WO 2004/ 081989 I I ~~I~LLLLE et JJ
PCT/ US2004/ 007510 *166166* ANGLED | MPLANT FOR TRENCH

| SOLATI ON  FlI ELD O—FHE-+NVENFLON-[0001] The present
invention relates to t sem conduct or
WOPUERI98hd, in parti mnm b’m ﬂ&r oved i sol BEN/6¥2004/007510
devi ces for high quan un1e cy imagers.

BACKGROUND OF THE INVENTI O¥'f0002] CMOS i magers have

been increasingly used as | ow cost inmaging devices. A
CMOS i mager circuit includes a focal plane array of

pi xel cells, AeGhEDEMILANE FOR PRENCHASTLLTION @
phot odi ode, a photogate or a phot oconductor overlying

a doped region of a substrate for _accumnul ating
phot o- gener ated char FEELR QRIHRINYENIFONr ti on of

the substrate. A readout circuit is connected to each

pi xel cell and includes a charge transfer section
formed on the substrate adjacent the photodi ode,

phot ogaf@0@ir] phot Thopasai rvehdon rejptes t©aths ifinlg ofeeliconductor

typically a.floating diffusion node, connected to. the
gate of AdSutsad RgertsHa BIDBUYeS HOROPSBT TR bl

i mager may,ifiehUidRciéicyli®@sds.one  transistor for
transferring charge fron1 he charge accunul ati on

region of the substrate to the floating diffusion
node and al so has a transistor for resetting the
di ffusion node to a predeterm ned charge | evel prior

to charge transfepgeaesRtONH O oIS PNANITRON OVCS

i mger, the active elenents of a pixel cell perform
t he necessary functions of. (1) photon to charge
conversion; (2) accunul ati on of inage charge; (3)

L0 b S AN A b ks b

PCT/ US2004m@81A8 Hevices. A CMOS imager circuit includes a focal plane array
of pixel cells, each one of the cells including either a photodiode, a
photogate or a photoconductor overlying a doped region of a substrate
for accumulating photo-generated charge in the underlying portion of
the substrate. A readout circuit is connected to each pixel cell and
includes a charge transfer section formed on the substrate adjacent the
photodiode, photogate or photoconductor having a sensing node,
typically a floating diffusion node, connected to the gate of a source
follower output transistor. The imager may include at least one
transistor for transferring charge from the charge accumulation region
of the substrate to the floating diffusion node and also has a transistor
for resetting the diffusion node to a predetermined charge level prior

to charge transference.

[0003] In a conventional CMOS imager, the active elements of a
pixel cell perform the necessary functions of: (1) photon to charge

conversion; (2) accumulation of image charge; (3) transfer of charge to

I
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the floating diffusion node; (4) resetting the

floating diffusion node to a known state before the
transfer of charge to it; (5) selection of a pixel

for readout; and (6) output and anplification of a
WP3H408¥8hr esenti ng  pi xel charge. The char g&TAYS2PHEQ07510
floating diffusion node is converted to a pixel

out put voltage by the source follower output

transi stor. The photosensitive elenent of a CMOS

i mager pixel is typically either a depleted p-n
junction gladthgdEfitionahddepl4) réseingatic dopiings diffision node to

region beneath a photogate. [0004] CMOS i naging. )
circuits oknewesejphefoiesheganderabshusareit gﬁﬁéﬁﬁrqr{yof a pixel

known anddi y i i I :

" 256X 256 f%ff@*’ﬁ@?ﬁ%%?é@# oaL Iogélﬁi&%% 8% Skt ren THRung

| EEE Jour piatl dhargeSAllietchStggtae the fianting sliffisimin, n@ik(id @nverted to
pp. 2046-2050 (1996); and Mendi s al ., "CMOS Acti

el I mt EbakBRO lcoBE B U e IR P iobn (he
Devi ces, MRbroséhbicdt cleBRnt 6P2CHESS (A4 bixel B@ypically either a

di scl osures of which are incorporated by reference
herei n. [ 0698kd -5 pinstian pbotodipdgiosw fistd iadyesd deplrgigatregion
waf er fragnment, of, an exenplary CMOS sensor pi xel
four-tranBfiPH 2 PR PEES | 10 is illustrated in Figure

1. As it will be described bel ow the CMOS sensor
pi xel c¢000410 i ncChI@S irnagiptiecufie nfttettepk disarsgrel above are

accumnul ati ng ea 21 in.an under]yin ort.ion of {
subst r at e BCHHRY Igpoxep ?‘fin‘il%cufsﬁa ﬁ%(f("ag‘a&’P&piﬁi'ﬁ ¢ '0d2§6x256

11 (Fi gur &Mbs Ai&e PiRNSGhsONO4 A6 QCa-IChif, B TREH Journal of
"pi nned" because the potential in the photodi ode is

pi nned t o Salid-Soas Cinanits; Molie3 lhn pp HO4Sh U 1586 )5iand Mendis
fully depl et.ed.~:Shaul d. b under st 09 Oié\@}{ [

that the 6[\/58 scé%g)g r‘ll%}vﬁ g)fxcgleql?gc%%mf?aryg ?ﬁglﬁu e seagmons on
phot ogat e Elqa@nabencscvelr 41(BY) pped5phRsBqdbads thodisdbduess of
imge to charge converting device, in lieu of a

pi nned phathie sgéncogrorated by sefereare hefeldunul ati ng area

21 for photo-generated charge. 2

[0005] A schematic top 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, photoconductor, buried photodiode, or other image to
charge converting device, in lieu of a pinned photodiode, as the initial

accumulating area 21 for photo-generated charge.




WO 2004/ 081989 PCT/ US2004/ 007510 [ 0006] The CMOS i mage

sensor 10 of Figure 1 has a transfer gate 30 for

transferring phot oel ectric charges generated in the
accunulatlng region 21 to a floating diffusion

WgﬁWgW8P§ ensing node) 25. The floating dif fRsS/EF004/007510

region 25 is further connected to a gate 50 of a

source follower transistor. The source follower

transi stor provides an output signal to a row sel ect

access transi stor having gate 60 for selectively

gati ng fdu®equt putTie QREDS intagk 8éntbNad oBRigufe I B8€A transfer gate

transi stor having gate 40 resets the floatin

di f f usi on39 &yiteansEringphetesiedi¢ rf@agesaﬁarrg@drl@\%éq charge

bef or e eag&uﬁﬁﬁ% r%é gfi%i %{3) 6 61??@1% H]?fuﬁgﬁlﬁr scn?m%nodc)

accumul ating " reg Cross- s I ew
of the ex2dhplThe ﬁloﬁh[ﬁdlfﬁmgm reg@n3DHis faﬁhcrfcoﬁngalccttola gate 50

taken along |ine 2" is illustrated Fi qure 2.

char ge aceg‘r'rfﬂ“éﬁ BOW‘érgﬁradﬁls?I L[i‘ef%?rﬁfego”;??%’éuﬁ?sﬁsﬁ‘é’ﬂpm“dcs
phot odi odgn odtbutiihdl tH aso@ saB&tae&maﬁsisv& lﬁ{zm@ gard60 for
junction region formed by a p- t | ayer 24, "an

n-type reglenivdg gating theouputsigmalse ttsrtnmaeleBZ.zoArersn@tranmstor

d phot od
2400 t habete oo ypeRinEPER P g BRiES MR iied

depl et ed afharge Rivélbeftfie ¥a0hichafe tranbtifrbiythel oRege accumulating
source/drain I‘GEI ons 22 (Figure 1), preferably having

n-type coffiRt2Vity, are provided on either side of
the transistor gates 40, 50, 60. The floating

di f fusi 2@0676]9' on K%rc@ak&asﬁa vrebﬁofttﬁaeféneﬁmgamoﬁ%gé

al so preferable n-type. [0008] Generally,
i mage sensoser k@roﬁFlggleth@k@Nﬂeng linege’ s%lﬂgmat@blm Figgre 2.

of Figur eﬁ:‘hlg cﬁm | ”%‘?r?u%%xg n%ﬁusﬁ JiﬂCd. 1Y %g%% Wﬁ?lohodlodc

col | ect €g #im-ou

i's produced vﬂ’Mch hiie geussessifiel dvrQiAﬂ-l‘p Jhnanm 1egion fbauedby a p-
gate 50, is proportlonal to the 3 er of e ectr%s
to be ext FERCHIBEr PEAR R PO IEGPBACIEY tHhR tYRFSIDHRF 20- The

out put si gﬂﬁled'ﬂ%{&ﬁé&sl WinkRdbNHFA8RA 184664 2024 so that the

capaci tance
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 preferable n-type.

[0008] 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



or acceptability of the region 26 to acquire

el ectrons. The electron 3 WO 2004/ 081989

PCT/ US2004/ 007510 capacity of pinned phot odi odes

tépi cal | gg depends .on the doping level of the i mage
VRO t he dopants inplanted into the ackGY/Es2004/007510
| ayer. [0009] Figure 2 also illustrates trench
isolation regions 15 forned in the active |ayer 20

adj acent the charge accumnul ating region 21. The

trench isolation regions 15 are typically forned using

a conventdpacitt ofpihndd sierdiodds thyicdllyidegeradslodCiie doping level
Oxidation of Silicon (LOCOS) process. A translucent

or transp@f Bstimpgesansenang the Jeranssimplantednte Has actiye layer.
CMOS i mage sensor 10 is also illustrated in Figure 2.

Convent [@td)] Pr OCEgsi-Na R lIRRASesaFicH 3@MhtioR ESbM 14 Vrmed
exanple, <contacts 32 (Figure 1) in the insulating

| ayer 55 irothgragtivedeyeadOaidipcentiteathargornsammiatingiregiomel.

source/drain.regi ons..22. the  fl oating,di.f fusi on

egi on 251nAHEAg: REREGE reai® 15 RS form3i 8e s g

ot her cone@GiehB6al ST pkdtess@YBY usigL s@NORIdadon of SiGddH
Trench isolation regions 15 are typically forned by
etching (FERODLIPFED 4 Fandygsst phtransparenpinsplatingilayy 55

physi cal P&é{fcgﬁvcp&tev@ﬁ@)s 1@%@?&3&&% %8lsd éﬁlﬂ@a&g in Figure 2.

i solate piXx rom one ano e trenches are

et ched by Cemptmidnabpracasing awitlsatsropusedao fatmdor eqalplagg

process and th re filled wwth.a dielectric such as .

