27 March 2007 1 GROUNDED GATE AND | SOLATI ON

TECHNI QUES FOR REDUCI NG DARK CURRENT I N CMOS | MAGE
SENSORS FI ELD OF THE | NVENTI ON [ 0001] The present
invention relates generally to sem conduct or devbfﬁémh2007
and nore particularly, to trench isolation technol ogy

for use in sem conductor devices, including CMOS

i mage sensors. BACKGROUND GF THE | NVENTI ON [0002] In
silicon integrated circuit (1C) fabrication, it is

often necessary to isolate sem conductor devices

formed in the substrate. This is true for many

sem conduct or nenory devices, for exanple, DRAM fl ash

me GRQUNIDAD GATE AND 080EATTION DHFCHNIQWES FORKREDUCING
i ndi vidual pixels of a CMOS inmmge sensor also need to

be i sol at ed PASK EZERRENEIN ¢ IMAGR/SENSRBS

sensor circuit includes a focal plane array of pixel
cells, each one of the cells including a photogate,

phot oconduct or, ORIy O PHE DOVENTDIONG a charge

accunul ation region within a substrate for

accunul ati ng photo- generated charge. Each pixel cell

may [opoiljide a MHedR&kst iAventiOh rélhROSEREY Y sGRRESrctdrd@bikes,
the charge accumul ation region to a floating diffusion
nc@é merg Particrlap totteanch isplgnon gashnelpgyforivee i sefirondnctor
naode: t.o: i ned charge level prior to charge
t%%ﬁg%EFgﬁgéﬁgékgﬁg%a%?S%EPP'nay al so include a source
follower transistor for receiving and, anplifying

charge fromthe diffusion node and an access

transi stor forBACEGROUNBJIOF FHEJMNVENTION he cel |
contents fromthe source follower transistor. [0004]

In a CMOS i mage sensor, the active elenents of a pixe

cel | [00881 f or mle mlicemiptsgzaed cifauitdIChfabrioftion( it s qftrotreressary to

t copversion: {2) ..accunyl ation,of. i mage
R0 SONNE s ot AR TRl RS maoy
disthi¢ohdittiogemds; dces) R dmpRCDRAN MRS r¥ndH FRIEM,
anplification; % ) resetting ?he floating diffusion
néeropgpegssors, DSP dnd ASIC. 'The individual pixels of a CMOS image sensor

also need to be isolated from each other.

[0003] A CMOS image sensor circuit includes a focal plane array of pixel
cells, each one of the cells including a photogate, photoconductor, or photodiode
overlying a charge accumulation region within a substrate for accumulating photo-
generated charge. Each pixel cell may include a transistor for transferring charge
from the charge accumulation region to a floating diffusion node and a transistor,
for resetting the diffusion node to a predetermined charge level prior to charge
transference.- The pixel cell may also include a source follower transistor for
receiving and. amplifying charge from the diffusion node and an access transistor for

controlling the readout of the cell contents from the source follower transistor.

[0004] In a CMOS image sensor, 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 the floating diffusion node



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

sel ection of a pixel for readout; and (6) output and
anplification of a signal representing pixel charge
fromthe floating diffusion node. Photo charge BBy 2007
anplified when it noves fromthe initial charge

accunul ation region to the floating diffusion node.

The charge at the floating diffusion node is

typically converted to a pixel output voltage by a

source follower output transistor. The photosensitive
eheqcvmptamod bp cltvgSaimphifiratiemr{dpresetfing elle ficutiby difigidnihode to a

h ted t d field
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phot osensitive device nay d
pllsasing didfesiont novy. i Fhotie tlecgd may bd amphﬁcdp#mmmbycst&ten the

13 |xe cross-talk. Ther
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Ni xon et al "256.ti mes. 256 CMOS Active Pixel Sen
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trepch isolation (STlI) is one technique, which can be
usetP0054 | SOIW@Splmaét scnseteof thesymr dissussediaboye dre genepally
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phm Sesor @achesl- @@hr@tﬁpl" IEBBTbL&hI &%uamate%ﬁaﬁa%l 31(12),
S, .devices, or circuitry. Refilled trench

S ae%@ 2030 (}9576); aydeiigndis ctale "EMGE Actixe RixeHimage Sensors,”
tI‘E@EOfraE%c@?I%réﬁ EE&&&{ kc% ‘95 9 (?5 r et4%5 125& e also

and then f i vv|t a tdie ec - S0eh

ddénPataht Nap @ﬁr,l ﬁemmmzom wititH desembopprdtids of
(Si f{ﬁlgeﬁl led trench_ is then planarized by an

SPRYE ge scnsors, the contents of which are incorporated herein
by reference.
[0006] Shallow trench isolation (STI) is one technique, which can be used

to isolate pixels, devices or circuitry from one another. In general, a trench is etched
into the substrate and filled with a dielectric to provide a physical and electrical
barrier between adjacent pixels, devices, or circuitry. Refilled trench structures, for
example, are formed by etching a trench by a dry anisotropic or other ctchiné
process and then filling it with a dielectric such as a chemical vapor deposited (CVD)
silicon dioxide ($i0,). The filled trench is then planarized by an etch-back process
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2 3 27 March 2007 so that the dielectric remains only
in the trench and its top surface remains level with .
that of the silicon substrate. The depth of a shall ow
trench is generally fromapout 2000 to about 2568 march 2007
Angstronms. [0007] One drawback associ ated with shall ow
trench isolation in the case of CMOS i nage sensors is

cross-talk froma photon inpinging on a particul ar
pi xel of a photosensitive device causing charges that

soehatdhé amwmhbsn@helm@mwm é@k&fﬂ)ae majns level with

structure to an adj acent pi xel. Anot
siican substratel aThodcpdaa;farshaﬂwgrdihhls : &an about

elatively small since it is I'im ted by

Zbﬁ@“%éﬁ? éﬁbéqH¥¥9ﬁwlom1trenches [ 0008] To enhance
the isolation further, ions can be inplanted in the
sillion substrate in the area directly beneath the

t r en¢$P0 ﬂ-lovveQé? drayvhaek agsacikted amittodiatibedrentch ksol:idn in the case
for
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rticu
ehalhowtlrmohdges of the trench current | eakage can

occur at the junction between the active device
r ons and_the trench. [0009] In addition to the
nent | &8 é@haﬂmmu@mﬁlrdm;mmbcmplantcdmthc

sll@ﬁﬁﬁ%graa}ﬁﬂ_ﬁg&% @%ﬁaaﬁt!he trgnch Si devval I Sﬂb?ﬁk
e Vi ioh APl S B0 E0y %ﬁit@mk ins.

conpared to

Nag etrad, éCom[mativde\mrIﬁamrb -BHEDicléctAcsint S1EalldR Trench
gate’

'@%}h%@gonds or broken bonds:-can exist at the
BC@? -2aemumeTechaologies, TREEJRIM, ppd 841844 (1996), is

msu%f;gﬁ%aébﬁ”a &ag‘éerfgce an /or tEe trench oo

émﬁml Wik 14 Ak Rl ted 1R H0E Bubsth) gé agid h}@l‘t .-f%-.s of the trench,

el ectrons and ho becone trappe
bgkagcmnocauatthc]nncuonbctwccnthcacuvcdmccreglonsandthc

trench.

[0009] In addition to the above-mentioned drawbacks the dominant
crystallographic plancs along the trench sidewalis, which have a higher silicon
| density, create ahlghcrdcnsxtyoftrap sites along the trench sidewalls compared to
silicon/gate oxide interface of a transistor at the silicon syrface. Trap sites on
dangling bonds or broken bonds can exist at the gate electrode/oxide interface, in
the bulk oxide film, the oxide substmt:c interface, and/or the trench
msulauon/ active layer mmrfacc The trap sites are normally uncharged but become
energetic ‘when electrons and holes become trapped in.the trap sites. Highly
encrgetic electrons orholcsarccallcdhotcamcrs Trapped hot carriers can - .
contribute to the fixed charge of the device and change the threshold voltage and




energetic electrons or holes are called hot carriers.
Trapped hot carriers can contribute to the fixed

charge of the device and change the threshold voltage

and 27 March 2007 other electrical characteristifgs,9fn 2007
the device. As a result of these trap sites forned

al ong the trench sidewalls, current generation near

and along the trench sidewalls can be very high.
Generation current fromtrap sites inside or near the
phot odi ode depletion region contributes to the total
dartherclacrial chaMcreiristicaiofl ghetbavice.C A b edsltiofl thesé rap sites formed

phot odi ode i.s.inportant in CMJS i nage ,senso i

£ A5BCHE FEch 11%‘?8‘ » CRECR SmAGHYD DF4r and 2l the rpach gedewalls
Pregy| ighS O @k Rt ' oL .
oo b0 e BighE NIk R SRR U ap s NGY Ghhar the photodiode
ordeplgtior regidrectngleutesto the edtalaturlpogsin] dinintizing datksaurrent in

desirabl e to.provide .an..isgl.ation technique while

| s RAEPiges sPRrabi A AN iBRes Bgr s EEeRNt a pi xel

i sol ation region. BRIEF SUMVARY OF THE | NVENTI ON

[ 00YDP10h oneAasddigly, itheddsidnid Havide Ay isdBSioadRechnique that

i sol ation gate formed over an isolation trench forned
i PrERnG sragetadle heyeen pisels hile radyingidack gwgrenher aurnat keakage as

a ' l; ench: . LdLRg. | mpLoved
TR R i Rl e KRR B TR
t lrecréasing nthioknacpumulades ragiatdificend epikéldsila@pni sgbat i on
gate formed over a substantial portion of an
isolation trench fornmed in an i mage sensor substrate

and forned s ﬂﬁp' j i of a

phot osensi ti \l#; r egsgwwﬁnggféﬁ ﬁggﬁﬁsﬁ’?h& el forned

in the substrate. [0012] In yet another aspect, the

i nv ' pr oyi tRUGC 4 j '

2" sdOPLER Dot O uPed hGihlo Blordef ) Bblalds BhETSipled over
c andbobxtibn erencnfoemied in a0 Bemgr Sibstrare fod ifisiithie Bulbdirate at
active layer.of a substrate to isolate adjacent i

r &R el pshe sesach 1p provding improvedrsolatian ke teran; adjpgent pixels.
TRY 2 DEHEORE  Whi thvRadi 3 Lisbled

o PR ol Bl oG- ARARL Al Y e
c onetacbstentiahpomionalf an ¢oltiah nfench Kirlnied dnam mdgedensor substrate
pol ysilicon and,siligon-gernani u In a further, )
aéﬁ%iqr{ncﬁ REETCYRAIR P SHPSpREg Rsecorn hphRgosenitiuntegion of an image
agdrAsE kel Fknielih Ve LB¥@4eOf @ substrate, growing an
epitaxial layer to partially fill the trench and

depasiting an
[0012] In yet another aspect, the invention provides a structure for
isolating areas in a semiconductor device having a trench filled with a conductive
material containing silicon formed in an active layer of a substrate to isolate adjacent
regions. The conductive material containing silicon may be doped with n-type or p-
type dopants prior to or after deposition of the material. Preferred conductive
materials containing silicon include polysilicon and silicon-germanium. In a further

aspect, the invention provides forming a trench adjacent an active layer of a

substrate, growing an epitaxial layer to partially fill the trench and depositing an

insulating material over the epitaxial layer and within the trench to completely fill
the trench.




insulating material over the epitaxial |ayer and

within the trench to conpletely fill the trench. 4 27
March 2007 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0013]

These and other features and advantages of the o7 march 2007

invention will be nore apparent fromthe foll ow ng
detail ed description that is provided in connection
with the acconpanying drawings and illustrate

exenpl ary enbodi nents of the invention, in which:
[0014] FIG 1A is a top plan view of an exenplary CMOS

i mge sensor BRIFRPESCRIPTION OH THELDRAWINGS
di agrammatic side sectional view of the FIG 1A imge

t ak | K B- 1B; 16] FIG 2A
e B0 o AnEbrek &S Prr Rl o g actasien pr e agirrion FAl be
Wok [ I . o ' £ ot .
vanipo e folhS fold by AEIR Rtche BN A T Blovfied i fonnection
sWEh thacompanying drawingsh@l ilpgrate recgEpl g radbodfmagseithe

t . Al ine 2B-2B; [0018] FIG 3Ais a top plan
PR, e

i mge sensor fragnment showi ng a 2x2
pi xel layout in accordance with another exenplary
enbd@@ifdnt of FIG. A4 is nvenplawvicw[cdad Qenpléry GROSSImAge sensor
d}rg rartr,rrati c side sectional view of the FIG 3A 1 nmage
sé ?n‘fragment taken along line 3B-3B; [0020] FIG 4
is a representative pixel layout showing a 1 x 1 pixel

| ay paa15]accorEid)gBtioa anRRRM TRR e @ontiNged: BYﬁEtﬁI@P 1A

[0021] FIG 5 is a diagrammatic side sectional view of
ATERERS ISl maens iaksp aongdime AB-Hhowi ng a trench in
process in accordance with another enbodi nent of the

| NVEOBIEIN: S FIG. 24 is a top plan view of a CMOS image sensor fragment in

accordance with a first exemplary embodiment of the invention;

[0017] FIG. 2B is a diagrammatic side sectional view of the FIG. 2A
image sensor fragment taken along line 2B-2B;

[0018] FIG. 3A is a top plan view of a CMOS image sensor fragment

showing a 2x2 pixel layout in accordance with another exemplary embodiment of

the invention;

(0019} FIG. 3B is a diagrammatic side sectional view of the FIG. 3A
image sensor fragment taken along line 3B-3B;

