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

[0001 ] The present invention relates gene "‘lﬂmm“mmm
sem conduct or devices, and nore parti

trench isol ation technology f or use in sen1condﬁ%?
devices, including CMOS inmgge sensors. BACKGROUND OF
THE | NVENTI ON [0002] In silicon integrated circuit

(1C) fabrication, it is often necessary to isolate

sem conductor devices forned in the substrate. This is
true for many sem conductor nenory devices, for

exsom%no@%ﬁbgﬁ%@ﬂm REBUGINGD ARRPCORIFIT IN CMOS
€ 1 ndi Vi dua I Xelrs ol a S 1Tnage
sensor also need to beMﬁESLSQ&in each ot her.

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

pl ane array of pixel ceIIs each one of the cells

i ncluding a phot ogdip pﬁfﬁ@%ﬁ&ﬁb or phot odi ode
overlying a charge accurru on region within a
substrate for accunul ati ng phot o- gener at ed charge

E r.ansi st or

P00} B PresSfinveBe relies Bbefitly § 3ottt degises. and more
parte@il 81y, totrénchlisiiticiOeélinol 4/ foFudeaf SerditdnducidraiRvices, hcluding
for resetting the diffusion node to a predeternmi ned
CM@&@@gpéwrSpn or to charge transference. The pi xel

cell may also include a source follower transistor

for receiving and anplifying charge fromthe diffusion
node and an NV ling the
readout of thﬁ%ﬁ%ﬁﬁgﬁ??n?gqf‘ﬁlg%the sgoafrqce fol | ower
transistor. [0004] In a CMOoS |mage sensor the active

£ L0 1 sRGPinPlgf e Gtic GE TR Glom 8 B RREskpoy o isolae

seﬁﬁmmﬂuétat devicesfformedrig checdvbtigate. THis i$ tradfr @ang semivdh@gctor
to the floating diffusion node 111111 11111111111111 |
me¢meny deyices, for examplg, QRAM, flash memory, SRAM, microprocessors, DSP and

ASIC. The individual pixels of a CMOS image sensor also need to be isolated from each

other.

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

follower transistor.

[0004] In a CMOS image sensor, the active elements of a pixel cell
perform the necessary functions of: (1) photon to charge conversion; (2) accumulation of

image charge; (3) transfer of charge to the floating diffusion node
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*000002* acconpani ed by charge anmplification; (4)
resetting the floating diffusion node to.a known
state before the transfer of charge to i't; (5)

sel ection of a pixel for readout; and (6) out put and

anplification of a signal representi ng pi xel charge
fromthe -floating diffusion node. Photo charge may be
anplified when it noves fromthe initial charge
accunul ation region to the floating diffusion node.

The C at the. floatlng di ffusion node is
accompgiug E?Wieaﬁm- lifiratigny (4 resatting tha flosing diffasion ode to a
ut n3| The phot osen3| tive
k"°“é§pt:&n%§?°f{’a &’Q%Bég F?E&fé” ?38 selestionofia pixel for geadout;

and (f%ggcel:jt depleti oﬁelrierbgjlaﬁyueg%a%ﬁ gl?%?ééﬁ?rgc &fé 1 d

floatigg dliffiesiompodgi Rhownclearge nidyde n plificdelvhéd ittmoves ﬁom the

h'ot senS|t|ve device may di ffuse to an adj acent
‘m“”f; 'il?!g region) to the fleating diffasionpiusteo Tleychakge at the

| k. Theref CMOS.
ﬂoauﬂ% nsor pl X e?c ls W@}g‘seosl?’%%étt% ¢ B%r‘ rﬂ%(r‘j;'ét"éiﬂ@gh @IV r;?sgleucc
followcmﬂpﬂt 4 8hsistbPSThE %Btoskﬂsnﬁp([efl‘éﬁ?ﬁg 8Fa %S( rénqé sensor

sensors which are intenti rica

ixel iscpically cithey al dephtted ptn jlmctl@d\{ﬂﬁftaéﬁﬁﬁ orladidd Mduded

d l oth ele trlc | and optical. isolation between pixels.
cPlcHEB dego %@B%Gr éﬂbotqmalpm grapseitubbpisel of a

phOt&NF%on etéﬁllL H%E”Wﬁ@s di scusse.d {_or exanp étccg@,qggfrthc
iy e e 455 st RS et s

must b isplased from one A@MBSr As bvoid pixel erosk #HkE ISR 8458 of CMOS
pp-

im | EEE Trapsactions on El ectron Devices, Vol. 41(3),
8¢ 4%?%%3“@%89‘&5 intcpidonglly fabricaged mybe sensitive. tod;gh? it B33

s 8 o i,

are.incorporated herein by reference. [0006] Shallow

[0008hch | <CMOS nnagcsswoﬂss)f@n@qtpew,asméa& rﬁg

knows SE to isolate p| xel s, devicés or- circuitry f
own A% rfopexample, inaNmosrrthal., 8256 tines. 2561CMOS Q.\cuvc

Pixel S45H {(;Q{n%%?‘gﬂ A-his e‘?’gﬁ‘  ounsl oF o h;éégwtéu&g&z&%f 31(12),
PP- 2050:3%% s g?é)c gid Méndil ECAI t”r(?MO%eI\cllnlrcePleﬁrq age Sensors,"
IEEE Transactions on Elcctron Dewccs,. Vol. 41(3), pp. 452-453 (1994). See also
U.S._Pgt_cnt Nos. 6,177,333 and 6,204,524, which describe operation of
conventional CMOS image scnso-ts,. the contcm,s of which are incorporated herein

by reference.

[0006] Shallow trench isolation (STI) is one tcchmquc which can be used
to Lsolatc pixels, dcv1ccs or circuitry from one another. In gcncral a trench is etched
into the substrate and filled with a dlclcctnc to provide a physmal and electrical

barrier between ad;accnt pixels, dcv1ces or circuitry. Refilled trench structures, for

- example, are formed by etching a trench by a dry anisotropic or other ctchmg

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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exanpl e, are forned. by etching a trench by a dry

ani sotropic or other etching process and then filling
it with a dielectric. such as a chem cal vapor
deposited (CVD) silicon dioxide (SiQz). The filled
trench is then planarized I3y an etch-back process 2 3
so that the dielectric remains only in the trench and
its tops surface renmains level with that of the
silicon substrate. The depth of a shallow trench is

eneral |y fromabout 2000 to about 2500 Angstromns.

o fluay s dislestie comaiok onlysinchetredcluand its bop kel Rt level with
ngEEtL nin the caggse .of CMOS inage sensors is

that of the £9n substrate. ;Ebe depthiefiashaliow srenthis generallypfrom about

g 2095;@5 t 2500° itive device causing charges that
may di ftuse undgr " shall ow trench isolation

structure to an adjacent pixel. Another drawback is

t ha ol e~caccumyl afion . layer along the sidewall of

th et[?‘?ecﬂ ch Q&€ ?‘éﬁ%"ﬁa’t& apspoiatad) withsshallew; trench igollationdnl theycase
of CMOS &Rbge seibors ierd E1aliOfb oMt Simpi a#?g §§ |1‘l I?E_ﬁg;m% gixel of

pthance_the i sol ation further, 1ons”C
a pptoepsitivei deyvicgsausing chages that mayediffueautior @ Shyllo® MRASH

. wback jated with i
S8 Nl BT SO ShS e i
layexalopg the sidevll ofB@treichal rélat'i\@WBﬁ{lf"gih%@it E‘é%hg?«? %ﬁﬁ)ﬁ%ﬁpth

fééag-rill Dielectrics in Shallow Trenc
of hgishylow trgaghessechnol ogi es, ' | EEE |EDM pp. 841- 844

(19965, is- that ion inplantation beneath the trench

PRSI 1. ol Aot RO oo s
ssoonsaoleL o 465 e Y A RLAUE PR afeid
assacjagerd: withion deiplantaticibencath thee trivecls o ot Foi &B8ple, in S.
N e TG o oo o B’
ol SO Endrl T oiBRRS, R WO o 3144 o
;haug?? gn;:bgkrr]mtwn Bericadi e trefictiéan’ Sult in high buihr 1fagd " fiP
pnnkmhw;whcnknmauchnphnuﬂjnthcsubm;n:ckmcno;hccdgpsofdh:u:ndm
cun:ntk:&ngccnnix#uratthcjuncﬁonlxxwmcp;hcac&w:dcﬁocnﬁﬁonsandthe
trench.

[0009] In addition to the above-mentioned drawbacks, the dominant
cqmuﬂkmmqﬂﬁcphnmsgknu;dn:urnchskkwwdk,whhinhaw:alﬁghwrﬁﬁuxl
 density, create a higher density of trap sites along the trench sidewalls campmd to
silicon/gate oxide interface of a transistor at the silicon surface. Trap sitcs on
dangling bonds or broken bonds can cxist at the gate electrode /oxide interface, in
the bulk oxide film, the oxide substrate interfuce, and,/or the trench
insulation/active layer interface. The trap sites are normally uncharged but become
cncqyxkfwhﬂnckruomsand]ndbsbpqmnctn&mndjﬁlhcpnq)shn& Highly
cncqpﬂcckxﬁonsorhbk#amccﬂkdlumcnnﬂng Thqmndlﬁncnnmnscuf-f
conuﬂnntndthcﬁmbdchaﬁy:ofdﬁ:dcﬁmcahd?hmngﬁthcthnsﬁoklvohnééand
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dangl i ng bonds or broken bonds can exist at the gate

el ectrode,/oxtde interface, in the bulk,..oxide film

the oxide substrate interface, and/or the trench

i nsul ation/active layer interface. The trap sites are

normal |y uncharged but becone energetic when

el ectrons and hol es becone trapped in. the trap sites.

Hi ghly energetic electrons or holes are called hot

carders. Trapped hot carriers can contribute to the

fixed charge of the device and change the threshold
otheg clesFicahehpranteristice o€ che devide. cAwa peshlt 'of $hése S sited Bormed

devj ce. g result of these trap sites forne al on
alofg$h¢ Fiepth sBewail Dt gameaationaehs andialang eherercnch sidewalls
t .Qj | can_ he ver.y high. '
:’%‘é‘*’"‘“’?’h‘@‘ GeREaBh ciffint fop Bl s e or Binbsphosediode
ok ibltdsi ; - . t.Q. tal .
e i et SRS AR ko
ﬂmﬁm‘ Pdads impartaasin SMOSinGEESehso febrivarion)

fabrication. [0010] Accordingly, it is desirable to
prevents

A\rde an 4 sol ation technpi gue that. t .

@9@%% al k Ackrdipely, ‘bﬁé&@@ﬁ itp Provde an isglationechmiquathat
re®énts tios& illk bé . as. posskble. It is also
P desirable to ﬁ%&ﬁ’de aﬁ"ﬁ?‘gg‘f‘ﬁeﬁ‘?&ﬁ?‘l‘&#ﬁﬁcﬁ&@f GTERE l.cakagcas
mutnes pessibly k ihalke desieiblet t&iﬂéﬁgiseﬁﬁaﬂlt%%%ﬁﬂh&(el
. isolation region. BRI EF SUMARY -OF THE |

creaag # bolr aseumalation regidreadjancan aipirel pobatiodagivn.
isolation gate forned over an isolation trench forned
in an i mage sensor substrate for biasing the substrate

at the si}%@ﬁ | i ding i nproved

i sol ati on bet m@%bﬁ%@ﬁvﬁ%@%er aspect,
~ the invention provides a substrate biasing isolation

Fﬁ}q f.or.rreﬂ} over a subst.antial paqrtion of .an - '

o Jti on tt 2RTAPEER FRG VAR Prejdesanisolation gate formed over

an isoisidPireR¢h forfdca4YAdl ' ontion gf a -
- phot osensit | vecrateigiq_gn%hé1 c%{ﬁfsﬁ%&é&u@& °§<B‘asb%(§?° Fibstrag at
the sidewills ofithe treatls anfl §Rdwling InyRbya RbiARGN BepHELn adilGnt pixcls.

