WD 2004/ 081989 PCT/ US2004/ 007510 ANGLED | MPLANT FOR

TRENCH | SOLATI ON FI ELD OF THE | NVENTI ON [ 0001] The
w@r@aestsd nvention relates to the field of PCT/US2004/007510

sem conductor devices and, in particular, to inproved

i sol ation devices for high quantum efficiency

i magers. BACKGROUND OF THE | NVENTI ON [ 0002] CMOS

i mgers have been increasingly used as | ow cost

i magi ng devices. A CMOS_ imager circuit includes a

focal pl ane ANGIEDEMELANTROR TRENGCHASQRATRON

cells including either a photodiode, a photogate or a

phot oconduct or over|.yj j substrate

for accunul ati ng pho]%{f&ﬂggﬁ(gﬁmﬁ mﬁbﬁhe

underlying portion of the substrate. A readout

circuit is connected to each pixel cell and includes

a charge transfer section forned on the substrate

adj acefo0dhe phdahedirestst iplotiogatletasrtophe fielkorftkeotiamductor

havi ng a sensing node,, typically a floating dif u%i,on

node, colREEEERD & pHEicHRE-dodmpiOYyl seletion sfevisgistor high

out put tragstiust ofﬁcieTheirina \ger nmay i nclude at | east one

transi st rofor transterri g charge fromthe charge

accunul ation region of the substrate to the floating

di ffusi on node and also has a transistor for

resetting the diffusion node to a predeterm ned charge

| evel prior to charge transference. [0003] In a

conventi onal CVOBAGESSROWND L2F FHd Eel $ION

pi xel cell performthe necessary functions of: (1)

photon to charge conversion; (2) accunul ation of

i mage charge; (3) transfer of charge to 1 WO

2004/ 0 PCT/ L@@Qg}ﬁ t f. is i i -

node; ?é)gég]es etting t {elﬁgeg%%}?vﬁg&ginfdfl%%%ﬁgxglgéé& tbﬂ %IO%COSL
imaging devices. 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



a known state before the transfer of charge to it; (5)

sel ection of a pixel for readout; and (6) output and
wa@ppkiosiogat i on of a signal representing pixel PCHTESIYPE4/007510

The charge at the floating diffusion node is converted

to a pixel output voltage by the source follower

output transistor. The photosensitive el enent of a

CMCS i mager pixel is typically either a depleted p-n

junction photodiode or a field induced depl etiaon

regi on Henfeatingadifhevogmds; (4)0osalinerisslpating Agtusion node to

circuits of the type.di scussed. above are . eral]. .
known anﬁi?iapg’&%as% efaye thofrag ﬁﬁ‘n‘f}ﬁo -\ ’3?0’1’%9 g} Sgﬁi.c%lgn of a pixel
" 256x256 cl | AR Pa P Nsign e Present

| EEE J ou?orfa;l%ﬁoé%lﬁ’ %ﬂé‘?( ?@Daéﬁltu te§‘c'%)‘lfr§§:?llr It p&l%l%?%‘ﬂ)epn csenting
pp. 2046pR@béhaAdO9%he camgeMe ik Soatitg diffusichGMdE idconweted to
Pi xel 1mage Sensors," | EEE Transactions on Electron

Devi ces, ayiicl ontyd)voltgge bysbe gmycq fudlgayer opgput transistor. The
di scl osures of .whigh are jncgorpqr.ated by reference.

her i . PoOEBFRsisiEmERt of ¢ SATOSIhegr B el e o
wafer fr ﬂgﬂﬁfgd [9—%: Juﬁgd&i(ﬁﬁm&lﬁéfdc%@ﬁ@lﬁrﬁaﬁcéﬂ A&lletion region
four-transi stor T) celt 10 is illustrated in Figure

1. As it behtdth hgplhdesgatebed bel ow, the CMOS sensor

pi xel cell 10 includes a photo-generated charge

accurmul ating area 21 in an underlyipg portion of the
subst r 88@04fThi s &MEPSUNagng gircrats Oéjéﬂﬁ YRS %%&S Ppe are

11 (Figure 2 The pinne h [ ' e «
" pi nned" 2hH&t lﬁ lem?We aﬂgt(g%cgfsaﬁqgh%? %}eé%i%%f 0 |(grtljgt ?13’ 256x256

pi nned t ©MOF LA APike VN6 BhgRrd be-aPORpYUTBEE Jiowirnal of
fully depleted. It should be understood, however,

t hat t he SEMDStsterGioruipi ¥el. JéLR), 1. AF6:1AHUHE63; and Mendis

phot ogate, phot oconduct or, ri ed_ phot ogli . O ot .her

i mage t ot alharg¥ Q@Y %&é‘?’? 53' H@P grge,gec%cgnSp]:?> I%ggﬁo? ragsactions on

pi nned p | ode, . as e i mitial, -2 j

51 for p%%cggogneﬁg}ng?séyoghéléir(gs& ﬂ);g 4528458 M@I)', e 8s8Bsures of
which are incorporated by reference herein.

[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.



WD 2004/ 081989 PCT/ US2004/ 007510 [0006] The CMOS
i mge sensor 10 of Figure 1 has a transfer gate 30

wo e408@85f erri ng photoel ectric charges gener aP@rus2004/007510
the charge accunulating region 21 to a floating
di ffusion region (sensing node) 25. The floating
diffusion 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[Q006]si st oThh &NIAY igadss s60sdrdi0 ofskigues | has § transfer gate
gating the output signal tq termnal 32. A res .
Cranst st 40 foha by R IoN PUBE CavieRe BFGaEfg the charge

di ffusi Ogccﬁﬁﬂk%£§éc% 9% 208G dakiBE difAa69FediSY Blensing node)

bef ore each char ranster from the charge

accumul apb N herRgiiog AfusibNoEAdn A5ds Aashaeohhnoctal tviagte 50
of the exenplary CMOS i mage sensor 10 of Figure 1 .

t aken al ofgsoune fallawerjtgnsistays th swreqfotlpyigs grapsistoypgovides

Phot odi 0B ST AL EEAE Y het eERETTroRT dRv e 60 for

juncti Onséléé’dv‘e% éa‘ﬂi‘ilgecﬂ ¥t tigrtay BS tdrMBAl 324, A@Bset transistor
n-type region and t he -type substrate 20. The

pi nned phetiadigatked( lestnaha desthgdiffirstorpegiceg? Dne a3pecified
24 so that the n-tgpe phot odi ode region 26 js fully )
depl et edcharga lgpichhefair cashichgese tramssuirey thegbrge accumulating
source/drai.n rﬁgions 22 (Figure 1), preferably having

n-type cOTRItRE

rvity, are provided on either side of
the transistor gates 40, 50, 60. The floating

di ff usie@o7 PYi On A2&oRdicREBALI Vidi® of ElaNGleaipl 4tEM B irhsge
al so preferable n-type. [0008] Generally, in CMOS

i mge sesaops 18ufifigsctlhekaMa®ng livegd 25 srfvstrated in Figure 2.
of Figures 1-2, incident |ight causes electrons to

col | ect iﬂher@@}'wcggmu}gq%xqeg{% isdgime _@%%P}mm R’l}ptodiode

R N T T D

to be extymclpd 4 amd-Bperregioarnénd tHiep-type substrate 20. The
pinned photodiode 11 includes two p-type regions 20, 24 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 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



maxi mum out put signal increases with increased
el ectron capacitance or acceptability of the region
wQgoonosequi re el ectrons. The el ectron 3 WO 202d1/08098®7510

PCT/ US2004/ 007510 capacity of pinned phot odi odes
typically depends on the doping |evel of the inmage
sensor and the dopants inplanted into the active

| ayer. [0009] Figure 2 also illustrates trench

i solation regions 15 fornmed in the active layer 20

adj acent cafheity bépgeedahorediatengpicaly dapads orrrﬁ@ doping level
trench i sl ation regions 1 i C for S
ConveRt Hiniaae et gedabe BpBpp oyt i JRE altilelfer.

Ckldatlon of Silicon (LOCOS) process. A transl ucent

or tra ent i Akl 2{]&) ﬂllﬁytﬂte?éen&?[s@?a%oﬁvrﬁgmtn@QS formed
CMOS i hage sensor 10 is also illustrated in Figure 2

Convent i andle qutive éssr BQ adpthﬂdﬁleahergftsa&dumula‘tmgnegmﬂ
exanple, contacts 32 (Figure 1) in the insulating
layer 5 & fnedlmvﬁ@lén@hrf@l@& 19 élél tyPiSaRHEEmICAISINE & he

oot on 26onERIBRP ST el SR ALt OLEkEEn of gilicon
ot her COED@(EG)Q}‘ Brock$. t&%a@lﬁ&dﬂ&%xﬁﬁmﬁf 1n%@1auhg@a15@} 55

Trench isolation regions 15 are typically forned
et chi ng fémentbes thaﬁi\dﬂﬁanm@stmmdml@ atso @u&nmmtblra]hgure 2.

physi cal barrier between pi xels and to
i sol at e $1ODYEBLPRY PIOFHESIAN é@éﬁ-ﬁ?gs mﬁélSﬁ? éﬂ é?r@%p fIQF grample,

et ched béﬂ {‘E{soé’i (ﬁgurefdf%rﬁgé %r?sﬁl%a%g dlagef oot ;élo% cféhirpfgectncal

process hen such

a chem cabn¥aRRn @edesbhrd /dtaYRgichd 22 OthedidAxhg thfusmn
(Sic2). The filled trenches are then planarized by an

et ch- backegipo@és and ethdraviringeodioahedt toi gateseanal oideppdynections

in the trenches and their t surface renmains | evel
with thatnghe £He0 §Hﬁﬁg8ﬁmm§hggtrate. The pl anari zed
dielectric may be above the silicon substrate. [0011]

