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*167167* 1 | SOLATI ON TECHNI QUES FOR REDUCI NG DARK
CURRENT IN CMOS | MAGE SENSORS FI ELD OF THE

[0001 ] The present invention relates genera"“mwmmmmmmm
sem conductor devices, and nore particularly, to. ..
trench isolation technol ogy,for use in sem conductor
devi ces, including CMOS i n&ge sensors. BACKGROUND OF
THE | NVENTI ON [0002] In silicon integrated circuit

(1C) fabrication, it is often necessary to isolate
sem conduct or devi ces forned in the sub_strate. This is

t f SE , R

SSGL AT OIS KR GGRS ¥iit RerBER¢ BiC CORRINT I cMos
DSP and ASIC. The i ndiMAGRSENSORS of a CMOS i nage
sensor also need to be 1solated fromeach other.

[0003] A CMOS i mage sensor circuit includes a focal

pl ane array of pixel cells, each one of the cells

i ncl uding a phot JG¥1d O BHEBWENTIAON or phot odi ode
overlying a charge accunulation region wthin a
substrate for accunul ati ng photo-generated charge.

EE¥91] Fhe presendlinvention relatesigenerallyrta semniconductendevices, and more

transferring,charge fr.omthe char.ge accumulatjon . .
papti S e Pl oy Tof R BB e R dpetucing
CMOS infipekénsoss. t he di ffusion node to a predeterm ned

charge level prior to charge transference. The pi xel

cell may also include a source follower transistor

for receiving_and anplifying charge fromthe diffusion

node and an BAHKSE HNX]Q%&'FHEJ TIQN, | ng the

readout of the cell contents fromthe source follower
transi stor. [0004] In a CMOS i mage sensor, the active
e[@0@hissiticommingdgrated cieduit (IQkfabreationhit ineftensnegessary to isolate

f ' f: (1 h h . ion; (2
seintEHRAT deices rormdiin YR fodle AR i Pl B B iseinfeopuetor
méfofyivide§ dbi &GntH1¢, DIAM) flaskiMembry, SRAM, microprocessors, DSP and

~ITHLLTHTTHPTHITTLITH L~ ~ *G00002* .
ASIC. The individual pixels of a CMOS image sensor also need to be isolated from each

other.

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

follower transistor.

[0004] Ina 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

L
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acconpani ed by charge anplification; (4) resetting the
floating diffwusion node to a known stat.e before the
transfer of charge to it; (5) .selection“¢f a pixel for
readout; and (6) output and anplification of a signa
representing pixel charge fromthe floating diffusion
node. Photo charge may be anplified when it noves from
the initial charge accunul ation region to the
floating diffusion node. The charge at the floating

di ff.ugion node is typically converted to a pixel
accopp by brrseamplifiationt (4)eresating she foming diffusion node to 2

Ko 08 8 TGS RTS8 Sl O, LT,

d m':m.ﬂm,gm’ f ' d. depl etion
an ?Fggi.gl?]_be'neat 'aagﬁg?{ggg’tl@.f ﬁﬁ%ﬂgﬁgipﬁﬁﬁﬁﬁgﬁlﬁﬂ%mc
floatipgdiffusiomnode x Photd cléargp sy tseeitfiplificPwHEY itGf oV rom the

. .ﬁngiffus'e to an_adjacent pixél, resulting in detection

fhargeacqymtlation gegior totnBogsingdiffus | 'ioa.ncﬁfcogslu_t eliakge at the
. . e sensqQr pixels nust-be isolate
ot SR nod Ry oM arEite s BFdeuparolgs bysource
followéerscutpire hiistol BSRhSinvd by re ifteqtional l
(.) ofabr_icgag ed toto%gﬁgggg?t Ve frgé/‘?l;cé#{x?o?? ci(‘}g%g"mgc setisor
pixel isdypicaliyyeithey at depbrced e jlrnitionRstbiiodd!ora BHAE Riduzed
d l|.soI at.i on bet yween pixels. [0005] CM3S image Sensors of
€p CP_HE reglpe llfp§%5£§asf B@@F@ve._&pﬁpgunmmhgafg @g‘gﬂrmlar pizxscg5 ofa
: . [ e, 1n.N xon et aL,,6 "256.tines.
phordtERiGeaies Sy RN SR 2 adiessi biren retuingin dstestion of the
hotolpby b4 St iy Cred 0}~ .12 .
A 20‘%%&“%%‘)’1 ;"éa‘%ggs’l\g%i hé f‘é’?‘(? bM : ak%t’"?'ggf pixels

must b isollatedrfipen 6aaanother to b5l pikd RE@S tAIRNY
Devi ces, . Vol . 41(3). pp.. 453,453 (1994).“%2%%@.?5@%03

image scasomwhich atg intentimatly fabricavetl 85 bo scrbRtive toHighin, it is
i iLon of . gonventi onal i mage .
ad s"gn g ([)&r g& P ?ﬂ}g&%%%@ecnl?%mﬁﬁ and; ?R?‘ﬁp'éo'iaﬂ% B‘P’%Fc‘g’dﬂx%r ein

by reference. [0006] Shallow trench isolation (STI) is
[0008] . t ecHOMDS imud sdhssiRrofitRe HiRMUisduRsddSHAE %r@%gh%kﬁry
. devices or circuitry frpm one ‘another. | n general, a
kmown ag diseussed ok geampleninoNiten etuabs {256 sinan256 CMOS Wctie 2

Pixel §4iRof Eamichs B4 Chig, & TERE Totaresliof o Srass: Ciseuits, Vol. 31(12),
PP- 20462056 (195¢% bl MiEdis £ TRl Hef pocelFrusie Swers s

IEEE Qirinesacttdss o EleciiodCevica) Yol neX 30 g 1453 ité 3 ¥ 4642 g
diefectric- such as a chénical g’p#cér 4(%5%%?!%%)&@”]”
U.S._P;tcnt Nos. 6,177,333 and 6,204,524, which describe operation of

conventional CMOS image scnso'ts,. the contents of which are incorporated herein

by reference.

[0006] " Shallow trench isolation (STT) is one ,tcchniqu;:, which can be used
to '_isolatc pixels, devices or circuitry from one another. In general, 2 m_:ﬁch is etched
into the substrate and filled with a diélcctric to provide a physid and electrical
barrier between adjaccnt pixels, dcviéé_s, or circuitry. Rcﬁllcd &cﬁch 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 3 ~so that the
dielectric remains only in the trench and its top
surface remains level with that of the silicon
substrate. The depth of a shallow trench is generally
fromabout 2000 to about 2500 Angstrons. [0007] One
drawback associated with shallow trench isolation in
the case of CMOS image sensors is cross-talk froma

ot inging on a particular pixel of a
$0 5&:&‘85 éﬁfgp COLRIG ECraRins oslydauhe mynchand és thp siurfid rethididsiefel with

Mgﬂq%%%pg?ﬂ%@? h‘%qoiﬁmh [ sgl ati on str ucl;lur e toy?rgmabout

2000 &5 3Bbat 2500 I ong the si devvall of the trench
is relatively s Since it is limted by the depth
of the shallow trenches. , [0008] To enhance the

|soI n f ns can be. inplanted in the
sili g%%ﬂsubs Ia? aﬁgtaﬁsé’c’zflt Vi ?}]é&]f’l“y“%@hémlquhe the case

f
0 C{M@S hmagbmvm is eros-aNbR6H a pHOIGF Hr no@ng‘oﬁ ? (g)aﬂlcular pixel of

ant at | beneath the trench,
ap W&%ﬁ‘rs ive ‘"§e capging eharges tharmasodqﬁﬁasanmdee tHevehallawitRfch

S IIow Trepch I.solation

1so®¢g1ro§%lj&g€tg}é tg Qneidﬁ:%% %‘ﬁtlclﬁj%el r drawhapk jscthag a hple accumulation

laygrialosg the(si®3Gil] ofithe trédatis relativalPLaml &hi sb@ﬂﬁ

of P‘Cl g_ result in high currdtle%)t Ieakatggl @&By edepth
%‘&SM}Y hffen ions are inplanted in the substrate
dose to the edges of the trench, <current |eakage can

pogog) ot 116 driBEL Bk W%V%Men%%ﬁ.%mm the
silicoB Qb i S sred dhitldf bencatl i BEIE However, 3 drawback

crystal | ographic planes al ong t
%m?n oxsbtxr@dndldﬁamttm# dtfﬁrﬁim;ﬂh%s
u t
Na%%ﬁpé't traﬁﬁltes agp the trenc S|mcvva ;Trcnch |
Lo ot 02 s Tl iRlagte ?‘@E# B3h . BBt @996>,

thateiba dtnphaiedtivs Bendatlh ﬁié&@ﬁehédhr&tﬂ ,;P f&‘i
t he oxi de substrate interface, enc
particydar, Wmmmmphﬂmwsubm:&ewtﬁ@cdgés&ﬁ'tﬂé&mch,
noE 'y unchar ged, byt becone
f%g\é occuxg the junction between the active device regions and the

trench.

[0009] In addition to the above-meationed drawbacks the dominant
crystallographic planes along the treach sidewalls, which have a hlghct silicon
dcnslty,cnmzc ahxghcrdnnsntyoftrap sites along the trench sidewalls compared to

silicon/ gatc oxide interface of a u'ansnsbor at the silicon suyrface. Trap sites on

dangling bonds or broken bonds can cnst at the ganc clectrode/oxide interface, in

the bulk oxide film, the oxide substrat:c interface, and/or the trench
msulatlon/acuvc layer mlr.rfm:c The trap sites are normally uncharged but become
energetic ‘when electrons and holes become trappcd in the trap sites. Highly
cnergetic electrons or holes are called hot carricrs. Trapped hot carriers can - .
contribute to dxcﬁxedcharge ofthcdcvu:c andchangcthc threaholdvollngc and
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energetic when el ectrons and hol es becone trapped in.
the trap sitgs. Hghly energetic electrons or holes
are called h&t.carriers. Trapped hot carders can
contribute to the fixed charge of the device and
change the tfireshol d-voltage and 1 .y.: other
el ectrical characteristics of the device. As a result
of these trap sites forned along the trench
sidewal I s, current generation near and al ong the
trench sidewalls can be very high. Generation current
other glectrical rharacseristios ofitheadevive arstawesydt of tbs© 8@y sites formed
contributes to the total dar

etion r.egi
"‘°‘g€ ﬁ”%cetﬁ n ‘ﬁi‘%rﬁ(i@i Hyrent genergtiopfear and aleagtho treuich dideivalls
| JERse | Gedddtiod e sensqr fapri.cation. [0010 .
:anAccoF%iBir%ll yd,;cl T sIll es"?ta%i’%ctfaé) DID %“?%6&5?1‘8??‘110‘15
eplativinnmicgion ddntiibutes € ehd forsll BFE chak bpﬁ,;ﬁﬁﬁ i .
whi | e _reduci ng dark current ortcurrtént ea%ggg‘ggémcntm

the photpdiedeisdmporant in CMOSlimage saisbaBibgicio®! Ovi de an
i sol ation technique while increasing a hole

latign region.adjacent a pixel isolation region.
sumv&?f@‘%&‘g%ﬂrét Frﬁ@&ﬁ%‘@@ powyidq an isobtienaeghuuque that

Pk oMl SO eyl R ool At 155
j S

an isolation tren
muchidsgiossible. flniis dsadesiabld w probide atiSolaion F il
. of the trench and providi.ng i nproved isol atioh between
increasing-aholegcqemylation regiont ddjaccas p pixte] isbhion Regidhi ONn
provi des a substrate biasing isolation gate forned
over a substantial portion of an isolation trench

formed i npRygE r med

surroundi ng aﬁmom%wwosensi tive
regi on of an inmage sensor pixel fornmed in the .

