WD 2004/ 081989 PCT/ US2004/ 007510 ANGLED | MPLANT FOR
TRENCH | SOLATI ON FI ELD OF THE | NVENTI ON [ 0001] The
present invention relates to the field of
wvoThemsthget or devices and, in particular,_tqwhﬂgﬁgﬁﬁgmm
i sol ation devices for high quantum efficiency

i mgers. 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 plane I of__pi xel |l s, each one of the
cell's incl ud%%ﬁﬂé@%ﬁéﬁ%@%@gc%%wmﬂr a
phot oconduct or overlying a doped region of a substrate
for accunmul ating photryrgeneeiress SRAFSQTION he
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 acent pho iode. .photogate. or pho onduct or
havi ng Joégﬁsi ng t%g‘gg?csg?typ}'%nﬂqg‘&fcgt?sl% ?&§88?f¢%}§?‘&ﬁmm
node, conmedtathoidin fed@adr et fmproS@Uis6Rrion QEHQWES: hich
out put transistor, The imager may include at |east oOne
transi st odUpR EERSRETIFEFSchar ge from the charge
accunul ation region of the substrate to the floating
di ffusi on node and al so has a transistor for
resetting the diffusion node to a predeterm ned charge
| evel prior to charge transference. [0003] In a
convent i onal CMOSBARKEGROUMND LOF RIdEINWVENRIQN a

pi xel cell performthe necessary functi.ons of (1)
photen to charge conversion; (2) accunul ation of

i mge charge; (3) transfer of charge to ~IlI~I~1 1 IH
| 1D ~6062]11 O GMOSlitragdrs hiGOB&S incredsimplyudell ab 1dw Ebst
LILLE TETEE TIH  HE ~] L~ *G00002*

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 prcdctcrmincd 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
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di ffusion node; (4) resetting the floating diffusion
node to a known state before the transfer of charge

@ Jobdos(ded sel ection of a pixel for readout ’pc&}‘“i%z&ﬁ)msm
out put and anplification of a signal representin

pi xel charge. The charge at the floating diffusi on

node is converted to a pixel output voltage by the
source follower output transistor. The photosensitive

el ement of a CMOS | nmger pi er Is typically either a
depl et ed pEsilpannetdiBrsiomaedei(bhsserting the Boatingdiffesen node to

depl eti on rl@xg’snﬁrltat? %Qﬁy@é Blca!:raﬂgf& geals {qgggé}) s%n of a pixel

I anI ng circuits o e type dil scusse

gener al | % édgxrmmtmamhcti @@nslsamgdmmﬁhgtatmnamﬁﬂ signallxlregmcnung
et at, " X tive Pi e

Caner a- onPES égli”ﬁg%é“ﬁ%%?ﬁ% %ai?ﬁlﬂl‘)@t“é’gé Is converted to
Grcuits, a\fakel oaﬂ;(ul%kagwoy 246020 3l dwk? BBpurdidsistor. The

Mendis et at., ' Acti've Pixel |mage Sensors,
| EEE Tr ans’Pé‘@tCPSGlﬁﬁstl‘@rﬁlﬂEﬂéaf rEPMiowges pivdlis typiday sither a

heor por at bl Ry oiab SRaPREpBRHE BF o By el Bhfirop resion

“top view Qj‘cnaatﬁarph@@ég&uator waf er fragment of an
exenpl ary CMOS sensor pixel four-transistor (4T) ceII

10 is I rate Figure 1. As jt wll :

~ descri oedOHE] on, 0 g@&%f&lﬂts?ﬁtiaewmcumd above are

- incl udes ageae@npkamaﬁa adccha ge f&%ﬁmyic?m@ @283« 2dgy056
rate. This aréa

in an underlying portion of the Subst
21 is forrfeMQsAgtvepting dngirdchenctd-opfa Ghipe” TBEE Jdnernal of

Dot enti a1 TRCHES SHEFS Daeot 02y Fihad4paiad (LaReH and Mendis
val ue wherettbhe«QMD®dc@etepike IErngl: Bestop), eteEE TrinsaftRits $n

be understood, however, that the CMOS sensor pi xel

cell 10 mekieftren Q&‘élccsavﬁhdtlééhpé 4ph65d bt thsrdisclosures of
bur i ed ph%fci’{xgh ngnc&{q %ttcl,helﬁy {;é??rgx‘?ceth%r dﬁhar ge

converting device Ieu o pi nned phot odi ode, as
the' initial accunulating area 21 for photo-generated
char ge. [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
pi;ccl 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 2 pinnéd photodiode, as the inital

accumulating area 21 for photo-generated charge.



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

i mge sensor 10 of Figure 1 has a transfer gate 30

for transferring photoel ectric charges generated in
Whaowhharge accunul ating region 21 to a fl oat ipgg/usze04007510
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 I st orhawui ate 60 far | ectively
~gating %@%jut p.utTléei éh@? S ageesreﬂ‘?cﬁgp %‘szue‘g‘ﬁ(c s @ transfer gate
transi st 0B0 fotavdmd@rigkat hotBeleSi@lcharkbeodrePAld BOthe charge
diffusion region 25 to a specified charge |evel

bef or e eatdf BN rEpianflap o fasmngidifishar geion (sensing node)
accunul athag [ ikrusi . Grpss-sectiopal view

of the exerrblrrg%?/lg%%& | nﬁégqg@éﬁ?grls %ﬁl&g “FYG % tp a gate 50
taken al onfja $dure: Rildwer Sansistors tTiad @drdefolib e teandistor Paévides
charge accunul ating region 21 is forned as a pi nned

phot odi od&" C¥PUAIBEN RALOY SSIE6t 3sess Sapsister bavipg gatp 60 for
junction 8Qk98yLefiEthdWrfuPsaday 4, _
n-type region 26 gg%ggt he &?ltly%% s%%c%l?%tﬁﬁesé'ofﬁ %%é transistor
pi nned phbtug gate 4DTresencihe destingudiffusioppegive gsans Pecified

24-so-that, t he -t ype photodi ode region 26 is fully |
depl et ed SPEES bﬁvﬁnﬁcﬁ%c &g‘fht cljeee t ?ﬁoﬂﬂlfcfﬁ’é{:gc accurhulating
sour ce/ dr gddiot 29l ons 22 (Figure 1), preferably having
n-type conductivity, are provided on éither side of

t he traiai stor gates 40, 50, 60. The floati ng,1 )

di ffusi 6P094gi on 25ressersione! vier of tersrmplagatdO8 dmage

al so pref b d Y e dod .
"rage sensord. cooh R R BlorTIRER ¥ Bl Figyre 2.
of Fi gur e§’ht<cBargenciueuisting gigtonc2ils dernsddestargified Shotodiode

collect in.regi,opn 26., A nmaxi.mum out put signal,, ich.
o oy oducad B P hsip sy PHadrS fnstief Skien FmeRdy < p-

gate 50, . ifpeNaRP QBT APARYp R eldh©26 MHIMED-Qhe SLURELEONE The
to be extracted fromthe region 26. Thé :
.- . pinned photodiode 11 includes two p-type regions 20, 24 so_that the
n-type photodiode region 26 is fully depleted ata 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. Thc
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

26 to acquire electrons. The electron 3 WD 2904/ 081989
WQRMgBaOB8YM/ 007510 capacity of pinned phot odi Qg8%sa004/007510
typi cally depends on the doping |evel of the inmage
sensor and the dopants inplanted into the active

| ayer. [0009] Figure 2 also illustrates trench
isolation regions 15 fornmed in the active |ayer 20

adj acent the charge accumulating region 21. The
trench i s6PfTH ﬂg I?‘QB?%HE‘“?@”QF% Y aepepds gp vaedering devel
a convenbf gRahasd kedRbPEREH QUopaNts $SibAT e ; acti

Oxi dation of Si Ia|§co?1 (LOC(SS) Opl))r otéesg f’A tlb%g{euaégﬁlaya'

or trazi arznt insulating |ayer 55 fornmed over the

CMOS i @%99 ensor Figprg 4 alsp dbisirptes geneh selation Fgionsel Spformed
Convent i opp | sed to form .fo
xanpl o, el BECRT T R AT b e gL

| ayer 5 5The tpnokisbéatian regient 15 aml typiediyfonhédnsih@at he
source/ drain regiﬂgﬁTZZ, the floating diffusion B

regi on 25 ORYFGUBPHATLRATPISHLOL &Y BoRhe &rcal Ordation efifilicon

ot her ConQEOIGONSprokdts. RerAMEe ind iR
Trench ingatioﬂﬁ$€gigns 15 arettyggggﬁﬁéﬁﬁg%%%ﬁkg Qbs
etching foererechessr it GMORinsagssensar d 01 aboiljmsoviedén Higure 2.
physi cal c{QLfrob tvween, adhﬁpgpt pi&fls and_to

i solate pixéls 1ronPones ARITHEP™ Ffid'st s foércéam_l?lca

et ched by cenmat®yB2nFigurel 1Y inthe SRl RRIeqaRE 581D ProRICH Alctrical
process and then are filled with a dielectric such as

a cheni calconegssende sbs squses/ deawmgiens 3% ¢he puidigidiffusion
Si02). The.fil , t h | i b .
ctch back “ionssid OFRERERACTEAED B AR A Bfher Bpffisions

in the tieaschEdM@stnideedenisdrqe. surface remai ns | evel
with that of the silicon substrate. The planarized