[0020] FIG. 4 is a representative pixel layout showing a 1 x 1 pixel layout

according to an embodiment of the invention;

[002]1] FIG. § is a diagrammatic side sectional view of a CMOS image

sensor fragment showing a trench in process in accordance with another

embodiment of the invention;




6 27 March 2007 [0022] FIG 6 is a diagrammtic side
sectional view of a CMOS i nage sensor fragnent show ng

a trench at a processing step subsequent to that shown

in FIGS5; [0023] FIG 7 ig a diagrammatic side 57 parch2007
sectional view ofa CMOS i mage sensor fragment show ng

a trench at a processing step subsequent to that shown

in FIG 6; [0024] FIG 8 is adiagrammtic si de
ensor fragnment

: I . ; TS
:ﬁgw a trofddt: G4 aic'?”xé? s idegegiions] B%%?MQS image
Sembma@ﬂ@m@hdnﬂmg%' thenck; at b QRe gwosisn%s@bep ghﬂs oelﬂﬁlas’ﬁg%'

ide sectional view ofa ragrrent
I ﬁcorporatl ng the trench of FIGS 7 and 8 [ 0026]
FIG 10 is a diagranmmatic side sectional view of a
CMOS i mage sensor fragnment showing a trench in
process in accordance with anot her exerrpl ary

efop2d] ment t g3
a dlﬁggrarrrraﬂ% *s]lfsde sg&%a Vi ew 0 éé[ﬁ': %&é&mgc
gmicnt showing shwendhoata mimgaﬁcgﬁ Ghit $own i
Flgggsequent to tﬁat shown |ﬂr'1 FIG 1 [8958] FIG 12 n

a diagranmatic side sectional view ofa CMOS i nage
sensor fragnment showi ng a trench at a processing step
subs t to t QM%' ;

i's a % ramm??%’ 83%3i h@maﬁggd\??sécﬁc{o? b ﬂa‘@n%%% Hmage
se&@cﬁ':‘fﬁ{gtﬁdnaglﬁmmhg ahmntingt Eprocessimy skip sbprquentstoithay showpin
subsequent to that shown in FIG 12; 27 March 2007
F][QL; 30] FIG 14 is a diagrammtic side sectional view

of a CMOS i mage sensor fragnent showi ng a trench at a

in equent to ,that shown in_ FIG 13;
Qb&ﬁngI gﬁbeglg cﬁag%lélmmaucsx secngnalucvlv of 2 CMOS image
sensor fragnient i mcorpomung the ttcnch of FIGS 7 and 8;

[0026] FIG.10isa dlagrammanc side sectional view of 2 CMOS i image
sensor fragment showing a trench in process m accordance with another exemplary
embodiment of the present invention;

[0027] - FIG: 11 is a diagrammatic side sectional vicw of a CMOS image
sensor fragment showing a trenich at a processing step subscquent to that shown in
FIG. 10; |

[0028]  FIG. 12 isa diagrammatic side scctional view of a CMOS image
sensor fragment showing a trench at a proccssmg step subscqucnt to that shown in
FIG. 11;

[0029]  FIG.13isa diagrammatic side sectional view of a CMOS image
sensor fragment shiowing a trench at a processing step subscquent to that shown in
FIG. 12;




[0031] FIG 15 is a diagrammatic side sectional view

of a CMOS i mage sensor fragnent show ng a trench in
process in accordance with yet another exenplary

enbodi nent of the present invention at a processi

step subsequent to that shown in FIG 13; [003>2]2r}|%flaéch2007
16 is a diagrammatic side sectional view of a CMOS

i mmge sensor fragnent incorporating the trench of

FIG 15; [0033] FIG 17 is a diagrammtic side

sectional view of a CMOS i mage sensor fragnent

i ncdPPRlat i ngFIGiel 4 is e digranim#HcGidels6ricaativié® 884 LMOSimage
1§ﬂnis§r schenpati.c di agram of a processor system )
i hEoP D OTERYGH, Jhovng Rersiich af aebroessaing step pralseqrens B that shown in
agrermnce with the invention. DETAI LED DESCRI PTI ON CF
THE I NVENTI ON [0035] In the follow ng detail ed
description, reference is made .to the acconpanying

dr a&ﬁﬁ%& whi B 118 diagrammatis sisiefsectional view ohii EMOS image
S o rat | .of specific,enbodi pents
RN B shobing b e DBHAN R et R Wihep odhe
esnsohlare nbodinend efthicippaeht ilventibh hed PRicedBEadttp bbsequent to
enabl.e thosE§ Slil Iled in the art to practice the
i'ﬁ%ﬂﬁ“@rﬁl fdlft is to be understood that other

enbodi nrents may be wutilized, and that structural,

| ogieed2]and efres: tbiis flliaglamney 51%%%; ' -
depgrti r:1lg fromthe sﬁhralt angégigg%%éagP the %\f;éegen § image
i {§heHiagRent Dogwprating thewensh'of&I6r 15;and " subst r at e"

are to be understood as including silicon,

Si | jeg@zion- | ; r.SLlicon-on-s ' .
(S(%) t] echng]q ?gg?%d%%gé ar’ﬁgﬁﬁl IO Oggrﬁcgo%oo{@#ﬁ%fﬂmge
ephtoafiagincheineopontingithd eah «FFPEOI4;ddby a base

sem conduct or foundati on, and ot her sem conduct or

str es. 7 rch, 2007 , Furthernore, when ]
ot [UICS:  BrGh YR Endptic dgrn O e apiseisat §etemninpiporating

fOCMDE D@agcdOSOF tdtistrQfted B S¢bRAMAINRE BRSnwnfBE, MY
have been utilized to formregions or junctions in

t he base semiconductor structure or foundation. In

G con PRERLBRDESRRIERRONOHIEY mFEnron

silicon-gernmani um

[0035] In the following detailed description, reference is made to the
accompanying drawings, which form a part hereof, and in which is shown by way, of
illustration of specific embodiments in which the invention may be practiced. These
embodiments are described in sufficient detail to enable those skilled in the art to
practice the invention, and it is to be understood that other embodiments may be
utilized, and that structural, logical and electrical changes may be made without

departing from the spirit and scope of the present invention.

[0036] The terms "wafer" and "substrate" are to be understood as
- including silicon, 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,



germani um or galliumarsenide. [0037] The term

"pixel" refers to a picture elenent unit cell

containing a photosensor and transistors for

converting el ectromagnetic radiation to an el ectrifgh..p 2007

signal . For purposes of illustration, a representative
pixel is illustrated in the figures and description
herein, and typically fabrication of all pixels in an
i mge sensor will proceed sinultaneously in a simlar

fashi on. [0038] Applicants propose several isolation

t demhcrmers, Wbcm sediftramce ismmedestood "waferTios ORHIEHR! idlENi ERSwing

ar}%&aﬂ n _exe enbodi ments, mnim_ze dark current
SUBpr R O‘F REGRSIERNPAREVE heenvemlized e formangions or

aguiteions 6d Hagl Oilidbhiilect CAIRRE 8: Al Indiakflion] fhe

better illustrate these techniques,

dégricppducser wiedant besibenm basyd, BMDColdbg dasd Reailicph e bmanium,

[ b first wi.th reference to FIGS. 1A and 1B.

H%\%g]g%(rﬂrh ?‘d%af%lﬁ?&rsﬁléldﬁot ed that the invention is not

limted to CMOS inage sensors and may be used in any

sui t[@BBE] devi The tdror " piveiielees ot BN clbhasthunid ®IRbYrining a
DSP or ASIC. [0039] Referring

R&PI\% oce ssor
n8 °8°DI§P ‘I%s’éﬁﬂs f:LE’BCOIH’cét@rE destiomagoetiopadiation to an electrical

f GigHdTe o

fo%? t rmgﬁs?rsptégers g Pl x engaéﬁ E’/maése@Psé‘Wﬁetde’B thg figures

r af b desadptionneeial a.tikﬂ:ypllc:silysﬂiblmnoxl bf dhgikdlPinkg ﬁﬁ%@&nsor will
%Ie FIGS. .1A-1 w the use of a trans

g?oce PIiAancOniy ing § %rr Stor, the transfer gate

50 provi des advantages, but is not required. Thus, the

i nv éﬂ@.’%&jn miyAﬂﬁlchh&? ﬁrdpﬁs@d%ycraIQMdnr@Qﬁﬁ?dcg £ WllaRGreas of

for .exa a three transistor envi-f onment ere
t HouE 'FOérdC‘ga%S@nflsm@mmplw Calhﬁdancms,trgupemh dm{ke:urrcnt and
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an n-type usi on region
1® Flgeénerid.| Jo banpiillzastcahel atgRidiel, aricf AcRRIHOM A1

Refre BV Brfir erer st e doapes Lt Hﬁgf‘tfmlcg%%ef?ltc}so A
PAI D) IOl &, £URGIE Be nBief nd(the R0 is | gmg.éf:c? t GMOS -

col [ ection reglon to a sensing node,
fimsge sengondiandl oy dw usetgm(}ny sizitableTderick] ﬁa&kalﬂ@hd ial DRAMD Hash

S0, SRARK SEkERALLY, SECAL 0 the gate of an

[0039] Referring now to FIGS. 1A and 1B, a semiconductor wafer
fragment of an exemplary CMOS image sensor four-transistor (4T) pixel, generally
designated by reference numeral 10, is shown. It should be noted that while FIGS.
1A-1B show the use of a transfer gate 50 and associated transistor, the transfer gate
50 provides advantages, but is not required. Thus, the invention may be used in any
CMOS imager including, for example, a three transistor (3T) environment where
the transfer gate is omitted and an n-type charge collection region of a photodiode is
connected with an n-type diffusion region 21. The CMOS image sensor 10 -
generally comprises a charge collection re gion 21 for collecting charges generated by
light incident on the pixel and transfer gate 50 for transferring photoelectric charges




source follower transistor. The pixel also includes a
reset transistor 40 for resetting the sensing node to

a predeterm ned voltage before sensing a signal, a
source follower transistor 60, which receives a??h&&hzmﬁ
gate an electrical signal fromthe floating diffusion
region 25, and a row select transistor 80 for

outputting a signal fromthe source foll ower

transistor 60 to an output termnal in response to an
address signal. [0040] The exenplary CMOS i mage sensor
ures thepblueidn pégidro2] esle sasing tidde, alsit Qg 1 (ki€ HifRifion region
rﬁgi 1. .The _pi.nned phot odiode is terned such since

t fE: %38 ﬁ?l?ga&ﬁflﬂm% H&PHs £lsefrigally cpangsisdfethe gatg of an outpur
C ot AlloNal thgsithen The ﬁb@ﬁﬁéo&ﬁ&lﬁ&& o réser %Jl%?xd%p %}])? E&gtﬂng

The pinned photodi ode has a ot osensitive

j thecehsing nodsioarpredarpriisidwplagpbifyraessing asgndl ay@ircd4

a an_ n-type otodi ode region 26 wthin a p-type .
RitofRr Mabor A ShitG ficfinn i ribionh deiurivhbee Bont t fosting
PAFHFIEN FQGHPDS, 2ndQ rovAeRa triidikiok 86 f&-ém}g@tﬁﬂg LS
regi on i?ﬁfully'degfetgd at aia nni ng volta g% the
| $53es fellowerpeansistion 66 ¢¢ dn aiput eyingrs in22spopsetoemadaldyess signal.
havi ng n-type conductivity, are provided about the

t r anghfgior 9 . . floating diffusion.
reqronile! JaTESalbolBPOMs nlll? oasdPhis” H piiey FR0Rode =

prhefcbngh lcellartiby pegior] D4 The pinned pidtotRde SNePnddRQE since the

sensor, .tren isolation regions 28 forned in the

a]aqt.r:%%al I‘ré%rp gl) cpc.g 15 pi@ged B ? g@qs@p.évqlmwbqu;(mcsp_hom@de is
LAy LyIBnaTes piaral glﬁhmdﬁ% Ha @ bEbloOhetil € I&gg.%gp fificud e

trench isol ati ons e

tl§,¢si0®a10_ nPTkingrgeype snatr;udc galyer Zgbnﬁfaai ﬂl.-)lypfc @hoedlidde region 26
etchin trench in oped.active . lLayer or )
s‘ﬁ’%@?r%l%pﬁ GCt\'/‘fcgayﬁr &@ T i@? P&?ﬁﬁi Pé‘?té’moﬁl@ “ﬁf?('%i%é %0 pyRMrestons
a20,Raaeithiaht altypd ?{Ht&ﬂiodc{ %g@n’ is Mﬂg%ﬁﬂteﬁgt \g"ﬁ) i vohﬁ\gc.

preferential anisotropic etChant used to et Into t

depredity depedasurcgy/ drairp@gions 32 spreferablyelmvingaptylpe conductivity, are

(FRHRL sborR B¢ o st 1 B, 0 e clRsnt ﬂ%%p%%ap 25

f @facemidntingfer gitk 50 Wuld P¥fefl®le Siypecon nitri de,
(oxide-nitride%% NO (nitride-oxide), or ONO

ST HIAR DS TR A SRR AR e P
R)ﬂ;ﬁ-lg%& Gns aSteflayRP 20 QW REERSHEIECHEFRER! FYGPAS iuSrAds typical
ST isolation trenches 28. The trench isolation regions 28 are formed using 2
typical STI process and are generally formed by etching a trench in the doped active
layer or substrate 20 via a directional etching process, such as Reactive Ion Etching
(RIE), or etching with a preferential anisotropic etchant used to etch into the doped

active layer 20 to a sufficient depth, generally about 1000 to 5000 Angstroms.