' Iﬁ’ rate.; [ 0012] | nd¥e.t. .anot her aspect, the invention
@rdov des AT ASPREte ticinvention prqvides andsolation gate formed over

an isoBifioRrehEht 8V Ge ] ikled with :

- conductive tBEFrrru?tg gﬁ%ﬁ“@%# %?‘ﬁ?rnégl{bg | &c%ﬁ lbfagﬁgem%‘cisﬂgwc at

the sidevralle of ahyetrenéh and phsiidiag Smpgoveabsth ok AR adjacent pixels.
regions: The conductive nmaterial containing sili éon

In CHSPaeh Sl igvention pyerdesra substrgtecbissimgmisbhtioni gate farmed

ial. Preferred :

_ . iti .of. th { .
A -

aspect, the invention pr
sensonpizcldotmed imthid substrageer of a

‘and bl shioidiijch SietaRll BORIE LN bhbidsfeddle Mon of an image

[0012] In yet another aspect, the invention providés a structufc for
isolating areas in a scmi_éonductor dcviéc having a frcnch filled with a conductive
material containing silicon formed in an active layer of 2 substrate to isolate adjacent
regions. The conductive material containing silicon may be doped with n-type or p-
type dopants prior to or after dcpo'z{ition of the material. Preferred condﬁctivc |
materials containing silicon include polysilicon and siliéon-gcmianium. In a further
aspect, the invention provides forming a trench adjacent an active layer of a
substrate, growing an cPitaxiﬂ layer to parually fill the trench and depositing an
insulating material over the epitaxial layer and within the trench to compleﬁ:ly fll
the trench.



substrate, grow ng an epitaxial layer to partially

fill the trench and depositing an insulating nmaterial
over the epitaxiallayer and within the triench to
conpletely fill the trench. 4 BRI EF DESCRI PTI ON OF
THE DRAW NGS [ 0013] These and ot her features and
advant ages of the invention will be nore apparent
fromthe foll owi ng detail ed description that is
provided in connection wth the acconpanying draw ngs
and illustrate exenplary enbodi nents of the

i nvention, anascmmmnmmmwwq@ an view
of an exerrpl ary CMXS i mage sensor fragnent; [0015]

BIS di a tic side sectional view of the
E[Ibglsi rﬁb‘é‘%gﬂg CfffF%FgfﬁéﬁP tadkmga‘smfght inven(iBn Wil be
mdr88gire i ﬁ)m%c'fsu&mo QRIRIRA A Sl T, 3 M | age conaection

sensor fragment

withrtho décumnpanying dhawhﬁgs%*d' Bstrde0 Sdebh %m%mcgg of the

. diagrammatic side sectional. vi EW OF
IOVERRON, I @vhieh: fr agnent taken al ong |ine 2B-2B; [0018]

FI G 3Ais a top plan view of a CMOS inage sensor

0 a 2x2 pixel |ayout in accordance
3\& t anot her&mggﬁ‘ﬁ Paﬁ‘b‘ﬁ‘i}f’ﬂéﬂl’ Cﬁmphnecmsmmgascwor
fragldétitd] FIG 3B is a d| agrammati c side sectional view

of the FIG 3A imge sensor fragnment taken along line

EB 3B; [0020] FIG 4 is a representative pixel |ayout
OiIng a FIG. 1Bjis xdiagkﬂﬁmuhc side St Abvik @ &"Ehc FIG. 1A

pbodi nent of the invention; [0021] FIG 5
umg EEBWEHEP&EDMMBQBQW of a CMOS | rrage

sen_sor fragnent showing a trench in process in
EOO16142CCp! A WP SR S BN O b s B i
accordance with a first exemplary embodiment of the i invention;

. [0017] FIG.2Bisa diagramma;ic s_idé 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 plxcl layout in accordance w1th anothcr exemplary embodiment of

the i invention; .

[0019] FIG.3Bisa diagrammatic side sccuonal view of the FIG: 3A
image sensor fragment taken along line 3B-3B;

[0020] FIG. 4 is a representative pixel layout showingalx1 pi'xci l#yoﬁt

according to an embodiment of the invention;

[0021] FIG. 5 is a diagrammatic side sectional view of 2 CMOS image
sensor fragment showing a trench in process in accordance with another
embodiment of the invention;



6 [0022] FIG 6 is a diagrammatic side sectional view
of a CMOS i mage sensor fragnment showing a trench at a
processi ng step subsequent to that shown in FIG5;
[0023] FIG 7 is a diagrammatic side sectional view of
a CMOS i mage sensor fragnment showing a trench at a
processi ng step subsequent to that showmn in FIG 6;

- [0024] FIG 8 is a diagrammatic side sectional view of
a CMOS image sensor fragment showing a trench at a

pr qo i ng st F i
40925 em G oo ?qp§§ih§gmr’]a"’1 ¢ $il8 LecHBRMY D of B ICRIOG mage
sen gglgm pwéngea tremchsaia procegsing etep bubseqesnd & thai SHdwinhig
FIGgrench of FIGS. 7 and 8; [0026] FIG 10 is a
Iagranmati c side sectional view of a CMOS i mage
sensor fragnent showi ng a trench in process in

accordance with another exenplary enbodi nent of the
resent invention; [0027] FIG 11 is a diagrammtic

00A3]sect | BRGI 7\is evhxgtamnﬁﬁaﬁdcfﬁaﬁbnﬁ QiewP6f  CMOB Thage

sh rench at a proceSS| ng step subsequent to
g#@?ﬁ%ﬁ PWing3 trengly at 3 pEEEFSinG fep sabicquent to that shown in

@Il@grammtl c side sectional view of a CMOS inmage

sefisor fragment showing a trench at a processing step

subsequent to that shown in FIG 11; [0029] FIG 13

is @Oaﬂﬁngr amMERIGE8 §4 dlgiagR@imaivaidedeetion viewdSCM®S énage

sensor msnt showi ng a trench at a processi ng_ step
sensopaagents ?Wll{gl'?a‘lfef@h@gﬂ Prosessingsten subseqysabio thatshown in
FIGSy.a diagrammatic side sectional view of a CMOS image

Serisor fragnment showing a trench at a processing step

subsequent to that shownin FIG 13; [0031li FIG 15

[0028] 91 20T RIE™ Is%a Ghgnihhd 882 kecHod o bra SRS IS s
sensor fragnient i mcorporatmg the trcnch of FIGS 7 and 8

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

[0927] - " 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 disgrammaic side sectional view of a CMOS image
sensor fragment showing a trench at a procusmg step subsequcnt to that shown in
FIG. 11;

[0029] FIG. 13 is a diagrammatic side sectional view of a CMOS image
sm§0r fragment sliowing a trench ata processing step subsequent to that shown in
FIG. 12;



sensor fragnment showing a trench in process in
accordance with yet another exenplary enbodi nent of
t he present -i‘nvention at a processing step subsequent
to that shown in FIG 13; [0032] FIG 16 is a
di agrammati c side sectional view of a CMOS i mage
sensor fragnent incorporating the trench of FIG 15;
[0033] FIG 17 is a diagrammatic side sectional view
of a CMOS image sensor fragment incorporating the
trench of FIG 16; and [0034]. FIG 18 is a schematic
Eﬂ(bﬁj}]am of FIGPL4 a5 dRErasih&aile SQERALAEDDf S image
e sensor constructed in accordance wth th
&% shoywing) 1 EendbERERpIOTES g epTsibst AIRNTS Ehhe shown in
FId.q 35] In the followi ng detail ed description,
reférence is made to t-he acconpanyi ng draw ngs, which
forma part hereof, and in which is shown by way, of

(00313t r at | BIGOf5 &REdA n. Wi .

i nvention nay be pracél ces nggg&hgﬁ%lovacvﬁgﬁ??lgﬁes image

scnseé &@gmsed showmgfarurmohnn pdetas in dordimbt Witk R ansilt! ed
g practlcethelnventlon and it 1s to be

‘I{’éto she\Rresenttipvntion at aprpcéssingustep isabstquent to
matgﬁgwgt]ﬁhg;tr%gtural | ogi cal and el ectrical changes
may be madé

A

W't hout departing fromthe spirit and
scope of the present inventi on. [0036] The terns .

[0082Fr " arFIG. 96D ldi RiclsHDEc }@@% EMOS image

~including silicon, silicon-on-insu
scnsgwﬁ?mnnmcgmmugd(csfﬁcwfaammsqu doped and

undoped sem conductors, epitaxial layers of silicon

rted ase, sem conduct or foundati on, and
[6{#? semlﬁggu 8 diagrammagicsid CSPCWNmmEaaCM\ﬁSnmagc
sensoEfrSSRESEInt: érp%?ﬂﬁl &cqtcn‘@foq*md)rm strate’ in the
foll owi ng description, previous p?%% ss steps may
have been utilized to form regions or junctions in
[0834base 6. d8risla sthematicrdisgidtos pf&%@@&}}sﬁﬂh uiébrporatmg

C@gltl on, the sem conductor need not be.
a image 5eRseR comttrucked incacserdsase withrthe invention.

si | i con- ger mani um germanl um or galliumarsenide. .
[0037] The. term"pixel" refers to a picture elenent

uni t DﬁTAmﬂmsm{prmN 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 i mvcnuon may be pracuccd. These
cmbodiments are described in sufficient detail to enable those skilled in the art to
practice the invention, and it is to be understood that other cmbodimcnm m;y be
utilized, and that structural, logical and electrical changcs may be madc w1thout

departing from the spirit and scopc of the present invention.

[0036] The terms "wafer" and "substrate® are to be undeérstood as
- including silicon, silicon-on-insulator (SOI), or silicon-on-sapphire (SOS)
Fcc_:hnology, doped and undoped semiconductors, cpitaxial layers of silicon

supported by a base semiconductor foundation, and other semiconductor structures.



phot oseasor and transistors for converting

el ectromagnetic radiation to an electrical signal.

For purposes:@f illustration, a representative pixel

is illustrated in the figures and description herein,

and typically fabrication of all pixels in an inmage

sensor will proceed sinultaneously in a simlar

fashion. [0038] Applicants propose several isolati on

techniques to isolate areas of sem conductor devices
Fug:gd, in Fey?;;;n'plfiry enbodi ments, mnimze dark current

grmengp pihep Icfeanmica femadé tea M wiafer Sk uS; I .

dedS descri bed below with reference to F%& %ﬁ@gf%OMg
SGEPERR PICVIoUs PERGSsS fiesemey biwe breasytilized o ébrm regions or

i i Dy an _exenpl ary CMOS jmage_sensor pixel is

junCA86Y e Uhsd Serip Bt Brikries erlomdmion ALs addition, the

sentiovdifitor héedSHBI ki pnventiap is not |
limt edoi 0 cCI\/[)S_ cflsnlg%gn giesﬁg’oé'gwfn %3;) af)eéf]?&f—)‘gc‘?‘ﬁ ggyamum,

gersuniwm) er gdlrimearsdmide.exanpl e, a DRAM flash nenory,
SRAM m croprocessor, DSP or ASIC. [0039] Referring

r@ n]g FI G&hglA and. 1B, a seni conduct or waf er
(él\%} nt of %ieEn e ek sefarysaipietyee demeot unit cell containing a
hdt8sensds LS had, | xel. neral ly . designated by
P et er en%?nunertg{sdf}%),c [llvscng%aﬁ.c“f’fm‘gﬁfﬁﬂ Rdpdlondoan clectrical
sigrtahaFonpinposs §BllustitiohBa % Rty ;@@ﬁ f. f.er

gate 50 and associ até)(]ji_’?ra si st or, gﬁ@%@@ 1y the.figures
mdsg‘:swmmubsrcau wadtypjeally fabicationneflall sigels regh inf4ReSsentdiGwill
ro%&ﬁesnti LAY he used in any CMOS inmager i ncluding,
Profest é‘Q&%ﬁ“’é’ 'X'Pl‘?r Lol PBt or (3T) environnment where

the transfer gate is omtted and an n-type charge

[ou3sgct i onALBEIELD i . i s cannected with

E\or? r?q type QF)? f us:ﬂsolgl.I P gg%%‘%g“g%néﬁ%“flﬁﬁg@%ﬁ@ﬂc” of
semigndyetee devicys amtyin es@apRncoabedint@it GatniRc gk errédt and
for lc |l ecting ,chagges_generat ed by Tight iIncident on
SUPRIfS ﬁ%?gr: CUFrgnt IGMQS image s@Bofsprs desaribéd beomgwith reference

O R o R erEh TS hete S hiien it drwrpgomrofan

0 a sensing node,
exemplgiyoCMOS imhBe séilsBapixepi c%ctrﬂﬁ:‘doﬁ}s{ hPetS
electrically gonnectgd tlg%t e gate o?ﬁlé%gfgﬁ%"ﬁﬁtm FIGS. 1A
and 4 8. ridewewtr, tvshould brnabsidathar tHeinPentedn Blo%R Ll EEMOS -
reset ‘traasi stor 40 for resetting the sensing node to

image sensors pd Mavle vendiingayisuitable dewics; fog csamplgna DRAM, flash
rﬁ“igl [ transi r _which receives at its
me gak’e an a‘é‘%???‘@&?“%ﬁ’w"rgg% he floating
[0039] R;fcrring 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 ofa transfer gate SO and associated transistor, the transfer gate
50 provides advantages, but is not required. Thus, i:hc_ 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 regjon 21 for collecting charges generated by
light incident on the pixel and transfer gate 50 for transferring photoelectric charges



di ffusion region 25, and a row sel ect transistor 80
for outputting a signal fromthe source follower
transistor 60 to an output termnal i.n:response to an
address signal. [0040] The exenplary CMOS i mage sensor
uses a pi nned photodi ode as the charge collection
region 21. The pinned photodiode is terned such since
the Potential in the photodiode is pinned to a
constant val ue when the photodiode is fully depleted.

