l LTHEABTS s O T 1
p-type epitaxial layer, and said second p-type well region is
in contact with an upper surface of said P+ substrate.

45. The CMOS image sensor of claim 44, wherein said first p-
type well region has a thickness of about 0.5 to about 2.0
microns.

46. The CMOS image sensor of claim 45, wherein said second
p-type well region has a thickness of about 1.5 to about
12.0 microns.

47. A CMOS imager system comprising:

(i) a processor; and

(ii) a CMOS imaging device coupled to said processor, said CMOS
imaging device comprising:

an implanted region of a first conductivity type formed in a

substrate, said implanted region comprising at least two implanted

isolation regions having different widths; and
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(ii) a CMOS i magi ng device coupled to said processor,
said CMOS i nagi ng device conprising: an inplanted

wo e@can77ed a first conductivity type formed i nP@I/US2006/019954
substrate, said inplanted regi on conprising at |east
two i nplanted isolation regions having different
w dt hs; andat | east two pixels adjacent said inplanted
regi on, each of said pixels conprising a photodi ode

adlcagafto Fix8868jantdald BNEREd LESBA] SicArof se@ch of said

phot odi odes further conprising a pinned | ayer of said

. first.conducti vi ype, and a.doped. regi on of a
pixels R OHRFE D AITIATORT YNGR o e LA CBBHGh BT OB nned
| ayer, said doped region being %ggﬁcent said inpl ant ed
cach oft syl photod@rdes fierthgrstcanprifing b pumetiiayasrrdrseidrfireach of
sai d photodi odes is a p-n-p photodi ode. 49. The system

condud@fvit§!(PpeNathd 2 JhRULeRiorESTh &koh&%éhdﬁéﬂifiﬂyf{?ﬂ)@m ed
i solation regions conprise a first inplanted isolation

region _havin wi dt.h | ess than ,about 0.2 m.rons and
tocated SR Sal N RARY vt Sl s R g BRR. 0Bk e G e ° T
) contact with said first inplanted region. 50. The
implantsgsiegiatof cl ai m 47, wherein said at |east two pixels
are spaced from one another by |ess than about 0.2

4Gl 0Mhe spdremPoff@iiind7 ohéeimtat dfisxiel pterpdivdes sl | s,
said nmethod conprising: providing a first doped | ayer

of a fiyst tivity type in a substrate; form ng
at Iegéiﬁ néR%%?$¥%? inplanted isolation region in

sai d
49. The system of claim 47, wherein said at least two implanted

isolation regions comprise a first implanted isolation region
having a width less than about 0.2 microns and a second
implanted isolation located below and in contact with said
first implanted region.
50. The system of claim 47, wherein said at least two pixels are
spaced from one another by less than about 0.2 microns.
51. A meth;)d of forming pixel sensor cells, said method
comprising:
providing a first doped layer of a first conductivity type in a
substrate;
forming at least one barrier implanted isolation region in said
doped layer to isolate said pixel sensor cells, said barrier implanted

isolation region comprising a first well region of a first width and a second
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doped layer to isolate said pixel sensor cells, said
barrier inplanted isolation region conprising a first

wowedde/12Eg5 on of a first width and a secondwel | PEEYSTNG/019954

of a second width greater than the first width, the
second wel |l region being | ocated bel ow and in contact
wth the first well region; formng at |east two
charge collection regions of a second conductivity

well regibReflabceond widihSiresheP eithnl @Y elrst WRIH, ﬂﬁ%%&ﬁlcp%ﬂ ection
reglons belng adjacent sai d barrler |np ant ed

S and formn t wo _second
region !f emgg rb§ ﬂ)c})? a%% Y C?ﬁlﬁagttw%g rrr@‘ﬁ b ﬁt\}’f B in said
substrate above each of said charge collection
fegiipa gt last twipeharae Kodecsipngrgions ©f 2 sogmrcei n sai d
first doped |layer is a p-type epitaxial |ayer. 53. The

condudt®ithagpb®in Lidfirst dbped§eRisiidschl ef ddIRttivRkgibROI ON 1S
f or Qgpto a width of | ess t han out 0.4 nﬁ%rons 54.