D ohem cafowas 24 B bdathe Borids et ta wre e ceuica

(Si @2). Thgnddclibgdo tHeEER@FdRAEreE{¥RE 2p! BRAJARE difR¥ioaN

etch- back process so that the dielectric remains only

in the tregwenads, mddthpreviring op ceurccntregatesmidmshirespancctions

W th that 'OI_hct@)glC% Inilac%r; s%yi)gt rate. The planarized

di el ectri & nay be abowws *fhe si1icon substrate. [ 0011]

A common probl em associated with the formation of the

above- d¢6@tr0loed t Temch isohtbarégionsr gire mgpidally ifermddaty, etching
in._the suhstrate.c

2’332 Si gpsggragl%é:i?rgl tﬁgglftgpéﬁrlé) tQ)pr8Y1ac ap ys1ca.|l 8%?"&} Between
adjacent pixels and to isolate pixels from one another. The trenches are
etched by employing a dry anisotropic or other etching process and
then are filled with a dielectric such as a chemical vapor deposited
(CVD) silicon dioxide (SiO,). The filled trenches are then planarized
by an etch-back process so that the dielectric remains only m the

trenches and their top surface remains level with that of the silicon

substrate. The planarized dielectric may be above the silicon substrate.

[0011] A common problem associated with the formation of the
above-described trench isolation rcgions 15 is that, when ions are
implanted in the substrate close to edges or sidewalls 16 (Figure 2) of
the trench, current leakage can occur at the junction between the active
device regions and the trench. In addition, the dominant

crystallographic planes along the sidewalls 16 of the trench isolation

4




the trench, current |eakage can occur at the junction
bet ween the active device regions and the trench. In
addi tion, the domi nant crystall ographic planes al ong
the sidewalls 16 of the trench isolation 4 WO
WOGHFEEPER PCT/ US2004/ 007510 regi ons 15 haRier/¥S2004/007510
hi gher silicon density than the adjacent silicon
substrate and, therefore, create a high density of

trap sites along the trench sidewalls 16. These trap
sites are normally uncharged but becone charged when

el ect r onse.giads 19Ihase PRGABEsiOARREy thad 1R ddjadBnt Slidoas.
These trapped carriers add an el ectrical charge to the

devi ce, tiwbstratc and,rthirefaragrreate ¢ highfdereity ofifgapgiicyplong ghe
devi ce and_ changin e I f

devi ce. ﬁc%hrsé%maﬁs %‘? FHEeSE' e ?’ Eg%sdasrlé(? léltsn% rlﬂnlézgg&g? 8%
the si dewsddomelbadfed tWinteteetrohs drgihal¢s lmeome grapped itbthe trap
current generation near and along the tcé‘ench

si dewal | ssites dBesciserpped garegRdd apglertgicy! (atgs g thgdevicspthus
: SO . .
rap si e?odtﬂﬁ%%(&r thBFREd Eﬁa[%%%%ie qkﬁé’eeandj&ﬁhgigrggﬂc

regi on causes current. M nim zing da
current i thresheldnuitageobdhe degice.nfpoa teanlt of thesCwas siteydganed

sensor fabrication. rrent . i.s,general | ]
attri but etfong ghq %@%@Eigﬁ? Teeh sl 88IIF%18?%/%)?1’ FEG on
21 of the pipnesh RAPLAULIBHE theldencBideWallss] Gtantitgleyy high.
dependent “on t he dopi ng i npl antation conditions of

P

the CMOS Cuwmmget swwested frpm tapdites wsidg o ngar th phasodiage
above, defects and tra Ltes i nside or near the

phot odi odgclggtb?%'fc on Cra%gﬁsziﬁ‘tk S Ilrtgt:‘igl y influence the

magni tude of dark current generated. In sum dark _
current [081H r esuMiniofizing dakrirrgeniarthe phlotodmdetis impportant in
sites inside qr. near t phat odiode depl etion region;
band- t o- béﬁ%ogdﬂ’ﬁ%? fﬁ?&orht?l?fd‘ﬁg%' ?ﬁ'&r?uéfé%éés STat %&ggumd
a result ob i ih kigd &ﬁr%'d’hdllb&idﬂﬁragiehimrbf theginmed photodiode
junction | eakage comng fromthe |ateral sidewall of .
the phot ddi whish xaﬁmgg'a@@g@dw omthe 8PRipg JRPRBILER Sonditions
For exarrplo(%thcsém§ image sensor. In addition and as explained above,

defects and trap sites inside or near the photodiode depletion region

strongly influence the magnitude of dark current generated. In sum,
dark current is a result of current generated from trap sites inside or
near the photodiode depletion region; band-to-band tunneling
induced carrier generation as a result of high fields in the depletion
region; junction leakage coming from the lateral sidewall of the
photodiode; and leakage from isolation corners, for example, stress

induced and trap assisted tunneling.

[0013] CMOS imagers also typically suffer 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



i nduced and trap assisted tunneling. [0013] CMOS

i mgers also typically suffer from poor signal to

noi se rati os and poor dynam c range as a result of the
inability to fully collect and store the electric
\‘fﬂé?‘lj@slc?g“l lected in the region 26. Since thRCKYSREN4E9p7S10
the pixel electrical signal is very small due to the
collection 5 WO 2004/081989 PCT/ US2004/ 007510 of
photons in the photo array, the signal to noise ratio
and dynam c range of the pixel should be as high as
possi bl e. of [%}Q)]téﬂs 1};"%35 Bhdt® aBaFd8E sighdl @b SORE Saticéhd dynamic
i mproved active pixel phot osensor for use in a CNOS

i mger t hangerfthsipizel ﬁh;dllrtbda&dlask as pessibémt and

i ncreased phot odi ode capacitance. There is al so néeded
a tren is50l at i [ t

gener at on14§r curﬂ'fraﬁebﬁ% Eg;ieQ déggr%féﬁ) 2&5’[\?}‘! Igg%dssaéggég%

up regi onphebyesor fohesephnpr@dOliniageethat ayebxtsandiuctctieialk
bul k substrate. A nethod of f.ahricatin

cti
pi xel . phBEEEEASSIRCESAT LR AYORH SRS o) Bt €59 eeded a

al so needgdpciAgoMEdd rc%ﬁmatﬁat (i SoreAddtOEurERE BB OT Hedurrent
reduces dark current and mnimzes current | eakage in

a pi nned phkegsdindds) ots a aginkalp regies Metveeen| the prmegt surface
SUMVARY OF THE | 001
?r atﬂdqu;/ %aﬁ[&sq}lsrj €. g]nilétﬁ $8F @ﬁ?a%%tg 'an a@&vc pixel

i nventi on renc i'SO I on

si dewal | Pﬁﬁltobﬁisbﬂmhhbmhg’lﬂ{e&dmﬁ[ﬁgvmmsf is a_lsf) Inbsdcd as well as an
conductiV[téPpre | ocated within a substrate.of the
first coniltiphiteshnigpsahatredncss danlsrrentand PigipigRs current

i mpl ant ed ngl ed
ool ant - FeRd gyl 8RRk laso Pl
conblnatlon of both an angled and a 90 degree i nplant

of dopants of the first conductivity type in a trench
isolation region. The trench isolation with the

sidewal I's and b ﬁ@p mkmﬁgoﬁmmﬁmow ded
to isolate an I%e ectrica evice or circuit from

another I C electrical device or circuit, and may be
used in CMOS i magers,

[0015] In one aspect, the invention provides a trench isolation having a
sidewall and bottom implanted region of a first conductivity type located
within a substrate of the first conductivity type. The sidewalls and bottom
implanted region is formed by either (i) an angled implant; (ii) a 90
degree implant; or (iii) a combination of both an angled and a 90 degree
implant of dopants of the first conductivity type in a trench isolation
region. The trench isolation with the sidewalls and bettom implanted
region may be provided to isolate an IC electrical device or circuit from
another IC electrical device or circuit, and may be used in CMOS imagers,
CCDs, ASIC and DSP devices, and other integrated circuits structures

and devices.

[0016] In another aspect, the invention provides a photodiode with a

pinned layer of a first conductivity type linked to a substrate of the first

6



CCDs, ASIC and DSP devi ces, and other integrated
circuits structures and devices. [0016] In another
aspect, the invention provides a photodiode with a
@inned | ayer of a first conductivity type linked to a
98%‘144”%1&9%yof the first 6 WD 2004/081989  PCT/US2004/007510
PCT/ US2004/ 007510 conductivity type by a sidewall and
bottom i nplanted region of a trench isolation region.
The sidewall and bottominplanted region is forned by
either (i) an angled inplant; (ii) a 90 degree
| mpl ant gon@ficdvidyl ypEbE P SéwRAL dndibotford Rhflaidd 26gbe 8f atrench
90 degree inplant” of dopants of the first

conductiselitign regisa. | Fhesidewal @pd betpa implanted regien iy firmed by
si dewal |.,an ' eIy t gd: t he

si dewal ‘Tltshcéﬁlgl a.gg%%lg&nllﬁloﬁig {‘%@ )e%d%(fe%%rﬁ&ln‘éﬂ %Jif%f gﬁ(li?)gagi on

r educescobsihaich dbfRitaga aagldd dad RO dagree irhplaandf ddpantstodthe

i ncreases the capacitance ofhth i nned p toqgggﬁ. q
[0017] finst gﬁg{duawafyrrépc Bspeerc R PHTERD orf S EVEdés  a
met hod ?%m%ﬁ; ﬂgtedarcgi]'og%@_ud e RRIHAIN IS AL @F the

regi on up an ectrical device, for such as a

pi nned sendhdsmaticn egionf reduqss surbde [shlgsdinddlark quregt, and
substrage. In one enbodi.nent he.si de | .apnd bottom

i npl ant é’ﬂd’rcéﬁ’lcﬁ‘?i‘s‘??&sc Baé’aafaélf?rg%élﬁy “H‘?‘glp\glﬁ’%?dﬁ(g&desi red
dopants at angles other than 90 degrees in a trench

i sol af@guY]r eBi @i anbthenmptitpthedntendbnpndviddshensthdéwé fdrming
and bottom inplanted regjon may be formed by . .

i npl ant p pigeviRbancbbotgyp dmplnted rpEHPR t%[m’@BP &Bgrcétél%‘bﬁ"&c’ for

and at gnaleg Q{ersutf@N 2P of£P8es phdrcRiddeSRENsubstrate. In
i solation redion. In yet another enbodi menf, the

si dewal bnaeibbdiiemn thepidewilbahd bastpn implaytedacgion may by

i mpl anti.n si.red dopant.s .at _a 90 deqgree, angl .
[0018] et itroleiiol ke Hopdd e i Ha 90 deproes ina
I nvent i gRni fsblaBi6n réB6E BPAREIRR erfbodiérdtetheaideoall agd bottom

detailed description that is provided in connection
wi th t hénpleatsepesion Wywémmagbwlqulgﬁ%?deﬁopm at both a

exenpl ¥ dc%rcntc)%gligfzeaﬁhsat %gl&srkﬁh&”d&%‘bb QRgrees in a trench isolation

region. In yet another embodiment, the sidewall and bottom implanted

region may be formed by implanting desired dopants at a 90 degree angle.

