WO 2006/ 127725 PCT/ US2006/ 019954 | SOLATI ON PROCESS AND STRUCTURE FOR CMOS
| MAGERS FI ELD OP THE | NVENTI ON [ 0001] The present invention relates to the
field of ¥OPWEHHTEor devices and, in particular, to hPGHUSIEHPIR4
efficiency CMOS i mage sensors. BACKGROUND OF THE | NVENTI ON [ 0002] CMOS

i magers are known in the art. A top-down view of a sem conductor wafer
fragnment of an exenplary CMOS sensor pixel four-transistor (4T) cell 10 is
illustrated in Figure 1. As it will be described below, the CMOS sensor

pi xel cell 10 ISOLAEEON PREECESFANRISREGIYRBHQRCMOSIMAGERS in an
underlying portion of the substrate. This area 21 is fornmed as a pi nned
diode 11 (Figure 2). The pinned photodiode is terned "pinned" because the,
potential in the photodiode is pinned to a constant val ue when the

photodi ode is fully depleted. It should be understood, however, that the

CMOS sensor pixel cell 10 may 4 ther image to charge
converting device, in lieu of a igﬁﬁiég@%]?ttgmg@sbﬁhe initial
accunul ating ar egg@dl]for phq{eOprese?ﬁmkﬁﬁoﬁf}g%&f%-to&HQ@éﬂd e nfiddRd feoe

sensor 10 of Figure I has a transter gate or transferring photoelectric
charges generated devitdseandhan perticatse wohigh iqugntueg ieffiviéityt@VEOS Imaged ng

di ffusion region (sensing node) 25. The floating diffusion region 25 is
further connected #t&sarsgate 50 ,of a source follower transistor. The source
foll ower transistor provides an output signal to a row sel ect access

transi stor having gate 60 for selectively gating the output signal to
termnal 32. A reset transistor 1 WO 2006/127725 1' CT/ US2006/ 019954 havi ng
gate 40 resets the floating diffusion region 25 froma supply

BACKGROUND OF THE INVENTION

[0002] CMOS imagers are known in the art. A top-down view of a
semiconductor wafer fragment of an exemplary CMOS 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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vol tage applied at a source/drain region between gates 40 and 50 to a
specified charge | evel before each charge transfer fromthe char

e

accunul at W/@2008d2TRAS 21. [ 0004] A cross-sectional view ofP?WQS@?@ﬂ’ﬁP%y CMOS
i mage sensor 10 of Figure 1 taken along line 2-2' is illustrated in Figure
2. The charge accunulating region 21 is formed as a pinned photodi ode 11
whi ch has a photosensitive or p-n-p junction region fornmed by a p- type

| ayer 24, an n-type region 26 and the p-type substrate 20. The pinned

phot odi ode 11 i ncl bedagigats 40 tsspes the dioating Biffusion kgiammab fram a supplype

phot odi ode region 26 is fully depleted,at a pinpning volta L npurity doped
source/ drai n regi oNQlt3EE Q(H?Pﬁﬁraéaf?‘,lrcﬁ?é?aé‘? 5‘7&?9“ 589199?& gaﬁgstg‘g%émégﬁcfﬂc?ti vity,
are provided on ei i i The
floating diffusi onrs egf}coan&gﬁgalﬁj g?;%éé{%gﬁ%ﬁ{g&g%ﬁ%&ﬁgm ggc ftgagg?so
preferably n-type. o(Q@ahrigerepiehy. in CMOS i mage sensors such as the CMOS
i mge sensor cell 10 of Figures 1-2, incident |ight causes electrons to

collect in region 26. A maxi mum output signal, which is produced by the
source follower {000d] stor Ahta\bbsﬂ@cgandﬁ@yofshqacxmlaﬂytﬁﬁlOSUnam nunber of

el ectrons to be extract fromthe regi on 26. The, .nyaxi nmum, out put _signal
increases with incP%%?@éggé?f&g‘?‘rﬁ @%5*3&&%?@2%?15&@@@&%%?? BB F- t he
region 26 to acqui e r e tron. i i t odi odes
typically depends nctchgp%oag?ﬁﬁuﬁggléﬂcggc}n gf?)%ngg(gagsg g%)r}c[aaé}gﬁg%@ opant s

i mpl anted into the)3Gyhi¥R had¥ ﬁhotds@ﬁﬁﬁwlre bt PH-B j@n&io’iﬁ_e@ldd{ﬁﬁﬁﬁﬁ%é ench
isolation regions 15 formed in a substrate layer 20 in which the charge

accumul ati ng regi onypllayer 24, annmetype tegiondss andthe p-ayper subdtrawy2heTha
epi taxi al layer provided over, a silicon base layer. The trench isolation
regions 15 are typPpinaedphptogiodgdd; inslnres twepHyBD oesPns 30544 so that the

n-type photodiode region 26 is fully depleted at a pinning voltage.
Impurity doped source/drain regions 22 (Figure 1), preferably having
n-type conductivity, are provided on either side of the transistor gates
40, 50, 60. The floating diffusion region 25 adjacent the transfer 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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formed using a conventional STI process or by using a Local Oxidation of
Silicon (LOCOS) process. Trench isolation regions 15 provide a 5P9g§ncal
d

barrier boVRRM/1AURAcent pixels and help isolate pixels BHTUSHP

el ectrically fromone another. For exanple, as shown in Figure 2, trench

i sol ation region 15 provides surface electrical isolation of the pinned
phot odi ode 11 of pixel region A fromthe photosensitive elenents of

adj acent pixel region B. [0007] Another %{oblen1associated with the
formation of the dbuned dsingra donyentiensd ST popeass onby agingresla®l Oxiddtian  when

ions are inplanted jn.the, s trate dosg to, hottom 17 . and, edges, or

S Geval 1's 16 (Fi ot SUGoTALORDD) RS SHRBOR ok AEORRKS B at t he
junction between t tl [ reqi . r, - Lhion, the
dom nant crystall og}Jr]l gﬁ%@cﬁ%ﬁ%ﬂgé&vgg%ﬁgﬁ%%iﬁ%{lg%ﬁ# %ﬁ)alﬁé@}&%ip e%lf\sla?ﬁtgéa% of
the trench isol ati omdredabdlylfforidiR oth& ForexhpRi) aslSicwh ¥n Fipaie bhe

adj acent silicon substrate and, therefore, create a high density of frap
sites along the tranaichhedlation tégiomd5girdedes $tarfak6 clcthimbisblatipnoftthe ar e
normal | y uncharged hut becone charged when el ectrons_and hol es, becone

trapped in the trappisnedphotedieds K of pixgk regipise fromshe phetosepsii¥sl  al ong t he
bottom 17 and si dew?l | s 16 .of,. th t.r§nch iﬁ)l ation regions 15, current

generation near and %{PSWQ Q(fﬁg]af?rgtnpéﬁ B5PBM 17 and sidewal Is 16 can be very

hi gh and can reduce the photogenerated charge otherw se avail able from

l'ight captured byqgpph¢]Prhot ogyihee protibth 88 ci AN Sk e fHFRMdE 8PdRI L es 1 nside
or near the photodi ode depletion region also causes undesired dark current.