A co MBPHoPHP bl emA35a¢ is@faﬁgn%éilang h§ o0 'E}’B?éaillg} ToRhed B§ etching

trenches into the substrate 10 to provide a physical barrier 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 in 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 regions 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



above-described trench isolation regions 15 is that,

when ions are inplanted in the substrate close to
we@oyess1e89 si dewal |s 16 (Figure 2) of the trenktl/US2004/007510

current | eakage can occur at the junction between the

active device regions and the trench. In addition,

the dom nant crystall ographic planes along the

sidewal s 16 of the trench isolation 4 WD 2004/ 081989

PCT/ US2004/ 007510 regions 15 have a higher silicon

density tegiomstlbehaejadtigher sliddncdensity tiyst thetasljzesat silicon

therefore, create a h| h density.of trap sites.al o
the tr eﬂ{l;}qmgqecpéwa[dp@e €, Creaie é}i’{lg%ﬂﬁ%ﬁl é%g tgp.sites a[]o%g the

nor mal | yge%c &%%V{ﬂlsbl%t EBES%CEP% {%@5&690&4{5@ Lﬁlcﬁﬁfg'cﬁrbﬁlt

and hol e rappe Si te These

trapped Ba!JnhEEISaraetHwhin @R edohb 6Ad h@)h:@ﬂﬁeoﬁne ttdpped in the trap
device, thus contributing to the fixed charge of the

devi ce asitkscHdregd trgppd'cbcarnhnsexdﬁcalndclwncﬁgbaqge tpﬁée device, thus
device. As a result of se tra es for &%

the si dedetributiggse the, QX@C? ehreBe P gFa TV
current %%1 @Eb@&en&a{hc%g 2l g Lhar bf ﬂﬂ:@@ trag sites formed

si dewal | § can rrent generat from

trap site®ninhé gﬁeﬂfﬁlmB@bf tﬁtﬁ‘trﬁﬁkﬁi edlatide reglopt &5] anrent
regi on causes dark current. [0012] M nlnlzlng dar k

current gendrhgophetrodidodleng ghe Wp@?ft adewalls 1afandds reaydish.
sensor fabrication. k current . gener bg

attri but b SPRERIEGATPR T UL b ehy shopsipds

21 of th ich is strongly
dependen?ﬁglH?ﬁgqggg%%%k?gg d%%g?ﬁgn condi tions of

the CMOS i mage sensor. In addition and as expl ai ned

above, [00Eflects afigirizape dadesiriens irdehcophoredrodetie important in

phot odi ode depletion region strongly |nfluencegh
magni t udé&ME q,ge(,sg]las,oé @. lg(@ﬁl@flat%k CLFfCRYH 2eng iy attributed

CUTTEM 18 SuE b RIS 8 LSR8 oo

band- t o- Bang LW eHbAGly dependent on the doping implantation conditions
of the CMOS 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 carrier generation as a result of high fields
in the depletion region; junction |eakage com ng from

W b@4lososr al si dewal | of the photodi ode; and PEHKSIPE4/007510

fromisolation corners, for exanple, stress induced

and trap assisted tunneling. [0013] CMOS i nagers al so
typically suffer frompoor signal to noise ratios and
poor dynamic range as a result of the inability to

fully collect and store the electric charge collected
inthe r e@plmtoﬁ@ in Siepetotanay siheeigifal thaojse xatio and dynamic

el ectrical si ] S, ver ue col | ecti on
5 WO 2004968 t%ﬁ&%ﬁ%?@@ i SIHF“bEbtons in the

photo array, the signal to noise ratio and dynamc

range 1t4|]e pi X?*he%hg’ HL:Q%(QF RS 8 M rfin n@%@% Bltfre pixel

[ 0014] e IS nee efefore, an i oved active

pi xel  ppRbesemnse forf @k it ECMOSIHME thavgdibitshatiuced dark
exhi bits reduced dark current and increased

phot odi od'errelatpfmﬁ maﬁ:@eed phaediads capacitapeedéaers is plsamerded a

isolation r t hat ents curren ener

or curr eﬁrten%? 58 58 'ih% FXB{%’@&@ QU %% s S‘n o?@urrcnt
bet ween { Wtsf-2c8i nté floicBetenhilt d f
substratéﬁﬁ&&#ggﬁgg%bﬁ fabtlc é% aneacthe EF¥§ sace
phot osen&ger sxdtld bulhgubhiese Ampedmeimﬁ"rfabncteﬂnngl aactive pixel
needed, as well as an_ _isaqlation technigue that

educes @hptosensoranbibiRE HIcR? HRDEYCRGAFIRR Isongggedyas sl as an

a pi nned OIOdI de of a p| Qr..c I

SUMVARY P R gnt %‘i@f S %‘Héengfsaﬁgcrgﬁ infzes current
| nvent | OTeaRasy indz? inBe Wgﬁemlbé@bﬁs Bl Raubhe:IR

si dewal | bott anted regi on of a first
conductivity type Iocated within a substrate of the

first conductivity type. The sidewalls and bottom
i mplanted region is formed by either (i) an angled

conbi nat i on of BBLEFL SRAAR Y B e TON

[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 bottom 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



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

wao be4ssdenal | s and bottom i npl anted regi on maERCHES2004/007510
provided to isolate an IC electrical device or circuit
from another 1C electrical device or circuit, and may
be used in CMOS i magers, CCDs, ASIC and DSP devi ces,
and other integrated circuits structures and devi ces.
[0016] In another aspect, the invention provides a
phot odicadectivitshtype byi awiécivalbarst bettom ifiplanted region of a trench

conductivity type Linked tg a substrate. . of the.firs

6 WD 260aroR 1%9@%#85%@@39@6%&&9%%&%?‘% e N:S’émed by
by a si.dewall I, 17 ' f :rench

Lof art B ThgroRb AL (B) o8 Sef St 0Pl €7

I egi OnedpsbihafioR&f Byth &h bhgled bl 9ndered Baplanpbiddpants of the
(ii) a 90 degree inplant; or (iii) a conbination of

bot h afirsacgidatiaitg tg® idegreech isplhtnn regiodopdin sideraliang
The s QUM IMRRRCASSRITHEILAR Ao FEGVER THrarEanal the
the si g‘@fﬁ%‘l 15120884 r?glbh(}?a&{fs ts@ﬁaceglEﬁ{&%Q ah@ Uadt E@Rent, and
region re ce lea

uces sur age and dark current, and

f ur t hefurilee easRss tHeecapagagict afide: pihntdehpiadiede.
phot odi ode. [0017] In yet another aspect, the

i nvention provides a nethod of formng a sidewﬁfl %qd .
bot t H¥AL7dp| Bmyehncsheionped, theiRvepiamprvids @ pgihod of forming

device, f.or ..such as a.pinned, surface.l r i .
pinnedaSHSWB%?B§$FEVEHHggﬁngfgggm%Q#ngﬁga%n%ggfﬁ%ﬁpéx’ﬁx
the si ! P oA toaith ddegh B AR, Bea kabsiRge. 1
by inpﬁgﬁgkﬁ' ggg?ggggggggﬁts %?ggng es ot her t%an 90 ?

degr eesné Brbodimeng hhé sidewill and begbonimplan@dotgieon may be

enbodi ment, the sidewall and bottom ippl tgg.rgghgn_ .

may befdraradeey Byplrnpng Asig ARPSPEsE a&sg—gﬁ& erfnap gifiegrees in

90 degree ,angle and at | e t . 9 [

a1 enerors o it et M A A iR e BB iRgl borcom

the si devahledaRgidPinhpBe fFRh&NbE dnplanting desired dopants at both a
90 degree angle and at angles other than 90 degrees 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.



region may be formed by inplanting desired dopants at

a 90 degree angle. [0018] These and ot her features and
wa@ewansages of the invention will be nore appBCENS2004/007510

fromthe follow ng detail ed description that is

provided in connection with the acconpanyi ng draw ngs

and illustrated exenplary enbodi nents of the

i nvention. 7 WO 2004/081989 PCT/ US2004/ 007510 BRI EF

DESCRI PTI ON OF THE DRAW NGS [0019] Figure 1 is a top

THBD BTSN

pl an vi enBRIFEFDESCRIREJONVOF Gyi xel .

[0020] Figure 2 is a schematic cross-sectional view of
the CMOS i nage sensor of Figure 1 taken along line
2-2". [0021] Figure 3 is a schematic cross-sectional

vie %’@Lé RIe top) Qﬁcvp lo¥ gﬁ ekdhpBly MO8 ihhge sensor

f abr a pInn ot odi ode I n “accordance wWth

t he prgls(elnt i nvention and at an initial stage of
processing. [0022] Figure 4 is a schematic
cross-sectional view of a CMOS i nage sensot[J frgg/ﬁgt

of FIYA 3Figure2ds ag@ematkﬁr%@@s%m@n%ma image

that shown Fj,gure 5is a
schenafqnéo%?%ugeggt“ﬁgﬁaall‘g é f2 a CMOS i mage sensor
pi xel of Figure 3 at a stage of processing subsequent

to t @ 15howyurk B iEh Jeendtic dBORELtiEhQ WAy 6f A ©MOS image
schemati ¢ cross-sectional view of a CMOS i mage sensor

pi xel ednsbi porekiliBstadting diefgleriatioprafeessiedpbotestedein
to that showm in Figure 5. [0025] Fi ure7
schenaf§©réanss éVlélebfq RISt IRVSRLGH 28 Lgages ghRigcessing.

pi xel of Figure 3 at a stage of processing subsequent
tot F@ézzs]ho‘ﬁ]gur% 0 ;6L I Enic cross-sectional view of a CMOS i 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.



[0026] Figure 8 is a schematic cross-sectional view of

a CMOS i mage sensor pixel of Figure 3 at a stage of
wEe@emswsNg subsequent to that shown in Fi gurBCT/USBOVDT7510

2004/ 081989 PCT/ US2004/ 007510 [0027] Figure 9 is a

schematic cross-sectional view of a CMOS i mage sensor

pi xel 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 mage sensor

pi xe[0QX7Fi Giguae 9 iaw sehamatisecross-ysctionalsieyy of a ki heimage

to that shown in Figure 9. [0029] Fiqgure .1l is a
SchenmmtseoLPBskeliEion g 4 sik606 Prose Sibggucntdg fhgyshown
pi xel QIF%&QQEG 3 at a stage of processing subsequent

to that siowh in Figure 4 and in accordance with a

second enbodi nent of the invention. [0030] Figure 12

i s a[GrdsimaFigure 0sis aseladmaitadross-@atiohalavicivioba IGMGES image
sensor pixel of Figure 3 at a stage of processing
subseqs@wer pixel plFigyrodat 2 FRSFO§RFRCCHIngG FERFSq eI tghat shown
13 is a schenptic cross-sectional view of a CMOS i mage
sensornb$¥%¥e f Figure 3 at a stage of processing
subsequent to that shown in Figure 12. [0032] Figure

14 i po@PIchem@ikq 1Ck Q3eh&8eid @BH-se¢tiBnalafied cEVEMIOBERage
sensor pi'xel of Figure 3 at a stage of processing

subseqs@nbr pixet bfFigehodnt a sragEiofprecedsing dubsequent to that shown
accordance with a third enbodj pent of . the invention.
[ 0033] UFFifiie 4 P5d; g agcaidpRifaYite asread SEDpHERS 2AthG,
of a Cﬁg@nhggge sensor pixel of Figure 3 at a stage
of processing subsequent to that shown in Figure 14.

[0030] Figure 12 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 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.



[0034] Figure 16 is a schematic cross-sectional view

of a CMOS i mage sensor pixel of Figure 3 at a stage
wW@bBoopogioessi ng subsequent to that shown in FiBCF/ESDHB4/007510

9 WD 2004/ 081989 PCT/ US2004/ 007510 [0035] Figure 17

illustrates a schematic di agram of a conputer

processor systemincorporating a CMOS i nage sensor

fabricated according to the present invention.