[0042] The trenches are then filled with an insulating material, for
example, silicon dioxide, silicon nitride, ON (oxide-nitride), NO (nitride-oxide), or
ONO (oxide-nitride-oxide). The insulating materials may be formed by various

chemical vapor deposition (CVD) techniques such as low pressure chemical vapor



deposition (LPCVD), high density plasma (HDP)

deposition, or any other suitable nethod for

depositing an insulating material within a trench.

After the trenches are filled with an insulating;parch 2007
material, a planarizing process such as chem cal
mechani cal polishing is used to planarize the

structure. While the trench isolation regions 28 are
fornmed by the STI process, it should be understood

that the isolation regions 28 may instead be forned

tjgigzgsiﬁdirﬁ(m%l)),Gigldiﬁds?ﬁplﬁinﬁﬂllﬂ)eg) Ftc;(dsﬁ@@_,sa,r yQR&Suitable
e ate stac or the I Xe transistors are

| GPignd B SPeSHE oy oat o aat U UoR & Heh oterFhe menches are
oried with nNASariEGhde il & MaPk2G8 530k EREh TR BlelBical

as is_ required or convenient f a particular process

f Ipslishingis veschrprplanarie¢ the skmomme. Whil¢ dgeattench ésofation (regidns 28
sh LC rlaps the transfer gate is desjred, .

t ﬁgg%%?é@ bg e Pﬁﬂ%‘féa Be Wﬁﬂé&n‘a&f g Pt f8lsgigartsions 28
buskaylihstéad B fortM&d hsiied b ARl dSilicB $1.O80S) Pi6cess.
gate stacks may be formed after photogate formati‘on.

[OOﬁi% Altranslucent or transparent insulating |ayer

30 i &3l med dbeEate packsdpreipiel arsisters rre foxmedebrforsmalafier
PRRCESS ' L form, for .
B G Gl RO ity Biclsepp Baoc'vlicd as
i meuirgt jon gotnapient 3 atparticplaopicdess Aowetoe ekdniysla) if a known
copnection to,the source/drain regions, 22, the

f ngEﬁgﬁrj SCRFOF {RRLSBAVR e O%I,;P%\%a tenHes a5 sidsgradgthe gate

C A8 Ghuse Bk Forkl Molslw | i
T A g P koo e
c dostred gthpigate stackamey baftrmad afteryphotagateefogmaticai. | i con

di oxi de, BSG PSG or BPSG which is planarized and

t ' | es. i th
e IPBEAD , FL R0 o R 0 g e e
uERPS imegedengat Consdiiontlisiessingalethods HR4bdn il to
pi xel s depicted in FIGS. 1A and 1B

g@ b F%f?gglglgléa SIS e dheyn m BHE- Iddn dasripswacing layer 39 to

. ¢ . . T
cprbicanilechilal Ainlerot}6 P RLAUARE R 30, A3 noblRg ]
t Hiffugioh ecgiom B8 tandethdt wifing becdrnacsfaed lies and beHed EonnEd€ons in

squrce. fol Lower transistor roduces an output signal
f ﬁ’&rﬂﬂf‘%éBt &h &’F‘@]Pﬁf‘e CHYE, @ggcs‘a%m%hﬁ e twidy apassivation
| Byerdf@RO!slicen ghoﬁc& Bbe, peabsy BlfigG,%lﬁ&I f_?_ %gﬁaﬁ%gdrﬂlﬁtc?&ed to

fromthe n-typ phpfodlode regli on 26. maxi mum
obfoisle cepgatholésnwhish sesthan nfetilleraa peavidd @ntaconto the

photogate (if used), reset gate, and transfer gate.

[0045] In CMOS image sensor pixels depicted in FIGS. 1A and 1B,
electrons are generated by light incident externally and stored in the n-type
photodiode region 26. These charges are transferred to the diffusion region 25 by
the gate structure 50 of the transfer transistor. The source follower transistor
produces an output signal from the transferred charges. A maximum output signal is
proportional to the number of electrons extracted from the n-type photodiode

region 26. The maximum output signal increases with increased electron

10




10 27 March 2007 capacitance or acceptability of the
phot odi ode. The el ectron capacity of pinned

phot odi odes typically depends on doping | evels and the
dopants inplanted to form regions 24, 26, 20. [09A8] . 5007
A common probl em associated with an i mage sensor

pi nned photodiode is the creation of dark current in

an el ectrical connection region 23 along the sidewall

29 of the conventional trench isolation region 28. The

el ectrical connection region 23 provides an

el @prqitaged orcompetilitp of thetpheentiddte ThetcdqRerofi hpREP of pinned
Igﬁ&{‘£4 and.émgﬁg-%%§e ctive layer 20. Hi gher dopant

c FHEPEPdE tepieally depeuds an depingrevsily2ad thiotlepantsrimpligred: tadorm
cagioas 2924, 80i on 23 which increases the el ectron
accunul ati on capacity of the photodi ode. Dark current

i's sh{%ggly dependent on the doping inplantation
condi@048hs” of A Jemmaniosrqbicay essedsted withidovimugs sensdrepinned

hi : t : tions .used,in. conventjonal,
oD A o R P e BB i oy ocgion 23
elabmigrthe sitlewadi2teof the Romegtiofhl 23ncHENRM IR h 2. Theelectrical
i nventi.on gnov#ge novel techni ques for inmproved

elBERTTRRICE IR BIAVBIsS AP slegricsl sopnastion beaeen trmptipiconrface

r P4 Oyt e _dopant .. .

Concont LTI ELOBY BENE IO REA RERIRE BR5E: CORERlmions dncyren e
cﬂas ¢ﬁb@f§t‘e tbtﬁngb ts qm;aeﬂizmulbgiome mﬂiﬁﬂnbﬁ‘lﬁﬂcﬁﬂfc&ﬂéc&%ni S

u t urther enhange isol ation. The polysilicon
g%?ceug?l.ﬁat{qneﬁgﬁny §’gp'§t Rt}{%ozig%q. JR¥k cugentdestpnghndependent on the
I dghig SmpRA L] 5 | Vi oped, .
OBt LA S8 MOSTASER) Koy Ui

i HpPantcaRtentrations uselint doomerttimnalttitiage shapors glso iftrease dark current

c I.pnal processes, ce the trench isolation
R SRR n 3 SriliEiebet G pieaipn povide novel
peschaimesdfot: bnprodddléctii@ SorRchdiEal e LA o i i
s#gstrate directly beneath the treﬁ%h ingggﬁ%ﬁm§%ﬁ¥Hﬁgon
t AR &iherRhavingte in¢reasadopanticoncenpridnsl e 34 (as shown in
FIG 1B). However, increased ion inplants or doping
resybdg7l N anah SR f ‘ . eshol d _vol t age

shi gt : [?0048] Ther Z‘ arﬁgml %S?néc%ag { 0 d?E%&Q%DHH?ﬁC *GfsOrs may occur
t Whess ieol ihplapkatingds sdeilfrd ffther bAliande isdRubE.THE pbblysilicon gates,
tgLQ%ﬂ&)abefore it will fail. A reference or supplg .
Ve rl} A tfod'lr rcgygwpiér’cc/ drain regions, and diffusion regions may be heavily

doped after various fabrication steps via a masked ion implantation, In addition to

this doping, in conventional processes, once the trench isolation regions have been
formed, a masked ion implant is performed to implant ions in the areas of the
substrate directly beneath the trench isolation region thus forming an implanted ion
profile 34 (as shown in FIG. 1B). However, increased ion implants or doping

results in an increased flat band or threshold voltage shift.

[0048] There are limits to the amount of threshold voltage shift V, that a
device will tolerate before it will fail. A reference or supply voltage, for example,
Voo, to voltage shift V, margin dictates the speed of a CMOS image sensor.
Accordingly, it would be ideal to have a threshold voltage shift that is as low as

11




VDD, to voltage shift V, margin dictates the speed of

a CMOS i mage sensor. Accordingly, it would be idea

to have a threshold voltage shift that is as Iow as 11

27 March 2007 possible. For exanple, a thresho

vol tage shift of 0.25nV or less is desirable for£y¥§%§§007
i mge sensors. The invention further provides novel

techni ques for reducing threshold voltage shifts.

Al t hough the invention is described below for use in a
CMCS i mage sensor as the preferred enbodi nent, the

| poasitilé.oOFor exaimple, 4 Hitedhotl ¥ddtags s 0B0B5HRY oPRssUS BEkirhBle for

a i.table i mage sensor, for exanple, a CCD sensor.
[ &y%‘@# imags yegpore nih e inyeRonfastbepragdesonaveabier nigwgsiforreducing
[ Gl ' eference E , a 2B.. A

: SR Rt s, MbfOERRIE o § dhlctBe BAoPIGs s
alGMQStimeg<SEhsxiad vaep ik fe 2 embblignent,ithe e asddidis inbelimited to
dopant |evels of the active  layer 120. As shown in

FFE&S and mayhe uspd inany; sugpble iraagegarser: forerampls, g\l gensor.
over the trench isolation region 128 and adjacent to

the [pogS)p | Unﬁtﬁ'rﬁrérﬂb%_ﬁhﬂéhtl&%_r&m%@é AR MnvdnPioR iONdW Bescribed
separati on between adj acent pixels 100. The isol ation

g ¥ referenpe to BiGY. @Axanidy2 B & ecgiomsithiiedositivglichargod bolesis

i.cal ' ' 23 I, d I .
LS8 s SRR 00 L B A S e i

11er 12 0prief shoah iy FEGSHC kalh B gatitolitidal gaed D Brovided over the
insul ating layer 176 formed over an el ectrode | ayer

1 FAnGy QiR e Binpak 2 8-ang adiacentite éhq prer jungtion xeglael 21 in order
S . o £ o

oid B sfarfloh ooy L oA B RRATRY S Sy a4 1°

epefiratdylelse ?mdcaliugmfy dvbeari ei_edg?ctal C\fh.[ﬁ&icﬁl BegfbrTB Wprovide

t 0 conguct Qr | e Wt t e | mage

o Bls ot Rt Sharcib ik e L25T B olagangaie ABP i misRmbly oftacked

B SR ki /85801, AR 4 o

povey gigatecaxide layir 1 72i Shidde, potigd, \WBiother proluatidifspadérs 178 are

pol v/ V' pol y/ CoSi 2, and, pol y/ i 2. The isolation gate
13'E9¥"r‘11'\§/\§r 08514%55%%0%'?': 15plg o’éé?'gq‘?bne as ot her gates,
for exanple, the isolation gate 170, reset gate 140,

t he [0G51r ce fDhd @erodt Ger BNof the isbla8BS bffe 198! Bayl® any type
n%émggaforned at the sane tine. In processes where
t

FLat FOURPARlceitly thg SMQY imge sensphatesipls chosen, sl is
tﬁ%fc?iﬂl‘ﬁforﬁ@@l ©P the same material as the other gates. Suitable materials for the

clectrode layer 174 include, polysilicon, poly/TiSi,, poly/WSi,, poly/WN_/W,
poly/WN,, poly/CoSi, and poly/MoSi,. The isolation gate 170 may be formed at

the same time as other gates, for example, the isolation gate 170, reset gate 140, the

source follower 160, and the transfer gate 150 may be formed at the same time. In
processes where the isolation gate 170 is formed at the same time as the other gates,
it is preferred that the isolation trench regions 128 are formed prior to formation of
the gates, and accordingly it is preferred that the isolation gate 170 is formed
subsequent the formation of the underlying isolation trench regions 128. A -

translucent or transparent insulating layer 130 is formed over the CMOS image

12



it is preferred that the isolation trench regions 128

are fornmed prior to formation of the gates, and
accordingly it is preferred that the isolation gate

170 is formed subsequent the formation of the

underlying isolation trench regions 128. A &7 March 2007
translucent or transparent insulating layer 130 is

formed over the CMOS i mage 12 27 March 2007 sensor.
Conventional processing steps may then be carried out

to conplete formation of the inmge sensor. [0051] The

i SERSE] G9nyenrtionalzgotessing stepscndyythp by catiisd oar &

PRt ; lying a slight potential to the

i sola |on0fd;§1%e. ﬁensﬁ tential nmay be positive or

negative depending on the conductivity of the gate

typel L1 r oddhassobucioh ey DBLA byPBedALAG o #6unded potential
|scr)l atiion %ﬁt etﬁrovl es el ectrical isolation et weer

ad ARRHPS gishgtgoransisbiohe dpolstion Batej Ik gotamiabambyebd Fsitive or
andgive desam Hi¥the SRLAL i 128 b ausi ng

hol es to accunul at_ec in ?ﬁgﬁgf%@ltgﬁg%a <R i“‘t‘f’)ﬁ"Pq‘“m"Cl
o e NG o i éeohal Big84585d Rt pixc
ar ri cal..connecti egi. _ y

cr _ata?ndg Q&Sr%é’gc"é’ﬁ‘ %‘é‘p]afoaﬂdcﬁ?qu&mé&s-wq{@qm@g@m 138y

r egjisimg Hok& raBebuinhi@at® il theHARNA] éonﬂgt%onxg%og(ﬁ% n‘?hat I on

of holes in the electrical connection regron- 1237l so
pl"“Ef\‘h“H‘gém& of beles lcesasasithairer ofthe elebvitalf doa Rt ddg r@%bﬂ R23 by
sglrgﬁgge 4 .to.the p-type active |ayer 120.

