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present invention relates generally to sem conductor

devices, and nore particularly, to trench isolation

technol ogy for use in sem conductor devices,

i ncl udi ng CMOS i mage sensors. BACKGROUND COF THE

I NVENTI ON [ 0002] In silicon integrated circuit (1C)

fabrication, it is often necessary to isolate

sem conductor devices forned in the substrate. This is
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sensor also need to be isolated fromeach ot her.
[0003] A CMOS inmmge sensor circuit includes a focal

pl ane array of pi the cells
i ncludi ng a phot %@%@@Wa phot odi ode
overlying a charge accunul ation region wthin a

sutﬁé te fo ccurrul ating h?t 0- generated char
(ilﬁxel PF}%%?HF HorRidRn slatpngeheslly tof ssmicon UCtOI devices,

Mm%f@lgirhe@?ﬁg%%cmg iRRAdEEhRN08, BGOSR Bndpctor

regi on at | ng usi on no

devices daeltitinggCM@S @hhuisingsisnode to a predet er ni ned
charge level prior to charge transference. The pi xel

cell may also include a source follower transistor for
recei ving and, anplif charge fromthe diffusion
node and an i% Fﬁﬁ%ﬁ% INVENBIONng t he
r eadout of the cell contents fromthe source foll ower

transi stor. [0004] In a CMOS i mage sensor, the active

el E0ROR]s of & pilizen irgegrhtedpirchion(BC) ﬁé)metcms,sars}oﬁen necessary to
f nctions of . (1 h on to char e conversion; (2)

ﬁﬁliné&qnéﬂcw ogma dfe the sybstraten sFhip isgrucfes gy
R L0 R 88, s,
Iﬁmpr?g@zéﬂs ODSP(ahl] ASTERUThOhdiAQudllpRadd Hth EMOYInQBe 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
wa@ppkioi4sati on of a signal representing pixel POED§®03/035859

fromthe floating diffusion node. Photo charge may be

anplified when it noves fromthe initial charge

accunul ation region to the floating diffusion node.

The charge at the floating diffusion node is

typica[tg converted to a pixel output voltage by a

agenurpaaicd byt tlange amplifications éhsiesttong tHhfophgy diffesishtriode to a

I t of [ . pLxel is typicall
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n rapinging on ap : _
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[ 0005] CMOS i mage sensors of the type di scussed above
deplatigferreien byneaklnewhotegatt. b photeh irpingimeaoph @articnlar pixel of a

i xon et al., "256.times. 256, CMOS Active, . Pixel Sensor

R Py Heiice éﬁ%yp‘?itfﬂlfeé@énm%%ar b stiinaspedcacction of the

hiost i 2388: 00 R Uiac ehsor pi
PRRAY e it et o PO o AR AR MO biged bsor picls

mivsEke Fohnshitbinonse abthteotavorl PRyl ¢6&,taldoTn Hd k. of IMOS
. 452-453 (1994). See also U. S Patent Nos. 6,177,333
pqed senuws; veEah aghingdntigasty fabecapé tabe sansitfive to light, it is

«any, nti onal [ e _sensors, .the contents of which
AQr etai%ﬁ%%sr tﬁo?ré’t%%%?égg m‘ﬁl}‘?‘i}?@?‘é‘ﬂ @efaﬂpagv@y ceshBiElsw
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chem cal vapor deposite
U.S. Patent Nos. 6,177,333 and 6,204,524, which describe operation of

conventional CMOS image sensors, 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 (SiO,). The filled trench is then planarized by an etch-back process
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silicon dioxide (SiQ2). The filled trench is then

pl anari zed by an etch-back process 2 WO 2004/ 044989
wWOeOANER8D3/ 035859 so that the dielectric renedTESINI/G35859

in the trench and its top surface remains |evel with

that of the silicon substrate. The depth of a shall ow

trench is generally fromabout 2000 to about 2500

Angstroms. [0007] One drawback associated with shallow

trench isolation in the case of CMOS i nmage sensors is

se teasghe dickectiioranzaiphonly in thpiragibradoits @pparfice wmxmsh level with
Bl Py BRGHR POAL AR S0 SR ol s ou
29bHYS LY i%@ﬂn%ﬁ%&ﬁ?m pi xel . Anot her drawback is

that a ﬁlgtl

e accu ation layer along the sidewall of
the trench is relatively small since it is |imted by

t HO00Zpt h ofOnddrasiakk awotiaeachiels shdllBAO@EnHOisE1RNBA #E the case

the isolation further, ions can be inplanted in the .
ok OMO§rimage sensatsds ripss-tdk froona gheesst llnyplbglng;mha pingicular pixel

rench. However, a dr.awback ssoci ated with ion
of FBPERisc R Firs T irifpeRiteen Bht oy iBResiundks B shallow trench
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is that ion inplantation beneath the trench

ﬁé’iﬁ%g%;tbmdepﬁl ofi @6 shullaverencheskage. In particul ar,
when ions are inplanted in the substrate close to thﬁ
e f the-t ch current .|l eakage can,occur at,t
SUBBBSEL berhsbfiin mCRPHE0 fyRi BB Fan L° dhlfut in he
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asspeated avithiosi idplaithgon hhnaih Havecachyagheteds fdr axample, in S.

i1y, eate a_higher density of trap sites al ong
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film the oxide substrate interface, and/or the trenc
particular, when ions are implanted in the substrate close to the edges of the trench,
current leakage can occur at the junction between the active device regions and the

trench.

[0009] In addition to the above-mentioned drawbacks, the dominant
crystallographic planes along the trench sidewalls, which have a higher silicon
density, create a higher density of trap sites along the trench sidewalls compared to
silicon/gate oxide interface of a transistor at the silicon surface. Trap sites on
dangling bonds or broken bonds can exist at the gate electrode /oxide interface, in
the bulk oxide film, the oxide substrate interface, and /or the trench
insulation/active layer interface. The trap sites are normally uncharged but become
energetic when electrons and holes become trapped in the trap sites. Highly
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



i nsul ation/active layer interface. The trap sites are
normal | y uncharged but becone energetic when
web@ens1ss and hol es becone trapped in the trapCHUS®83/035859
Hi ghly energetic electrons or holes are called hot
carriers. Trapped hot carriers can contribute to the
fi xed charge of the device and change the threshold
vol tage and 3 WD 2004/ 044989 PCT/ US2003/ 035859 ot her
el ectrical characteristics of the device. As a result
ogiertalrsical ehgyacetisis fob tedevier. ohp tdselttof einesh trap sites formed
i dewal | s,, current generation, near an | ong t he )
ofprtih nePi e, cEReBeERery i i SCL AR Porrosh cidgyall
[ I.nS| .odi ode :
G LT 2R SERcRBh Rty BER] by RuRIBHT by the photodiode
depletiemiegidh nbirdiuie @ahk t6tl daftcukint.t Nﬁnﬁﬁ&h‘%ddlﬁﬁ' @uirént in
i nportant in CMOS i mage sensor fabrication. [0010]
theplntafliogicys importantde SSMAS image sprswvifateicationsol at i on
techni que that prevents cross-tal k between pixels
i educi dark, cur.rent or current | eakage as .
mOBEaL oo REpEThgly i duablat ibhaile o Sobmbm Genminue thar
pteyBhRIck Q8- AR HRB QUL ML bhiilk Q@(ﬁlﬁ@t%( H?rkacu@ € or current leakage as
accurul ation region adjacent a pixel isolation reégion.
nBiRhBF pStANARY: ©RlsSHEsirNNENT bVNidOf ikplatibn @, wewhile
.the invention provides an isolation gate forned over
ingfrapiag|agile Aceumaation sveer adiacent aiprer) ésodasivgoregion.
substrate for biasing the substrate at the sidewalls
of the trench and providing inproved isol ati on between

adj acent pi NI§¥K§ ' ntion

provi des a %gggﬁ%ﬂge [ as?%Fﬁ?gﬁgm¥§§or med

over a substantial portion of an isolation trench

f in ap_image sensor. substrate , and, f or.ned

s jppggh di ng Iiﬁ R %@i’ it ﬁ?’ﬁlmﬁélrnf’fl&{ OWC%%WB‘E&B‘QQ%F‘? fopmed over
af 8612880 ¥ferRA hARSLIn SERSHe Lhik! | Bl

subs;;lt r Iallt ec. [0012] }nn yet%gcnot ersugggie{g??ﬂ ltﬁﬁ;equrtlt\llcesnutbiS%r%tc a
thersidkivadls ofitist tredhiurel prowiding bhpdoved isalfrs bdtwaen adjacent pixels.

sem conduct or device having a trench filled with a
In-wribet aspect, g lavenfionepiavidenrngbgrate dpwingdseteidgon gataformed

tive laver of a substrate to |sol ate.adjacent
o8 gish el potind oL e Pl e ToBRELith A g9 segepy substrate
arftforRRd daR8Hninsh fitk¥RBaforBon of a photosensitive region of an image

sensor pixel formed in the substrate.

[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.



type dopants prior to or after deposition of the
material. Preferred conductive materials containing
W@ Roo01989 ncl ude pol ysilicon and silicon-ger maPCT/OS20031035859

a further aspect, the invention provides formng a
trench adjacent an active |layer of a substrate,

grow ng an epitaxial layer to partially fill the

trench and depositing an insulating material over the
epitaxial layer and within the trench to conpletely

fill the t ! DESERPTEODOIRTHE DRIAWNS(IB35859
BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0013] These and
es of the invention will be

ot eat ur and ,advant a _ . _
m)@ 15’2 par e nfﬁ?sF Wt%cr%?tgfﬁﬁ e adxnipeespidas énicptippvill be
mdretapbsreRf B¥hPed 4 4 : the acconpanyin .
dr avvlplr)yg;;sc and illgfléyfg{]?‘gt% e%‘lﬁ%{haef %I/H[;e .no%}aﬁgrﬁrg%d%h.ggnnccuw
wiithy e taccompanying) defwin g O lusth4ee ckdnpRrPerth BB iﬁ* HY

.of an exenplary CMOS | mage sensor fragnent; [0015
upegfiopgnivehighyi agr ammat i ¢ si de sectional view of the

FIG 1A imge sensor fragnent taken along |line 1B-1B;

[ FI G IS a.to | an view of a i mage

LaOBEI £ 2ol R 2 BB PRty i e el AR s gensor
fregipedd; ment of the invention; [0017] FIG 2B is a

di agrammati c side sectional view of the FIG 2A inmge

sensor_fragnment taken along |line 2B-2B; [0018] FIG 3A
i 40818bp pl G ildnis afdizgrGPRtc sRigecstmnd Kick GOMBIHIG, 1A

. showi n 2x2 pixel layout in accordance wth another

! %ﬁﬁ?%r;&a&%‘git%ﬁ&ﬂ%gﬁ%%@ﬂrﬁﬁemion; [0019] FIG 3B
is a diagranmatic side sectional view of the FIG 3A

| IMBges PENSOIEI aghen : ' 3B- 3B, %OO 0 ,
F:[g 4Pi s a repr esen:tg '\taglmﬁ%(g)?glcgﬂ%&“%ar%ﬁeﬂ rggafl'%?mm
actoplanet wihthy0fitst 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;

[0021] FIG. 5 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;



according to an enbodi nent of the invention; [0021]

FIG 5 is a diagrammtic side sectional view of a CMOS
WO pge4498ensor fragment showi ng a trench in prPCEES20031035859

accordance wi th another enbodi ment of the invention;

