1 February 2007 1 | SOLATI ON TECHNI QUES FOR REDUCI NG
DARK CURRENT I N CMOS | MAGE SENSCRS FI ELD OF THE

I NVENTI ON [ 0001] The present invention rel ates
generally to sem conductor devices, and nore
particularly, to trench isolation t echnol ogy fJr
i n sem conductor devi ces, i el udi ng CMOS inmge
sensors. BACKGROUND OF THE | NVENTI O\l [0002] In silicon
integrated circuit (1C) fabrication, it is often
necessary to isolate semniconductor devices formed in
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m cr opr ocessors, DSP ar]MA@@IgENg'd)Rsl ndi vi dual p| xel s
of a CMOS i nage sensor "also need to be isolated from

each ot her. [0003] A CMOS i nage sensor circuit

i ncl udes a focal ane array of pixel cells, each one
of the cells inclg'ﬂﬂh Q&Fﬂ}fg@ X%é“” Mt oconduct or, or
phot odi ode overlying a charge accunulation region

within a substrate for accunul ati ng phot o-gener at ed
ciaeaa. Tlﬁmcwenpnxeiuoueblateﬁgymml@ tocremacandueter devaeest grd more

errln m.,t he.char C-Leloll
PG h R ey P ok R et P e i
cMUS 8 *mgg&the di ffusion node to a predeterm ned
charge Tevel prior to charge transference. The pixe
cell may also include a source follower transistor
for receiving and anplif arge fromthe diffusion
node and an &}%@Kﬁrﬁ) h‘ﬁ? %BTHIEO&XYEN TN i ng t he
readout of the cell contents fromthe source follower

transi stor. [0004] In a CM3XS i mage sensor, the active
el[60@]tln sxifcoa lrpﬂgreled catuit (Ige rfélmcml@lhet 18 e&e@ yegegsary to isolate

SGHRGHRLR oBloct ohmBRRL S by e SR EHERALY sfbongper
mlefotN8eviéRaddr eﬂarﬂpﬁef]gamm ﬂuaﬂmehld?sztsmw nﬁ%ﬁrocessors DSP and

acconpani ed by charge anplification;, (4) resetting the
Aﬁl@agﬁﬁ gld@{sndlﬁaJ Dixshs inage sensor also need to be isolated from each

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

follower transistor.

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

image charge; (3) transfer of charge to the floating diffusion node



known state before the transfer of charge to it; (5)
sel ection of -a pixel for readout; and (6) out put and
anplification of a signal represent| ng pi xel charge

fromthe floating diffusion node. Photo charge b
anplified when it noves fromthe initial char g1€r-né%¥uarye2007
accunul ation region to the floating diffusion node.

The charge at the floating diffusion node is

typically converted to a pixel outputwoltage by a

accoparied bf mmwwant@qmaﬁ&g thJﬂ@acﬂl[g; pﬁ old¥§oa

el ement of a i mge sensor pixel 1s
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and ﬁg?‘iﬁ’ m,é{?:ggéé S enalie es”‘mﬁswgg o O?S:t.ﬁgc from the
bt 12 55 v

pi xe

uutrmlrcrhnggqmcmmlﬂance; regidiSto iR! floatihBAifHA6S | oﬁMﬂi 'Eﬁg%c at the
anot her

sensor pixels nust be isolated from one
ﬂoatéq,g) onchodsy i sypicallylconvertedi o e pivel oluplvioitagéBPa source

which ar.e infentionally fabricated to be
Ibﬂoévgeﬁssi'ﬁ Ut tratlglsfxi)rgh he P otase @@@%@% MO8 dmiage sensor
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conventi onal CMOS i I’Tng sensors, t he cont ent ]}
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Shal | ow trench isol ation (STI) is one technique, which
, be us i sol ate Vi ces circuitr
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a physical "and el &ct’ri
Pixel SerwsirSCarderatarea; Cleip, CIEEBJbiahal BeSokd-stck CiRGlts, Vol. 31(12),

exanpl e, are forne by etching a
PpP- 2?%{@ %ﬁt@ggé %ﬂdamcgggmpl ¢ "OMOSHutivetRikel Igagp Sensss,"
ch_as a

TEBETEanbifhol, ol KiBlzoh Hvichs et (D), ppeads whaiiahe). see also

U.S. PaieigNos.6a o1"! nari zed. by an
‘et ch- gg k pZZI Céésaé&d§ E’szé, &tﬂ@ﬂ dw% 6&mduo;¥ of'
conventional CMOS image sensors, the contents of which are incorporated herei

by reference.