[ 6062[C } ‘?%{ﬁ%;e?di’n%‘?él?’ntbﬁgwag ﬁ‘tfmﬁt%ﬁo‘éﬁ@ d the STI

| sid¢vertlli 129 rEig 226urh2BrioRYf hd&s ih SRAED M S0 ARG ) S QL |

gate. 170 is used in accordance wth tli%ggl nven I?géﬁfon%also
CRIXIES 1 good elertrieal spnnactor from thapetype siefathlapér 124QBtihe p-type
2800 ayéopryver, the use of an isolation gate in

accordance with the invention allows for the use of a
trench havi n?F a depth D of |ess than about 2000A or
ur

t helO2]of arfurdeimoiepthetdepdch ofaye @alcheédkmdﬁ%ggn 128 may
Ty I,sol at.i gn. gate 170 may be fornmed over The
al;cl’?‘?%\“}{é P ai‘z‘ff’fi“t‘%’c%’ﬂ H this 3ecdoip gssredanse tvith the irfvienson.

| Génesdlly plsslai ergesina® Rlve AfdebBof 4 ian, wher e dopi n

of .the source/drain r.eVSi or?g (ngltbggﬁ%gv\%@'aﬁawﬁcé’ 205 Gran
IR @ acrerdpuss widythenmvegGomaliovedbetheist bf 2BcAch having

LY RBE DUHGE bYdnt o TPLEd 2L, th rr]l(s?c gtl a.%cigcglgt(ijo% trench may be
climinated. Thus the isolation gate 170 may be formed over the active layer 120.

[0053] In accordance with the first illustrated embodiment of the
invention, where doping of the source /drain regions (not shown) and the floating
diffusion region 125 are doped with an n+ type conductivity material, the electrode
layer 174 of the isolation gate electrode 170 is preferably n+ type polysilicon. The
isolation gate 170 may be grounded or tied to a slightly negative low reference
voltage, The grounded or slightly negative voltage will cause holes to accumulate

under the gate in the electrical connection region 123 and provide effective isolation
between pixels.
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| ayer 174 of the isolation gate electrode 170 is
preferably n+ type polysilicon. The 1isolation gate
170 may be grounded or tied to a slightly negative | ow
reference voltage. The grounded or slightly negatjye
voltage will cause holes to accunul ate under thggggf%h2007
in the electrical connection region 123 and provide
effective isolation between pixels. 13 27 March 2007

[ 0054] Accordingly, and also in conformance with the

firﬁb g@ﬁodinent of the invention, the el ectrode |ayer

174 18P5the i sbrearfivalygandalspio capfprmance ovittethe dirstambodiment of

_ q ol i al | N
P the/Bfertion Hf‘cf:éi cg;lllb)éc %ggrefi&a&f thI 1(5)2;121&3)(1'?jl g&ﬁ'}ﬁ é‘il?é’ttiﬁéc?ﬁ"%‘?ﬁi of a

pol ysi I'i coh. pant’s have a

s Ipithpe ¢dmdncﬂlﬁtyyﬁﬁcﬂﬂpﬁﬂ&ﬁmﬂtbw%§@?siﬁcbh@ &pafeshifes

pol ysilicon gates shifts the t hreshol d vol t age

t g"‘%ﬁS PE“‘?E@?PPF&'@ ‘3&4‘ Ge¥pe dapants o fnweaed, gie usofof prgpe polysilicon
t BieshHehOny Atega L ' p~Lype .. .
p%lysiliconqggte dob%%?vaﬁgﬁ%%?gﬁgﬁ¥%éﬂﬁ%g&%o @ég%nb“““°“
shf the thessiudd soleabewhifihasatiidd wirathei potypt pplysiliforigpd 86pans and

excessive ., and | s to devjce failure. [0055] = .
PRt Bl B Poprine PR aediBnd onuimpless dpios i cxcessve

i mwElehdsab dees faNate. require additional inplants, such
as, the inplanted ion profile in the areas of the

SUbT@ﬁﬂ}e directly beneath the trench isolation

r egitore ]There@%‘i‘é‘}fywcwewwah@fomseﬂléclpattstminmmienﬂ%es not
ARl b b1 § A1k VERT, | t.o enhance isgl atjion

i nstead of I%ilncﬁléig% Sﬁ‘gﬁésg?'i“’v% aélt)t;ce 104 Spofie 0 the ateas of the

coseart dixcitlyrizncahphe pehdisidlitonnegah e THBMIE, BySR6viding an
W t hout exg &dl ng,threshald voltage |imtations.
[ 5048 Hte 2 aﬁﬁﬁ’?%ﬂ ® EisrnYeasPR £9 ehagss kolatgn,iestead of

OinekRieHa@ve tavE&dnfeondtr Ly | b | t age,, for
exanpl €, aa (\t/oaP’t agglgt ooréﬁt%\%élr]%taﬁ%ﬁjo ﬁ%‘g?‘;g%%ln?aggbg used
Vethoutteacasdingt thrasinbld sokdgarignitationd. r ench si dewal | and

ensure that a conductive channel for electrons is not

f t i Xel,S... A sl iaghtl it | t age
w1 [OUSEE 7 el oo Bolsfoh e RS reatbraid e ro
pilighilspdsitiveaohage, foreRinsid; a Jcﬂﬁﬁéi BCQOHNEREE thii@ SdpBevolabd v,

cause holes to accunulate in the electrical connectron
rOGTGHF holes alopgythetronch sidewill andissairashat axopdeativa gharmel for

LM loRY B Hok Rhurdedt H&%cﬂ%%&isi. g\e&ighﬂy positive voltage will cause the

conductive channel connecting the pixels to become inverted. The grounded

voltage will cause holes to accumulate in the electrical connection region 123,

[0057] A second embodiment according to the invention is now described
with reference to FIGS. 3A and 3B. A 2 x 2 CMOS image sensor pixel array is
shown in FIG. 3A to better illustrate the embodiment of the invention. In
accordance with the second embodiment of the invention, a region rich in positively
charged holes is created along the STT sidewall 229 by providing an isolation gate
270 over the trench isolation region 228 and surrounding the p-n-p junction region
22]. The isolation gate 270 is preferably provided slightly over an electrical

connection region 223. The isolation gate 270 is also preferably formed to extend
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with reference to FIGS. 3A and 3B. A 2 x 2 CMOS i mage
sensor pixel array is shown in FIG 3A to better
illustrate the enbodi nent of the invention. In
accordance Wi th the secondgenbodi ment of the 7 March 2007
invention, a region rich in positively charged holes
is created along the STI sidewall 229 by providing an
i solation gate 270 over the trench isolation region
228 d surroundi ng t.heﬁ-n-p junction. region 221.
AN T RIITR JAnghioR togion; 22 1o gatapioy cpampledtdnsfer gite 250, but
dOLE :ﬁ:hﬁ ri.cal » connection region,223. T ) .

IS oflg?% ng ;t?)g tiansfer ?%P %”p‘?%tfté’r%ﬂﬂthl‘:(ﬁ‘ﬁ%"d hﬁ!ﬁ isqkatigg gate
270 hiab aden, hn 3RO %-diflc Q4R il&;'%? " »'w_ £ ON.. i .

221 to a%g?g‘, for exanpd e?m?ra g?%ate %&%ﬁ%%wnm
_FJGeh 8Aq i ich cah betmadifitd to ggtlﬁuzcséo i A thﬁloﬁ.OE?oEQxﬁBL plel the

t ate e isolation gate ’0 has a | engt , In
l‘t“ﬁg‘g«a'i“i &P? the %L“PE@N%ZQ/N‘H beradgpendendy inaneased or
dekieyded ith mihkds of ahi ch ‘be nogi fied.t

optim ztg | so%%ﬁks@%&t&gfﬁf’gf a@“‘ﬂ"éﬁg&ﬂﬂﬁﬂ . The
isofaﬁbhgai:éb?@btﬁﬁraw does Hot ERtenHSiro ﬂ;}fﬂ@ﬁﬂ{# o .

i ncreased or = decreased to mni %rg%ﬂgar Cur rent ang roeen.
223 o Breferably, bac isolationgianc 270 extendt betwien pitels’200, @findicated by
r%arts‘i 270 g{afggéagléz does_not extend around the _

&5 Ay i-of¥8 shepmyin FEG53B rtherisolation gate 1270 may be
forieH YvkP en Wwel s.20 a .
i ndi cat e%sgy rtg‘lgf’géf%neo 9°‘h§°8§%%%3f E“"PI‘@W‘“B

thdHormittor 604 shillorved cticR LOLHTEBA %gxqi qmwﬁk than about 2000

substantial portion of the tren ol at1on region
: ICbsdun@dabbuimdmadéscﬁpﬁcinafﬂitaﬁ:kpmbodimcnt
trench isolation region 228 that-1s | ess than about
2000 Angstrons deep as di scussed above in the -
desdPPPRli on of As Hiscisaed almvi ik isittion[AG5BI0 sy be formed of
[ bav t.he isolation gate 270 may be forned
an e ORURERE nARHAT buli Pt GRb i oBieP S Famemabaril mofenter

gas. Theeisslation @tk 270 alayddsd Bifofhbie it the gﬁxﬁét' E1E other gates. In
i sol ati.on gate 270 may al so be forned at The® Saie BHre
Professss meiere e dsolation gaps s Sermerdtat the sate tilsohsihie otheg ghtes, it
i ' I . ane. ti as the other gates, it
s kS R o Bioh HEn o 788 38 A PhEt oot oS e
gates,ramd greportimglyt it i srefopiet] Gat e fblationd) gite §7(|) Armed SI%bsequent
gate

cgordingly it is preferred that the isolation
to %‘f&gﬁat’f"g‘r‘%é'l&e %S‘éﬂl&éﬁﬂlatlftrb‘fr@q@é régions38 A dangiheent or
tranpAedck is0thg Pal b0is A oy e AP g shhanS! UCeNt

Conventional processing steps may then be carried out to complete the image sensor.

The isolation gate 270 is also biased by providing a grounded potential or applying a
slight potential to the isolation gate. The potential may be positive or negative
depending on the conductivity type of the gate electrode layer as described below.
Biasing the isolation gate provides electrical isolation between adjacent pixels
separated by the isolation gate and creates accumulation of holes in the electrical

connection region 223.

-

[oo'_591 Also as discussed above, the isolation gate 270 is preferably a
stacked gatc including an insulating layer 276 formed over an electrode Jayer 274




transparent insulating layer 230 is forned over the

CMOS i mage sensor. Conventional processing steps may
then be carried out to conplete the image sensor. The

i solation gate 270 is also biased by providing assuarch 2007
grounded potential or applying a slight potentiar to

the isolation gate. The potential may be positive or
negati ve depending on the conductivity type of the

gate el ectrode | ayer as described below. Biasing the

i solation gate provides electrical isolation between

adjraviged oysr aeiate oxideplayea2éd Bixidenaitiide loapthen ingaladng spacers 278

: L.at . ' trical
cofehy AT L Ahe 81E0n 270, WSS HoBBe oL sy
t heuics pirain ePiopds £-1@e)diclRiroieapdt 2740f 15¢ R6KA6h gk 270, is
|nc%¥%g g an insulating |ayer 276 fornmed over

an
e SBT3t Reeylicon and maybe groundod or Hedia welighdly aegive low
g yar " 0
PRLETENS Pl Aecrlfply SHd S oxPhitd Sovedhetiilon sage 27 may
t hitcimovdt boa pgpolysildéh gihaikmappbt guaticd betied to a slightly

source/drain region_ s n-type, the. electrode |ayer 274
ofPOPIFREC Fedepasei v %a@%tﬁzf czm%f ¥oo- mﬂ&mcmulaﬂor}/ of holes causes
PGhy SlediEARoAALHBR Yedibn 959 thdthdrk Irogxldﬁ'lgs:l %tgg:g' distance
negative low reference voltage. Accord?ng y, a as
exysrvadenabic photediodt negios 22 Gandibeganeh fidOwala229, where trap sites
alternatively be a p+ polysilicon gate and may be

gf%ﬁ ded or tied to a slightly positive reference

vol tage, for exanple, VDD. Again the accumul ati on of

hol eff0salises A dimpklicicdirciie fr 200MOETinags st 9 destaBed Below in
expand, thereby providing a greater distance between

{ RECCHARRCG G igmeen. 258 dlredits Meluglps fstrxampleviphaodiode for

> : . _ . e
oIS e DR eBhliERd ikl o Hiling IR B e Bibouc. e
acbould b oadedistdodither the OMOES anageTseesce iniaftindudd Nphatdgse,

for exanple, a photodiode for accumulating .
pWBP&CQER‘&F% &8 OE15A FBRECI T CaHET FRRFETHA erinilishobt t he

S pRSEIRIR, ad the iSRALLELRAMBPARHRLANG ALY Ll VOS5

i mage sensor may include a photogarte, phototonductor,

or other image to charge converting device, in lieu of

a JRE86bHI ode Refesringieow o FIG4, achichmitows o ciréwt for a 1x1 portion

p - ad_char [L0061 ef erying now to Fl .

3T B SFRE REY SRR R ol T g Mol 5 cthier of
the pixels 100, 200 of FIGS. 2A-3B. The circuit of FIG. 4 shows a CMOS image

sensor using a photodiode and having a pixel photodetector circuit.

[0062] The photodetector circuit is shown in part as a cross-sectional view
of a CMOS image sensor. Each pixel 500 comprises a pinned photodiode 521 for
performing photoelectric conversion. Transfer gates 550 arc formed between n-type
source/drain regions 5224, 522B. The transfer gate 550 and n-type source /drain
regions 522A, 522B form the charge transfer transistors 529, which are controlled
by a transfer signal TX. The n-type region 522A acts as a floating diffuison region.
Reset gates 532 are formed between the n-type source/drain regions 522A, 522C.