DETAI LED DESCRI PTI ON OF THE | NVENTION [0036] In the

fol | 00359 dBigaid &3 iliesmtdspt scbamatie flingeam of g oppriies processor

the acconpanyi ng draw ich form art . hereof

and | RPLRP BRSNS GRS R h oSS EePE @ the

enbodi J ich the invention may be practiced.

These g%'g%ngidrlr‘%r?t\génare described in sufficient detail

to enable those skilled in the art to practice the

i nventi on, BETAILED DESGRIPTEON O THRANVEMNIION

enbodi nents may be utilized, and that structural,

| ogical and electrical changes may be made w t hout
departing fromthe spirit and scope of the present

inveption. [0037}) ..The ter “waf er”. and ' substr !
are P@d 3(@ uh?j 65406183’1%% 85552%%%%’19 §Gt b ‘?r%%geelé e o the
mat er i L hVBoNgawid s SRR Rorn 8 Yh At HRe dfS5hd irPWhich is shown
sili co%cgﬁag%ﬁi rg (gCS)S) tcechnol ggy, é%ped ahd
undopedy sefiof dihduation Specfit ¢mbbdimdray 6r whadh thielineomion may be
supported by a base seniconductor foundation, and.

nﬁ%@ﬁul to enable

ot her pusiesshdlbessrenabediprentseye desyiberdn fatisic
reference i

deto a "wafer" or." rate’ .| :
f ol I owft _c(ﬁ@gg?iubfk?eoﬂ? BP Vi ot & Pr gcgzrg@é&’s g pl_g 1§n%y6é;§r\l/%er5t00d
been upiiitRd difboditeftd £ BB tDIZed, Wiel thaPstridtugdl, 10¥RE] and
the base sem conductor structure or foundation. In_
addi t i electrichlecimagtcmag betmadanezbonndepaetisg fiooo thdspiraidand
but coul d be based on silicon-gernani um
si | i copcams-afiBePESERt INFRHRDN- on-

[0037] The terms “wafer” and “substrate” are to be understood as a
semiconductor-based material including silicon-on-insulator (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 reference 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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saphire, germanium or gallium arsenide, anong ot hers.
[0038] The term "pixel" refers to a picture el enent

wa@eot/08®BY contai ning a photosensor and transPGL/USR04/007510
for converting el ectromagnetic radiation to an

el ectrical signal. For purposes of illustration, a
representative pixel is 10 WO 2004/ 081989
PCT/ US2004/ 007510 illustrated in the figures and

description herein and, typically, fabrication of all
pi xel sillustrarediimghe figwidslangdsseintion hereinsansh teigaliynfeprication

I fash 0039 f d
her e PFREPBEETRAPITARL: HELTgRETLUP b et P IRERshion
nunerals, Figures 3-10 illustrate a first exenplary

enbo g gt Qiefé}nﬁgtnt@ﬁd tPfhe @aWAE, FhERUIK J&RehS T8¢ designated
(4T) "pi er sensor~ cell 100 (Figure 10) having a

pi nned bpliikt oelierdec hAthefHs,Jligeret ) 1 vilhustrate sfidewedrplary
i mpl ant ed reglon 170 (F| ure 10) of a trench | ation
r egi on emPHGIMPaT @f of ﬁ‘?f@éli‘%? fmtsfeqrm&wt%@ pixel sensor

si dewal | nted ion 170 1 s r

e Ly B ALl R P00 i
pi nned gRidhR R plaRYERS re%ﬁfh {70 om ?ﬁrelp() ) 8ndrrbhéh RYlakion region
substrate 110. The STI si dewall | anted region 170

al so suppr essepldimakiagetahteldar, Ith@:udcwait implhoteg region 170 is

sidewal | s 158 and botto 1593 trench isolatio
r egi ondorpl by m gugled 1pyplang gp @ft5|a@ a mmreg@%g%%fen the

that, alt h%us%rfa&% %yerﬁfépfﬁlgﬂrev\ié ﬂ%ﬁfﬂg l?t?sqiatp f]llﬁ WThe STI

In con ron w ransi

the | n\éi%l@wamn ﬁhﬁ&i f&@@orﬂppd) hrgakeubpﬁeyset QaRage and dark current
t hr ee- tranS|stor (3T) cell or a five-transistor (5T)

cel | . AlBE sddwalldilbBems! fotoomtli® dfftrerathl is¢lgtiomeegions 150
om ssi gn. of he charge transfer transistor and

associ &tE4aPk, and the coupling of the n regions of

t he phot odi ode and the floating diffusion regions

' hrofe06], B RELAR K norkd SudeBeiRfu AR ih GG Vit A0 ADribed

nown’ i n t
dl f f er efowin tdrenedtios &lith bﬁodrh@ar&dﬂbﬁ dm pikel &eBhtLhEhﬁVcntlon

trans Sr:l}sgrhag rapplicabili’cy 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.

[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
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a CMOS photogate transistor. [0041] In addition,

al though the invention will be described bel ow with
Wo efoaigreee to the formation of a trench isol atP@US2004/007510
region as part of a 4T pixel cell in a CMOS inager,

the invention is not Iimted to CMOS i magers and has
applicability to isolation regions which provide

isolation for any electrical device and circuit.

Thus, the invention also contenplates a trench

i sol at isokatasi anhntdgeatsd diwait klectivdl deticcoon ¢1rq@11rafﬁ:@@opn0ther
region, that 04/0 989 PCT/USZOg4/OO75

i sol at BECHAT négrt GicAl OElifs OBFBCHFi Lar CguaREethg iavention
Circui Eo&te a%@soépﬁlﬁ:%lah&tdec%rﬁhqgﬂﬁﬂlé&yé o WG fn%?lbc used in
device or ¢ ention

cont enphaOSSmARelsMIIGIN, @(SIUzﬁdeDSPSiHVﬁ:Es aidragmory devices such
whi ch nay be used in CMOS i nagers, CIIB ASI C and DSP
devi cess DRAMpSRAM, HeidbEesnd @@WY atbepRARgrasrgifcuits structures
FLASH, (gg many other integrated circuits structures

and de®® §V1€4590042] Al though Figures 3-10 illustrate

only a portion of the substrate 110 with only one

tren 2, Al st t t
FDAE2, AlinRURLEIRG:cBCRY SBO%A1ay algdBBE BF O subsirate

I nvenht t he sinmul taneous formation of a

pl ur al 1§ with bngrate trérsebl BiZ, dnmiusabeinedemtoodathiat ths plCSCnt

| ocations on the substrate 110. In addition, . althgQ

the i niAvRRtion cwnrelmmi@tea élgfcwwétanﬁws(afwrw%lﬂn oEp WAL | b trench

to the.
Sga| | gwo%ﬂgﬁ’?%aﬁu§§§| aly F‘Bﬂus( ]gxﬁl.kjons on the dsubtsﬁgteol;lv(g ¥ o) addltlon
has equgl, chﬂcclﬁbéﬂlﬂléﬁ/ wilPbé ﬁ@slcﬁble@ DelRY WSSt efé}éﬂi@cto the

by a LOCOS Oxi dation of Silicon) process, or a
conbi nédrnenionf of sueﬂnckplsokaaen esgioh 0§43$haHoguTengh Isolation (STT)
illustrates a substrate 110 al on Cross- sectl na

view withed, thegpgensiondiasicapalAppiia “@’Lﬁoés atiqp, fevices formed
eXeD! 0% PYRIS PRO Ll By tS EAReAdrbEesd, & d LiBBination of

substr {Hove
such processes.

[0043] 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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i nvention has equal application to other sem conductor
substrates. Figure 3 also illustrates a pad oxide

wo 20020812801 and a bl anket | ayer 153 of a hard PEEKS2004/007510
material such as silicon nitride or silicon oxide
material, which is forned over the pad oxide |ayer
151. A photoresist layer 155 (Figure 3) is forned
over the hard nmask |ayer 153 and then patterned with a

mask (not shown) and anisotropically etched to obtain
a trE00EA 15 deaised,id thiss insatagiggi layerilgdref 2boutTA8 torabrgh 400

152 h dept h of t.1, 000 bout . 4, 000 .
pngst géﬁ%trc?% 5 (BrafPRsIdGS A58 FB b0 aﬁ GOHREHABY (Figure
S, SIS0 S0 NS OB g

2004/ 03h9BR 1Bkl é SRR S4IMRY Elifon hdfdd]orldn ehddt fstlibonanitride for
thin insulating |ayer 154 of about 10 to about 400

Angst r ormnple, togrdie sonothingwal ke amgersinghe borpmafthe trench
botto 9 (Figure 4) of the,.trench 15 as.shown. in

P gur o152 anfha0 Pere ik amaul g A 15 ek AR g died to
of “an . il e - LF

i 11 A ink RERR, MGl AR bF fRgpresent

cor ner gvieAtibM evild bt tderarifedt Brdow meticrefertb& andtreoch sdiacion

the amount of stress in the dielectric material used |
to | astevctpfd omprising atthnigpelatingJayro gged ahihe thin insulating

enbodi pent t he present invention wll be described. .
bel ow WEhEs e i Seppiat b&Grh s RS b G timired
Conpri i Rgks@ effboRith P! AdHRih@Y Ethe ifWGHiASIIEN ot tBhiplates the
insulating layer 154 forned on'its sidewalls and

bot t omforinixeionnfandrichrisélstiowstrhdtoidsechich dotriresemprise a thin
enbodi ments. Accordingly, the invention also

cont enpisutasiggtlser. f or mati on of trench isolation

structures which do not conprise a thin insulating

by SO Valy Biesrhf B s ARG P b B tein Befed dopanc

dopant 1@ (gt b SitlCoABPEL ofithy fiksRBndWREEH dyPE, which for
exemplary purposes is p-type. This way, p-type ions are implanted
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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exenpl ary purposes is p-type. This way, p-type ions
are inplanted through the isolation trench 152
W@ Biogswsb) to forma p-type sidewall and bot P@RUS2004/007510
i mpl anted region 170, as illustrated in Figure 6. The
p-type sidewall and bottominplanted region 170 is
formed on the sidewalls 158 and bottom 159 of the
trench 152 and in contact with the thin insulating
| ayer 154. [0046] For the purposes of the present
i nveb@06f], ReferriegrhatiangFigire brphantgied dnpantsrr@éemtat@n 160 is
as i npl an atl n conducted at inci e an

The. S uBORM e 12 GRERREP ARSI SAG CRRGh At iy or
angl es P‘Paﬁtﬁ%gm tﬁ?t% 1g§8f ﬁﬁssubg-tt}&'é 11%&%%@'}1&3%9 Sthe

i mpl anta npl antation con

i nci deglgglowngksh Bh2 ana he f@ﬂmb slhe pirgpdbstivednatd béeghre@splanted
to less than 90 degrees, nore preferably between 10 to

about 3¢gion é@ﬂd@gurq@) WBheabirkoess 38 (FiRwk ¢Jsolida/rops selewall
[0047] Referrin ck to Fi th ngl.ed