5 WO 2004/ 044989 PCT/ US2003/ 035859 [0022] FIG 6 is a

di agrammati c side sectional view of a CMOS i mage

sensor fragment showi ng a trench at a processing step

sug(? ent to that shown in FIG 3; [0023] FIG 7 is .
a @34 ammat FIGsf éet diegramsnatic sidesecabnal v@MDB! b GIgOS image

nt. show ng a trench at a processing step )
SR el PO TR R i ProRren Bty Blsepocnt 9 tipt phown in
HQ@li3agranmmati c side sectional view of a CMOS i mage

sensor fragnment showi ng a trench at a processing step
subsequent to that shown in FIG 6; [0025] FIG 9 is

a 033& ammat FEG-sT te diegminomalc sideescabnad vieMOSE 4 TAMIOS image
sensar fragnent, i ncorporating the trench of FIGS. 7

e g‘f‘.gm[éﬁg WIRE @ trofighiag 2 preffesyna Atertsibsesjudet to that shown in
FB&cki onal view of a CMOS i mage sensor fragnent

showi ng a trench in process in accordance with another

exenpl ary enbodi nent of the present invention; [0027]
FI[@022] is aFId.apkardmirhntideiReetionakic & Mas image
CMOS i mmge sensor fragnment showing a trench at a

sgseE Bagnant shasying abweghent pracesdiag st @ubseiqientroGhaddhown in
F&&O%B] FIG 12 is a diagrammtic side sectional view

of @ CMOS i mage sensor fragnment showing a trench at a
processi ng step subsequent to that showmn in FIG 11;

gg@g@%(ﬁ nF;Ig}é Io8is & FHAGMAIREE 2L 5558l FBEMLS Tage

sensor fragment incorporating the trench of FIGS. 7 and 8;

[0026] FIG. 10 is a diagrammatic side sectional view of a CMOS image
sensor fragment showing a trench in process in accordance with another exemplary

embodiment of the present invention;

[0027] FIG. 11 is a diagrammatic side sectional view of a CMOS image
sensor fragment showing a trench at a processing step subsequent to that shown in

FIG. 10;

[0028] FIG. 12 is a diagrammatic side sectional view of a CMOS image

sensor fragment showing a trench at a processing step subsequent to that shown in

FIG. 11;

[0029] FIG. 13 is a diagrammatic side sectional view of a CMOS image
sensor fragment showing a trench at a processing step subsequent to that shown in

FIG. 12;



sensor fragnment showi ng a trench at a processing step

subsequent to that shown in FIG 12; 6 WO 2004/ 044989
weROnAWER8D3/ 035859 [0030] FIG 14 is a di agr aneEUBI03/035859

si de sectional view of a CMOS i mage sensor fragnent

showi ng a trench at a processing step subsequent to

that shown in FIG 13; [0031] FIG 15 is a

di agrammati c side sectional view of a CMOS i mage

sg[g)i)%r fragment showing a trench in process in

add0Pance Wikh Weis aghitprnamatie sislepeetionad mooth ire6MOS image

I nvention at_a processing step subsequent .

sorir RAERER] AR e PAc s pPOsGSSIE prhonias Qpgnio that shown in
FiGapsamati c side sectional view of a CMOS i nage

sensor fragment incorporating the trench of FIG 15;

[0033]_FIG 17 is a diagrammtic side sectional view

of[083 i f§e 15sensiagrimagtiesideisaamadviai ofa CREDS image

trench of FIG ,16; and [0034] FIG 18 is a schematic
S A agmoRt showfing a sarh &y Riasrssii @eeqrdrngei wigh yet OVOS:

j B C Lh_accordance with the
ey R e i AT B R Ela BTN TR TR ubscquent to
tHaOB185)n imFI@e18:0l | owi ng detail ed description,

reference is made to the acconpanying draw ngs, which

forma part hereof, and in which is shown by way, of

i 1P032) at i oF16E 16peeitfigrrembodside stsional vl @ at GMOS image
sei nve gi on may be pr ag}i ced. TPlgse enbodi nents are

L8R i A YRPrtesdht gt rf 6. Exabl e those skill ed

inthe art to practice the invention, and it is to be

ungdez st ood t jot . ' X .Ut icli .

At Tt st rogt tr al * UrBERATh TR B el R S image
sensoy flrgnmadencerpbnting tHe penth BOFIGOIB e spirit and

scope of the present invention. [0036] The terns

ﬁ@% and "éubst,rat e" are to be understood as

i ing stI¥cbf Is s3qhematic dingras Wf atpspcesS@Isystemrincorporating

a EMbS a gl §c§1§gppéz{s?rugf%981}1 accordance with the invention.

DETAILED DESCRIPTION OF THE INVENTION

[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.



technol ogy, doped and undoped sem conduct ors,

epitaxial layers of silicon supported by a base
wa@eeioorsuct or foundati on, and ot her sem condup€DUS2003/035859

structures. 7 WD 2004/ 044989 PCT/ US2003/ 035859

Furthernore, when reference is nade to a "wafer" or

"substrate” in the follow ng description, previous

process steps may have been utilized to formregions

or junctions in the base sem conductor structure or

Rugibsemerc mhenrrefsduice isomade trea "seftirt ondsidisantatiardhe tdllowing

dkere 1si.l i con-based, but coul d, be based_on )

STTPESR: BEVIRERPERRCSS ey hae Reengsilized se e rrgiens or

d il ol y t hct ur e el nt

] ur%g t% E]élefll Pﬁc%ﬁ% gélmn?tﬁg&%cmg ot%égn(grofr%ug%n% aIﬁ’s:f‘Cﬁc{Ig?’%’ the

sdmicondmater hedned Bciilicombned] but @dildbe ®hsddbR8licon- ermanium,
el ectrical signal. For purposes of illustration, %

SEEpAREEn PR gAlBIRelde.s | lustrated in the figures
and description herein, and typically fabrication of

ldhpbxel s | i | i [ d . -
gy s e s L et
pRORERSr 88Y %aﬁhsﬂo?@ﬂo@kb%rﬁﬁ% Ql%!cﬂHﬁﬁgh%ﬁida?agla%to% 888 ectrical

of sem conductor devices and, In ex
signd o diomputsosesofiillubz &riatg nkrepuesdrativeaside] iSURMEASS in the figures

| egkage .current in CMOS i nage sensors, as descri bed
ﬂﬁgawﬁﬁp% hegsinapdcgpicelly fabusition afgll pigelp it areimage sensor will

' : . techni gues, a brief description of an
P@féﬁ%&%% |1rrrlaagselm9%1h§ bBi xel is described first

with reference to FIGS. 1A and 1B. However, it should

bg¢0088d t hafpplibents Prspdsé Qeta3 iddPidnl t@lﬁﬁg %socogé\%e areas of

i mage sensors and nay be used in any suit % e devi ce,
sefgeoRSuhp] devices BRAND ciktmphury ambodimeBRAMnimize dark current and

mcr oprocessor DSP, . or ASI C. [0039] Referring now to
SUPPESS epRagt rigRt 1y CARSABKEE sevsorswas describech §eomt wish reference
CrFR | ~-transi stor (AT)
¢ pi xel',ﬁggher a: |t§/ eé‘?‘gyné}%é%&%}éﬁlﬂ‘e? Seya:t%f@g%ﬁff%@?lgrl ofgn
exiempdro @M OS insdpeUikfs R intdisedbstiedd At WahFBRnce Jcﬁﬁés. 1A

show t he use of a transfer gate 50 and associate
Hpsitbawever tinghauld b netedyeiae thshvpnivm dewtdithiarnt @g€dOS
. but s not Je uired. , Thus, thg iCPv,ent' on may be _used
infage SfRpors and m y be used in any suitable device, for example, a DRAM, flash

memory, SRAM, microprocessor, DSP or ASIC.

[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 region 21 for collecting charges generated by

light incident on the pixel and transfer gate 50 for transferring photoelectric charges



CMCS i mager including, for exanple, a three transistor

(3T) environnent where the transfer gate is omtted
wapa4amoge t ype charge coll ection regi on of a pPOL/UM003€35859

is connected with an n-type diffusion region 21. The

CMCS i mage sensor 10 generally conprises a charge

collection region 21 for collecting charges generated

by Iight incident on the pixel and transfer gate 50

for transferring photoel ectric charges 8 WO

frpg gl gdorapis2d 08 2686889 nofie anpichlly <ibdtags diffasion region

egon, 21 to,.a sensing nodge, .typically a floating
281 i ginedftsion %lg%ﬁecq?qt%%%ﬁ'ﬁenamtﬁ%@ the gasgoban oytput
[ I e . e of out put :
S BBy sy TR DR Dles Bl i rpering
thiesatingraniei o tagireddefincd 9¥6Ridd Pdord RAsiAe ﬁ%lg?ﬁll, RAPGrdeO
a

a predeterm ned vol tage before sensing a signal,
feglowyee drapeitos 985 whicknstevesrat 66 gawhirctecteicalisigenl fibm dhe floating

d98Le an el e %ri al signal fron1tg floating diffusion
Flisiosnegton Zindnd g0 ECe rntistar 8P ot pugy s a signal from the
sQUHEP WIS tAnSis@RR0 b raﬁprBt{tBtﬁt te?&ﬂ{aﬁ ?rlx %c%érgs\é\%é 2 adgress signal.

transistor 60 to an output term na
address signal. [0040] The exenplary CMOS i mage sensor

ud8848] pi nnékhephempitirg GMEXS inidpe sehsai @@es%é;hihﬁ&% bRBrodiode as
SucC Sl nce

regi on %ékFThe pi.nned photodiode is terne
tltq@argoq e region Bé. Jibstrianestiphotodpiderie termedauch since the
t n. t he phot odi ode i fuylly depleted.
PR B el Y ifBts e mhemshe phatgshode is
fullyriebiedt. TREDBMAPHRESEI r LAy A4
B Ve e PR BbNgbR: PphyRRanth i D flheitn
regein v@npasieg a0typd serfpieriaed 2dhoidodi 9dpd predtbdRsle ttWelon 26
- ge regions 20, 24 so that the n-type photodi ode
W&E‘E}{ RyRC ?QHVF)}aYGéBpetQ’& ripned phetedinglevintlideretwo p-type regions
' d..sour cel.drain reqi 2 ef er abl
20, T s HOP RSO B R Paioheh RIF siplred & voltage.
Irh iddlped seatcesddth 8 pHo@rdf b non H | QR v
r%lg:ﬁ‘gn 5 Sadj agent f%@(%r}sans’fper Bagth}gﬁ%}(])ﬁbfg rslqgﬁgés%@ﬁgmmy’ are
pgvesicd akbhe the trygsistor] ©0e5140,160, 80t yRichdatGAHi 68 eegion 25
ensor, trench iggLation regions 28 formed in the
AQIENG B TraPslsr s 3P ds YsxBraferabled-ais. t he pixels. FIG
1B illustrates typical STl isolation trenches 28. The

t {@@@ﬂ i sol af iaQ?piEeﬁQi‘M@fS g@ag%rs%ngo(},r Hggchulssglggog regions 28
formed in the active layer 20 are used to isolate the pixels. FIG. 1B illustrates typical
STl isolation trenches 28. The trench isolation regions 28 are formed using a
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



typi cal STl process and are generally forned by

etching a trench in the doped active |ayer or
wGaaivsnsase 20 via a directional etching procesBCT/Es29N3/035859

as Reactive lon Etching (RIE), or etching with a

preferential anisotropic etchant used to etch into the

doped active layer 20 to a sufficient depth,

general |y about 1000 to 5000 Angstrons. [0042] The

4renphes are then filled with an insulating material,
ositgrd kY D 3 ihigh density kst (EDP) dopositicn,icateyny Okher suitable

S eRoR b ey ot st i  Frmelir s thypenghes are
flirarmeh BY i lkiaY SnattHAM ?Pabm‘{ﬁﬂggaﬁg@agpg.ich' PN th%%echanical

t echni ques suchas | ow pfessure em cal vapor

R0igkinG4sioRa PElNAE2003 GBERGR. Wapeshd iremcH kEGNE) regions 28

hi gh de S|tyﬁﬁhasna (HDP) deposition, or any other

2y Ctrgm%’ wetHE Pregsss.deginsild bagndarstansithat thegisolatien regions 28
i.1hi rench, After fhe enches are fjl ith

oy S o PNy Ble LS SRR of o 080 pratess
chem cal nechanical polishing is used to planarize

t hEpGeBIUCt UrBhe MitelseickdrtthepSRI &%S’Ais%lis% fo%H{egrb%f&% or after

are formed by the STI process, it should be understoo
thegenehis dtefidat Tlonondeg pHties@ Brelimiyary pad @adstbgs fay Bedaried as is
usi.ng, t he Local é?idatlon of Silicon (LCEIE%%process.
ff‘b‘ﬁifg’] OFGORVERER® 1of 3 NRENGulyr Rraeespflewt farreaampls, draskgven