8o et ey e S SR YO k8

above- desefdnbRél ihfetheRubsatald epieticanshybRall tarkilideween

when i ons agjra%cnt 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 rcgions 15 is that, when ions are
implanted in the substrate close to edges or sidewalls 16 (Figure 2) of
the trench, current léakagc 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



i mplanted in the substrate close to edges or sidewalls
16 (Figure 2) of the trench, current | eakage can
occur at the junction between the active device
wegnawisivand the trench. In addition, the dom',;qﬁq;
crystal |l ographic planes along the sidewalls 16 6:uwﬁgwmm
trench isolation 4 WD 2004/081989 PCT/ US2004/ 007510
regions 15 have a higher silicon density than the

adj acent silicon substrate and, therefore, create a
hi gh density of trap sites glona the trench sidewalls

16. TheserBioRs 19i hays a ighen silisan Agnsify shamr Geddisgent silicon
become: ChajggghANEIAGL! Clared il oh Ak £50 RECANE:LL ABRSth:

inthe trap sites:. ese’ trapp
el ect ri catrendiasidevdle 16h&hetsw trae sitds rtSnorgreilly finbhkrp e b0
the fixed, char of the device an cggnging t he

OLS

g )
t hr eshol dP¥OPREGE B YHE dev s anadoles besrpt tappechiaghe trap
trap sitegdornmest tr@:!pféagzaltrp:‘?s sddevabdiScal h ke E@ﬁlc device, thus

trench isolation regions 15, current generation near
and al ongcetraburing ththwi fikedahhrge If thradevine andropaingigy the

Current genenated from.trap sites insi.de.or near .th
phot odi od gitedio tpl)f‘é?l_liagﬁ o ékéﬁ Bea B srenilr RE TG ek sites formed

[0012] M aiofipzhegdehadlls 16U tBB rehth fsb1tHEH Ae@eHsOGE chiSent
inmportant in CMOS i rrage sensor fabrication. Dark

current i SCRFEMEIMNTA) apd elonBitbe trenelsifiealiadé dan betvery high.
charge cold geh} ggmrrftga gl%n?&-aggﬁtésggs@%gp&%ﬁ &Qg@%%&%ﬁc

11, which 1s stFong epen opin
i mpl ant at idepietom eigiorocmisesafark berr&VOS | mage sensor. In

addi ti on and as expl ai ned above, defects and trap

sites ingj or near. t.he phot odi ode depl etion region .

st rongl ;%ﬂﬂ uencgﬂf”ﬂémﬁﬁéﬁ%i theero ™ H@%%&Péﬁfs Important 1n
gener at ed. CMOSSHNge seBbKALEHELRIM Dk dufreStil gerally atrributed
current generated fromtrap sites inside or near the

phot odi odéo deprastipdhe Fragsorellastae ragirrbdhaf thermiph¢dpportodiode

ncices cantLALSPRSI, DR, LER A e A LS 05

- the | at er aff tisd @d4@S imagde deheor. 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-ba.ﬁd tunneling
‘induced carrier gcncratién 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



phot odi ode; and | eakage fromi sol ati on corners, for
exanpl e, stress induced and trap assisted tunneling.
[0013] CMOS inmmgers also typically suffer from poor
wiognalos1989 noi se rati os and poor dynam C rang@Tafs:@4a/n07510
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 snal

due to the collection 5 WO 2004/081989

PCT/ US2004/.007510. of photons in the photo array, the |
si gnal t oChBRYRD} i '3‘6 PEHEP %F)’iﬂaﬁ]i‘ecmg‘taégfgeo%? ryfigeing; dygpmic

shoul d be rageRirahe fiecIRAESH Y eas HidPIAosdbR € 1S needed,
t her ef ore, an i mproved active piXxel © photosensor for

use in a i mger that exhibits reduced dark

current 99184]| ncr eBeE pisHed gt @apﬁblintmﬁt@ acqiiepiEe] s
al so need?ﬂoﬂ:scﬁs‘b?ﬁﬁrhsé ﬁlo:l @M@@ Lt’n?{ E]I}L%}q(tg rgducc% dark

prevents current generation or cur e an
(ii) acts casea dodnkcrapsed ho todidedt afapaﬁltahtte Pheraesthiso needed a
surface |layer, apd the bulk s bstrate. A nethod of
fabricati ﬁiff‘&}ﬁ ‘SSE’PP%%?& ghat (5 RSE G aE e e gHICtiom Ry current

t hese i npﬁ&%@%@!ﬁcﬁ(u' %C@'IHSSQLLHE EH Qggtoﬁﬁcﬁeﬁttﬁ tﬁéplﬁﬂfad surface

i sol ati on techni que'that reduces dark current® an
m ni mi zes loygr medtthe budlakegeaten Aameihoveof fplbmiaudg eniacto}fc poxel

pi xel sensgor NNARY OF THE.

P0015] ' n TEREERSE SFOT7E TrH dHPFOITTS BuR HE REpdeResiatel as an
i sol ati on iAuticiGeehni§hSh@MBldduadciaRo bl e AR InARingdes current
region of a first conductivity type | ocated wthin a

subst r at e legkaghia ¥ pipsed phntadiadeife pixe) rasormied.
sidewal I s and bottom inplanted region is forned by
either (i) an angled inplant; (ii) a 90 degree
inplant; or (iii) a conbination of both an angl ed and

a 90 degree |nplant of dopants of the first
conductivity typ@ Mégéﬂ HIHINVENTHAN The

“trench isolation mnth the S|demalls and bottom
i npl anted region may be provided to isolate an IC
el ectrical device or circuit from
[0015] In one aspect, the invention provides a trench isoladon having a

sidewall and bottom implanted region of a first conductivity type located
within a substrate of the first conductivity type. The sidcwaﬂs 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 bpttom 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 strucrures

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.



another IC electrical device or circuit, and may be

used in CMOS i magers, CCDs, ASIC and DSP devices, and
other integrated circuits structures and devices.
MoCD6Hosias9 anot her aspect, the invention provigesydaunrsio
phot odi ode with a pinned |ayer of a first

conductivity type linked to a substrate of the first

6 WD 211114/1181989 PCT/ US2004/ 007510 conductivity

type by a sidewall and bottominplanted region of a
trench isolation region. The sidewal| and bottom

i npl ant EPFUSHYIBAYPE bV arsifewalgnd pitagy ipplanted; regien afp trench
i pl ant joofekib ¢ Féid 4ROLREw] @Bbrradlind unkéd?e gnuis formed by
conbi nation of an angl e gree | of
dopant s cioert(hen adniglesitimplmd(Gi) |a\9|0tc$cgtqcpmpllamtaort (me )rec h

i solation i.on. ..Th i de bott o nt ed

regi on F%‘Bg’t“ga%ﬁft’ﬂ@ %’@2@1‘@%6%‘1 ‘t‘%é%%‘fr%pi] gants of the
trench hseketdiRBviPeipein b @HER Sohtbh QQ%oﬁ eqiﬁegfelc@ml and
dark current, and further increases the capacitance

of the bpﬁﬂ@drrmmt@famm lop@ed Pp thasijevallirodthattonm of the
aspect, 0§, | El‘éﬁ{%ﬁ 9 IOIE)FC%\{II de %rf%cc”%%l@"d o] d%rcrcmrrrcl. t, a8d
gi Oa{l n

si dewal I" "and

el ect ri Gathadevdreses ﬁercapﬁltﬁﬂﬂceaftﬂc phme@@hswdﬁ@ﬁe | ayer
of a pinned photodi ode, to a substrate. one

nbod h dewal | and, bot t | ant ed
b 00T S By 4R gD FaGP % S ik of gming
ot her tQaea1 4896888 ihpanthd 8psdh tosmh@ﬁp O ele&PicQMYevice, for

I n anot her enbodi nent, the sidewall and bottom

i mpl ant edchr @ m:nnq:daylrfaec fagemedar pignddhphaindiodg, esiubemate. In
dopant s at b are |l e and at angl es ot her

t han 90 &egrrées |%mag}crsém% |a§g%gfmghlmpfa%r&|c‘agcgl??1“%?’

anot her fersaribyflanddpedSirete dapdntaatthngt beter ithip] emtedees in a
regi on nay be formed by inplanting desired dopants at

a 90 dedf@sh krlten rrgolsin TR sRBOGHEE the sidgwakanghbottom
dvant |
oo & PP BRI Sl 1B BE L BRL s ot

provi de®0 d\:grm‘rmancbat angleh othive tamc@hpegryesng adranch igation

and i1l ur%éxg)gt ?g yCGtX z?nrgptklléarrc%ubodimcnt, 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 accompanyixig drawings and illustrated exemplary

embodiments of the invention.



enbodi nents of the invention. 7 WO 2004/081989

PCT/ US2004/ 007510 BRI EF DESCRI PTI ON OF THE DRAW NGS
[0019] Figure 1 is a top plan view of an exenplary
whRB4ionmge sensor pixel. [0020] Figure 2 IS pr/uszo04/007510
schemati c cross-sectional view of the CMOS i mage

sensor of Figure 1 taken along line 2-2'. [0021]

Figure 3 is a schematic cross-sectional view of a CMOS

i mge sensor pixel illustrating the fabrication of a

pi nned pho ' [ 8 | t he present

i nvention gmgﬁgﬁw&ﬁéﬁﬁég%bmgsng

[0022] Figure 4 is a schematic cross-sectional view of

a CMOS i mage sensor fragnent of Figure 3 at a stage

of processing subsequent to that shown in Figure 3.