ﬁo‘?glﬂ‘cgq ngd phot O%Ode has a photosensitive or p-n-p
OR &¢816n 2 dope sesising mode; 6 WHbaRS
25 m t gldﬁﬁﬁfonzr%glon

hot adi ode regi on hin a

- I@(%; ngcéﬁﬁﬁgn regian is ﬁ@gc:pllym(@@cwd tonhe gd&SoﬂahQ)utput
t the n-type_ photodi ode

b on s oy diBfea g i Fopisgeso for rserig
the xmgﬂoylcctopqd'cd&ﬂﬁﬁﬁfcdrv%hﬂgé 68oPE Serfin ap 1%2@% ce

foll havi ng n-type conductivity, are provi
o 01“?5 ﬁepglf o 6Qawbichirpceig@31 88 gatdian ﬁ:lceetcbmgmfﬁf o U oating

gmé?zs ad%iacent f@ﬁof transfer gate 50 is al so
prefe abl‘€’A- fpré’wf M‘]mf‘FFOag%F@alpl@ﬁﬁals@gEﬁom the
soursefobiotver HaBisH | I ons formed in the

] £ 6020 Allphe flrBiisal 33 reSRENss; tAnsaddress signal.

active layer 20 are us
1B illustrates typical STI |soI ation trenches 28. The

[ 9%% h i s dlhatexomplary CMOSLignade GehsrTBEs dgﬁmﬂgd @hotodlodc as

STl process and are generally f

the |c|‘? cchiqn gegion Zhd [dnmﬂ?hnﬂad?]mic ik etfifed¥uch smc% the
ncﬁﬁhtl irectional etching process, suc

pote:HiI g B Shadaigdt 8 pinc toargqmstang valae sthienghuiphbtadiode is

fullydé Eede M, chant used.to etch intq the

| dol|§oled actc?i\)/lgﬁlegg’ BBE&gb{io fiks aflg SOSFRSHIvE ik r-A-P Junction
fcgwaéﬁmmshsg abaype §6icleycF0AunnA PR AGAAL rei08 26

tlm#lren hes ar thequllled with anlnsulatlngmae‘?l

Ct

aY%‘i (ﬂl@@diﬁhot@diﬂckﬂﬂdﬂdw ﬂ“d‘f:‘p t@é rcglcns
20, 24 Q) itHS t Q) Ltride- o
-~ (oxi de- drl:l:ct[{| e- pgx)g%%)dé) “fHao Wlss CBE"%%@P‘&P&MEBe

e <621 R 4

prov ithe U(aBS!WDgatdsAgh 60086 tI)‘lellcih&ﬂE an region 25
ad;accgﬁ% i ti ‘ﬁny ot her suitable net
eposhztuf gﬁ'i"rﬁ L?Il%i’tﬁfﬁ&l‘?hi@ artype. wi t hi n a trench

Af ter the trenches -are filled with an insulating

AR L
formedtin th¢ actie Bfer|20 drbfistd B6EBLaLS &{@151&89 FRE! PBSISErates ypical
ST isolation renches 28. The trench isolation regions 28 are formed using a
typical STT 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 ctchant used to ctch 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



arc formed by the ST | process, it should be
understood that the isolation regions 28 may instead
be formed usitng the Local Oxidation of Silicon (LOCOS)
process. [0043] The gate stacks for the pixe
transistors are forned before or after the trench is
etched. The order of these prelimnary process steps
may be varied as is required or convenient for a
particul ar process flow, for exanple, if a known

hot. og sensor (not shown) whi ch overl aps the
ch &tj Xt@ rtﬁ@lasuhe(wal’ae depasitidif; dfagy obléer suitable

f re the photo ate i.f a non-overl appi ng
métﬁé?g%a‘t’ Borlibe AR Ratisial i a teapty Abe tat moathes are
fillad weth phipk@lgahe t sI u ent

transparent |nsﬁ§%ﬁgi?%£8é %éf% cf"ﬁ'é‘c"'ha‘“cal
tsrmgd ts phaarize fmmmmmnawhné ﬂfceﬁéddm%&ﬁﬁ&? g%@ﬁseZS

ut to or for exanple, contacts
arc(tg ﬁl’?:gg? PIQCESS, it ’Il'l‘i’g]d hsundcnsu@d dnyEtthiﬂolhﬁon regions 28

ma G Eo SRl e A Bt o Ssgnal HE0SA paocess.

other wiring to connect gate Irnes and ot her

 {0048Tt i onTheagatt bQck e khel chlﬁinas foe Vatr&rcﬁ bc?tl OF after

surface may then be covere
chCILCth ctebedi dbe atdoxofitheseRnelimBSy peoccBNeps My sevmcd as is

arized and tched t provi de contact hol es, which
“’qg‘tfsg PhERDYRENCRY P%ea%ugtf@mres fow; fortexamplet ifa known

and transfer gate.
8&@%@&&;% I ma e sens S)EBanﬂéfIﬁ{ g1teds desied e gate
smchmmdbﬂ:Hfo & BéforO e & e i nci
external l ymand stored i n ? ns‘?{/%gmﬁw ‘tcglgtg%lgé PP@S?W“
desired, the @aee ssacks guay by fororedngie phetbgaer foi@adbhf usi on

regi on 25 by t|Ie gate structure 50 of the transfer
ce follower. tranpsistor produces

I st
Ldrjr It;u?rsr Ght BfuiEpb of Fﬁ@sﬂ"f‘a‘r‘ié‘ﬂ%\l‘t‘%'&}‘ﬁrﬁb@ formed over the

CM(BS([:ﬂ”bgB @ugautcehwaabnhpg e_nu
of electrons extracted f rgrgn&tgﬁlg&&% rﬁwd]tc &ngcgibout to -
forme@]rmmﬂﬁlc Tomtacw 32n(showitin FIGS 141) #h th@ﬁ.&@lﬁﬁﬁ% 13t 80 to

crea ectron 10 1~ capacrtance or acceptability
proyj Ct“ﬂé S‘P‘EﬁFéUOlFH@d ¢&l§mmﬁdlagpmgl¢qs|22‘ ttlnﬂoaghgt .
epends on dopjng 1evels an e
d.lﬂ'lg{; anc%&?%%r %ﬂnc? 8(31 ax%gﬁﬁ) connect gatcphnc% and other connections in

the pixel 10. For example, the entire surface may then be covered 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 pixcls depicted in FIGS. 1A and 1B,

~ electrons are gencrated by light incident cxtcmally 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 clectrons extracted from the n-type pho‘todiodc
region 26. The maximum output signal increases with increased electron

10



regions 24, 26, 20. [0046] A common probl em associ at ed

W th an i mage sensor pinned photodiode is the

creation of -dark current in an electrical connection

region 23 along the sidewall 29 of the conventiona

trench isolation region 28. The electrical connection

region 23 provides. an electrical connection between

the p-type surface |layer 24 and the p-type active

| ayer 20. Hi gher dopant concentrations increase the

fl ow of holes through the connection region 23 which
capaGitapecseraccepabilite of therphaodisy) aﬁc%&mﬁ&qﬂ&fn[&mﬁcd

rk current is strongly dependent” on the

hot gdi ode.
ph Pﬁ‘& RIS opgiapiang lsvels and thrdomesimplageed to form

regiof§38/ 26, Jgrever, the higher dopant concentrations,
used 1 n ‘conventional itmage sensors al so increase dark

current in the electrical connection region 23.
E8946di mentA cofmnidie problan usRiaRecWicHAnIMABE seldE BiliAUES
h &gﬁ |, nproved el ectrical connection along™the
phogdieds s the creatinr of ark qustingin a 8leviricabednrivatibn gegion 23

[ tratj . [0047] Anoth bl
slorlg HhE SR8af, 30 on € O bereniiagal Suibotatiog epiomas. dbhorelecrica
nhdEEbA REEb bovidaSan bR hawnce isolation. The
< pdglﬁysi I ?%g %Bg%t%es, | gItlr enc nl&? g&(;‘{nél'fe' {'l%% %F‘é’&?%é‘? p-type surtace
layer24iand thir piityper agive beyer 200 Hiight gt COALRRISHTRY iRScase the

heavi |y, doped after various fabrication steps via a
ﬂerﬁil?éfa thep £008elton regiom2d mhidrinteeasdshths cegoRy,
ubdl S [-on rqocesses, once the trench isolation
aee regl-o'nsaﬁé{.‘/@‘g%e P(i\%?‘i@a?' gﬁgmq@ﬁtrp%lyaiwcn@cm on the
* dopipg lifnPlaiefidnCc AN SN of | 16027888 Oyt e .
psgbst9 rate direct I?&b%fntggaMﬁw%ﬂFa %r?g‘ﬁs‘)lrsgf[%Y’F‘EFﬁ’ the Jrigher
dopangenéeptratings ased inploant Gonad inagy @bsdE 2B a2t PR chillent

. o Fl 1B). However, increased ion inplants or doping
n tbFéEﬁFf‘@} fonnequpn regign 23. { Embodimentoof theriestmiah prividusovel

techsiRi 1@41, e are |imts to the ampunt of .
o tHréests BF‘gB Vo }g%hgﬁif?“‘%f@?ﬁ&%ﬂga ¢ flsstaeal gpppection region
23 withbar hiven® 6d Bicedst d¥bidt doi . ref erence or supply

vol t age, %or exanpl 2? VDD,CL?%@/C{)@t age shiftV, margin

di ctates the speed of a CMOS i mage sensor.

[9Q47dr di ngApothar problenh dssodisted witlDCMODS imalb 508 fay occur

vol t.a hift.that i s | ow as 11 possible. For
Wh‘-’“g@’é‘r%ﬂﬂ‘_i‘t“%%“%ls 3 0 Turgherspbanen Felagpno Tsmolysiiosites,
trenchSsdlfdd RBidhs! Qurce/drain regioris, 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 havé been
formed, a masked ion implant is performed to implant ions in the areas of the
substrate directly beneath the trench isolation region thus forming an implanted ion
profile 34 (as shown in FIG. 1B). However, increased jon implants or doping
results in an increased flat band or threshold voltage shift.