bmngaE%ﬁFHP %@?ﬁkxqgﬁﬁg%gﬁPoﬁggﬁa ]oga yfirst well region

an’>about 0.2 m crons.
5 .The pet hod of cIa|n151 wherei n_said second wel |
GriB8 ot keapbprr secpad slopeddayert otsislfissocendustiiput 1. 2
ntcrons. 56. The nethod of claimb55, wherein said
type inseidontsteiel aboggicath dfsafdelnge tolleatiohdtgions. about 0. 8
m crons. 57. The nethod of claimb51, wherein said

f 5pSt THRl thedhol QMldish éprvgjgét % ﬁ,{gkagggcfgggmgbout

0.5 to about m crons m 57
wherein said first well region is forned to a
t hi ck RE&¥BC SPITRBHURYE- ni cron. 59. The method of claim
51, wherein said second well region is fornmed to a
t BB ck Adbssnethoabafidaim. 5l tvehabiouhidl2rsOwellcegioa i60. The
nmet hod of claim59, wherein said second well region is
formed to a width of less than about 0.4 microns.
54. The method of claim 53, wherein said first well region is
formed to a width of less than about 0.2 microns.
55. The method of claim 51, wherein said second well region is
formed to a width of about 0.6 to about 1.2 microns.
56. The method of claim 55, wherein said second well région is
formed to a width of about 0.8 microns.
57. The method of claim 51, wherein said first well region is
formed to a thickness of about 0.5 to about 2 microns.
58. The method of claim 57, wherein said first well region is
formed to a thickness of about 1 micron.

59. The method of claim 51, wherein said second well region is

formed to a thickness of about 1.5 to about 12.0 microns.
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formed to a thickness of about 5 mcrons. 61. The

met hod of claimb51, wherein said first well region is
waleoped2mRi h a p-type dopant at a dopant concenPCBUBZING/019954

of fromabout 5 x 1011 to about 5 x 1013 at ons per

cnR2. 62. The nmethod of claim®6l, wherein said first

well region is doped with a p-type dopant at a dopant

concentration of about 1 x 1012 to about 5 x 1012

ateors Tirrmetidd Glaifh 89 whéreth id sdcahvidll raphts gi n
said second well region is doped with a p-type dopant

at a ti fetr bout 5 x 1011 to
about q%%é&lb&_lgﬂg\’?gﬁnéssg grgg%l%zs H%%@nghe nmet hod of claim
63, vvhereln said second well region is doped with a
d&antlhermgthashaftlaian At ewhersin -‘@rd grst ssduesipnds 1012 t o

about 5 x 1012 atons per cnR. 65. The nethod of claim

51, whdeped wirli x el typerisptniceld dopane copapeationasf each
other by less than 0.4 microns. 66. The nethod of

cl ai My 4 w@&rg&wr X8 hbg&5 Q11 00 bfhs Bk Ppaced from

each ot her ess tha m crons met hod of
faorm mn| spa i xel cells of an inaging
d&¢i ¢ esrBF‘E!P gip‘f"ﬁ%rleﬁ’gsal @?Sm“ﬁbl I§EoNp| ant ed
regi on bel ow a surface of a p-type epitaxial |ayer by

i mpl anibpad witlt y petypedepwitt dtiandgand cpndeypatieopi dfaxi al
| ayer, said inplanting region being formed of a first

P- typgb¥gl 1 x'REE 00 aPaY: 8¢ ﬁmtbﬁrs esitc 2and a second
p-type well region havr ng a secon th greater t han

e 5Bt G0 BEOLSLD0. 81 L8231, I Yoo
doped with a p-type dopant at a dopant concentration of
from about 5 x 10" to about 5 x 10*® atoms per cm?.

64. The method of claim 63, wherein said second well region is
doped with a dopant at a dopant concentration of about 1 x
10" to about 5 x 10'* atoms per cm>.