[ n\égntl on provides a structure for isolating are!as iR
In agotieraspsstithe invegtion psotides ngpbstiatebiating isolaibngits formed

on formed in an

_ Bon gsovides aigbstiusel
ove BN oo/l B isdaRaR renef Famed 1 smieag fensor substrae

and F&ithed Warrolliliit® B SH6rhnGal %E’t%pd 8Fa Bﬂcn){o%ﬁqsiig% tsclgkclnf ofan image

may be doped with n-type®o
sensor pixel formed in the substrate.

[0012] In yet another aspect, the invention ptovidés a structure for
isolating areas in a scmi_(:onductor dcvii:c having a &cnch 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-
typc dopants prior to or after dcpo’sition 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 cPitaxiaﬂ layer to partmlly fill the trench and depositing an
insulating material over the epitaxial layer and within the trench to complctﬂy fll
the trench. '
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type dopants prior to or after deposition of the
material. Preferred conductive materials containing
silicon include polysilicon and siliconh=gernmnium In
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 trench. 4 BRI EF DESCRI PTI ON OF THE DRAW NGS

[0013] TheBRIEFIDESCRIFEEON: OF THE DRAWRYES of the

invention will be .nore apparent fromthe foll ow ng
i ed degcriptio is provided in connection
_%9{)}23 the 33%8% ﬂh’ﬁ admmgdsuflthahncnuon will be
f ..t | nventi ich
cL 4] FI G Rt iﬂ |6snaau‘§%%°“ﬂ"a§ der-spton fgﬂ“é VAQ%F!&rmswmcuon
W mumﬂm@mgfd@@ﬂ@tmd[lﬂm &le ﬁ%pﬂlﬁ ér@?@uqcng of the

. diagrammatic side sectional view o
venfon, ik which: fr agnent taken along |ine 1B-1B; [0016]

FI G 2Ais a top plan view of a CMOS i nage sensor

acgcordance with a_first exenplary
L odi rrent ﬁ%? F‘ﬁés 2 [RRRRpgEw Pf)ﬂl?’fcmil’ M(DS image sensor
fragihedgy anmat i c side sectional. view of the FIG 2A
i mge sensor fragnment taken along line 2B-2B; [0018]
FIG 3Ais a top plan view of a CMOS i mage sensor .

t08tent EHGWIB & ad2popiiel sleyQionyidh SFHERFE. 1A

W th angt her exenpl ary enbodi nent of - the inventiony

imaﬁ)fffé?r gmeataken aloagdipeadBraB; c si de sectional view

of the FIG 3A inmage sensor fragment taken along line

13 OORRA: re i.ve pixel | ayout
lssﬂrg)vvl&;ng alx i;ipl xéw @EXW‘P 0%@8*@%@:{5@,%0: fragment in
accopddrudiwitint fieét dxbmplady efibiodinent of the i invention;

. [0017] FIG.2Bisa diagrammatjc s_idé scctibnal, view of the FIG. 2A
image sensor fragment taken along linc 2B-2B;

[0018] FIG. 3A is a top plan view of 2 CMOS image sensor fragment
showing a 2x2 plxcl layout in accordance thh anot:hcr cxemplary 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 pi'xci Eyoﬁt

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;
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(0021] FIG 5 is a diagrammatic side sectional view of
a CMOS i mage sensor fragnent show ng a trench in
process in accordance with another enbodi nent of the
invention; 5 6 [0022] FIG 6 is a diagrammuatic side
sectional view of a CMOS i age sensor fragment show ng
a trench at a processing step subsequent to that shown
in FIGD5; [0023] FIG 7 is a diagranmtic side
sectional view of a CMOS image sensor fragmsnt

ShC{‘@Om atr ep}d‘l @1"5 a"i‘hz%r%‘égl% 3t E@&?écgﬁngl%é&%g 4 image

t shown in
Sen%qr 3@%@ shomang & mmcln:it acpraddsEing srgsubseqic o tHaB GBI in
FIGSPOWi ng a trench at a processing step subsequent to
that shown in FIG 7; [0025] .FIG 9 is a
.diagrammati c side sectl onal view of 'a CMOS i nage
sensor fragment incorperating the trench of FIGS. 7
and 8; [0026] FIG 10 is a diagrammatic side sectional

0QBhf & EUGS7iisagliagramnstic sidc @B Ohal VRAVOPH CMOSTE e

in process |n accordance w th anot her exenplary
: shgwinga tieneh ata pronessing step spb@jHEnftdthat thivn in
FIG gli agranmati ¢ side sectional view of a CMOS i mage
seflsor fragment showing a trench' at a processing step
subsequent to that shown in FIG 10; [0028] FIG 12
i's §06l43gr amTeRIGe 844 8ldiagemirnativedide seetiond] vievedICM@S émage
sensor fragnment showing a trench at processi ng step
Se’k‘&bé’é&@é@ﬁs PWW%F%‘W&%% ProFessngsten gubseaienbio th P% OT’:’slm
FIGS7a di agrammati c side sectional view of a CMOS i mage
sensor fragment showing a trench at a processi ng step
subsequent to that shown in

[0025] FIG. 9 is a diagrammatic side sectional view of 2 CMOS image
sensor fragnient i mcorporatmg the m:nch 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 exemplary
embodiment of the present invention;

[0027) - * FIG: 11 is a diagrammitic side sectional view of a CMOS image
scnsor fragment showing a trenich at a processing step subsequent to that shown in
FIG. 10; |

[0028] = FIG. 12 is a diagrammatic side sectional view of a CMOS 'imagc
sensor fragment showing a trench at a procwsmg step subscqucnt to that shown in
FIG. 11,

[0029]  FIG.13 s a diagrammatic side sectional view of a CMOS image
scaosor fragment shiowing a trench at a processing step subsequent to that shown in
FIG. 12;
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FIG 12; [0030] FIG 14 is a diagrammtic side

sectional view of a CMOS i mage sensor fragnent

showing 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

sensor fragnent showi ng a trench in process in

accordance with yet another exenplary enbodi nent of

the present invention at a processing step subsequent

&ngaﬂat shown in FIG 13; [0032] FIG 16 is a '

mat iFGsildds 8 didgranialany| iShat M, o -

sensor fragnment incorporati ngs{aﬁeseﬁench oféﬁ%ﬁlqg;unagc
s fiighowmg & trgndh atr provessing sicpl eubsgib M@ thiti Si6wn in
FI®fi CMOS i mage sensor fragnent incorporating the

tredch of FIG 16; and-[0034]. FIG 18 is a schematic

di agram of a processor systemincorporating a CMOS

[083k) sensPIGC 53 4 kLA SHe, Wit h e
i nventi on. DETAILED DESCRI %gr?%%g(ﬁ%@ Y‘Wﬁﬁfﬁ@os image
sengosdmprent showirigy tronénip precedslie do@RasideRitP Per another
cxc#@h%r,en e Ls made to the —acconpanying draw ngs, i ch
éﬁdlL‘“'ﬁ%'r € PEFENE Mvention at 3 pejtossing) ytepayibsetfuent to

that showit ki@ 2f specific enbodi ments in which the
i nvention may ’be practiced. These enbodinents are

[de_scri bed in sufficient detail to enable those stalled
0032]e ar t FIG. 1isacdihg@nithSid QY€ M el ¢ . be
_understood that other enbadi mﬁ?géar?g%@g‘g'ﬁffl¢@g§mag¢
SCOSQR gragment fncogeenating thd ugndabf BIG. Bf;ectri cal changes

may be nmade without departing fromthe spirit and-

mgfp'z of t sent. i nvention. [0036] The terns
wafer" and *sth¥irdrgammatc sdegectigadview ofla SMOS image

sensbP e ADinkbip hiSing Md &Rl OFRI atar . (SA), or
si | i%d;ln- on-sg%phi rgea%éséé?& (?@E'::%@n’o 'déﬁ‘, doped and. -
undoped seniconductors, epitaxial layers of silicon
[908pbr t ed HHG-d iagsschematiodidgeind of § PEGEEIr st ifcorporating

Cﬁtﬁar sem conductor structures. 7 _ _
a Image sensor constructed in accordance with the invention. =

DETA]LED DESCRIPTION OF THE INVENTION

[0035] In the following detailed description, reference is made to the
accompanying drawings, which form a part hércof, and in which is shown by way, of
illustration of specific embodiments in which the invcmion uiay be p__racticcﬂ. These
cmbodiments are described in sufficient detail to enable those skilled in the art to
practice the invention, and it is to be understood tﬁat other cmbodimcnts m;y be
utilized, and that structural, logical and electrical changes may be made without
departing from the spirit and scope of the present invéntion. | .l o

[0036] The terms "wafer” and "substrate® are to be understood as -

- including silicon, silicon-on-insulator (SOI), or silicon-on-sapphire (S0S)

Fc;hnology, doped and undoped semiconductors, epitaxial layers of silicon

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



Furthernore, when reference is made to a "wafer" or
"substrate" in.the follow ng description, previous
process steps::may have been utilized to f-ormregions
or junctions in the base sem conductor structure or
foundation. In addition, the' sem conductor need not
be silicon-based, but could be based on
silicon-germanium gernmanium or gallium arsenide.
[0037] The. term "pixel" refers to a picture el enent
Funit cell containing a photosensor and transistors
urthermone,ovhéemgfarcaad is RSt SwiRM & ¥ ABsdcfle A the following
d electrical . signal. For purposes of i1llustration, a-
uRHbHSS §hd L bat el b Ly e e okl oc
; qQn herein, and typically fabrication o
o piql?(gf‘% B‘Hﬁ.‘ ssﬁ“‘iﬁb‘sf‘gé%lswwqr foundagioae dn addition, the
semiconduann qiesd Yiok Be iliebHiHaddd f Lk Q3gl Agplicants .
propose several |sol atl?]on tdégglglgéﬁgsb‘{g”é%’f’éﬂ&%?@é@m“m,

gegpanymyios gallimo-arsedielei ces and, in exenpl ary
enbodi nents, mnimze dark current and suppress
m\?ﬁe current in CMOS i mage sensors, as described
wi t h ¢ Brehquxelf sefersae, a pictie elbmdme uinét cell containing a
' ues, brief description of an

photdstior3h8 A& %ﬁ%ﬁ%@@bﬂ%ngrﬁ?%{om &adiprion to as electrical

exenpl ary
signalt [Forghuepess of iRisth APt ver . it, shoul

(i)e nqtg{j that the in%tal]"o%ﬁrl S Nno chﬁé@‘%ﬁd\/ﬂs&c ﬁdg“fcs
an ﬁﬁﬁ@?genémrgnamﬂ typicalty fabeieation of Bl gﬁdélstiﬁ thqug s&Bor will
l_ofcgr exar Ie,Bﬁ DRAM flash menory, SRAM .
P m%q%'{ﬂgg‘é@g y ipgsgimilar fashion. [ 0039] Referring now to

FIGS. 1A and 1B, a sem conductor wafer. fragment of

nsi stor, (4T)

008SENDP! ar [ ensqr. four-tr

Si er],3 gene‘%a‘l : y ?g@%’gﬁ%‘é‘ B3Pl Fechriques e isglatd areas of
semiconghwnor: dévices and ﬂd@@rﬂrw 9 eedBRtimehts| Sifihiea d

show!tEe use of _altrans er gg%e 50%2%6 assomg?’llé@"}‘%mand
SUPPFSEh L5285 currens im (CMEXScimagmrisensdrt) asrdesdribed R4 RiB0R erence