[0606] " Shallow trench isolation (STI) is one tcchmquc which can be used
to isolate pixels, dcvxccs or circuitry from one another. In gcncral a trench is erched
into the substrate and filled with a dlclcctnc to provide a physical and clectrical
barrier between adjacent pixcls, devices, or circuitry. Refilled trench structures, for
example, are formed by etching a trench by a dry anisotropic or other ctchiné
process and thea filfing it with a dielectric such as a chemical vapor deposited (CVD)
silicon dioxide (SiO,). The filled trench is then planarized by an cich-back process
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2 3 1 February 2007 so that the dielectric remains

only in the trench and its top surface remains | evel

with that of the silicon substrate. The depth of a

shal l ow trench is generally.fromabout 2000 to

2500 Angstrons. [0007] One drawback associ ated W% uary2007
shall ow trench isolation in the case of CMOS i mage
sensors is cross-talk froma photon inpinging on a
particul ar pixel of a photosensitive device cau5|ng

56 ORAhd HfSn ench . .
|g§tgt&|§g¥1d%tructure %o an agj ac%?n%ﬂgﬁl?% nains level with
thut afiplaciilicon substrate. HDhe dglonal shallow trdrlAGs gh&ally kbR about

ab&ewago of the trench is relatively small Since it Is
2 9a ObAggsiroms.of the shal | ow trenches. [0008]

To enhance the i solation further, ions can be
lanted in the silicon substrate in the area

i mp
di r e¢®007]1 ben@ac draviback associatedhioidestRitlowareheR MR 6N in the case
' dwth ion i tation beneath the trench,
of‘éﬁ/ﬂﬁ? ﬂ%}ggef SE1SQrS ésrﬁtp%snﬂkng@n a g@@metfnpamgmg ona parttcular pixel of

as no

a@méélﬁitiv\é@eﬁié@cﬂﬁuhﬁéha?ées@ﬂﬁ ngddlb 18195%11%@ He%halid trench

Shal | ow Trench |solation for

1@@&193 gtrgcgtm@sto anm&@geﬁt@b@l [A;notlﬁtidraﬁtbécl( ibQBﬁ)ai l"ttdlé acdri].thﬁirl]atton
e oM R RC S it el S e & slimited by th depth

urre

oftlrplshattoedtrettchbhe substrate close to the edges of the
trench, current |eakage can occur at the junction

betvveen the active device regions and the trench.

[¥8] | n a¥dianhance thctlbtdaadmﬁa'tlmr pidneeed bei in the

the dg m napt ; crzstall gr-aph |c pI anes al ong t ;Jrr“edr;g&
e Ao s”%%é;‘ﬁété?*f&*&teﬂtﬁ%" ciaes aae@mre&‘g&@e”,%s

Nag ¢trah¢ Conparstivet Bralisitld nqsmguﬁhﬂmet lﬁﬂﬁ)
dangl [ ng bonds or broken bonds. can eﬁ%tepat e ga

h gaemmmercdmflogm " tﬁgttmmmznppd 3411;344 (1996),
the oxigde su trat I.nt er ce an or the trenc
d“}‘ﬁg‘b P S‘?‘EP@‘ trf-wi'étap inhigh cupresit leskage. cIn

e ectrons %%ﬁ&ﬁgg fé'o‘ﬁe%ﬁfn?'a'ﬁs%gaﬁé &?‘!&F’Qfﬂ%m@

cuﬂhgﬂbahgc can occur at the junction between the active device regions and the
trench.