- & h h i hed. .Th
LGRS PR B A PRI RENRG debafL ERES diviGa thecpare

saskd Swstr @0ifoirmed before @RY BRb@Rhtel Bt & AR betlaPhi .
flow, for exanple, if aﬁkﬁgﬁﬁc photggate seﬁgggﬁ%%gﬁégmrls

detiessn fhewgate st hpps foreed afempherogat forimatidasi r ed,
the gate stacks nust be fornmed before the photogate,

b i,f-a nongover,l appin hotogate is desired, the
g;tiﬂé’%g acks ARHECHE ot daRsparert Bt GmlEch 3 doraed over the
dNMOF i aBe lE208 ) | |19,V Er

O e T SR g R R RS T o
fqprg des etangplemtonadtss 32 ¢shiohenindRI. 189 i8uhe fRulatifsMyef 80 to
exanpl e, contacts 32 (shown in FIG 1A) in the

PTQYadA 3t Flggiricalronnggriangto hesonts/draie kegions 22the floating
ource/ drai n regi on

cltion t he 22, th i )
IHREREER AP e RO a0 zengricbedt B Arhaigr senncerions in
tHROPIRECTO. TP rEexairP&S tBEEn NG GOMAF B dPOS cdvired with a passivation
layer of'e.g., silicon dioxide, BSG, PSG, or BPSG, which is planarized and etched to
provide contact holes, which are then metallized to provide contacts to 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
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the pi xel 10. For exanple, the entire surface may then

be covered with a passivation |ayer of e.g., silicon
waeleiodesd BSG PSG or BPSG which is planari zedI/asmo3/035859

etched to provide contact holes, which are then

metallized to provide contacts to the photogate (if

used), reset gate, and transfer gate. [0045] In CMOS

i mage sensor pixels depicted in FIGS. 1A and 1B

el ectrons are generated by |ight incident externally

capatitanes @acceptabiditinof fuoehopddivddi dte cleegbarapfity Ufpaened

harges are transferred to the diffusion region 25 by
P?’ﬂéocg%\‘?"es pr t@ﬁpgn%o’afioeﬁg levedhandthe domaissimplantgg go form
r&ggﬁgg%gfglﬂyer transistor produces an output signa
ffomthe transferred charges. A maxi num out put signa

is proportional to the nunber of el ectrons extracted

f ri@®dohe n- tApempiwi peibdee assoetc@with an TREg&8etisBE Pinned
gutput signal increases with increased electron 10 WO
photngdiedusghe prerriesebdeko3sssein emplaciticalmaneoction region 23
tabi | i of..f he phot.odi ode. The el ectron_capacity .

BT Sl A e b Gt R i e tRrs PRI e elctrical
be&kisnaBsoh 3 slepRRt §n &helelsi LonSy B
C26, 20? [ 846]]%900nn%%%g$% Ien1a%gg%?ggéveaﬁ¥gga ¢ surface
layred asé nisop-typpaaveitte 13ybo20diHigRed dopane c6fi@akia@Bn®fincrease the
dark. current in an electrical connection region 23
figepidrolesehequgh hicicoppegsion regianodd whidhdnateases ¢he hlectron

' Fon_region.28. The el.ectyical connectiaon region
od AN Al B B innoRiSeEn Rk Pmeiat nenel Kependent on the
dBping AP RGOl RIS inf Cld V&L hi
fg%gHigher dopg%t coﬁggﬂ??g?%gggnglc¥g§§§'?ﬁ%ﬁm%?ﬁﬁfg¥ghmr
dppdrgsonberuragions necdimnmewt ntional @ghgnscAsordhisehindBsse RRSIESurrent
?Iectron accunul ation capacity of the photodi ode.

. the
ingheielectiisal penpestion regigh 2 3 cpmbadinnersnof the inviopiangprovide novel
j i: ditions of the I.mage sensor. )
R PR R 7T s e S alinE Bl eanssrtion region
28 etk heviab b Raease opRMScailcerididsease dark current
in the electrical connection region 23. Enbodi nents of

the invention provide novel techniques for inproved
ell88#7] cal Aowthatirobleal angcitted vatleCMOSamage sarsots ity occur

whed Eo%nimplantation is used to further enhance isolation. The polysilicon gates,
trench isolation regions, source/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 jons 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
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23 without having to increase dopant concentrations.
[ 0047] Anot her problem associated with CMOS i nage

W@ 0804498Mmy occur when ion inplantation is uBEHUSI®03/035859
further enhance isolation. The polysilicon gates,
trench isol ation regions, source/drain regions, and
di ffusion regions may be heavily doped after various
fabrication steps via a masked ion inplantation. In
addition to this doping, in conventional processes,
Rexgiblet Hiorexample, i soteslioldvottegg i AV h¥ et ledsas d@itable for

d ion iqgla@% i.s performed to inplant ions in the
g8 FBS Wb s 1F AR ngrpdurther previdss Rove dechmeqieds for reducing

OO gt BURE, AP Mo Bod IREVURY bl dar in o

CMIOS imdgrneAshas daPpRrréBeHbbSinidht Ahe iR ERAGS i
band or threshol d vgltage shift. [OO4§] Tﬁ%re a?ékﬁﬁumdto

sptiind mag behised irp amyt swablchinesgh gtusov,oot agengslej £ CGD sensor.
that a device will tolerate before it will fail. A

re ce or,supply vpltage, for exanple, VDD, to )

ol Q4" i 14 Rty car Bas PSS pbterion Hinaongsseribed
Wit REEre RSO : i Bl Y g l,.to have .

a t hreshol d lf/ﬁ?%%ﬁ%?gt %ﬂéggoﬁ&%gm (gs\}é“ge?iliar%@ﬁc’& 18
cRQCH 0449 88 PUTHS2ADB2D 358{t iMe&SInG! the dophnE€XATPbEshe active

a tErgsB&ld vol tage shift of 0.25nV or less is
layes 120 p s shewn Si Agadsdhsorsolatithegitadditis provided over the

rovi de ve .echni ques for  reducing, )
t{eﬁ?tég&ﬁ%ﬁ nvfsgkogéékim 1SR P M CHOB e BlgR 123 in order
Slessidd i . i or.. as-t he
(O PEALE DR REANCEOert afipccls Bixc T, ' TRORGAAPA Y E T4
psafefablymdsonmrpvisied sBglakly avany didtibtenddFEoa re€B8A3 forovide

heéanple, a CCD sensor. [0049] A first enbodi nment
QEASFYPHEteg 1 khisiregientli2dn Fhe isolatioi getei J@bis préfetably a stacked

f. 1,GS. 2A B. i ' '
AN YT e—
. . i, .
e e O Rl bR AR PAES 17 are

Prayedest oropitiyetsalclrhe ssopatiei ghael 160er the trench
i solation region 128 and adjacent to the p-n-p

DAL o a5 o e oD 32 2% e
of conductor compatible with the CMOS image sensor materials chosen, and is
preferably formed of 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
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preferably also provided slightly over an electrica
connection region 123 to provide hole accunulation in
WO koog/0449g3 on 123. The isolation gate 170 i s predBEUSIINY035859
a stacked gate including an insulating |ayer 176
formed over an el ectrode |ayer 174 provided over a
gate oxide layer 172. Oxide, nitride, or other
i nsul ating spacers 178 are provided on either side of
the isplation gate 170. [0050] The el ectrode | ayer 174
SS9t h O%W%Qagﬁf%&f@a%pmw Bendprycarsipe ounfo complete
SORARE ILble with the CMOS i mage sensor
fnaterléﬁghg%%ggé%ggﬁ% is preferably forned of the
same material as the other gates. Suitable materials

f d006he el eClid BeaLbAYEFe LAfs aslade. M¥elely :
pol y/ Ti Si 2, pol y/ NBi 2?g§|§o| v/ WX/ ﬁ %ESWW bfotlided potential
Op BPRVICESI shighnpotsotigh tobiBi isoldFtum gasal Thie pot@Rae mbybePkitive or
nbe foned(ﬁ% the same tinme as other gates, for

e 6P 1 RS 08dPs CPBAUGHIE of Phe s3tedure ¢atteodels, exphined
belew. CBiadint HOWRE1. 4688 ransfer .gate, 150 may, be

f or med aat ét he {s)laagr%tgeg a%&o}ixﬂﬁs FE)er §%1§§1§é%lgm Petasa adjacent pixels
sdpaoitet by thgabdlatidd Gates] fDEREE BEspbREinS A

other gates, it ?;'preferred fﬁat tﬁeﬂﬁgéﬁégﬁggﬁlif§by
usEgIPleselgi asramulige iy dhefadramich ponmictibn r@ibME30 MTed

es,and accordingly it is preferred that the

aécggﬁugﬁ%ln"fg‘é‘{q‘és RStsarcs tho afra oF tas eleesige ronhesidroragi b23 by
it e o kHAES ISk Y | ' ch regions, ]28.
o P pR S o Ok e PSR ReREl 6 3o e 5T
sidoraiel2 DvEhe bbwmnGNEEoh BRE6led B MO JQLALHH498 1 i

F(%%USZOOB/OBSSSQ sensor.chnventionaI p?%%gggfﬁgonl23abo
PrOYiEiss 2 gy dickrerissd cemractied fowt thop appmitefaec ldyor B4 k@the p-type
acg_ ciaggr 'g@ge sensor. [0051] The isolation gate 170 is

I as y ‘provi ding a grounded potential or applying

a slight potential to the isolation gate. The

pPOGIR]i al MEMrdRerROSI HieV ti ndi ng.on

t E% co]nduct vit yr of {he (g%)?%Dt 9%%1% ée/ngcpﬂgcggn%%re%mn 128 may
begsedheddieticb e dwlatBinagite §70 heuded oh atd8a HALGHR HYindEStion.

rical. isolation between adLacent pi xel s

el e
G%‘bﬁﬁ%tyafSQ 190 teRehrs Bavets dapthy of abamm2 200 c Bravesspgnlié ng: of an
sdl i.OF i by .causi ng . holes to accunmul ate )
B0 LSO 3D IR BT TS i
a depth D of less than about 20004 or the use of an isolation 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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accunul ati on of holes increases the area of the
el ectrical connection region 123 by creating a
w@e@aberssepar ati on bet ween the phot odi ode r egP@HUIRDB3/035859
and the STI sidewall 129. The accumul ati on of hol es
in the electrical connection region 123 also provides
a good el ectrical connection fromthe p-type surface
| ayer 124 to the p-type active layer 120. [0052]
of . the trench i.sol atjon

r dBREl T55° asor 'de%%w@éao PRETAREE I Uit ot lgment o
tHeSinHSRHr %@&‘é%{g@@ﬁ et Ao f e 1§02?\f%§{)%%€ 1’27 0 %%?gc%or%cd ofa

I sol ation tren ve a depth

pitpyesmiductibiey tfecrdl, fanexdngsle pkipalysiRbe. PRySCEOFHRNES . a

with the invention allows for the use of a trench
lopwey papctraiofeshifs tuon-typesdopangn Hovever? 600uscaf t-type podysilicon

st B G S BBaciormbraieyoionslusgy [ihe ahipation
of 0 thiIoHlvol oA ARNER I thOB GhE Ewaﬁllgég Bi@dfbant and

enbodi nent of I nventi on,
tieabraskédldrailage sigifionsodated withad)ticad idenlh@addpifg is excessive

dji ffusion region 125 are doped with an n+ type
mB%ﬁﬂ%%?ﬁ@$¥¥%%$W@rial, the el ectrode layer 174 of the
isolation gate electrode 170 is preferably n+ type
p {1 i con e |solation gate 170 may be grounded
PO o ool b SO REbEPR I st PR hural IR e G does not
refife gAQBARC Y larsts| ek by, (Aegd ﬂaMFéd"i@thi‘@ﬁ h
Eol es to accgqrrﬁl ate ur%der thfé gate i thg e:tﬂécc%?%%(gﬁthe
substrte sliteotly beggatih th@8cadidisplatvn degied f Eticieferc) by badviding an
. blgt.v\een ixels. 13 WD 2004/ 044989 PCT/ US2003/ 035859
15¢'aBe FAEI/SE HCAETYS (A RF ByediomteHRaesisalasion stead of