The reset gates and the source/drain regions 522A, 522C form reset transistors 531,
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of a pixel array wth each pixel cell being

constructed in a manner shown by either of the pixels
100, 200 of FIGS. 2A-3B. The circuit of FIG 4 shows a
CMCS i mage sensor using a photodi ode and havingﬁMarch2007
pi xel photodetector circuit. [0062] The phot odet ector
circuit is shown in part as a cross-sectional view of

a CMOS i mage sensor. Each pixel 500 conprises a pinned
phot odi ode 521 for perform ng photoel ectric

conversion. Transfer gates 550 are forned between

nVihjgheare somtrellsdchyzi msct sighad RS T527h¢ nERBouideg dtaiprgfonr522C

nd n-type squrce/drai,n regjops 522A, 522B
7 & oplEd Baolfasd Bipe Mo “Hissioeririgr 5708 sha s ngred har
c ovhille FIGE4 shbys e k@O @dnsl BR8IS58 %nd TREciftel YREGEIE R the
522A acts as a floating diffuison region. eset gat es

5 fnsfersransisias § 28 orowdss adtaatages, Pueisgon rapirdd alThus, el inpention

5 , es and the ,sour.ce/drain .
Ebe 355 o G R o O e DS R SR By i,
Mamithe0 07 the whiyph cltrge eollsdtiodl fegidn RY e JHR%6diodd 8R8hverted with
Rng. The n-type source/drain region 522C is coupl ed

t BB lang5eieB 9By vi a a conductor 519. It shoul d

be .noted that while FIG 4 shows the use of a

trafedss] gat eIsEﬁQo@Bgaigﬁé&%&w& %@E&é gLy bﬁ%ﬁfol%tg‘o% gate

transfer transistor 5 provi des ant-ages,
n8f0.r EBtiisplation Bae$7 Otieoupleden tireirennayoliage ¥agd The reference

t ansl st or . ) _enviannent where the transfer
oo B SRR 86 <hRibe RR¥ B anditguie st s leceical
r eginecticaf refsfoms ahﬂfc%ﬂicﬁdﬁ‘)éﬂiéﬂf,oﬂh‘é Holebidn Wate!l 70110 Bialldl HAfing
di ffusion region 522A. [0063] Isolation is provide
b@F\K)ééWnﬁ‘a}’(éEaSﬁ Vispits 8rasing pogautiak GVhere @n ngrpe materal is fhel to
i ] i ]| ed ref erenc t age
VP Te: BR08h a2 570, e IR R el RGE R AT by
gmttngHhe refefentovangeiVy, e £vallse sndrl nkfigive Hﬁlﬁt%r%&ﬁ:{.

e

c‘glnnect I pn hegi ons of the pixels. Typrcally,

i S BTEITER > JREE 2Proypr solfian garciy Oty ised, the fiwlatiohaer i can be
VQkAAGSE Mo ert By SLeAH | Fo 3 TolageBSre posic
material is us e_g fo g%%ct?#éé i@élct) g\é\ﬁﬁsﬁﬁm jar ga OrGRpgitve

i han grauod. gApPEYIBZ @ vohupchbattisimoedneaphfive (for Bleype iffation gates)
setiing the ferencelv,oltagpg %ﬁ}go to a voltage nore

nedat i ve> Hhak g TR Aoper t 8igpoungheileuen e ispiasion
Ibtg@lki%lr OFf Haade® 1® hllpirSrnHeHsubl (hfeshSMA 180k QI Rt gc?ozgin%%?a
supply voltage Vi, can be used to provide a more positive potential, A typical
supply voltage can range up to about 5 volts. The isolation gate 570 is provided to
prevent leakage between adjacent pixels 500. Therefore, while illustrated as Iying
between adjacent pixels 500, it should be understood that the isolation gate 570 can

be applied anywhere on the device calculated to prevent leakage effects of one pixel
500 to the next.

[0064] Each pixel 500 also includes additional transistors, for example, a
source follower transistor 536 and a row select transistor 538. The tra.nsistors; 536,
538 are coupled in series source to drain, with the source of the source follower

transistors 536 also coupled over leads 540 to the voltage source Vpp and the drain
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turned off "harder” by setting the reference voltage

MIso to a voltage nore positive than ground. Applying

a voltage that is nore negative (for n-type isolation

gates) or nore positive (for p-type isolation %H%)Ch 2007

than ground will turn the isolation transistor

harder to help turn off a sub-threshol d | eakage pat h.

Accordingly, a supply voltage VDD can be used to

provide a nore positive potential. A typical supply

voI tage can range up_to about 5 volts. The isolation
hesrpy ftciccbl’-f@ﬂﬁilsé@éi 53& coyplastericads 54R aJbe Wetimefithe row select

a%a&s{)s PGt Sothed HAILEE 807 vo M/ Aol b BRI ARE SRS

et ween ace pI Xe

u mmasmbrscfdr bibit pibdilem sghat piod] rgw! €.oad Gaksiiors 889 aRPildced
F%@@F‘ig on the device calculated to prevent |eakage
e

giivesm ghosdr %@F of thg grapgsters 3§ e 2 vobagusourahs. The
Pi4BL ti ransi stors, for
exan‘plstggq-’@l%glﬁ 2%%@% g%ds{ T oE §c %ind a row
sel ect transistor 538 The tranS| stors 536, 538 are
coudlOBE5] n selt Sésuklchsmm@cct thagnanany twinsibrots) ehessource and irain

Ilomer trapsistors 536 al so ,coupl ed over

| B AEE e bl AT R QR iR aerr bt ipuidy ot be
2 ntdlpcred 200 Tely Bhirtd@ thew &8baRH. tth aAdiish %mcﬁﬁéi transistors
gu pled to | eads 542. The drai n of the row sel ect

atcheen gescribodas-type on neckararl it is recogdzed b thase shilied in the

d [ Si St for other

plaée s |nty§ O Mg(ve %sg%miyo%sd)%erlgﬁgffgﬁﬁf%“%s Ufe
alsiforndyp upﬂac&ﬁelb@ibp&ﬁfﬂoﬁlhﬁaﬁi{cédrib‘éd OfTht RewnHPARSIRAIS are used
538,and a voltage source V5. The transistors 539 are

kpthe SRmRPIEmana &9 desaqatsinosand accepter pg ampuritids 00GE]
I E)I' o?mk‘ ICQCQSII QIQ& ﬁglc tca}rfgrsr@%\éftgx}’cgﬁ e rcg ]gr[])lra]?? d,gta%? crs. 'Elac

source and draln essentl y

i ht'eyyodhroheeldnomsd s:p:emfﬁx with he iffpuritg Rypel salnbd mbﬁprctcd to mean
limted to those described. In

r ted as sol e
aﬂ’& P‘f PLOEHFQUE CRFAMO %Péﬂ%ﬁt gflaqrgw ishepueniban thredoningasepciated
a@ith @;ﬁlﬁ{ﬁﬁ Ry
ski I ﬁe%ﬂ%nﬁftﬁgid ar hat %g%%rﬂbéﬁﬂ a}rén%elpﬂ)§

tranS|stor al so be used |f the structures are
un| 180¢aly opp‘g@‘?th@qgm sofciatedh wikhathedibalbow tnenth 1§F:hﬂiam

WS gn 'glcteg1+ & %HO apglgéepﬁg?m{”g/n B—t%‘ri]ﬁ%,{%%m low dreg gﬂlanon

structure from one plxel to an adjacent pixel. Attempts have bccn made to enhance

isolation by implanting ions beneath the shallow trench isolation structure.
However, these implants result in high current leakage. The invention provides a
novel technique for improved isolation between adjacent pixels that does not require

additional implants beneath the trench, thereby minimizing the generation of dark

current in the CMOS image sensor.

[0067] Another consideration in CMOS image sensor fabrication are
isolation design rules are constructed to make sure that there is enough margin to
prevent punch-through in CMOS circuits. For example, the trench 28 (FIG. 1B)
scparates the source/drain regions 22 (FIG. 14) of one pixel from the active layer of
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pronote el ectron and hole type carriers respectively

as the magjority carriers. The "+" synbol, when used as

a suffix with an inpurity type shall be interpreted to
mean that the doping concentration of that mpuri.?tMarchz007
is heavier than the doping associated wth just

letter identifying the inpurity type wthout the "+"
suffix. [0066] Another problem associated with the
shal l ow trench isolation technique of the prior art

I's photon diffusion under the shallow trench isol ation

s t%nwéﬂqm Hreb mAcgredipgly ehaltosr enchelj e gdfmrqbllyxﬂﬁcmnﬂy wide to

have been made to enhance sol ati on by
AU Rl S1cdT50 HRUER b ReERET ol BRIt Pap s abage The
snnumbUﬂﬁuﬂl YENES notel @&finig &&&@
cghr ent | eakdgr;g Thgolépnventl gﬁd%? 1\S/elvdes &Iﬂﬁgﬁlﬁ{d&& while

Ping Rehesdesign rdesda GMEISaircuits. bet ween adj acent
pi xel s that does not require additional inplants

benergiigst e ¢ HEBAR: chIEKERK IO KNS ISIELRN e

current I1nt sen
Aw@ﬂmfermn $0 HEGAIS-2n AppliEMESDiope@anBITO6cchba hichalskOmh

td es rul es are constructed to neke
S us?)l(éa ]?1 gﬂ%{j 'f"#‘ gﬁgaﬁwcq‘:&p@mﬁ magetig) cagtaiging silicon. Shallow
puRath isblﬁﬁbhg éldhs CAEM frtd E§cns gc&éﬁgpéag tdlgsth of less than

trench 28 (FlI 1B) separa es t he “sour
r éb@l&r@f)ﬁzﬂr(gmm ) garferatiy erquindebokir 2000t tbabamt 2509 Angstroms.

h 2007 dj acent
nZBEfB ol O oSt e e LB it i iyl taor, s s
> Uﬁﬂbmﬂﬂglh ﬂemﬂ Plabifia (Hﬂpqwxacgfaﬂ%el cgng ey U0 H Brenches

E prevent punc throu or current age
i AR 7 drpth @rears thany strovs withermmérgioas! ihodators due to the

p age mhll IIo ht er
%@%ﬂ%@%&“ﬁ?@%&&%ﬁ%aw BF R ot s gaps are
efrnodd ndwreh catleoidiusgl ﬂodilttiﬁ&ch&b\&%ﬁlgchradp& g@%{dﬁﬁﬁfabéﬁdzsoo
w,th reference to FIGS plicants propose an

pPBEms. \Jniacepreance with a thgéwatbiOémw ehtte inydatied, Applha:as
deRpds F‘ﬁ'Eﬂlc}h%s Whh %51'1&1(:}11%?91&% an S ?gsg_§8psprcl’cm%\%

trench isolation regions
gE(ﬂEﬁﬂédOhyorhﬁvm gc:dmpidm oCohdssive hﬁ&naﬁ Q@ﬂliam’i&é)ﬁhcon may be

trons. and gen around about 2000 t o about
2?8% ‘i ﬁdg‘ﬂﬁf’g “FE} dPrigus depshs) welike censmipediowbtione
f inhdegisls vu §.NsiBeonQBYAN, SBBA nitfE N DN, BHSP, A3 ONO, which are

difficult to fill in deep trenches. Thus, using a conductive material containing silicon

to fill the trench 328 will allow easy formation of a trench, particularly, a deep trench

having a depth greater than about 2000 Angstroms, and preferably about 4000 to
about 5000 Angstroms.

[0069] Generally, the deeper the trench the better the isolation. With
respect to CMOS image sensors in particular, the deeper the trench the higher the
electron storage capacitance of the CMOS image sensor. A trench accordmg to the
invention is deeper than a shallow trench, and accordingly has longer sidewalls than
a shallow trench. Therefore, the longer sidewalls allow for a larger electrical
connection region 323 (FIG. 9) along the sidewalls of the trench such that electron
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oxi des or high density plasna (HDP) oxides. However,

it isdifficult to fill trenches having a depth

greater than 2500 Angstrons with conventiona

insulators due to the limted spacing within the, o007
trench, for exanple, undesirable voids or air gaps are
formed when oxides are used to fill trenches having a
dept h greater than about 2500 Angstrons. In

accordance with a third enbodi nent of the invention,
Applicants propose filling trenches wth conductive
masterdge kgpacionice, ag. nlgple kécuombtiopy iaf the alebtyicalpohy&iibh ¢efion 323
or.silic :gerqgniunL q§nductLve materi al s contai ning

S| ’Isi“écﬁ?f‘sﬁg‘sp A5E0rdRACE With the YSPERRY into trenches of

vari ous depths, unlike conventional insulation

mat ef0ere, €. Jgina GMOSRihed s€sbMRaviry d ir&RB Allel WidS cNRuctive
ON, HDP, and ONO,_ which are difficult to fill in deep

t r BAtHakconminiag silicgnig agcasdanse sithvbe prssentiieventiomyaaishowmin

Si hbd .t rench, 328 wi |l al as

7 oI 5 dedeh 528 i e S aBER st oyt 481 R3S apt mask are
haagiplierd,and phbtoligicpedphic tebtafiqwdd akd us2® 69 dAB@ShE 9RE to BOEkched-
preferably abqout 4000 to about_ 5000 Amgstrons. 0069]

G 4} figectppl ctrbingahrorgse speerdirative Ioadteiing (RIE), or etching

[ [ : : SQIS 4in.

o e o el Dol AENRCE i FRAEHS TR B e layer 320
el tedboro thestrorchgi28c dfmotdsannd mafk il eerbfed leavhge: SRRAGE that

A trench ccond%ﬁg go the invention is deeper than a
sHEPFEWATTeHeH? “ard°-accor di ngl y has | onger sidewalls

than a shallow trench. Therefore, the | onger

si def@l71§ al | RufdrBhg Aok ab TG, 8] HdxideS AL., SIENHISEhdr Mkelectric
rj%%?n 323 (FIG, 9) along the sidewalls of "the trench
s

pRALs BEPWR Pk thy wepchyB2 8 h Thoo¥ide dinermgebe formed of NO,
c ' , . \ti.on, 4n.the . .
(OB NS e B BAE0. ThE S e 227y b
acubstaaiutip confbimilhén bthee Rokdi the] tARKMss bfche HEMER 7 Wage
sen having a trench filled with a conductive

or )
HBs ¥ ot amsialnedhe ridetrll 318 ead autsdettait of thharench 328.
pr ' i q ] i .en 2
PN UG B8 SN sy s WOBDA A
maedst aromt 18Q dingechmsand phot ol i t hogr aphi ¢ t echni ques

are used to define the area to be etched- out. A

glt Eﬁ%QT gll E)e fR%geirrrxn.t% Igﬁ? gcg PIG. i%‘iﬂgﬁ? dgagc%{' | -\s/i%u hggcd) n-type or

r
p-type conductive material containing silicon 329 is deposited to fill the trench 328.