[0008] M ni mi zi ng dibokveleseribed trandhlisolption echione] b & thapovlienions are CMOS | nage
sensor fabrication. Dark current is generally attributed to |eakage in the
charge col | ection rigplertedin ghe substrpierdless tornttenddeand adgesier sidemallst r ongl y

dependent on the dop) g LIPLANLAL! o0, £ONL L 905 ,p01at e PR BRE RO
between the active device regions and the trench. In addition, the
dominant crystallographic planes along the bottom 17 and sidewalls 16
of the trench isolation regions 15 have a higher silicon density than the
adjacent silicon substrate and, therefore, 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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3 WD 2006/ 127725 PCT/ US2006/ 019954 defects and trap sites inside or near

t he phot odi ode dgﬁletion region strongly influence the magnitude of dark
current gdYRRYWEAN 25 n sum dark current is a result of RuFFEHOYRRY at ed

fromtrap sites inside or near the photodi ode depletion region , surface

| eakage at silicon/surface interface; band-to-band tunneling induced carrier
generation as a result of high fields in the depletion region; junction

| eakage coming fromthe |ateral sidewall of the photodiode; and |eakage
fromisol ati on cor defests anek tragx sitgs| insids br sear thaghoterliade deplgion aegipst ed

tunneling. [0009] CMOS jnagers also typically suffer from popr_signal to
noi se ratios and p&EPREYAS Enqcathgéna(ggmgﬁpgggﬁfk ‘E}Fr‘irﬁegeinﬁ%?‘ﬁi I%/S‘ﬁﬂ’ful ly

col lect and store g, SLealyil  Ehi 6% 60kl SEREd e ERGLPGlAMAR, oS nce  the

size of the pixel i Ca al s very sna _ e colTection of
photons in the phopga@thedhotbARdR dipRitiohGefionsSuffatd Rakdpt 4ynam ¢ range of
the pixel should be as high as possible. [0010] There is needed, therefore,
an i nproved CMOS i siigen/suréice intenfats; thande¢dthmad tpnreling palticad cirsieneen

adj acent pixel sensor cells, reduced cross-tall nd bl oom ng, as well as
reduced dark curre@nﬁqﬁoni%@rféﬁﬂéefblﬂgtﬁ? SdBéLE‘éBE]éPPBrYE&OHTW@FEOPS al so
needed an isolation ,region.for a i i as_ni ni rum w dt h
to increase the pil%ﬁg%f?mégff)g}%ﬁﬁ%lgﬁsalﬂ '?’ g)“&%ﬁ?g‘%‘?@%i&a@ng

el ectrical and physgigabe A3GPALAHOALPGLINGEP RIBPIeSARSS indiRcql8ARADS Of

adj acent pixels of the® CMXS immger; (i1) prevents current generation or
current | eakage; amshistéd tinneligigs as a reflective barrier to el ectrons
generated by light absorption in a photodi ode back to the charge coll ection

region of the photodiode of a gi_xel sensor _cell .ﬁlOOll] -A nmet hod of
fabricating acti (80@Pkel pHoMKe imagess alsorpi¢alligutfer from poor signal to

noise ratios and poor dynamic range as a result of the inability to fully
collect and store the electric charge collected in the region 26. Since

the size of the pixel electrical signal is very small due to the collection
of photons in the photo array, the signal to noise ratio 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) pfcvcnts current generation or current leakage; and
(iii) acts as a reflective barrier to electrons generated by light
absorptioﬁ ina photodiodc 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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t hese inprovenents is al so needed, as well as an isolation technique 4 WO
2006/ 127725 PCT/ US2006/ 019954 that elimnates dark current and reduces
cross-t al WOMMGATI2Hdj acent pi xel sensor cells of a CVECTHRILVOEY EF
SUMVARY OF THE | NVENTI ON [ 0012] In one aspect, the invention provides a
barrier inplanted region of a first conductivity type forned in lieu of an
isolation region of a pixel sensor cell that provides physical ~and

el ectrical isolation of photosensors of adjacent pixel sensor cells of a
CMOS i mager. The ﬂalrtnﬁﬂindtnq)dia'htcédrcnégn@mimnmﬂose@llabﬁtww adgagieoh having a
first wwdth and a second regio k@gﬁ%ﬁd bel ow the first region and having a
second width greaPBFl $Rs0r ¢ éO?? HE#E®IThe first region is laterally
spaced from doped regions of a second conductivity type of adjacent
phot odi odes of pixel sensor cells of a CMOS imager. The first region has a
wi dth of |ess than about 0.4 mcrons, preferably of Iess than about 0.2

m crons, which provides m ni mum spaci ng between elenents of adjacent pixel

cells, such as between ph@RIERSUMMARYQBEHE INVENTEON, and inproves
the pi xel density of the CMOS inmmger. [0013] The second region of the

barrier inplanted region is located below and in contact with the first

regi on and has a[mlﬂg]h gr efn enc tabpact, thikdnvdntion provides a barridsamplantél t o about
1.2 mcrons, nore preferably of abouyt 0.8 mcrons, The fjrst, and second
regi ons of the bar Fi&en Pgﬁﬁéﬁtcé’&dP%Ylﬁ’ntYBFéo ligy Ot ynAREPAJESION ural ity

of LTl ants of L "Beh bl GRRELal it DoduRS iRk S enEnk ANGIAGR oY doP! NG

| evel s bel ow the e surface.” : n-another aspec € invention
provides a method ghotdsehdbrd8f ek ipic] seMRbARIR G RUMADS RRhEW, argubstrat e

surface of a
barrier implanted region comprises a first region having a first width
and a second region located below the first region and having a second
width greater than the first width. The first region is laterally spaced
from doped regions of a second conductivity type of adjacent
photodiodes of pixel sensor cells of a CMOS 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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5 WO 2006/ 127725 PCTI US2006/ 019954 CMOS i mager and adj acent photosensors of
pi xel sensor cells The barrier inplanted region is for%@@é 954

conduct i né’v% QO L7725 nplant to forma first inplanted re a2 g5 a first
wi dth of |ess than about 0.4 mcrons, preferably of |ess than about 0.2

m crons, below the substrate surface; and (ii) conducting a second i nplant
to forma second inplanted region beI ow the first inplanted region and

having a second w dth of about 0.6 to about 1.2 microns, nore preferably of
about 0.8 microns! M@Slﬁl]lagi?hé@@aéﬁGCIﬁtmoﬁeéé@ﬁﬁroé@D@héﬂEQVéﬂsaé@? of the

t Il b t f d t ail t
that i 5 pr ovi dede.bﬁ”ﬁi%aﬁ bt o B R B PG ag At o © "
| Lustrat ed exerpl goun SO peibR a!nﬂé%iﬂs@%dth%?‘lé?dl%ﬁ%fﬂg\‘ oF