[0048] There are limits to the amdunt of threshold voltage shift V, that a
- device will tolerate before it will fail. A reference or supply voltage, for damplc,
Vb, 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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CMOS i mage sensors. The invention further provides
novel techniques for reducing threshold voltage
shifts. Although the invention is .described bel ow for
use in a CMOXS image sensor as the preferred
enbodi nent, the invention is not limted to such and
may be used in any suitable image sensor, for exanple,
a CCD sensor. [0049] A first enbodi ment according to
the invention is now described wth reference to
FIGS. 2A and 2B. Aregion rich in positively charged
possible sForsexample taadhreshblGoltdpe B o0 ISHAY br i&?m\%ﬂﬁ% for -
g[ea3|ng the dopant |evel's of the active ayer .
Cbhg §E&Wﬁ¢¥0$|@é@uymaﬂmmﬁﬁﬂu?@ﬁmuk&ndwmuﬁ?ggpéigmﬁukmkg
QVer. t trench isol ation region an
chelBid 3fae? 5B, Kichpigh} dht dbregionds Retscibed below fatic in o
CMOS rhblEe ARG Al A ixels 100. The.
clias ol a??fco n gate 178) r?gh\é% r%g}bg’gjé%?ﬁe g’i‘é’&“’ﬁ?ﬂ% gpet Limited to
such land mdyybeowsed iaANg lsaiibtle Gah @%B@&tf&o&ahﬁﬂé a
provi de hole accunulation.%n this regio 123gt$ﬁgagon

m@ tion te 170 i s preferably a-stacked gate
di ng girﬁfr@ubaﬂmrgnuaamw therimethtivneis naw described
4

i BRI, RS2 L eon S B i

creatédalopf alié 8 RS wih: i | : .
70 TBom0) ThaeRll 120 RO Bleck il MO UBMARIRE s acuve
layegd26. #sGhown ineF1@S/ 24y el 2Bf ar BOHGh Yats DD pravRIcH dvir the
th!rOﬁm i mge_sensor materials chosen, and is
treng uon 5eefol k@ and adjsscrttoehaprepijahctien régionBarin order
. ' le materni al s f.or l.ectrode | ayer 174
to p?ﬁ%?%apg%ﬂ% %Sl;écf ceR Adjaset pixels %Bg |L§glmngatcyl70 is
prefpribly A¥é-HAbvi Wiow QQ@%"QC . Shna e .
meiﬁsolwat i _og 'g_a(%cgyl 0 maycf)% fx%r nme a(l)?ﬁ]l g‘t':tEgA }slé%é{l |2.r3ret°£§°“dc
holeaqsumudatiossin thisrregicani2 2, Thhésolaidnagito 1704 Preferdbly a stacked
tr'egﬁt' at e, 1@0. ttie iource fol | oner 160, and the .
gate I aninsulating layey 146 forped avenan electrodrlayémiy’4 provided
r i sol at.i,on e 170, i.s fornmed Co
ovelt BRE SRR, HAE 02 (Qoldhy itof rdher ol s MAH are

providiat ot bithérssii@bf @it ssI8A6H ghediZgs 128 are formed pri or
to formation of° the gates, and accordingly it is

@bgfir-red that the isolation gate 170 is fornmed o
9988¢quentThheleetsedatayonl 34 of He isoldtion gargl 76 mMagthcainy type

o b5 4 e P G e RS o g
_ prcfcrab_ly 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 forméd 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 rcgion§ .128. A. - _
translucent or t?msparcﬁ: insulating laycf 130 is formed over _ghq cM_o_s_ image _
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sensor. Conventional processing steps may then be
carried out to conplete formation of the inage
sensor. [005%] The isolation gate 170 i.s:biased by
provi di ng 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 type el ectrode as expl ai ned bel ow. Bi asing
the isolation gate provides electrical isolation

between adj acent pixels separated by the isolation
Senr gwemawl PEPFRSYPY AP uaythied be RBrric@Th i to o dide
forfiatisy Ig%lr%s to accunulate in the electrical

' connecti on g@?‘iﬂ?"iﬂ& The accumrul ati on of hol es

I ncreases the area of the electrical connection region

1y cr i : 5 .separati on petween the
ot ot ode: TesDauBpdie 70 icBRELYy Siwiches » eroendentpoentia
or applyingid digho potintiabteehd ifolhfisn ShLEC T nection ..
ne ;evgirﬂon 123 al so provides a gggg:' (ﬂ‘g@éﬁcég rg%h‘éi?f’f‘BYF or
rerH S Re e sandenfohe it ke 9
t ﬁed tr e% g%?{sgoﬁafl i%"gc P @decg’ﬁ cicfgi‘i%b'&miéﬁi@nrmcedadjhmnt pixels
separated by Hed isolatiga el [ ' ccordance with the
j nven?i on. tCISenteg:racgll Iff/b hﬁ%gﬁgﬁdgﬁdﬁ%ﬁeﬁggnﬁﬁﬂénéﬁeﬁﬁ h
causing hales o swdnlateimencatlecttibd dafe@o R c*usfﬁ tign gate
ce, Wth the invention aIIow? or ?’h Gse of

_ in,accorda

) acmgl%ﬁpg% Ipgreasesdhp arcafahe kksaicaheshribQsh réf6R A28 by
f f Lsolation {rench may be elim nated.

creatitia BRGscBlladi P hetwl dho Ghomydinde resiomd 26u0d thasTT

hus
sidevedit 1262 Thy aécuhaflatib®8PR) cardance with.the first
covidl) ustrated embodi ment Q%C'L’tﬂhg& 'igﬁ%%' iORCH EegiRspl £3) also
Proviges 2 geod slectrinalicanarctiogifiuin the pleysd S A 498 o dhe p-oype
activd h9alifyp diffusion region 125. are doped 'w th an n+
tyge coriductivity material, the electrode |ayer 174
of the isolation gate electrode 170 is preferably n+

Gency 038 e e tocord e LAYty

| . : " BEovi&el the abd Yfan
isolatiod Patd [P LkcoRELNESR ll:h)éellnsréntiloex’l allows for the use of a trench having
d depth D of less dlan about 20004 or the use of an isolation trench may be -
eliminated. Thus the isolation gate 170 may be formeéd 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 maﬁcrial, the electrode
layer 174 of the isolation gate electrode 170 js preferably n+ type polysilicon. The
isolation gate 170 may be grounded or tied to a slightly negative low referénce
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
betwecen pixels.
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[ 0054] Accordingly, and also in conformance with the
first enbodinent of the invention, the el ectrode

| ayer 174 of the isolation gate 170 may-be forned of a
p-type conductivity material, for exanple p+
polysilicon. P-type dopants have a | ower penetration
shift than n-typc dopants. However, the use of p-type
polysilicon gates shifts the CMOS threshold vol tage
to nore positive values. The conbination of the

@r hol doﬁoltage shift associated with the p-type
t) Saji | i coficepadinghn 9adialseia confrumance withl wic ivétiamisodiment of

b £ ' i th ditj onal .Jion i nt doping is

e o S e Tyl 124 b Bl et TG b formed of a
- mondigHvity HALHEN Fdrxai ; > hresen

P tyiﬁﬁventi on tgoes no ¢ r equi %p‘gggﬁtg%%%ﬁef’ﬂ%@fﬁ@s %alygﬁ

lowegpenetratipnshifinthad ri- typeiophntse Howtvee, theais ofp-type polysilicon
S UpsL tm'retl neath the trench isolation

& ‘?éﬁﬁ?‘ﬁ ﬁ_.ﬁc bérfi\r@, ngvqimv itRiTRRfCRPsitve yhles.ofhg spmbirkdion

of tRCEHEM ﬁg}rél@alg%r},ﬁlﬁ 9&&8&5&8”‘7\%@ tlrecgg-mggﬁcaot[{ g:{]té dopant and

i nstead o creasing act

the toesheld voltigershift assBriaRd with hé i is excessi
wi t hout exceedi ng threshmhegﬁggggbﬁiwaé{aggﬁﬁm cexcesstve
aﬂdﬂ‘-’(‘s‘d&@} daviec failup| ysili con isolation gate nmay be :
grounded or tied to a slightly positive voltage, for
r than supply vol tage

[@‘%gfl e, vol taqe at or.lo
WPt o OREEY 1R SpB¥entianahpracessey, dhe Rresenfdamentiomdoes not
: f | . t i t
Cq i Qraf b Pla R s She SR ' oI &Y i esgoot The
subswiatd dicartiydenbarh theretuchisom MARERIN. CORGRFIrE NG, %Jb%idiﬁ; an
age W

) i xels to becone inverted. The grounded vol t
1solafign gate, by @ acqogdingdorthe anvention tth enbhmctisolatibn dnswst bf on

. ' . 057] A second enbodi ngnt. according to

incrdafil Aoyt dobahl s pCrERRPBE BPOR et deay be used

withbhE8eceéding tHre3RoldAx : L mage sensor pixel array

- is scﬁovvngin FI G ﬁmg%gg%{tgéf&'illustratethe .
enbodi mrent of the invention. In accordance with the
[8636hd enfldwi prepolysificéhBolativg PatOmay delp@Giided dbficd b a

i osit.i.velé charged holes is created along the STI

S ghﬁ}' ROV voliage, jorexample.igralier 96 baiavesr than supply Qolsager Vyp,

' jsalatien.keqgi,on 22. 8 and surrqundi ng th

to crbdte Hol&Mche A A HASMOR L Ginied Br 3 e chanactfor

clectiuifiehabforniedBecwech pixeBNA High¥f pARltive! | o
connection region 22@. Thé%%@tq&a%vgg?@éé] | '8 g%c

condyravechapingl ¢anneetng thepixeldo 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 pixcl'array is
shown in FIG. 3A to better illustrate the embodiment of the invention. In
accordance with the sccdnd embodiment of the invention, a region rich in positively
chargcd__h_olcs_ 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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14. 15 around the p-n-p junction region 221 to a
gate, for exanple, transfer gate 250, but does not
contact the transfer gate, so as not to short the
gates. The isolation gate 270 has a length 4 in the
x-direction and length Ly,18 n the y-directi on as shown
in FIG 3A each of which can be nodified to optim ze
.isolation. For exanple, the Ilength L. and | of the
isolation gate 270 may be .independently increased or

betvveen a&; acen 48 %i[’mcugtg%gand CGOMRZQ but’

dowwmmiﬂmﬁemnm t g f
gl ffusion regl on gﬁ Pr eferabl y?i{‘%e: sol mon ga?ngm:
bethemdupcm and leaeh Lyin thedy-direasbms shown in

Hée%&e” PEHIER San B odiicd forpRuamizsissla Ggoiﬁuggﬂimpk the
28

leoff L 8 2] of i, SORAGK eh A7 ol bf SRRty e Sased or

dmmmmmmm&%dléo&q&&m Sg‘lcn %Q%n The

= trons deep as di scussed above in the

enTBP 7@ piyferahiyrdocs pbﬁﬁﬂ}cndamhmtd&sﬂtﬁhtﬁigclﬁﬁmbh% ion

24 Pl ol gate.10) crrendicbetorecs piceisa0,mssindicated by
rcféenécfkﬂxzﬁél'%ﬁ?ogal\ﬁho ﬁ‘n%ﬁgsﬁ 88 ot 270 0 Sy al sp.

be forned at the sane

formed ovesesubseartal pbaicsef &Eltﬁihcﬂﬁcﬂa&?@régoﬁ Q?geﬂnﬂ tallowx'ng
e sane tinme as the other gates, prefetred
tthgf;'a’m%o f 2 shallowen trench csblatxegl region2228 diat if lesswenpboat 2000

i on,.of the at e nd agcordingly it is
Angsor] 8% B Rigused ol in lo of the ficst embodiment.

subsequent to the formati on of the underlying

t At | t
tr 0BT C " PRERiEER G Moxfahe 19intiop eis bkmay be fartmed of
any @bﬁﬁwnmgﬁtaﬂm BOf is pre%i@ld@%hﬂ&%f tHE OGRS HafiaP hERS oﬁ:?% o

t hglil be carried_out to conplete the I nage sensor.
gates sheiselation gite 236 mayalse Onheﬂaetdhbyarm nmledts othe gates. In

I I S| i ntial to
prO(t%%g nglgea@?g%ﬁ%dg?l af)%e 35 ent ilth ,fg{ﬂ%t}gn Bstoeiother gates, it
is pméqgmmtfxa; t}tmlrsplandn ngneiregivhs 228 dté%hﬁ?d f:/n&rytﬁ ?oﬂﬁatfolﬂeof the

el egtr

¢ 9 de. | ary as described below. Biasingt
B L SLP B g)t 1 Gt%rwééhaélt@cwlua@m gite 3rais ﬁmnb@wimsequent
o “‘?Sﬂé??%‘?‘ad?%ﬁ%ﬁ;{‘?’ﬁ%%@ﬁ% B¥hchEREOLYE & Traflghent oF

transparent insulating layer 230 is formed over the CMOS i 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 type of the gate electrode layer as described below.
Biasing the isolation gate provides electrical isolation between adjacent pixels
separated by the isolation gate and creates accumulation of holes in the electrical
connection region 223.