- e _lnvention, the..electrode |ayer
inisihe SRR top LD b M £ o i R il iy bEYSEd
wiRhbiE&ceatitly elideMidIN vORAES lidltaridiRr exanpl e p+ _
polysilicon. P-type dopants have a |ower penetration
shift than n-type dopants. However, the use of p-type
poP9ast]l i conThgattepolysilidonssalitorOyrs iy les polutded ot sigé to a
sitive.val ues, The conbinaéion

1o .nore.po of the
slighpg B_H%P‘ZC Vfassy o plea 8 kRS HPTAPYRT HHE sEPPYFeltage Vi,
toRQEHE hble§ AbriFAHE (ARAMRA and ensure that a conductive channel for

electrons is not formed between pixels. A slightly 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 STI sidewall 229 by providing an isolation gate
270 over the trench isolation region 228 and surrounding the p-n-p junction region
221. 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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the threshold voltage shift associated with additiona
ion inplant doping is excessive and |eads to device
wo 2004044989 [ 0055] Contrary to conventi onal procPEEES2003/035859
the present invention does not require additiona
i npl ants, such as, the inplanted ion profile in the
areas of the substrate directly beneath the trench
i sol ation region. Therefore, by providing an
i sol ation gate 170 according to the invention to

ENRehEhs B8 MINCHAR regien dad toR sathdpremimple Acrisfar gamy2H0, but
ti + | il t .
FREBE CARRASTRC SRLRRhBs P alR P ahotitRa gl aclein. sate

A70056h 1&&@%@;&3&/ sididecgih hl%Plle‘NgH?ﬂ gefR ;ﬂ&?é%égg)& as shown in

Egrounded or tied to a slightly“positive vo

Cadpl, eachsofinghichgen bt noodifiadver opﬂﬁamcsﬁtnmﬁ%h.vmﬁ @aenple, the
VDD, . to,create holes along the trench sidewa an
1%1%[)% Lo 2R 4y Oh tacoiiaEOR geteairAhimey be ardependenthoinsraasscrart
2 i.xel A slightl ositive,voltage
Tl S Rt ot e e ik o b s, The
isolatiinsgatt®©2 1@ peerrabivVesds 8t TR ArQURPaR ﬂd’a]%%%%ﬂ begion
cause holes to accunulate in the electrica onnecti o
228 gilseferebly, thoobRHoA saerdTilicanbddberartn pixedraio)gs irelicated by
the inventi I.s now described wth reference to
et OB 2. A Shop e Thige sbtisor et 28D fasy by
' ' C . tter il.lystrate.th )
e e Byin B ORGP PBl Finch Bl dpphppalowing

tsefoomdtienosdisHRMwa trdnlR idoMRIM deBdbn 228 B8k Xes thln LBout 2000
positively charged holes is created along the STI

Agistegmb degpss digcyssashibdivagn the desalipiomof gatfirst @fBodiveint.
the trench isolation region 228 and surroundi ng the

p-fAnPej UNCtion.reqion, 221, The jsol ation gate 270 is
pr[@P g?l\bl y r{%oq}fcd]gﬁ%sﬁlﬁoéfﬂthﬁ l@iaépnagﬁt% PELmaychg formed of any
' j L.sql ati e 270 is also
e e IR de R Rt A Sy B0} b gates
TRETOUBRAOR O 336 5lay AscObNfbrine 2@ the farhdAffel RDRELOR. In

221 to gate, for exanple, transfer gate 250, but
PRseschheicdhe awlatianegate 3Rl fisforgatar tyosaaw time a5 chebidwet gates,

BB I R LB T B S5  hion o
tHRNRY, bid accordingly it is preferred that the isolation gate 270 is formed
subsequent to the formation of the underlying isolation trench regions 228. A
translucent or transparent insulating layer 230 is formed over the CMOS image
sensor. 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 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.

[0059] Also as discussed above, the isolation gate 270 is preferably a

stacked gate including an insulating layer 276 formed over an electrode layer 274
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FIG 3A, each of which can be nodified to optim ze
i solation. For exanple, the length LX and LY of the
w0 s@las498n gate 270 may be i ndependently i ncr eBGEUSIN3/035859
decreased to mnimze dark current and cross-tal k
bet ween adj acent pixels. The isolation gate 270
pref erably does not extend around the floating
di ffusion region 225. Preferably, the isolation gate

AP e B PR Gk AT SA D n cem 76
i i t ant i al
PR SELE- 218 T AR pppers Sl

salitcayingn rédieén ﬁs(li-lﬂ%iei, et @éctiodeilaydrmel oftth€ Metion gate 270, is
isolation region 228 that is |ess than about 200

pgfgeblons pabsilicer and seydwegtonnduckor tied hea diglodyi pdgadne low

RIS 5 it AR IB50 kg BT s thigolation ate 270 may
i ial: i i f th

oEEAQUEIY B8 P Bolictbark A b BARpo R BF el s Mty

padifiverasfeiringe vbleade) forettagipld, V8 s i tHaceSmeldth of holes causes
tgates. In processes where the isolation gate 270 is

dElsedicak canpsciemEcgions2 3 $o ehpangt Hesrclgpapewiding b greater distance
eferred,that. tthe i.so i 0 rench regi ons. 228 are ]
PR Do dighe Braiat P2 8 th Feschrgevalias, hre trap sics

cageordingly it is preferred that the isolation gate

270 is formed subsequent to the formation of the
underlying isolation trench regions 228. A

t r[A9$0Ucent Asinplifesiparcentfot n OMESi ingigk ayeor 23sésbed below in
fornmed over the CMXS i nmge. sensor. Conventi onal

APrBEYLSI K Shelpyeniign ¢ hBe ciseib Anellides, Sutcnmpis apbetediode for

' ...Jthe.,isal.ation te 270.is also

oH bSPTIR 48R0 PR By, 1
Rowlli@hindeedtesd ikt the AMOSi iiRlkallad, galen
Sgotentié} may be tpositivelor%negatgirve deggﬁgfﬁgogﬁqu
phhecopddctorj mi ethenimigeaoghtezeslonetmtimgeaddviry ein 1as: of a

escri bed bel ow. Biasing the isolation gate provides
PgPE’&ﬁ? &P thebntal g Wégﬂf Phefrazw@statpil ghyrge.

separated by the isolation gate and creates

0081} aL1 oL 5 LI NE, EhRRLELERL SOORTEH 1 portion

regi on” 223. 0 as discusse ove,

of s pbal heay Fathealll Pixcbcdll 8@ abhyrR e BnALHRANGAHBwN by either of
|nQIud|n8 an insulating |ayer 276 forned over an
tha pizels 498, 28Y of F2GE3. 2A8B. 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 are formed between n-type
source/drain regions 522A, 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 5224, 522C.

The reset gates and the source/drain regions 522A, 522C form reset transistors 531,
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WO 2004/ 044989 PCT/ US2003/ 035859 provided over a gate
oxi de layer 272. xide, nitride, or other insulating

WG paaesesP78 are provided on either side of tPET/US2003/035859
i sol ation gate 270. \Were doping of the source/drain
region is n-type, the electrode |ayer 274 of the
i sol ation gate 270, is preferably n+ polysilicon and
may be grounded or tied to a slightly negative | ow

eference voltage. Accordingly, and as explained
W, ¢ cppEolled by airest gand &Sgﬂb e} D-AYRCetonite/dediy regiom 522C

. ili b d jed t
iuBRAS' 4 ERe GuRe drer Bt P RER ihiilfiy ated char
wHIDFIB92ishotvh haG &Y 4R odfe 590 §54 QQHagédtth%Sig%o)f 529, the

el ectrical connection region 223 to expan _

trpnsbet wwimsistar 52 ptavidediadtanages, et vween rdduérefhailng] @@envention
region 226 and the trench sidewalls 229, where trap

may Pgdised 14 3 threp gragsifon (31 hpmisangeensivrheye the wansfangag: is

c ' ' . bel ' d W th .
oATESE R SORN  5RE LIRS | B SR e v

tHehotgd diffesibAegiaf 620Ul at i ng phot o- generated charge in
an underlying portion of the substrate. It should be
understood that the CMOS i mage sensor may include a
phBP63ht e, pPrdatbemisduetided botrweonhd[actmlqg'ezlﬁ byahasro;;ﬁion gate
nyerting. devic i.n lieu of a_. photodi ode, as_the
570 LR oLt S 3P 1 SRURHbRL: HEFHERSR Beltieh e, ThOBSzFNCe
i : i [ j r,a. .
O o tat Bolth g 370 68 o5 R Raf G ﬁlﬁel? pledrical
disiengore oxsdnLct td pixelsa THpRAY, (e RwhtbY dikd 5RO isdiasell i
Cpi )fg?c; qu%% 200 prl FI GST‘.SFPZ,E’-I\I%B. The ci rg?uit o%s I%?S&_h?tymg
therslreense onttess Wagéo geumsopotestitly Wheeanattygpeenandal is used to
havin i xel tgodetector circuit. [0062] The ”
N R S e A RN MU EN
S e s 2B Vipo B ARl B REARE Sy gheitila
Alpanhigvaly,nehqrbatpesipe ddolitncgity 876 iiOfised] tiaisblefiod 8iRS 70 can be

550 are formed between n-type source/drain regions N
tuspeshotf ShoygderThy s¢tiing she refefanes BHOZaMsatota/patage more positive

o 0 RO S g e
ot hBRASH St (?@Laﬂ)—t}-@é isdlBGol gh ¢ PeCha R PrOh PEA A [ Be BB laRon

fl oating diffuison region.
transistor off harder to help turn off a sub-threshold leakage path. Accordingly, 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 lying
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 transistors 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 Vg, and the drain
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Reset gates 532 are formed between the n-type
source/drai n regi ons 522A, 522C. The reset gates and

W b@4posre/ drai n regi ons 522A, 522C f or m r esePCT/US2003/035859
transi stors 531, 16 WD 2004/044989 PCT/ US2003/ 035859

whi ch are controlled by a reset signal RST. The n-type
source/drain region 522C is coupled to a voltage

source VDD via a conductor 519. It should be noted

nggg while FIG 4 ghgms the use of a transfer gate
IV sde L gEansiseys p7 3 AeTRIES o dads 5¢Re Therdspigfafithe row select

QS ' , . but i.s. t
@Rk 598 AL PU VDAY RSS 45Rh ok S sow prles
tian8issirs o loth& Pix@d 4 SNEE Bixe MR 1 bAe nhhafs ke 30 %%s?:

omtted and the n-typé charge collection region o
cphpled dictdecn thealynine ot gy winsistors 58S nntlypeldpé folgtoV,. The

region A. [0063] Isolation is provided between
“&8}9{5@&%? 3% F"S?e‘%?t BY bx & i 8PPligsk t© thsiz@aterhe
i solation gate 570 is coupled to a reference voltage
VirgoesThe r v Y/ |.ases t i sol ati :
ViroRosThe ¢ ok Shaat apld SR Y038, BLARERL I8, bBkLA o
aconsetiilp nteephopablf abdepicsahecriohy Bp&did dhertiiG&hould not be
.isolation %gte_Sjo is biased by tying the reference
infefpretge ayselslytlimigebimndopodessribad.. Ivhddicioanwhilé yetransistors

ter Ls used to formthe isolation gate 570, the
iR e cst TSy bPe ot Ao il extosnipad psrthossykilled in the
@ ehdd t VOl t nor e
ol B e SN bRy M0 e Reflifi BB
uni§@ingy ioppogjatle dop@ fremubetdescHbed.SThathi o1 PatLens R used
.ng turned off "harder"” by setting the reference
1\ IHCCQEETOR SRANDST £ Jesignnge dapeeansbaricepive typeHapugitiosindiich

[ vol t.age that Ls nore negative (for n-type

P@%‘%%f?%&%ﬁ S ele SV RIS BSP S5V B 36 SRe plaiase carers. The
"1 15 9indb bIOWhEALE&] W A i N

g S RO RRAR Mt Y S0 oL AR g can

transistor off harder to help turn
thae ﬁka@;@kpgtchncoﬁsx_rmdbdl afghyt, ingpurisy BHepvivotHaadBe MBPERsociated

b .usgﬁ Eo provide a nore positive potential. A
W’ctsé‘il% ¢ eéﬁﬁb‘ﬁ)%ﬂ 8 defelneRifity Hrpewithouothgotsufivol t s.