[ pl anfa it %3&?@11 ohiteierely €y i ot 01 gHoRp A0

such a;T%? into

an area &Bﬁ% su %yk%%%g%ququgg?gg rlgE8ﬁL8|OMIthe
shall ow trench 152 and to formthe p-type sidewall and

bot t 0048l Artteethglé¢de@indmplatatidn Fo0ens) be dbedudedkneksing the

T (Figure 6) of the p-type sidewall and bottom
i npl anselstraseg il df in 7o l@mynblén% ao implansingrppeopriate p-type

Angstraons, nore prefer 0

0048] SPRRIGIVES & Ouéﬁ l%{azl‘crﬁ)’t Eegeh 1%%%‘&?9%55 1118 the substrate
conducti§@ R¥nRInAEWF I ia@v & UBShH 50 Re W10k ?éFeﬂaQ& of about 10
i npl anter and inplanting appropriate b- type dopant

i ons t keWyughfdrhepsiad didewdll mmahntt8ZegiBngiitle Btypendgpants, such
the substrate 110 at, an energy of 1 keV to about

50keV, ahBPECphenaln) M ATaREABIRVY P crgroyed for the

gugﬁpe afcilg c 1mplantnpllh%r}}nep anrtecg)sg N 1O p- typet é{ggx/eﬂp RAbSttom

implanted region 170 (Figure 6) 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 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 (HDP) 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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as boron, beryllium indiumor magnesium may be
enpl oyed for the angled inplant. The inplant dose in
w0 b@4pstogpe si dewal | and bottom inpl anted regP@RUI04/007510
(Figure 6) is within the range of about 3 x 1011 to
about 3 x 1013 atons per cnR, nore preferably of about
1 x 1012 atons per cnR. If desired, nultiple inplants
may be used to tailor the profile of the p-type
sidewal | inplanted region 170. [0049] Subsequent to
t he f@0Fft i Snbefquehetcsilveiwanhtion ¢f ot HIMP opjsicakfite dhe HDP

o 0 SRS S B LSS L LA A58 B e
fill i ' d,i ' :
LT ) BB L5500 10 38 DL Y 0S|Iy Bl 5. 10

for exprag@edembodirhiént, exd HEDB ugidleds6Sis @ldfarized by Zneans of
oxynitride, a nitride material such as silicon

ni t ri dehemichi mophardeabipdlishing KCYRP t enpeehtkmospBIE dey ctching
or other suifable djelectric P?teri.als. In a

pr ef er PE¥fC ﬁl%q{{u’calﬁam%a Qlishing, an ahrasiye polish is used to
Ceri . . . .
mat er | g%m&évﬁgtﬂesto sﬁkﬁ%?gﬂéggb]?%ﬁﬁgq 5% V}n %bfi)ﬁ/ee}rlachc planar

mat er i Ich has a I1ity to efrective

nar r owsiisfeRcdfeie hihlmask Bfer B38: eThisovdyhehdtq esfacecof hard
material 156 will be made in this application as to
t he Hbrskidydel38aendthe pubow o8 rm across the entire surface of

PCT/ US2004/.007510 ..[ 0050], .Sybse nt to the formation
of the%ﬂ%%ﬁ%aigé‘,ﬂ? ”rllggg‘btgi%ge 156 i s planarized
down to or near the planar surface of the hard nmask

| _ayelr[oé%] t oo 4Py anfUg, @1 55134 Hfh Ak eddy &IMQWRk bl
Figure 8. In a preferred enbodi nent, the HDP oxide

156 i s tgdhaiprdszedhby saeais df ctdhem eal embclsamg,dat example,
polishing (CMP) or a well-known RIE dry etching

pr oces Phosphagicaridh Hal Ome chh slspieast, spbicaypRnyet gijhes may be

abrasive polish is d.to .re the, top surface of
t he HDlsméﬁ?%eé{sTSIbou gst CfeP Sgger?g(gvrtﬁ?ﬁéﬂdp'anar surface
of the hard mask | ayer 15 3. This way, the top

sur f 30952 Pf Mgh 9 also illustrates a multi-layered transfer gate stack 130
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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mask | ayer 153 and the plug 15 6a are uniform across
the entire surface of the substrate, as illustrated

WO pookiognese 8. [ 0051] The hard mask | ayer 153 i BCT/082004/007510
renoved by conventional techniques, such as selective
dry etch or a wet etch using, for exanple, phosphoric
acid (H3BPO4). If desired, subsequent wet etches may be
enpl oyed to round the top edges of the oxide. [0052]
Figure 9 also illustrates a nulti-layered transfer
gat e staokdifsdlatdny lpd Br Atvmtsgdauslyn tsugrt satietutdsoof all
The transfer gate stack 130 rises a first
oxi de Pﬁ}f‘értfailslim& rpEhSAFRagE: a&%gg@?w i b i g cionally

8][1 823 ganJbeo sglé ? &f afﬁls %{L%Ideq ;g%é E{Stn Lﬁ’M%PlCi]C?éZ fungsten

eria

a secogficidesedald sﬁlﬂndl@)fﬁ(ﬁly@@éimrﬂ@ﬂ&fde”@y tangufrogih@de. The
of , for exanple silicon oxide &a i con di oxi de),
yter

ni t ri deilicslelldyeorould alsd ey baoieyhyer /& a¢tory megal such as TIN/W
oxynitri OXId n|tr|d ( de- oxide),
or ONoofgiﬁﬁé&a%QFFBB ?ﬁﬁ@?ﬁ34@’ fgw%g%d second

insulating layers 131, 133 and the conductive |ayer

132 Zﬁdiégf fgpg&fgﬂd sk&@ a&gﬁﬁti ilggﬁ’e{nt&i@&? ?s'(ctdngl)ﬁcféﬁtx»i‘ﬂqﬁ dopant

for ch en1ca vapor de 1tion

pl asma o@ﬂﬁkﬁﬁﬁﬁdor&hﬁﬂﬂvﬁ@ltypt@&dﬁckdﬁﬂ(ﬁbmpmy OREO¢B) is p-type, to
anong many others. [0053] If desired, a silicide

| ayer emptans mwn)m fined aress of gharabstrate hi) to form a p-type
nultl-la ate 0, between th duct

| ayer ﬂ’éwelig%sz’éﬁﬁ?ﬁgié% PET % Uéglglb%‘}%bt\'}"flo

secon d eld b%ldil I?Ehﬂ?f ﬁh@?p%seglg’ FvehHYA %E?B@&P&és\‘,nb&!ﬂ SidPte€erence to
structures o other transistors in the inmager

ci r cui tthé&shguonmay thaperypbidepedi thytr dP@klyseqfiettnmdche formation
silicide layer. This silicide |ayer may be titani um

si i ci @&rhe irepat alatien| 459 el 0@'(15‘63%6 %tP‘Fli EPQait must be

2? : ?/g?&lélaﬁgy%?d ﬁflggﬁaﬁ gﬁreg%latﬁtg%él Oélr e%on emp]-ates the formation of
layer/ rgt [)at?f)é)a%pé'@fa%r BE Bn@? o Y M{rmatlon of the trench isolation

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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or WX/ Wor it could be entirely fornmed of WNX. [0054]

A second masked dopant inplantation is conducted wth
w@2aepsns9 of the first conductivity type, whiRdI/i/82004/007510

exenpl ary purposes is p-type, to inplant ions in

predefi ned areas of the substrate 110 to forma p-type

doped |l ayer or well 120, as illustrated in Figure 9.

Al t hough the enbodi ment of the present invention has

been described with reference to the formation of the

p- t ypenddppld imajeats 29 beubwagedno thitortthe profilowf ithgn-dsfped
the trench i salation, 150 and, of the gate stack 130, i

must b@glg%&@ésﬁéwﬁéfoaaﬁénaplé%ﬁm RIERE ROA C&P&Fﬂcﬁ to
cont enpl Syt f.or matJPfs: t - . |

S2%" oA A8 ORI Bl 1) BRSNS LS 130

150. [QR&%hL the lopbbslidianast tHei @it @Eidn126i ng a dopant
of a second conductivity type, which for exenplary

purposes is n-type, is conducted to igglant ions in
5(

t he E0@F60Jof Ndxe, sfrhsth depandiimpbmitatidrewithtchdenrat € the/Brst
area of %he, I xel c%hl ?nd to %Prn1an n-t%ge regiond d
126, aSOPRYEETY VR WHCTEYUFEMPERTY PRSI HPGy!™ conducted so
n- dOpeghart?gS&a'% i 1?56a1'feq e PR WEE AL JF¥Ee SRR over the
storage region for collecting photogenerated

el ect r gAglant@hnityid fgiat 126 and pebecenchrdrtmisfed ghte 130 and field
pl acing the substrate 110 in an ion inplanter, and

i npl an©Kisls rapienoks e ©rm 2 ppEPpinast shepes laygrol A4nhef the now

bstrat 10 . of 1 V 1 MeV f
P dopedoREli oh PpoBRingY oo tEgene Q) ] BBy 170 and
ant | Moiye Ofs ﬁ%ggg@ogigaé Iﬂi,}thé’%(tg layed -1th§11nkéaﬁ£@ﬂie p-type

dose in the n- gi on 126 gure 10) is within

t he r anggionfl20adneudibitrare 1A Dbyt theaboyic sldewalllihtplaitedsegion 170
per cn2, and is preferably within the range of about

1 x 10formeesd hpengled implptaion dang s sidppalls k5 &jund thegottom

16 WO 4/081989, PCT/ US2004/.007 ul tiple inplants .

oy  be 1904 S QI LEMTbPOERE et T ot HE WeRUE S icisance
of the photodiode 199 is increased and the charge collection performance

of the photodiode 199 is improvéd.