[0009] In addition to the above-meationed drawbacks, the dominant
crystallographic planes aiong the trench sidewalls, wlnc.h have a higher silicon
 deasity, create a higher density of trap sites along the trench sidewalls camparcd to
silicon/gate oxide interface of a transistor at the silicon syrface. Trap sites on
dangling bonds or broken bonds can cnst at the gate clectrode /oxide interface, in
the bulk oxide film, the oxide substrate interface, and/or the trench
msulauon/ active layer interface. The trap sites are normally unchacged but become
energetic ‘when electrons a.nd holes become trappcd in the trap sitcs. Highly
energetic clectrons or holes arc called hot carriers. Trapped hot carriers can. -

contribute to the ﬁxed chatgc of the device and change the threshold voltagc and




energetic elegtrons or holes are called hot carriers.
Trapped hot c&rjiers can contribute to the fixed
charge of the device and change the threshol dvokage
and 1 February 2007 other electrical char acteri{lgti CS. 2007
of the device. As a result of these trap sites ot Y
al ong the trench sidewalls, current generation near
and along the trench sidewalls can be very high.
Generation current fromtrap sites inside or near the
otiie elRdiriRdPch A% ' i .C Mol o the total
dark current. l\/ll:ﬁdr%ggfng g%%' éwl}ré{r{éér%-#ft?)ztﬁ?r»ﬁgapmms?ormcd
alohgtheitroteh sidewalisocumaiit gohefMIn hd@aBd 3RHXMhe trench sidewalls
fabricatiqgn. [0010] Accordingly, it is desirable to

-i Soneration coachnfrgmetrapnsites ipfidy enhear the photodiode

Provyde
- e i xel s i,| e reduci dark current )

agienss ik PRIMBSE AL SolhUle dedie! BRJark curient
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I ncreasing a hole accumnul ati off region aé:J acent a pi xel

i sol ation region. BRI EF SUMVARY OF THE | NVENTI ON

[ 60AKA] | n oAecordpugly, it ishdesirsble vb pedvigs 8 isdRSiof technique that

i sol atlonﬁggge formed over an isolation trench formed

PIEYEST TRy R pxplswhile ecdusingoilarkicngenner surentrleslage as

ath ad fRsibid enad b -1 trench, and. praoviding.inproyed
mrsol at | olﬁ’!‘get vve%e'%o ggﬁuéaclﬂz) gcnf? proyidean ISPIRUSR, 6?‘]_%3?‘1‘%?3_ ,
introssing hole aa:aummaﬂdae&ga; Nehfh pitdl B8laBPn! BRAL | ON

gate fornmed over a substantial portion of an

‘isolation trench formed in an i nmage sensor substrate

and fornmed_surrounding a substantial portion of a

phot osensi BRIER 5511\1526111561? FiB INGENFI@Nxel f or med

in the substrate. [0012] In yet another aspect, the ‘
invention provides a structure for isolating areas in .
094 condulat one abpuits ehdawemoripidvedanfisdlh@sh YhidYofmed over
conduct i ve terial containing silicon forned:in an

a0 1503000 refch, %Hémc‘é i ap dmage scnser suhskatecfon bianenthe substrate at

' ' I uctive.paterial contai.ni silicgn .
the SRR of thE nEANLHEN psidRe SnpBovailiition Biresen ehsent pixcs.
In afidthe ithé R defd ‘ dyct i-ve

~mat erf a s:@%ont ai ﬁ?ﬁ%ﬁgﬁﬁ%ﬁi%@gﬁgg po égﬁal%g%néja%gmm‘:d
overi3 substangalprxtion of ahrisalation treath faRReGh antitfige %&misfeﬁscratc