The isolation gate 570 is provided to prevent |eakage

DHUSED 20, 8t S, RO TSI 1 Erpgobyton
teslgighel ob ehdipii®y &t BQthotbatiffiRR N SR lhOth 98k i§8 kion
structure from one pixel to an adjacent pixel. Attempts have been 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)

separates the source/drain regions 22 (FIG. 1A) of one pixel from the active layer of
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be applied anywhere on the device calculated to
prevent |eakage effects of one pixel 500 to the next.

WO 0@840}498ach pi xel 500 al so includes additi onaPCT/US2003/035859
transi stors, for exanple, a source follower
transi stor 536 and a row sel ect transistor 538. The
transistors 536, 538 are coupled in series source to
drain, with the source of the source foll ower
transi stors 536 al so coupl ed over | eads 540 to the _
WP Fejasgrt Risel decconinglpgh thenghres bie g@czﬂl%hﬁ‘mﬂﬁﬁgggde to

CT/USZOOS/ 35859 of .the row sel ect transistors

cou CHRLE epsishripprayent pusrhthwough orsarisst leakage. The
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drai ns of si rom13

abow&igsnghtcad@ugtemlalm@m\tu&ﬁ@d transi st or s 539 are
al so coupl ed between the drains of the transistors

53 n a volta e source Vss. The transistors 539 are
e[g)lo ﬁ%\‘rmb‘{mnam laFearding tobi invgaties is i@@6E}cribed
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1sb[hft©h0@él{tﬁqmcﬁﬂﬁd§§’ﬁﬁbéd eohdih Rk %aﬁgﬁéfl gnﬁﬂ‘{mg gl.élCOIil. Shallow

interpreted as solely limted to those descri

trgdel tsobmionvhgioes fdreCMl@‘h Fhageodeasord g\i@cxb%eﬁa\ﬁéteﬁ@dptb ®f less than
ose

annel it is recogni ze
B S0P R Sierns s Bireallyzar Pty ol 2 topaeatt 2500 Angstroms.
b h t tures
THPRAS, Shillos Bndt) BRI S8 Bfted i e GG Biufegn auch as
d n
ey b Mgt oy PR AR HORATINUIRIG AiPuenches

hpriegedept! g!@tateo than2b MbAegitymes vathrdoewenticsp ﬁishlaV@Js Ylue to the

The "+" synbol wh d

g PR PR e ST 1 gl MaRTIBRLe i pir i gebstase
t L np

38 e BN TGN o A s

Ahgittans.i Headdotdind@ whthea HIRVEMbY YRR oMb RNEN GRS Aép"phcants
suffix. [0066] Another problem associated with t

peoipgb¢ Blingrteanshey wrﬁh&ondlmcu\tentmnaisl eonthirife smcmmrprafefably

i.s.photon .diffusion unde e shallom1trench i sol ation
P%W?E%%?%“E?%h%ﬁ@ﬂmf&e| usHVG By EE Rkt coitating silicon may be

cabfly QERS SRS t?&ﬁﬁesr@fj\%nto%s %@S&Q,C&nhke conventional insulation
materials, e.g., silicon dioxide, silicon nitride, NO, ON, HDP, and ONO, which are
difficult to fill in deep trenches. Thus, using a conductive material containing silicon
to fill the trench 328 will allow casy 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
clectron storage capacitance of the CMOS image sensor. A trench according to the
invention is deeper than a shallow trench, and accordingly has longer sidcwalis 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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i solation by inplanting ions beneath the shall ow
trench isolation structure. However, these inplants

WO e®ulot498n hi gh current | eakage. The i nventi onPEF/US1008635859
a novel technique for inproved isolation between
adj acent pixels that does not require additiona
i npl ants beneath the trench, thereby mnimzing the
generation of dark current in the CMOS i mage sensor.
[ 0067] Anot her consideration in CMOS i mage sensor
ftalige capaconanay, e.g.,i st atquomila@si,gn the klestr@nleconnection region 323
constructed to nmake . sure that there is enough margin
?Gmxﬁﬁggghﬁxﬁﬁﬁﬁﬁeﬁﬁ HOYSREGRES circuits. For
exanple the trench 28 (FIG 1B) separates the

n0aRIT e |6 SIS Hihe Bios Pliafon SRR with §Bonducive

ﬁﬁf&lbﬁ&ﬁﬂ&iﬂmn iancesidas@WitRith€bresARGRYGIIG, ¥s shown in
shal | ow trenches are generally sufficiently widé to

RliG.dw agrenchgd 28 iadechad imtoendoptdl ‘ctC@le tlaave B20. A resist and mask are

i e L
t
U TR 0 RN OB i

with tijgeferengial ardsotiapit osvhalesie Iilbélfd) etoh ﬁlﬁtortﬁé elopag Qcﬁ\fé layer 320
FIGS. 5-9. Applicants propose an STl process, which

todfesmahe tﬁeﬁélll a2 o herrevistand maskchreirethoeclopanlg a structure that

duct t t I Shal |
EPEHS R UG EIGTgl ons 1 or VDS | mage sensors

generally have a depth of |ess than about 3000

Angsh7IOms  andgeRes ablwodr el aakaide, 2008;dh 0o ABRIE diclectric

2500 Angstrons. ypical 'y, 'sRal l ow trefch tegions are
Ifder 138d isgtdwrawebinvewrt ronhl 32&1sThabwide linecmagbe fom&bsf NO,

higglN ensity plas (HDP% oxi des. However i's
PORg plany %%%ta havmgala g@ﬁt%clgqftélﬁﬂléﬁf 327 may be

nvent ul at or. ue
8‘1‘39'{3%358? AR OTE oo AT R R ss G MY 278
sabaERtifly Wedesi hRiHeeh¥ Qiddsa08 389 hngap &caﬁc?ctorﬁ%'frfﬁg rench 328.
when oxi'des are used to fill trenches having a
Igr geavesal, thihahichibes bf 2&0dicletniydimen 327 allasn@ttmcs[dia\mdie lethlH be at

a th di ment of the invention, Applicants
le3sb @Qiyﬂ?xpﬁ§“¥P%nches with conductive materials

contai ni-ng silicon, preferably
[0072] Referring now to FIG. 7, a highly doped (in-situ doped) n-type or

p-type conductive material containing silicon 329 is deposited to fill the trench 328.
Suitable conductive materials containing silicon include polysilicon 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 case 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.
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polysilicon or silicon-germanium Conductive materials
containing silicon may be easily deposited into
W e@noheso of various depths, unlike conventi onedT/US2003/035859

insulation materials, e.g., silicon dioxide, silicon

nitride, NO ON, HDP, and ONO, which are difficult to

fill in deep trenches. Thus, using a conductive

material containing silicon to fill the trench 328
particularly, a

i f ti f t ch,
G697 eneh CHARASRE Basepinceaaineg skivansabonly 00 decp
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sensors in particul ar, the deeper t

ubgcyteetill teap tredabes.r Blovadver, dg @caargade tvatlc theOhvéttoriMeRnch may
i sensor. A trench according to the_ invention is

by 5@%@ W&!ﬁ%@%ﬁ&‘r Mederial eprtaining silieercensty agd pibeively.

| onger sidewalls than a shallom;}rench. rhe{eforﬁ,

t er sy for a larger electric

c L[g 5 Z% igo n ?ég%@%ﬁ% RIS q’? Re“Y] ?J‘é%a‘f'll%% thy
itvbetidn end hadtgh ggxha% shaeticar 309 VAROH ﬁfé?’&.ﬁ The pinned

S ,

PCT/ US2003/ 0358 orage capacitance, e.g., |
pheiogiasicatdlokas a priviesuchectiyerc3l4 suhneatiypa ph@@jcﬁlﬁdc&%%ion 326

iR b B BER20 o & et o b afhe
CERRERS"S; AR AU HUUL bRl S5 FOBRGH v
relfi 4% R RS PR GHV el B “dincent 30 phenesal o the n-type
B PO PR CLOYS R B bt bR 25 bR BB paion

foamdd mejakerarthe sidawuidof a\tidngh dscidiClegidh 378 ThaRRAAK S

. as shown in FIG 5. [0071] Referring nowto FIG 6, an

15QyatiomR region 328 & pPmed apdhssribdi ebewt with redpeneto BITS.i58.
growmn within the trench 328. The oxide |iner may be

f ?66% of N@pe gate stacks, for example the transfer gate 350, may be formed
before or after the trench is etched. The order of these process steps may be varied
as is required or convenient for a particular process flow, for example, 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
clectrical 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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ON, or ONO anbng many other suitable materials. The
dielectric liner 327 may be substantially confornal.
WO p00ahes9 wor ds, the thickness of the |iner 320CT/BS2003/035859
substantially the same along the sidewalls 319 and at
the bottomof the trench 328. In general, the
t hi ckness of the dielectric liner 327 along the
sidewal I s should be at |east about 100 Angstrons.
0072] Referring nowto FIG 7, a highly doped
ﬁX%mP]Ga dsgadiye sirfagp enayrthcp bteycpeercd rddcs pesivarbe tdyet, of e.g.,
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S|I|con 329 then, a masked ion inplant (indicated by
may be perforned to dope the conductive
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phot or esi st mask . Simlar e cas
bntvtﬁppelcgltblomaglmféﬂ B&Q)ranty, by chiiping®lsbhrioRviy/P8eeper
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fill the trench with conventional 1 nsuflators.

trgpeh Blldrkwith armpadui dveanatenialit attainim g dliconviai deordan@d with the

"%ES when., used to f||| deep trenches. However, in
EREOR BV e epeiche! ﬁ\?éﬁﬂm‘é‘ﬁﬂo%fftgi%dhcmy ingseasirg ¢leetron

d C ai silicon easily
o oD 1 U BbS H e SN O eRrscFbpe S
D aaeaiclangeay wsb b trﬁ@r wel
CE% odi gde 3% |Ss ghovvrc}) |cn\ﬂgﬁélﬁ80@$ﬁ%ﬁﬁ¥dnﬁ‘gﬁﬁ sBﬂ'}J?S\Qdmg
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! photo?lodi%re gi o 326 within a p-type active
qGSIOT $9 Pk G byRuBat ¢lgicraa the artivg loies of ar iadiesgntatixel, by

n:irp&vﬁg the width of the deep trench.