[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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region 126. The third dopant inplantation nmay be al so
conducted to formn-doped region 129 (Figure 10)

wo cwabgdsadj acent the gate stack 130 and on tPEI/US2004/007510
opposite side of the n-type region 126. [0056] Next, a
fourth dopant inplantation with a dopant of the first
conductivity type, which for exenplary purposes is
p-type, is conducted so that p-type ions are
inplanted into the area of the substrate over the
i mpl an{Bgure 1Ypas p&goﬁmeﬁﬁlmnhﬁwmodMetmghgmre 13) of a

o nneapgal Faeer 700 Rt [ Thd b Lbewsriegs to e Srucrure
P OSSRt FRbEL R OIS el 39 B8 T Ffle 5,

and € Tégion

is |inkedeta, Iﬁ]ﬁla@ﬁ?ﬁ@ 11r@@ken q(ﬁaegﬂeel iphat ahen dfthe
by the p- type sid i npl anted region 170 fornmed by

angl edanghotl amplanit o Figwn@. t he si dewal | s 158 and the
botton1 159 of the shallow trench isolation 150. This

s SO0E 5 e ARG SR e B ot fcn g e
Lne P iinpheffons99 dbBad IR RKAMrb O ROk teadldd Rt Sngles

providin up or a up region f

type regthotheldbstritoel 10- sfad@us Ddelbgtdes] bpd whichds aegedmith
170 also minimzes the formation of trap _sites al ong
the si despast to thsglaped sistemialienl 28 of e ‘éﬁncméééne char ged
when el ectrons and hol es becone trapped in the trap

fkéezﬂﬁmcg@i% Qérle%émg aln (§ oﬁ?f%rﬁ?e glvr&!l}% conciucted
for mat i rpkpcﬁ 5%&?&5%%&@& Bli¢f ﬁsar@bﬁnglﬂmﬁer shdl hh§n§58

and bot on11 of the trench isolation regions 150

dark eppropniatgpngradopmtdoms theakztychaeanchahsl aitortge substrate

t he trench sidewal | s 158 and bott m.159 is %‘ eased.
[ 0058] 1rDqiresngzyIaf § keVise phowt @% e Y nBYofe Pr qf@??@ut 10

g}c dé\?\gﬂ@g% Pcbmt P '}Xflné%%?\g%lf grg? ngctggl Irr?&l%teat}e 105 y—type

conducidopan®, |RhdR gfo@@n,%lﬂuhiﬁh(ﬁﬁﬁn 81691agnesmm, 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] As in 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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17 WO 2004/ 081989 PCT/ US2004/ 007510 (Figure 11) as
part of the fabrication of a photodi ode 299 (Figure
wa 3004081989 pi xel sensor cell 200 (Figure 13). FMOUS®OLAI7510
corresponds to the structure described above | eading
to Figure 5. Figure 11 differs from Figure 5,
however, in that Figure 11 shows a 90 degree inpl ant
inlieu of the angled inplant of Figure 5. [0059] For
t he purposes of the present invention, the term"90
degr ee thesepirgnsitesiabmiy ihe sidkdatle d S8sindripiteorn dti%orf the trench

conducte I nci de gles wth the supstrate 110
of abouf® 9@%@%@%@ RARERRG gengrEionPng lepkagediggpand along

Lo the gl oRadnsilRul 18198 spLbasbrenchcasd. | o060

The 90 degree inplanta gure
conducted by placing the substrate 110 in an |on

i mpl Ji006R | ankigiirgs|1anl 6 figistappyaphbeice cbotd@edophte present
ions through the trench 152 into the substrate 110 at
an enerigyersfomadgeesding taduch poyResidew} inpleetedrragiop 10 is

about to.form e si.dewa

ol ancOERFEGY shogsg B RT adpifE iftnl Tn (lguftt ghand « 90
beryl I'i el

the st r%%%ﬁ%r%m agntfo mg&&sw d%tg%el n tﬁgﬁgﬁjﬁa hotodiode
si dewal 39%(Higiret t@rofiagikerntagr rcekj i300 (FTghré Ricyubeguld)14

is within the range of about 3 x 1011 to about 3 X

1013 at@nEcspridscgpthe sgnetyse desstibpilpbeve leagingttolFigumeod.o Figure

at ons )i odesir

ased Lok eFRFOrHRER T o e Reby FRRE L af e aago
bot t om ddpptaint G;ﬁgntr t%%bﬂfér wattPan Lx@@@&-lm t nTHR %nglcd ion

previ ous enbo ment,” the p-type Side and bottom

i npl antietplaregliion 187 @ntlghé Qﬂrtklgrwzhjnqdmtbtlbh eo60hfiFigure 14 may
i nsul ating |layer 154 of the trench jsolation 250

(Fi gur eberanduictadens CW‘WP%?W Jethhigfeeneg to e ﬁf%@%second

Ir gg:: Iogueiuglﬁl }a??y %g’nbo-lc-l?r%ersl’tlsdgom? orm 8 %gpe méewa 1mnﬁar?ted région 370

(Figure 12) with an implant dose 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 370.

[0063] Asin 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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provides a link up or a hook up region for the p-type

region 124 to the p- type layer 120 and substrate 110
W@reh4a81989 m ni m zes the formation of trap sitRSI/EEING007510

the sidewalls 160. As a result of mnimzing the

formati on of 18 WD 2004/ 081989 PCT/ US2004/ 007510

these trap sites along the sidewalls 158 and bottom

159 of the trench isolation regions 250, dark current

generation and | eakage near and along the trench

si dewalstksctiB8nsastor $homoim Higord § aslespdasddvith 066R¢tive gates 40,

Flgure 14- |IIustrat yet anot her, enbodi of the
or asent>! mShEPSRoues WhEF SR EiDY- se%an?éﬁﬁ 8P are

;gg: anSHnt 8 ARl oS R oPAG! R nay be

i mpl antalsdGinbloy@lit@fokd) cataftahihd &irihf €o icahhdt Fatcdindfand other
a phot odi ode 399 (Figure 16) of a pixel sensor cel

300 ( Ficgunecti®ys.in chepixel gedl 1¢(512085 é@ﬁd&qraxamelc the entire
structure descr%bed abgve | eadi n

14 d ffsarfgcerlﬂla FoB cayaed i S RAbBROR 1P ab byt doxide,

al so s e t t
ol ed T8, BoctPor AEOCOGHC, SN AARIRE JAUIRR to provide

t he 90 dagicedolespivhnrhaird d{trﬁxﬁ@ta@izeﬁltgtﬁrewﬁé coBactsi® the reset
conduct ed as described above with reference to the

first &uedeo6sl Se@eepdtheypiegbentt senesres, os hended.

p-type side d re ion 0 ure 12) w,th . .
b i Gorvelona\ PRI Fhe’ PEsgRd Sombist Bt rofla S circuic
about 3 Af3nAY AR H&q{se&'i‘gmlgpcro?m@&e{h%rsﬁgkﬁneg RUYixel

1 x 1012 atons er cn2, |If desired, multiple iInplants

may be sdsed celh. tailor the profile of the p-type

si dewal | and bottom i npl anted regi on 370. [0063] As in

t he preV|ous emhodi nent, the sidewall and botto

i npl afPeal r e@.twcewq%8$&aP%syam%cw t“Pfeu‘f;l%anCMQS image
| nsul at . n%r St e 1n %g)tn SRRk e ogf%(ne(r) I]1y 30840 in Figure

(Fi gur € Brovi |ng a or -a regio

f OL t he p- A){)QSCJS&Q'B%@CC@%&M ist Ji@nﬁ)‘liryl?ﬁ’ als3tem Hedth2@idital

supstr actlr(iults 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 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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110 and mnim zing the formation of trap sites al ong
the sidewalls 158 and bottom 159. [0064] After or

waleoongroshe formati on of the trench isol ati on BEMUS2004/007510

phot odi ode regi ons shown in the enbodi nents of Figures
10, Figure 13 and Figure 16, the remmining devices of
t he pixel sensor cell 100, 200, 300 including the
reset transistor, the source follower transistor and
row 19 WD 2004/081989 PCT/ US2004/ 007510 sel ect

transi alsorccmkmmiciatc Wit GRU H4dsoves sloe bas 602 wilt may also be

respect ates 40, 0 and 60 e/ drain

regi on SEaLlF ERBHCgRE Ccﬂfof?féob%]‘gs&\iﬁ IMAgS #EgoLY+2 and
wel | - kng 4 t h@nal processing steps may

be also en§P$£§§ﬁ gﬁggg?é% ‘acts and wiring to

connect gate lines and other connections in the pixe

cel | [0087] 2Q0th@ath tHeatbor¥ @mbloelimthe hant been dediribad evith
may be covered with a paSS|vat|on | ayer of, e.g

si | i concigiancede the Ea@atpe®f ap-nEpglptagdipds siigh @Aile p n- p

pl anari ze h vi de hol es

b ot haoiedafe 190203, SBURERE 405 dct 261 BALRE Snalige Stewal
gate, GLhANRStRim 9 Eﬁn@&gr&ﬁ&?ﬂ79' 220, B8 for H_ egf straight
as needed. Conventi onal Itiple l'ayers o nddct drs

and i nsutlaadomilsinbiowbliengled nadistraight [Mplatita&&nhﬁ&n@ltlﬁ)mdewaﬂs
be used to interconnect the structures of the pixe

sensor 3@d|hottgmEds]ramchyisnleten fﬁg&regs mruss bg agdegpeqashihat the

whi ch |ncI des .o

hvent bRt Pot MRea TR i RGeS R R bl Sovention

17. A Da9¢88a%Upphat ity BotSURIRE @b Rfsirts SV dewall
havi ng glgﬁtalbp0|r03?fs mEi % coul d |nc|&g§H%%cs S0 sidewa
i mge seddwrtsom inphotied besjiorg forhient i apleduchightsyat em

coul d include a conputer system canera system

scan nerconﬂ%\%erﬁ%owsgl% ang étrlﬁush@l%l@n@alpw\ongxﬁwewalls ofa
phone, &ufye QY @ St e a@ﬁ c%urgg u% Scyosptarelmincf conduct1v1ty

tracker’ System nD
type of all structures WIH changc 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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i mage stabilization system and data conpression system

for high- definition television, all of which can
w@Riokiogwss he present invention. [0066] A proceRGDDS2004/007510

based system such as a conputer system for exanple

general ly conprises a central processing unit (CPU)

644, for exanple, a mcroprocessor, that comrunicates

with an input/output (I/0O device 646 over a bus 652.