-

[0059] Also as discussed above, the isolation gate 270 is prcfcrably a
stacked gate including an insulating layer 276 formed over an electrode layer 274



connection region 223. [0059] Al so as discussed above,
the isolation gate 270 is preferably a stacked gate

i ncluding an ‘i'nsul ating | ayer 276 forned over an

el ectrode | ayer 274 provided over a gate oxide |ayer
272. xide, nitride, or other insulating spacers 278
are provided on either side of the isolation gate 270.
Where doping of the source/drain region is n-type,
the el ectrode Iayer 274 of the isolation gate 270, is

ferably n+ polysilicon and may be grounded or tied
proyided oyer @Eﬂ%ﬁ”ﬁg@ ?rv?e?% of¥xideq pisridacer atbet myelating spacers 278

are SERAGL B elthePGils BPUEIRIBION BaR P Whire doming of chfat e
soubdeql dealY rbgi oaripurtplﬁéi tﬁé crct&Qdé ﬁya\/%gi ngeymolggén EdS70, is

reference vol tage, for: exanpl e
prefsmblinnt polysilicon andimesy bogsemded foe t&ld&@taf slightly ncgatlvc low

connection re 23 to expand, thereby providing
- “fcé""gcféfg[ d#&‘?%f?’r%% ’Bétj\ﬁééﬁplﬁmdﬂhm’@dh@whﬂ@glgam 276 may

9 where frap sites
Bl e 4 BB PO AR M b 15y bYAfo et ied bty
siiive seferdnge YOREEd, lf&dcﬂﬂ{ ?
PO i nventfonc Thegm rcuit, i nc'T ud@f@?%ﬁb&g&d& causcs
erisal epnrnecoen regionRaBaviexpapdyahorche pesvidieg grasee distance

c

an under| ort.ion_qof the substrate. It should be
A Hhio R F4ion Grband Hhs saehspicwistl 22 hovieto tmp sites
mehot ogat e, photoconductor, or other image to charge.

"~ converting device, in lieu of a photodiode, as the
initial accurmul ator for photo-generated charge [0061)
[R6O]r i ng Acimplifidd Grcudk, fomlmos'm&gcascﬁgdrqya&cﬁeéd Below in
1x1 -portion of a pixel array with each pixel

acc%é‘?-?f& wigh she { HXYF@E@ nTbc mw@,rmslmdm foy exngiesa pﬁototilmelc for

accnﬂ%ﬁ(l%ﬁéiag%f%—% s‘ﬁA-SB Tygx Ci rCUI&itho glh(;\mfc It
shonhd\Bcﬂﬂlcﬁ:rﬁblS&khﬁnﬂE Qﬂﬁtﬁpfrﬂ&m@cﬁﬂ' rLay in%g%]a p-m)%ogatc

phot odet ector circuit is sh
phomcogduer@c,t onothicr image t«ﬁhasgﬁmcrﬁmgdcﬁw ﬁpﬁcu 6egh
rises i nned phot odi ode 521 for

500 co
~ pho g’éﬁ aéfléetlh Qr topphetasgenerated charger gat es
550 are forned bet ween n-type source/draln regi ons

(998 222 5heilhhd AART625623' §353°200 Lk HBr 2 portion

sourte/ dr ai I ons

of a pixeNarsy withaash phel selPBéng %h&ﬂx&é@ if 2 Hahfkt Sfhwn by cither of
the pixels 100, 200 of FIGS. 2A-3B. The circuit of FIG. 4 shows a CMOS image

sensor using a photodlodc and havmg a le(Cl photodctcctor arcmt.

[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 photoclectric convession.- Transfer gatcs 550 are formed between n-type
source/drain regions 5224, 522B. The transfer gate 550 and n-type source/drain
regions 522A, 522B form the charge transfer transistors 529, which are controlled
by a transfer signal TX. The n-type region 522A acts as a floating diffuison region.
Reset gates 532 are formed between the n-type source/drain regions 522A, 522C.
The reset gates and the source/drain regions 522A, 522"6 form reset t;ansié;ors 931,
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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 regi ons 522A,

522C. The reset gates and the source/drain regions

522A, 522C formreset transistors 531, 16 which 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
'wh%ﬁat while FIG 4 shows the use of a . transfer gate

815 eantralleddyi arcser signahBSTt 0TThb 20type beurct ydnif figion 522C

: Lstor,529 provj,des. advant ages, but is not
is cOUgld b3 ol Re sHeTre Voo a coBuciog 5186 Tishonlipeated dhat
while FIG.| £ iHws ) b e the transfer .gate is
onitted and t-geusﬁggélpe: CE{'; &g@(@ﬁﬂ&ﬁ%ﬁat@ >8f g?hethc
_ tmxpﬁ;omdsmhe 529 providey ddvantaltd) buk Iilﬁl(ft‘ﬂcgﬁﬁccﬂ' hids 1R invention
regi on 522A [0063] Isolation is provided betweén
may_he afhgen gansister 319 enwirpnmegawhere-the @ranshee gate is
.Sl atyi te 70 is,.coupled.to referepnce vol tage .
°m‘t?é8| s&ﬁaw‘ﬁg TP FAHES C°%PP§J8@9M@P5§ gtqdieds is spayqrtasd with
the gaype m;a‘[{rc%mmul ate holes in the electrical
connection regions of the pixels. Typically, the
"isol ation gate 570 is biased by tying ther ef er e
¢ v o Isolatiengs provided beowgeDadjcen® piels 5y an PREiSn te

eraN=hype material_is used to formthe Isolation gate
5705 ;8;,/: 15pfation gave ;7 Ghis cgupled 9 @ refercnse voltage ¥ sf The reference

N deg.: | h efgrence volt V. to.a .
volragh i biasthithe Mot R 70 e flrmutyes Bfeadh v gecrrica
conde€bA ragibns VWP thd SiREIATypicalpl 5;%3' eGrnt:he:. :

i sol atria%lﬁ gat e 51‘57‘181%21;] be ﬁ‘}ﬁlrcne %@Eﬁﬁ§7 erSlaB‘i/d by tying

the refarengegvaltage Maosoegroend pbteaial. \WHeee an vaypagRirdiil & used to
t ha d. Applying a voltage that is nore

ens

fornpthe ipoldtion gate 54, Phecisplagph RS 7 e be tumerhofk“harder™ by
hEGARTORR PO 17 ypespstbRsrbr fheas b ry "

scutiff Thd befrehl O follige XA o dltapd InGR o RpdrRBRg, e v

Altenhatively swhedehw pefisd] isblhik gate 578 & ushf GRE ggﬁgioxl{ﬁagc 570 can be

S p&l vol tage VDD can be used to provi
tumggg t i‘?éd% 0 tbéfgﬁtmg thArdl:@pﬁnca Koltsgm}lﬂs(y to alvbhgge Sone positive
range,up, t q .about .5 vqolts. The isolation gate.570 Is _
m&’%@?%re S“Ql?gymﬁrae‘(?éﬁsc 3@53%@9% BegRies (for rag)miscﬂmm gates)
' ] i | ted as | Vi t. ;
or mefpoafé Hbrbitpy Bhhfioh calls) Hinirofid oL 8 ehiston
transissat off hardeg ad belp/firs off a $ud-BiRdHoR mygéwf 5 iR, Q'Ef&gﬁaegly, a

evice calculated to prevent. | eakage € cts o
supply; valtage Vp,;, 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. Thcréforé, while iﬂustraﬁ:d as lying
bctw;cn adjacent pixels 500, it should be understood that the isolaﬁon gatc 570 can
be applied anywhere on the device calculated to prevent lé_akagc cffects of onc. pixel

500 to the next.

[0064] Each pixel 500 also includes additional tﬁnsistom, for a@plc, a
source follower transistor 536 and a row sclect transistor 538. The trans_is_tor_s; 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 vbltagé source Vp, and the drain
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500 to the next. [0064] Each pixel 500 al so includes
additional transistors, for exanple, a source

foll ower transi-stor 536 and a row sel ect-transi stor
538. The transistors 536, 538 are coupled in series
source to drain, with the source of the source
follower transistors 536 al so coupled over |eads 540
to the voltage source VDD and the drain 17 of the row
sel ect transistors 538 coupled to | eads 542. The drain

oiiotix t he row select' transistors 538 arc connected via
5d8WVsglect ransisorsB38neoupledsionichdys 54nWTheldesih of the row select

(B HaBlabe pBpactiefiafostis g o abe o obsioenrciricc:

tralisBrots f6Yf odhiee E&:ﬁ@ﬁ b S &gl o dlﬁga}ad\a/to' ; %ﬁ%ﬁs 5‘5@;@5@23 al\s/o

The tranS|st rs 539 are ept "on

Coalpbtldi Retween thedringatfesc uhB5h 138 204 bHIg: HALEHVL"Fne

i n % bran istors, the source and drain

rapdisis téwfbbmgsaﬂﬂém applicd 0o ehaegﬂe@tl ons

specified hereln shoul d not be interpreted as solely
I dto { ScCri In addition, while the
t r({'?rgg sst ors £hs%ave 'é?]tcaég%tr‘i“k}@ﬂ%wtg?ﬁedmwurcc and drain
araessdraiall¢lintcrdhahn: e skicl led i.n
7 e el A0 i e 0 R e g shaidd ot be

art .that a 5) type or.

intgepreterfas splelslimited w s idescribd! ThrHddite tileshY (LAREG s
p desi gnat’i ons are use

hafr tcTat escyi bed. The n and
8‘%‘# AR YRerort iy chiansielyritisaredogmizedibyl dasse ekitled in the

t t | ect d hole t
mctg?ﬁ éwvm ‘g‘%’ggﬁ‘é’e e c rgf{;lﬁanq glgcueumg[pce
unifeﬂnly)diipolmcly\’dﬁﬁcd' fefh dne d@sc?ill'yfcﬁ' Xﬂ%@h (? E gﬁirnla are used

type shall be interpreted to nean
in thecoarmen ananner 66 dedignate dpok ayd becePESWYSE irhP@tidshehich
ro%g SSOCi d with_ just the letter |dent|f yi ng
P % 91 3G YYE RS RERTS reppeetivelsa thiexmnajpigesiriers. The

"+ N\ ! vuth the sh wtrench , .
whER s que o?}ﬁhe fﬁga!u gitpreted to mean

~isolation techni
thagiticf dopiog condeitration offthad dd E?ﬁbﬁﬁﬁ'
tE:;ruc Lce from one pi xel l?gs ar?adj acenttﬁ%)dl ngldopmgassocxatcd
teaddensifing thalimpurityrtippe osthous eheat i Osufhy.
i npl anting ions beneath the shallow trench isolation
i ture. wever, . these |nplants result in high
urrent le cr pfﬂglcﬂw%séﬂ‘i‘?rﬁﬁ“ﬁ% @@UQW trengblisolation
techifighO bR $i96r 4R we acent
. pi ?(el s th [% does r?ht%@r equ q%{ GRadt the sﬁ;ﬂlo ench isolation
structure from one pxxcl to an ad]accnt pm:l Attcmpts have been madc to enhance

isolation by unplantmg ions bcncath the shallow trench nsolauon structure.

Howcvcr these unplants result in high current leakage. The invention provides a
novcl technique for unprovcd isolation between ad]accnt plxcls that does not require
.addmonal implants bcncath the u'cnch thcrcby mxmmlzmg the generation of dark

current in the CMOS i image sensor.