[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 resist 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.
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type region 326. An inpurity doped floating diffusion
regi on 325, preferably having n-type conductivity, is
w@eanviodmsd on one side of the channel region of PET/ESDFO35859
gate 350, the other side of which has a portion of
n-type region 326. Atrench isolation region 328 is
formed in the active |ayer 320 adjacent to, but spaced
fromthe n-type region 321. An electrical connection

rj io§h323 for providing hole accunulation is formed
a ﬁg t t h&eiraagaomstoFlG hel, rridtide linco4aiiofornmediiomhe

. . trhench . .d.sol ation. regi 328,is.fo d as
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silicaghemitrode. t hese process steps nmay be varied as is
required or convenient for a particular process flow,
sensor whi ch overlaps the
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sidqvealls thd 9 puy ystesivsly thiddBiler At bafizdmeclantar die bo@RGSPEF RO krench

insulating |layer 330 is formed over the CMOS inmage
“’Qeanéfjé?“f‘é é'g‘.ef %Wérﬂqabﬂéﬂ o tBe &icAgh-mdtaroey farmaingtmaterials
CRLE HRd ol I contacts, (nof sho
R IR A n 150 B o S0ETn BrgbRALS Bipatt dbe RSt
connection to the source/drain region 322, the
f [@G81]ng di REftsiimNnoRGOIEIG. 335a baRSnPpbRIonW thRDxidR liner 427
connect gate lines and other connections in the sensor
anggptridedinepéd33 dosttipnad 89aRCThiss20 08/20858psheddry an anisotropic
nple, the entire, surface may then be covered with a
d )égcsl}l Ut @SQ(CF{QYF&O,” gy ihy " silicon dioxide, BSG
PSG or BPSG which is CWP planarized and etched to
p[ang2qe CONREkEridPh&% toWIL 425 §cl$é'{§ri9 fcggcégg%ll)lhfc?gisstgﬁs grown

provi de contacts 1o the photogate

toddltthe teemdh #28nwitle siligar € ThE @PiFAfial Ther 438 iy Be FRnchsing any
accordance with the invention provides inproved

S“%tglgF é‘fci?‘ﬁ’rﬂut?éﬂﬁe‘éhy Bf BEQWD asp singledmenr or mewlgHayyat (I epitaxial

la);cp hisRid gc‘ro%neﬁt ciip&is_lyfoBoangurface of the active layer 420 so as to provides a
direct electrical 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 material and is more preferably an HDP oxide. Alternatively, a conductive
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di ffusing under the isolation trench to an adj acent
pi xel thereby preventing cross-talk between
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HO%ive EFI-Garcidlly ifledbhiifif gib@ &3 nlSyit? %giu‘% flled with
Strench 42§EViéYChenical Vg orq%%pospgion %@% .»?ﬂ?s ed wi
amohdudevel materiadQhtaminghdlicohor med of any suitabl e

nitride including NO,b ON, ONO, and is preferably

f ofOr(B%g] of s\ icgcorgpﬂir; &IN?(%S image 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 layer 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.
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[0080] Referring nowto FIG 12, an oxide, e.g. SiQ2

or other dielectric liner 427 is formed within the
w0 eanodd®8 and over the silicon nitride |inerPdBRS20051635859
i ner 427 may be non-conformal, in that its thickness

may vary along the trench sidewalls 429. Arelatively
thick liner can be forned near the bottom of the

trench and a thinner liner formed near the top of the
trench. Non-conformng materials such as the

we[008&Hown PTEe gBRSEcksdar ermyile tanefdr pare g50q e Hetformed
l'iner 427." [0081] Referring nowto FIG 13, a bottom
Bsoreiftsr thaacrsh igstqbiede ﬂ%&zordera%ﬂlﬁm PlicH@inay pFOgSBteps

i ' d.away. This n.h ccomplished b n
iy 8 R U g DEE BB By, or cxamrle
if §8B81ogkef RhEdNEhieRWvERadslthe trhlsfePgi€heddsir¥E, @RIghaXit@lks must
| ayer 433 is grown to fill the trench 428 with

bei formodh beftire tepphaoigate, bayifr nd@3ovealiphiegghomgats isrdgsired, the
an uitabl e techni que and nay be grown as a single
ERNS R fqrmggeqﬁ.er Phetogate Bpsmation. ayer 433 is

grown in directly on a surface of the active layer 420

SO 0 proxi :

QR ITE1C, e R R b Rlsp e sliibp L 35 i Rublbf over che
QMO thay@ deApsrod] Coavdhtiondl ot &BinBeh¥BeHs RieXBks carried out to
Providing a direct electrical <contact to the active

fpay dor ¢xample cogsarte(nsitshowhpin the éntulasing leydrmidatogzrovide an
o P R AR L SRS S 5
aﬂﬁ‘%tﬁ& Wirldg &%oﬂn@c@%ﬁ@ RN (%W]EPC(?IE{CCGQRJ Dehe sensor 400. For
enbo n e se p

I ment “of the 1nvention, t ective epitaxia
cxayiple, daSentiregudide may gaont beaddwredf with atpassifationdiyed 2 e.g.,
with silicon. [0084] Referring nowto FIG 16, a
stiepp shietidn BrocksS, psBBEGT whivhds CMP iplanarig¢dband stched to
the trench with g .filler materi.al 434. The filler
et FEPLarubglenodiich air G mastilidechin Biovia® RISt ace
8S Srabik vs ) HOR ok de PldRERati vely, a conduct i ve

1%13 \% 20041 044989 %)EC'I’/ UsS2003/ 0%28659 mat eri al

containing silicon, for exanple polysilicon or

si 10088 - ger nBixcLarraysaycating tolibe usedtibn, frid desthibed with

the trench_428.

rg erence to FIGS. 2-17, may be further processed as known in the art to arrive at
CMOS image sensors having the functions and features of those discussed with

reference to FIGS. 2-17.

[0090] A typical processor based system, which includes a CMOS image
sensor 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 include CMOS image sensors. Without being limiting, such a
system could include a computer system, camera system, scanner, machine vision,
vehicle navigation, video phone, surveillance system, auto focus system, star tracker
system, motion detection system, image stabilization system and data compression

system for high-definition television, all of which can utilize the present invention.
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[0085] By providing an epitaxial l[ayer 433, the anount

of oxide needed to fill the trench is reduced.
waecwandiosyl y by using a reduced anmount of oxi deBCT/U82008/035859

usi ng oxide in situations where conductive materia

containing silicon is used to fill the rest of the

trench or when the trench is filled with the epitaxia

| ayer 433 (as shown in FIG 14), a deep trench in

accordance with the invention may be formed. As

di éj ed abOwsogseys hasehyRes, srev ivecompnisy syptem, for example

i ion and in the case. of . e.sensor
eROLRb EORRRRS & (b pERE SR vt Ch) B o 8RR, 2 ang
ik &pré&essdi ] I t firs

g TSN ARl 7 e o4 v
bumeb3v élthd €d @S iimngebdnsomet2asd hempaeficate wisk ex§e&sn over bus

igpl nts beneath the trench, thereby reduci ng dark :
OSgr ret CQRP ROy stea §O0 alsndarlydesandemingecess meanery (RAM) 648,
: . lective-EPl filled.or partially fille
<SR cald T3 % etrh P fite RPHsER e 198 o a flash
S ORGiyNakd 894 Wbt ehc&h?&ft RRRETH SROIM e IGBYERLIER rﬂlsofcgfnmunicate
exanple, the selective-EPl-partially filled trenc
witdyCB¥ Gé¢dved dedusictB. dt dewplsortenddsirible lte dnteiztabe tie processor
g%nm(;i ve material containing silicon. 0086%* An
6axehPLQSymegpacnsha §42 aaA sermety Gdccon aamets 16 chipt he
i nvention and having a pi nned phot odi ode 421 is shown
i ropbsy 17. ' . t.Qdi . 421 has -type ,
s;Ir f gc(l | ay efﬁﬁit%‘}a%%q%% 33{?6&% (L)[%% i %8%13’%8 31 eo%%ﬁ‘%md
ilistrative af greiyfi@ryasibodmea¥eWhtRAchRve HtCleh@fed hd RVIBGges of
around the entirety of the n- type region 426. An
thesiyentign.d dfedifi¢ativatandgublstithtionsto spegifioprd@Sss conditions and
referably having.,n-type conductivity, is provided on
sBhEnEsgan e e Tl Grebromont thersalsran Gansof sdmention.
ARSI e rehs; h&hias | -1 region .
426. Aé]f T ené‘ﬁ‘eﬁngi %Pﬁ?#ﬁﬁt r e%@ggﬁg%g{%&;‘% prrrrlé%aieoﬁ tﬁ% eforegomg
degtipvien laayletra’iys Asljteis enly [irgicdliby siagefe bF eHp HO&] claims.
region 421. An electrical connection region 423 for
provi ding hole accunulation is fornmed adjacent the
sidewal I s of the trench isolation region 428. The
trench isolation region 428 is forned as descri bed
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.
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24 WD 2004/ 044989 PCT/ US2003/ 035859 [0087] The gate
stacks, for exanple transfer gate 450, may be forned
whedoanet9sy after the trench is etched. The or de€T/082003/035859

these prelimnary process steps nmay be varied as is
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 phot ogabi,g%t@g i f a non-overl appi ng
photogate is desired, the stacks may be forned
after photogate formation. [0088] A translucent or

t ar ent i / A |

AR nge. TIRES A B art i Lo BERHORLEN ty et
Paée sMas Watdd Sidreeti: to form for exanple, contacts

(not shown) in the insulating |ayer 430 to provide an

el ectrical connection to the source/drain region, the
f1 odt i Ag gt genson cp@yriging425, and other wiring to
connect gate lines and other connections in the sensor
400. Fapixct¥amplisinglaihoe¥ehsifive tigi@ge may then be
covered with a passivation |ayer, of e.g., silicon

di oxi de, . P or 4. BP -Whi.ch_is CVWP planarized
and etgﬂé%%t%&n%gg\%agacglgt%%%\gkégla}ég whi ch are then
nmetallized to provide contacts to the photogate (if
used) , AR &sodatioagase PEAYEad Qires paidl isplation 1cg@o] Pi xel
arrays according to the invention, and described with

ref or eMte st@sorloBSlaim -11wherditysalibpifel fuber gorapassed as
known in the art to arrive at CMOS i nage sensors

R e e R

processor based system which includes a CMOS i mage
sensor <hwest Ipagsabphefpsassiyairpaan 28f vihsecipsdidnt i on i s
illustrated generally at 642 in FIG 18. A processor
based sykitem gate BXHEIThe sdnye odnducsiysy eypchasaidgt thagt t al
circuits, which could include CMOS i mage sensors.

Wthougnggaﬂgisgoirrga{é.ng, such a systemcould include a
conput er system “canera system scanner, machine

vision, vehicl avi gation, vjideo phone, surveillance
sysBem! DadPRsa &El@ﬂswé?ﬁengiagi PRetgsqrsitive region,

comprises a p-type conductivity substrate, an n-type
conductivity photodiode region, and a p-type conductivity
surface region.

4. 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.
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system notion detection system inage stabilization
system and data conpression systemfor

whe@hodesd nition television, all of which can BPCT/UE263/035859
the present invention. 25 WO 2004/044989
PCT/ US2003/ 035859 [0091] A processor based system
such as a conputer system for exanple generally
conprises a central processing unit (CPU) 644, for
exanpl e, a m croprocessor, that communicates wth an
i npét / direpensof lof Cpim dvwhereupidiselatian gpigdts Bsped The
CMOS i mage sensor 642 al so communi cates with the

syst em@yesvidiislectbied isolittorcbetut g adayaitgiddd0 al so
i ncl udes random access nenory (RAM 648, and, in the

case of,a conputes.syst . | [ al

dev ce?@ﬁgﬂsrgié)tf&{aw gswﬁépﬁ%%ggéa@g&g% rggl Sg conpact
disk (CD) ROM drive 656 which also_comunicate wth
CPU 644ompeiscstdre Hfiasplsnosenser, pRotadiads, PRoEES-abl e t o
integrate the processor 654, CMOS i mage sensor 642
and megRAay fBo&hdaceirngl e 1 C chip. [0092] The above
description and drawi ngs are only to be consi dered

illustrati f I ' ' '
P LT D Syl e

Modi fication and substitutions to specific process
condi t _RdAMAnEmagnseB¥rur es can be nade wit hout
departing fromthe spirit and scope of the invention.
Acc @ diTHg sénsdrhecliiny e Rthicedin sad eV QSinkggecensirder ed as
being limted by the foregoing description and

apponasaa s SeeSlag h LA NI SnaEr B3s) 0asase

CLAI M5 [ 0093] What .is claimed .gs 1‘%& and desired to be
pr oPectldi psererficirin 1 whews s G PEFEPht es i s:
1. An inmage sensor conprising: a pixel conprising a
phot os edsigriseea fRgitemsistoarf4T$ aMOSamagegemoradj acent
said pixel; and
10. The sensor of claim 1 wherein said image sensor comprises
a CCD image sensor.
11. An image sensor, said image sensor comprising:
an active layer of a first conductivity type formed within a
, substrate;
at least one transistor gate formed over a portion of said
active layer;
a photosensor formed adjacent to said transistor gate;
an isolation region formed in said active layer adjacent to
said photosensor; and
an isolation gate formed over at least a portion of said

isolation region.
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an isolation gate provided over said isolation region.
2. The sensor of claim 1 wherein said pixel further

w@eopoies at | east one transistor gate for PCT/US2003/035859

transferring photoelectric charges from said

phot osensitive region and wherein said isolation gate
is of the sane conductivity type as said at |east one
transi stor gate. 3. The sensor of claim1 wherein said
phot osensi tive region conprises a p-type

condéict LU sensoupEelpin &1 velereintsgidephasoseaset Gamprses
phot odi ode region, and a p-type conductivity surface

r egi on. a f-n-phenatiseeidf foeat MndeMbed & Ragdnd
i solation gate extends over at |least a portion of a

region i1 d: 5y pho ensitive reqion.of said
pi xel aﬁ gsi\%ggge?tg’oﬁqﬁ]? glnﬁ ?%bclngﬁ egRg < gr?pdlsfl%? ation
gate is biased to_ accunulate holes in said region
bet weensWice lgyroelsaichiist Ferdycsiyity typsfovsdyiagpi xel and
said isolation region. 27 WD 2004/ 044989