: [ ired. Thys, the i ti b 2d

to B0, 218 kSt i fesaniapies g dsiption okan
inphii§ IGNMOS indabe SR e 5 %i_'h t f

cxci S om'ttg)ds and an n-tt[rype c%ar gg&go ggﬂ%cr}?%%@ﬁeﬁs-#

andpibt Btivener,is shaudd be aioted wide thahventivRes b fHRE? o CMOS

. _region 21. The CMOS i mage sensor 10 generally
1mage, gfd\sf??e%ldamen be geed b1 angeviinble deyiay férlexhmple al DRANM @ash

meh8F, SRANC pnei‘crr%tpxeéjcc?%'r, DSP or ASIC. : '

[0039] Referring now to FIGS. 1A and lB; a semiconductor wafer .
fragmf:nt of an exemplary CMOS lmagc scnsor f()‘ur-&ansistor (4T) pkcl, generally
* designated by reference numeral 10, is shown. It should be noted that while FIGS.
1A-1B show the use ofa transfer gate SQ 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 Collccﬁon 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



l'ight incident on the pixel and transfer gate 50 for
transferring photoelectric charges 8 fromthe
collection région 21 to a sensing node, typically a
floating diffusion region 25. The floating diffusion
region is electrically connected to the gate of an
output source follower transistor. The pixel also
includes a reset transistor 40 for resetting the
sensing node to a predeterm ned vol tage before sensing
.a source_follower transistor 60, which

a signal,
ﬁo?‘e@’@?‘\?ggc%n fegiony2l 40 anscaing hode,aypiealyefiod iffiSion region
. . : ) gion
25-”Iﬁ@tﬂoggn %&uoy%n.reg{c?n 25, and a row sel ect
transl St OF 18 & ‘?CF@C%‘Y§Pgn%ﬁth toothet guze of anlbatput
soutrad folloter trapdisibst utput termnal in .
response to an ad%gggsg%ﬁg}f&u‘é%@ﬁfct.mﬂ&%mrmsyttmg
the sepsng pedete 2 pexleteraris ccﬁvﬂtig&qséfm%gg% ggﬁi(#‘sdd Jtne
foll vgar e col Ig@ti on region 21.” The pinned’p 0a*3qBrets
eF'n@%“‘%‘&% i WRigh frecivepat isngatalani eledtiieal bdse ifdating
diffidi o R nt_val ue when_ the photodiode is
full ;F/%é‘té% th %‘gf 2 %ﬁ‘%’ seletiEanstor 30 ferrutpusting a signal from the
souysh dolboveerSirinsik€oro60 85 B Bui [ on 1 region conprising a
p-type surface Iayer%%u%%é}rﬁ#ﬂwg’%ﬁﬁ?%%&édms%nﬂ-
n 26 wthin a p-type active |layer 20. The pi nned

| @%‘Pgdi odcThaicxamiplaryt GMOS iinge s@—bPRs a%ﬁ%ﬁplg?%gﬂ%tc as

: - hot.odi Qde _region is fully deple
the %ﬁ?ﬁ%‘y‘%ﬁf’géﬁ%{oﬂ 2lplhe pipngd photadiode i/ Brmed sudifdSthe
teddial i@’ [ n e conductivity, are
ha PO o PR dolP K lHalt [ F Bpfitapaluvhi hephotptiod is
yfdepletred 9 Thk ipintsedophdtedi adi nt. to transfer,
. __.gate 5Q.is also preferf;ljta)lleeh%g:‘1tp$l(|ciin"g.g‘s(é[u Y99t PR Ipsgtiany
fcg“%\mﬁﬁgg agetyporsnriacelagr 24 shdiih Atyp Ph@fbiﬁﬁdﬁ: nfﬁg&pfg'
ﬁ%wg%v | ayer 20 are used to isolate the prxels.
31 §deE 2D 18ard phprodiadt wclinles twe petypé regions
20, 2850 thae the & j lon reqgi.ons, 28 arc . fornmed using a
- typ:ﬁc al STI p o%[z‘gégﬁhén‘% rg%og’d@ E@Yaﬁﬂgc% Rhd #Lpng voltage.
puty idopgd aource/idhnin Fegibis 2P R5efer N . | ayer or . .
L ugéérat 20 via a |recti’gﬁgl etltﬁ%é%rtgéggggdgw, are
proviged ahaut &\Fém& dTansiften gates 0, Qﬂ?lﬂrl]‘)) , The ﬂegmrg wo'hhhrcgion 25
i cB sot.ropi ¢. efchant used to etch intfo the
adjacg%%gg ac%%égsg%ﬂs%gr{fﬁaéﬁmcei ent dept h,
general |y about 1000 to 5000 Angstroms. [0042] The
(C42]ches B 2 giei CMOPHnlfe Rndll, bESH 2oL TERELE 35
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 arc 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 etchant used to etch into the doped
active layer 20 to a sufficicnt dcpth, generally a'boutl 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 lo§v prc'ssﬁrc chemical vapor



exanpl e, silicon dioxide, silicon nitride, ON
(oxide-nitride), NO (nitride-oxide), or . ONO
(oxide-nitride<oxide). The insulating materials may be
formed by various chem cal vapor deposition (CVD)
techni ques such as | ow pressure chem cal vapor 9
deposition (LPCVD), high density . plasma (HDP)
deposition, or any other suitable nmethod for
depositing an insulating material within a trench.
After the trenches are filled with an insulating

deposigiop (L. (a/'lm dngh dzmng Hiamm)mpaﬁuﬁﬁeﬁ zﬁﬁ'orhcr suitable
Dol i Shl ng.i s used to planarize the
g@r uc ur%’m{ﬁl ing mafesial syighin grirenshi dkﬁscrzﬁc tanches are
filledr h%n shoul d be.und 0
' B2k ks ?Fg%tereglg%smb%m BRIV &Y cé'a‘tf %ﬂ?mhamcal

that the isola
palisking it tsediroqdna€ice dhé srovctate. SW}MEQH %ﬁ%ﬁg hs 28

4 043 ] The %e stacks for the pixel tranS|s ors a
ar diroggss,dt shauld benewdetstosd eiae llkelisolhfien rcglons 28

reI i,mpa rrocess steps may be varie
m ﬂf{m@?ggg e i ar Chrdiin of Siean GubEOS procss
flow, for exanpl e if a known phot ogate sensor (not
- sfo943) . WhiThe rm,s te i.s d ,
SERRS frfic Pl &?%% fGttior after

the gate stac must be

theytrengly is gtohed- Gﬂwdmhpbﬁgmph
ate stacks be forned a?ter phot ogate fg ytﬂgq’m‘:da“s
AF CR“F?‘&FB margsular procgss fomt, fomsupld, ifa keowh

|
Phﬁ%&%%%%? icpen Ew%ﬂéé? T Bt s omred, o gate
stacksafiidtbe fodmkd %fnr@ #hé ph {e"bhit fPa é%?ﬁr@gpmg photogate is

i nsul ating layer 30 to provide an’e
desisednthretgaon stackstthay be &sm&lctk[f&]rlp O fordfatiohne
floating diffusion region 25 and other wiring to

ig&@gt gate i hes and ot her connections in the pixel
r ex “‘Eclﬁ'é OF fapsRarentipgatinglayetdhrisiformed over the

I
Cl\%?g?(l:hggc WBD%% ag% §§ﬂt¥ cé\ﬁﬁy%ﬁxcﬂ%ocgﬁ?cd SRR fut to -

formy, &r@atamplc pbmucdﬁ;z baeilinFIE IA itk
provgit@al li zed to provi dghcont acts to the Duﬁgtﬁgggq%cfﬁp ©

@ clecsaeal cgatlecuom@ the anwifcey doyin ech?%cm}jthli glo%ﬁ@
an '

de, |cted in FIGS
diff 1B eS80 25, ahly et ety oraser s liorsandethor srdcgtions in
the P&l $00FY ckShtH?:? thk &%ﬂ% 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 pixels depicted in FIGS, 1A and 1B,

~ electrons are generated by light incident cxtcmally and stored in thc 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 phofbdiodc |
region 26. The maximum output signal increases with increased clectron -
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phot odi ode region 26. These charges are transferred to

the diffusiaon region 25 by the' gate structure 50 of

the transfer-transistor. The source follower

transi stor produces an output signal fromthe

transferred charges. A maxi mum output signal is

proportional to the nunber of electrons extracted from

the n-type photodi ode region 26. The. naxi num out put

signal increases with increased el ectron 10

capaci tance or acceptability of the photodiode. The
capacRacear aceqpaatiility afithp phoesiodd) OTRE ERE@SN [Pk If hinned
hgggﬁggs onﬁﬂgegpg | evel s and the dopants inplanhted to
PRYSEIRIT St REndsson dopingdevely and therdopanprintplened to form
m,gkegoyvith an i mage sensor pinned photodiode is
the creafion of dark current in an electrical "
connection region 23 along the sidewall 29 of the
d084€ht i ondl commioalprobloinhisebiafc A% i ar #nagd &nsor pinned

heI ctrical  connection region 23 provides an
p ; il$ C"é%?:ﬁ%b@ﬁ ffmk gutreecin ﬁﬂc@t%%enﬁ&tf]@p@gion 2;.t;
. - e.active |ayer 20. Higher dopan
AlohE R S8 55 b Pl Bi il weneb soiriongiesion B, ok elcusical
conBRetGif ke 22 PrSVAdsan il jincreases the el ectron
accunul ag?imon ?gg‘gm tyv%l*:&ﬁf%lg Bﬂ%%’é’& Betgrecmhe ptyps srface

layer 24candotiag pytype petiviehayer@0. t HRghed ARk éamk&&%&ﬁ&ﬁﬁacasc the
Ao 2 ﬂltl&gg. of the CMOS i mage sensor. However, the
°‘Y1F’B oles peh the eornsstionreging 23swhich inaremes Hid €l8@kon
[ £S 0 jncrease dark current in the
- acclsfiifiol piley dFeRe phifbdiie Dotk currmiss & seeanly deparident on the

G
~ dopinpyinplaeat haRi is s_for ipproved ]
el egil?uil?gtlleg gﬁ%ggltoiﬁg%?a cotn:g&d?fgéIgl EE%WEa Ok the Bigher
dopeatgansentzdionstised in bavengionsl ket 888D s AR Hcrease dark current
in dSOQENRLI AL ons., [0047] ~Anot her problem associ at ed V\A?ﬁr
t%\f&‘mﬁﬂ Janaechan wgipn, 23 c Embodimentsiafithe inpleanibatprovide siovel
cchg&?gs ; ce isolati,on. The polysilicon .
1€ ga esff&t er%c flgng' g icgﬁ'%@?lbﬂgflg%%ﬂ&g A fqpnection region
23 widghuriavingne ifitdchsesddpant 9hQntraliBYs. Pe heavily doped
after various fabrication steps via a nasked ion

ljé)n‘ﬁl ntation. In addition to this doping, in
0%7ént i oftnotheproblers assoaiaeed with CMOinh £ RnbGH® may occur
a masked ion inplant is _

| ans;_hav.e heen . f or ned,
Wh“fﬁ 2‘?‘# '3?%%’&“’%{‘8%%%&0 "ui'g&@ erbange isplation. oThe pelysificon gates,
trench isolation regions, source /drain regions, and diffusion regions may be heavily

rc

doped after various fabrication steps via a masked ion implantation. In addition to
this doping, in conventional processes, once the trench isolation regions have been
formed, a masked ion implant is performed to implant ions in the areas of the
substrate directly bencath 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,