[ 0023]0G9ur Bigsrg ks wpiparatirw of o sxernpleryi GMADS inhagw sofisor
a CMOS Pﬁgge sensor pixel of Figure 3 at a stage of
processt ng subsequent to that shown in Figure 4.

[0024] Figure 6 is a schematic cross-sectional view of

a CMORD92fdgeFigeen? ora ghaehtofroRi-ganienadd viat of tht §O06fimage

processing s equent . t o .t hat. sho in Figure 5.
[ 0025] ??%ﬂﬁ%ﬁgg%§%am§?hgﬂﬁ$%ﬁcgf ss-sectional view of
a CMOS i mage sensor pixel of Figure 3 at a stage .of

proce$s0zly sBipnedsénd schembdi@trosdigstiondl Rieki Gfr EMDS image
[0026] Figure 8.js a_schenPtic cross-sectional view of

a CMOS PiRigePeldiistratipe ki faBricatioguafe mnngd phctedigde bt
Pr ocessi,ng,§HRS GRUEAE p}égcﬁthﬁ@cr&fb%%d at 9n Eﬂigﬂrsgagz ‘of %roccssing.

[0022] Figure 4 is a schematic cross-sectional view of a CMOS image

sensor fragment 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 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 schemaric 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] TFigure 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.



WO 2(1(14/081989 PCT/ US2004/ 007510 [0027] Figure 9 is

a schematic cross-sectional view of a CMOS i mage

sensor pixel of Figure 3 at a stage of processing
wobaeqsesnt to that shown in Figure S. [0028kckiugsHoonrsio
10 is a schematic cross-sectional view of a CMOS | nage
sensor pixel of Figure 3 at a stage of processing
subsequent to that shown in Figure 9. [0029] Figure

11 is a schematic cross-sectional view of a CMOS i nage

senso ixel _of Figure 3 at a stage of processing .
subse[ﬂm t%‘gflffaé 95 SHBFRUG ﬂoiﬁrs&&P%“aAV@WOOﬂarpM(% image

accor dagegohikd) RAFRREORA: & @leg igFEchcs%tnéte S@?fcg]kilg%(%t th@%hown

[0030] Figure 12 is a schema r 0Ss- Vi ew
of a CMBFigneg® sensor pixel of Figure 3 at a stage
of processing subsequent to that showmn in Figure 11.

0031}y (61 ' . ' )&,
[ i Biehe 16163 ORORITN L6 Cl08553 804 @I M S hage

1
of a e sensor pi gure

of processomgxdwiTepre Btat b eragbaf psdresthg subsdqught ® that shown
[ 0032] Figure 4 is a schematic cross-sectional view

of a sensor pixel of Figure 3 at a stage

of processing subsequent to that shown in Figure 4

and i poewsgor B%fme@l Wit hscBerhbiid o@rdeedbi® Mewddf f OR10S image
invention. [0033] Figure 15 is a schematic
cr oss- s&EsPopiat! ofifigired a 2cMes of prefessingeyuberquenikesl thaf shown

Fi gure essi ubseguent to at
shown EhegriE? o Bt iRl IR RS sk ab e,
- Cross-sasiehoowl view of a CMOS i mage sensor pixel of
Figure 3 at a stage of processing subsequent to that

shown jn Figure 15. 9 2004/ 081989
PCT/ Ué%é)%)ll]/ 0 %{613 is a ch:(c)magc cross-scctslonal view of 2 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.



[0035] Figure 17 illustrates a schematic diagram of a
conputer processor systemincorporating a CMOS i nage
sensor fabricated according to the present invention.
WA PAdEDSOESCRI PTI ON OF THE | NVENTI ON [ 0036]pcitishfdSm07510
followi ng detailed description, reference is nade to

the acconpanyi ng drawi ngs which forma part hereof,

and in which is showmn by way of illustration specific
enbodi nents in which the invention may be practiced.
These @‘% diﬁents re descrihed in sufficient detail

to enH guks Shiliusrzapes ;sisanags diageam pha cpmpuieRgrocessor

i nventi %@uenﬁiﬁgoxiphra{tﬁlgt l@Cpffbg m%%cssteﬂgg fagrta{cdoatcgtﬁrrding to the

enbodi nEnts may be utilized, a at structural,
1 ogi cal peesnt imteguoni cal changes may be nade w t hout
departing fromthe spirit and scope of the present

e to be ui A BESCRIION o e GO

material including silicon-on-insulator (SO) or
silicon-on-sapphire (SOS) technol ogy, doped and

undop m cond ors, i.tgxjal. layers of silicon
suppofg%iﬁabyf%gﬁggﬁwg@ﬁﬁg%f?a GPUPBUIRAERGHS Mafg to the
ot her segmoaRARNGE @Ea@hé#@hi&h%m& rglf)'é&tﬂl%m m}‘%ﬁﬁ is shown

reference i s m_ade to a "wafer" "substrate" t he
fol | owi iy wde o illustrawem sperifyicoumdpnovesswhickpse inryntiaymay be

been utilized, t formr,egi ons oy junGtio in or over
the bas®SER% ohficEBP og{“?c&tf fﬁ;e‘{cf)‘{n%cgéﬁﬁ f‘FBﬁ‘gCt?lﬁ_to enable
addi t i omhost Bigli&@iH GReneUG ficite@He HREntRSh, 3hl iCioRs Ba8Rerstood
but coul d be based on silicon-gernani um

si | i con-thaothes gmhasiments maydie- wilized anHithet, stepsturaln lagial and
or galli seni.de, ers [ 0038] The term.

"pi xel " e#g#r %%ls&tgg"cg rBl C %%gS%Pé&néH écl?ﬁﬁfrlgc%—??l &m spirit and
cont ai nistupeaf thhptessens@ndand transi stors for

converting el ectromagnetic radiation to an electrical

STonalngBRl BB ok B B SALBL
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 structurcs.'
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-oh—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

10



illustrated in the figures and description herein and,
typically, fabrication of all pixels in an imger
will proceed sinultaneously in a simlar fashion.
peoBodosRsberri ng now to the draw ngs, where |idusaona/norsio
el enents are designated by like reference nunerals,
Figures 3-10 illustrate a first exenplary enbodi nent
of a nethod of formng a four-transistor (4T) pixel
sensor cell 100 (Figure 10) having a pinned
phot odi age 199 [gure 10 th a sidewal] inplanted
regi on f‘g L‘(al;—?d rtbg %ﬁl)‘rcﬁf“)‘da\clr?srce‘ﬁt}ﬂ“ %F“a%f}d@ﬁyﬂ“'éét’ ,dabrication
150. As @xaplpaicnad ahimdedraiill h6deeW,
i mpl ant ed réﬁf on 170 |§é forxpned&%/)imggﬁgﬁb‘%?ﬂlan% a%trfasmon
and act a link up region between the pinned -
surfad® ﬁ§£erR"f‘2“&m$ moYLioehe Gy avages, trherplitckelernenss argtdssignated

110. The,Sile reﬁt&%whhc%@E%&ds 16911&{} 09670ﬁr§t cxcn]pilary

suppresses | eakage and rrent Si dé
158 and dmaitCthmmlS@ ahethodnd Ifonrmngatfomntrms@tc&r(&n el sensor

e me R NOR GiEtF b beSters Biadod BOPGiadk 108 g S with
with a fibwalli@Bah&dQegi Q)ﬁ-ﬁ)70°(‘hl3¥§1re 361 bf o LBEH i gegg;g&a fkion

al so has applicability to a ree-transi stor
or a fi vk rAnesipiinzd l(lt'SfE)all brddw,, thAs@Ewelétrhplaimtﬁﬁ e¢gion 170 is
fromthe 4Tcé:g

m

m SSI n _of t char
transf er b} ansY%‘rtlS}r{g 5nbm% dg Césoasgaett"g upa’i’?é%“hle‘:twcm the

coupl i ngpihied figfabe o 1tms(Fs;§u:t he) @ﬁ@&(lzdétﬂlgﬁltﬁﬂgtctﬂ% Thc STI
floati ng diffusion regions thr ough an overl ap of