[0067] Anothcr consideration in CMOS image sensor fabrication are
isolation design rules are constructed to makc sure that there is enough margin to
prevent punch-through in CMOS circuits. For cxamplc 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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addi tional inplants beneath the trench, thereby

m nim zing the generation of dark current in the CMOS
i mage sensor..© [ 0067] Anot her .consi deration in CMOS

i mge sensor fabrication are isolation design rules
are constructed to make sure that there is enough
margin to prevent punch-through in CMOS circuits. For
exanple, the trench 28 (FIG 1B) separates the
source/drain regions 22 (FIG 1A) of one pixel from
the active layer of 18 an adjacent pixel. Accordingly

an adjarang pixel.e Acherlingle sigaions @khdhes did kdicBilly! Ml WAde to

aI | ow a. may gi n adequate enough to preven
Bﬁ A LBy %#gﬂa@rcn@ugh éﬂtprc‘@ak pyoch 'ﬂhl@ughmteilhlcﬁﬂlcakagc The

e Bt 195 ATl i ool
allowingMghteti desig] trﬁlcshQ@ﬁ@ gﬁg&h‘}gr enmbodi ment accordi ng
escr

tothelnven ion is now ed with reference to
EIGS 5-9. Applicants propose an STl process, which
Q@a8lan i dsbothdrembiadiment dddokditigwbithe hvdaRSH is  now described

uct ive g&&e i al containing si I icon. Shallo
renc et LF % efpplicantyprapossan ﬁﬁ@@rmsmmch uses an

| lsolﬂﬂﬂ?ﬁ@hiﬁ/ AlleY Qi) adc‘fcgfella coondu 2 tggge[rhal M ggm Shallow

Angstrons and gener arou

Uc@bwlmtgmdgmm for QMOS&H% i nsul a? c ae&ba{]g%%?e

with a conventiona as roxl
ab°BF kh‘i?@ #ﬂﬂéli*i@wym dgenenally hﬁﬁ)nd)abdimSLOOHCtbQ‘baﬁt 2500 A&lgstroms.

Tyefalty Silldw itgch rosiens arerficd mhaneiconmendansLinaulatar sheh as
i JZE’?’“?E%WOPW " et el gl wenches

exanpl e,
havingerdepxh geatc&rtﬁamasdomx frolmls with R6RGS: lB%Jth
hnugadt ater than about 2500 Angstrorrs Indgg\éior anc?gsgvlu?ﬁomc

SRAT88 aridaithe rendt, fohexdmple undmsirabip pbidsaitas ps are
h conductlve materi a

L] ]
fornRdAPRSE odildkd aﬁcqlgtgt{i] % @n 5.7 kpv%pylg,p gisAtes than about 2500

cont al ni ng S

Angstrdmn€.0n 9edoFBiHE Wi s .contai ni,n
silicon may be eaﬁ%ep%@g £ AAvearon » Bp licants
proppse filling td@pﬂlhsmnhrddnldacﬂﬁmuﬁfﬁdaw t&int:hﬁﬁig sfidoAn Prcfcral&%

silicon dioxide, silicon nitft

t s .
POIY% S e egawmwm oaductivd imtidals tonmiding ilicon fagibe
o S o A e
| matcfrﬂIsLTBng @ilicoh dlokileilkorPRitfidE W&, 0N, RS SRhd ORRS which are

d1&icult to fill in deep trenches. Thus, using a conductive material containing silicon

to fill the trench 328 will allow easy formation of a trench, particularly, a deep trench
having a depth greater than about 2000 Angstroms, and preferably about 4000 to
about 5000 Angstroms. |

[0069] Gencrally, the decper the trench the bcttcr the 1solat10n With
respect to CMOS image sensors in particular, the dccpcr the trench the h1ghcr the
electron storage capacn:ancc of the CMOS image sensor. A t:rcnch accordmg to the
invention is deeper than a shallow trench, and accordingly has longcr sxdcwalls 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 clectron
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havi ng a depth greater than about 2000 Angstrons, and
preferably about 4000 to about 5000 Angstrons. [0069]
General ly, the deeper the trench the better the
isolation. Wth respect to CMOS i mage sensors in
particul ar, the deeper the trench the higher the
el ectron storage capacitance of the CMOS i nage sensor.
A trench according to the invention is deeper than a
shal l ow trench, and accordingly has | onger sidewalls
than a shallow trench. Therefore, the | onger

stefage wapaciramdd, e\g. flvle acdutigation) ifhe iefetrical QS1IRELDA Region 323

s region 323 (FIG 9) along the Ssidewal | s of the tren%
W‘F]Ht“épéiﬁl%ﬂﬂ@dmmvﬂgmmapamtance e.g., hole
accunul ation, in the electrical connection region 323

IO T AR b o B
meR A% Ring iRl iR acCSAL AL Wi %&Q& 1&1'@? %? gordan Own -

- _with the present invention, as s
FIG.&natre3eB 328 istrhed mu’mt ndapapmca@cr 820! awa{ﬂs@&Qd nfask are

st a k are lied, and photolithographic
aPPEE‘#v ng?t'gf 0553@@“% 'é&' atarctiscd tedefine He mta hebe ctched-
ut lonSEL ch| ng, praoce ive
o‘flaor{i ing (R EP, P d 8%P %cﬁsf @ﬁ%mi or ctching

‘widhnh pﬁéﬂ&&ﬁhﬁl Slisotripic étihhﬁl.eig uS&i & &ah @@%ﬁ:gﬁggﬁ Q@Hvet layer 320

active layer 320 'to formthe trenc
to foxn mtzcmte 328 ndhedesistaanidngask st rrcmbwfcflchhﬁg a s%ﬂﬂﬁﬂ{: that
I G 6,

as sho [0071] Referring nowto an
apm%s é‘%)éor other dielectric liner 327 is

grovvn W|th|n the trench 328. The OXI de i ner may be

\t er ?al S. I\%fc“g\%flectt%(? Igb(é 3r I‘)haield?décmc

linstiB27 ssngrosinl withiandhertrgich 328 OI‘H@beE 'li‘i!x%r ng%ctfhmka‘ SFNO,
f the liner 327 is substantially the sa al ong t he
OY; ae(M¥Pxmars m@a}'&’lthttmtbblctmmuﬁlsi hetdielncthic 3agr 327 mnay be

sulsEARHRY icab il it BEIR gt e dhickpesa of habate 30
tBe samé Q@Zxé é:gggfd%%ﬂpgl@ MY ta? et%o%%l&u%ttgv Xh 328.

doped ?ln situ n=t.ype or
In gebemnl, zhe dndtrmsﬂoﬁdxcsmélcct@i& 139 309 mig)aictﬁ&aﬂsfshwd be at

t he trench 328.
least about 100 Angstroms. .

su

| ..[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 cootaining 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 pcrformcd to dopc the conductive material containing silicon. For
example, in the case of a p- typc active layer 320, with p-type wells, p-type ions such
as boron (B) can be implanted into the conductwc material containing silicon using
a photorcslst mask 326 Sumlarly, in the case of an n-type active layer 320 with n-
type wells, n- type 1ons such as phosphorous (P), arsenic (As), or antimony (Sb) can
be implanted.
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Sui tabl e conductive materials containing silicon

i nclude polysilicon and silicon gernmani um

Al ternatively, as shown in FIG 8, the*trench 328 nay
be filled with a conductive material containing
silicon 329 then, a masked ion inplant (indicated by
arrows) may be perfornmed to dope the conductive
material containing silicon. For exanple, in the case
of a p-type active layer 320, with p-type wells,

ﬂwgy e iong such as boron (B) can be inplanted into

onduc é‘lﬁh‘tfelmmmlsmnmnggdsbh la€&asilp illEd ifto decp
in the case of an

k 32 Y,
trcﬂ%i’n?{/ g'gﬁg %:i?ti[p\?nﬁﬁ ag'gp&j ztg r |lf_ls pg, ﬁ@ the mieach mﬂhycmmvcnnonal

ul 0O As
ooy (o) e el ins ot kit %!semmwn

uscdite EHidetp tn:ndtcm Howewd Iinc&a I
bctﬂ@ﬁt trenc The (cnleéper t%lghtﬁfﬁﬁgdﬁ EA\J@% ﬂé? Erc?dl may
e p Epndicgive rRatefialgiontiniog siivbn casily andnGRcaay S
Oxi des and ot her conventional insulators formvoids or
0749aps trenches, However, in
[g,cco?danc\ggv?\ne’t{%‘“@%‘g' éﬁ@‘éﬁﬂﬁ"&ﬁc ?'i WAcKordapce withith | ed
inventioh aad havidy atgiNgedBh [ Si asi | y
h and effecti %elpy 7%?%%%%% sglr)%géﬂ/ggqc%ag@‘
photadlide-321y hmepwpdwsmﬁec liyer 8B4 aAd ad Mrype \Phddod oa):pgggn 326

with hot odi ode%B lis shovvn in FIG 9. Thé pinned
%Po’ﬂ?‘bﬁ‘@ﬁ ¢ 320q }Wpensmfdrar;dalragmi tiéntit8s) éfithe n-

¥ h r thin a_p-type active
7P zéy%‘?%%%o%%ﬂﬁﬁ%. Fip P hiinionrgionsBrerimby aiving
n-typdeonducti is pivtle &35 fI QpLin
3'50 di f f usi oz‘p}? i on 325, g?éggka@g%é ﬁ%‘&?‘%g‘% laans?cr gate

f @tharisidet Whlsh baoy poetibroaf 0ppSicgibro324. h a &&ﬁim%lauon

t he other side of which

rcglinzgzg;ﬁ gg | oﬁln er “?‘i/ii’é(”f gg&agaggg to,obt@trmagtd freul dicimtype
regione34 0NAR 2fecirital %Muhﬂ r%&?y 52 5 gf% c%ggizo adcu?:%ﬁgttwn is

to, but spaced fromt
formed adjacentahe sideweits d)Micrt&Qicﬁ'is&a'){ﬁ)l{ﬁgl gz ’I;P, Olg
laaccunul ation is formed adjacent t si dewal he
isolatiqn.prgion 328 tifoomcd agidoseribed abdhewithasgect iSPIGS 58,

regl on 328 is forned as descri bed above with.respect
for exanpl e the

| GS. t t ack
ansf er ﬁ‘?ga"[?gga Bﬁggﬂgréﬁ ggﬂisf%g@c&ﬁoamaerbqfoancd
bcfoxt mra&br the tf&rﬁ:hqg etchl8. e def of ﬁl%?: eSS ssi}la%P gc vancd

. be varied
as 1s 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 cntire
transfer gate stack is not shown in FIG. 9 for clarity purposes.

[0076] A translucent or transparent insulating laycr 330is férmed over the
CMOS image sensor 300. Conventional processing methods afc .thcn carried ouf to
form for example, contacts (not shown) in the insulating layer 330 to pr;)vidc;: an
electrical connection to the source/drain region 322, the floating diffusion region

325, and other wiring to connect gate lines and other connections in the sensor 300,
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as is required or convenient for a particular

process. flow, for exanple, if a photogate sensor

whi ch overlaps the transfer gate is desired, the gate

stacks nmust be fornmed before the photogate, but if a

non- over | appi ng photogate is desired, the gate stacks

may be forned after photogatc formation. It should be

noted that the entire transfer gate stack is not

shown in FIG 9 for clarity purposes. [0076] A

transl ucent or transparent insulating |layer 330 is

Forf examplt, threentite surfaddinay thgebs eovesdd with a VaSd H?&lf ofeg.,

0

... Progessi ds are then carried out to form
: s“‘@%ﬁﬁ@?,w s0f BBSGs mihigh) is iGMPrpdananigat ahidregcHedyter
; i n, electrical,. connecti.pn to the
progii coffabf RUCE il afe Gich meSlipfO RS Proyidh sontaris o Haeyi on
photdfate ¢ifdsed)NRke &é,%d%g%g;f& gate l-ines and ot her

connections in the 'sensor 21 For exanple, the
entire surface may then be covered with a passivation
(@7, of Ehgnse ofi trencinimicsidiice BEG theSvertionBRSEdes
. __Whi ch ils.Cl\/EcpI anarized and etched to provide contact
impygoyeddsolgtion hetsyeen pisls. nEhe fespes trensh beger idibicndlenttans from
diffiSn Lf used), ..reset.gate, .and transfer
gat % Bﬁ?cdgd}g i i E e %uélénc& tsoaa'g ?‘B?ﬁf:ﬂ% Pffgg%B?l?}'aW%CW&Fmss‘mk
. betwéen ﬁdiglﬁﬁrmggp' iREISY AGESrdihgIP! 13 &fhan 5@%&1 Ld -
pi xel s. The deeper trernchélg’eltgi/er I n bl(%lgﬁl%l?g%}grs&;% <t
trenchgaddidonal imphgtsumtiar thé erchelo bt i meces s tickefdfe by reducing

th adl) cent Ri | .thereby preventing cross-tal k between

< abBRGMeefles farisalatiom cuicar lgkage iaglse apdveiingAnother

2 dvA9 i iy . 9 trench, additi.onal .inplangs

advA R B il Bl GBS g o A G560t Bt by of 2 decp

trenchdilled mgth 4 fehduEve MatendReatidiag siloh & E%rd%&rc Gt the

. leakage is also reduced. Another  advantage of the

- Invenfipp providesn deapst holeraccomuldtion regient, demeby mcrdmingtdietron

se of .a d trrench filled with a conductive

storg saProify- A0 she,ferpes i"fqne{a ﬁﬂ‘?‘i"’h }Qlét%}tﬁrdﬁ‘ﬁléuﬁptd@lgh gules.