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

11



substrate directly beneath the trench isolation region
thus formng an inplanted ion profile 34 (as shown in
FIG 1B). However, increased ion inmplants.or doping
results in an increased flat band or threshold voltage
shift. [0048] There are limts to the anmount of
threshol d voltage shift W that a device wll
tolerate before it will fail. A reference or supply
vol tage, for exanple, VDD, to voltage shift VWV margin
di ctates the speed of a CMOS i nage sensor.
possibiler Fongkample] a Wretkbl@ ol ife O 04 shgld :
vol t.age shift. {hat i's ggo}o z?sl&%{ boss?kﬁrgggﬁggg"‘nbkfm
CM age sensory: eEho inyentibn fgrhatprovides n6vel %60hiiudsd68 reducing

e B AR S ek o
( i ] h . t .. . 5.
o e Seqsdl offe pidfcrictt b ARIAL o BRas Aos inined to

descri
suqbrazidemaye He entabish 4B suitableniap¥ S8isop Yo exdiible! 4 BES @cnﬁs%r.
such and may be used in any suitable ina Sensor, Tor

a CCD sensor. [0049] A fast enbodi nent

i@@‘g%iehg #ofirsh embedimentaccoeding v desinvedish iswidvw described
. | GS. 2B, A.region_rich i
AR o 08, 28 )00 SR b o
crestied! AT d 139 | I l,s of .
e e ST 139 Y EBRL ol BB MBpanleRtS of . active

layersi0at Avshayet in BIRGS.i 2A prd 2B af isottion fifte 17089 povided over the

ic&%qt l.on region 128 and adjacent to the p-n-
e Ee'aon Fegapn 4 28 and; adjasedeto thep-prmijrinttion epgivati2inin order
j nt pixels 100. T isQlation gate 170 is

to BHSE b AN Bl SStateat micels AD0, Tidbolaron et Fo s

prefepdblg albd PRovided (#O\VA .accunul atJ.on, .

P ‘in this r?egi on 173. nggpizlggf}gth?‘lgr}c%}%cgu%dc??higs to'provide

holg, aecuaulition in- thit eogienl1 28 Rheiisulhtich Bte A0 B Plbla stacked
r,. 176 forped over _.an el ectrode layer 174 provi‘ded

|
@%@'\éfudan@ae Wnsylating layerd/ 61fprmedhoveran electrode layer 174 peovided

et § e 5 SALIS are. . provi,ded opn either sjide of

v hgyélcg%ﬁﬂaktgllagn gai'eolfaf?f’ nitgiclenpr ORheE ins acqry &8 arc

protidéd oh cither side bRthORoRALA gga2c017é.hat' be any type of
conduct or conpatible wth the CMOS i nrage sensor

materials chosen, and is / preferably formed of the
Imat erThe clestrotle layeh#74 ofithsisoBtibh giate] 70y 1 Sy type

of cbRludeBE compatible with the CMOS image sensor materials chosen, and is

_ prcfcrably formed of the same material as the other gates. Suitable materials for the
electrode layer 174 include, polysilicon, poly,/Ti iSi,,-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 bc 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 thatlt.hc isolation gate 170 is formed
subsequent the fOrmati'qn of the underlying isolation trench rcgioné .1.28. A. .
translucent or ﬁinsparcnt insulating laycx; 130 is formed <-)vcr .t;hc CMOS image
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el ectrode layer 174 include, polysilicon,

pol y/ Ti Si 2i , pol y/ W&i 2, poly/ WN=/W  pol y/ WN=,

pol y/ CoSi 2 and pol y/ MoSi 2. The isolation gate 170 may

be formed at the sane tinme as other gates, for

exanple, the isolation gate 170, reset gate 140, the

source follower-160, and the transfer gate 150 may be

formed at the sanme tinme. In processes where the

i sol ation gate 170 is formed at the sane tinme as the
is_ preferred that the isolation

suf%’e n &%P't o Pm&smm may thcn be cimicl Yupd kBHxlpﬁcftc
e

 forntRiodd AR ordingly it is preferred that
i sol ati oncgaggc%% s formed subsequent the formation
of the underlying isolation trench regl ons 128. A

t[085%] ucentTiwr isélados in er 130 is )
fornmed over the %?%ae{;beo lfgﬁ%’lgﬁgb g{%mdPOtcnUal

or ﬁg{ggg g, ghgp@tpgtmlap thh ésoldibrC@gdee ] qq'.lc% ?r?agﬂ)c JPositive or
|

m._% f th e sensor. [0051] The 1 SO
bl ate h%&°5‘$“¢§1”ﬂl@l%§ﬁc@g}mdd&?o?@ﬁﬁ&ﬂ;{ﬁ d
ow ﬂg: pot en e isolation gate.
he potenti allgt)l?nad))/lg gatc r?"ﬂtc@gicﬁ auon betwgrandijargnt pixels

SCP@R therisblad X SIads l,ectrode a
ex ned bel owg%?agon%d&te%e |§0 ba@%dgdﬁ%ﬂ%rﬁﬂ%iagé)’
@ g ksae Requspniatd iortho elacerinal achmsetioh rggqggl

: by the isolation gate 170 an correspondlng
. accﬁﬁﬁ?ﬁ?%‘g’ghf’g ‘Bﬁ% dt?yar% ahth mglccrmhdsconncaﬁﬁufegia{ £23 by
creaidiglalifreftef i on re 123 The

K theBhorodiore isgion 526 andhehe STI

accunul ati on of es FA

sidewhlh d29i e mmmﬁddﬂbf lﬁﬂé&oﬁitglggth&#taﬁ reatin ggpd'ﬁgli)g@23 also

[ eat er epar at i on between

provides pcrisalyonmettid frorml He PefpeSirfakd B‘S}ctoi}b 2 A% CF e% type

activelaye? Iectrl cal connection region 123 alSo provi
a oo er ectrical connection fromthe p-type surface

[Igayer 124 to the p-type active |ayer 120 [0052]

OSIherrrmmrtﬂcbﬁ g@ t trenc ol at

bcrch gi on 128 may be * ?éggggg;?h%ﬁth nyrqng I ?Qﬂ?'{f&@ l%)may
G Cnﬁna&dmmgm mﬁklk&fldﬁu‘.% vgg%% 9 t}/dn

at i,an tren hes have a depth of about
G"nﬁ%ve}‘“’ V&R dCngabom 25804. | Hoaeor, 48R of an
.Jows far the e of a trench
lSOlaﬂglg Igaichﬁ a&%%éc%tﬂ cllc invention alﬂows or the use of a trench having

adepth D of less than about 20004 or the use of an isolation trench may be
eliminated. Thus the isolation gate 170 may be forméd over the active layer 120.

[005 3] "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 matcnal 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 referénce
voltage. Tlie grounded or slightly negative voltage will cause holes to accumulatc
under the gate in the electrical connection region 123 and provide effective lsolauon
between plxcls
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a depth D of less than about 2000A or the use of an
isolation trench may be elimnated. Thus. the

i sol ati-on gate 170 may be formed over the-active.

| ayer 120. [0053] In accordance with the first
illustrated enbodi nent 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 |ayer 174

36 %}iﬁ i solatio ate electrode 170 is preferably n+
0822k 01 y s Acershngtyrand slsejingonformance wittptheefirsbembodiment of

SHRAEER o ! o 14 B e 0 o b o
D oCtr e e aner on oipic R PoAIRgh, P ipeBbfdt e
lowicg peaatrasion shift Wearntypeedapantss HoBEdr, Meceicifiitype pulilicon
ol 0 A Bl o b aain
ormarerial PerSCHiSFRRS i B Bt HESe BAOE e notpnsor s
ouever . NG Use Of b YpE PO Yol It bon aC WHRE f rcesive

ver, | _
mdt%@wdsv\cmﬂyhm d voltage to nore positive val ues. :

The conbination of the threshold voltage shift
lated - th the p-type polysilicon gate dopant and
: ftﬁfe“ﬁm eshSP i°aij§“’§ﬁg‘??ﬁ &L t@?e PRFSCAt HY§PHPB des not

uitaddiBbA4ll ' ' LvE | eads devi ¢
ol e Sul i a6 MG BB B r G p i 85 et
substrase diresthnbeneattette wendoigslanion r%giGﬁl.U Thercfskd] b préviding an
ol Ianti such as, the inplanted ion profile in the =
isolagian, gate 170 ascotsling tq thednyention tojerhaneaishlatiog; insemdtof
s el j ' Therefore. by proyidi ng an _
incrb SRR H2F 8fans DR EaHiips, ¥ oF in el of hfimey be used
M&mﬂnaﬁc@dhfgoﬂﬁégh@mva@fécqgghﬁomi ncreasi ng active | ayer
- dopant concentrations,” a pt+ polysilicon gate may be -
used wi thout exceeding threshold voltage |imtations.

[09568] TheThep+ polysiicondmiaticogat inwy Igsgoundyd of tied to a
[ slightly positive voltage, for

. ounded or tied to a
__s“g'%!}’amﬂ%‘CC Vé"i%%t ‘gg gxapplsy a atirdoweriian supplyapitage Vpp,,
to &_éammlcs along the trench sidewall 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 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 .rcgion rich in positively
chargcd_b_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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to create holes along the trench sidewall and ensure
that a conductive channel for electrons is not forned
bet ween pixels. A slightly positive voltage will cause
the conductive channel connecting the pixels to
beconme inverted. The grount®®d voltage wll cause
hol es to accunulate in the electrical connection

- region 123. [0057] A second enbodi nent according to
the invention is now described wth reference to

is sh o,‘%/nna? ﬁm%%gd%é o?’oizt}%%éﬁg?aﬂ% ﬁ'ﬁ’ r’t“ﬁl@z(‘g-lf Egtr‘:rZ%; but’
foesnotli . : . .
ecgnd en‘oog!itent}:;initﬁ fdg?ismﬁgé %‘\}%dn?)i %h%?@gic?%%g n,ﬂ?é gﬁ"‘gﬁn gate

2700w siloagth Linahgadlitstion and lengthl dn ahe p4iideio b shown in
IS, 3 Fash S Woih.san B medied to pptimiae Solationn dargxample, che
15 A . R 2370 BB

r ef e:tglbl for r?éygk %ﬁ{ﬁﬁd&?ﬁ-%%ﬁg@%& %"‘ﬁ'kf, The

iso g% 270 : does notgatond irouﬁéthﬂﬂbﬁ?ngm&&imgion_
o) t. n ntact t transfer gate, sO
2282 Weefeably, Mt iolaion iy 220 eeach berwencpingsi200, @riodivaeed by
reférch e t - di i d . th L. jnth
Sreniimeld 270" RS sfodh i B1G 380K inciRtlon e 14D e b

formedi dviee d stbstatil 'fpolﬁo of flcadréath i t .
thcI‘%ngth 4 and 4 o theni sol ation la‘gltgg()é%;?zbsé%auomg

Faatien eén@hgllqgmmhdsﬁﬁommgimzzg thar isless ﬁiaifabout 2000
_current ,.and cyqss-ta et ween adj acent. pi xel s.
totm dboe ¢ disissed aboyg i the dessption of she6rst cbodiment.
around the floating diffusion region. 225.
70 extends between