65. The method of claim 51, wherein pixel sensor cells are
spaced from each other by less than 0.4 microns.

66. The method of claim 65, wherein pixel sensor cells are
spaced from each other by less than 0.2 microns.

67. A method of forming minimally spaced pixel cells of an
imaging device, said method comprising:

forming an implanted region below a surface of a p-type epitaxial

layer by implanting p-type ions within said p-type epitaxial layer, said

implanting region being formed of a first p-type well region having a first
32



el enents of at |east two pixel cells below said

surface of said p-type epitaxial |ayer and adjacent
wagaiod/1eTrps ant ed regi on. 68. The nethod of cl ai PCBUS2006/019954

wherein said p-type epitaxial layer is formed over a

P+ substrate |ayer. 69. The nethod of claim 68,

wherein said first p-type well region is formed bel ow

said surface of said p-type epitaxial layer, and

width aMAef bné BLips delnegidnibRhoEdconaGiam bfeaft@itiRd bel ow
and in contact wwth said first p-type well region and

in.contact with an upper surface of said P+ substrate
theﬁm%3§%£?m¥g. The nethod of claim67, wherein said first

p-type well region is forned to a width of |ess than
mﬁy@sﬁne an legpteisna-type domerbragionsadf POtescabiive7, wher ei n
said second p-type well region is formed to a width of

elemen8beftit 1€hsbrv® palededlls befowrsgit @nHace/@f safEh?—tjﬂ@ hod of
claim67, wherein said first p-type well region is

s .G 0.5 to about 2 mcrons.
Cpmmﬂégégﬁgga%%?ﬁ%gS%?ngﬁg?ﬁ%gigg%%érein sai d second p-type
well region is formed to a thickness of .about 1.5 to
aBBut The methpd of slim A7, Arheseinsaidar-tyRsrsRitgiahlpyer

i solation structure for isolating pixel sensor cells,
sai d peEbhadd coena Psisnbstrqre dweli ng an epi taxi al | ayer
over a doped substrate, said epitaxial |ayer being

d gge d T‘MetrHetQBH %chllilﬂféfia} ﬁﬂcrréitn sﬁﬁnﬂgﬁ -'tt#é Yrell Y PE;

conducting a plurality I npl ant's dopant s of

idfirst
sal rclgrign is formed below said surface of said p-type epitaxial

layer, and wherein said second p-type well region is formed
below and in contact with said first p-type well region and
in contact with an upper surface of said P+ substrate layer.
70. The method of claim 67, wherein said first p-type well |
region is formed to a width of less than about 0.4 microns.
71. The method of claim 67, wherein said second p-type well
region is formed to a width of about 0.6 to about 1.2
microns.
72. The method of claim 67, wherein said first p-type well
- region is formed to a thickness of about 0.5 to about 2
microns.
73. The method of claim 67, wherein said second p-type well
region is formed to a thickness of about 1.5 to about 12.0

microns.
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conductivity type in said epitaxial |layer to form an

i npl anted isolation region having a at least a first
waolomed2i73®l ati on regi on and a second doped i SOPEL/USIV06/019954

region | ocated below and in contact with said first

doped isol ation region, said second doped isol ation

regi on having a second width greater than a first

wi dth of said first doped isolation region; and

fonm ng Heded sreeiRg 4 isehabasansais fefisalaiggond
conductivity type in said epitaxial |ayer, sard

phot osensaors bei.ng_adjacent said.inplanted region. 75.
The ngixﬁgs e Cc?:u %’igsfﬁ ,e%%?%?ﬁn%{ng'omer portion of

sai d second doped isol ation region contacts an upper
Bividies apfepiarial lavgseayes alsloped sebstrge, stidecnieiisbd of
claim74, wherein said first doped isolation region is

layer bding deged evith dbphinks of a figs sohdhadtivadpaype;0. 4 m crons. 77.
The nmethod of claim74, wherein said first doped
g(grg(tl?‘}llél%% plEEAERNof EndIRAASGH QoBatth Bk Bi@lrless than

conductivity type in said epitaxial layer to form an implanted isolation

region having a at least a first doped isolation region and a second doped
isolation region located below and in contact with said first doped

isolation region, said second doped isolation region having a second

width greater than a first width of said first doped isolation region; and
forming doped regions of photosensors of a second conductivity

type in said epitaxial layer, said photosensors being adjacent said

implanted region.

75. The method of claim 74, wherein a lower portion of said
second doped isolation region contacts an upper surface of
said doped substrate.

76. The method of claim 74, wherein said first doped isolation
region is formed to a width of less than about 0.4 microns.

77. The method of claim 74, wherein said first doped isolation

region is formed to a width of less than about 0.2 microns.
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