PCT/ US28R@0836868 region Tifia sswimorﬁﬁlcﬁﬁgi ffpd, saherei n
said isolation gate is biased to provide electrical

ol at | i nixals. .:6.1.Th . f
i sol ati pﬂ\%ﬂ%ﬁ@ﬁﬁl@ r?%bxg%g&tl S@%éﬁfl%cmﬁe la ergorﬁ%ggfoﬁ% iOS es

claim1 erein sa hot SItTive Teyi
one of a phot.osensor, photodi ode, photogate, and a
phot oco B¥ty WPCThe sensor of claim 1 wherein said

i mage sensor conprises a CMOS i mage sensor. 8. The
senkdr #hebaisor &f dhier &1 wikadid sC¥Photd¥BYGE ©RIHRES
conprises a three transistor (3T) CMOS i nage sensor.

one of a photodiode, photogate, photoconductor, p-n-p
diode, and a buried diode.

14. A processor based system comprising the sensor of claim
11.

15. A CMOS image sensor comprising;
a pixel for receiving incident photo energy and converting it
into an electrical signal;
said pixel comprising:
a photosensitive area for accumulating photo-generated
charge;
a floating diffusion region adjacent a side of said
photosensitive 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;
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9. The sensor of claim1l wherein said CMOS i nage
sensor conprises a four transistor (4T) CMOS i nage
W@ 2018044989.0. The sensor of claim 1 wherein saiBPCT/DSIPe3/035859
sensor conprises a CCD inmmge sensor. 11. An inmage
sensor, said inmage sensor conprising: an active |ayer
of a first conductivity type forned within a
substrate; at |east one transistor gate forned over a
portion of said active |ayer; a photosensor forned
adj acern selagan scgien feymwdmroyed et least ai putianiofsaidegi on
formed in said active |ayer adjacent to said
phot osesig€lf andand an isol ation gate formed over at
| east a portion of said isolation region. 28 WD

2004/ 0449. PCT/ [ 03585 12. Th f clai
11 V\herag’i 1?8%%%%%%8%@%%%? 5%??3%@%518 -Sﬁ'l%:) joungt ialonm

regi on formed under said at | east one transistor

gat e, §ﬁﬂ@ﬂﬁﬂfﬁ%9qnunction region conprising a surface
| ayer of said first conductivity type overlying a
phatés eTisd inhage st off clafm d 5sekaash saRMdslatiby ighté it ype,
said photosensitive region overlying said active

| ayer ' ' co [vitytyvpe. 13. The sensor
of claﬁgk%%h%ﬁépgﬁﬁﬂg ﬁgg%%%% %gﬁg8¥aé%%%ﬁﬁses one of
a phot odi ode, photogate, photoconductor, p-n-p diode,
and a BIASEEIdi ode. 14. A processor based system
conprising the sensor of claim

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;
each of said pixels comprising a photosensitive region and a
floating diffusion region;
an active area formed between adjacent pixels; and
at least one isolation gate formed over a portion of said
active area.
19. An integrated circuit comprising;
a semiconductor substrate having a plurality of image sensor
pixels formed thereon;
each of said pixels comprising a photosensitive region and a
floating diffusion region;
an isolation region formed between adjacent pixels;
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11. 15. A CMOS i nage sensor conprising: a pixel for
recei ving incident photo energy and converting it

WO paoa/oa498el ectrical signal; said pixel conpri SPEUSA03/035859
phot osensitive area for accumul ati ng phot o- gener at ed
charge; a floating diffusion region adjacent a side of
said photosensitive area for receiving charge from
said photosensitive area; a read out circuit
conprising at |east an output transistor for reading
out chafigéast PBISOMtPD gasafermeddiver aPosion efsaich; 29 WO
2004/ 044989 PCT/ US2003/ 035859 an isolation region

formed mohtion regioh pakt isalafoh herbehg bakel &) xel ; and an
i solation gate forned over at |east a portion of said

i sol ati [ . j sensor of claim 15
wher ei ng({shzilbglg kgg?%%ggg%%%g?%?mﬁ %a?% grgr%s%rb ductivity
type as a gage of said output transistor. 17. The

i mage sENSSF PBFCshaisHlaDN§8Io8 n sai d i sol ati on gate
is fornmed over a substantial portion of said

i soR@t i Bhe riegiioof claiB19 Atherdin geid $erdofirthRAPsInSLiRY: a
sem conduct or substrate having a plurality of inage

sensor , BX@lekObBRRh LMo RAGRCLe 8 hlAg! S
nprising a photosensitive region and<a
floating diffusion region.

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

22. 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.

23. Animage sensor comprising:

a substrate having a doped layer of a first conductivity type;

an array of pixel sensor cells formed in said doped layer;
an isolation region formed between each pixel sensor cell;
and
an isolation gate formed over a substantial portion of said
isolation region, said isolation gate being formed over at
least a portion of said doped layer.

24. An integrated circuit comprising:
a semiconductor substrate having an image sensor pixel

formed thereon;
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floating diffusion region; an active area forned

bet ween adj acent pixels; and at | east one isolation
w@aa0e/0§498ed over a portion of said active arkeI/UIDN3/035859

An integrated circuit conprising: a sem conductor

substrate having a plurality of inmage sensor pixels

fornmed thereon; each of said pixels conprising a

phot osensitive region and a floating diffusion

region; an isolation region forned between adjacent

pi xel s;sadbpixgmopapisigradest PAT HISFOOS{0 35469%d ater| east

one isolation gate forned over a portion of said

i sol at i ol beegt@na f1oatisl UFRIsRIN RBicsaHR] *’?h&%séﬂsﬂﬁr@d to
a constant voltage such that the isolation gate
const ant|. verse biases the isolation region. 20.
The ciggh¥?r%§inblain119 wherein said pixels further
conprise . a transfer gate between said photosensitive
region‘%Hﬁﬂ%%@@Chﬁﬁ@bgﬁﬁgddnﬁﬁd§ubﬁrmegndMCu@im,The
circuit of claim?20 wherein said transfer gate and
said issid fkélandgatLljRes: Hikelt Bed Sane conductivity
type. 22. The circuit of claim19 wherein said

ard pioaramich RS IRRHArS 4 AR A BrabBher or gare
or said floating diffusion region. 23. An inmage
sensor WEEERY %ﬂ‘g@daﬁoﬁ (a5t exaeedsiraoind sebstopsially klyer of
a first conductivity type; an array of pixel sensor
cel | s fofsaiephiosossasitvelaRd rt@y8l the isolation gate 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 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.
26. The method of claim 25 wherein said isolation gate has the
same conductivity type as at least one transistor gate of said
pixel.
27. 'The method of claim 25 wherein a length of said isolation
gate is adjusted to minimize cross talk between adjacent

pixels.
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an isolation region fornmed between each pi xel sensor

cell; and an isolation gate forned over a substanti al
w@oooioorsof said isolation region, said isol ap@¢DOSIaL/E35859

being forned over at |east a portion of said doped

| ayer. 24. An integrated circuit conprising: a

sem conduct or substrate having an i nage sensor pi xel

fornmed thereon; 31 WD 2004/ 044989 PCT/ US2003/ 035859

sai d pixel conprising at |east one transfer gate

di sB8sed me@odafdpsettingem imagk setsongsaitl fnfidpzi sefisgregi on

and a photosensitive active region; an isolation

A I R . ..§aid
ool SO oS g

formed gver sajd isolation, channel , . ereby. said
i sol ati of &‘5{5813 PPVl P VST e %#41%@ Kpgign andof
sai d photosensitive active region, the isolation gate
bei ng ¥jawad thyaid pixsl tad ercsheh comatisingeht sepaof:on
gate biases the isolation channel. 25. A nethod of
f or m NGfoRfid TR AREObe S EPE pALAMIOACIGIGPEE sl

r

formng a pixel within a substrate; formng an

i sol ati regi on, adj acent .said pixel; and formng an

i sol ati fgl%dg a%eS dvlégﬂagg? 6°6'S% :bgtaBB&mrgeagY‘gF?g&ﬁH sgiler  at
| east a portion of a connection region forned adjacent
to saildolpgen geicon region.

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 imagc 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.

31. The method of claim 30 comprising forming said isolation
gate over a substantial portion of said isolation region.

32. The method of claim 30 further comprising forming a
length of said isolation gate to minimize cross-talk between

adjacent pixels.
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26. The nethod of claim 25 wherein said isolation gate
has the sanme conductivity type as at |east one

WO e@ndiesor gate of said pixel. 27. The met hoPCD1S2003/035859
claim25 wherein a length of said isolation gate is
adjusted to mnimze cross tal k between adj acent
pi xel s. 32 WD 2004/ 044989 PCT/ US2003/ 035859 28. A
nmet hod of operating an i nage sensor, said i mage sensor

conprising a pixel, an_isolation region adjacent said
pi &1, sTf&rraeféwdi efgllaim Hhwhsrein Fraing sad phetossasod
i solation region and adjacent to said pixel said

et hod coatppisesfongiiidensbepphelodiode pRbftgate, separ ati on
bet ween a phot odi ode regi on of said pixel and said

| 2ol at F0-EAe B SRR SRR, e

i sol ation gate 28 wherein
said nmethod o ormng a__separation conprises
acAfmu lAameatjﬁ%J fosming % CARRPRES FEDSPEEPDATIEBEWE en
sai d photodi ode region and said insulation region.
30. A ffeihiog aofMO$ ihag: ®Asorge waeis arsubaide aidg:
form ng an active layer of a first conductivity type

on a %’E&%&?g%’ﬁﬁ&{[}%ng a photosensor in said active

| ayer; “and rmng an isolation gate over at |east a
portion of, Saig)% active |l ayer adjacent said

phot os ENEYRS APROYICaSiEEE AKA I acsaAtmg Rhavpr i si ng
form ng said isolation gate over a substanti al

por t i ogendraedi dhaigegl at i on regi on.

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.