Suitable conductive materials containing silicon include polysiticon and silicon-
germanium. Alternatively, as shown in FIG. 8, the trench 328 may be filled with a
conductive material containing silicon 329 then, a masked ion implant (indicated by
arrows) may be performed to dope the conductive material containing silicon. For
example, in the casc of a p-type active layer 320, with p-type wells, p-type ions such
as boron (B) can be implanted into the conductive material containing silicon using

a photoresist mask 326. Similarly, in the case of an n-type active layer 320 with n-

type wells, n-type ions such as phosphorous (P), arsenic (As), or antimony (Sb) can
be implanted.




with a preferential anisotropic etchant is used to

etch into the doped active layer 320 to formthe

trench 328. The resist and mask are renoved | eaving a
structure that appears as shown in FIG 5. [007
Referring nowto FIG 6, an oxide, i.e., Si02 or}}{wf"i‘mhzo07
dielectric liner 327 is grown within the trench 328.

The oxide liner may be formed of NO ON, or ONO anobng
many other suitable materials. The dielectric liner

327 ma substantially conformal. In other words,

t he [P %Jk nessCenduckiee inatesials 887taining sﬂmbata.mﬁam@l filiedtife deep

S Sld wal |l s, 319 ,and, at bottom of the
t?rgﬁc 3 g H&Eﬁr tg:}fene g the ﬁ%‘dﬁﬁt @I?HQQS‘E%F"C’P%M& conventional
dmhlemtrglo idesewd 3Bt c@h@élﬁl S0l

I ea ouiCI 100 An srtrorrs 0?%18%%@Ref eﬁcﬁgp#o%%% s ¥hen

t? &lerR yARpet ofewretarningiccardaop with the inypetiar, a trench may

p | . _cont ai. on.329 is
dfe’%%‘i’ﬁ*%@ e R opfe g itk oihoblysd “Weitieet  ve
materi als containing silicon include polysilicon and
si | (@& ger nemixemplaty M@ irinagd sgnsoRtn s6MAnEd With Ge 8.

]ggc‘ rencg 328 ma?‘/fﬁ‘ gnfhl |1 ed W|th a conductive

‘.—

FRYSE A praskipds 72 1unghewngn BlGi 84 The pinned
|mdtanbd& BrOh&at R pB ¥urfRE '143:\915324@& D&y g%s Ip?%LEBEcﬁoJeFmgm 326

dope the conductive material contalnin I 'con
XL AP tYPe astive lqygts&Q)anlq;uby peformdd arouhdiylerendi?fly of the n-

ons h as .bor (B
B s PR U oo R B ra0R s itfion Fraien a8hrir krob having
si-tyipe @nndl.ﬁ:lum@y, 1@@5’1@.&@ bR LS hdgﬁﬁﬂm %ﬁﬁmeﬂégldﬂi} tYaznsch gate
ase o -type active |ayer 3 typ
0, S Rnen il oD FesiqoSp e ouo 30, Arsant Solation

d 20
hgbn 3?%6@‘%%‘*@”&* Rlve SR 3P odiPRaE Bl s Cfom ahmype
terf:goe agut ﬁmfdldctre:dl ddﬂh@ctdmtaﬁgl?ﬁ ﬁne Ei%spr?mﬁ c}mh f‘&uﬁlhsuon is
enc e | S (0] | e renc W
%W&%I e Flﬂs‘mﬂa@é;ﬂsc treneh dholatign degiom 828. The trench
GfIMRAL | )
SAMRRLLAA ”ﬁ%’“ﬁﬁﬁé‘?%&%‘@iwﬁ{f Peer FRH

With the invention, a trench may be filled wth a
corld9¢8] ve ndhegitaistaglonfaicnimple shd iranfer gaeidsy, angbe formed

SEfRCh] YR ¥he trench is etched. The order of these process steps may be varied
as is required or convenient for a particular process flow, for cxample, if a photogate
sensor which overlaps the transfer gate is desired, the gate stacks must be formed
before the photogate, but if a non-overlapping photogate is desired, the gate stacks
may be formed after photogate formation. It should be noted that the entire

transfer gate stack is not shown in FIG. 9 for clarity purposes.

[0076] A translucent or transparent insulating layer 330 is formed over the
CMOS image sensor 300. Conventional processing methods are then carried out to
form for example, contacts (not shown) in the insulating layer 330 to provide an
electrical connection to the source /drain region 322, the floating diffusion region

325, and other wiring to connect gate lines and other connections in the sensor 300,
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[0074] An exenplary CMOS i mage sensor in accordance

with the invention and having a pi nned photodi ode 321

is shown in FIG 9. The pinned photodi ode 321 has a
p-type surface | ayer 324 and an n-type phot odi od

region 326 within a p-type active layer 320. A 27 March 2007
junction is formed around the entirety of the n- type
region 326. An inpurity doped floating diffusion

region 325, preferably having n-type conductivity, is
provi ded on one side of the channel region of transfer
galiay ex@sple, thhenteherfacsimey thén bbhtakrddasittta pREvAth 19fer, of e.g.,
n-type .t egjo 2 A trench isolation region 328 is

{ GHER digilicnBsep TG BES, vhich a GME ehpaizsd apdctdhod sed

f reevildi€oritad YBRs, WIGEH 98 ctalliz&d ﬁfﬁr{){rﬁg Lo$Q0e ?& 1O
region 323 for providing hole accu atron’is 0 d

adjbatemate ([iwsed) thastegates and thimfertgaeench i sol ati on regi on
328. The trench isolation region 328 is fornmed as

descyy abo Lt h-respect to FIGS.. 5-8.. [0075] Th

‘gat e[rdg ? gjg ks, Fgl? mecx(grr?p cen%E Ao P ?"e‘i“"g 51169‘11%@(5{011,?&9"1

f ompexred Behador bewead pBEls! The HEQRE Rehdh ¥ BANibiEMEectrons from
or ég_propess steps may be varied as is

r.of the
singqinger ﬁ%@ﬁp@ﬁgm$@p)alﬁﬁﬂ?ﬂtﬂﬂdﬁmFF@EESQmﬁhgwmm&ﬁﬂk

f e I 0 . sor which overl aps the
ey PeisRbofute Pyl A gy R ctl RS e B eper

f ereneld addigbosl émphetspindtogateenclbare not néeceBary, EieshRR Bducing
photogate is .d glre .. the gate stacks may be forned

a c.elln%%l’?gi %eé&?‘g o Pofterent leakagg icplsgeredienceld Anoghert he
eadivaheige oF BRSNS ra B A En RNt oF Lﬂ]ﬁqﬁvéﬁ%‘ﬁ’nis 't?art E:hccauscgoflf%?dccp

clarity purposes. [0076] A translucent br anspare
i Hsuthafiliedgvirtay eonde@dve rmatktalwenitaioningy silido in GMOGddndBgeh the

3 . ti I ' mef hods, are t hen
SEReo BB LRk B ohees e ogs are Lhen
i stotdge chpagie). ahlss thd A¥BEr R30h bilowd @Y ﬁgﬁgggola%;g QLM es.

Cfpnection to the source/drain regio
f PEERYE gDehes magialsn bedgirower Bas shalinvt tokless, whilé stdl groviding

C . g ' ot her. _connegtions .in, the sensaor
ng&SG%ﬁcﬂg@%%t@Eab@%ghb@&g eGSRy [2AFCo Iy the squrce/drain
stegioms of amypiktianaytie oughatbsed fohth@ a@tae Hiy¥abt ﬂlrhﬁ]&&ﬁrpixcl, by
of e.q., . si]licon dioxide, BSG PSG or BPSG ich’s
Cﬂsmd%ﬁﬁétﬁ width giihe deemiendhe provi de contact hol es,

whi ch are then netallized to provide contacts to the
[0078] Another embodiment in accordance with the invention is now

described with reference to FIGS. 10-16. Referring now to FIG. 10, a trench 428 is
etched into an active layer 420. The trench is preferably a deep trench having a
depth greater than about 2500 Angstroms and preferably between about 4000 to
about 5000 Angstroms. A tesist and mask are applied, and photolithographic
techniques are used to define the area to be etched-out. A directional etching
process, such as RIE, or etching with a preferential anisotropic etchant is used to
etch into the doped active layer 420 to form the trench 428. The resist and mask
are removed leaving the FIG. 10 structure. |




photogate (if used), reset gate, and transfer gate.

[0077] The use of a trench in accordance with the

i nvention provides inproved isolation between pixels.

The deeper trench better inhibits electrons fromy; warch 2007
di ffusing under the isolation trench to an adj acent

pi xel thereby preventing cross-talk between

nei ghbori ng pi xels. Accordingly, by enhancing

isolation via a deeper trench, additional inplants

under the trench are not necessary, therefore by

red®79d t hRaferhgnow tn&&Getil faanitrids dikert 43%his farieddn the

| i § . Anot h t; of th
| FRERAR ChaRisH VARt Dopoative (YRR YBnHeAde Bios 37 may be
Usemed ofan§tegiablé A intluling N® O, ©ONAULE! %‘ crtalﬁlg formed of

terial-containing silicon in accordance

i HFERMIEAC-pr ovi des a deeper hol e accumnul ati on region,
thereby increasing electron storage capacity. Al so

heoleuper{nencighigts o Withee L5 el

dimgt £27is tforamecveishin wid hﬁ;)cﬁtfﬂlSl anf roosn it @&coreﬁlﬁg&d lil}ée 432, The

i,sol ati on between nei orin egi ons. Accordin ,

e B P PR PR on el it hER s sy ety Abeenho et
1O / v

Gldesalls 429. tARIARE] \ﬁﬁlgif ﬁ%{ lcaflbe ?J}nﬁdln%%{%ﬂf; 8%@% of ntg%/ ench

narrow ng the wd e deep trenc er
dhinaenlinen famed mdartbe top offithe rendtn\iNor-iconfobRingamaterials

anpe
BB GO AL SISE, LR i oiie kol 49

| ayer 420. The trench is preferably a deep trench

havi0f§lh deBeferrigedveto FIGIN 300 bbtroR T i AN 86t QiRicamer 427
pr feng%tx b%ﬁween about 4000 to_ about 5000 ] '
AP it iler A3 A< Fppest v T gre b pesomalishgiy an anisotropic

ﬂﬂp&@ﬁb;bggg&gh&gorgsgggkques are used to define the

area to be etched-out" di rectional etching process,
such as RIE, or etching with a preferentia
anif9882bpi ¢ Befeningngvs tyEl6H lthpa saddceibe epitagiat hagerd@pdsigrown

' 4420 . to.form,the. trench 428. The resi st
B B M R a8 et e iRl e 443 ey b proLpng any
2ftable tvetrique20d fnay R0FShmReh _@ihklc'léjref‘@ﬁ"{nhﬁi-ﬁg@. Tht epftaxial
Eﬁﬁﬁéi§a liner 432 is forned in the trench 428 via
S SXENbLI digspds P p srfaceviyhe aTtiveslayer 420 de a8 torgrovides a
ARt TRYRA contact to the doped active layer 420 through the trench while

providing improved field isolation between pixels. Providing a direct electrical
contact to the active layer in accordance with the invention, eliminates the need for a

top contact, therefore saving space and allowing for tighter pixel formation.

[0083] Referring now to FIG. 15, in accordance with yet another

embodiment of the invention, the selective epitaxial layer 433 is grown to partially
fill the trench 428 with silicon.

[0084] Referring now to FIG. 16, a deposition process is performed to fill
the rest of the trench with a filler material 434. The filler material is preferably an

oxide matcrial and is more preferably an HDP oxide. Alternatively, a conductive

23



formed of any suitable nitride including NO ON, ONO

and is preferably fornmed of silicon nitride. [0080]

Referring nowto FIG 12, an oxide, e.g. SiQ2 or other

dielectric liner 427 is formed within the trenc

and over the silicon nitride liner 432. The I|n27ﬁ%§q1ﬂm7

may be non-conformal, in that its thickness may vary

along the trench sidewalls 429. Arelatively thick

i ner can be forned near the bottomof the trench and

a thinner liner fornmed near the top of the trench.