THE DRAW NGS [ 0016 I gure IS a i ew of an exenplary conventi onal

CMOS i mage sensor phi¥fins, pREkdblyfof guss ehih dtsour (52 heidRinscbeloashie sabitineal vi ew
of the CMOS inmage sensor of Figure 1 taken along line 2-2'. [0018] Figure 3
is a schematic crossrfsesnndia) cardastiog aasccmldsmplﬁ@g@ &Emsmccpndel

illustrating the fabrjcat on of al barrlrﬁ? rml an 1 n accor dance
with the present |HP8L"P| egicp heloghthe first ipplagty éCgIBF E’é‘&"hﬁ’c"{‘ 019]
Figure 4 is a sche i ﬁ?}/£§ r
fragnent of Fi gure[@me{.{c()f;£ a0283‘§ hg(rgl%{clegsrlﬁ}r%gésﬂ%k%q entrab}ggf’%a(ﬁﬁgﬁgm in

Figure 3 and in acegicesdice vvlth an enbodi nent of the present invention. 6
WD 2006/ 127725 PCT/ US2006/ 019954

[0015] These and other features and advantages of the invention
will be more apparent from the following detailed description that is
provided in connection with the accompanying drawings and

illustrated exemplary embodiments of the invention.

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.



[0020] Figure 5 is a schematic cross-sectional view of the CMOS i nage sensor
pi xel of Figure 3 at a stage of processing subsequent to that shown in

Fi gure 4. WORWSI2HRHure 6 is a schematic cross-secti onal PGT/ERBIOPRY CvOS

i mge sensor pixel of Figure 3 at a stage of processing subsequent to that
shown in Figure 5. [0022] Figure 7 is a schematic cross-sectional view of
the CMOS inage sensor pixel of Figure 3 at a stage of processing subsequent
to that shown in Figure 6. [0023] Figure 8 is a schematic cross-sectional
vi ew of the CMOS[002fHge selFsgure[d salschématigenoss-Ectipnal Wewgd thé CMOSessi ng
subsequent to that shown in Figure 7. [0024] Fi ?ure 9.is a schematic
cross-sectional vi ERAgST senp@r EWE%’fFI 3eh8age Bf REACCHINGFYRFEQUENLLP a st age
of processing subs q#egt ta r1g.hat éhovvn in Figure 8. [0025] Figure 10
illustrates a sche i Omldﬂ ARt *a conput er processor system

i ncorporating a CMOS i mage sensor fabricated according to the present

i nvent i on. DETAI k5§ BESCR! RTLGN 6 aHekerMENTL M ibARRALwW T hOEMO! owi ng

detail ed description,” reference is made to the acconpanyi ng draw ngs which
forma part hereof imaggsamomnpixehof Bigughdana bypgeay podcesdihg stbsatjnent topeci fi ¢
enbodi ments in which the invention may be practiced. These enbodi nents are
described in suff thitshowadndiigureod.enabl e those skilled in the art to

practice the 7 WD 2006/ 127725 PCT/ US2006/ 019954 invention, and it is to be

under st ood t hat enbodi.mrents. may, be .utilize and_th S ural,
| ogi cal and el ecib@ cha%é%?crm_é? ab%hwﬁtéc C'ﬁssfﬁc&g‘pn e‘ﬁﬁwﬁ% cm@ntst he
spirit and scope Ofimblesds65 pikel biWightd $t a stage of processing subsequent to

that shown in Pigure 6. |

[0023] - Figure 8 is a schematic cross-sectional view of the CMOS
imagc 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.
DETATLED 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
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[0027] The ternms "wafer” and "substrate"” are to be understood as a

sem conduct or-based material including silicon, silicon-on-insulator (SO)
or silicoMQHOEAER re (SOS) technol ogy, doped and undop®el/US¥R¢¥8Muct or s,
epitaxial |ayers of silicon supported by a base sem conductor foundati on,
and ot her sem conductor structures. Furthernore, when reference is nmade to
a "wafer" or "substrate" in the follow ng description, previous process
steps may have been utilized to formregions or junctions in or over the
base sem conduct or inventiortamddt értof amuiddrstond that eulidr einbodirémts sy boonduct or

need not be silicon-based, but coul d be based on siligcon-gernmgni um
si l'i con-on- insul apBlzeds pnd goat-ssrctuah hegie a@éﬁiﬁﬁ%ﬁfhﬁ?gﬁﬂg’ﬁaﬁﬁ@%eni de,

or other sem conductor terials. 028].. The t erms.pi " ers to a
pi cture el enent unttRest {IEP"‘{%‘R%%&@C %P%ﬁg?%gceo%oorf tglﬁé?%sgxé{%(rg?%?% for
converting electromagnetic radiation to an electrical signal. For purposes

of illustrationfogorti onsTAE té@RY RERBEBAAY Csudkitfles a8¢ €0 bt hudbfgdflad N the
figures and description herein and, typically, fabrication of all inager

pi xel s i n an i magea semicbndpetoc-daskdmatdriahnehidihy silicom, silicontan-ifsashoon.
[0029] The term"m nimally spaced" refers to the m nipal distance between
at |east two adj acE¥PlpuaiconsprrsaRplEre®QNeehnnlogy, dopedpdimeonsd with the

mbodi t f th y t ion.. F f . th t

Cnvent i on, t he t or FRRpPTy St YR p R g BRofed ST BSET Tess than
b 0. ' , ) WO

about 0.4 m crons se}?ﬁxg%qug%{g% fd?.{ng&gé?, ggt?Bthe?@é}H}coﬁdﬁct'& §HABred

2006/ 127725 PCT/ US200 erring now to the draw ngs, where
li ke el ements are #egheindegdwhynlrefkecdcefiemade o aumarlal or ‘shbstras” gr 9

illustrate exenplary enbodinents of methods of form ng barrier inplanted
regi on 200 the following description, previous process steps may have been
utilized to form regions or junctions in or over the base semiconductor
structure or foundation. In addition, the semiconductor need not be
silicon-based, but could be based on silicon-germanium, silicon-on-

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.



| ocat ed bel ow the surface of substrate 110 and adj acent charge collection
regions 126, 126a of photosensors forned as photodi odes 188, 188a of

adj acent WSLR006/4MS st or (4T) pixel sensor cells 100, 1(R5%irms(2ﬁ?6éfl}?5§49) As
explained in detail below, the barrier inplanted region 200 is forned by
I npl anting dopants of a first conductivity type at different energies
and/ or dosages bel ow the surface of p-type epitaxial (epi) layer 110a to
forma first inplanted region 199 having a first wdth, and a second

i npl ant ed r egi on[GBD]havi nRekersing ooy o rdraWIthmHﬁw d;l¢mc11t'sasft wi dt h.