[0018] 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.




7 WD 2004/ 081989 PCT/ US2004/ 007510 BRI EF DESCRI PTI ON

OF THE DRAWNGS [0019] Figure 1 is a top plan view of

an exenplary CMOS inmage sensor pixel. [0020] Figure 2
IS a schematic cross-sectional view of the CMOS i 9
WeALS818% Figure 1 taken along line 2-2'. [O‘Cﬁfi‘]lsz“““ 007510
Figure 3 is a schematic cross-sectional view of a CMOS

i mage sensor pixel illustrating the fabrication of a

pi nned phot odi ode in accordance with the present
invention and at an initial stage of processing.

[0022] Fi gBREEF DESERIPTEON! OF THEDFEWING®! Vi ew of
a CMOS i mage sensor fragnent of Figure 3 at a stage

of processing subsequent to that shown in Figure 3.
[0023] Figure 5 is a schematic cross-sectional view of

di geFl SRk tQ}% gﬁh vitfw &1 SUx8m ?la?}t CMSS %%@Jcnsor

proce sin sequent t hat shown n Figure 4
[ 0024] ﬁu@ure 6 is a schematic cross-sectional view of
a CMOS inage sensor pi xel of Figure 3 at a stage of

proce 3P Iatsctrl M}%oﬁ NOM nal View b SCMOS image

[ 0025 ure i'sTa cross-sectironal view o
a CM35 sdmauffsgﬁsartalmnméng)mnﬂ -Qure 3 at a stage of
processi ng subsequent to that shown in Figure 6.

[ 0026 ' a schematic cross-secti

oo thdg et s ERctEiRe roertpRayt ofF Sl el
pr 00688&&%@&&%&% thelfitHcafbiO¥a pindedpBotodiole i§ WO
2004/ 081989 PCT/ US20047 007510 [00275) Fi gure 9is a

schemat aesordansswith ¢h¢ presdntinvenrion and aapsnitighgjege of processing.

[0022] Figure 4 is a schematic cross-sectional view of a CMOS image
sensor fragment of Figure 3 ata stage of processing subsequent to that

shown in Figure 3.

[0023] Figure 5 is a schematic cross-sectional view of a CMOS image
sensor pixel of Figure 3 at a stage of processing subsequent to that shown

in Figure 4.

[0024] Figure 6 is a schematic cross-sectional view of a CMOS image
sensor pixel of Figure 3 at a stage of processing subsequent to that shown

in Figure 5.

[0025] Figure 7 is a schematic cross-sectional view of a CMOS image
sensor pixel of Figure 3 at a stage of processing subsequent to that shown

in Figure 6.

[0026] Figure 8 is a schematic cross-sectional view of a CMOS image
sensor pixel of Figure 3 at a stage of processing subsequent to that shown

in Figure 7.



sensor pixel of Figure 3 at a stage of processing
subsequent to that shown in Figure 8. [0028] Figure

10 is a schematic cross-sectional view of a CMOS i nage
sensor pixel of Figure 3 at a stage of processing
¥RgLegtet to that shown in Figure 9. [OOZQﬂCTﬂﬂﬁjﬁﬂ“@WﬂO
11 is a schematic cross-sectional view of a CMOS i mage
sensor pixel of Figure 3 at a stage of processing
subsequent to that shown in Figure 4 and in

accordance with a second enbodi nent of the invention.

[ 0030}0027gur Bigh#: 9 & abcBERAITREbsE-s€dHRBSES bF D TMOS idge
of a CMOS image sensor pixel of Figure 3 at a stage

of proctaserRixd gbSiguef et ¢ B2ETeRProsfsHRg syhieqia meﬂfmshown

[ 0031] 3 is a schematic cross-sectional view
of a Cl\/ésﬁg{rlr%g% sensor pixel of Figure 3 at a stage

of processing subsequent to that shown in Figure 12.
[ 0032]00R8Jur Bigire 1@ isa sshdmeatitcress-sesiogalseey obn&IMOS émage

f CMS i Fi
of pr octRsnd TR AACE HEks BhorbhSHRE st 74 BifE shown
and in geeighsagice with a third enmbodi ment of the
i nventi on. [0033] Figure 15 is a schematic

| f i xel . of
C oon B, Bhuech L P o o BPR AT« P16 sl
shown  idpsbi Qyél%fﬂguré @%ﬁl ta sitisr%cés%g%@se&&aﬁrwma@fshown

cross-sectional view of I'mage Sensof pi xel

Fi gure B Biguee $endjin @toqda@@e@& nercond sapadiment of theat
shown in Figure 15. 9 WO 2004/ 081989

PCT/ US2B987807510 [0035] Figure 17 illustrates a

schemati c di agram of a conputer processor system
i ncor poOEAJi NFigarMOB a sthgeatkamsnsedtainal dew ofl a GMOSdinage
to the . . .

sensor pixel of Figure 3 at a stage of processing subsequent to that shown

in Figure 11.

[0031] Figure 13 is a schematic cross-sectional view of a CMOS image
sensor pixel of Figure 3 at a stage of processing subsequent to that shown

in Figure 12.

[0032] Figure 14 is a schematic cross-sectional view of a CMOS image
sensor pixel of Figure 3 at a stage of processing subsequent to that shown

in Figure 4 and in accordance with a third embodiment of the invention.

[0033] Figure 15 is a schematic cross-sectional view of a CMOS image
sensor pixel of Figure 3 at a stage of processing subsequent to that shown

in Figure 14.

[0034] Figure 16 is a schematic cross-sectional view of a CMOS image
sensor pixel of Figure 3 at a stage of processing subsequent to that shown

in Figure 15.



present invention. DETAILED DESCRI PTI ON OF THE

I NVENTION [0036] In the follow ng detailed

description, reference is made to the acconpanying

dr awi ngs which forma part hereof, and. in which is
WRSHHOPY way of illustration specific embodPGEHi2e04{0p7S10
whi ch the invention nmay be practiced. These

enbodi nents are described in sufficient detail to
enable those skilled in the art to practice the
invention, and it is to be understood that other

enbodjgpes] s Fipyrene 1llﬁétldt€s€1dsch@ﬂdhctch@§gaxﬁtdf W Gotipaker processor
| ogi cal and electrical_changes na e made w t hout
departi wgtcmamxpn@n@s.a@h’l%@agg é‘iﬂﬁ@f febrigated prcerding to the
inventi trg n[c% onhe terms "wafer” and "substrate”

are to e inderstood as a seni conductor-based

mat eri al including silicon-on-insulator

si | i con- on- ARPATLELR BESCRETHEEN Y TIJE(I@EVEI‘H'ION
undoped sem conductors, epitaxial layers of silicon
supported by a base sem' conduct or foundation, and

ot her sem conductor structures. Furthernore, when

ref er pou3y]i sIniedollawiag deaflet desofipticl) baftreatels niadettd ehc

foll om ng description, previQus process y. ha
been ut RIcPHPaNYipg d fwswélg%ﬁgmoarpﬁrﬁ%??éﬁ% Fh‘?’&‘ Pwn
the bas Sy %ﬂg?fﬁﬂ%o%r sdifi UGhHE Gmhes ﬁ%ﬁk@'ﬁ&k @ Ventifn may be

addi tion sem con ctor need not be silicon-based,
but c oupﬂcb&dbéﬂedc embadilreosrrgdesnmipiduimsufficient detail to enable

silicon-on- ujator, silican - _saphire,,.germaniu

or gal | FRsF glil@tgj,fpotg aﬁﬁBﬁéaCBfWg’nﬁénvcflg@%’sﬁndfﬂ ng)lg rﬁnﬁ‘crsmo‘i
" pi xel " . RbeHS chbodin¥dit Hap be LBRRAL antNiHat S@hdtural, logical and
containing a er‘ghot osensor and transistors for

conver t elegtrictl sbangasmepydiei madeawithaut dapargng fromethespirit aad
si gnal . stration, a representative
pi xel | sf%ﬁ %‘%ﬁ%ﬁ‘b%ﬁ%@ CT/ US2004/ 007510

illustrated in the figures and description herein and,

typi c40037] f Abe kqatsi“onferdhndif'dubgirate? greita banlnldn’ﬁgmd asa

Wil pr ggrren%gnitllcrtrgrl-lt)aasgc? gl%%clr%l mcluamg smcon -on- m31|1'1ator (SOI) or
silicon-on-sapphire (SOS) technology, doped and undoped
semiconductors, epitaxial layers of silicon supported by a base
semiconductor foundation, and other semiconductor structures.
Furthermore, when rcfcrencé is made to a “wafer” or “substrate” in 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-

saphire, germanium, or gallium arsenide, among others.