DecbBY i ' I upul at i qn r.eqgi on,. .
R A B an R NS DD i Pt

effective ishatiar bérwees heighlboringfregiohb IALESrdinpd), aht 2Builesidth

.rules. Deeper trenches may al so be narrower than
regiopspf g Rixelmaaehe branghs coset to dreackive hyer ef 4readjacent pixel, by

i sol ati on hetween, nei ghboring regi ons. Accordingly,
sacp Rl RGRE LR altp LR

[0078] Another embodiment in accordance with ttie invention is now
described with reference to. FIGS. 10-16. Reéferring now to FIG. 10, a trench 428 is
etched into an active layer 420. The trench is preferably a dc‘cp trench havinig a
depth greater than about 2500 Angstroms and preferably between about 4000 to
about 5000 Angstroms. A resist and mask are applicd, and photolithographic
techniques are used to define the area to be etched-out. A directional etching
process, such as RIE, or ctching with a preferential anjsot;opic .ctc_hant is luscd to
etch into the doped active layer 420 to form fhc trench 428. The r¢§ist and mask

are removed leaving the FIG. 10 structure.
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regi ons of one pixel may be brought |oser to the
active layer_ of an adjacent pixel, by narrow ng the
wi dth of the deep trench. [0078] Another. enbodi nent in
accordance with the invention is now described with
reference to. FIGS. 10-16. Referring nowto FIG 10, a
trench 428 is etched into an active |ayer 420. The
trench is preferably a deep trench having a depth
greater than about 2500 Angstrons and preferably
bet ween about 4000 to about 5000 Angstroms. A resist
hask Mcm nw ro FIG. phi aldide GeéRpip rs formcd in the

L e AL R ——
. aamw RS0, 0 Okl fomed o

ct chan
siliceiittide.f or m t he trench 428. The reS| st and mask are

renoved leaving the FIG 10 structure. 22 [0079]

Egéirlng now to FIG 11, a nitride liner 432 is
[ d i nRefrsting momcto BRG. 12,anGhdt,ea. SYBpOF other dielectric

Thi tride | 432
hncr%@q?kc?ﬁ}cﬁaﬁ%ﬂlp Inz mztéqqgieol ¥ ‘fc:ﬁ gﬁéﬂhm nnad@ﬁncxcm The
lin | t 0080

27 ey SR AR Wty Wl 35 i b

sidevelle 301 4 relatvelyathickliner eah O ol h&uffzthé ﬁ}ﬁubfrf{)‘?@l ‘kﬁc?g.

dadov‘i he silicon nitride liner 43

formedsneanthe tapnof thattrenich. Nbrﬁk@ﬂ@lﬁmﬁ%m\ég&bﬂs
ively thic

tre | s 429. A rel at
sudl?l I ner ca wﬁgg Gheanden wussehto fprodhecet the diner 427 a

and a thlnner liner fornmed near the top of the trench.

0081]conf o r the wel |l -

[ BPS(]S; soe%ﬁ%%ﬁﬁgetg qtlg; ;1% Eubé%ét% BOW‘H’e?F '3‘2703“5; liner 427
and figigglincRéB iy strippetbuway Fhis.cad e achapiMEY 4d Hisdtfopic
lL,iner 427 and nitride liner 432 i's strlppég

Ccﬁe %X| d Y
Wy .2 FRATEd vt aselrg sechipl i shed by an anisotropic dry
etch or a masked wet or dry etch. [0082] Referring now

082F1 . Bt Fuaph Y MG, BBl ML R L
to fill|thg enendB 22 8awittbsilien WITh & epitsidByer 433 may be grown using any
suitable technique and may be grown as a single layer or multi-layer. The epitaxial
layer 433 is grown in du'cctly on a surface of the active layer 420 so as to prowdcs a
direct electrical contact to the doped active layer 420 through the trench while
providing improved ficld isolation between pixels. Providing a direct electrical -
contact to the active layer in accordancc with the i mvcnuon eliminates the nccd 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 cpitaxial 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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suitabl e technique and nay be grown as a single |ayer
or multi-layer. The epitaxial |ayer 433 is grown in
directly on a“surface of the active |ayer 420 so as to
provides. a direct electrical contact to the doped
active layer 420 through the trench while providing
inmproved field isolation between pixels. Providing a
direct electrical contact to the active layer in
accordance with the invention, elimnates the need for
a top contact, therefore saving space and allow ng
matgFiakdogiainingpiilicein, farraxainpbnpolySBEH oRahiesd-ERGn AW thay also
FIGﬁ 1$Qﬁ%n accordance with yet another enbodi nent gﬁ
be yrgd it £ aest of e gepeed28e” epitadal |ayer 433 is

grown to partially fill the trench 428 with silicon.

[_Qjmn Ref eql,i -now to Fl G, .16 eposi ti on process

i s perfor rregg'tpg&fllaﬁllg mt??ém_?“tgg{gy%tfﬁf‘ﬂéﬁi: AEHEIRE RF ORidg necded to
fillf the loenchnid esduded.4 Fecoddifigly by Bin 4 e%&fdcg{i al‘rﬁnl?{t_"é&%;n%{%l, &r not

an oxide material and is nore erably an
usigg;oxide in simations whise, condnotivtuniatesial 23ntaRiigg sifibon is used to il
Fning silicon, for exanple polysilicon or
h Rt Bt ety rihenn iy tarach & Gllcd 56 the cphaial lper 432 (as
hé&n I BIG! : ) rovidi ng anepi.t axi al _
;I ayer £¢3;3fo’ hqe&%ﬁotlrf{r#ﬂgg agX@fggn evgigiéﬁg‘f Jvention maybe formed.
tdisensshd iabove degedendies pravidd ol of
C nmount of oxi de, grrl .no_? usiir%ﬂgplg%fgde m%%‘ﬁgﬁf%gf”cc’f
Srignags sersors, pacveationioflcrassealiiberwer s idjhedi pbels! SRAU also as
djs{n?ﬁs{,d” vcthe rest of% trench or when the trench is
LA with resasdte t eepediment, the usesofaviedprreid o
ovide infbra9&P; i dance with the.inyention
P nay lgg) f oﬁprrggFagB%E gl s%&g g%a":dg1 %ﬁgjg SRl I“Eﬁiéﬁéﬁsbcncadl the
trepehy vhereby sl disk@duaien® b @MO‘SQHIA?@ sERHes & urrent

l | mage gﬂ?ns_ors revention of cross-fal k between
adk “pﬂ"ﬁeﬁ%. fillosborpargalysfillal scndsadoading@o\thé hvention

. fi.rst .enmbqdi nent, the yse of a_deep
'-“ai' ?’gﬁ'%ﬁd %‘gc‘g‘ﬁr&é‘\‘/ﬁ%‘e‘ W‘ﬁng}Fé dresh %‘{}Ss AOYaBtien; fareaxample, the
- selaetiest EPg- al B} IR BertdB Rsie L trench .
" thereby Ijrilgguci ng dar k clalr gﬁt |nﬂ ?’nﬁé{gc%grﬁgﬁgu"dmm
a cengustive yaterial containingaltiega. A sel ective-EPl filled or
partially filled trench according to the invention

: e used in conbination with other aspects of the
i on, HoFXeBIRIARY (M QS imagessensertinvascGidanpawithahk y

. £ d al i th t h
mv%#%ngﬁéldwﬂ{\ﬁﬁlgg p%ycdb ﬁloutgglod% 1% \gilownalln %?%D 17{ eIr']lSc pinned
photodiode 421 has a p-type surface layer 424 and an n-type photodiode region 426
within a p-type active laycr 420. A junction is formed around the entirety of the n-

type region 426. An impurity dopcd.ﬂoau'ng 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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a conductive material containing silicon. [0086) An
exenpl ary CMOS i nage sensor in accordance with the

i nvention and having a pinned phot odi ode 421 is shown
in FIG 17. The pinned photodi ode 421 has a p-type
surface | ayer 424 and an 2% ype phot odi ode regi on 426.
wWthin a p-type active |ayer 420. A junction is forned
around the entirety of the n- type region 426. An

i mpurity doped floating diffusion region 425,
‘preferably having n-type conductivity, is provided on
409851 de of Thdgatefseutks|for wmple efankfer Pateos50) My bdfmed
t he other side of which has portion of n-typé region

befppeor after thearenichds ached: 'Hlegirdqr afthesesprickimimaty iprotesesteps
| m‘?g’é%ﬁ 1 45&@8#?5@%%%5@?&% grossdan) e ccample,

if bR SeR RS b d&% Ciia!
Si de\/\gqlhles of the trench i soI at on regi on ﬁw&mmm

bcﬁnumddmﬁnnxhﬂphnnnpnylmnnﬁaaamxwhﬂqnnﬂgq&uﬂsgntmh@ﬂhtd;dm
above with respect to FIGS. 10-16. It should be noted
gate gtacks may beiformed afinephotogatedormatien s not shown in
FIG 17 for clarity purposes. 24 25 [0087] The gate
stacks, for exanple transfer gate 450, may be forned
b[ﬁég e or after the trench is etched. The order of
t pr el i HtFrRslicent 68 Bgmspareap insulating boyen43Q sdomsed sver the

CM@S %hﬁgéjse?xﬁoﬁmv %n%ﬁﬁt{({n%f Bk g%&gﬁ%@ Caﬁ'r glv:éx?qsagggo({yﬁéo form

for exanpl e,
fortep(amgfeeporgmte(nos shka&sm)rlﬁ dhe ihblﬂa@ig Ryé&rt B0ks pfdride alP8ectrical

h b f |
conrBE B ot PR DR ee@tfﬁag%&e%@%ﬁégiﬂggﬁ%&gmher |
wirdig ®©rcoRhedt @artimes Qﬁd‘@ﬁlbp&nn[e&%g]m fhelbAE b Gef}%pr c?){%nple the

{ ranspar ent insulati 3? ayer f or ms ove

entirg gyt I5¢dpYy denbe coviey w@bmmnstlvalrml la}ZHrm:fEB@ siicoredibeds, BSG,
contacts

PS?L@rt ]§S \9 Cf]ll.gghﬂu it)qué%ff |aH6 { g%[,o DS dpgoﬁa@t\hq}@ which are

thenhmalhzezbdo prédde esithdditd the H& B(Fas
the floating diffusion reglbono 5!( an%i)’ot %etlg%&lvmgéhl t%é?sfergate.

to connect gate lines and other connections in the
sensor 400. For exanple, the entire surface may then

geoaw}éer ecBlggdhn&ymStdiﬁgwlﬁhé iwenition] ard described withn

i oxi de

mfcmncctoFIGS 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 -
cin:uits; 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 preseat inveation.