~two or a¥fsvaldgipiatstheaigndg & de tumrcssnh ﬂqahagesarmte:iatk currcnt
knoun i b {1es86kalls Ask niBbleotl] § 665PEIAMANG, HlaEel 50

by the I on o utter ransi s
phot ogat &iguran®j.st or. [0041] I n addi t| on, al though the
invention will be described belowwith reference to

thefo o rench, i sol ation re on _as rt of . |
" T B AR BALLBESR, SRR R B
not | i m bedowti® céiddbtbmagdrafouatdniasr oP| fiked Bél ithd invenrion
i sol ation regions which provide isolation for an

el ect ri cafo fapphcaliliyy 19 ¢ @HF% tramigiar (3Mecell @verﬁt't:%;nanmstor (5T)
al so Conécﬁrrg‘{ QE%H diffe I‘sr £ ?J c%fl 'bg%%lthfhsmtopt%f the charge

sidewal I s and bottom i np ante regi
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 trcrtch 1solation 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



11 WO 2004/ 081989 PCT/ US2004/ 007510 i sol ates an
integrated circuit electrical device or circuit from
another integrated circuit electrical device or
wior20wis198¢-or exanpl e, the invention contenplpiragk2@3/007510
i npl anted trench isolation region which nmay be used in
CMOS i magers, CCDs, ASIC and DSP devi ces, and nenory

devi ces such as DRAM SRAM FLASH, and many ot her
integrated circuits structures and devices. [0042]

Al though Figures 3-10,illustrate. qnly a portion of the
subst r afSQEte%fﬁ IRFeBFAeh FiF U fae e 8?1“%‘591] ciyquit from apgther
under st gaeohRAtcilR REBREMevideM¥@REREN PSPWA, %@ﬁwention
the sinultaneous formation of a plurality of “‘trenc

i sol at i epnteaplaresean implarged warch iselati¢mregiomwhith may be used in

substra 0. In additi a ugh. the i,nventi on .

will be eéjc%rlwgglsbgﬁ?v?f %@I[(% arrl“lcieﬁz egriec%c‘:’éc b gngl fracmory devices such
f or mat i @ DRAM, SRAMITASID] Aid iy @bkomtédrard ShrakitsQ¥nctures
Trench Isolation (STI) nethod, the invention has

equal aPpfide¥ssstity to isolation devices formed by a
LOCOS (LOCal Oxidation of Silicon) process, or a

Conb| r[@bjkif]" Qﬁtho%gﬁllii r9§333§63§ustr[a%;7 a oS oBhe substrate
il'lTustrates a substrate 110 al ong a cross-secti onal

vi ew whil@rwitls onlyeonsaramclyil 8% i enushbEingderstopd tarthe present

exenpl ar. rposes, the .substrate 110 is a siljcqon

subst r arl R ESER el SRR Gus' o ofs plofiip g mench
equal apgidtbat feiirdsQt OirhRk |SQHLEOHS Ued QibsEatb I DAL Sddition,
Figure 3 also. illustrates a pad oxide |ayer 151 and

a bl ankedthpagls ghejiggensfongwi egleseriper belavemithirefsrraie sxythe
siliconnitride or. sili. . OX] &l ' I8 .
Formed doapiASoBl ooy G ItRIl L5 HabEl Kofuion (sTD
| ayer 15m&h6H] therievedtionihas éapraireghliavisitityt dodsdiatiah desdés formed

| ayer 13% (i(g trerned w g,a sk (not shown),

and ani ta?ﬂé ¥ @@afcﬁé@a%n BbE4F o PP FSh R SrSFbaRgion of
i T ustragedpidteldegure 4. The trench 152 has a depth of
about 1,000 to about 4,000 Angstrons, nore preferably

of about 2,000 Angstrons,

[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 sgch 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.

12



a wdth of about 500 to about 5,000 Angstrons, nore
preferably of about 3,000 Angstrons. 12 WO

2004/ 081989 PCT/ US2004/ 007510 [0044] If desired, a
WAH4I0BEH at i ng | ayer 154 of about 10 to abowcTARn4m07510
Angstrons is formed on sidewalls 158 (Figure 4) and
bottom 159 (Figure 4) of the trench 152, as shown in
Figure 5. The thin insulating |ayer 154 may be forned
of an oxide, silicon nitride, or an oxide/silicon

itri f le..,to aid.i hi th '
cor nef 044l AR §inbofididaREne: Be3Paittq i Faas sg0
the amosngstaimst fRssed dh didevalis @158 ¢ Figute MPARS bétkord 989 (Figure

to later fill in the trenches._ Al though the _ 5
enbodi nBhPSETRRR 1p7 cAsehPWRiY Eigiren. il thiselngdating loat 154
pel OW. Vilaf) b S4IRNG A Pk, RS Bicki0)] Bhh UhidSALUSE Hitfide for
conprising a thin insulating |ayer, 'such as the thin

i nsul at exagnple,ay erd ibSdndoohing dbuonhd taneats devrd bat@n @f the trench
bottom %?e énveg&io is not limted, tqQ these _

enbodi mbnt 874 REGPET H1 3ROt HES AR fRsgFggc material used to
cont enpl.adradl ih e wbREH¥Rt WARCREL tLOEELdiSRhAIIFRe present

structures which do not conprise a thin insulattng
| ayer. [ryeamin wakbe deshmbest balowowith wferfiqgupe therich isolation

subj ected to _an angl ed dopant. .16 Fi qur e with a.
“dopant Of“the TIHs mcgoan%ffginls\}’iaf%}g ?ayéfe S%hﬁs&ﬁg Hyp insufating
exenpl atdyePlEPRIMSd o iR-sideRlls I Botte, thR-ihvdRRioh Aot limited
are inplanted through the isolation trench 152

(Fi gur e tSthegpembpaimengs 1 Agserdipglyyriclinvention plsptcomemplates the
i mpl ant ' - NN oy igure 6. The.

- Type. Trifah R ekdth sBibh LGRS bk Gnfice i
formed dmsuianegd$dydewal s 158 and bottom 159 of the

trench 152 and in contact with the thin insulating

| ayer 461, For the .DOS of .t he, present
i nzent[égé?] E g\fe)cx%’]éP%wsmécng cecglglg'ﬁﬁfs;ﬁf‘%ql?%%d Pcf ¥ ngleddgpant
as i npl aBnaFigare SpREHatdpadd of te ifeke RE L aRigE SypeWyhith for

the substrate 110 other than _a right angle, that is at
angl es Gkemplary 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 lcsé than 90 degrees, more preferably between 10 to about 30

degrees.



than 90 degrees. Thus, the term "angled inplantation”
refers to inplantation conducted at incidence angles
with the substrate between 0 degrees to |ess than 90
woegneasiysnore preferably between 10 to about p3Q/us2004/007510
degrees. 13 WD 2004/081989 PCT/ US2004/ 007510 [0047]
Referring back to Figure 5, the angl ed dopant

i mpl antation 160 is conducted to inplant p-type ions,
such as boron, beryllium indiumor magnesium into

an ar the _substrate 110 | ocated rijght bel ow the _
shal | E&P?;r]eng‘?&f’é%g gﬁ% tPcF]iWrﬁ’ﬂ:We”tglﬂf gt aplaniatigpdo0 is
bot t om icBREALELE inkRaH ¢ QortsThgr ' N

T (Fi guriolgred & it p.t?’”y‘g% Jords BN bBlon, DAB I SHARHPor

i mpl ant exkgnegiuon 0ty @n aeep diehabdstratt( lt0docdhedi tight, id@w the

Angstro nore preferaply. of about 30 gstrons. .