I Lot P kS R et SR St SGs
ot e O BAF B

invention will be |Hg&erbdISH thEkeMidebGAPREEE 120 ANd jdéee Etihrge
four-transistor (4T) pixel cell, the invention also has appli cabl lity to

any CMOS i mager i oellacdiongegions 126ahpbeof phdthsasots farmed o phé®tjodms| | whi ch
differs from the 4T cell in the onission of a charge transfer transi st or,

and to pixel cell $8Bal8%n qf@dpcerrtafﬁux-ér@nsxﬁtpaﬁﬁ%p@qeksenp@o@lf 1APglPQx 3-9

Il lustrate a substrate 1 | ong c ew Whi hlsthe samne
view as in Figure gﬁ ég ch aﬁ'?gg’ O‘ﬁn%ﬁ béxgngrlglpl ﬁ%f?gé?% t he
substrate 110 as c r grgﬁﬂ

sem conductor. |f gagié ?ﬁ%&)@?&a ?ﬁ i%a}ﬁﬁg%&lggﬁ‘@%@%pp type
epitaxial (epi) Iaylﬁfcr&xime&@bgm&/&)dOsSgésdﬂmd thy suirfce dfipatypy egivpdal P+
substrate 110b, as illustrated in Figure 3. The p-type epitaxial layer 110a

may be formed to a(em) biyeettOnto fommua fist impleptes negiom] YPhadog atast7 25

szI{J:J 85006/ 019954 ag&ut &Za srgcgnr 1mplanrrt%crierc r()gf29§’9a}?a\ymgo fa sgctc))cr)x t\m mcrons to

greater than the first width. The second implanted region 299 is
located below the first implanted region and connects the first
implanted region to the upper surface of P+ substrate 110b, providing
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 invcﬁtion 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 110b, as illustrated in Figure 3. The p-type

epitaxial layer 110a may be formed to a thickness of about 2 microns to
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m crons, and nmay have a dopant concentration in the range of about 1 x1014
to about ns per cnB, nore preferably of about about 5
x1015 at og’{sd(%ug)%&: . The P+ substrate 110b is a highly %%rp‘g%z%éﬁa}%lsgésgate W th
an electrical resistivity of about 0.001 12-cmto about 1 Qcm nore

preferably of about 0.01 Qcmto about 0.1 @ cm [0033] Figure 3 also
Illustrates nulti-layered transfer gate stacks 130, 130a forned over the

p-type epitaxial |ayer Oa, each correspondi to first and segond

adj acent pi xel regglb?’rkt ]bl%ﬁoB%mPEfsb@@(r? B ?‘Qg%tefé‘iué’i%’ﬁttg Put he transfer
gate stack 130 are_sjm | e t . gate and
thus, for sinplici W%Hggs’aaéiéis%ra Y%’??%?‘n d§;) arg%%y&%tﬁg&gﬁ{éung%csra%#9§ﬁ%§o}g? e stack

130 is provided bel@WtoLBB3AE x10& e{tbﬁ‘l@i)fzﬁém@k_afh_@réﬁ&f&aﬁl%%ff’a%{?f sxgpia first
gate oxide layer 131 of grown or deposited silicon oxidé on the p-type

epi taxi al layer lidabowt £ah0ictome penymat. TRR Pofsubiepad Jddbyisialkigldn or ot her
sui table conductor material, and a second insulati ng I aéer 133, which may
be fornmed of, forderediprlstrase withon elsqtrieal resistivity pfabert B0 Riam tele

(silicon nitride),, oxypitride (siligcon oxynitrid ON (oxidenijride), NO
(nitride- oxi de), DR 55 0 Ftﬂf?fg’é‘g&?%%".“t?h@ R'F@tt%aarybd’%ggohd
insulating layers 131, 133 and the conductive layer 132 may be formed by
conventional deposition and etching methods, for exanple, blanket chenical
vapor deposition (CVD) or plasnma enhanced chem cal vapor deposition
(PECVD), followefio®d3]a pat Firured dichlustitenthuldyyered tenser 40 stakkd f
desired, a silicide |ayer (not shown) may be also fornmed in the

mul ti-layered gatel80at&0afomedeowesslre pigpecepithorial layer 13Qzreats2 and 10 WO

2 127725 P 2 19954 - ;
006/ > PCT Uscgr?gs/p%n%in%g to first and second adjacent pixel regions A and B,

respectively. The elements of the transfer gate stack 130 are similar to
those of the transfer gate stack 130a and thus, for simplicity, a
description of only the elements of the gate stack 130 is 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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the second insulating |layer 133. Advantageously, the gate structures of all
other transistors in the imager circuit design may have this additionally
formed si MAI8Y127R%er . This silicide |ayer may be titaniBiYURM95%7938,
tungsten silicide, cobalt silicide, nolybdenumsilicide, or tantalum
silicide. The silicide layer could also be a barrier |layer/refractory netal
such as TINWor Wi /Wor it could be entirely formed of WNx. [0036]
Reference is now made to Figure 4. Subsequent to the formation of the gate
stacks 130, 130a, thefseeand inselatngddyer 183y dkdvagtageausly, shegatesparctise of

structure of Fi gur%nS to a t.hickness.of abaout.1,000 Anggtr ns to about
50, 000 Angstrons. Ahether Frapsisor: g theivpsprgraitidesien may Rayetisg to obtain a

first opening 168 - - {Ei e -of = I ial |ayer
110a between the agd ché%%@yg?ﬁgfég%gf elg%&' #%ssstﬂql%ragﬁfrgéyﬁggtﬁ gﬂ#h\%i( Il be
formed in accor dangkciue tthn%\ﬁcn@iﬁbi@l@', eatHlt slicilélenelyBaemimisilicedy, iogn. As
illustrated in Figure 4, the first phot oresi st |ayer 167 is patterned so
that, on one side witdim silicidt. Theeilicidg 1488 cotldealgzhine ebewiest | ayer 167
extends by a distance "W/ 2" within eagh of the fir and s nd pi xel

regi ons A and-B. P\gﬁﬁfe/nf CWWWFEP%H%% NAN QrsVot/| §§“t49é§5§50.ut 0.4

m crons, nore preferabl y- | e n about 0.2 mcrons, which represents the
width W of the fi?%t%“‘iyifﬁ%?g‘?if’égﬂg@gi on 199 (Figure 6). [0037] Next, the
structure of Figure 4 is subjected to a first dopant inplantation 169

(Figure 5) wth poBglant ORefehghckiis AbwanadiuE Fighte/4. SuBSoqueht €81tHeor

exenpl ary purposeés isS p-type. This way, p-type ions are 1nplanted through
openi ng 168 and i nfoymatien of@lic gitetshrkp189pe30= pifirspladtotaiselaydd 67 i form a

first p-type well region 199 (or a first inplanted regign 199), as
illustrated in Fi gtﬂr@ceowaéwr%trw-qf@sumg fo a thigkusss ngb@s&faﬁeg bel ow
surface 111a of th -type. epit axd er 110 d is |located adjiacent
active areas A an dggg%f(yrﬁf.lgo gla%tgcﬁ(gbgb %stroms. Thedist pﬁotorcsmtt‘faycr ?59

is patterned to obtain a first opening 168 over an area 101 (Figure 4)

of the p-type epitaxial layer 110a between the adjacent pixels where a
first implanted region will be formed in 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, /2”
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
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11 WO 2006/ 127725 PCT/ US2006/ 019954 where two adj acent phot odi odes are to
be formed, as will be described below The depth into the substrate 110,
shown as WR2RHBIBSTL (Figure 6), of the first p-type WATUSRY4HMH 09 i s of
about 0.5 to about 2 microns, nore preferably of about 1 mcron. [0038] The
dopant inplantation 169 is conducted to inplant p- type ions, such as boron
or indium into area 101 of the p-type epitaxial layer 110a to formthe
first p-type well region 199 (Figure 6). The ion inplantation 169 nay be
conducted at an enehere two &djadeavphotodididnstard tavb¥/ formeds apmeli be alosoyibsfl about