Nomaeciaifcontinigg kit @, fed Sampld pblysiticder sibh- é@ﬁﬁﬂﬂuﬁsﬁa also

BPSG &OGﬁﬁg]Q& be used to produce the Iiner 427. [0081

RelP"e'fsrc e ¥e8t ¢fithe rench 42850t t om portion of the

oxide liner 427 and nitride liner 432 is stripped

away[o0Rsi|s ca gﬁl%rml shed r

etch[or 21 masrk%e \(th or dry et é&?}}v&?‘,‘%%ﬂﬁﬁ&&éer f:%r}?éjgr%&?':dm
trepgh lsa‘C@@CéctAMerdapg[I wqmrhg i acﬁacccﬂ&ﬁom cljbmdﬁ or not

28 Wi t
O“SL‘# el R S BR o ot e Al BB AR Rt o Al
artﬂc sy ofiie gfcam ofWhén ieteineh ksAiRA wath d{E lepieaxh A YGEr #3@’1@5
grown in directl y on a Surface

epi t axi al gyer 433 is
ofshoWB i EIG ) adesp aerhde acggrdapcqwisly dmalsvmuom maydhe formed.

el t the doped active.|l.a
. PT%S%£Ch&§Jﬁ a &ec%g]?] tde Wﬁc es pra prCfc%Vl 8r0ﬁ/§df %Fg d]u} g]cd:asc of
| S@B/Iélﬁ iongh e&nsaﬁnpqavemﬂoﬁ of Bfoss/talkl BtgweenddjReht pixels, And also as

ctr;:]cgaIP contact to the active layer in accordance
HUBHeTIYT SR 1Barddpiths frat @sbediments gy wsorofa de-:mpcnch to

|
t ?ﬁ%‘?ﬁ%m DR QUorr SRR SRRSO B Ol AL bt he
SIEHFIP thcmb{ ctalncmh gulatihcuyehe m{CMﬁlﬁlm H‘eaﬁztg%ﬁlﬁscafbykhﬁcm
i nventi o e ve e er i S grown
¢ &8 .jgfﬁl‘gf“"? ﬁ’h %f‘ O R aﬁﬁ%@ Uﬁ»ﬁ%acgmdi%w th goBagon
RefiHel ud€d RO Bndtlda wiltb oty %?Qétlﬁbf the %Qn&%&,ﬁfﬁr gﬁmplc, the

performed to fill the rest e trench
f iSFlFféWﬁﬂ’tImamﬂﬂY zﬁﬁqd uFheh thay bewsedalongiwith 4 deapreedneh dilikd/with
a ' er and is. nore preferably an HDP
o%ﬁgﬁ‘%??g’? E‘% C"é}ti‘z‘“m& SWSMRuct | ve 23 27 March 2007
material containing silicon, for exanple polysilicon

or d0D8&pn- geAnmrémplary"@YIGH SBge sensor in accordance with the
invention and having a pinned photodiode 421 is shown in FIG. 17. The pinned
photodiode 421 has a p-type surface layer 424 and an n-type photodiode region 426
within a p-type active layer 420. A junction is formed around the entirety of the n-
type region 426. An impurity doped floating diffusion region 425, preferably having

n-type conductivity, is provided on one side of the channel region of transfer gate

450, the other side of which has a portion of n-type region 426. A trench isolation
region 428 is formed in the active [ayer 420 adjacent to but spaced from n-type
region 421. An electrical connection region 423 for providing hole accumulation is
formed adjacent the sidewalls of the trench isolation region 428. The trench

isolation region 428 is formed as described above with respect to FIGS. 10-16. It

should be noted that the entire transfer gate stack is not shown in FIG. 17 for clarity
purposes.




be used to fill the rest of the trench 428. [0085] By
provi ding an epitaxial |ayer 433, the anount of oxide
needed to fill the trench is reduced. Accordingly by
using a reduced amount of ,gxide, or not using o%Lge . o0g7
in situations where conductive material containing
silicon is used to fill +the rest of the trench or

when the trench is filled with the epitaxial |ayer 433
(as shown in FIG 14), a deep trench in accordance

Wi ein Lon r 1 SC bo
Wos7Re | PR LR e 6 O ol SR H e R e
béfose oP bfte e dRIS cfeBBE.0OThe dMEVEFihes pRIInfiAR ProcsKsteps
bet ween adj acent pixels. And also as discussed above
- mwythie vadigdiasiist requiired br convesidns done particulas preecsoflow, foremample,

.drench to provide i oved isol ation_elimnates the
if TPEALG SEAOE f’%ﬁﬂé"%ﬂf@%%%‘l@ﬁ’gﬂ Batc stacks must
) - n . . -
R BB e o tOte WP R pob b il R  fegrec, the
g8 stacks idy ibel foaded aogedbafiadien.t he i nvention
may be used in conbination with other aspects of the

i nvention, for exanple, the selective-EPl-partially
filled trench may be used along with a deep trench

fi00D8]] wi t h Aaransinceits ok wenspatenr ilﬁhlaﬁﬁg‘la%ﬁjmﬂisgﬁlnil%er the
6%1 An exe Ia% CMOS i age sensor i N accordance

#&gl A SEPRIEHY: SrPnxAriional pregessingimethodspire thedicattieddditt to form
forexahpncd j < . phot odiode 421 has g .

5 5 y pg s%?r??adggé@oé%%mﬁgﬁ ﬂggnlgag%mﬁﬁ? %{e‘g S ﬁ% P B‘H’il%%%n Sleirical
CorEgPian to2Be savirediimireregionyd3a, thetfloting aiffisiohdOgio 425, and other

ttoicgn i§gforlmad ac{ Oti}jgd the entirety of the n- type

r_eg_ g}a j%ga Ak E’ﬁﬁg&r ? Q’b‘i?_ﬁ'@ﬁctﬂnééﬁ the gewsor 149%-! Ber example, the
entizgk I i Offquet L i)

Stk sy me b oot MO BRbNR LU S gl msc,

rovided on one side of the
+ & BB, whigh it NI planatized indvbichéd ogmrovidp oofita€tthods, which are

thB5 : ' 6. A trench isolati.qn egion 428 is _

P IR RovidS oo, Getbe nbi Suty Eac) reed pico sk sanster gate.
fromn-type region 421. An electrical connection
regi on 423 for providing hole accunulation is forned

' heg..si || h.ij | i . i
GRS d-Sorting PEpld ANEDibT Ao ddiibaE it
refRf&citB FIGE? 2VE7 inhy bE AEBeé professed s kidiwd fh thd art 1o arrive at

shoul d be noted that the entire transfer gate stack is

CMSIS rhagescnsors having tht dancticaisiang feaurgsasfahose discussed with
reference to FIGS. 2-17. o

[00%0] A typical processor based system, which includes a CMOS image
scnsor according to any embodiment of the invention is illustrated generally at 642
in FIG. 18. A processor based system is exemplary of a system having digital -
circuits, which could inclide 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
systcm, motion detection system, image stabilization system and data compression
system for hi'gh-dcﬁuition television, all of which can utilize the prw:nt invention.




24 25 27 March 2007 [0087] The gate stacks, for

exanpl e transfer gate 450, may be forned before or

after the trench is etched. The order of these

prelimnary process st eps oy be varied as IS 57 parch 2007
required or convenient for a particular process flow,

for exanple, if a photogate sensor which overlaps the
transfer gate is desired, the gate stacks nust be

fornmed before the photogate, but if a non-overl apping
photogate is desired; the gate stacks may be forned

af fen91Qhot ogaA prdceisdrbhsed sybteM8RIchAs alcfplutes 8Pdterl] for example
transparent insulating |layér 430 is formed over the
ovesllyrregprisens oenterd procezsmgunii G Gdo e sxampleng nrergprocessor,

re then carried out t or. [.ex | e on t
Bafodrflnt el ki imblifl o) 86vife G s a SREERE s cmos
Bhpelsehalbl2 GROREMIAcASR x&iheth‘éczgftsﬁ/d%am 6329 T chdbuter
the floating diffusion region 425, and other wring

$ysteabAvibalso Heludes randemuargestREroydRAd) 64k gnd.rinithgcase of a

. [
RER% S gl A Rph o RS hh S 18R ey i654, ora
chinpdctéisk BSB) ROM@riverc5BRIEch atke cdmmanichie wiklnGRES cdelcbver the bus
nd etched to provide contact hol es, which . then
S df maz'@gsq'w ffﬁstseblaéo misarate the precessy %@@ﬁ gmpge sensor 642 and
Mesd 648‘3&‘?55&%&6& transfer gate. [0089] Pixel
[

arrays accor g to the invention, and described with
reference to FIGS. 2-17, may be :further processed as

kmgpgni n t hergr ' | | mage sensors .
_ h_!llvi _ng]the func'Jtltl’Jc‘)’%s an!ﬁ?’ga &r%ﬁﬁ?@fz&w
illustrdtiverafiext mpbay emboldistents; whichLARYE die f4RirePind advantages of
processor based system which includes a CMOS | mage
the dnentions Modification and substisutione to spricificiprocesy eondicions and
Il lustrated general | t 642 _in FIG  18. processor .
sttt L BE el Sefuonl deppriing 0By thecapiciand Aoy g the iavention.
AdcobdiH théﬁk&ﬁﬁ S B ;
~ Wt'wogfyg‘bei ng .%ﬁ%ﬂﬁﬁﬁ%#ﬁ&ﬁﬁ%ﬁmﬁﬁ°@
desaripticreand dedwings, bawey Gnlp Yisdiesd aﬁlﬁaﬁcms%ﬁmod' claims.
vision, vehicle navidg??on, vi%%o phonhe, surveill ance
system auto focus system star tracker system
noti on detection system image stabilization system
and data conpression system for high-definition
television, all of which can utilize the present
i nventi on.




26 27 March 2007 [00911 A processor based system
such as a conputer system for exanple generally
conprises a central processing uni& (CPU) 644, for
exanpl e, a mcroprocessor, that communicates wth 2007
I nput/ out put (1/0) ﬁv%ﬁ% over a bus 652. The

i mge sensor 642 al nicates with the system
over bus.652. The conputer system 600 al so incl udes
randBi%3tcess NEby claragy asnegw andodesired ke paetected by
comput er system may i ncl ude peripheral devices such as
a f| hettersBatenyofche UnBédiStates i  conpact di sk (CD) ROM
drive 656 which also conmuni cate with CPU 644 over the
bus 1652. AICMO®/intdgeGelor 6Qpisihs:e to integrate the
processor 644, CMOS i mage sensor 642 and nenory 648

on a si n%?iﬂe@c?&ﬂfn@sin%@ﬂﬁ& se}'lg,gw@p%\{&r;descri ption and

drawi ngs are only to be considered ™ I['lustrative of

vant agett EPRUpREHdh e s Rl Bd T on ana -

substitutions tqQ specific process canditjons and

st ruct ur e cisplafien ngie IW’Yﬁﬁgt OYEp &t l’?@lalnPBrrfetngg" for
spirit and scope of the invention. Accordingly, the
i nvent i onageymudatinghirge do A s¢giernt adjacest tocaitdgisolation wegidny
the foregoing description and draw ngs, but is only
l'i m2ed bYh¢ Benseropeldifn 1 wheagipandepixel firthisr c@mpAses at
March 2007 CLAI M5 [0093] Wiat is clainmed as new and

desired tpRafteomy %ﬁs‘ieﬁtild gﬁ’ﬁé fok QFdnSfefriia bRotbelebtrik Néharges

United States is: 1. i mage sensor conprising: a

pi xel co Y . [ L 00 o . .
ool at i oniPaepiby R ARE Rl R iR Reid i@ ane s
gate provided over said .isolation . reqgion, for.

Socumil ar Phe st Gty Spf onshg pid ohe fybisisty sste
isolation_region. 2. The sensor of claiml wherein
sai d3-pi xelh§ (Fepspsr ok whadm; desvhgrein sgisk phplesensyivei sagon,
gate for transferring photoelectric charges

comprises a p-type conductivity substrate, an n-type conductivity

photodiode region, and a p-type conductivity surface region.

The sensor of claim 3 wherein said isolation gate extends over at
least a portion of a region between said photosensitive region of
said pixel and said isolation region and said isolation gate is
biased to accumulate holes in said region between said
photosensitive region of said pixel and said isolation region.

The sensor of claim 1 wherein said isolation gate is biased to
provide electrical isolation between adjacent pixels.

The sensor of claim 1 wherein said photosensitive region
comprises one of a photosensor, photodiode, photogate, and a

photoconductor.




fromsaid photosensitive region and wherein said

isolation gate is of the sane conductivity type as

said at | east one transi stoﬁagate. 3. The sensor of
claim1 wherein said photosensitive region, conpkiges. 5547

a p-type nductivity, substrate, an.n- .

condz‘ct i v&ﬁ? SBAYt <’51d|¥ B fe 38#11 ﬁ@nﬁ%ﬁyﬂga@ sensor
conductivity surface region. 4. The sensor of claim3
wher ei n s&1EPYISSS adkree fragustar S £MQS dmage spnson east a
portion of a region between said photosensitive region
of 8ai d Phxeiensordofailaim dolvdterom sasd)i GOSN dmegé dsensor
i solation gate is biased to accunulate holes in said
regi on betoaprises aifur tRineksRs 4B CMOS hege eensef. sai d

pi xel and said isolation region. 5. The sensor of

claig 1 WagarigiaPe sk, Eﬁ@hrﬁﬁ%ﬂ%n%%@m&)ﬁgjﬁgased to

provi de el ectrical 1solatioh between a cent pixels.

egion caaPiCedBR Ty ACERAARE CIARER biibit

phot ogate, .and a phot oconductor. 28 27 March 2007 7.
The sensofUPST&ai m 1 wherein said CMOS i rage sensor
conprises a three transistor (3T) CMOS i mage sensor.
8. The sedislgast ®he draapigior gatecforned swérch mmten afsgid active
sensor conprises a four transistor (4T) CMOS i mage
sensor. OYlayém i mage sensor, said i nage sensor
conprising: an active layer of a first conductivity

type for npghotbidnbet BrmédRiidet @ sarlltrdnSREr gofee _
transistor gate fornmed ovér a portion of said active

| ayer ; - d| { Q.S :
{1 ans st ot eyt 10kioh JoFA ACAE Elve BBliocns 19 g

active | ayer adj acer&t to said
hotosensor; an

an isolation gate formed over a portion of said isolation region
and over a portion of said active layer.