[ 0048] %E%“O%EF%%‘ fgozhaqdﬁtﬁr f8ﬁ%ﬁ? BFFYH%EQ‘HQ’EL 3¢ bottom implanted
conduct eegiby 1PDaBighe: 6§ eThSthadeat e (Higlrel ¢) dFhd PRype sidewall

i mpl ant'er and i nplanting appr oarl ate p-tyﬁ)e dopant

i ons t hrgFRTOREIRHAIES FEEieRACH magbe(aboygtil @ 16 3bouitles00

t he subs keV to about 50

keV, m)r‘%{ r g?lé’g%gfcsﬁ rggpagggﬁ{ ﬂ%&%gé\?ﬂgg B m p-type
sidewal | inplanted region 170. P-type dopants, such

as bor[0848berEHel angled ipm dinplnoiond@lesayuvg canglycted by placing the
enpl oyed for t .angl ed inplant., . The inplant dose in

The. o BRI 8T REkG BRTPST o LAY “PRPOR BT

(Fi gur e &pahsions titbigh B shalnge t&ﬁcl@@@ygﬁéuﬁ% h4do R substrate
about 3 x 1013 atons per cn2, nore preferably of about

1 x 1012LM4tasrp enpesy of dekeVito about pdkeVimmors pricéeriby bfaticgit 10

may .be teo tailor the profjle of .t p- e

o el st SorbE s il 38 lap s ion 08 L HRE cogants, such
t he for r@tbossh, Merilinem SindRivabl maBHesnoh | @AY beBnddyed for the
region 170 (Figure 6), .a dielectric material 156 is

bl anket WEFEFtPARtoEr Impliat dosep i B-tie TR leng bogtom

fill in 'h%@ar{t&?ﬁ%ibnlﬁﬁ’o Bgureld) USH IR klhofel 4b6ur’3 ¥ 101

The di elle tric materi al ( 1 6cm:}1y be an (c)%{hdgg mat eLr1t| af(, to

for exangbomt § 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 (HDDP) oxide, a material
which has a high ability to cﬂcc’t_ivcly fill narrow trcnchcs. ‘Thus, reference
to the dielectric material 156 will be made in this application as to the
HDP oxide 156. |
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silicon oxide such as SiO or Si 2, oxynitride, a

nitride material such as silicon nitride, silicon

carbi de, a high tenperature polynmer, or other

woizbmbkesdi el ectric materials. In a preferregerusaonmnirsio
enbodi nent, however, the dielectric material 156 1s a
hi gh density plasma (HDP) oxide, a material which has

a high ability to effectively fillnarrow trenches.

Thus, reference to the dielectric material 156 wll

be na?g%%ﬁ this application as to the HDP oxide 156.

14 WD | 084oguERETtoWRD fyaTationf hq HEXD pxidaBse gie HDP

to the fQideakikN p%aﬁﬂ:@ ddvR %ldr?tag'ﬁ'ge %%ﬁ‘a.et shitfee C?)éllléj fard

156 is planarized down to or near t anar surtace
of the measklayambk3 taafoem a@8gton fillor MaGa, pd stgywar infHigdre8. Ina

156a, as 0 [ Fi gure, 8 a. erred .

enbodi n@ﬁ‘iﬁj,g”v@%mgﬂéf’%ﬁtﬁéc E%B @°§‘d§FI;5€r§falﬁ Plagarizsy! b of
of  cherhé&dlcamaehanicaPpolRRhTMB) 6 CVRLI RN o@n RIE dry etching
wel | -known RIE dry etching “process. In a chem ca

mechani ®&Pcepiol inghthegnica meghrniedl pelishddg, sh absasivs @dlithais used to
renove 0, facge of..th .QXi 56 down to or
trg%? i II%ﬁgélﬁr LS ﬂgpg’élaa lggéé“fnar}?ecfr negnthe planar

near the planar ace o

Thi s wayurfikefthphsdrhatéseolshamtis was khd @peurlls offgd
the plug 15 uni form across the entire surface of

a ar g
t he subé’ﬁarS]é\? er 185 apq herning dgos Aremngier® agrosp gesre hstace of
hard masgke LLﬁ%&EtC}?@ﬂlh&rJtaPﬁ EiSRved by conventi onal
e

techni ques, such as selective dry etch or a wet etch

usi ng, for exanple, phosphoric acid (H3P04). If

desi r d§0551ibdgand mesl lagerclesis tegn tseovedbly epetntional
round the top edges of ;the gxide. [0052 igure.9 al so
1l r afeeBhefrRER of iicchlc o) S pb wahrishuftiektor sgamite
formed @hekpidir =sid (KOO SUDBddREE shBRqudkievd st 8lay be
gate stack 130 conprises a first gate oxide |layer 131
of gr owFRROYEFELPERY thY 1oPE6igevRh e oxigls- t he sili con
substrate 110, a conductive |layer 132 of doped

pol ysifloos2N FEurethaio Suitald LmiRl-Biéal AN a8 86ANH30

i nsulating |ayer 133, which may
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 iaycr 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 Iayér (not shown) may be also formed in the

multi-layered gate stack 130, between the conductive layer 132 and the
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be formed of, for exanple, silicon oxide (silicon

di oxide), nitride (silicon nitride), oxynitride
(silicon oxynitride), ON (oxide-nitride), NO (nitride-
wRizoBjs198s ONO (oxi de-nitride-oxide). The fi regtr/@aanorsio
second insulating |ayers 131, 133 and the conductive

| ayer 132 may be formed by conventional deposition

nmet hods, for exanple, chem cal vapor deposition (CVD)

or plasma enhanced chem cal vapor deposition (PECVD),

anong nmany rs 00 If desired, a silicide

| ayer (ﬁ?ﬂongﬁ‘i‘)%%mﬁﬁ%ycbzgg dGvaRaggaEskythergate structures of all
mul ti -1 ayeh-ed ngisls iSlAE kndedQ e '

layer 132 and the 15 € imdal it MBS bl hRANl A paly
second |fwmﬂdaq1hm@ layayerT hlﬁﬂgildﬂdwnnaq:wmshwn slhcadg atuggsten
structur Sld,e Co%alts fcﬂ ?Yanglla%lt %ﬁgg{%}‘geﬁ‘hlﬂ)’iﬂm e, The

ci rcuit Sd&s] gn may

si i ci deiliciiyedyer I(’Slll& a&b'bkﬁ Gl SteridraYRE /BN B, dbtaB UMM TIN /W
silicide, tungsten silicide, cobalt silicide,

mol ybdemi Wkl Wepide cowel be sptisgly farsictiof "y The
silicide layer could also be a barrier

layer/ [’0@@4}30tﬁpf&oﬂ@hﬁkkﬁ%aﬁﬁﬂﬂlﬁl{a&o s c%%é%@&nﬂita dopant

could be entirely forned A second
masked ddpbafirst agriduetivty ype whicl fmhm'cmplaw plhrpascfﬂ Gp@atpe, to

of the first conductiVvity, type ich for | ary
oLt posedPan il Biedshiet Akt i RS T E R o type
areas ofddphg 15ebst wal 823,10 ilhRuh dTh @1@:& yp@mﬁﬂgﬁ%e

| ayer or well 120, as illTustrated in igure 9.
Al t houg me@lmemdhﬁﬁmm&fmﬁﬁ)émpﬂ@s bean desouitrd with beference to

been. des L ' %%’rauon ol? S eSS cEiq%ny 25? rsg%t%eﬁ;gtrg? glhc gogpatlon

p-type pe ayer seqguen
the tr ert&ﬂ’tht sehet isﬁlﬁndm’ﬁﬂ)saﬁdd of tHdprgahe BBeKkmbghe it
nmust - be dercﬁ%gqa that the present i nventjon al so

cont enpl %Pc §St‘P FfeRIFISHE Hivenpioralse eysemalsgrsdhe faraption of

120 pri ol [ t
150, [OSE%%?E?% BPcLI20 sflorisD e KEfiliod BOUR dith selation
of a sec

[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 storagé
region for collecting photogenerated electrons. Ion implantation may be
conducted by placing the substrate 110 in an ion implanter, and
implanting approp'riatc? n-type ddpant 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?. Ifdcgircd,