Pr g ly, t isol ation gate
pi X (pssp 200, AS sl e fhy sl B3t &7 CmembaITomRd of
anyAsndintive materd] Gut #Brefeh®8ly Hehad b i ke
f Oj’gFEd over a subst%ant [ aly portion ggg{ngﬂ%énc the other
gatgss She isplation gate 0y, alsthors fogined af the samb einfeatsroilhdr@ates! In
rodesshal i . : i tion region 228 that is less
? than a o%\?{eé%)cggﬁ&g@%% ?J(‘gﬁsfg'a‘éf‘éﬁaqéﬁe RS sl theher gates, it
is preffigraiithat the isoluiogftrenblerdgidnz 228 7ho &‘Brioi Q)Oféﬁll 5 of the
di scussed. atfove, the isolation gate 270 may be forne
gatese and accordingly it is preferred that the 1solation 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 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 sbove, the isolation gate 270 is preferably a
stacked gate including an insulating layer 276 formed over an clectrode layer 274



any conductive material but is preferably forned of
the same material as the other gates. The isolation
gate 270 nmay: al so be forned at the sane*tine as ot her
gates. In processes where the isolation gate 270 is
formed at the sanme tine as the other gates, it 1is
preferred that the isolation trench regions 228 are
formed prior to fornmation of the gates, and
accordingly it is preferred that the isolation gate

f d s the f t f th '
profidsel st ﬁgg“aﬁgepésiqyﬂ“f?%name@@?%@r opoth %Ru.%.méupm 278
0 d
m%owﬂ&%ﬁpﬁgh%ghgg AR MR 270 Wikl Gollig iR o
somm/drhlﬁrrcﬁﬁuﬂahttypé‘ mutcxdc&oae e 24 JFehd %ﬂﬁogiﬁ&%o is

The isolation gate 270:is al so "bi ased by provi

prefprahly e pql mdeqqn md way bp groumipdeor tdd gy slkghtlyﬁicgﬁhvct low

the is The potential may be positive or

rcfcﬁg@cgtv égcd g A 3 exp hayr; th Ctlr;qh;ucut gath @70 may
el B4 ggtiﬂlbrﬂ%é.ﬁ&%éc ARERG) B e fudih or ded Fud Hishll

posittjeaefepéndei voliage, foepainipledVDy ABSin he |a@$dlﬂtﬂaﬂa+ of R8s causes

creates accunu atlon of holes in the electric

the elscrrical r@?nwg@gg?.q (@O@Q]a?d.] therahy pi'b&tdi.ttgkﬁ greah?‘&tancc
ol.at.i at e rerera a St ackKe at e
beehé Hir pES AR Eioh 728 nd e Sonrty Srictils 998, whese trap sitcs

exisg! ectrode | ayer 274 provided over a gate oxide |ayer
- 272, Oxide, nitride, or other insulating spacers 278
are provided on either side of the isolation gate 270.
oy dOpI Agsimplifibd ciradt/fore/ OMODS imegkd %éﬁmﬂt&ﬂ%d below in
acc !EI elec delayer 274 of the isolation gaté 270, is

m\fsenygf | Thecgircaiteinelydes ofog exampledla photodiate for

caa@cop%kﬁb%w:@r%zesd ot S e e

shoghl Ise a&&rawod thhi 8" GMOS iha s ggh?@ldé acgﬂ?&gh%

- and may be grounded or tied Yy po
photedandugtar, opbthegémagoto ehmgplcenvén‘ﬁﬁg dégiad,lin 186 of a
| at j on af, hol es, causes . the el ectrical
°&%‘ﬁﬂ§1&]t iigalaccomlater for phyeto-eenemtad chargsyi di ng
a-greater d| stance between the phot odi ode region 226

t'he t I re trap sjties ,.exist.
9063] A S;@gﬁﬂ?g h@%r%@ tfor ?IEM%“ ?ﬁ’é&% g,}g@rpqrgon
of agpect nt@%ﬂﬁé&ﬂ pixel cell being constructed in a2 manner shown by either 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 plxcl photodctcctor arcmL

[0062] The photodetector circuit is shown in part as a cross-sccti'dnal"'vicw
of a CMOS image sensor. Each pixel 500 comprises a pinned photodiode 521 for
performing photoclectric conversion. - Transfer gates 550 are formed between n-type
source/drain regions 5224, 522B. The transfer gat¢ 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 arc formed between the n-type source/drain regions 5224, 522C.
The resct gates and the source/drain regions 522A, 522-76 form reset msﬁ;om 531,
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accordance with the invention. The circuit, includes,
for exanple,.a photodiode for accunul ating

phot o- gener atied charge in an underlying portion of the
substrate. It should be understood that. the CMOS

i mage sensor may include a photogate, photoconductor,
or other inmage to charge converting device, in lieu of
a ,photodiode, as the initial accumul ator for

phot o- generated charge. [0061] Referring nowto FIG

4, which shows a circuit for a 1x1 portion of a pixe

whi&h,agg,cwqhqllqb%ma msg@iglvégﬂSTbﬁmlg -rl:—q:p&tsbum:ﬂ’drdim rc?gion 522C"
. ner sho either o the pixels 100, 200 o

is cfipled g 3 Volfage fouree %mi‘”@ Wﬂué)orzﬁl%olwhamdeémdghat
gy ' [ Vi a.pixel .

LESTER S 200 S B Fogior 529, e
trarsfor eoinsisica 590pyovides dvahtages, but iPESt *GaIkENThuY Bl inwhtion

' ahgwos i mage sensor. Each pixel 500 conprises a pinne
may,bhe, gt igretizen trapsistopEF) snvirngmeno whetetiertransfer gate is

nuerskan.  Transfer gates 550 arg fornmed between .
°m%@3y’%§ the d:pps °ﬁ°ﬂ%‘&°&f§%€ the phgtodipde isconzemed with
the @adype diffusidifirdgidy §2240uUr ce/ drain  regions 522A, 522B

formthe charge transfer transistors 529, which are
‘controlled by a transfer signal TX The n-type region
B09%]act s Eolationlippravidpdobdtiveess adjatatiphels byRas BblatidhSsate
_5705 are f.ornewémeen the n-type source/drain regions
5 ,'331293‘.1 g !‘§§9PP'§§tt@§ rgiatendeevoliage ¥Yahd Ticrreference

(7ON$,: . [ eset transi,stors 531 16 .
VOI_ti | cﬁoz,r e coﬁt@%ﬁ%dé%ﬁ %Zbroﬁgf accuglate hefes inghe glegtical
conaetioberegions bf tRApREs TPificallyS HfeSishih : .
source gD,) Vi a_g conduct of * 519. Iﬁ&é oﬁl%c?(ﬁé%g%?%gymng
the referencewliageV 6 tolgrohndspotdimialls Wiirre an ntype siérif ¥ @sed to
fo 5?2 an@{iassocig,} d tragsj stor 529, the transfer
my (e isplapgn eatroo ), the selation gate 84 san g tumedoff “harder” by
ttihP GHé b i pvepti be..used in a three
s_‘-: t'fgfa.ng thgrg r Ié(lg'érsta envit %nﬁgé]lka %%EEJ??@W? g‘f@f@?uﬂgt eis
Altcomitivelyfiwhset 4 paype iylRGos BatedB76 RlUsed  the @sdlﬁﬂifxpgatefwbhsn be
phot odi ode is converted wth the n-type diffusion
turned effothasderX by sgugw thesefentricorvoltagpVayitdadolmpevamste positive
a%bac&nt ixels ‘% an jsalation gate L -570. The N
e i 1 @'ﬁ’ﬂ’&% t4es mase msgativecfer rivre ivelation gates)
or mére pB&LEVE(Bk $GPe isolation gates) than ground will turn the isolation
transistor off harder to help tum offa 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 providc-:dlto
prevent leakage between adjacent pixels 506. Thctéforé, while iliustratcd as lying.
bctwc;n adjacent pixels 500, it should be understood that the isola&on gatc 570 can
be applied anywhere on the device calculated to prevent légkagc 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 sclect transistor 538. The transis_tor_r; 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 véltagé source Vy, and the drain

17



vol tage VIso biases the isolation gate 570 off to

accunul ate holes in the electrical connection regions

of the pixels.-Typically, the isolation gate 570 is

biased by tying t he-r ef erencevoltag

e Vto ground potential. Were an n-type material is

used to formthe isolation gate 570, the. isolation

gate 570 can be turned off "harder" by settingt h e

ref erencevol tageVisoto avoltage nore
(ﬂqggatlve than ground. Alternatively, where a p-type

FRV iselectytaansistans 538 coupltd toHeadssi2at The deth 8f Belrowdsklect

ff "hard h f
st drb 638 e fonpeg B er@aﬁ%ﬁ%ﬁ%kﬁfa&g&éﬁaﬁﬂ;&mt
trabeistors fist &h&pg&agﬁ] 4 Bitfenpix p pos‘i"f’r t%.‘rfn% &{rgfé g lyRe.

i sol'ation gat or ~er
conpleH Bewee peayint oftheRioiH38 4kl £vOlRGl BARAY O The
transnég r off harder to help turn off a
% arenkeproadrd signal Via appliebtey theid gaee VDD can
be used to provide a nore positive potentialL A typical

I b 5 vol Th
OB, on ko tBbe & sty trpsiami o thesanmgad drin
Tl ustr oo ea bl Shd i Honho B SpEeiff by €ingrpuid pot be

|IIustrated as Tying et ween Jace

tenpstted ap sololydimined codthidse edckibedl S Th aHHRIHAI Y CQKQ w5A8stors
hav %&Eﬁ[' e yshere on the device cal cul ate
‘5: "-'"Wé’@t“sdmf‘@het ireaignizd(byt thaish killekin the

Y S B g S B

ioppositdhp Bopéttifam’ @4t d&RbEd ! 38 e
rg‘fiansl stors 536M538 ar e cou% %d&?l%%s%éﬂpgés gmtgg)st%c used
&pmmwn mannce te desigmatodondrearibaiceprdrypOiipurities which
al so coupl ed over |eads 540 to the

ors 6
Prog o(ftgI cé 28 %B’P&m%"épﬁﬁwcbmdhcmommmrecﬂhc
*““”ﬁ“’“‘f"”ﬁ&m&ﬁ”“%ors ol 03 o shall B iterpitted to mean

- ow sel ect transis

thasttn‘, dapitg eotecnicatiot fof Mﬂww K&ViRf than! '{5@ Qfopﬁgogs%oaatcd

for other pixels in a gi v r OW.

with just, theslegies idspaifying mnpum;amytﬂ»&dxthehv\mi'hﬁxﬂi ai ns

of the transistors 538 and a voltage source V. The
VLN ap

istorg. 5 kept on by a signal lied to
f‘ﬂ gat egm ﬁl% lF"tn %?mteg %Wtuqmﬁnmhdon _
tcclinﬁ@l&sbﬁﬂiér;ﬁwrta'i‘@m PRYESE dibich &‘mpcr the shallow trench isolation

structure from one pixel to an ad;accnt pIXCl Attcmpts have becn madc to enhance

isolation by implanting ions beneath the shallow tench xsolauon structurc

Howcvcr, these unplants result in high current leakage. The invention provides a
novcl technique for lmprovcd Jsolatlon between adjacent plxcls that does not rcqmrc
laddmonal implants bcncath the trcnch thcrcby mmumzmg the generation of dark

current in the CMOS i unagc sensor.

[0067] Anothcr considcrau'on in CMOS image sensor fabrication are
isolation design rules are constructcd to makc sure that there is enough margin to
prevent punch-through in CMOS circuits. For cxample, the trench 28 (FIG. 1B)
separates the source/drain I'CgIODS 22 (FIG. 1A) of one pixel from thc active layer of
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are essentially interchangeable, and interconnections
specified herein should not be interpreted as solely
limted to those described. I.n addition, while the
transi stors have been described as n-type .or.
n-channel, it is recognized by those skilled in the
art that a p-type or. p-channel transistor nay al so be
used if the structures arc wuniformy oppositely doped
from .that described. The n and p designations arc
used In t he common manner to desi gnate donor- and

an ag;@@mtcplquy Pecordingly shatow\regéhes Bf@?mc%#gj uft tnéHﬂyewiﬁc to

ole t arriers respectively as

allgw am mﬂ%lghﬂgl preving puusbdhﬁmgha)rwﬁcm(}qdﬁdg% The
SR, a e.interpreted to nean that
mvt@ﬁ%b dopl nég )bc %%@gsn §lll F?f?mlﬂ t PICHGRTING Gurrent beskagcewhile

mqmﬁgﬂghecmwigamsemmmdm ish Just the letter
|dent|fy| ng the inpurity. type W t hout the r+" suffix.