100 keV to about 500 keV. The inplant dose in . the first p-type well region
199 is within the lP%lﬁ@Ye\lnEﬁ depihntos Sﬂgitlatf:&ngglb‘?w%aiq sgforrs per cn®,
and is preferably Lthin t r e . 0 t 5 012
atons per cm . |f (%M@éﬁ%r@d??%ﬁ %g?é%cn%?gg%%&%gﬁﬁé%ﬁéﬁe)%uattqg‘gttgialbé}lgt he
profile of the fi rghﬁcﬁr;sy%rgvﬁ}éfcﬁggimbgggl thitrggldi tion, the inplant or
the multiple inplants formng the first p-type well region 199 may be
angled or wused in connection with at |east one angled inplant. [0039]
Subsequent to th@03&]nat i ofhefdophmt iinplaitagen 168 isvedbhduated omimplagt phown in

Figure 6, the first patterned photoresist 167 is renmopved by conventi onal
t echni ques, such a@éﬂ?@%ﬁu@%wm&flé%%m aisa 10dtqfighe prigpat thi s poi nt

is depicted in Figure 6.,,[00 A secopd sked dopant .i tion.is
condutt ed with & G KEF ERbs f RERCHEARCE Hhd YeR e A RO LR Bl o ar
purposes is p-ty : ;’r\fﬂgﬂaﬁ&- ' | f tfectly
beneath, and in gg%%?a%% th,hf)ﬁgﬂ% Ilrng¥bg??f/}gg&\%glalt5?28?%2%ﬂ9§g1§cr}gh{o form
a second p-type wghdutrlepd\ RE&, praferdBly ofabaitelD0 ke Firg@ubeutB500-keVi his, a

second photoresist |ayer 267 (Figure 7) having a thickness of about 13,000
Angstrons to about Theompbat desginy bedirstsp-typeriwell mgion 1H@ is within the range

of about 5 x 10" to about 5 x 10" 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 first
p-type well region 199. In addition, the implant or the multiple
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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structure of Figure 6 and patterned to obtain a second opening 268, as 12
WO 2006/ 127725 PCTI US2006/ 019954 shown in Figure 7. As illustrated in
Figure 7, WOhWOGETEM phot oresi st |ayer 267 is patter ned SYUYRWIPYBE one

side of the second opening 268, the photoresist |ayer 267 extends by a

di stance "W2/2" within each of the first and second pi xel regions A and B.
Preferably, the distance W is of about 0.6 to about 1.2 mcrons, nore
preferably of about 0.8 nicrons, and represents the upper width W of the
second i npl anted shayiwin Bigorg 7 g\yillugyatechin Eigyin 7/, theescapad phogoresistt he

econd dopant | mp| BRFAVER BRETHEL 1 ithetiant S PERRE o0 apsBREtts. Such as
s pant i mpl _ ; Pt _ f
he.second p-Lype WS ERonhey8,267 Bxfinds BEE AET I ATHRNIEAR o Torm

i npl antation 269 i Mer sahssiohddilal regbac AnadiBie Peefbrblygite dibfinica Vian ion

i mpl anter and inplanting appropriate p-type dopant ions through the opening
268. The ion i npl srafaboun026® akoutbe2 cuinvhms; merapreferablycofpout 050 keV to
about 3 MV, nore preferably of about 200 keV, about 1.5 MeV. The

i npl ant dose in t hBUSORSANAEPYSSEntRehs UPREH ‘6%1'12&22 ﬂ*g'g"cbgéc‘?%“%%lﬁ%tcgs or

different fromthe_jr IRt L[S - reql i For
exenpl ary purposesrc(gﬁ%?a?l‘g%%?r.ﬁlsg'npgg%éﬁgh? %hcﬂﬁéﬁﬂ@?%ﬁ#hﬁ_ﬁ%%feﬁk %véf?gfs regi on
299 is within the {ANgeheh RORAIhIVY of HelopcnidP P88, 5 x 1013 atonms per cn®,
and is preferably within the range of about 1 X 1012 to about 5 x 1012

atons per cn2. If desired, nultiple inplants may be wused to tailor the
profile of the sEe@ld p-typ&heskttonddopmt 2@plantationa2i6? is amducted tonpl ant or
the nultiple inplants form ng, the second p- type well region 299 nay be
angl ed or used in HBAABEPTERC {R0ShsuEn 35 PLEPD OF Hﬁ’g%%fﬁbﬁg%to?thc?

type epitaxial layer 110a to form the second p-type well region 299
(Figure 8). The second dopant implantation 269 may be conducted by
placing the substrate 110 in an ion implanter and implanting
appropriate 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 purposcs 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
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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[0042] As illustrated in Figure 8 and according to an exenplary enbodinent,
the second p-type well region 299 has a trapezoidal cross-section with
upper wi dW0 36/8¥772bout 0.6 to about 1.2 nicrons, 13 WHCGHHRa6019954

PCTI US2006/ 019954 nore preferably of about 0.8 mcrons, and | ower w dth W
of about 0.8 to about 1.4 mcrons, nore preferably of about 1.0 mcron.
However, the invention al so contenplates the second p-type well region 299
havi ng ot her various cross-sectional shapes, for exanple a rectangul ar
shape, anmong ot her mord peefetablylofiabbat Sufbsticrahs, abéidowtr wirkth Weobaboy: t ype wel |
region 299, indicated by thickness T2 (Figure 8) Is of about 1.5 to about
12 nicrons, more pPd&fteraiony lot migreas, FBOFﬁElfe&H’é ly efehayt b?o@é’ﬁ%m to the

?5032%328""85 convERTSHAE PRERP 6 coblumpates S SRRIBIEDEE T cxanpl o
Lo Figure o, eof cmonEis PO Rarinh SRR RERRs cRpafiidhal bl il cFEMAES 19 ™"

pi xel sensor cell sret@hguld @ﬁazp&i’ anfoedgt otheal MElek tari@naismbrs&affcllrlsaoﬂm second
p-type inplant regions 199 99 of the barri er | anted isol ati on region

200 of the present sqcpnémwpnwcumegmw,tmélcmdém @asﬂ“z (Fegure Sy isbed
below with referenc hot odi pde .as a oto el e t he

i nvention is not ﬁi‘ i%e O ARput ggé‘ﬂ‘ﬁqoé‘tsy OJ%QOBBgEt“é’l’?fﬂf}ft es the
formati on of the inplanted region 200 adj acent var| ous phot osensitive

el ements such as t ocon E‘t”{é

According to an [eOGKr?gI ary g%&gl nen &P%%g?%gé%ar{?:ﬂg]ﬁ&n? eac 6?@%%?6]

phot odi odes 188, 188aht Secdnd-phdiofdsit RYEOZE7 saeiRle@ by coagémitnal 24, 124a,
p-type epitaxial Iayer 110a, and regions 126, 126a, respectively. The
n-type region 126, tc:thﬁalu@silsguln as Bxygen plasmaeﬂarlty(amplc The structure at this

point is depicted in Figure 8.