[0038] 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, a representative pixel is
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[0039] Referring now to the draw ngs, where |ike

el ements are designated by |ike reference nunerals,

Fi gures 3-10 illustrate a first exenplary enbodi nent
nmet hod of formng a four-transistor (4

\ggﬁ%{”ﬂ”ﬁ%n 100 (Figure 10) having a pi nned'zc'lpuszoo‘”007510

phot odi ode 199 (Figure 10) with a sidewall inplanted
region 170 (Figure 10) of a trench isolation region

150. As explained in detail below, the sidewal

i nplanted region 170 is formed by an angl ed i npl ant

and act g§hasgatad n tHe figurésend elrsdiptior Goreihend, pypicadig, fabrication
surface Ia¥ 124 (Figure 10) and. the bul k substrat

110. Thef gipixels ilra@wagcwgh%rﬁfféé spRyraggouspoing Ll r fashion.
suppresses | eakage and dark current along sidewalls

158 angp ttR@ch«'ﬁ% Adw b eRcdrawm@h, T HRO likedERbss drMesignated
(Fi gure 1 It should be noted that, although

the inv bm grpfwencrc yenetels,digwresi3- 19dllesiraren Brsheneanlan

with a f%%r d{xﬁc‘}lr%%lf ?Sl?eth{cfl@fo?rhﬁl | f%ﬁl‘ Lransg gr 4?[?%5&1 Qﬁ%lsor

al so has appli cab S Transt s
or a fiwvel lO(al(EgﬁxtcdrO)(nEﬂI)xg apitided photbHiad 199d(Iﬁ§lﬁeSO)mtha
fromthe 4T cell by the o '

.on of the ch
t r ansf efidewalhinRipned éﬁﬁﬁo%l%%(i &1&“@8{0& 8? gre %H%?]ﬁ'%‘m region
coupl i ngsgif f‘%u Rink& & 84511 Qélo%hﬁlcgmrwgﬁ Erﬁ?ll @H%@BS 170 is

floatin on regions through an overlap of
two or imnmdrtagamgtndl ichplang andhacts o508 hxv!hmp:tcglcm lmwr,cn thc

known in. th A5 differ 0 e 4T
oy the Rinedisaitcsiovs” T2 Thgne 10) 3of o flsponefa B, The sTr
phot OQakﬁicmﬂﬁ%l%@ﬁ redi@0#10 alk& sﬁﬂﬂés&ds%hka% 40K chihént

invention will be described belowwith reference to

t he for rinigoidenfallal 3§ axtbotian 18006 frepdyiselation ragiens 150
a4T p| ?1 ﬁg) in a CMOS imager, the invention is

not &'t o oMos i mgers and has applicability to

i sol atl on regions which provide isolation for any

el ect r[i0040] dévstwaldbanated ¢hat alttibgh the meentonemili h;rdcscnbcd

o S0 PP ER B B0 Rl SR B L, ovnion
2004/ 08 128 haPegp TR P46 AQK et Qransistor (3T) cell or a five-transistor (5T)
cell. A 3T cell differs from the 4T cell by the omission of the charge
transfer transistor and associated gate, and the coupling of the n regions
of the photodiode and the floating diffusion regions through an overlap of
the two or an n region bridging the two, which is well known in the art.
A 5T cell differs from the 47T cell by the addition of a shutter transistor or

a CMOS photogate transistor.

[0041] In addition, although the invention will be described below with
reference to the formation of a trench isolation region as part of a 4T pixel
cell in a CMOS imager, the invention is not limited to CMOS imagers
and has applicability to isolation regions which provide isolation for any
electrical device and circuit. Thus, the invention also contemplates a

trench isolation with the sidewalls and bottom implanted region that

11



isolates an integrated circuit electrical device or
circuit fromanother integrated circuit electrica
devi ce or circuit. For exanple, the invention
conte l.ates an inplanted trench isolation region

YARZHOREY be used in COMOS i magers, CCDs, ASTEI/Ufra04{9ats10

devi ces, and nenory devices such as DRAM SRAM
FLASH, and many other integrated circuits structures
and devices. [0042] Al though Figures 3-10 illustrate
only a portion of the substrate 110 with only one

trench {t6Rtesiah uifd?ﬁatdal&mdﬁﬁ elestriogddievidabr tii@ipieaanbther
i nventi on conte ates the sinultaneous fornation of a
pl ur al i Inyeastted cERuih clestsel deTieg0n dsgilsy dr SRample Pgvention

| ocat i 0%,y Qﬁﬁfa\%@ﬁ?lfﬁéhg&td%&éﬂ 1sok%oﬁqg%ﬂ5h Mhich Iﬁli}t BOUGA in

the inventio escri bed bel ow ref erence
to the CMOfamagars,ECRsIABQCINI R devics, anelgnemotyydegices such

sShal | ST thod. th t
e oy DS SERYE o33 ST beal A bl B
by a LOGHéhcsal Oxidation of Silicon) process, or a

conmbi nation of such processes. [0043] Figure 3
|IIustrat es a substrate 110 al on% a cross-sectional
i

view [O#42dh Alhepgh Kighees 3 Hillysrats oply g pastion of e substrate
exenpl afyg RE%P&ﬁ?%nc 1Bch Pt Q&%c]u}xﬁcfs?o(ﬁl bt ﬂh@%?cscnt

substrate. wever, as noted a ove I nventio
equal apprlcnmat tantemplagds e mmaltamud tortmatios w8 phuatlisy of trench

Figure .3 als i1 lustrates a pad 5

bl ket isan esuren i vy lea oS e e Syvs RV, 1950,
silicon afﬂh&{gthd&lc Phiventibh GANbOAEEEIBBE6W &hth pehirédteits the
fornmed over oxi de layer 151. A & ot or esi st

| ayer 15@rr(aﬂpgmf e t@)nch isslation mproblea Shalovh gragchdsplation (STI)
| ayer 153 he atter ned_ w.th
cg the v)c/g & d:qtlal agBltlcagﬂ.lWLSo 1solg %]i. iég&g\@rmcd

and ani soet opi calt T alna trenc

i |l ustrayed dCOS (OEDxiddintof Silicbn I pidcérasora dejitibatahn of
about 1,000 to about 4,000 Angstrons, nore preferably
of aboufueh Rfecs¥igstroms, and a width of about 500 to
about 5,000 Angstrons, nore preferably of about 3,000

ANgst MQU®3] Figure 3 illustrates a substrate 110 along a cross-sectional view
which is the same view as in Figure 2. For exemplary purposes, the
substrate 110 is a silicon substrate. However, as noted above, the
invention has equal application to other semiconductor substrates. Figure
3 also illustrates a pad oxide layer 151 and a blanket layer 153 of a hard
mask material such as silicon nitride or silicon oxide material, which is
formed over the pad oxide layer 151. A photoresist layer 155 (Figure 3)
is formed over the hard mask layer 153 and then patterned with a mask
(not shown) and anisotropically etched to obtain a trench 152, as
illustrated in Figure 4. The trench 152 has a depth of about 1,000 to
about 4,000 Angstroms, more preferably of about 2,000 Angstroms, and
a width of about 500 to about 5,000 Angstroms, more preferably of
about 3,000 Angstroms.
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12 WD 2004/ 081989 PCT/ US2004/ 007510 [0044] If desired,
a thin insulating | ayer 154 of about 10 to about 400
Angstroms is formed on sidewalls 158 (Figure 4) and
QBth4/slé? (Figure 4) of the trench 152, as shown in
PGUHE8B8 The thin insulating layer 154 mayPGRUSHMPRT10
of an oxide, silicon nitride, or an oxide/silicon
nitride for exanple, to aid in snoothing out the
corners in the bottomof the trench 152 and to reduce
the anmount of stress in the dielectric material used

to | pocu4]f i Ifldedired; hehihnienbitag layét 15@&9&1}0&th0 to about 400
enbodi ments of the present invention w | be descri bed

bel ow wiPEST®RE$ écrfanédt%l sidepall b3S (Highra ) Gﬁd bettegeizf Eigure
conpri S&ESffﬁettﬁhE‘h ugﬁ,Ust%bmld R¥fle 5. S’P dv\%?rxgs a%Ew“ 154

i nsul ati l ayer ornmed onits SI
bott om ntah be r&vrvrmdtqfcan dxglensilicdn miirtdegor 4motiteSdicon nitride for

enbodi nent s Acco n the invention al so

o o P e 6% i shheting OF: 4 <Efter hafit Brtgm of the wench
structu ﬂ§§ aNi SR ddee RtanfRMP bf ffesfinttht &cldcﬂﬁﬁnﬁfchﬁ!lgascd to

| ayer. [0045] Next, the structure of Figure 5 is

subj ect beerty inherrgnags. dbishengh %@Hfopdgmrés of) thejpr¢scrt
dopant 1nvc111 oen Ivﬂlrbc'c dc%grﬁbq:lact}c o\<)\|/ #{?:th Xf@reehcél\ﬁ) % H'cncchr 1solat10n
exenpl ary “pur poses

are i rrpl;@nﬁreﬁ cohiph@llﬂgh thhﬁnklﬂ:[ﬁ[%t layeen, siutle as:hlckﬁﬂa msulatmg
(Figure 5) to forma p-ty sidewal | and  botto

i mpl ant Ber R4 flormed on “ééldFWFll?ﬁ“ﬁé’Pét&%ﬁh?:Fﬂa?@fBls npp imited
p-type Syl bﬂ%ﬁ%@&@% %@% BediRH 4% tg(ﬁiq%dlﬁlatcs the

fornmed on the side s 158 ttom 159 o

trench fthadod of regdnisaletiomitturturhewhich mloi s wbadpirisga thin

| ayer 154. 1%%046%rFor the purposes of the present

i nvent i g angled inplantation" is defined
as inplantation conducted at incidence angles wth

t he s(ibe45]at Nciﬂ, thoitherurt lofiBigard 5 gfsubrogteo ahhagled slopint

1ol ant 36D GREsiEct GpiEh p GOBHTRAE St Y BN CRRs G fo

i nci dengge ANah e rybstdlis bhgps UPR bal &-Bpk Yeihrdimplanted
through the isolation trench 152 (Figure 5) to form a p-type sidewall and
bottom implanted region 170, as illustrated in Figure 6. The p-type
sidewall and bottom implanted region 170 is formed on the sidewalls 158
and bottom 159 of the trench 152 and in contact with the thin insulating
layer 154.