&80 Anot her probl em associ ated with the shall ow
i solAmoither enlamdinicnuecdkding@oftht Miveatibn iSndtd ¥eQlibed

u3| on r.the shallow trench isolation
r uccflﬁf to ?%31 Fite &Pﬂbm%pmpoaq patS&'rItprpccse,lwhxch uses an

' isold Lo enh L ation By
's°. 0@ Eieheh RS Wit %qﬁ%‘ﬁd&%@ﬁgﬂfagw# P OHIning siien.ofhallow

!Icn;hrls;dmum regidinyfoy GMOS e, ﬁ-ﬁ%pl!n{v
| eakage. The [ nvent| on prgw cnoQ/cgth““sm

300 dmesre
abopgé emslangrgmel;ﬂlyancbmtd abor 200000 WP2500 Angstroms.

gs?‘ﬁﬁhat does not re re  additional inplants
Y STOCB TeSIons prey ‘mth aifoRvenfiaabingehrmfichras

TR et —

havigga dapsh gatatarthde 2500 (;‘m%]s%n%r@xtﬁ Qaﬁ&éd&anaﬂm&&am 8ue to the

re that there is en ug margin to prevent

limi ACPE "3thyn the, trenels for F:Eampls widasirablavpids, ortaitegaps are
t h /d
fomﬁéég?gﬁg 3%51(‘{{5@@&@3 6 treiiches having a dspth g@aécglttgapeabout 2500

Anghay®s. Th acclﬁdmcwgﬁﬂﬁd%ﬁ@dé%ﬁﬁg% g,& eng shal | 0

trenches are generally suf

propase fllingxdenphas withnmungluctive pagsRly cdﬂdﬁlﬁﬂ: QU ggr&imb

eakage. The invention further prOV| S nov

polyflgééﬂ?g%ﬂbgoq SFWEV%t(PﬂQdW enatctigls kagainihg kiticon may be
casnlﬁhl‘:ﬁ’c‘ﬂlﬂéa ﬁiogg{&{hcg %?v%] is c%sthsI '&nﬂ\(@s g\lrcrrlglléhglsmsuhuon

~ materials, €.g., silicon dioxide, silicon nitride, NO, ON, HDP, and ONO, which are
dlﬁicult to fill in deep trenches. Thus, using a conductive material containing. silicon
to fill the rench 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] Gencrally, the deeper the trench the bcttcr-thc isolation. | With
respect to CMOS image sensors in particular, the dccpcr the trench the hlghcr the
electron storage capacxtancc of the CMOS image sensor. A trcnch accordmg to the
invention is decper than a shallow trench, and accordingly has longcr 31dcwalls 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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[ 0068) Anot her enbodi nent according to the invention
is now descri.bed wth reference to FIGS, 5-9.
Appl i cants pr-opose an STl process, which:uses an
isolation trench filled with. a doped conductive
material containing silicon. Shallow trench isolation
regions for CMOS i nage sensors generally have a depth
of less than about 3000 Angstrons and generally
around about 2000 to about 2500 Angstrons. Typically,
shall ow trench regions are filled with a conventi onal
storagulcapazitanan) elg. Asole axiuinalaton Nindhe efridal chRIEBN region 323
.SIIF—DP) xi des. However, it is difficult to fill .
15 %F&sﬁ‘gé“ ageapdange avidetherinyensiorer t han 2500 Angst r ons
wi th conventional insulators due to the Ilimted

it Ri h, for, | e, i rabl e .

V50708, i B3 GHOS R Henany HAng Debh blschwitbersandinetve

fdeki . i- .
b S5 g o e
FlGhé5, iartvenchi 398, is Apghlcldnrst 5 dopecbacive liyek 13200 A FGREBEE mask arc

th conductjye materials containing silicon,
apBlitdhpeo hogmpbic tsehoiducs piccusnd go cleine t arca to be ctched-
! . i o A ©

oxgzg Bg& tgg | n%p Q:g%%ﬁég’n%ﬁcba %?@8@@%@&“‘1’1@% {mﬁ? or etchin g
- witlp a pecfercatial adisbtipié b&:ﬂanf'ﬁl\ltld@éd (]é\‘li Sechinéb th&%ﬁ%g ive layer 320

di oxide, silicon nitride, ) | HDP, an
tofpmn th¢ tnchyB281 Thei resist andrmagk dre eamibeed lekling a sifichsre that

conduct,i ve | ial containing silicon to fill the
aPPF%ﬁéﬁS@@Wéaﬁ ow easy formation of a trench,
.particularly, a deep trench having a depth greater
tgﬁfy bout RQRAO. . d _preferably-about, 40 .
ot z}gout 50 A%gf’%t?r’srﬁﬁ'ggé‘@]‘f’%iﬁaé&ﬁ)@; of ﬂgifdé’(é)‘g%‘imc
lineh 827 isgrolw withidethicareddhe3 183 0TRE bRide et bha rb‘ﬁ%ﬁ%f:db?NO,
e

i-mage sensors in particular, the deepéer
ON, er ONOrameng many ather siwbleroatesinlsr e dielparictinee 828fmay be

o f [ e,sensar. A trench according to the .
subdiEnlly s onfL < Lo tord e il hness o6 eh: igoress is
suBstaftiAll ' AR hal |
Y e Yl s BAE SRR S0 0l 38 s Botl of grongh 328,
In|gengyal, the ditknasabf drodisletricdihet 327om the( fidl&vall should be at
al gng the sidewalls of the trench such that electron = -
k”f@“§¥6ﬂé@%A%ﬂ%%Em$ance, e.g.; hole accunulation, in
the el ectrical connection region 323

..[0072] Referring now to FIG. 7, a highly d'opc_:d (in-situ doped) n-type or
p-type conductive material containing silicon 329 is deposited to fill the trench 328.

Suitable conductive materials cohtaining 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-typc 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 photormisf mask 326. Similgrly, in the case of .a1_1 ﬁ-typc; active layer 320 with n-
type wells, n-type 1ons such as _phosphofous (P), arsenic (As), or antimony (Sb) can
be implanted.
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is increased in accordance with the invention. [0070]
In a CMOS i mage sensor having a trench filled with a
conductive ‘waterial containing silicon+n accordance
with the present invention, as showmn in FIG 5, a
‘trench 328 is etched into a doped active |ayer 320. A
resist and mask are applied, and photolithographic
techni ques are used to define the area to be etched-
out. A directional etching process, such as Reactive

Lmﬁ gichi ng, (RIE), or etching with a preferential
43l opi am magenalecbritainitigdilidont e teligly $0IR8 Gnro deep

iV I 3 to, f the trench 328. ThereS|st
- an (fk 'maélk %érg% ﬁﬁf@&hi @%J%%@Cf&t §ttplﬁéltthterthtmdapqnmnﬁoml
msaﬁt(ﬁ-EIO@}ldcgaﬁa { R ring now o FIG 6, an
oxide, i. @d,lé-ocr&%%%%“% f"‘k&??%& [m vpias or 3‘2‘783P§

uscgrtoGil dacphmmchtse Hoereér, &2 8ccofdn X
, _ON, or (]\IOarfgng r%ea:?ly ot éps{c,u X4 chhmaY

d, of
be ﬁ.@f{&ﬂe thjaconqyetive; mpeerial ¢enthinimgy silichh cusily Ded effectively.

substantially conformal. In other words, the thickness
e lin ntially the sane al ong the
g?%%%/\]/al |'s %éﬁ giag cﬁﬁgﬁfﬂiaﬁﬁﬁ%ﬁ%"t“hm Vsmg}ﬂ:lc In
mvcgmwaid, bdivhtgd I .
ﬁinﬁléﬂ%%t%gag 32 "%}1 easitncg%%[ﬁ Tgﬁ pinned

hﬁ@Fg‘ t he sidewal | s shoul e at
phoferjode 8 has a pogpe suifededayciri3p4neid doon Hyysé pHorodidie3bhibn 326
n-situ d ) n-type or p-type condtuctlv

e oped F’éﬁ‘ ed
s “EBYFt layes 32%;9 sf\ljnearomiz foimscdiapandithe chdirety bf the n-
ui,t ab cond ive materials
typéié al n| ng sﬁ'?’?cog'fiﬂ%‘fctﬁ‘é“&ﬁ @F‘P&dﬁglﬁﬁeﬁ%, meglnbly having

n-typemmimﬁﬁ b%ﬁ&éd&ﬁogms?cﬁaéﬂﬂ F' 6.8

trench 328tyﬁgy be filled wt con fcggnr?&"@wfgg“‘:

350¢ therathes fide of Wh[ﬁbrhﬁ&&adrheﬂ of a-type k@ohgﬁﬂ fmh%HEh lsolauon
perfornmed to dope t

Al ) s oo e o
mglom3nlle£ﬁf’e‘l€ctﬁ£al%oﬂn£éuﬁgﬁx xacg §%§ E&f ?%H}gﬂn ch D ggnxs

- wells, p-type ions s
fonncdtaﬁljatchnt thenitentally of HRd @&ad m@lﬁﬁb&' é%aﬂ 39! 'ﬁS’J‘u JEA N9
|

Ehotoresnst mask 326. Simlarly, t he case of
‘301“H° yeon s e farmpast as3iescribadrabove twitterespéot o FIGSY |eg

i ons such as phosphorous (P), arsenic (As) ar
£ 10N a be .i Ian
[a075ONY (lﬁg)ga& Stacks; for g'xc 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 2 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 layer 330 is fdrmcd over the
CMOS image sensor 300. Conventional processing methods ar;::‘thcn carried oﬁt to
form for example, contacts (not shown) in the insulating layer 330 to provide an
electrical connection to the source/drain region 322, the floating diffusion rcglon

325, and other wiring to connect gate lines and other connections in the sensor 300,
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20 [0073] Conductive materials containing silicon are
easily filled into deep trenches. The deeper the

trench, the harder it is to fill the trench with
conventional insulators. Oxides and ot her
conventional insulators formvoids or air gaps when
used to fill deep trenches. However, in accordance

with the invention, a trench may be filled with a
conductive material containing silicon easily and
F effectively. [0074] An exenplary CMOS i nage sensor in
oncxampleythe entitdsurface may\hsh beodétdd hat £ BaRivRl '
...phot odi ode 321 is shown in FIG 9. The p nngg Bﬂﬂ}cr’dc'g"
siligop digefidsy BSGp PSEa or BRSG,ywihschs isr EMRplanarize d3dd axoliedsd |

~ hot odi ode, regi,on -326 within a p-type active
proide S BORS) FRERIER i msallizsdsp imede Rentes oabs of
hotopateq(if dsy i T | rity doped floating
PhoOERLH KR 015, P ol R

usi on region 325, . y having n-type
conductivity, is provided on one side of the channe