The CMOS i mage sensor.. 642 al so communicates wth

the §0862M dbleralimys deSQiptihearchdputiegs sy sngmoebo cahssdered

i ncl udes random access nenory (RAM .648, and, gn

th
case oflustiagipaf eremplpst %ﬁb%}wq(nﬁ% Mieh peissmide fatures and

devi ce h ! . g i ve 654, an .
conpac i ERe SRRl Mol i il flcyfons o ppgeitic
657 WhiggBces? EonttidRPM P §1988rdscah U 61 OdeplrRg from the

conmunicate with CPU 644 over the bus 652. It may also
be despirdhind stopd of egrinventidre frwocdisgly, tiEShveDidBis not to be

i mage sensqr Q42 and . nenpry 64 na single I C chip. .
[ 0067] CAPRAES ﬁsmglgal%vgg@afﬁga ?%&%grdﬁ@l%any drawings,

descri « W e e ' a p-n-p
phot odiaad P4l i ELPERBRSCkBe bP Byl ARLLE BB %, o)
399 (Figures 10, 13, 16) having a p-type sidewall and
bottom i npl anted regi on 170, 270, 370 formed by

angl ed, straight or a conbination of angled and
straight inplantation along the sidewalls and bottom
of a trench isolation region, it nmust be understood
that the inventionis not limted to this enbodi nent.
Accordingly, the invention has equal applicability to
n- p-n phot odi odes conprising an n-type sidewall and
bottom i npl anted region fornmed by angl ed, straight or
a conbination of angled and straight inplantation
along the sidewalls of a shallow trench isolation
region. O course, the dopant and conductivity type
of all structures will change accordingly, wth the
transfer gate
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corresponding to a PMOS transistor. [0068] In

addi tion, although the invention has been descri bed
wowaoh/0s19ef erence to the formati on of only one PCENRIN04/007510

i solation region 150, the invention also contenplates

the formation of a nultitude of such trench isolation

regions |located at various |ocations 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- istor (3T) cell or a
five-transistor (5T) ca|Ci4£§$ cell differs fromthe

AT Ceyaby Jl:ﬁfélea@s %%‘woﬂlcpﬁeshgé t8 g rPgS%etﬁEc%lZ@f EEtters

transi stor and associ at ed I ng of
the n_reqi th hotodlode and the floatlng
dlffugﬁﬁﬁt?géigﬁgm?iﬁ HS'an overlap of the two or an
n region bridging the two, which is well known in the

art .1.A Afreaeh isothitiohestisictureyedrhprigdiiigcel | by the
addition of a shutter transistor or a CMOS photogate

%&gg e im %illalVi@ d&@@‘%ﬁQ%&@&%tE JS2004/ 007510

ove descri ptlon an ravvl ngs are only to

be considered .illustr .ve of xenpl di nents,
A SESTR AR S kb %@G@? the

|nvent|on. Modi fication and substltutlons to specific
botton of esd didedrit ingateridnd structures can be nade w t hout
departing fromthe spirit and scope of the invention.

Accor d' T8k ¥renkh @sdle{ﬁéﬁ{‘&h&@uﬂeso%rﬁ P, \Pﬁereﬁlos%ﬁi dered as
being limt ed by the foregoing descrlptlon and

dr aw ngs is only.limted by scope of the
appendgﬁlpé‘? eI | J%éﬁ?‘bé@%& 1%952004/ 007510

CLAIMS What is clainmed as new and desired to be
pr otdect Bt tryndletsoletion structure of claim 1, wherein said

electrical device is a CMOS imager.

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

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

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

7. The trench isolation structure of claim 5, wherein said
photosensor is a photoconductor.

8. The trench isolation structure of claim 5, wherein said

photosensor is a photogate.
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Patent of the United States is: 1. Atrench isolation
structure, conprising: a dielectric material forned

WO p00a/08198st rat e; and an i npl anted regi on | ocatBCI/US2004/007510
adj acent at |east a sidewall and a bottom of said
dielectric material. 2. The trench isolation structure
of claim1, wherein said inplanted region is adjacent
an electrical device. 3. The trench isolation
structure of claim1, wherein said electrical device
i s &.CMIs iremgeisolation Fhrecture ot blains dl, sthieosin stiduct ur e of
claim1l, wherein said electrical device is a CDD

| mager jrpanfh@ rddish ahs b sIokRldsOBf fhStCla Sattfucc! ai m 1,
wherein said el®ectrical device is a photosensor. 6.

The tren i.sol ation structure of claimb5, wherein
sai d §h§$ SOFSBPMSs a phot odi ode. 7. The trench

i solation structure of claim5, wherein said
phatles érsotrench imolehoh strondue pbelaing 1, Fherdineadh
isolation structure of claim5, wherein said

phot os QH%@Jnt&éS r%i)&'? gst &)(%%fdewitg 1 AR ARPHABIOAP

PCT/ US2004/ 0075 e trench’isol ation structure

f clai. [ i1.d inpl ed '
Chi ckndprisr G566 Boa o bbn a0 Tt linbsdPome. 10

The trench isolation structure of claim1, wherein
said memap@ednﬁegion is doped with a p-type dopant
at an inplant dose of fromabout 3 x 1011 to about 3
X 1013 The trench isolation structure of claim 10, wherein said
implant dose is of about 1 x 10*? atoms per cm?.
12. The trench isolation structure of claim 1, wherein said
isolation structure is an STT structure.
13. The trench isolation structure of claim 1, wherein said
isolation structure is a LOCOS structure.
14. A trench isolation structure for a pixel sensor cell,
comprising:
a dielectric material formed in a substrate; and
an implanted region located adjacent at least a sidewall of said high
dielectric material and in contact with a region of a photosensor.
15. The trench isolation structure of claim 14, wherein said
implanted region has a thickness of about 10 to about
1,500 Angstroms.

16. The trench isolation structure of claim 14, wherein said

implanted region is doped with a p-type dopant at an
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atons per cnR. 11. The trench isolation structure of

claim 10, wherein said inplant dose is of about 1 X
wam2/oswoens per cnR. 12. The trench isol ati on BCT/US1004/@7510

of claiml1l, wherein said isolation structure is an

STl structure. 13. The trench isolation structure of

claiml1l, wherein said isolation structure is a LOCOS

structure. 14. A trench isolation structure for a

pi xel sensor cell, conprising: a dielectric materi al

f or med inplantsichs bf e alaodt Zr 10Mptamtad 3 ©d0&n | ocat ed

adj acent at |least a sidewall of said high dielectric

mat eri al,@Qge} Pmeontact with a region of a

phot osensor. 15. The trench isolation structure of

clajn 1 wherei.n said inpla d region has a

© hi ke e Sen5h Gy 1 LBt s o RAGELT BHbP- 16,
The trench isolation structure of claim 14, wherein
sai d itypt dopad is bgramnandsaid pedlant thseais pboype xdopant
at an 24 WD 2004/081989 PCT/ US2004/ 007510 i npl ant
dose of) i gnaautcn® x 1011 to about 3 x 1013 atons
per cn2. 17. The trench isolation structure of claim

16, ein said p-. type dopant, i s horon and .said
e B BoBheh Rt ik 4 W M e
trench isolation structure of claim 14, wherein said
phot os eMsgeseinsonis phdtotadiode anddaidaegiondga pmnesl a
pi nned |ayer of said photodi ode.

layer of said photodiode.

19. The trench isolation structure of claim 14, wherein said
implanted region is located along the bottom and sidewalls
of said dielectric material.

20. An imaging device, comprising:

a substrate;

at Jeast one implanted isolation region provided within said
substrate; and

an imager adjacent said at least one implanted isolation region.

21. The imaging device of claim 20, wherein said implanted
isolation region comprises an implanted region of a first
conductivity type located adjacent at least a sidewall of said
isolation region.

22. The imaging device of claim 20, wherein said implanted
region is located along the bottom and sidewalls of said

isolation region.
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19. The trench isolation structure of claim 14,

wherein said inplanted region is |ocated al ong the
whodotosmosnd sidewal I s of said dielectric natePCHUS2080007510

An imagi ng device, conprising: a substrate; at |east

one inplanted isolation region provided wthin said

substrate; and an i mager adjacent said at |east one

i npl anted isolation region. 21. The inmgi ng devi ce of

claim 20, wherein said inplanted isolation region

cordit.i sEisc omgimpdavitedf cleign 80, whemid said imphonatlicti vity

type | ocated adjacent at |east a sidewall of said

i sol at i&gioﬁlqgis%%ic%ﬁessmbbﬁﬁ% R 286Nt P,%O@f cl ai m 20,
wherein said inplanted region is |ocated along the

bottom and sidewalls of said isolation region. 25 WD
2004/ os‘%@%’é‘%/ US2004/ 007510 23. The i nmgi ng device
of claim 20, wherein said inplanted region has a

t hiZkneblse imhagahg devid®of dambd(t whesdOsaidmyplantes. 24,
The i magi ng device of claim 20, wherein said inplanted

regi on 1%@10@'1‘1@@6}8&@ Wichaa Pty yP8osaRaRkn Fphiit OB 8Nt

dose of “from about 3 x 1011 to about 3"x 1013 atons
o a1 rsraibonbes (TS AlhRY 350 G015 Brcer cnp. |
26. The imagi ng device of claim 20, wherein said
i npdaant dde linggingtdeyireradgilom 34 vehrergm saideignpdant dose
is about 1 x 10" atoms per cm?.
26. The imaging device of claim 20, wherein said implanted
isolation region is an STI region.
27. The imaging device of claim 20, wherein said implanted
isolation region is a LOCOS region.
28. The imaging device of claim 20, wherein said imager is a
CMOS imager.
29. The imaging device of claim 20, wherein said imager is a
CCD imager.
30. An image sensor comprising:
a substrate;
at least one isolation region formed within said substrate;
an implanted region of a first conductivity type located adjacent a

sidewall of said at least one isolation region; and

a pixel adjacent said isolation region.
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27. The imagi ng device of claim20, wherein said
inplanted isolation region is a LOCOS region. 28. The
w0 pagiosiysdevi ce of claim 20, wherein said i mTegeCT/US2084/007510

CMOS i mager. 29. The imagi ng device of claim 20,
wherein said imager is a CCD imager. 30. An inmage
sensor conprising: a substrate; at |east one

i solation region forned within said substrate; an

i npl anted region of a first conductivity type | ocated
adj 3c erfhaimsycdenadrlof afaimad @ veiertiaaaid mineg dosmprases on
region; and a pixel adjacent said isolation region.

26 WO %UQJ 881280 PCT/ US2004/ 007510 31. The inage
sensor I'ai m 30, wherein said pixel conprises a
photosensor. 32. The ge S or, of, claim 31, wherein
sai - phblo¥REsSFNIY é%ﬁﬂ%tséﬁd phpgosepsar Prfage
sensor of claim 31, mhereln sai d photosensor is a
phot oggileto&hduthe. i nage sensor of claim 31, wherein
sai d photosensor is a photodiode. 35. The image

sengpr Pl H'Jé eBerébr &P‘?:?J}']e n %&eﬁ@@fc@ﬁﬁ&@%ﬂs& ffa

p- n-p phot odi"ode. | rage sensor- of clai m 34,
wherei n said hotodlode is an n-p-n photodi ode. 37.
The i meR¥t8&HEor of claim 34, wherein said photodi ode

34. The image sensor of claim 31, wherein said photosensor is a
photodiode.

35. The image sensor of claim 34, wherein said photodiode is a
p-n-p photodiode.

36. The image sensor of claim 34, wherein said photodiode is
an n-p-n photodiode.

37. The image sensor of claim 34, wherein said photodiode
comprises a first doped layer of said first conductivity type
located in contact with at least a portion of said implanted
region, and a doped region of a second conductivity type
located below said first doped layer.

38. The image sensor of claim 37, wherein said first
conductivity type is p-type and said second conductivity
type is n-type.