[0046] For the purposes of the present invention, the term “angled
implantation” is defined as implantation conducted at incidence angles
with the substrate 110 other than a right angle, that is at angles other
than 90 degrees. Thus, the term “angled implantation” refers to
implantation conducted at incidence angles with the substrate between 0
degrees to less than 90 degrees, more preferably between 10 to about 30

degrees.
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degrees to | ess than 90 degrees, nore preferably
between 10 to about 30 degrees. 13 WD 2004/081989

PCT/ US2004/ 007510 [0047] Referring back to Figure 5,
the angl ed dopant inplantation 160 is conducted to

Wﬂﬁ?"é ?‘ *B-type ions, such as boron, beryl|i RETYHH4EAISIO
or nmagnhesium into an area of the substrate 110

| ocated right below the shallow trench 152 and to
formthe p-type sidewall and bottominplanted region
170 (Figure 6). The thickness T (Figure 6) of the

p- t ypeocddenRkferrirgdbhcR @b Fipfird Sxtha Ahgdd d8FARIMPIARRBY 160 is
be about 10 to akl)[%t 1, 500 Angstro%s rrgre %eferably

of aboufombEtAgSMPERE P-(70e8Y, STHbasdRIPRbarghum, indium or
| npl ant ﬁ{ %% I OnfBYs Ba 89 g%ﬁ%s@ﬂt@i’l&ﬂoﬁ%{eg gllglhggclow the

substrate I'h"an 10on er an
appr opr slatllewpzrdncpd 52dopamforlmﬁ$ p-typo sigbwilhendsbetkdroimplanted

ener gy ar katiguiny e by RaFist o) & Py sidevall

about 1Qnq 58¥omtxﬁlgfla%éﬁ &gbﬁ&@ﬁh&&%@éﬂom TBl:83b66 1,500
region 170. P-type dopants, such’ as boron, beryl Il um

i ndi um dngsregneshennpreferpblyef elnwt@!)@d“uigzotronhe angl ed
i nplant. The inplant dose in the p-type sidewall and

bot t I ' [ '

range 1OPE o e Ghgd Bkt L84 ReP b b pdlcl M ) i ing ehe
cn?, nokebspraes Er(ainlan iof iraﬁiemtr Ankindgldritingt apBopriaed p-eype.

e o o b PR 152 b S Felmoonc
170. [0G48lat %@ﬁ&g&‘ et k&@ td QSth%fofI&v BIdrObredifbly of about 10

sidewal I and bott lanted region 170 (Figure 6),

a di el e&tYj mfnan@uyat s1d6\6ali isnpdngierk egicelitis i R-epealopants, such
t he struc ure %re6tof|ll |nthetren

as illuét 3’t°é‘d HfRum-PE sypResiig) T PP &M %Ygé?%f the

156 may ahﬁlcdﬁknpbéhd eTheingildrtldosd @rthe yaipd Sd@vallSdnldi @Rtdm
oxi de such as SiQ or _Si02i oxynitride, a nitride I
mat er i afmplaakedgegionl70 {Eigurs @rlﬁ Withinstheirangs of abpiigd x 19

high tenpgres Wl@“pa%ﬁwfér'cnp,r m%g]ﬁrcfcrably of about 1 x 10'* atoms

per cm®. If desired, multiple implants may be used to tailor the profile of

the p-type sidewall implanted region 170.

[0049] Subsequent to the formation of the sidewall and bottom implanted
region 170 (Figure 6), a dielectric material 156 is blanket deposited over
the structure of Figure 6 to fill in the trench 152, as illustrated in Figure
7. The dielectric material 156 may be an oxide material, for example a
silicon oxide such as SiO or SiO,, oxynitride, a nitride material such as
silicon nitride, silicon carbide, a high temperature polymer, or other
suitable dielectric materials. In a preferred embodiment, however, the
dielectric material 156 is a high density plasma (HHDP) oxide, a material
which has a high ability to effectively fill narrow trenches. Thus, reference
to the dielectric material 156 will be made in this application as to the
HDP oxide 156.
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suitable dielectric materials. In a preferred

enbodi nent, however, the dielectric material 156 is a
hi gh density plasma (HDP) oxide, a material which has
a hiah ability to effectively fill narrow trenches.

WRIV0B¥%r ence to the dielectric material BGHUSP4007510

be made in this application as to the HDP oxide 156.
14 WO 2004/ 081989 PCT/ US2004/ 007510 [ 0050] Subsequent
to the formati on of the HDP oxi de 156, the HDP oxide
156 is planarized down to or near the planar surface

of theodsy]d SEBEKudYE Eheldrmatich ShEERDPIofca56f tHe BDP
156a, as shown in Figure 8. In a preferred

enbodi mexde 16ads piorrgsi dewn 3¢ of seas|thpplanarauribse ofechebard
of chem e ical |Jd SHdif [ a. o

wel | - kno%ﬁ%?kyg 1?}?%&?%‘% ial??gug cr?)r ocg% ég\,’% srgo“gﬁlenrrll: a 8 Ina
mechani padferpial érsbddifheng thaHDPSOXide PO isPariagizets Bfimletns of
renove the top surface of the HDP oxide 156 down to or

near t hehgsnisHapechanicsl pokistins tHUE) gF g WelldiroraRIE drgtching
This wa e a8 gaﬂ(a Mo ok3;

the plu ’°f%%a Iggghgﬁg or rgnghaagjrcEl)lgj’s%jrhtglﬁ'(rel ent |ﬂrrgsy‘§lfro%§§g@§ o
t he subs¢mentecthe agp surfags bf die GdDP roxkdegiited Byn fDG5Mdar Heeplanar

hard mask .l ayer, 153 is then r db t ] I
{ echni qatce PEEIE s sk B 03 rhfeah (7 PP epcgog herd
using, HRkk B¥&MY Fand B PRRPNEGaGreEhitbrid BPO4 khe édtire surface of

desired, subsequent wet etches may be enployed to
round t iee subptratgoassilestrataddn Figuae8. [ 0052] Figure 9 al so
illustrates a nulti-layered transfer gate stack 130

forme 00 Er 1?@@ hitd G@Nagtd! 19@? Esfthen 1dRovedn donddRioRbhl

gate stac conprises a first gate oxi'de layer 131
of gr owmechniqepsach exsekictiveadm ewhicte wartdhgsing, foroxample,

bstrate 110,. a . tive | 32 of d
Dol ysi | PEBToBF G el { BEF e BB HRLEEr s R
i nsul at ieAfp1dyRURE rddi thehbs Bdgmwf dieofias. med of , for

exanpl e, siliicon oxide (silicon dioxide), nitride
o iBB2h Eide) e o by e e 55k 1.0

formed over the silicon substrate 110. The transfer gate stack 130
comprises a first gate oxide layer 131 of grown or deposited silicon oxide
on the silicon substrate 110, a conductive layer 132 of doped polysilicon
or other suitable 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 methods, for example, chemical vapor deposition
(CVD) or plasma enhanced chemical vapor deposition (PECVD), among

many others.

[0053] If desired, a silicide layer (not shown) may be also formed in the

multi-layered gate stack 130, between the conductive layer 132 and the
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oxide), or ONO (oxide-nitride-oxide). The first and
second insulating layers 131, 133 and the conductive
| ayer 132 may be formed by conventional deposition

nmet hods, for exanple, chem cal vapor depositi
WP 240818 enhanced chenical vapor dep03|t|onP?m¥§£ﬁ5005w

anong nmany others. [0053] If desired, a silicide

| ayer (not shown) may be al so forned in the

mul ti-layered gate stack 130, between the conductive

| ayer 132 and the 15 WD 2004/081989 PCT/ US2004/ 007510

second g&%ﬁa%suﬁang%w 133 3AdARVRRLAYEL S hite stri@uabeall

structures of al other transistors in the i mger
circuit od@s mnswtasﬁ in heimagesciergitideion ardyhave drngdglitionally
silicid ayer S I

S: | : C: dg c\éi nsﬂisc d-lél'ﬁ)?cér Jll“ %iélg%c lagféxe #taﬁg Fpagu%ﬁtsﬁgfdg r@ungsten

nol ybdesilitids, ddb@llt d]ﬂ;:ldé) I mbRbi @luninikdidd, @ir @entalifiesilicide. The
silicide_layer could also be a barrjer

| ayer / r S#iFigle {ayescanid also Bei Ramisr Jayey yoirastorimerahsush 3s TiIN/W
coul d be, el 1%l of if Qul® Pe Ofirbs ng éf%ivbﬁsecond
n

masked opan nplantat|on i s conducted With a dopant

of the first conductivity type, which for exenplary
pur pos{@@54]s B-segqrel magked ﬁnp#ranmplaamonm fmﬂé@é@rvedl a dopant

ar eas of e subst,r 10 t

| ayer or° vve ‘ilrsﬁcé)él d“%\s““uyjt?’ et A cthofra nﬁnla% E)Srpé)q9§§9 “type, to
Al t houghmphat ioashioghicdeitedateat bﬁtlﬁrsﬁbslﬂﬂtc L1V enfortina pragpe
been described with reference to the fornmation of the

p-type dopedlayvenawell2ls anilugrased in gvase . oldnahghe of
the tr e%ﬁ{b étﬂtdf %rg&n@ﬂgc%orl ne Hah ac&hﬂgclfwltﬁckfcf&cc to

must be stoo t the present invention also
cont en‘pltht éfrm‘ahen bﬁth‘afqi typn doped ke 120tsypeeqdeped thefemation

120 prlor to th rnat of e trench alatio

150. [ 0G¥EHe Beq ﬁ‘cg a”ldlﬁttgﬁg%ttf PEARK &éé’n‘@ ma’tlsﬁg'bant

of a S eq&aérst&mﬂy@&b \pkésh’nttM%uomlsﬁ Roh@inpated bl Fbination of
pur poses is qﬁeg , 1S conducted to inplant ions in

t he ar eghep-typredenstdayeni 20 gripeter thy forarssiantof thretrarahi ijadation
area of
150.

[0055] A third dopant implantation using a dopant of a second
conductivity type, which for exemplary purposes is n-type, is conducted to
implant ions in the area of the substrate directly beneath the active area of
the pixel cell and to form an n-type region 126, as illustrated in Figure 10.
The implanted n-doped region 126 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 10 keV to 1 MeV to form n-doped region 126. N-type dopants
such as arsenic, antimony, or phosphorous may be employed. The
implant dose in the n-doped region 126 (Figure 10) 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 1 x 10*?to about 3 x 10**atoms per cm”. If desired,
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the pixel cell and to forman n-type region 126, as
illustrated in Figure 10. The inplanted n-doped

region 126 forns a photosensitive charge storage

region for collecting photogenerated el ectrons. 1on
WR%P“A%??‘&’{‘% on may be conducted by placing t hBCT/US2004/007510
substrate 110 in an ion inplanter, and i nplanting
appropriate n-type dopant ions into the substrate 110

at an energy of 10 keVto 1 MeV to form n-doped

region 126. N-type dopants such as arsenic, antinony,

or phospho# H%nﬁl&ﬁts%g%%ﬂs@)(ﬁ@d tol Aflor thERrafle ofl ien-dBped
|

the n-doped region 12 gure 10) is within the range
of abotrgian ¥24.0The thirdy t implantation gyep s alse cordgrrted to

o aboulod § 0BT il JOTRE B Bk cie By Pk 130
2004/ 08128 8n LT bpHRAO 44O OF tht (- typk tégide 126! ant s nay be

al so used to tailor the profile of the n-doped region
126. hi dopant. i,npl antati on may .be. al so