10.  The sensor of claim 9 wherein said photosensor comprises a p-n-
p junction region formed under said at least one transistor gate,
said p-n-p junction region comprising a
surface layer of said first conductivity type overlying a
photosensitive region of a second conductivity type, said
photosensitive region overlying said active layer of said first
conductivity type.

11.  The sensor of claim 9 wherein said photosensor
comprises one of a photodiode, photogate, photoconductor, p-n-p
diode, and a buried diode.

12. A processor based system comprising the sensor of ¢claim 9.




phot osensor; and an isolation gate fornmed over a

portion of said isolation region and over a portion

of said active layer. 10. T4 sensor of claim?9

wherein said photosensor conprises a p-n- p jUunctiHQR. . 2007

regi %n f Qr.med und(gtr s.aig aii'l | east.,one transi stor .gate,
sai d3p- n-1<; SRR, QPR oW hErsHh pIL iGES STITPT SUBPTISKs
of said first conductivity type overlying a

phot osendi€Pymagesnsst. of a second conductivity type,
said photosensitive region overlying said active

| ayddt. of i stnidirraft claiooBdwheiein said tigpge sdisor ThmpEsassOr
of claim9 wherein said photosensor conprises one of a

phot odi octgv[qshg{agggérgm_phot oconductor, p-n-p diode,
and a buried diode. 12. A processor based system

i Si I . 29 27 March 2007
COMASE Si N9 CVIGS 3HARPLend: bl ro

he sensor alm9, In said i nage sensor

[ ' : . _TIh f '
o, wher PR [REG S BrORH rabih eeS A ey I A"

sensor. 15. A CMDS i mage sensor conprising: a pixel
for receidisRstisEF gt photo energy and converting it
into an electrical signal; said pixel conprising: a
phot osensaidi pisclaomgritiog: accunul ati ng phot o- gener at ed
charge; a floating diffusion region adjacent a side of
sai d photsiRaskhditie: ards £ atQimulaiel pong gettastegd cliargen
sai d photosensitive area; a read out circuit
conpri si ngp&inkRfhsiN ridPijadeh R SR ATsafdOPhotosensitive
area for receiving charge from said photosensitive area,
a read out circuit comprising at least an output transistor for
reading out charge from said floating diffusion region;
an isolation region formed around at least a portion of said pixel;
and
an isolation gate formed over at least a portion of said isolation
region.
16.  The image sensor of claim 15 wherein said isolation gate is of a
same conductivity type as a gate of said output transistor.
17.  The image sensor of claim 15 wherein said isolation gate is
formed over a substantial portion of said isolation region.
18.  Animage sensor comprising:

a semiconductor substrate having a plurality of image sensor

pixels formed thereon;




readi ng out charge fromsaid floating diffusion
region; an isolation region_forned around at |east a
portion of said pixel; and38n i sol ati on gate forned
over at least a portion of said isolation regioBs iy 2007
The i mage sgnstgr .of .claim 15 wherejn saigi i sol at |8@
gate is of¥ad° POGHR SERPUSING & PRIOSESIIVE JFEIOPs and ¢
output transistor. 17. The i mage sensor of claim15
wher ei n sBeatingsiffagiomregipmeach formed inag agiivslayer;
substantial portion of said isolation region. 18. An

i mage senamk conprising: a sem conductor substrate
having a plurality of imge sensor pixels forned

t hereon; @&Oe#sf MMBrisdatkfi0date Ear@tedBetrwadrdividd ¥&jhsent pixels,

conprising a photosensitive region and a floating

di ffusi omgbgagh %FPQ%M{ HPQ?iH Mhcftle 3hd IoVEr b Poftion oPaH

at | east one i1solati‘on gate tornmed between

adj acent gi Iglgl St l,ocat ed over a portion of said
active antiPBU2R M tion of an isolation trench. 19.
An integrated circuit conprising: a sem conductor
subst% at eARaRiEHgted CHOWI SPMPYSIBE | mage sensor  pi xel s
fornmed thereon; each of said pixels conprising a

phot osensi tsemicondygitom sehsttate havingaiai plyradity fof ginege sensor
region; an isolation region forned between adj acent

pi xel s; apixkledsinednkeres)l ati on gate forned over a

portion of said isolation region, and a voltage
source fogacBPgY i Pitds Sainpribing! AbhoBsRit®e dregion and a
floating diffusion region;

an isolation region formed between adjacent pixels;

at least one isolation gate formed over a portion of said isolation
region, and a voltage source for applying to said isolation gate a
constant voltage such that the isolation gate constantly reverse
biases the isolation region.

The circuit of claim 19 wherein said pixels further comprise a
transfer gate between said photosensitive region and said floating
diffusion region.

The circuit of claim 20 wherein said transfer gate and said
isolation gate are of the same conductivity type.

The circuit of claim 19 wherein said isolation gate surrounds a
substantial portion of said pixels but does not contact said

transfer gate or said floating diffusion region.

A CMOS image sensor comprising:




constant voltage such that the isolation gate
constantly reverse biases the isolation region. 20.
The circuit of claim19 wheRdin said pi xel s further
conprise a transfer gate between said phot osensiqzﬁih)(ae;chzoo-,
regi on and liha' d floati gﬂ) %iffu%i oﬁ Le%?ln. .Fyl. he
circuit of STPSHPIHISH! B, layer of & Nshegidpeva YRR g
said isolation tga_lt e are of the same conductivity
type. 22.amyEayefmixglsensor eqlls fpma igsaidecoped tayer;

i solation gate surrounds a substantial portion of
sai d pi xearsisblation cedomivtmed be¢tween eawhpixdl sensof egll; gnd e
or said floating diffusion region. 23. A CMOS i nage
sensor cogprisdatig gatk LofmBr 6¥er 20 Glbstantiul Ddriied eof said
having a doped layer of a first conductivity type; an

a o / . . .
array of Ripe n?@g?&grsaﬁ?i%lﬁtfl%ﬂr)%gg%gg% ahe doREH least a

| ayer; an 1solation’region ween each pi xel
sensor cell.. and an.isolation gate fornmed over a
subst ant i%?ﬂlﬁlg??faéad%?e%s} % isolation region, said
isolation gate being forned . qver at |least a portion
of sg'd dOP dfesrzird circyil COMBIiSA e gr at ed ci r cui t
conprising: a sem conductor substrate having a CMOS

i mge send@emisordyctort sibsisate thawimgon CM@P dmpigg spnsor pixel
conprising at |east one transfer gate di sposed over
and bet weemnedtekeat i Ng di ffusi on region and a

phot osensitive active region; an isolation channel

formed i Ng@pitePstPRirsiLatatdt B! WeRRer SatedisgdsdEbveadd

an adj acent pixel; "and an isolation gate forned over

said isol @J’r{vgéh gqﬁ:ﬂﬁﬁé ’dif\ﬂﬂ%nepe\éion and a photosensitive active
region;
an isolation channel formed in said substrate and between said
pixel and an adjacent pixel; and
an isolation gate formed over said isolation channel, whereby
said isolation gate extends around substantially all of said
photosensitive active region, the isolation gate capable of being
biased by a voltage such that the isolation gate biases the
isolation channel.

25. A method of forming an image sensor comprising the steps of:

forming a CMOS pixel within a substrate;
forming an isolation region adjacent said pixel; and
forming an isolation gate over said isolation region and over at

least a portion of a connection region formed adjacent to said

isolation region.




said isolation gate extends around substantially all
of said photosensitive active region, the isolation
gate capabl e of being bi ased by a vol tage such that
t he isol ati on gate bi ases the isolation channel 572 2007

th
St ot of - TherPydh 57 el NG AR Bodisat JeLone

form ng an i sol atl on regi on adj acent said pixel; and
forni ng drensister gateofor éai%eplté%le Hhestzgngistar gatg g@ﬁg%ﬁ%ﬁe
and over at |east a portion of a connection region

f or med adjoadestivityoyseaasdsaidi isalhtaen gate.r egi on. 32 27 March
2007 26. The nethod of claim 25 further conprising

formmg arhd membd oNetain a0 sitRtedi a figth dO¥aidRLILIPH Xate is
the transistor gate being the same conductivity type

as said | s?éd'tefﬂngﬁﬁﬁc croés taﬁbﬁet%érh&?a&ﬁt pikglsm 25

wherein a Tength of sald isol atlong e Is adjusted

ot 1 of < BEPS: o Sastefit ARl RS, Eidx il %g%ssé‘

corrprisingapixel,_ niso at|onre cen

pi xel , arf@HRISIMENTZE FHISGAHIEN FrEdkA "H’eﬁta @a'&@
said isolation region and parti aI ly over an act ive
area, saiisolaterhgate quapded pagialliicover 6d isgption srEemand
separati on between a photodi ode regi on of said pixel
and sai d pasiidlBt oven anegition absa, agidlméthod aomptitiagahe steps
said isolation gate. 29. The nethod of claim 28
wherein sg d nmethod of formng a separation conprises
accunul ating holes in a connection region between

sai d photﬂ%&%ea § 39000 v AphRSHbaL Hdiod 88580 pixel
and said isolation region by applying a voltage to said isolation
gate.,

29.  The method of claim 28 wherein said method of forming a
separation comprises accumulating holes in a connection region
between said photodiode region and said insulation region.

30. A method of forming an image sensor comprising:
forming an active layer of a first conductivity type on a substrate;
forming a photosensor in said active layer; and
forming an isolation gate over at least a portion of said active
layer adjacent said photosensor and over at least a portion of an
isolation region.

31.  The method of claim 30 comprising forming said isolation gate

over a substantial portion of said isolation region.




30. A nethod of form ng an i mage sensor conpri sing:
formng an active layer of a first conductivity type

on a substrate; formng a @ﬁot osensor in said active

| ayer; and formng an isolation gate over at |eas}p@ren 2007

portjon of, sai ctive | adj acent said . )
phot ens@r‘e 16 03\?3 Flap 3|03°§§{1er£o,gwpﬂn§rf3@ﬁmgﬁhe isolation
i solation region. 31. The nethod of claim30
conpri si NgeBMIoREP Haming sail iselpten gite over a
substantial portion of said isolation region. 33 27
Mar c¥8.200The 3ethdthef ndéino BOofvhetein rfoBding usaichgrhotosensor
conprising formng the isolation region prior to
forning sainbrises! doihingdabse 3. dhephvesdiet, of phokdiare,
30 wherein form ng said photosensor conprises formng
one of a ] g ductor, p-n-p
P pae 143 a2 PR BRP O

di ode an urie of formng a

CI\/(Isj'mag SEenspr. conpri sinohe formn .1 mage
senso‘%’ pigé?e%c?'ﬁq f%ng"}%gﬂbséli)@)as[ lér;’agggle ogﬁ‘%@l%i ng
formed by, formn phot osensi tive area for )
accunul at f"ﬁ&‘%%t(%‘-’@;sn HR3ECCEFnSQth BiXg L W“?‘BT Ai figstzate; said
floating diffusion region adjacent one side of said
phot osenspikehbging feemed by:ni ng an out put transistor for
readi ng out charge fromsaid floating diffusion

regi on; ffodngda photestsiting afdarforl aécubailgtingsphvgo-atndratad t
said output transistor; formng an isolation region
around atcﬂagg@g,t a portion of said pixel; and

forming a floating diffusion region adjacent one side of said
photosensitive area;

forming an output transistor for reading out charge from said
floating diffusion region;

forming a read out circuit comprising at least said output
transistor;

forming an isolation region around at least a portion of said
pixel; and

forming an isolation gate over at least a portion of said isolation
region.

A method of operating an integrated circuit comprising:

forming a semiconductor substrate;

forming a plurality of CMOS image sensor pixels in said

substrate; interconnecting said pixels into a circuit;




formng an isolation gate over at |east a portion of

said isolation region. 35. A nethod of operating an
integrated circuit conprisi%@; formng a

sem conductor substrate; fgrn1ng ? plurallty of  GMEBirch 2007
i mge sensor. pi xels in sai su rate:; iy

| or conrarbinBoet ot FeREPel itk B bash of spidy pixels

March 2007 form ng each of said pixels such that each

of said poRErise AnPhPiosensiveh e fadt pyvaostiy difusien o
floating diffusion region; formng an isolation

regi on betgwsn adj acent pixels; fornmng at | east one
i sol ation gate over at |east a portion of said

i sol at i oforgiti @R isdktiRsirdgios Betvees adjatdmwpixght e to a
constant voltage; and reverse biasing said isolation

regi on bygaRink%k MsSHsHA0G BatE ov¥CAtlIBR€ a portion of said
isolation region;
biasing said isolation gate to a constant voltage; and
reverse biasing said isolation region by applying said constant

voltage.