39. The image sensor of claim 37, wherein said first

conductivity type is n-type and said second conductivity

type is p-type.
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conprises a first doped | ayer of said first

conductivity type |located in contact with at |east a
wpoooiiogresof said i nplanted region, and a dopePCT/E§1004007510

of a second conductivity type |[|ocated bel ow said

first doped | ayer. 38. The imge sensor of claim 37,

wherein said first conductivity type is p-type and

said second conductivity type is n-type. 39. The

i mge sensor of claim37, wherein said first

corluctThd inyageyspasarofitidigp0, avitkreiai sdidserd easd one

conductivity type is p-type. 27 WO 2004/ 081989

PCT/ US%Q&%%Q?@Q%& ist0treddFisb ARG 1S rO%Bﬁor of claim 30,

vvherel n sai ast one i1solati region is a trench

I SO n regl 41.. The e senso of cI i m 30,
whd i i erﬁﬁp%ﬂﬁt%&la%ﬁm areiny kg 3ng the

bottom and SI dewal | s of said at |east one isolation
r egi on.regn ifhewatadpgens ensbottom aldaiidevd0ls oflsa@deitn sai d
i mpl anted region has a thickness of about 10 to about

1,500 1ARGShE NPBtidhiregidie | Mage sensor of claim 30,
V\,hereln sai d inpl ante§ region is doped with a p-type

dop t an i Iant se rom about 3 x,1011 to
abotft: 3?]9(6 ﬁgallmcﬁzm}ﬂel Mpltcdensor of

cl ai m 43, wher e| n said p-type dopant is bor on and
sai d i megmmhadegbidkgessmgabout X0 10 2Pout bydO0per cn.
45. The image sensor of claim 30, wherein said pixel
i's partA@dst@ms.
43. The image sensor of claim 30, wherein said implanted
region is doped with a p-type dopant at an implant dose of
from about 3 x 10" to about 3 x 10** atoms per cm?.
44. The image sensor of claim 43, wherein said p-type dopant is
boron and said implant dose is about 1 x 10" atoms per
cm”’.
45. The image sensor of claim 30, wherein said pixel is part of a
CMOS image sensor.
46. The image sensor of claim 30, wherein said pixel is part of a
CCD image sensor.
47. A photodiode for use in a CMOS imager, said photodiode
comprising:

a first doped layer of a first conductivity type formed in a substrate

and adjacent an implanted isolation region of said first conductivity type,
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CMOS i mage sensor. 46. The image sensor of claim 30,
wherein said pixel is part of a CCD inage sensor. 47.
wo2hos1esd ode for use in a CMOS i nager, said pPOL/0O81004e07510
conprising: a first doped |layer of a first
conductivity type forned in a substrate and adjacent
an inplanted isolation region of said first
conductivity type, 28 WD 2004/081989
PCT/ US2004/ 007510 said inplanted isolation region
said ineplagteddjadadon rdgombeingadicent @l anrbloaitel abstg a
sidewal | of a trench isolation region forned in said
least _Léﬁfetv&ragtcﬁ;a 'fnc(l:ll'l%l?t‘fo& 94%1819 e d ﬁgéaRﬂSJbgﬁ'%d in said
or

irst dope ayer ccunul ati ng phot o- gener at ed
charge, said charge collection, region in of a
setoiiBE 6 P\ng’lyntf%’é?g ahw%ﬁ§%@&Ragi%yﬁgéor| ayer of

said first conductivity type, said second |ayer being
accuinmlatiog Eoitovgenlraatd tleage, saidodrargooolbfctisairdgipniearg ed
isolation region. 48. The phot odi ode of claim47,

Ofag@gﬁgkgnégﬁgm9q®&ggngolIection region i s adjacent a
gate of a transter transistor fornmed over said

substrate, said transfer gate transferring charge

M A A At A L R S AR R R

doped region of said second conductivity type. 49.
layer Heengpint@daadetiot lehsiarpotionwfeaidiimpsaited isopitant ed

isolation region is |located al ong the bottom and
,fgkﬁidemalls of said trench isolation region. 50. The

phot odi ode of claim47, wherein said inplanted

s oéllnf?.t | Phe %Egti:o%?o&esofa cqaiinngkavrs}heelginssgd El(leagrigg Collection
region is adjacent a gate of a transfer transistor formed over
said substrate, said transfer gate transferring charge
accumulated in said charge collection region to a doped
region of said second conductivity type.

49. The photodiode of claim 47, wherein said implanted
isolation region is located along the bottom and sidewalls of
said trench isolation region.

50. The photodiode of claim 47, wherein said implanted
isolation region is an implanted STT region.

51. The photodiode of claim 47, wherein said implanted
isolation region is an implanted LOCOS region.

52. The photodiode of claim 47, wherein said implanted

isolation region is doped with a p-type dopant at an implant
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51. The phot odi ode of claim 47, wherein said inplanted
isolation region is an inplanted LOCOS region. 52. The

w@hbotoshiosde of claim 47, wherein said inplantepPlCT/US2004/007510

isolation region is doped with a p-type dopant at an
i mplant 29 WD 2004/ 081989 PCT/ US2004/ 007510 dose of
fromabout 3 x 1011 to about 3 x 1013 atons per cnR.
53. The phot odi ode of claim52, wherein said inplant
dose is of about 1 x 1012 atons per cn2. 54. The
phot odi doke afffrarthaboué3 x MHereiahosad o I0TDhwntseotr

i solation region has a thickness of about 10 to about
1,500 Apgstroms. 55. The phot odi ode of claim 47,
wherei n said first conductivity type is p- type and
sai e d con n-type The
pho?%d Fno ‘f a¥%§§3 & hr?r%‘ﬁlsﬂldflfftpé%m ose 1
conduct|V|ty type is n-type and said second

conduct pfdbiopttlype0i’sitgms ppecm®.57. The phot odi ode of
claim47, wherein said photodiode is a p-n-p

phogodi PRE pheddiddeoPhfhPay ¢ Oﬂﬁe&in Shi@ifphifedrner ein
sai d photodiode is an n-p-n photodiode. 59. An inage

For mod GPERPh F6h hefr EhiskS @ pEFpactd © haysos0b ™ °"

i npl anted region |located on at | east a sidewall of
sai d STAngstsahg |nplanted regi on having a thickness of
about 10 to about 1,500 Angstrons; and

55. The photodiodc of claim 47, wherein said first conductivity
type is p-type and said second conductivity type is n-type.
56. The photodiode of claim 47, wherein said first conductivity
type is n-type and said second conductivity type is p-type.
57. The photodiode of claim 47, wherein said photodiode is a
p-n-p photodiode.
58. The photodiode of claim 47, wherein said photodiode is an
n-p-n photodiode.
59. An image sensor comprising;:
a silicon substrate;
an STT region formed within said silicon substrate;
a p-type implanted region located on at least a sidewall of said STI,
said implanted region having a thickness of about 10 to about 1,500
Angstroms; and
a pixel adjacent said STI region comprising a p-n-p photodiode,

said p-n-p photodiode further comprising a p-type pinned layer in contact
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a pi xel adjacent said STl region conprising a p-n-p
phot odi ode, said p-n-p photodi ode further conprising
W@2@4031989 pi nned | ayer in contact 30 WO 2004/ PSL/88304/007510
PCT/ US2004/ 007510 w th at |east a portion of said
p-type inplanted region and an n-type doped | ayer
| ocat ed adj acent and bel ow said p-type pinned | ayer.
60. The inmage sensor of claimb59, wherein said p-type
i mpl anted region is |located al ong the bottom and
with gt thewad pertiopf ofsaidip-$ife infidlantEHecgivagadsensoypeof cl ai m
59, wherein said p-type inplanted region is a boron

dopddMRY&NbEfed 882 &ht Wl b cBo 94iQ -ty e of about 3
°p xq%ll toeab(glut ?E X 101§pato%5t}}ggﬁhﬁggdclﬁ?& 62. The

i ma sor of clai 1, erein, sald inplant dose is
of g(g‘o ﬁfﬂ‘i URAFDFD S (ga’ﬁ?alﬁ’ew’c ?re’égs.aldcgﬂ'éynﬁ?mg e sensor

of claimb59, wherein said inage sensor is a CMOS

i mage siorpanted gagiomhelacamdelsrntwr batornl aaidrsidsgvalls
wherein said i mage sensor is a CDD inmage sensor. 65.
A CMOS hm@agesTeystem conprising: (i) a processor; and
(ii) a CMOS i nagi ng device coupled to said processor,

S htt R PRI P s % Worrety HLB S rpl ant ea
isolation region of a first conductivity type |ocated
on at imepsated regigevint bogin mldntederngil@mmﬁathomm and
implant dose of about 3 x 10" to about 3 x 10" atoms per
cm?.
62. The image sensor of claim 61, wherein said implant dose is
of about 1 x 10" atoms per cm®.
63. The image sensor of claim 59, wherein said image sensor is
a CMOS image sensor.
64. The image sensor of claim 59, wherein said image sensor is
a CDD image sensor.
65. A CMOS imager system comprising;:
(i) a processor; and
(ii) a CMOS imaging device coupled to said processor, said CMOS
imaging device comprising:
a trench isolation region formed in a substrate;

an implanted isolation region of a first conductivity type located on

at least a sidewall of said trench isolation; and
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31 WO 2004/081989 PCT/ US2004/ 007510 a pi xel adjacent

said trench isolation region, said pixel conprising a
w@botoswssor adj acent a gate of a transfer traPSI/ES104/007510

66. The system of claim65, wherein said photosensor

is a photogate. 67. The system of claim65, wherein

sai d photosensor is a photoconductor. 68. The system

of claim 65, wherein said photosensor is a

phot odi ode. 69. The system of claim68, wherein said’

pheopisdi ajeceno spd itemch asopitivment gloay ezid gfixed @bohplrisingt a

conductivity type, said pinned |ayer being in contact

phot¥idnBoRdjh&sh @rderf i banstef rs@idor.i mpl anted isol ati on
regi on, ‘and a doped region of a second conductivity

t I ted bel ' ' d | d relati t
a1 8 pi PRBIIEYF 70 OOrRECETAHMRIOCIArR B8 wher i n

said inplanted isolation region is |ocated al ong the
bot t om plitrtogitdewal | s of said trench isolation. 71.
The system of cl ai m 65, wherein said inplanted

| sad7at i'PRe sysBah O clafin @BD QheWih Baid cgﬂrottéf&ﬁs&qg)%m at an
i mpl ant dose of fromabout 3 x 1011 to about 3 x 1013

atons p rtch. 7§. The system of claim 71, wherein

sai d iﬂ%ﬁéﬁfoﬁ%ﬁ:o?s of “about 1 x 1012 atons per cnZ.
32 WO 2004/ 081989 PCT/ US2004/ 007510 73. The system of
cl & ebhe giseaneiof chih @5 mblceain sddiphottateneor is a

photodiode.