16



conductivity type, which for exenplary purposes is
n-type, is conducted to inplant ions in the area of

the substrate directly beneath the active area of the
piocesbs/osedsy and to forman n-type region 126, @8,us2004/007510
illustrated in Figure 10. The inplanted n-doped

region 126 fornms a photosensitive charge storage

region for collecting photogenerated el ectrons. 1on

i npl antation may be conducted by placing the

substrate 110 .in an ion |an anter, and inplanting

appr opr PAEPK Imphatyapabe 2lbe Heed wrtailartihe guifie phthe ntdoped
at an f fon 0

region 1%59}12%&%{2&5‘82/%%@&&% %ng%oélrs ch&)c?ndr%ﬁcf to
or phos ;fbaml otdopeEyedion éﬂ@l(Ewde 10hiecaredrpdjasdnt dasgact Brack 130

thendo ion 126, re 10) is W|th|nthe range
aboﬁ‘l?lg @%@Pp?%tcaf %CR R BEohdS per cn®2, and

|s preferably within the range of about 1 x 1012 to

about [8086 L0 Nexa} OfthrthefopePimpldntaesi Wil 2 depad¥df the first
2004/ 081989 PCT/ US2004/007510 nultiple inplants may

be al so SQREUCHVHY t¥Re WihichHar prennlay P@FPQSF*EIS ®= ngeﬁlconductcd s0

regi on t i-on

conduct (]a%&t%%% 1(trnlrrgn a[nrggg%g%g ?é{é}%g%g (f %‘c SH?’\étritﬁ)ovcr the

| ocat ed isghlanceht-tygeercgiah d 26t adibetd€en thbdradbfet Hete 130 and field
opposite side of +t pe region 126. [0056] Next, a
fourth B1oR %n&";fﬂ%ﬁ RibYPR P&lﬂ&éﬁéﬁf@dwq |1n#é410f flag now
conduct i intpfeckd Bﬁoto‘eﬁB&Q9f9c{rF1§ﬁ§ 'T@?)ﬁfr}ﬁca y@gégﬁs 154 110 and

p-type, is conducted so that I ons
i npl ant e]c26| nAsshiol iafegurofl Of the suipsiregioe lﬁ’ﬂfﬁi‘rhﬂkh& to the p-type

i mpl ant ed €, req on 1 nd between, t nsfer

gate 136°§‘r?8 ]‘%é’l%ealnt‘ji s f f%g?’ e H’S@’ctsbdcf“@ﬁ Btet%élon 170
pi nned sifhad By haged m& Qntﬂtﬁoﬁ me,ng(me si8&Msa58Gind the bottom
photodlode 199 (Figure 10) forme by regions 124, 110

and 126598 %lﬁ oFhirecfusdation 13t eThis mppethe oy¢reh camitance

is i nke&h}lg : 120

by the p- typ SI ﬁmﬁﬂ%i gténat%eEi e%?gﬁa%gggﬁ?%oﬁgﬁ%owmcc
angl ed |<vfphaphatddeca]l9@nguhp1©vsd dewal I s 158 and t he
bottom 159 of the shall ow trench isolation 150. This

way, t ﬁﬁ)S%Yerla addit na% grg\qgmg 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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of the photodiode 199 is increased and the charge
col l ection performance of the photodi ode 199 is
i nproved. [0057] In addition to providing a link up or
Worowksug regi on for the p- type region 124, dcifsznoannrsio
p-type sidewall inplanted region 170 also m nim zes
the formation of trap sites along the sidewalls 158
and bottom 159 which beconme charged when el ectrons
and hol es becone trapped in the trap sites and
eshol d vol t age of

oot odi S o8l < Reriph s BPFCBori Fhozpigat RS (Figuce 13) of s
for mat i @ikeDientdrase A00AWigtird €3). k| If‘@orrék)gﬁa@fs% &28crure

and bottom 159 of the trench |so ation regrons
dark cudesened geenerlaading tcaﬁxgurce%\k Bipgara khk:hfﬁ:mdfrajncmgurc 5,

the t dewal| ..158) 159 is d d
[00s8] - Pegar ety Geth Y Brard S s presko Chdnore

of the [anglséﬁlhplahﬂmentg,hﬂﬂ’ﬁ according to which p- type
si dewal I and botton1inp|anted region 270 is forned by

condu a e ree angle inplant 260 17 WO
2004/ g@&%b 5 629%6 EYOPTEEng ventian, the tay {90 degree
t he fablimpRhia@BnOfs @eﬂh@@ta@ghﬁl%a)g&? c&fd&%c?%f]iﬁgldgcc Angles

pi xel sensor cell 200 (Figure 1
cor r espdvigsthesubtrets Lt biof aamt %e@gret:b,dniltammmlaﬁgdd Rgth

oo Epfes BB BBt e MBS IR GRL | vot am

inlieu of the angled inplant of Figure 5. [0059] For

t he pL[ﬂp(s@]es Tife SOhdegpecingidnthtinen60 oNFighftel 1 8fabe Wnducted
i s_defined as inplantation

degr ee IantggloH
conduct & BRSHE R 48 Teate LY ssan igodimplanscranddmplanging 10

of about; 80, degr by 8RS fhrb oA Q4

to the s gped S|P§§% &? 158 OPH ﬁ% ‘tg%etﬁ CW]?BS? {%%gd?bmam

The 90 dé§rasenicnpisaref étlic?irtoza@@uoﬁ() kegumerclpireferbipef about 10

conduct | acin rate 110 in.,an.ion

i mpl ant gr V<’51Er31(¥dfd|D gﬁ’g Sh%wag BFtPEJt @Pgaf’(t% Eeifhaflt: P-type

ions t hrdaipgxhrstdmehtaﬁ BB, &&%ﬂiuﬁﬁ Qndiigh SUBEELRHEh | 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 irnplantcd. 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

18



110 at an energy of 1 keV to about 50 keV, nore
preferably of about 10 keV, to formp-type sidewall

and bottominplanted region 270. P-type dopants, such
we 2000081vgy beryl i um i ndi um or nagnesi um nmay, S2004/007510
enpl oyed for the straight inplant. The inplant dose in’
the p-type sidewall and bottom i nplanted region 270
(Figure 12) 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, nmultiple
i mpl ant g HEsiiS é]él’ngttBC Hdeveis 1t5l$ean|drhﬂttdr@ 169 of ke trench

p-type sigewa |- t ted re

PoobEy ARG R0 801 L o PRl g G R icar anc o
si dewal | ﬂanctnbbsmimﬂsllr&sl adt Bottdreqisons ddPeds&d.f or med

adj acent the thin insulating |ayer 154 of the trench

i sol at 5 1. filled with an oxi de

nat er | L(ﬂﬁzi 0&& }695{4%]%5 ‘ﬁ?lsdff’rtgg cuasother embodupens pfithe prssent
bot t om i inpérafvinetcs@gigOm WBHiGh pPiyeY hﬂ@ﬁalﬁirﬁﬁlm‘tc&’ ch%n 370 is
hook up %¥g|on for the p-type region 124 to

type | ay®Fmed0y spudacpstbosh an Hglcéwup}ahsw(mlﬁﬁgmcz]es and a 90
the for n@éétlgé’]ln{‘glarhrﬁé }%&g;é?% fht?le %I tg'lec\zll\t?%n 9@ photod_lodc

As a result of ‘'mnimz

20114/ osmglgmllwsw@@moﬁﬂaﬂcwmmqmgmms tp%u_gg ng

t he S|devvallsl8adbotto 159 of thetrench

i sol at i of"FER? %ﬁ?‘%@ﬁta bgenisadipg o Figvde 5. Figure

| eakage peafs fﬂ%xﬁ'}@ t n and
bottom 159 is decr eaés{ggl 5 F%gc? qg%grlgg&%iﬁaégo HHR% 00

i |1 ust r adegryeimpinutthgethersiodianengledimphat. pres &igled jon

i nvention accordi to [ -t si dewal | | ant ed
regi on 37 ?‘%tau?[b?g%ﬁn%%c%d:ﬂgﬁf%/ﬁ'@? IpRFRHOR A6 %ﬁgf:@lfc 14 may
i npl ant  86@oddulc@drae did}ibad dbavedich AGHERE: doRE ARt o (?J epond
(Figure 14) as part of the fabrication of a photodi

399 ( Fi gtifcerlgy embodinyings ro e proyeesideva i mplingert B:glon 370
16). Figyfg.d4- r e Qe $ NG ShLUct ur esc ¢
above | eggg%gﬁ gg\g{hgur g%nQ&ISt gure %‘ a5 $§g?}l‘b$n"q% o
Fi gure Sabdwievid’; atomst featrf| gokeprkferadlsof $5000a 31 9 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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degree inplant together with an angl ed i nplant. The
angled ion inplantation 160 and the 90 degree

i npl antation 260 of Figure 14 may be conducted as
WestrHibws® above with reference to the first aed 8eaAes1o
exenpl ary enbodi nents, to formp-type sidewall

i npl anted region 370 (Figure 12) with an inplant dose
within the range of about 3 x 1011 to about 3 x 1013
atons per cnR, nore preferably of about 1 x 101" atons

per cn2.  |f dESIFed mul t ;n‘gl ant.s y be used to

tailor t ﬁ§Ctptf N Sg?wntnh %mf ABPHRATEIWithaffaPasEY S Hes 40,

i mpl ant e ﬁﬁQé@%&?&rc{/@@ﬁ@hc%@né On blGerRIRY LPHR gates, are
enbodi mang t he sjdewall and bottom i nplanted reg| on

370 is fioFRedibychkanwnirrtheds n"Crmentianilyotasiey stthrimay be

of the ( rovi di.n

link up ags{ ﬂoo@o%f@gaﬁggmfagg%ng %o %?/?)%CF eYf 8Hg5132"4fl other

to the rﬁonypmdnayaethc];ﬂfbl aelt 180200, 306. FbiOxahle, the entire
rmation of trap sites al ong t he

m nimzing. the f
si dewal | ggi%ma%\ﬁﬁC‘Bvcﬁ‘f‘ido‘mﬁi%’a“}‘ﬁgea]laYN ok e-Lorsiliggn idigyide,
the for medG omsG ol #iftes Ligach ool A on.a0ds . ggégod |, ode

regi ons shown in the embodi nents gur es Bgrgle
13 and Jongst 80kes, Whltieancehm mcughzzl:elvcb(pemldé codigetPtoitle reset

sensor ceII 100, 200, 0 including the reset
transi store > tangfer atc@%df) clré’%hgitftéﬁg?@feérasa‘??ﬂd?%w 19