condut0BP o N AP R R PR bRRe Rty g P gbpe e

| ocat ed cagi ey rypbewhich GorseikafladdSlirpades isgﬁ BSis conducted so
opposite side of the n-type region 126. 056] Next, a -

fourth aeASENEPE s arn isplasedyinththe adenpefribe sdbstriae gvier die
et i > !
conduct Iul}ﬁélta%:{tg%iﬁ‘gg?g\gi%%m 1%%@%&%%2&% &Msf%&?g%% 139 and field

p-type, ons ar
I npl ant edidetgioh N65 a6 6anod pirje sndal suafaee layerl 24 the now

i npl anted n-type regiaon_126 and between the fransfer

gat e 13@0@.&&t?<1p %‘?Qio‘%@%? 4’ ?Fe‘éP’GnlO%@r“?"& byoresions p2¢s P and
pi nned f : X | .
Phot odi ade. 156 BB PR U, OB R Nea bR kss o fhepope
and 126egids 120 en sibstrEicgl0byltbe pttype fid¢wdldmpdgitahregivna 170

is linked to, the p-t. regi on 120 and rat 10

by the @P§§§%ﬂﬁégﬂﬁqa%Wﬁﬂor1%ﬁ?%%§%%ﬁd%%¥é?%Vﬁﬁ oFy™
angl ed i18p|FikeéHaDow deatlgisbRBos |l B@Wahisswalb theaddrall@pacitance
bottom 159 of the shallow trench isolation 150. This

way, t hefdvephatpdiedpd? isineeascdpnd Hie grgcsaledionppformgance
|ncreas?%g?g@gkgggagggg%i g&%%aylon performance of

t he pho I'S™1nprov

[0057] In addition to providing a link up or a hook up region for the p-
type region 124, the p-type sidewall implanted region 170 also minimizes
the formation of trap sites along the sidewalls 158 and bottom 159 which
become charged when electrons and holes become trapped in the trap
sites and consequently affect the threshold voltage of the photodiode 199.
As a result of minimizing the formation of these trap sites along the
sidewalls 158 and bottom 159 of the trench isolation regions 150, dark
current generation and leakage near and along the trench sidewalls 158

and bottom 159 is decreased.

[0058] Figures 11-13 illustrate yet another embodiment of the present
invention according to which p-type sidewall and bottom implanted

region 270 is formed by conducting a 90 degree angle implant 260
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[0057] In addition to providing a link up or a hook up
region for the p- type region 124, the p-type sidewal |
i mpl anted region 170 also mnimzes the formation of
&h%g %%tes along the sidewalls 158 and bottom 159

i‘CH 88 ome char ged when el ectrons and hol BST/BEeeHARTS10
trapped in the trap sites and consequently affect the
threshol d voltage of the photodi ode 199. As a result
of mnimzing the formation of these trap sites al ong
the sidewalls 158 and bottom 159 of the trench

i sol at i QRighedl RS pdRQf titafkricatibh b€ R ph8RIIESRIIION Fdfe 13) of a
| eakage near and along the trench sidewalls 158 and
bot t om PEG! segseseel 288 dHigupobds Figurg dd eorresponds to the structure

illustr . BaRybes e L Jenty. tyhe,.present ..

i nvent i g%&z?}:sg%?m nglpﬂ%énﬁmgﬁ%%f y%%grg'ilgewaﬁs A Figure 5,
bot t om hopee] @cdhat Bigiuenl 12h0ws & 90alegad ibyla0 ol ofitfle a
90 degree angl e i nt 260 17 WO 2004/ 081989
PCT/USZGB@F@%?B@EH&%gQQGﬁE 11) as part of the
fabrication of a photodi ode 299 (Figure 13) of a

pi xel [geFEor Foette pifoseblithe Prekdit inveinfidhCchbkerm “90 degree
corresponds to the structure described above |eading
t o Fi guispBntafipgy isdefinedpsimplantftioprsopdycted abincidence angles

however .l ' 0.d ee .l nmpl ant.
T u ok dRec et O Corsbol O Beteds bEFBRRR o SRa e
t he pur pepes tofthd $lepqar sideantls 158/ efthiearench D621 er m " 90
degree inplantation” is defined as inplantation

condu at 4, nci.dence .angl es. i th the sybstrate 110

of abghﬁg@o ('][]g@?gecgegm&dpp Faé’ﬁn:%étoa"rfﬁ c\#trﬂayq?ee@ﬂét‘ftc‘i
to the sioRRMeShesURat LHBneh ibM anblhfRE Ind Replad§60]
The 90 degree inplantation 260 of Figure 11 may be

conduct @ppropyiats|paphgopins iensibraughahd wron¢nl Fhinto the substrate
i mpl ant g | [ ' S

| ons. ¢ hrooah e bR BEL ROy SJRRRR0 Y ol SR8 R0 Bhooy: 10
an ener gyVpto foriigvtype sidbwalt arilbdean implagtedrregion 20y Podype
about 10 keV, to form p- e sjdewal | and bottom

t
i npl ant éi&pﬁrg@i syfh as/lpprop, l?es% um, 1n%.1urn or magnesium, may be
employed for the straight implant. The implant dose in the p-type

sidewall and bottom implanted region 270 (Figure 12) is within the range
of about 3 x 10* to about 3 x 10 atoms per cm?, more preferably of
about 1 x 10" atoms per cm®. If desired, multiple implants may be used
to tailor the profile of the p-type sidewall and bottom implanted region
270.

[0061] Asin the previous embodiment, the p-type sidewall and bottom
implanted region 270 is formed adjacent the thin insulating layer 154 of
the trench isolation 250 (Figure 13) filled with an oxide material, as
shown in Figures 12-13. The sidewall and bottom implanted region 270
provides a link up or a hook up region for the p-type region 124 to the p-
type layer 120 and substrate 110 and also minimizes the formation of trap

sites along the sidewalls 160. As a result of minimizing the formation of
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dopants, such as boron, beryllium indium or

magnesi um may be enployed for the straight inplant.
The inplant dose in the p-type sidewall and bottom

i mpl anted region 270 (Figure 12) is within the range

WP 2ABOB®%3 x 1011 to about 3 x 1013 atons pePCEH$2004/007510
nore preferably of about 1 x 1012 atons per cnR. |f
desired, nmultiple inplants nay be used to tailor the
profile of the p-type sidewall and bottom i npl anted
region 270. [0061] As in the previous enbodi nent, the

p-type sthdawadp si@§ Qoﬁ% thOdRewallP | 58 588 bb @GO 92 Ahé tﬁ'ﬁréch

formed adjacent the thin insulating | ayer 154 of

trench ilsntien waionsd50 rlagk ceras)genhtion and teakage noxi ahel along
mat eri al i igun 12:43. .The sidewall and
bott om itrtrlﬁ?%ﬁtci 8%*‘911.5@%5?% b%%%nv} e dgcrle?sﬁﬂ' up or a

hook u re?ion for the p-type region 124 to the p-

type | &ﬁéa 1Z0gemsl 1 $Ubstusatate yit Bnather ahisalimient of the present

the fornati f t i . | the.sidewal |'s 160, .
neCa 1 eonTERoP Herair R e b B D B gegign 370 i
2004/ 08189 PST L&IRRRA4 Q@W{@ﬁﬁ@m%ei@ @ H'Ghd 2 90

the sidewal | s 158 and bottom 159 of the trenc

i sol at i o¥reregmpiest 260 (Figardd ©ws pavitof terfabrgation ofiaghotodiode
| eakage . . tr dewal.l 58 a

pott om 159 TieGe AP AL EnEekh FAE T DGR ], Felu 0

i |1 ust r adogreyindano theestruerdre destiibéd afovt Mdpigaseigure 5. Figure
i nventi on accordi n%@o whi ch p-type sidewall inplanted
regi on 37bdifErs fromp Higwre,y, hoyryen it ﬁ?t Biare bh alspghaws 2 90

i mpl ant (i o8k $o okt el 0
(Figure 1 ccas P%grt g(])cf ctrﬁ‘gg#%b%%(l:cgtq%&gf ngpp gl%%%?node
399 (Fi gopdant8jonok6learpi thel90siegmeimphhtatidsAR 60 Rigize 14 may

16). Figure 14 orr,espon to the structure described
above | gbaca‘i:oﬁl UETEE Ay a?ffgg%{j‘?bﬁv@mtg re%fn&? 19 thedirptagg, second
Fi gure SexchpWeyahbodifehhito for@lP-6pd dideSPinStIANEd fegdbh 370
degree |(%pl ant _together with an angled inplant. The I
angl ed i@gure APl Wit apiwRlapsdoss vithim ehegpngregfabout 3 x 10 to
| mpl ant ajoan 32600k Pt Sn%éllhdl@%rcfcrably of about 1 x 10*? atoms

per cm®, If desired, multiple implants may be used to tailor the profile of

the p-type sidewall and bottom implanted region 370.

[0063] As in the previous embodiment, the sidewall and bottom
implanted region 370 is formed adjacent the thin insulating layer 154 of
the trench isolation 350 (Figure 16), providing a link up or a hook up
region for the p-type region 124 to the p-type layer 120 and substrate
110 and minimizing the formation of trap sites along the sidewalls 158

and bottom 159.