69. The system of claim 68, wherein said photodiode compries
a pinned layer of said first conductivity type, said pinned
layer being in contact with at least a portion of said
implanted isolation region, and a doped region of a second
conductivity type located below said pinned layer and
relative to said pinned layer.

70.  The system of claim 65, wherein said implanted isolation
region is located along the bottom and sidewalls of said
trench isolation.

71. The system of claim 65, wherein said implanted isolation
region is doped with a p-type dopant at an implant dose of
from about 3 x 10" to about 3 x 10* atoms per cm?.

72. The system of claim 71, wherein said implant dose is of

about 1 x 102 atoms per cm?.
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regi on has a thickness of about 10 to about 1,500
Angstronms. 74. The system of claim65, wherein said

wo eogpseenducti vity type is p-type and said SPCDOS2004/007510
conductivity type is n-type. 75. The system of claim
65, wherein said first conductivity type is n-type
and said second conductivity type is p-type. 76. The
system of claim 65, wherein said photodiode is a p-n-p
phot odi ode. 77. The system of claim 65, wherein said
phdtdi Balesysseranf nlapm 65, ptetaaisademplttedisoittiond of
processing an isolation region, conprising the steps

of for MepghAfagl aeﬁtﬁélm{%&%ffa'b%ﬁﬁﬂo'te aBoRt PSat e;
conductiig an angled inplant through said at |east one

trench and into said substrate to form an inpl anted
regi on BW%i d trench and adjacent at |east a
sidewal | of said trench; and providing an el ectrica
deVi<e Ho§ sssemmb of alath iGrp etea saiddirsncondactifibetypet hod
of claim78, wherein said inplanted region is forned

to a thiekRsessanaf 280y pAngst rons.
33 WO 2(%%4%818%52%%%%8%0%3& oogig%ypk 3 qﬁe met hod of

wh d i d d
o e ARELS O R 87 Bhcfite s8R R @Lﬁd&‘égﬁaﬁ@t@?at Y

81. The nethod of claim 80, wherein said incidence
angl e vif mhtyps and ssidrstewal aindwtidite ipstis attgpe.s of about
10 to about 30
76. The system of claim 65, wherein said photodiode is a p-n-p
photodiode.
77. The system of claim 65, wherein said photodiode is an n-p-
n photodiode.
78. A method of processing an isolation region, comprising the
steps of:
forming at least one trench in a substrate;
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; and
providing an electrical device adjacent said implanted region.
79. The method of claim 78, wherein said implanted region is

formed to a thickness of about 10 to about 1,500

Angstroms.
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degrees. 82. The nmethod of claim 81, wherein said

i nci dence angle further forns with said sidewalls of
w@aiod/oswench an angle of about 90 degrees. 83pPCT82004/007510

met hod of claim 80, wherein said incidence angle with

said surface of said substrate is about ninety degree.

84. The nethod of claim80, wherein said angl ed

inmplant is conducted at an incidence angle with a

surface of said substrate of about ninety degree and

of &bouThd tndthodlobakim IB, dhgree said8bglcihenplattiod of

claim 78, wherein said inplanted region is forned on

bot t om anhRtdenald mcpknsdhdbiatvideaat-rRerkLgnch.  86.
The nmethod of claim 78, wherein said I nplanted region

is inmplanted with an inplant dose within the range of
from aWﬁFaE?'x 1011 to about 3 x 1013 atons per cn®.
87. The nmethod of claim 78, wherein said electrical
dev8Lte The arcthodmfjelim 34, Whe i 44i08dd8ence angle with

PCT/ US2004/ 007510 88. The nethod of claim 78, wherein

sai d el g¢d bRk HENHGEDLB iHMBIBIS0: 2Rt 30N
nmet hod of claim 78, wherein said electrical device is

a CDD imager. 90. The nethod of claim 78, wherein
sai d el ¥&FFcal device is a photosensor. 91. The

nmet hod of claim 78, wherein said photosensor is a
pho8&di He method of claim 81, wherein said incidence angle

further forms with said sidewalls of said trench an angle of
about 90 degrees.

83. The method of claim 80, wherein said incidence angle with
said surface of said substrate is about ninety degree.

84. The method of claim 80, wherein said angled implant is
conducted at an incidence angle with a surface of said
substrate of about ninety degree and of about 10 to about
30 degrees.

85. The method of claim 78, wherein said implanted region is
formed on bottom and sidewalls of said at least one trench.

86. The method of claim 78, wherein said implanted region is
implanted with an implant dose within the range ;)f from
about 3 x 10" to about 3 x 10*® atoms per cm?.

87. The method of claim 78, wherein said electrical device is an

Imager.
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92. The nethod of claim 78, wherein said photosensor

is a photoconductor. 93. The nethod of claim 78,
wob@resrssai d phot osensor is a photogate. 94.PEr/Ds10b0e)7510

of form ng a photodi ode for a pixel sensor cell, said

met hod conprising the steps of formng at | east one

isolation region in a substrate; form ng an inplanted

region adjacent at |least a sidewall of said at | east

one isolation region. 95. The nethod of claim94

f ur8herToonethad nfjclhine 781 ehsreat said exmicagdeviéd isst

doped layer of a first conductivity type in said

substratgiot 99 a doped region of a second
conductivity tg%e in said first doped | ayer; and 35

WO 200 819 9 [, US2 07510 nin a .second
doged | ‘gg{ %tw Sﬁ?&bé’ﬂvﬁi\? Vliaﬁ%"%ls@ai d

substrat e, sal d second doped | ayer being in contact
wi t h atCDdaghagerportion of said inplanted region. 96.
The nmet hod of claim94, wherein said inplanted region

I's 94, Of"l"liféjrrfé@h&fpbfaﬁin@ﬁ’@ %@&\1@541& eRlctrf@l dedte 58St
one isolation region. . The nethod of claim 94,

wher ei n sa| d |n‘1t3I ant ed reg| on is inmplanted with a
p- type an inplant dose within the range of
from about 3 x 1011 to about 3 x 1013 atons per cnfi.
98.9 Ithelnentesliod bf clhimn A89whexgire s phosdsdnsarps ant ed
region is
photodiode.
92. The method of claim 78, wherein said photosensor is a
photoconductor.
93. The method of claim 78, wherein said photosensor is a
photogate.
94. 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.
95. The method of claim 94 further comprising the steps of:
forming a first doped layer of a first conductivity type in said
substrate;

forming a doped region of a second conductivity type in said first

doped layer; and
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formed to a thickness of about 10 to about 1,500

Angstronms. 99. The nethod of claim94, wherein said
W@ea04081980Dr m ng said inplanted regi on furtherPCT/US2004/007510

conprises inplanting ions of said first conductivity

type at an incidence angle with said substrate. 100.

The nmet hod of claim98, wherein said incidence angle

is different than a ninety degree angle. 101. The

nmet hod of claim 100, wherein said incidence angle is

offorraingLet setOnd alopbd ldyeB0f shéd)fisxt sond@&ivitFhgperbt fuddl of

claim 98, wherein said incidence angle is about

subst?dt@estai/%&%gﬁﬁgiogégfla}%f PO/ 1085382 RSl 463 Zag@é/ 9%&10

e netho aim 98 wher ei n sal cl dence
s of .about 10 to about 30 degrees and of about
Ofsaﬁiﬁ@? tﬁ%fﬁgé@% 104. The nethod of claim 94, wherein
said photodiode is a p-n- p photodi ode. 105. The
met3fod Wiec wleghiod 6fclainh 84 evhersai shighoplhdicdegia mn n-
p-n phot odi ode. 106. A nethod of formng a p-n-p

phot odiggged oh Bbridand! stRWaNg ofgNd GElecast@ift Met hod
conprising the steps of formng at | east one trench

i sol ati.o ion in a silicon substrate; formng a
doped Hﬂ?%%gf%l%%nt act with at least a sidewall of
said at | east one trench isolation region by

i nA7antTigmethgdef ¢lains 94t whereimsiidi enplnteshigigonist h

said silicon substrate, with an inplant dose within

the r arlﬁﬁ)l;ﬁfted fAem phopt dopantQt hniRpalRWHosS withk913

atons per cn®

the range of from about3 x 10" to about 3 x 10" atoms
per cm”.

98. The method of claim 94, wherein said implanted region is
formed to a thickness of about 10 to about 1,500
Angstroms.

99. The method of claim 94, wherein said act of forming said
implanted region further comprises implanting ions of said
first conductivity type at an incidence angle with said
substrate.

100. The method of claim 98, wherein said incidence angle is
different than a ninety degree angle.

101. The method of claim 100, wherein said incidence angle is of
about 10 to about 30 degrees.

102. The method of claim 98, wherein said incidence angle is

about ninety degree.
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107. The nethod of claim 106 further conprising the

steps of: formng a first p-type doped layer in said
w@Rlosogrssubstrate; formng an n-type doped rBQI/O820041007510

said first p-type doped layer; and formng a second

p-type doped layer in said first p-type doped |ayer

and above said n-type doped region, said second p-type

doped layer being in contact with at |east a portion

of said doped region. 108. The nmethod of clai m 106,

whi03i nIkancthogpefl clagifn wihsreif saidvukcidendehmgboistadm and

sidewal I s of said at |east one trench isolation

regi on. aifuc W PR SHORY B thHRFABSLP QAR de%t@igsé The

met hod of claim 106, wherein said doped regio

b7 obRe Ba0d o B n o et i AReBRTOHA S LP s d

doped region is doped with boron. 111. The nethod of
cl ai m 1@ehowibedé.n sai d i ncidence angle is different
than a ninety degree angle. 112. The nethod of claim

11105 WTehe hiethad of tRhh SN G eAngsadiphotbdioaPaUn A0 tO
about 30 degrees. 113. The nethod of claim 106,

gﬂg{gln_sﬁh%nba&;egnce angle is a ninety degree

106. A method of forming a p-n-p photodiode for a CMOS
imaging device, said method comprising the steps of:
forming at least one trench isolation region in a silicon substrate;
forming a doped region in contact with at least a sidewall of said at
least one trench isolation region by implanting p-type ions at an incidence
angle with said silicon substrate, with an implant dose within the range of
from about3 x 10" to about 3 x 10" atoms per cm?,
107. The method of claim 106 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.
108. The method of claim 106, wherein said doped region is
formed on the bottom and sidewalls of said at least one

trench isolation region.
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109.

110.

111.

112.

113.

The method of claim 106, wherein said doped region is
formed to a thickness of about 10 to about 1,500
Angstroms.

The method of claim 106, wherein said doped region is
doped with boron.

The method of claim 106, Where.in said incidence angle is
different than a ninety degree angle.

The method of claim 111, wherein said incidence angle is of
about 10 to about 30 degrees.

The method of claim 106, wherein said incidence angle is a

ninety degree angle.
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