WO 2004/ @8&3&&&0%@5@1@ %cﬁm%gduég}s%ﬁ ih§1SEs%h Yher circuit
shown in Figure 1 as associated with respective gates

40, 50 SEWETEEs BAYaled be sisddedntereangicortbe swuaitdsef the pixel
sides of, the gptes, are formed by well-known nethods.
Conventional processing steps may be also enployed to
formcontacts and wiring to connect gate |ines and

ot her [096Rhech inmisl procedser tpisee byscmh,| Wil incAHds 2 8MOS image

o e L0EHLTE SMLLORE L8 Rl 1 R
PSG, or Epsﬁpl&\i’ﬁss@" blsed MreliaBaimpiay -8R gys%lﬁ IB@Qné ‘alogltal

provi de _contact holes, which are then netallized
provi de dirshits Mhichiouldiiaclude GMOS | 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 communicatés .with an input/output (1/0) 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 2 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
20



gate, transfer gate and other pixel gate structures,

as needed. Conventional nultiple |ayers of conductors
and insulators to other circuit structures may al so

Ve 0881489 | nt er connect the structures-of thepda®bosnorsio

sensor cell. [0065] A typical processor based system
whi ch includes a CMOS i nage sensor according to the
invention is illustrated generally at 642 in Figure

17. A processor based systemis exenplary of a system
having digital circuits L ch coul d include_ CMOS
i mge s eﬂ%o?oﬁmwcﬁ%mf it g’% 84?‘ P?‘ﬁrttﬂﬁ §us 89 hltamayalsehs

coul d i nidsi#sife 8o GRERYESNE PYSLRR 662MBLEDS }/Iﬁcjtgee\r;glcgseoé 642 and

scanner, nmachine vision, vehicle navigation,
phone, sBEMEN ¢4hee a singlt Korchigut o f ocus system star
tracker system notion detection system inmage

t abi | g ' [ t .
For - i SRS dor R Aot SRR ® Ret fflfea wien
utilize refeeqpeaseht farmagot io6n p-1-ph6lodlody, @6ES&Ghe Ip-n—p
based tem, t t f e
Gener I EBERY 05" BTSSRI bt iy s
644, f Or . RNEITRIE imPlanfldCh gh%ﬁ%?%?b; 3*&@)&m@8%§éﬁ§%§%ght

with an input/output 1107 device 646 over a
The CMOSH meqebisenenpf angetDam smighnimphincaicasilony the sidewalls

the systemov bus .652, . The. conputer system 600 al so
i ncl udesmrgr%%d%%ogécuecsné:h rlf%’p v - It é%éf Lﬁﬁﬂgcrfﬁ?oflﬁléat the

case of avenHpLs abt Lisyis URBYmbBEInde. ReEd khe inven
devi ces such as a floppy disk drive 654, anrghl%gﬁ € wmvention

conpact RRssRuzEDPLROWH ¢ per-8 Photydiedds|cagiprisipgmnyn-yae sdewall
657 whic . 1989 PCT/ US2004/ 007510 al so
comuni cg}deg%xééﬁlé%%%é%iég%@ rfg’f[ﬂ% ngnégcg.m?’tggﬁﬁgla al so

be desicabbigatien bhirgedirel drhezhRiOERARRINGRhg EMBewalls of a
i mage sensqQr 642 ﬁnd menory 648 on a si\r;g)le IC chip.
[0067] APRHBVIGHRER&SORNGPdcERBo (iROHFS, thsdoppRieand conductivity

descri begpwiok Bl st @dr8FSHEE clihet Q@ch%gB{ W 8L vdnfle kol

phot odi ode, such as the p-n-p
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 Substratc. 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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phot odi ode 199, 299, 399 (Figures 10, 13, 16) having a
p-type sidewall and bottominplanted region 170, 270,
370 fornmed by angled, straight or a conbination of
wogoehsausgl strai ght i nplantation along the sigdqWabhéosnorsio
and bottomof a trench isolation region, it nust be .
understood that the inventionis not limted to this
enbodi ment. Accordingly, the invention has equa
applicability to n-p-n photodi odes conprising an

n-type sidewal | and bottominplanted region formed by
ang ed[,OOQgT ai ot abere descepien and dervings anghlydodsdonsidered
strai ght, Rk j ' | ls.of

hat | ow TrReRe pELl-abiah by B i e Fappennd
and condayentegdsyof theyingemioral Moslificatidon 6@s subistitutieRd i ecific

accordi ngl with.the transfer gate corresponding to

2 PVOS. (RIS SRR e Pt e A RO GisPURE Fom the
i nvent i opidiasdiesst saacidveaaoN ki G
fornatigﬁqu on%?ﬁbne trenchoisolg??%%ﬁﬁggﬁgﬁ&%g%ﬁgPﬁanlx
i nvent i gienaidstsd@e heisgpimitesisbyt the fowgnintzi descriphioa and drawings,

mul titu h.trenc i sal atjon regions. | ocated at
vari ous dﬁggé?ilg r?%m%cﬁi q}yhtglc §iﬂ?s°tcgl§il)ee ?PRE—&&W? gf‘“:ms' and as
not ed above, although the invention has been descri bed
above with reference to a transfer gate of a transfer
transistor for use in a four- transistor (4T) pixe
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 transistor and associated gate,
and the coupling of the n regions of the photodi ode
and the floating diffusion regions through an overl ap
of the two or an n region bridging the two, which is
well known in the art. A 5T cell differs fromthe 4T
cell by the addition of a shutter transistor or a
CMOS photogate transistor. 21 WO 2904/ 081989

PCT/ US2004/ 007510 [0069] The above descri ption and
drawi ngs are only to be considered illustrative of
exenpl ary enbodi nents, which achieve the features and
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advant ages of the invention. Modification and
substitutions to specific process conditions and
structures can be nmade wi thout departing fromthe LLOYD WISE
spirit and scope of the invention. Accordingly, the
invention is not to be considered as being Iimted by
the foregoing description and drawi ngs, but is only
limted by the scope of thecappgended clainms. 22 LLOYD
WSE CLAIMS 1. Atrench isolation structure,

CONPr iASIr&bh | i [W'o} .al formed in a

substrate. tlsoelﬁﬂcl:ﬁ{; 9‘%&%’3{%?{‘%@ Tayer disposed in

cont agts;: Wi .extendi.ng along, sidewalls 5 and a
botto%tdé%(ggf (Taa g% éaﬁ)é% e%cln%a?lé’ﬂr%fe-;trea an i npl ant ed

regi on_of pants of a first conductivity type in '
cont aét i aﬁ‘,“g Apr dispeesidnrenzace With. andiextendisg ahuhgasidewalls
bo(at om of said insulating |ayer, said inplanted region

BR? A §otiemiah spididicleesric aratenlt And doped regi on of said
first conductivity type of an electrical device. 10 2.

The t refoplansdragionnf siganttof £fiat celdicAvily tWEH%bRact with. and
said electrical device is a CMXS imger. 3. The ’

txendifg iaf@lgadii Onalsd &icd bt or chidi; : i p.sald :
el ectrical gevi ce-is part ﬁjrngfgélgéﬁu%artrglggg&l@a@ﬁ@plmted region
bE; j i f clai wherein said
D it Sl oPhE ¥ bbaErebiorf ot Bt SORIBHRES P
L:%g taf QR structure of claim4, wherein said :
photosensor'is a photodiode. 6. The trench isolation
trucrggre of claim4, wherein said photosensor is a
hot od8R#GBEbIsOlasign strugthes ofr elpiah 1 wiktrain said siecmichldevice is a
of claim4, wherein said photosensor is a photo gate.
CMOS imager. - '

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

ofa CCD imager.

4, The trench isolation structure of claim 1, whérein said elcctxjical device is a
photosensor.