[0064] After or during the formation of the trench isolation and
photodiode regions shown in the embodiments of Figures 10, Figure 13
and Figure 16, the remaining devices of the pixel sensor cell 100, 200,

300 including the reset transistor, the source follower transistor and row
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be conducted as described above with reference to the

first and second exenplary enbodi nents, to form

p type sidewal | inplanted region 370 (Figure 12) with
npl ant dose within the range of about 3 x 1011 to

‘3’9&8?4/"§19§9 1013 atons per cn2, nore pref erabl JCHISHpANSI0

1 x 1012 atons per cnR. If desired, nultiple inplants

may be used to tailor the profile of the p-type

sidewal | and bottom i nplanted region 370. [0063] As in

t he previous enbodi nent, the sidewall and bottom

i npl ant edlet€@iBBtor 4Qows uf PigiRAl aisgsctndd Wik r&s‘ﬁb&hvc gates 40,
i nsul atlsjg I a%((}er 154 of the trench isol ation 35
gnd

(Figure & e/ /drain Feiens asreithengdes afjshe getgs,
for the @rhy, cggy Gav?]%'lcﬁgwﬁgﬁletﬁc?ds orR'%:ﬁtY&e P%?ssxfngtsgcgs may be

substrate mnmzin orma

sites al admg:mﬂdeycsil teheforh IcSnti&B andiwvitidgodot cofihd& Fate] lﬁﬂﬁ 41d other

After or durin for f the trench isol ation
and pho%%&?%’&’g X ?H‘fjr{)ﬁéb’ R0¢ 30 eFierrarmalsy thegmtire

Fi gur es shfracdinStbechdredaiich I
devi ces Sof a% heg)gl xel rscensg; ggs%ﬁll%ghy%%g JE%%%EHM"MC

i ncl udi MPESG,exdiPSG, arikihsis QMPtpheaszndrmd didiedaomprovide
transi stor. a 2004

PCT/ Uszcﬁ?iffaﬁgg%l’fb Wshé‘?%%:ff ‘i“a‘ﬁ%% ) t%ﬂf&)()ﬁlc'cﬁn‘féfa&? ghereset

as assSoCdaed, @fhnviet Faté &S@@&Efﬁ clgRtesinftbures, 39 nedddd60 and
source/drain regions on either sjdes of the gates, are

formed HyoRWSRHoR) SHHtiple tae of cansingears prshinsulptost wsetherycircuit
st eps ”Bs)frugﬁlrcsarh%palmé ?%QQO 'irﬁ'c 85.1?%%9%3%% &rgﬂgf the chﬁl

wiring to connect’ gate lines and connections
t he pi xeknelctll. 100, 200, 300. For exanple, the entire
surface may be covered with a passivati on | ayer of,

CI\/P pl @Inlz;\? z ed )él %mt"’hssocf%G%c 14 %t\/ind gln%gd%hé%‘% ahégﬁ\dlgs image

whi ch arsendda bedﬁ&h |tb tzeeielvériopiONIneteat6d BERELI at 4D M€ Figure
reset ate, trans ate and ot her pixel gate

struct ur A@§°¢ﬁ§§@d beped soEy Bree BRATY PhA wtemchavingadigital
of cond Lﬁxtcgftsswﬁﬁﬂ bIRULALEL EMSs ﬂh&%rseﬁﬂorrsc. u\Mthout 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 system for high-

definition television, all of which can utilize the present invention.

[0066] 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 (I1/0) 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
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structures may al so be used to interconnect the

structures of the pixel sensor cell. [0065] A typica
processor based system which includes a CMOS i mage
sensor according to the invention is illustrated

VORRMMIN® at 642 in Figure 17. A processor BEEE3R004/007510
systemis exenplary of a system having digital

circuits which could include CMOS i mage sensors.

Wthout being limting, such a systemcould include a
conput er system canera system scanner, mnachine

vi si on, aehosBuiiartt §ath OPU 644d8er RAAR 652U Y Rialy kRO B
system auto focus system star tracker system  notion
det ect i gFsisahde Emintegrasg glac BrOsEsEr 6o CMAOS imrgeseaner @izt and

conpr es\i‘#}?‘@ga’yé‘kegﬁg?iﬁggiﬁaﬁlge“ nition tel evision,

al | of can utl e present invention. [0066]
A processor based system such as a conputer system

for exd9pVe Ajthmmghithy aboesnibodinents baverbekn dewdibed ivith

unit (CPW._ 644 or.exanmple, a_ m.cropracessor, .that
cormugﬂ SEEEER %hcafﬁ)rrfl%bn% ?foalR'B'Lﬁ phqep Oaa’eﬂ’ﬁdg a8 the sn-p
over a kpiwtédidde 102, XAKIF09 (Bigeres QO?IB,-Lé%Mn%'a%Otypc sidewall
conmuni cates w th the systemover bus 652. The .
conput eranghbatm soplanted gegior 1 {9k 0, AN fermescdhyeangled, straight
menory ( . s ark gt y Q er .

yat em 1y SopnytRapi it anlbd i £ 286 Bl BeARIRULEE e sigsyats

di sk drianel Gfitbm afig treacicivolpaat reglosk it(ri): bRQvideistosd hbhe
or a flash nmemory card 657 which , 20 WO 2004/ 081989 )
PCT/ US2 0B B9A33 Bot lapitest Rt hosiacny Aceringhe ingention

the bus l@é%qudlﬁgfi@dél&%%%ﬁ)l r?rg-n &ﬁﬁb&ﬁaksecdrﬁbrisgigeﬁn\;%%&; sidewall

t he processor 6 ge sensor 642 "an
648 on angli bygtoen (Mplehted redio BFnedlbyhogig, sthighalvove

enbodi nent s .have en descrihed with reference to the
For mat | oy AR s g e ae: MRl THE e gvalsora
phot odi afielld ten@PRolaB8P rdgid g UDESoULEE, tHe3dophfi} aktB¥ddihcAvity
p-type sidewal| and bottominplanted region 170, 270,

370 f or niee plalbsigicayes will chppgn accordingly, with the transfer gate
corresponding to a PMOS transistor.

[0068] In addition, although the invention has been described with
reference to the formation of only one trench isolation region 150, the
invention also contemplates the formation of a multitude of such trench
isolation regions located at various locations on the substrate. Further,
and as noted above, although the invention has been described above with
reference to a transfer gate of a transfer transistor for use in a four-
transistor (4T) pixel cell, the invention also has applicability to a three-
transistor (3T) cell or a five-transistor (5T cell. A 3T cell differs from the
4T cell by the omission of the charge transfer transistor and associated
gate, and the coupling of the n regions of the photodiode and the floating
diffusion regions through an overlap of the two or an n region bridging
the two, which is well known in the art. A 5T cell differs from the 4T cell
by the addition of a shutter transistor or a CMOS photogate transistor.
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or a conbination of angled and straight inplantation
along the sidewalls and bottomof a trench isolation
region, it nust be understood that the invention is
not limted to this enbodi ment. Accordingly, the
WRAMWBER® has equal applicability to n-p-n PCT/US2004/007510
phot odi odes conprising an n-type sidewall and bottom

i npl anted region forned by angled, straight or a

conbi nati on of angled and straight inplantation al ong
the sidewalls of a shallow trench isolation region.

O coymnegy] t ened®BaN HesashisPIUE b iitgh Yre 6M;E€o B c&Hsldered
structures wi Il change accordingly, wth the transfer
gate colusmpyhel sxgmplraemhamentsnwhishachiey @ gtaties and

ddi tion, he_ | ' h b i bed .
wih  rorsRel Pl e GheatpR Rl RES o hpecitc

i sol at i gitoteegtalitidd antl BEuctured @i bOmadt Sxhe0Nd IRk B6Sm the
the formation of a nultjtude of such trench isolation

r egi ons SPBEAPLAcPE of &R Bentiase Aqceriingly, the @venpar jsaxos to be
Further,..,8R&eaSs BAkL , ] NV QN

has beeﬁogescfib%d a g&ggﬁffﬁh9?%§§%§%%%£§%ﬁéﬁ%ﬂ%ﬁéﬁ%? 5
gat e of kuttiyendgfimited banké sope of te appended chihaur -

transi stor (4T) pixel cell, the invention also has
applicability to a three- transistor (3T) cell or a
five-transistor (5T) cell. A 3T cell differs fromthe

4T cell by the om ssion of the charge transfer

transi stor and associated gate, and the coupling of
the n regions of the photodi ode and the floating

di ffusion regions through an overlap of the two or an
n region bridging the two, which is well known in the
art. ADS5T cell differs fromthe 4T cell by the
addition of a shutter transistor or a CMOS phot ogat e
transi stor. 21 WD 2004/ 081989 PCT/ US2004/ 007510 [ 0069]
The above description and drawings are only to be
considered illustrative of exenplary enbodi nents,

whi ch achi eve the features and advantages of the

i nvention. Mdification and substitutions to specific
process conditions and structures can be nmade w t hout
departing fromthe
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spirit and scope of the invention. Accordingly, the
invention is not to be considered as being limted by
the foregoing description and drawi ngs, but is only
limted by the scope of the appended clainms. 22 LLOYD
WSE CLAIM5S 1. A trench isolation structure, LLOYD WISE
conprising: a dielectric material forned in a

substrate trench; an insulating |ayer disposed in

contact with, and extendi néjlaff*&@ sidewalls 5 and a
bottom of said dielectric material; and an inplanted

Legi oA E¥ncHagpdation sfucturé,qogtprisongduct i vity type in

contact with, and extending along, sidewalls and a

bot t oadidlecsiaé chatenimli Fatrieddn b ayestrates@érdhi npl ant ed regi on
being further in contact with a doped regi on of said
firstaconrdla6hs Viyey disyORdqh caita&l widt, land 3k et {\If\}'}%ceé?()er}grl]gid%walls

The trench isolation structure of claim1,

20 oSG L LA GiAEHHE i anfVCS | MBOET . 3. The

trench 1solatiron structure’of claiml1, wherein said

el ectrical cte%{i ce is.part gf fa CCD.i mager. 4. The )

£ r enc i MUPUET F58I0t Qf AaPaRts obf TEptLORMUCHVENAYRS 1 contagt with, and
el ectrical device is a_ 15 photosensor. 5. The trench
PHENURE B1ng: v allseandra hotigrmeizsaidineileting ke said implanted region
gh_ot osensor is a photodiode. 6. The trench isolation

ging éurthes inforgaciiwitig doyredrregion odsald fhsttocoadus ivityitgpdof an

phot oconductor. 20 7. The trench isolation structure
decteicali devike. Wherei n sai d photosensor is a photogate.

8. The trench isolation structure of claim1l1, wherein

3ai d THYhrahdhadolaBsh Srudd@e o claihi1C kAeRSn Hid BRRHIcal §evi is a
about 1,500 Angstrons.

CMOS imager.

3. The trench isolation structure of claim 1, wherein said electrical device is part
of a CCD imager.

4, The trench isolation structure of claim 1, wherein said electrical device is a
photosensor.