[0044] Referring now to Figure 9, elements of photodiodes 188,
188a of four-transistor (4T) pixel sensor cells 100, 100a are next
formed adjacent the first and second 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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I npl anting dopants of a second conductivity type, which for exenplary
pur poses i s n-t/i#%giSBi n the area of the substrate directly beneath the

active ar $442086 of the adjacent pixel cells, and adi@EOYHEBarrier
i npl anted region 200. As shown in Figure 9, the n-type region 126, 14 WO

2006/ 127725 PCT/ US2006/ 019954 126a is spaced fromthe first p-type well
region 199 by a distance "d2" of about 10 to about 20 inn in the horizontal
direction. Although Figure 9 illustrates the n-type region 126, 126a
slightly spaced fr b2 isispagad Gemphe sy prsipe welbregion 89 byredistagentdOn i s not

limted to this e di and al.so_cant | at es e formatjpn gf n-type

region 126, 126a % W%@%@M ttﬁgﬁpp(zg?ta%gg9géomeﬂtﬁ?‘é§} on 1%8 in
at | east one sideg; [ | Y ‘] he n-type
region 126, 126a 51%%?@1{%%%%‘?} %%ﬁ%%e@ﬁ?&?%@%% g’éf’%n 299 by
a distance "d1" othefi@tp-tFpOwel redontl 990 thdifveitse sl lphiadd 1o aiis about 300

nm in the vertical direction, the invention also contenplates the
enmbodi nent accor di empbodimpntcind #so eentomglates thedfomaation ofjitypegegiooont act s

the n-type region , 6a,in at | east one djirection or ., e e, in the
vertical directi onﬁgr 1‘%‘%’“ %?‘I‘Fn\rlépiiit%‘éﬂt}“% FEEFMP%\VV(C ng@E@%gpn‘é‘.at[ 0047]
The i npl ant ed n'dof@t?ﬁ#r?cg%i&@ 126, 126a fornms a photosensitive charge

0

storage region for ' C ecti ng photogenerated electrons. lon inplantation
may be conducted by placing the substrate 110 in an ion inplanter, and

i mpl anti ng appropm(bzm(;je n'tmﬂlﬁﬂlﬁbugh@m@mubﬂ?ﬁt@%ﬁftgi@rc #h at an
energy of 20keV to 500 keV to form n-doped region 126, 126a. type dopants

such as arsenic, ab26pb2és slightlyshasdHoorohe segondep-¢ypsl welbkgidmd99 dyant

concentration in the n- doped region 126, 12 Figure 9) js within the
range of about 1 xdistance “dFIJ,? of about 100 to about%%O(nm?morc p)rcfcrabi,}\rno about

300 nm, in the vertical direction, the invention also contemplates the
embodiment according to which the second p-type well region 299
contacts the n-type region 126, 126a in at least one direction (for
example, in the vertical direction) or in both vertical and horizontal

directions.

[0047] The implanted n-.dopcd region 126, 126a forms a
photosensitive charge storage region for collecting photogenerated
electrons. Ion implantation may be conducted by placing the substrate
110 in an ion implanter, and implanting appropriate n-type dopant
ions into the substrate 110 at an energy of 20 keV to 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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1015 to about 1 x 1018 atons per cnB, and is preferably within the range of
about 5 x 101 to about 5 x 1017 atons per cnB. If desired rrultigl e

i mpl ants W®20B@12748d to tailor the profile of the n-dopd§T¥R4M P46, 126a.
The inplants formng region 126, 126a may al so be angled inplants, forned
by angling the direction of inplants toward the gate stack 130, 130a. 15 WD
2006/ 127725 PCT/ US2006/ 019954 [0048] Anot her dopant inplantation with a
dopant of the first conductivity type, which for exenplary purposes is
p-type, is condud@0dd] so tArnotheridppent ioxpdamtagon mpthamtleganmefathe fiestar ea of t he
substrate over the inplanted n-type.region 126, 126a and between th
transfer gate 130,CODI—'B’GH"%&’H%@’}%?quéﬁcmﬁb%ﬂ’tl@d)s?%’élpowpm‘@@{l‘éu%‘?m a

- ' d f I . fyi. I d di,od ,
Taga(Figure o). CobRp HRE G p anpRaRaas R Rt BEDIS R RE R 30

formed by CondUCti.'ﬂ%aﬁ’tcgqp%e e BRINATEA128R sl e rRe dPRRrater idige 130 St

conductivity type, I ch for "exenplary 'purposes is p-type, so that p- type
ions are inplantedl30dand He bareiar dfiplainedsegionr200; toferm apetyperpiheat ed n-type
region 126, 126a and between the transfer gate 130 130a and the barrier

i npl anted regi on 28wfact dyso]l24; §2deofthsinay romplstediphetadieds 88, kidei ng

di ffusion region 1@9, 9a | ocated adjacent the multi-I|layered gate stack
130, 130a and oppdSPteE the n-type doped region 126, 126a of the p-n-p
phot odi ode 188, 188a. This way, the multi-layered transfer gate stack 130,

130a transfers lgge acc I?a{!_ ﬁ hihdd\&: 94 | | 5 ' 6, 126a
of the phot odi od 13%, 1882\}{%:I t gdf’[ﬁ)at | rr}%@%‘{a? usi%’n?{%agllg%lr?BngﬁéHi%.
[ 00511 The barri ercontuctingadd oiseit ahphntdtRg with A&bpaht bf ghe frs® adj acent the
n-type region 126, 126a acts as a reflective barrier to
, conductivity type, which for exemplary purposes is p-type, so that p-
type ions are implanted into the area of the substrate over the
implanted n-type region 126, 126a and between the transfer gate 130,

130a and the barrier implanted region 200.