PSG, or BPSG which is CWP planarized and etched to
provi de contact holes, which are then netallized to
provi de contacts to the photogate (if used), reset
gate, and transfer gate. [0089] Pixel arrays according
to the invention, and desaé bed with reference to
FIGS. 2-17, may be further processed as known in the
art to arrive at CMOS i mage 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 i nage sensor
ad@®tdi ng t oA areessen basedwhistems suchasiarppmputepaystem, for exarnple

SN trated enerall at . 642 ocess
epett PPl ECLRL MRy it By DGl AR RgBls gboprocessor
thai mmnhﬁlcam@w@th anGHpE/dulisitt () E&iEe 64P@Rr ARS 853 The CMOS
W t hout belng imting, such a systemcould include a
e

m&gﬁﬁm@r 643 slse spmazunicatessyih tm]sysgramver bus@2hi The computer
o] 80 R DB Ol STRABIEESS 5T a0

cmutmyd&hemhy mllideﬁieﬁﬁheﬂamecﬁfsﬁ&h 49 ZAishQheraySi@Rd 654, or a
ta cong{ess on system for high-definition

cqrmpaéwi@k §8D) ROMhrivigiiSe v hiethalge F‘PIPJZ’@ntCﬁ@ witle GBIt 644 over the bus
6521\’1?{1{ %'Fso t?e%es[r%gw' r@bﬁ?ﬁtg ‘El?ez%r‘a[:esg §%a§é1§egsor 642 and
ener a

as a c nputer s
mmmmqm64$bnpsmghﬂﬁ]dgpunlt (CPU) 644, for exanple a
m croprocessor, that conmunicates with an
i nput/output (I/0O device 646 over a bus 652. The CMOS

i[8892] sens Fhéabbvel descrippivilitidcdéal toobié ESiiSidered
ove( b%s 652. The conputer sgste OO also i ncl udes

illufyats L achine the feabures ad adfantages of
&mqggﬁgéﬁ{ oS 3%%3%"@%& gg er eV|c§§E§yc as |
anﬁhhi@cﬁ@ﬁc%ﬂkﬁﬁwﬁhéﬁt gﬁpﬂ!%ﬁhéﬁ*%gréf%¥?% ﬁﬂ@nuon

bus 652. It may als
Acqordioglys ¢he Bmtpudh/ﬁl:hmumgﬁ aﬁfsﬁiarc&és?b&ﬁg linifesaDby tHe4fdregoing
on a single 1Cc [0092]. The above descrlptlon and
descfipfiomaa S‘F’év'b‘mg)‘%tds oaly lishised by e scope wfithe:appendod claims.
exenpl ary enbodi nents, which achieve the features and
advant ages of the invention. Modi fi cation and
substitutions to specific process conditions and
structures can be nmade w thout departing fromthe
spirit and scope of the invention.




Accordingly, the invention is not to be considered as
being imted by the foregoing description and

drawi ngs, but is only limted by the scope of the
appended clainms. 27 CLAIMS 1. A structure for
isolating areas in a sem conductor device, said
structure conprising: a trenckR’formed in an i mage
sensor substrate between adjacent regions; a nitride
liner lining at | eastClohBMSi dewal | of said trench; an
oxide liner over said nitride liner; and an epitaxial
layer 1i n conitagturaifdrlisdating @edssh hat@i@hdactdoddvor) said
surface of said trench and filling at |east a portion
QfruGdiedohipeRfly: 2. The structure of claim| further
conprising a conductive material filling said trench,
uher el frGRAGNES S BAGE LAl SR A5 %dRREy Egions;
silicon, “silicon-ger ium and pol ysi Il con. 3R
structure ,of. claiml wherein sai repch has a depth
ot " betvHEHS liafiHinG BEe bR NUTE I EHOU R on. 4" The
structure of claim1l wherein said trench has a depth
of gr @avaide lingppvessyidmitpidodingingad rons. 5. The
structure of claiml wherein said sem conductor device
conpr iag epitaigMIBT imegeac enthomaid Gibstats ar alpdatione syrace of said
isolating areas in an inmage sensor, said structure
GRAEH Arid Miding at leh @RIty d¥edid thenh. | mage sensor
substrate between adjacent pixels; an insulating

l'i ner of or mgghe Q0GR i atmOf fu@kOedniiGE a &hdaRiJeAKhRHal

layer in contact wmth said substrate at” a bottom

rface, of said trench: a il.l.er terial ¢
AERF Bersdeh Rere AR Bl b en R R Aot eliogn

trench, wherein said filler material conprises a
SBISATEETIA PRt dYG; %?)_’S?]ICOI‘L

3. The structure of claim 1 wherein said trench has a depth of between
about 1000 to about 5000 Angstroms.

4. The structure of claim 1 wherein said trench has a depth of greater
than about 2000 Angstroms.

5. The structure of claim 1 wherein said semiconductor device
comprises a CMOS image sensor.

6. 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 trench;

an epitaxial layer in contact with said substrate at a bottom surface of said

trench; and
a filler material deposited over said epitaxial layer and within said trench,

wherein said filler material comprises a conductive material.



28 71. The structure of claim6 further conprising a
nitride liner formed between said sidewalls of said at

| east one sidewall of said trench and insul ating

liner. 8. The structure of claim®6 wherein said
insulating liner conprises an oxide material. 9. An

i mage sensor conprising: an &Btive layer of a first
cond@itt i virhy strygpere obclawu 6i farthersomprisiaga; nitrige dipgy {gemed
transfer region forned in said active |ayer; a
bR AR i@ gide i Bl @Thaidat S@istormaideneal |l afiseid teciclaemhinselafing
charge transfer region, said photodi ode conprising a
Hﬁ@gion of a second conductivity type between regions

of said active layer of said first conductivity type;

a chagrge |l ect] rea | 0salkd | Hes an
recegving ﬁ5?@%@%Q#F%%é?ﬂ?*%%ﬁ??%ﬁﬁgg?gﬁsh§¥gg?%dgs
region;  an isolation region forned adjacent said
oyideimaterishyer ;| said isolation region conprising a
trench; a nitride liner lining at |east one sidewal

of s&id tAeniokrge SEOLKAR19'R8ier over said nitride

liner; and an epitaxial layer in contact with said
substihattvelaya diatfrstmonfucivitl Avee fofmeding subptEdieh and
filling at least a portion of said trench. 10. The
sensqQch@focGlafsfdt RefdirfoRféd Gosay dcsivatryar;conduct i ve

mat er i al %iling said trench, wherein said conductive
mat er| %Joto%l?ég%rﬁoﬁﬁ& angidodctist ldyerMjacei dabdehar @etamfer wegion,
and ﬁ&fy3| icon. 11. The sensor of claim?9 erein

said trench has .a depth of ions
3500050 ARt B e gb0t § FeOfE BondBRlily GpORen e
wherein said trench has dePth of greater than about
266d p@tg@tlpm@f 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;

a nitride liner lining at least one sidewall of said trench;

an oxide liner over said nitride liner; and

an epitaxial layer in contact with said substrate at a bottom of surface of said

trench and filling at least a portion of said trench.

10. The sensor of claim 9 further comprising a conductive material filing
said trench, wherein said conductive material comprises one of silicon, silicon-

germanium, and polysilicon.

11. The sensor of claim 9 wherein said trench has a depth of between

about 1000 to about 5000 Angstroms.



13. A processing systemconprising: (i) a processor;
and (ii) a sem conductor device coupled to said
processor and including: a trench fornmed in a
substrate between adjacent regions; a nitride liner
lining at | east one sidewall of said trench; an oxide
liner over said nitride liner29and an epitaxial |ayer

i n coit act The sehsaif dlagrn9swheatie said teenblohasomdentln bbgreatef than
said trench and filling at |east a portion of said
dboenin0 ArlstrdmRr ocessi ng system conprising: (i) a
processor; and (ii) an inmage sensor device coupled to
sai d pyoce b 6 stResm 1) AGIH &l OARN (ii§ b N Y-

an acit@iv ve Iiﬁz)?/(;eoressi‘?é% %i rst %ﬁ%ét)%\eﬂ th;&t ype f(o?msd in
a NP} r : f ' -med over
SPHTALEEL Fevio BT sh B Rl RO TP 21 S
charge tr fer region, said photodi ode. conprising a
gl ohrgihdowaELd LB T VR UgisE’ SRR ched
between regions of said active |layer of said first
conduekitrde ner \ipig ah leaptmgsideyiall of srid trepeli on f or

recei ving charges transferred fromsaid photodi ode

r egi can oxade lisaloati wund nigidedmef;canded adj acent

i nterconnecting first conductivity type portions of
sai d ardgiMeial Ryerin coaiadt WiRkAl sebdtaRGit @boroMBuI ¢ said
trench; a nitride liner lining at | east one sidewal |

({?éncﬁ%hggﬁllﬁ Heast & oﬂ%il @'?sellﬁ Repcrover said nitride

I ner; an epitaxial layer 1n contact with said
substyrate at a bottom of surface aqf saj tre -q ﬂﬂ
Filli Lﬁ ot AlPEESIng E%rgl‘ M oMy e atprrél%egﬁ‘?“ ol (] afi Wlage
met hod of formng a structure for isolating areas.in a
BPRTCISHIFE SO BRI IR TAEPTOSEY Fifl HBRB LSRN ISY i OB g
a trench to separate regions of a sem conductor
devi cen activelasengf afift condystivithype foraieddn asubsdat® one
sidewal | of said trench; form ng an oxide |iner over
sai d achargeleadsifereegionficmed 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;

a charge collection region for receiving charges transferred from said
photodiode region;

an isolation region formed adjacent interconnecting first conductivity type
portions of said active layer, said isolation region comprising a trench;

a nitride liner lining at least one sidewall of said trench;

an oxide liner over said nitride liner; and

an epitaxial layer in contact with said substrate at a bottom of surface of said

trench and filling at least a portion of said trench.



form ng an epitaxial layer in contact with said
substrate at a bottomsurface of said trench and at

| east partially filling said trench. 16. The method of
claim15 further conprising formng a conductive
material over said epitaxial |ayer, wherein said
conductive material conprisesidone of silicon,

pol y$b) i canmethod of ifdrimnma gtevaramifomisolating diees et hod of
claim 15 wherein said trench is fornmed to have a

sE8RbAd Rk orHeORESaid Methoalkembrid@@0 Angstrons. 18. A
nmet hod of formng an i mage sensor, said nethod

conpral si:f atgjgﬁch &t ﬁ%gﬁa@fré%igfg)%ﬁ NG céhdabids ieate:

formng a rve yer o irst conductivity type

wi thi.n said suhstrate:;. fqrmn er
r egi 5?5”’%?‘@ﬁinHrlggﬁlaerJW?%@qF%gg‘? g?‘%‘?ﬁ‘%‘ﬁ“&‘{‘g ot odi ode
Wi thin said active |ayer adjacent said charge transfer
regi drmigg g oytdghingf oyess ﬁl&"ésﬂaefpﬁ odi ode
conprising formng a region of a second conducti vi t}(
t ype fhetingen epitgiidiayenfn earitart adthisgidl Julsteate affa kojfogn surtace
first conductivity type; formng a charge collection
ofegii@fenwh bl 4t 16t pardally filinlgayigrirdnoh. recei ving char ges
transferred from said photodi ode region; and form ng
an i sl atiap Hadb®or AFnR ¢S AlrtheAtémpsdihy Sorindyed corlayictive
formng a trench formng an epitaxial nateri al

rtial ly fill.in ' . ' ises one of
it ey oo R oG o BE fig Bl ) Bniise
trenc faq mrg%ngn oxide liner over said nitride |iner;

salifnf BRLHS! SHERPIMAWIr in contact with said
substrate at a bottom surface  of said trench nﬁl at

| east17par t The mythpd of plagn ééi“d’efer“é?ﬂia trepg ‘S%Pfg“‘fﬁ? BY bf
claim 18 further conprising formng a conductive
depttesf @batenviban stoud 2600 Aagstedmsmat eri al , wherein said

conductive conprises one of silicon, polysilicon, and
si | i cpg- gepRRAhsIdS forming an image sensor, said method comprising the

steps of:

providing 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

forming an isolation region adjacent said active layer, by forming a trench

forming an epitaxial material partially filling said trench; and



31
forming a nitride liner lining at least one sidewall of said trenc

forming an oxide liner over said nitride liner; and

forming an epitaxial layer in contact with said substrate at a bottom surface
of said trench and at least partially filling said trench.

19. The method of claim 18 further comprising forming a conductive
material over said epitaxial material, wherein said conductive comprises one of

silicon, polysilicon, and silicon-germanium.