(8673h of {lhansé ef agrdneh id 2€toriiiReaiitie theSinden@én plgivf&bs

. _has a.portion of n-type region 326. A trench isolation
ml?‘@&?fgﬁgggsni twesirRigels.n Th dlegperi twenchebetter dtiibisipleceors from
; £ t - [ 321. An
difffing tikic ARIEChAGT Foh 1 Alsepcitrel spsPuprenBps cros-tlk
. betaeen Atighbo. ' { KB edinsi Bhhisnssi | S h
t rgmnch. | soiltlg% Pgtﬁlsi eqi ogdlgglg?sﬁ'he tr Qﬁ%gﬁﬁgéléﬁ ?gﬁép &
‘trenchy additiond implinss nederrhedsschidbe doeheressaty, itherdefsie ‘b?trcducing
theliS | GS. eéﬁé l[,0075_] The gate stacks, for exanple the
Ct‘P‘Rﬁé’Pe‘P" dorisplatinn, cuseent deakage isdsogieducnd. anether he
: T - th . 2SS, St eps .
adspAGRE OF U MLERRL clBSARGY ofthe GGRRoBn® Hios ttiy e of  cbep
trexhr filled it 2 oGRS thhteWal dodliaifi Micen ih,facéoofegﬁzcogﬁh%hé
esired,

sensor which overlaps the transfér gate is

. invenfonprowidss a drepenioie seutmilatich rdgidmnhetcby indreisigadlection
st e Ao BB oo ok apicoo s
' tj t fer, e
Decpier BEAMLE iy 7% 5 i Spet Mg SPalof arp B0 b Bl providios
cffef@7i6dlaton bemdcnc:ﬁighbﬁddgm ;ﬂe&:g}ﬁé’& adtieNBut @Yk

330 i.s fornmed over the ensor” 300.
regionn obars Bire) may be dreught clesen tolthaative eyer ofinn adjcaittpixel, by

Q- rm f ex | e, contacts (not shown) in the
narﬁtomgﬁ@ﬁ?éﬁcng%@ T g-ovi de an
[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 havinga

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 ctching with a preferential anisot:opic étc_hant is 'uscd to
etch into the doped active layer 420 to form the trench 428. The r¢§ist and mask

are removed leaving the FIG. 10 structure.
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el ectrical 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. 21 For exanple, the entire surface my

then be covered wth a passivation |ayer, of e.g.,

silicon dioxide, BSG PSG or BPSG which is CW

pl anari zed and etched to provide contact holes, which

are then netallized to provide contacts to the
hotogate if used), reset gate, and transfer gate.

f Th ging nawttodiich 1111 a adxeide diabe 23 Vid 3kl in r:h

S.

\ t| 0 i mproved isol ati on between pi xe
trenc 458 i Chbinicah YaborsDebostinn VY. cllet nitsile libet3? may be
fmgéc[(f, e n adjacent
o i ek It R RS QRGN g spretersbiy formed of
snhcmanghuarl ng pi xels. Accordingly, by enhancing

i solation via a deeper trench, additional inplants

ﬁbﬁgﬁi t he trench are not necessary, therefore by
in @rrlnspmm te FhGe @12 dadf oride sof a8i00br dtﬁéx{] @iBlectric

. also reduce Anot her advantage of the
"““"!‘f‘?}(u ?@%’Féjdwb‘ﬁﬁbmcrfé?ﬂ 42& #rd pyerahe siliron iniridh dinct #22. The
ive

liner 897 @by Be S8 orfOMIA ol ihak S rifibhtksC iR ¥ Hona the tench

mat erial contal ni ng S

sidewallsed201 Qhrﬂi@k&ﬂ&ﬁdﬁhﬁ&%ﬁ%%hﬁc&ﬁ%ﬁﬂ@% 0P8l oH-tnch

dt ereby.increasing electron storage capaci
and 3 formgdbncazitho wep bﬁthdnrgtdherNombafdrﬂﬁnglﬁﬁt&ths

such et BB GRS RSB SBRY i b et rodued e 427.

i sol ati on between nei ghboring regions. Accordingly,

[0081 Jsour cRerahp noWel PIG. P3, OBt P P%E"éﬂ? %6 B}ce? gﬁgncr 427

closer to the active layer df an a

and pigdcdier ¢3t2hs swipptd avky! Mhidembd 4@6aplishHBin ﬁﬂ&t)&@ﬁm
drycgchEOd' J n.accordance with the invention s now.
‘Y?F?‘e‘f’&‘é%e to-FIGS. 10-16. Referring now
to FIG 10, a trench 428 is etched into an active
G829 420pe fer a.dege rench
' Refetting BERAB K1 A GHRRYe SuBoRR e A6 isgrgwn
to filkshe fteznah l&ShﬁkM@ﬁBoﬂbquc 41@(95&3( ay":’ gg%aown using any
m@n S rorrB A resist and mask are applie
su hY gﬁ grevnms guarglaalaycmlsedutdﬁlagb&f | TRe bpiRaxial
.C out . irectional etchin
layer 438% ér% éu‘cc% on a surface of the active layer 420 sg as to provndcs a
direct electrical contact to the doped active layer 420 through the trench while
providing improved ficld isolation between plxcls 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 ughtcr 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. Altcmatnvcly, a conductive

23



process, such as RIE, or etching with a preferentia

ani sotropic etchant is used to etch into the doped
active layer 420 to formthe trench 428.:The resi st

and mask are renoved leaving the FIG 10 structure.

22 [0079] Referring nowto FIG 11, a nitride |iner

432 is formed in the trench 428 via Chem cal Vapor
Deposition (CVD). This nitride liner 432 nmay be

formed of any suitable nitride including NO QON, ONO

and is preferably fornmed of silicon nitride. [0080]

mpgeriah qaniainingysilicon, ForGxairiple polysiliésitor Siliton-SeARarfiim, may also

oth ectric, liner 427 is fornmed within the
ﬁéﬂ%céﬁﬁc{f@? treach 428 con nitride |iner 432. The

_ I|ner 427 may be. non-conformal, in that its thickness
ry al .trench ewa 429, Arelatlvely
E 8k5§| i ner %gg)rﬁs@e oarnrﬁapdmﬁ’é'gﬁyf%%ﬁ% éfﬁ%!mtqf @xide needed to
ﬁltnbermdnmh is fedued. AdBIAIALK By W
of the trench. Non-conf OE%X qﬁ‘ﬁ““%ﬁ?ﬁ’éﬁ% or not

“ﬂﬂ&qﬂdmﬁanﬂsgpsBm&acdﬁ&&xwmnhﬂnﬁﬁedn&ﬂnﬁgemb&@niﬁédtoﬁu
0081] Referring nowto FIG 1 a bottom

the HAF b e rendcorwhen i e flled e the cpitaal laper 432 (s
shown #h FIGP$4) AGeep of &l 15304 acgw@#lspnevgpyzgm be formed.

ani sotropic” dry etcn or “a

Asidiensdbbe teegirdatie Prévid inrovid SRR ¥ P ALALe

er 433 is, growmn to fill e trenc
Cl\é | IEAGE STRIOTS fircecition dfayess-tilk boreyerDadjGEcntpits. Mnd also 2

i tabl g techni %ge and nmay be grown as a single
djs?‘z%%dr PViitRicesag 4p the fgst émhoabmant theiysy ofigdedpstrench to
ace of the acti.ve | ayer 420
P budl BBOH iy RS L L5 OO e
trcudpehcxaby irtddisgyy dﬁ:k%c&lh mmﬂdshﬁngk by current
' etmeen p1 xel's

r0VI d| g i rrproved field isolation
gruyedkl cde@lemmau;aﬁllcd:unndnaccbedmgeo atit int@ntion

Rl e o o
| sd&hbﬂ\Emg)afrﬁiuf‘ﬁM énd] 48 bt W%ﬁeﬁge D3 %o Renh e wich

now t o in accor ance W
a conductive material containing silicon.

(

[0086] An exemplary CMOS image sensor in accofdancc with the
inveation 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—typé_ photodiodc rcgioﬁ 426
within a p-type active laycr 420. A jun;tion is formed arou;ld the entirety of the; n-
type region 426. An impurity dopcd'ﬂoating diﬂ'usioﬁ .rc_.gion 425, preferably having
n-type conductvity, 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. 1016, It
should be noted that the entire transfer gate stack is not shown in FIG. 17 for clarity

purposes.
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enbodi nent of the invention, the selective cpitaxial

| ayer 433 is grown to partially fill the trench 428
with silicon. [0084] Referring nowto FIG 16, a
deposition process is perfornmed to fill the rest of

the trench with a filler n28erial 434. The filler
material is preferably an oxide nmaterial and is nore
preferably an HDP oxide. Alternatively, a conductive
23 material containing silicon, for exanple
polysilicon or silicon-germanium my al so' be. used

t[0087]1 t heThe gateastadkisecfor eeampleArshstcr a6535®)may be formed

rovi ding .an epitaxial | al"f{her 433, the anount of- oxide
bcﬁ@é&é thegrenchyis ctched ¢ (Theonderof these pralionidanyprocesy steps

- mdf B el BT Somrmit A2 p Beiehlpe nesh i cxample,
if bl . b Llidos . -
' a\?&?Led’ntﬁ heI trench i so?i [ edthevi th t'hgﬁfgs}ftagsﬁ | %gs%g?must
be formeds befare the phidtogint) busif dewm-overhpping plestogitddsdesired, the
wi th the inventiqgn_may, be forpged. | As di scussed above
gatg stacks M&?eé‘ﬂé@f‘&é?h%%@mpﬁ{i on and in the

case of CMOS i mage sensors, prevention of cross-talk
bet ween adj acent pixels. And also as discussed above

| egard,to the first enbodinent; the use of a deep
ﬂ@g% to ér%%sg‘éel?tr% gpEarend insulatiog lasier A30histfosmedhever the
CMO8dmiage sR0LX0E SCorlvah; fh.dhe trench, .
B dagorume o BB BrRE e A5t o foms

t hereby reduci ng dark curr

forccxampl, 59"‘?‘?” (lmitshom)dﬁa@einsﬂgﬁ@g Ryt 4/.ﬁ)-t5!ﬁ|rmfihé b EleBirical
: ed trenc carding to the invention

coREhiotte e SN EReh okt S e o2t & Tusiopurseiondi23t e other
wiing enddnaect gate1ifRs aA® beher iclif e fisdrAon P Lt Lal | |

filled trengf:lh :my be usre_d(;}gllegt#gﬁvl\ﬁtﬁ&éséﬁs eélr(J)ot ?8%18’&““ e, the
entire spidacepey theg besauered with apassivation lopert of g njlison dioRide, BSG,
PSGO8SBP (.14 [ e sensor_in accordance .

W th t%épwﬁfr%ggﬁtl onP&n eg\'}lﬂﬁgtc e@?%ﬂ&&‘ (Y8P36 hles, which are

thengnetalbiaed forprévide cdmttactd hetheipho@gdate RITQEQD] RE& ghfel gﬁ‘@ﬁaﬁsfet gate.
p-type surface | ayer 424 and an n-type phot odi ode

region 426. wthin a p-type active |layer 420. A
junction is formed around the entirety of the n- type
[6989%h 426 Pixel arvapsiadcopdidgpe ahé imention, afid desetibed with
regi on- 425 teferably havin ‘
referetice to FIGS ﬁl?, may bc%imhcr pr%csscdasknownindlcarttoarrivcat
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 hi’gh-dcﬁnition television, all of which can utilize the pmcnt invention.