[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 |
electrons 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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el ectrons generated by light in the n-doped regions 126, 126a of the p- n-p
phot odi odes 188, 188a. Wen |light radiation in the form of hot ons strikes
t he phot o¥Q V%I Hns 126, 126a, photo-energy is converREdUIBOM2PE  ons
whi ch are stored in the n-doped region 126, 126a. The absorption of |ight
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- 16 WD 2006/ 127725

PCT/ US2006/ 019954 waldy ik s the holestthat drsistaredhdihugy ie besxe@playus, in the

exenpl ary enbodi nent descriped. above having n-channel .devices, formed in the
p-type epitaxial | @Pgﬂ% CP‘Hébe%aé}\{’quG%V 'EIEPI}IWTFIFI‘QC??-#HHBE@I I osi t e
region 126, 126a a[.e : ) =T t-ednk$0 | Lon 200
acts to reduce caréi(nt‘efé ?@E@g‘yfﬁgfggg%tércg{nec ﬁé@yﬁ&gk% %géég)&é%tﬁggérztration
gradi ent that nodifdgesn (D6, P2eichre ich@t:dis 2 MTheRENGSniplanted isoktionetegidn ons
back towards the n-doped p’hot osite region 126, 126a, thereby reducing
cross-tal k bet ween28djets ¢otredriceafarriariessrtoabk lsgbstfa003 2 byformdig on t o

providing a reflective barrier o electron enerated by light in the
charge col | ecti on FRRYICBHUPREr ?rrquatmﬁﬁ%g%&m S8 AnASEIER 1200

provi des phot osensory.t 0-,phot osensQr. | ati far. ex |l e, {50l a4l on of
t he p-n-p phot odi o?gci%gg%% a%ﬁ%ggjaﬁc%ce}'hf nb‘ﬁ@ﬁcgcﬁqbo& s1?eg%§h0nai§§§ﬁ%60ae nt
p-n-p phot odi ode 18833 &ﬁﬁ&iﬁ% cr8R-talkeo QWRER adfabléntYixdl BEnddRIcENLT 1 1Pl ant ed
region 200. [0053] In dddition to providing a barrier region and

phot osensor- to- photosensor isolation, the barrier inplanted isolation
regi on 200 al so[@)521i nat efn tédditibartogirovidings a st¢flekctiombarrien e elestwbat i on
regions and, therefore, the formation of trap sites along the bottom of

such shal l ow tren8eneratsHdy; light ie ghe shargasolegtion negioss the Parisat i ng t he

Formati on of thesg, 80 38R pidh 2B ke AboblRok 1Skl o

isolation, for example, isolation of the p-n-p photodiode 188 from an
adjacent photodiode (such as adjacent p-n-p photodiode 188a) located

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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current generation and | eakage is decreased. The barrier inplanted region
200 al so "hooks-up" the p-type epitaxial layer 110a to the P+ substrate
110b to nM@ WPFRT&Soss-tal k, and allows for inproved pi ¥ITURBYYRG [ 0054]
The renmai ning 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, 17 WD 2006/ 127725

PCT/ US2006/ 019954 araradsoafosmed doyrveadl- byowe inbethodsanCoardmitmal paressintg onal
processing steps may be also enployed tgo formcontagts .and wiring to
connect gate | i neseRnmaydsasosplered %g’mhcqqéc%?%él“’léégltofgﬁ?cc 00a. For

exanple, the entire surface be covere Lt h. ' inan 4 ayer of,
e.g., silicon di oxﬁf& @dggér C8PF%%’§ s%#%ﬁm?%&@?@%ﬁ?@gﬂ 284 and
etched to provide comiAe! tHiQnESe sHcE i e EQRBed iRl d }!))(azsﬁdaﬁcﬁl laP&Qof, de
contacts to the reset ‘gate, transfer gate and other pixel gate °structures,
as needed. Convent é.gnailicoul dibxide, BS@ePSGobr BESB etliels iscaOMP plasadizedor s to
other circuit structures nmay al so be used to interconnect the structures of

the pixel sensor cand etchedsepravidy gontart heles edueh atsadbed rastallized 690, whi ch
has a connected CMOS. | nmager 642 havin I Xel s.constructed accprding to the
Cnvention is il 1 usPIOYISRICORTAGES 50, FRF teset Bats, tRnSteE gatq e gthe BREheate ©

exenpl ary of & Sy SHERARK Andtagh! Borbbhaiid SilbRaCaY bALASIAAE 4nGVOS

i rage sensors. Wt ing imting, suc cou

conputer system CaigBlafors 6 oeher GreaitReficnifesiapalsyite wed to\iel@n@ect
navi gati on, video phone, surveillance system auto focus system star

tracker system notheostruttures of the pixelisensoriaelge st abi |l i zati on system and
dat a conpression systemfor high-definition television, all of which

[0055] A typical processor based system 600, which has a
connected CMOS imager 642 having pixels constructed according to
the invention is illustrétcd in Rigure 10. A processor based system is
exemplary of a system having digital circuits which could include
CMOS image sensors. Without being limiting, such a 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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can utilize the present invention. [0056] A processor based system such as
a conputer system for exanple generally conprises a central processing
unit (CPUNGAW6/137325 exanpl e, a mi croprocessor, that comtfMUBWPEYIWRt h an

i nput/output (1/0 device 646 over a bus 652. The CMOS i nage sensor 642

al so communicates wth the systemover bus 652. The conputer system 600
al so i ncludes random access nenory (RAM 648, and, in the case of a
conput er system nmay i nclude peripheral devices such as a floppy disk drive
654, and a conpact 652.skt fnaPplsBO disiraisle 66 tntegraze theamdocessertb¢, CM@S657 whi ch
al so communi cate with CPU 644 over the bus 18 WO 2006/ 127725

PCTI US2006/ 019954 ingzee sepsorfi? and memory &48aibt 8ingls eigr at e the processor
654, CMOS image sensor 642 and nmenory 648 on a single I C chip. [0057]

Al t hough the abo odi s havy en descr.i bed w reference to the

f or mati on of photmts)or s%ﬁpﬁﬁﬁgﬁﬁﬁ?@ﬁ%@éﬂﬁ% %ﬂﬁtcg%cgﬁt cg‘frgjtf‘lae‘g@lgl s,
such as the p-n-p ' ' VA sdi ar ge

col | ection regi ons&?éZ}%, Ql%%cgfgmégggfgggﬁgé%f) %')t ?sp%ﬁb%Png?&?‘@n%Iﬁt ed
region 200, it WSidjb@n@@@@l&élQledetthE?@n—p'phtﬁbﬂiddI& 188,N1@8al(Figuted) to this
enbodi ment. Accordingly, the invention has equal applicability to other

phot osensors i ncl ubavieg n-type chaigetcollewsitmsreginnsli2éi, A46p foxmed adjagegs p-

collection regions fornmed .adjacent an n-type barrier, inplgntied,region,
pho;og?_t ejstanfl ot hBPe b@%@é"@“ﬁﬁ@ﬁﬁ%‘@ﬂ%@bsﬁ@“&&ﬁ%@é%ﬂ?% 'tth ?Rd
conductivity type . . c d e
transfer gate cor%&%@é\%fsﬁ%&ﬁ%ﬁg&g%t r%%l(rﬁ)lsalag?%}ta %ot ?i@%,%glé[ﬂnhough t he
embodi nents of t heifvegSSMhal E'%@d]ta'%agﬁta_'bﬁ&? 16 elier§2 ot 6denecks IRAMIng i-p-n

reference to a p-n-p photodi ode, e invention also has applicability to
n-p or p-n phot odi phemdiodes comprising p-type charge collection regions formed