5. The trench isolation structure of claim 4, wherein said photosensor is a
photodiode.

6. The trench isolation structure of claim 4, wherein said photosensor is a
photoconductor.

7. The trench isolation structure of claim 4, wherein said photosensor is a
photogate.

8. The trench isolation structure of claim 1, wherein said implanted region has a

thickness of about 10 to about 1,500 Angstroms.
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23 LLOYD WSE 9. The trench isolation structure of
claiml1l, wherein said inplanted region is doped with

a p-type dopant at an inplant dose of from about 3 x

1011 to about 3 x 1013 atons per cnZ. 10. The trench

i sol ation structure of claim9, wherein said inpl®YDWISE
dose is of about 5 1 x 1012 atons per cnZ. 11. The
trench isolatjon structure of claim1, wherein said

Psol afl PeHeRe iselatipl sircture of Siaimsk, ferain said implanes region is
trench isolation structure of claim1, wherein said
deprdavition pstypeidopane at an anplu@dos: ef fromtaboet 3 A 01'3o aBout 3 x 10"
nmet hod of processing an isolation region, conprising
tloensyteepm’of :  formng at least one trench in a
substrate; formng a dielectric material within said

10.encithe %H&Pﬁblaﬂgn uANQ F i, 3Herdif 5839}?1 fa"ﬂ't gos%tnis of about

| east one trench and into said <Substrate to

hqpkﬁnhg%gpggg%m be|0m18ald trench and adj acent at

I east wal | of said trench, said inplanted

gion, b in contact with said dielectric
i er Thf FetihisgRGor arirgspTelag b -
gart of an inmager pixel, said electrical device being
AL eteHtegt with said inplanted region. 14. The method
of claim 13, wherein said inplanted region is forned
i3 a Thetrehihcisoletien struciipmutt cldimt g waleraih sdid 5@0ation structure is a
Angstrons. 15. The nethod of claim 13, wherein said
BOgaSIsttwgphrent i s conducted at an incidence angle
with a surface of said substrate. 16. The nethod of

al o | . A -
¢3.ai M1GBethyl %rsforees?s%%iad 361adEN ge;glg{lb ghxt%p%&géﬁ@ tei%t .

surface of said substrate iIs

degr e?osfmu?gé"atl'lggygnél\rrlgah in a substrate;

forming a dielectric material within said trench;

conducting an angled implant through said at least one trench and into said
substrate to form an implanted region below said trench and adjacent at least a
sidewall of said trench, said implanted region being in contact with said dielectric
material; and

providing an electrical device which is part of an imager pixel, said electrical
device being in contact with said implanted region.
14.  The method of claim 13, wherein said implanted region is formed to a
thickness of about 10 to about 1,500 Angstroms.
15. The method of claim 13, wherein said angled implant is conducted at an
incidence angle with a surface of said substrate.
16.  The method of claim 15, wherein said incidence angle with said surface of said

substrate is of about 10 to about 30 degrees.
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17. The nmethod of claim 16, wherein said incidence

angle further forns with said sidewalls of said

trench an angl e of about 90 degrees. 18. The net hod of
claim15, wherein said incidence angle with said LLOYDWISE
surface of said substrate is about ninety degrees. 5

19. The nethod of claim 15, wherein said angl ed

implant is conducted at an_ incidence angle with a

ddr f adbe grethog of claymskos wherest sa&b@@tden¢qmg$e fsgerfosmawith said
of about 10 to about 30 degrees. 20. The nethod of
gideyvatls1ef, saidtteaneh an gugld of alpiuaf® degreesgi on i s forned on
bottom and sidewalls of said at |east one trench. 10

28. Tike rethuddbfelainl 1@, whiRin shdineidencdrgld with 8418 €Grface of said
region is inplanted with an inplant dose within the

E@3E8eqé aldu® MndBPsereds X 1011 to about 3 x 1013 atons
per cn2. 22. ThHe method of claim 13, wherein said

ect ki V] 4 S a1l Th 2t hod of
par mrs HeRRE il SR EIRER st it A uegatan
i mager . 4. .The method of claim 13, wherein said
FRRFS el witAourtnts of sersuPruep! abonbnipey dpmsen and gipbout 10
of claim 13, wherein said electrical device is a
phifoysdhdesreesps. The nethod of claim 13, wherein said
phot osensor is a photodi ode. 27. The nethod of claim
28, whbe gicthodlaifdlqund3p whasor saidinglahied mgamds dérated onMditom and
The nethod of claim 13, wherein said photosensor is a

pidew aliad faaid2d leabt omrithemdh.of form ng a phot odi ode for a
pi xel sensor cell, said nethod 20 conprising the

31.ePSTRE metdBrRthiAt 3| RBSfeirPf infhitd RRid iBBlahfdd ith an
substrate; formng an inplanted region adj acent at

Erg;g?%tnc?)s? Wﬁ%k 58%6?)2%1‘381&%60%? ?S?tl 091§ Tabgalﬁlf?;?)t% g? atoms per cm’.

orm op ayer 0

Sona Y N AN SO SRl ey 2o LD e
|2£] . SaiTge ];rleiﬁc’otd odfoclcl)z?i?n 1|36,1>(Vehre;rein g]ig electrical device is a CMOS imager.
24.  The method of claim 13, wherein said electrical device is a CCD imager.
25.  The method of claim 13, wherein said electrical device is a photosensor.
26.  The method of claim 13, wherein said photosensor is a photodiode.
27. The method of claim 13, wherein said photosensor is a photoconductor.
28.  The method of claim 13, wherein said photosensor is a photogate.
29. A method of forming a photodiode for a pixel sensor cell, said method
comprising the steps of:

forming at least one isolation region in a substrate;
forming an implanted region adjacent at least a sidewall of said at least one isolation
region;

forming a first doped layer of a first conductivity type in said substrate;
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formng a second doped | ayer of said first

conductivity type in said substrate, said second

doped | ayer being in contact with at |east a portion

of said inplanted region. 5 30. The nethod of claim

29, wherein said inplanted region is fornmed on batO¥MWISE
and sidewalls of said at | east one isolation region.

31. The nmethod of ¢laim?29, wherein said jnplanted

regi “PglgiarP&PSﬁ%f PRk hrsegomsl cangieivilyJupr incsaidafirst doped layer;

i npl ant dose within the range of fromabout 3 x 1011

88l about 3 x 1013 atons per cn2. 10 32. The nethod of
claim?29, wherein said inplanted region is fornmed to a

t hi ckioesmg ackcatiadiped tayenofdatlfirs.cdndctAigslypOiBsaiBshibstrate, said
The met hod of claim 29, wherein said act of formng

sctbfld UBRIdARY R Gelrpdh @Bntadt Uit AN £PIPEHBRDF AR liﬁpfélhfég region.
ions of said first conductivity type at an I ncldence

809! eTht‘f\Hehlo%l%fgla?M%t Ak Rin s]aq g’n%lan-{%f ¥e]ré?otnqo?or¥or{$g$n}|oﬂ10m and

32, wherein said i ncidence angle s ere

[ eqgr angl e. .35. The nmethod of claim 34,
%ﬁ§$é¥ﬁﬁggﬁﬁsSﬁ%yggﬂggmﬁﬁﬂF@OPs of about 10 to about

?ﬂ diﬁrees. 36. The nethod of claim 32, wherein said

Phci dehe Betegiod clam 2o whersinatd implaitedeegionde igmlantgd with a p-
met hod of claim 32, wherein said incidence angle is of
Bive depang atan intpbant G withiy theeangernd fofm alon B xn101Etoyabout 3 x 10"
degrees. 38. The nmethod of claim 29, wherein said

ploofspei ade i s a p-n-p photodi ode. 39. The nethod of

claim 29, wherein said photodiode is an n-p-n

Bhot 0UhORRthod P clak@¥D, Whakin AR infdI1dRENREicfis Sda?l'll:dgh 8 a thickness

p-n-p photodi ode for a CMOS i magi ng device,

SEIR0 $ R RoLE] @ongg%t 1.eps of : forning at |east one

trench 1solaticn re nNin a silicon substrate;

1911, 8 AgHORSH g5 S ehE St Lt bt o

a;gjon by. i npl anting p-type ions at an incidence angle

fr compyises implygfing ions of said first conductivity type at an incidence angle
with said substrate.
34.  The method of claim 32, wherein said incidence angle is different than a ninety
degree angle.
35.  The method of claim 34, wherein said incidence angle is of about 10 to about 30
degrees.
36. The method of claim 32, wherein said incidence angle is about ninety degrees.
37.  The method of claim 32, wherein said incidence angle is of about 10 to about 30
degrees and of about ninety degrees.
38.  The method of claim 29, wherein said photodiode is a p-n-p photodiode.

39.  The method of claim 29, wherein said photodiode is an n-p-n photodiode.
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substrate, with an inplant dose within the range of
fromabout 3 x 1011 to about 3 x 1013 atons per cn®;

and providing a p-n-p photodiode in contact with said

doped region. 41. The nethod of claim40 further ||0YDWISE
conprising the steps of: 10 formng a first p-type

doped layer in said silicon substrate; form ng an

qu—qtyp do ed%tregi on in said first p-type doped | ayer; .
d fOmst foERinga Hrwypjetesinsedor & (&0 pmaging devipe; said
p-type doped | ayer and above said n-type doped

metlpd nomprside thectend of- t ype doped | ayer being in

contact with at least a portion of said doped region.
15 42formhing arbdakiosheafench &otatidh regidreined gilica slibstened
region is formed on the bottomand sidewalls of said

at | e@ﬁhin%rheddp"eﬁ R&dion FidoRtdcPRith @0le a sttiewallHT sBRtah R4st one
of claim 40, wherein said doped region is forned to a

t%,ﬂf.cﬁ H%@gg Qéﬁiorgﬁg#ﬁnﬁ)l%'gin%% Otths e g‘gggé%gta?g‘gﬁ%th%égd silicon

e net el n sal ope n

doped wi.th boron. .20 45.. The nmet had of, cl ai m 40, 13
SHREFLs. it o ol i JEGTES <A TRrSstsit S tg about 3 x 10
ninety degree angle. 46. The nethod of clai m 45,

e 8Fr3ared i nci dence angle is of about 10 to about

30 degrees. 47. The nethod of claim40, wherein said

i nci denedingrgp-e-p shaodipdeincodegr with aaidideped 2gion.

41.  The method of claim 40 further comprising the steps of:

forming a first p-type doped layer in said silicon substrate;

forming an n-type doped region in said first p-type doped layer; and

forming a second p-type doped layer in said first p-type doped layer and above
said n-type doped region, said second p-type doped layer being in contact with at least a
portion of said doped region.
42.  The method of claim 40, wherein said doped region is formed on the bottom and
sidewalls of said at least one trench isolation region.
43. The method of claim 40, wherein said doped region is formed to a thickness of
about 10 to about 1,500 Angstroms.
44, The method of claim 40, wherein said doped region is doped with boron.
45. The method of claim 40, wherein said incidence angle is different than a ninety
degree angle.
46. The method of claim 45, wherein said incidence angle is of about 10 to about 30
degrees.

47. The method of claim 40, wherein said incidence angle is a ninety degree angle.
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