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 forned in the active |ayer
420 adj acent to but spaced28rom n-type region 421. An
el ectrical connection region 423 for providing hole
accurmul ation is fornmed adjacent the sidewalls of the
trench isolation region 428. The trench isolation
region 428 is formed as descri bed above w th respect
to FIGS. 10-16. It should be noted that the entire

t rl8A2tler gat A peegsroribesesgysteb wich 35 agomputer system, for example

ggll)l(egﬁnl‘bf ééor{lﬁgsrﬁ %gﬁt'ralt%f‘o%gﬁné 9191‘? Z‘%PIF?%}% m%:ffg Sa'lgrlﬁfcporproccssor,
thet tenmubicates @Vlt}han mpetadpat. (I/U) Ge@m:él 646 Bfrertahﬁﬁ%ﬂ The CMOS

.lgrel i mnar a‘El)s@ocess st eps be varied as i
TRAgH SeRey &, rﬁpeﬁn@neat%wth ﬂp?a%temw bgs éé?esEher ¢Qmputer

%s%m %P@ gﬁb ‘?ncludefs r eS| I e%%?% ﬁleﬁﬁgw'@g a?1¥1e n tﬁg %aslen)?a

rans gate I's e CKS’ nus
cémputerj S)ks&a‘m) nmytlh(ﬁuql)dﬂpﬁrqﬂlatzﬂz de\lﬁddés suthas & ﬂaslomeﬂioajpcmd @54, 0ra
oto ate sired, the e stacks may, be f
%ﬁi&(@éﬁ@% @?‘fﬁaﬁ%‘ﬁhwﬁ glsg SPmRInicatE Witk GRUBHE Sver the bus
652 amﬁ’é}f A% bd Héswaﬁk' tB ntk léfef thé‘ﬁﬁ;ch of @MI%M%%”%Q ﬁenéor 642 and
CMOS | age sensor nvent ona processi ng t hods
Ty 1648) onarsmédl(buhlpt o form for exanple, contacts
(not shown) in the insulating |ayer 430 to provide an
electrical - connection to the source/drain region 422,

t008921 oat i nGhelabéwrsdascriptig and dfwings srerl to béicbasidered
to conn C te lines and other connections in the
%ﬂ%ﬁaw ts; whichoachieve

achieve the féatuzes ang adiantages of

*‘?‘Xﬁ‘?‘yf‘{ W&%ﬁ%@ I%er’ Bf e. 8 Si LLcon

- et al Itclegg% to pr onggmts to tﬁ’e p%&?oggge f‘fﬂ?ﬂwmuon.

tbsenvagmoe is notita baoohsidergdias be{t%(lﬁﬁitcd’byf ¢he foregoing
ar.r ays acc ing to the .invention, and described wth
desftiptign and Wﬂ&utﬁf nly limized byrche senpe ofitbe appensiedsclaims.
knomn in the art to arrlve at CMOS i mage sensors
havi ng the functions and features of those discussed

W th




reference to FIGS. 2-17. [0090] A typical processor
based system which includes a CMOS i nage sensor
according to any enbodi nent of the invention is
illustrated generally at 642 in FIG 18. A processor
based systemis exenplary of a system having digital
circuits, which could includg CMOS i nage sensors.
Wthout being limting, such a systemcould include a
conmput er system c stem scanner, machine
vision, vehicle ng?/ﬁ?ég}/[l‘%n vi deo phone surveil |l ance
system uto focus .s ste st.ar track
ot ilon det SR Hag AYENE trayR el anaaer ) Seidm
and data conpression systemfor high-definition
strugipesqosIsisingal | of which can utilize the present
invention. 26 [0091 ] A processor based system such
as a toamoj fisreredsy ah énage sensarsabgttate bptweeraddjacentmegions,e s
a central processing unit (CPU) 644, for exanple, a

M CraGifrideamePlining bl Rhst GBI HIABWER bESaidMreRchan
i nput/output (1/0) device 646 over a bus 652. The CM3S

I magg Og(g&ég% g?ﬁ, sﬁ-idsiﬂtrﬁl%rﬂ'ﬁ‘éf"aﬁ@t es with the system

over e conputer ’system 600 al so includes

d
AR SR TRl R B R 5886
a flash nmenory card 654 conpact dISk (CD) ROM
Ueﬂ?’i‘%‘@jﬁg@g\ﬁhie@ﬁ %%O%MF%‘H’% with CPU 644 over the

bus 652. It may also be desirable to integrate the
pr odessorTiestrucionss dlainy b furthes eomprsingia gondvstine ppagugl
on a single IC chip. [0092] The above description and
fillfigvdid @enel, svherdily sdid chaiuctivs mdeeriabcomprises bniadf sikiconf
exenpl ary enbodi nents, which achieve the features and

SN AR EMO hnd 55@51115%%“ on. Modification and
substitutions to specific process conditions and

strugtur C&&c&?e ?Pxﬁﬁnﬁ"’l Wietin SEPAEAN s r&g}ht&eoetweeen

Spl rit an scope O I nvent1 on. Accor
A M
limted by the scope of the appended % hasr;sde 5]70f eater
CLAIAS he structure of claim 1 wherein said trenc P gr
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 a conductive material.



1. A structure for isolating areas in a sem conductor
device, said structure conprising: a trench fornmed in
an i mage sensor substrate between adjacent regions; a
nitride liner lining at |east one sidewall of said
trench; an oxide liner over said nitride liner; and an
epi taxial layer in contact wpgh said substrate at a
bot t-pm Suflfl@&ﬁlgﬁfre §Pélﬁim§rf 3 cB rigihgla'nﬁ'tgifdgﬁ | east a

portion of said trenc e stfucttre of claiml

rther. g ni.siNg .a,conductive eri.al _filling said
b honiia Al FEate bl St Honeth el pafifh,c
.of silicon, silicon-germanium and polysilicon.
lineke structure of claim!| wherein said trench has a
depth of between about 1000 to about 5000 Angstronmns.
4. The stThestmctiredf clpim mwhewdie said insulatidg dinemneomprises an
depth of greater than about 2000 Angstroms. 5. The
oxdde materiak of claim 1 wherein said sem conductor device
conprises a CMOS i nage sensor. 6. A structure for

i solqti ngARLRAaSe delstohipRgRgsensor, said structure
conprising: a trench formed in an i mage sensor

subs : Lacent. .ni , [ i.ng

i et P Bl BEDGRELARRRY YR, 4B ormelip TS D,
layer .in contact with said sugst rate at a bottom

sur f LE%eR “%‘b??‘iﬁ regipn farmed 2, 8a1d agtive layergt er j al
deposi ted over said epitaxial layer and within said

t r ericphotodipde formed i spid potivedayen edippent said gharigs &rgngferregion,
conductive material. 28 7 7. The structure of claim®6
shidrphbtdiadengpmipsising aaregioh of d secbnd ebudierivip typebethessalregions
of said at |east one sidewall of said trench and

oif 85ill ladfivéldyer 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;

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 filing 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.



liner. 8. The structure of claim®6 wherein said
insulating liner conprises an oxide material. 9. An
i mage sensor conprising: an active layer of a first
conductivity type fornmed in a substrate; a charge
transfer region forned in said active |ayer; a

phot odi ode forned in said aggi ve | ayer adjacent said

chayge t TROSSSr SFRHIRM wheRimsaRPERAINALS deplPr i sing a
region of a second conductivity type between regions

' ctive layer of said first conductivity type;
aboglt %ﬁ@r‘g‘é&?&“}%cti on region in said active |ayer for

recejving charges transferred from said photqodi ode

reg %n; grPfP%Fé 188 ﬁzsﬁﬁerp@@maﬁsmsf%praa?%%ﬁt“?@@iad

active layer, said isolation region conprising a
semicendyitor device eoupded torserd prpesissny and indedingione si dewal |

of said trench; an oxide liner over said nitride

| i netrenénfbrmad apa $ubsirate between adjacemmégaons; W t h sai d

substrate at a bottom of surface of said trench and

fi | b afriad lih&amingatRedst b si@dwAPdfhald tedieh; 10. The
sensor of claim?9 further conprising a conductive

"atgﬁBﬁ$c%h&hﬂﬁrs§35ﬂﬁﬁéﬁﬂ&h (yherein sai d conductive
ral “conp i 1

mat er rises one o con, silicon- germani um

and pol.ysilicon. 11. The sensor of claim9 wherei .
Sai 8 PRIl I9VEE incoplast WIBFaY LRt At aRliom BoGer of said
about 5000 Angstrons. 29 12. The sensor of claim?9

trengheand; filing ptdeast a pertionpf saiddepel  about 2000 Angst r oms.
13. A processing systemconprising: (i) a processor;
and14i i ) Aaprosessingsysiemtcomprieingc@) z proobssdr;tapd §ia) ah image
processor and i ncludi ng:

sensor device coupled to said processor, said image sensor device comprising:

an active layer of a first conductivity 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;

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.



a trench forned in a substrate between adjacent
regions; a nitride liner lining at | east one sidewall
of said trench; an oxide liner over said nitride
liner; and an epitaxial layer in contact with said
Substrate at a botton1surfac%oof said trench and
filling at |east ortion of’“said trench. 14. A

pr océgsi ng* %‘39@‘9@#?? g‘gﬁtﬁ‘?g %Ftﬁl&turfi??r 1501HREUERYN:2 and
(ii) an inmage sensor device coupled to said
sgrnigerdustnr dexigedsaidyngdod epmprisidgyi ce conpri sing: an
active layer of a first conductivity type forned in a
substerating a trenchtarsgparhteaeg by ofracginiconloctoedevaseer sai d
substrate; a photodi ode fornmed adj acent said charge

t r angd@fing £4itAe livd 1HiRNAUOR Oesid SN isaidnekn@hy €gi on
of a second conductivity type sandw ched between

regi . dad ' . - Of: o first

condu ; arge collection region for

o B S SR R BB wih a3 Srauft 3 0B e

i nterconnecting first conductivity type portions of
of sAi¢) trgrely apd at dgpstpartial]yfilling paid tsACh- egi on conprising a
trench; a nitride liner lining at | east one sidewal

of sadpd t Thaaoksthodaef adeiimdie fuirther compeisingaiornimigtardodductive
liner; and an epitaxial layer in contact with said

niitdril badreaidleptakial la0en Fheitl Sadtndlicthval rilatefiiledaipridedone of
filling at least a portion of said trench. 30 15. A

sﬁi‘“c&'i‘,g%l)gﬁicfoﬁf éﬂélrkglj&n%e%&ﬁi%me for isolating areas in a

sem conduct or device,” sald nethod conprising: form ng
devi & 1R HRAF B B e ARG RS ey
S b IR 0,20 0L e over
contact with said substrate at a bottom surface

18. A method of 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



of said trench and at |east partially filling said
trench. 16. The nmethod of claim 15 further conprising
form ng a conductive material over said epitaxial
| ayer, wherein said conductive material conprises one
of silicon, polysilicon, and silicon-germanium 17.
The nmethod of claim15 wherg{n said trench is forned
to dent : gstromns.
18, g e e o e ot hoc
conprising the ..steps of: .nprouiding,a substrate;
for ﬁlgaa% oé‘éqeei wr Pgﬁfeslaldoqlprhd%}iﬂeg’tagg onductivity type
within said substrate; formng a charge transfer
r egiogRing anfpHaxial lgyerdn coutast Wit said hsiralg aha gﬂmra&}ﬂéa@
within said active | ayer adjacent said charge transfer
of spigkfranch andatlesst pprtiatly fidling sagd werich. phot odi ode
conprising formng a region of a second conductivity
t ypB.bet Temethed iof 6k fl 8 faxtltkr @6inprising &yreding h ceadudtive
first conductivity type; form ng a charge collection

matef8l Qer Will BpRagAirkat@tdl] Wherb@¥ald doftiudtReRoMiphides sRajfges
transferred from sai d phot odi ode regi on; and form ng

2-an i Sol-at i j j acent said active layer, b

st SR sEOP Aal SHBR (BMANRE, C0 0 L el
partially filling said trench; and 31 formng a
nitride liner lining at | east one sidewall of said
trenc formng an oxide liner over said nitride |iner;
and formng an epitaxial layer in contact wth said
substrate at a bottomsurface of said trench and at
| east partially filling said trench. 19. The nethod of
claim 18 further conprising formng a conductive
materi al over said epitaxial material, wherein said
conductive conprises one of silicon, polysilicon, and
si li con-ger mani um