35. A method of operating an integrated circuit comprising:
forming a semiconductor substrate;
forming a plurality of image sensor pixels in said substrate;

3

interconnecting said pixels into a circuit;
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32. The nethod of claim30 further conprising form ng

a length of said isolation gate to m nim ze
wee@wsm44989 kK bet ween adj acent pixels. 33 WO 20Bd1/042098@35859

PCT/ US2003/ 035859 33. The net hod of claim 30 wherein

form ng said photosensor conprises form ng one of a

phot odi ode, phot ogate, photoconductor, p-n-p diode

and a buried diode. 34. A nmethod of form ng a CMOS

i mage sensor conprising: formng a CMOS i nage sensor

pi xel foiriniigeshsafbsidrEitds sushithat gickelf sidipigls or ned by:

form ng a photosensitive area for accumul ati ng phot o-

gener -har.qe. alo B | regi on

20 acoripidR o ShIREr it AL Mg LHELRA

form ng an output transistor for reading out charge

from $S&UYSfloating diffusion region; forming a read

out circuit conprising at |east said output

t r ansi firming fuo isvlatgnargiondicaveanadjagnopixalspund at

| east a portion of said pixel; and form ng an

| sol at o B@Icgéﬁ(?{ne%olitﬁﬁts%at@ oR& 41108t Rhofddidof
i solation region. 35. A nethod of operating an

integrated circuit. conprising: forming a

semi co @ngogdﬁgFWhte; formng a plurality of image
sensor pixels in said substrate; interconnecting said
pi xel sbiasing saiddsaletidn gate to a constant voltage; and

reverse biasing said isolation region by applying said
constant voltage.

36. A structure for isolating areas in a semiconductor device,
said structure comprising:

a trench formed in an image sensor substrate between
adjacent regions; and

a conductive material deposited within said trench to fill at
least a portion of said trench.

37. The structure of claim 36 further comprising an insulating
liner formed along at least sidewalls of said trench.

38. The structure of claim 36 wherein said conductive material
comprises one of silicon, silicon-germanium, and
polysilicon.

39. The structure of claim 36 wherein said trench further
comprises an epitaxial layer underlying said conductive
material and formed within said trench.
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34 WO 2004/ 044989 PCT/ US2003/ 035859 form ng each of

sai d pixels such that each of said pixels conprises a
wW@botosossi tive region and a floating diffusi oPCT/US2003/035859

region; formng an isolation region between adjacent

pi xels; formng at |east one isolation gate over at

| east a portion of said isolation region; biasing

said isolation gate to a constant voltage; and

reverse biasing said isolation region by applying said

cofst dfiie sokdtageof BHm 39 wheneot saick tboch haod de¢pthepfar eas

in a sem conductor device, said structure conprising:

a trenchutol iR ool JFRAE 5660 2 NssFURS! rat e bet ween
adj acent reglions; and a conductive material deposited

d
within said trench to fill at |least a, portio f said
TR G i st pa et hlvt fnh of
conprising an insulating liner formed al ong at | east

si dewadrkstenthamadbdbut 260@ Mng88omFhe structure of claim
36 wherein said conductive material conprises one of

Si4j COffpe %@&gﬁb%m WhEreaN6hid Bah¥shhh&@ep. 39. The

structure o im36 wherein said trench further

conpri ses an epitaxigl Jlayer underlying said
conduct§WAE €9 r@F?%Fﬁﬁﬂglgﬁgﬁﬁ%P%ﬁTlﬂ n said trench. 35
WD 2004/ 044989 PCT/ US2003/ 035859

43. The structure of claim 36 wherein said conductive material

comprises an epitaxial material.
44. A structure for isolating areas in an image sensor, said
structure comprising;:
a trench formed in an image sensor substrate between
adjacent pixels;
an insulating liner formed along walls of said trehch; and
a conductive material formed within said insulating liner.
45. The structure of claim 44 wherein said conductive material
comprises an epitaxial layer.
46. The structure of claim 45 wherein said epitaxial layer
partially fills said trench.
47. The structure of claim 45 further comprising a filler material
deposited over said epitaxial layer and within said trench.
48. The structure of claim 45 further comprising a nitride liner
formed between said sidewalls of said trench and said
insulating liner.
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40. The structure of claim 39 wherein said trench has

a depth of between about 1000 to about 5000 Angstrons.
W@ 20040085t ruct ure of claim 39 wherein said treeiSivax035859

a depth of greater than about 2000 Angstrons. 42. The

structure of claim 36 wherein said sem conduct or

devi ce conprises a CMOS i nage sensor. 43. The

structure of claim 36 wherein said conductive materi al

conprises an epitaxial material. 44. A structure for

i s#f.at Thystmaag: ofcldm ¢ fradercie sad fillesmiateriabt ruct ur e

conprising: a trench fornmed in an i nage sensor

subst r @ BpHRL Waebf aRdisakeinl; RictAkISa cafdudisgl ating

liner fornmed along walls of said trench; and a

conduct i ve.apaﬁfgrtkal formed within said insulating

| i ner . M2yE! S M ct ure of claim44 wherein said

conductive material conprises an epitaxial |ayer. 46.

Th0.st Andnage sapsoctamnpmadz:wher ei n sai d epitaxial |ayer

partially fills said trench. 47. The structure of

cl ai m 4badthetiBRE of 8 MRt icehAgctividyithpEformRten hal

deposited over said epitaxial [ayer and within said

trench, b 48. The structure of claim45 further

conpr i BRG* S nitride 1iner formed between said

sidewal I s of said trench and said insulating Iiner.

36 WD 200%£049989r PERUSPIGd/insEdagtivelayerThe struct ure

of claim47 wherein said filler material conprises one

of an i pautclibdgfommee in adid agteoaghtatjacent said

charge transfer region, said photodiode comprising a region
of a second conductivity type between regions of said active
layer of said first conductivity type;
a charge collection region in said active layer for receiving
charges transferred from said photodiode region;
an isolation region formed adjacent said active layer, said
isolation region comprising a trench; and
a conductive material formed within said trench.

51. The sensor of claim 50 further comprising an insulating
liner formed along at least sidewalls of said trench.

52. The sensor of claim 50 wherein said conductive material
comprises silicon.

53. The sensor of claim 50 wherein said trench has a depth of

between about 1000 to about 5000 Angstroms.
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material and silicon. 50. An inmage sensor conprising:
an active layer of a first conductivity type fornmed in
wW@20030b98Y at e; a charge transfer regi on formedPCHUSHENI035859

active layer; a photodiode fornmed in said active | ayer

adj acent said charge transfer region, said photodi ode
conprising a region of a second conductivity type

bet ween regions of said active |layer of said first
conductivity type; a charge collection region in said

ac Bitv e Thgyensor of claim SiOwheyeinchait gescht hansdepth e f r om

sai d phot odi ode region; an isolation region forned

adj acegteas@i tlarabd 200 Rhgstiphd 1 sol ation region
conprising a trench; and a conductive nmaterial forned

W t-hi n~sai d_trench, .. he. sensor of .claimb50 further
coﬁgrig%ﬁﬁgﬁﬁfPﬁ§&F%?§ﬁﬁh“?¥%? foRdrstveatgiaht | east
sidewal I s of said trench. 52. The sensor  of claim50
wher ei ROBRTIsEs@orrpifexiahmareinkri al  conpri ses silicon
53. The sensor of claim50 wherein said trench has a

depth The sbRowee gl 88twHRSR shidl fl RARQIANGST T Ons.
37 WD 2004/ 044989 PCT/ US2003/ 035859 54. The sensor of

claim A [ 0. saLd trench has a depth of greater
t han aé%ﬁ@ﬁggg%gﬁﬁggg?%ns. 55. The sensor of claim50
mhg%ein sai d conductive nmaterial conprises an
epP { axPRTOfEaESEtemEemPprisings énsaroedssart adr(ih5 wher ei n
said epitaxial materi al

semiconductor device coupled to said processor and

including;:

a trench formed in a substrate between adjacent regions;
and

a conductive material deposited within said trench to fill at
least a portion of said trench.

58. A processing system comprising: (i) a processor; and (ii) an
image sensor device coupled to said processor, said image
sensor device comprising;:
an active layer of a first condﬁctivity type formed in a
substrate;

a charge transfer region formed over said substrate;

a photodiode formed adjacent said charge transfer region,
said photodiode comprising a region of a second
conductivity type sandwiched between regions of said active
layer of said first conductivity type;
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partially fills said trench. 57. A processing system

conprising: (i) a processor; and (ii) a sem conductor
waelewitoerosoupl ed to said processor and i ncl udi PQI/US2003/035859

trench formed in a substrate between adjacent regions;

and a conductive material deposited within said trench

to fill at |least a portion of said trench. 58. A

processi ng system conprising: (i) a processor; and

(ii) an image sensor device coupled to said

pr oces sothargeaiadllet iy ec gise fiwarcaddug chargonmpansémgl  an

active layer of a first conductivity type formed in a

substreﬂ;&nsgd kSBoHE (f,lgr region formed over said
substrat e; hot odi od or’med adj acent said char ge

transfer L ot.0odi ode co I sing a region
of & sé‘&ld?f’jg“%‘b??@&&“c leited e AT EHSBOB Sevieen
regions of said active layer of said first

conductdonidtgtivitypgpe B8rtilDs 2064 4da89yPCRidSaREiBN035859
a charge collection region for receiving charges

transf gpgigd LhRseRl HorPRALQdjode region; an isolation
regi on formed adj acent | nterconnecting first

o R oL S e ¢
conductive material forned at |east parti aI I y within
said ttrasebh.
59. A method of forming a structure for isolating areas in a
semiconductor device, said method comprising;:
forming a treﬁch to separate regions of a semiconductor
device; and
at least partially filling said trench with a conductive
material.
60. The method of claim 59 further compfising forming an
insulating liner along at least sidewalls of said trench.
61. The method of claim 59 wherein said conductive material
comprises one of silicon, polysilicon, and silicon-
germanium.
62. The method of claim 59 further comprising forming an
epitaxial layer underlying said conductive material.

63. The method of claim 59 wherein said trench is formed to

have a depth of greater than about 2000 Angstroms.
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59. A nethod of formng a structure for isolating

areas in a semconductor device, said nethod
w@owpniesNng: formng a trench to separate regP@ONESWH3/EB5859

sem conductor device; and at least partially filling

said trench with a conductive material. 60. The

met hod of claim59 further conprising form ng an

insulating liner along at | east sidewalls of said

trench. 61. The nmethod of claim59 wherein said

contthictd wecthed of farming espuises fasdeolding depcion

polysilicon, and silicon- germanium 62. The nethod of

cl ai m SQ3nfictiddietorCRIRE @j@ﬁleﬁﬁfdfwlﬁ Ading e §t

| ayer underlying said conducti ve na erlal The

nmet hod f ¢l aim59.wherein said tqench A orned to

have a gBH% a%o%%%gg}aQE%hv B LHGY¢ Pons. 39

WO 2004/ 044989 PCT/ US2003/ 035859 64. A nethod of

f or m ngulsEate hetwieea Fdcenswigianshg areas in a

sem conduct or device, said nethod conprising the steps

of forgfofgh@in epienidl tayePirdidepiniggaieia of a
sem conduct or substrate betmeen adjacent reglons

growi n f

depos.?ﬁ‘%%“%ﬁ P oy P b R P PR R B M ana
over said e |taX|aI a#%er to fill said opening. 65. A
met hod @At lavgrgodhl saithgreiegisor, sai d nmet hod

conprising the steps of formng a substrate;
65. A method of forming an image sensor, said method

comprising the steps of:

forming a substrate;

forming an active layer of a first conductivity type within
said substrate;

forming a charge transfer region within said active layer;
forming a photodiode within said active layer adjacent said
charge transfer region, said step of forming said photodiode
comprising forming a region of a second conductivity type
between regions of said active layer of said first conductivity
type;

forming a charge collection region within said active layer
for receiving charges transferred from said photodiode

region; and
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formng an active layer of a first conductivity type
wthin said substrate; formng a charge transfer

wo e@iuomosd t hin said active |ayer; form ng a pPOL/OS003€35859
within said active | ayer adjacent said charge
transfer region, said step of form ng said photodi ode
conprising formng a region of a second conductivity
type between regions of said active |ayer of said
first conductivity type; formng a charge collection
r egi on fafrigigransisolatior régien hdjpeant sfigractiexyed, by char ges
transferred fromsai d photodi ode region; and 40 WO
2004/ 048989 RGTMB2R084s0 3adally fillideshiddrédthiwigh at i on
regi on adj acent said active layer, by formng a trench
at | east artiall% I;Iilling said trench wth a

conductolo\r}eu?rtrla‘ieerpf1 fa- 41
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