3. The trench isolation structure of claim 4, wherein said photosensor is a
phdtodiode..

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

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

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

thickness of about 10 to about 1,500 Angstroms.-

%}
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8. The trench isolation structure of claim1l1, wherein
said inplanted region has a thickness of about 10 to
about 1,500 Angstronms. 23 LLOYD WSE 9. The trench LLOYDWiSE
i solation structure of claim1l, wherein said inplanted
region is doped with a p-type dopant at an inpl ant
dose of fromabout 3 x 1011 to about 3 x 1013 atons

r cnihe.trehOh 1§Ultﬁldnr§ﬁ1% n ] I laim .
@e hlré gpkﬁtﬂ'}q \@l%éédl?gﬁgqlf%ﬁaniﬁ?g]on 18

9, wherein said inplant dose is of

HoPE®B WG t. gheolation. str e of .
cl g_l mwﬁm a\/\%%eldr]?%g%ﬁ EI(;%lnslo | t SRSt P ApaY "am tg@bout 3 x 10"

%tt&l\lﬂ/\ié re.e 12. The trench |soI ation structure of claim
feéih said isolation structure is a LOCOS

Styuctyre. 10.13. A nmethod of processing an isolation

r'gi o eéfﬁ’i‘ﬁ? |1%ql%ﬂjmtﬂl"i’élc§tre9§ clatm 9, brerdimgaidtimipeas tio@nie of about
trencl; in a substrate; formng a dielectric materi al
vii ¥ h9'A atomscparcarich:  conducting an angl ed i npl ant
t hrough said at |east one trench and into said
dubst rRhieerenoh fiiatioansthudplre bt edich @ ' i
trench and adjacent at |east a 1592?132&\??/2;%%%%@%%%8“““6 15 an
t9TeRehctuiai d i npl anted region being in contact. with
said dielectric material; and providing an el ectri cal

evi c j I rt f an er, pi xel id .
gl ect ?flhc e%g%é%l%go i r?tur ﬂ% gP ﬂP c?’hﬂeﬂ%s‘gg jigplation structure is a
%BF d re ion. 14. The met hod of claim 13, wherein
ﬁﬁl‘ f%d region is formed to a 20 thickness of
out 10 to about 1,500 Angstroms. 15. The net hod of
c1| ai mA Bethgdeqtairacessing aangplator Teglcan comprisingdhe tteps of:
an incidence angle with a surface of said substrate.
16. THermivg hoikast orel teérech 152 suberaed;n sai d i nci dence
angle with said surface of said substrate is of about
10 t o fedwainp aIficldergicasserial 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 1s of about 10 to about 30 degrees.
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24 LLOYD WSE | T The nethod of claim 16, wherein said
i nci dence angle further fornms with said sidewalls of
said trench an angl e of about 90 degrees. 18. The

met hod of claim 15, wherein said incidence angle with
said surface of said substrate is about ninety
degrees. 5 19. The nethod of claim 15, wherein said
angl edhé wkasH ofl GaikOTE %@k?&n%&id@ﬂciﬂé’r&%’g&?ﬁﬁfﬁrﬂtgn bEns with said

with a surface of said substrate o

gﬁ%@l@éof%gﬁit?éncﬁ%g%g\%%faggut éolet 30 degrees. 20. The

nmet hod of clalm erern sal %’r?f‘ﬁi anted region is

fermed. on bottom and . sidewal | s of said at |east one
¢ ?‘enc%.h ¢ Wkﬂffit Ofr'lglln%mhﬁ’ ROEIER salddppidenpe apglerwitinsaidisarface of said

i npl anted region is inplanted with an inplant dose

FRASHA 13 RROYE BHYEY 6¢2TE9% m about 3 x 1011 to about 3 Xx

1013 atonms per cm. 22. The nethod of claim 13,

Wher eilhe swithibdedfendaini talwldesin ceidi shghid iPBGETs codductdd§t an

met hod of claim 13, wherein said electrical device is
ancldente anmAgetith a stdfacd BEsA® e a0f LR |

said electrical device is a CCD i%gP%ﬁ%%d%%E% of about 10
eidRe30flegbal m 13, wherein said el ectrical device is

a photosensor. 26. The nethod of claim 13, wherein

i d | ot odi ode. 27. The net hod of
e i3 R il P MR B S8 a P rtediregion 1 formed on bottom and
hot oconductor,. 28. The nmethod of claim 13, wherein
g@?‘&%@%&%ﬂéﬁm pRre gerﬁ_ﬁot ogate. 29. A nethod of
formng a photodi ode for a pixel sensor cell, said
Akt hod e xEpthashgfralaim s, ttheren episl ivtplartal ekiog igtmplemsd with an
one isolation region in a substrate; formng an -

implasindosel withih tire rangeasfeiim abolhteRs 04 t6 bsknaly 1 ©? at%ﬁ{sg)er cm’.
at least one isolation region; formng a first dope

Layer Tt neetHdd sftclgionmB) Gitieydih ¥ald e trh i e
55" LLOYD W SE c e¥dih ¥aidVeh tridh] A&tk ﬁ%sﬂx{ag&.

LLOYD wisSE

23. ' The method of claim 13, wherein said 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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form ng a doped region of a second conductivity type
in said first doped |layer; and formng a second doped
| ayer of said first conductivity type in-said LLOYD wis
substrate, said second doped | ayer being in contact E
with at |east a portion of said inplanted region. 5
30. gge met hod of claim29, wherein said inplanted
r egi ormmgfaotaped repiohof 4 eRLADGonGiGOWAS (9493 .
| east one isolation region. 31. The %gpkgéﬂg?agkgf%&mjmyﬂ’
29 wherein said inplanted region is inplanted with a
p- type dopant at an inplant dose within the range of
from \ 1 3 0 .atons per. cni. 10 _
32. Tiﬁg% taﬁsggorgod?do@}egilﬁ‘wgg& sBAdy %ti cendugtiyity pesnaid substrate, said
' LS forned t.o a thickpes of about 10 to about

[ié?cgh(g H%#r)]eéi Slta}/eor Cinggy copfagt ‘ﬁgg%geagfa RATHPHP DDA hplpeted region.
2@id ?gt of formng said inplanted region further

npr i S TGhAS ArtaimRS. arhsreim saidiioptantestregion duforinéd b bottom and
type at an incidence angle wth said substrate. 15
SdewFlireofrpaidhal deast ored iadlati@Pre gidrer ei n sai d i nci dence
angle is different than a ninety -degree angle. 35.
The nE@hbacktiedd oflckdim B4 wheheh 8hid i8Rl iddekdes -
is of about 10 to about 30 degrggggkgggggﬁggﬁ%ﬁﬂg%§gphap'

G5y CpTR AR ARG PRE Tk A0 Bl 10

hdfsdepeg2angl e is of about 10 to about 30 degrees
angkg} g@out ninety degrees. 38. The nethod of claim

, rein sai d photodi ode is a p-n-p photodi ode.
g%. VTJ&ES Frsthioce! i 25 H{bSTPIn Gpe impkentedi reziph ot fodinedie @ thickness
an n-p-n photodi ode. 26 LLOYD WSE 40. A nethod of

Ph#lpund0 i ghowt b,5pRdingsironie for a CMOS i nagi ng devi ce,
said nmethod conprising the steps of: formng at | east
ohe t Tonotetiaiolfatdmrd; ediersin saidacssd forting $6@SpRintsd region

further comprises implanting ions of said first conductivity type at an incidence angle

with said substrate.

34, The meth_od 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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‘bei ng

formng a doped region in contact with at |least a
sidewal | of said at |least one 5 trench isolation
region by inplanting p-type ions at an incidence angl

‘with said silicon substrate, with an inplant dose ELOYDW'SE

within the range of fromabout 3 x 10 to about ‘3 X

- 1013 atons per cn®; and providing a p-n-p photodi ode

6. cont methodiof Forseih g a @OPEShbREI R for £#EM hod,i0f <.
clai m40 further conpris?%g t he stg%sé%?ébiwgs%FﬁgW§Q§am

nidtisdd RmiptRfAAPSdpt gver in said silicon substrate;
formng an n-type dopéd region in said first p-type

doped ; f orni ng. econd p-type doped | ayer
P e hE 2 B oh S L RaREC Bl o Sairete

n-type doped regjon, said second p-type doped | ayer

%‘i)rﬂ“ %F‘nda%‘?d TREtoR 1acontagkwithat lgest pistdevall]l fahid at least one
doped region. 15 42. The nmethod of claim40, wherein
§aneh glpean reeigh dry implantngpdyprionbiat dadhtiasncandgle with said silicon
sidewal | s of said at |east one trench isol ation

selgirety, wild an Thelaneddse drithin Bk airiPe 49 frowh sk B xSAY! dtoda%B?td_% x 107
region is fornmed to a thickness of about 10 to abou
hofibefogsSidn@ns. 44. The nmethod of claim40, wherein

sai d doped region is doped with boron. 20 45. The

i 1 or SRR o BEIEE 8 oDt T T A edidioket noc
B 1 o HRBUrol Y i 4E B SO R kR GEPRo e ai m 40,
wherei n said _incidence angle is a ninety degree angle.
27 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 déped layer and aone
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 43, wherein said incidence angle is of about 1..0 to about 30
degrees.
47. The method of claim 40, wherein said incidence angle 1s a ninety degree angle.

27