adjacent an n-type barrier implanted region, photogates and other

types of photosensors. Of course, the dopant and conductivity type of

all structures will change accordingly, with the transfer gate

corresponding to a PMOS transistor. Further, although the

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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[0058] In addition and as noted above, although the invention has been
described with reference to the formation of only one barrier inplanted

i sol ati onW@H0M2TIYD i sol ati ng charge col |l ection regi onsPEFUSHAGII®nsi ti ve
el ements of adjacent pixel sensor cells, the invention also contenplates
the formation of a nultitude of such barrier inplanted regions |ocated at
various | ocations on the substrate to isolate pixels. Further, although the
i nventi on has been described above with reference to a transfer gate of a
transfer transi sf@5%onnecTherbbve deseiption aadfdrawings arsoslydo bedT) pi xel

cell, the invention also h applicability to a  five-transistor (5T) pixel
cell, a six-transi §‘?Qﬁ1§f(f64‘ﬁf‘1§F§8Yc ekefemplary £mbpdiments; &ﬁ%&é?"ﬁlﬁc" 3&‘)3 cel I,
anong ot hers. 19 006/ 127 | US20 01995 Q0591 The above
description and dr §%a% 33@%%_8%@? %g/ﬁg?%g'r g’&oc{"ﬁf%@f"raé{hﬁve_ of exenplary
embodi ment s, whi chs@RR@Ichs(18pelifid proces: AlIAIARPARTrRes LiF b BYRRI T on.

Modi fication and substitution pecific process conditions and

structures can be widieut depdreing fabanahd spigit hndsedgecofthe invendiod. scope of the
invention. Accordingly, the invention is not to be considered as being
linmited by the foAseeidinglyiabeinysntion innat tr bocorsiderpdas beingdingited byt ed by
the scope of the nded clai ns.. 20 IMS 1. A met hopd.of, .form ng pixel
sensor cells, said FPIRG AHSPLRE- A Araingsn Bukis %ﬁmﬂfﬁﬁé’(‘! Syer of a
first conductivity i QEPW’QE raje. formng at | east one barrier

i npl anted isol ati 0?1 eg)lpotﬁcl sal gdg%%gd | ayer to isolate said pixel sensor
cells, said barrier inplanted isolation region conprising a first well
region of a first width and a second well region of a second w dth greater
than the first width, the second well region being |ocated bel ow and
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in contact wwth the first well region; formng at |east two charge
col l ection regions of a second conductivity type in said first doped | ayer,
said charge collection regions being adjacent said barrier inplanted
isolation region; and formng at |east two second doped | ayers of said first
conductivity type in said substrate above each of said charge collection
regions. 2. The nethod of claiml1, wgﬁighaisaid first doped layer is a
p-type epitaxial layer. 3. The neth E——§Iaiml, wherein said first well
region is formed to a wdth of |less than about 0.4 microns. 4. The mnet hod
of claim3, wherein said first well regionis formed to a wdth of |ess

t han about 0.2 mi ¢ronsA fhethddef foeminglpinél schsar pellls, samtherethad @aipdissxgcond wel |

region is formed to.a width of about 0.6 to about 1.2 mcrons. 6. The
rethod of cl ai m sPrRitarER i 4PeeaRe s S OpEIEHY FerBARUERHS 2 width of
about 0.8 m cr Onsfqrzring-r@tEIeﬁfBﬁ@B’arHEr it dlisol4h6] [bnﬁﬂ'sgidfdogﬁ lay&l | region
is formed to a thickness of about 0.5 to about 2 crons. 21 8. The net hod
of claim7, thisoletersaglpirielfsensr celks, baid bayrienimpdarited isebhtibo regiont hi ckness of

about 1 micron. 9.. The nethod of claim1, wherein said, second well region is
P g T P priing & S elgaion of 5T VA aRd pempna ts LREIons  Setaadrethad of

claim9, whepgif osatd (RHGRD fr&lilith! GE! HSyellqegBE bein@ 16catdd of ~about
5 mcrons. 11. Tﬁg&mat od o rcI ell?m’ 1, S%gr?l,n sgii%d ?i gst aWel regﬁdon is
doped with @ entacpwitidpafitst aellaeglagant concentration of from about 5 x 10

to about 5 x 1013_ atons per cnR. 12. The nmethod of claim 11, wherein said
first well regi Onfqrgltl%%}é%st twongharge collect(laon reglrc])ns of) a second cond%lctlwgy

type in said first doped layer, said charge collection regions being adjacent said

barrier implanted isolation region; and
forming at least two second doped layers of said first conductivity type in

said substrate above each of said charge collection regions.

2. The method of claim 1, wherein said first doped layer is a p-type

epitaxial layer.

3. The method of claim 1, wherein said first well region is formed to a

width of less than about 0.4 microns.

4. The method of claim 3, wherein said first well region is formed to a

width of less than about 0.2 microns.

5. The method of claim 1, wherein said second well region is formed

to a width of about 0.6 to about 1.2 microns.

6. The method of claim 5, wherein said second well region is formed

to a width of about 0.8 microns.

7. The method of claim 1, wherein said first well region is formed to a

thickness of about 0.5 to about 2 microns.
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with a p-type dopant at a dopant concentration of about 1 x 1012 to about 5
x 1012 atons per cnR2. 13. The nethod of claim1l, wherein said second well
region is doped with a p-type dopant at a dopant concentration of from
about 5 x 1011 to about 5 x 10t3 atons per cnR. 14. The nethod of claim13,
wherein said second well region is doped wth a dopant at a dopant
concentration of about 1 x 1012 to about 5 x 1012 atons per 2 cm. 15. The
met hod of claim 1, wherein pixel sensor cells are spaced from each other by

|l ess than 0.4 m cg.ons.TﬂEG%Iﬁ{ngﬁg?ltaEﬁq &Ber%i[nﬁsiaf& %r'gtzwgrﬁgﬁrggénl{;m%@%d {ggnsor

cells are spaced Trom ea 1 ess an
thickness of about 1 micron.

9. The method of claim 1, wherein said second well region is formed

to a thickness of about 1.5 to about 12.0 microns.

10.  The method of claim 9, wherein said second well region is formed

to a thickness of about 5 microns.

11.  The method of claim 1, wherein said first well region is doped with
a p-type dopant at a dopant concentration of from about 5x10'" to about 5x10"

atoms per cm’.

12.  The method of claim 11, wherein said first well region is doped
with a p-type dopant at a dopant concentration of about 1x1 0'2 to about 5x10'

2
atoms per cm’.

13.  The method of claim 1, wherein said second well region is doped
with a p-type dopant at a dopant concentration of from about 5x10"! to about

5x10" atoms per cm’.

14.  The method of claim 13, wherein said second well region is doped
with a dopant at a dopant concentration of about 1x1 0'? to about 5x10'? atoms per

sz .

15.  The method of claim 1, wherein pixel sensor cells are spaced from

each other by less than 0.4 microns.

16.  The method of claim 15, wherein pixel sensor cells are spaced from

each other by less than 0.2 microns.
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