. (g{.ovi es forming a trench adjacent an active |l ayer o

any °%\98§PF8PB% dibstangial pprtiaaeta phetpeensitivepmgianadf an image
b e ahd depositing an insulating materi al

m%ﬂeéma*}snhwggﬁm u%f% f and within the trench to

the eprtaxia
conpletely fill } 5 :
{0012] In yet another aspect, the invention provides a structure for

isolating arcas in a semiconductor device having a trench filled with a conductive
material containing silicon formed in an active layer of a substrate to isolate adjacent
regions. The conductive material containing silicon may be doped with n-type or p-
type dopants prior to or after deposition of the material. Preferred condﬁcu'vc |
materials containing silicon include polysilicon and si]iéon—gcmianimn. In a further
aspect, the invention provides forming a trench adjacent an active layer of a
substrate, growing an cpita:dﬁl layer to partially fill the trench and depositing an
insulating material over the epitaxial layer and within the trench to complcfcly £l
the trench.



the trench. 4 1 February 2007 BRI EF DESCRI PTI ON COF

THE DRAW NGS [0013] These and ot her features and

advant ages of the invention will be nore apparent
fromthe follow ng detailed description that is

provi ded in connection with the acconpanying df 5842007
and illustrate exenplary enbodi nents of the :
invention, in which: [0014] FIG 1A is a top plan view

of an exenplary CMOS i mage sensor fragnent, [0015]

FIG 1B is IQEQQD i Yol o) i f the-

FIG 1A i rrgge sengm%ﬁfoﬁgu E%Wﬁ& 1B- 1B;
[ggég%] FIG 2Ais.a top plan view of a CMOS i mage

S f r agiBhse hiid otifed @086 SndMabiParitadds', SRRRGAE Y
enbodi nent_ of the ig\/_enti on; . [0012] %ﬁ% I'S g&r’wbc
mgre ApPateRitfremdhe follnving cletdiled idesuriptionthats provided ilB@thection

wih nt taken alqng |ine 2B-2B; [0018] FIG 3A
REEOhec oI A s andafbstiate e imbodigueatn of the
insttivin) gn whioh? pi xel layout in accordance wi th anot her
exenpl ary enbodi nent of the invention;., [0019] FIG
Sﬁ)(i)s a diagrammmatic side sectional view of the FIG
3 ]r‘Hng s &lgol Afis agoeplantvidee bf 24 hﬁﬁcﬁﬁjgsﬁﬁ oaéc %cgnsor

E!OOC%&] FIG 4 is a representative pixel [|ayout
> 1 pixel layout according to an enbodi nent of

the invention; [0021) FIG 5 is a diagramatic side

spoglisqnal  vi - i mage . ,sensor fragnment }
RSl (R P i SRR sigf SR anal GV o Abe MG bA
mg@mﬂismeﬁﬁgméngﬁgcﬂmgtMrmB_QB(’s 1 February 2007

[0016] FIG. 2A is a top plan view of a CMOS image sensor fragment in
accordance with a first exemplary embodiment of the invention;

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

[0018]  FIG.3Aisa top plan view of a CMOS image sensor fragment
showing a 2x2 pixel layout in accordance with another exemplary embodiment of
the invendon;. | |

[0019] FIG. 3B is a diagrammatic side sectional view of the FIG. 3A
image sensor fragment taken aldng linc 3B-3B;

[0020] FIG. 4 is a representative pixel layout showingalx1 p:xcl hyoﬁt

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;



[0022] FIG 6 is a diagrammatic side sectional view of

a CMOS i mage sensor fragnent showing a trench at a
processi ng step subsequent to that shown in FIG5;

[0023] FIG 7 is a diagrammtic side sectional view

ofa CMOS i nage sensor frgg‘éent showi ng a trencha:‘%’l"‘aéyzo07
processi ng step subsequent to that showmn in FIG 6;
[0024] FIG 8 is a diagrammtic side sectional view of

a mage Eggor fragnent showing a trench at a
pro E‘SSI ng steF;[ e adingrammatic Hde sechongl view Of—ﬁGM@S image

0D 8BFmedl
o oy e UL 4 SE5 i e
FKSrsench of FIGS. 7 and 8; [00261 FIG 10 is a

di agrammati c side sectional view of a CMOS i mage
sensor fragnent showi ng.,a trench in process in
accordance with another exenplary enbodinent of the

6023]! bl Cuighl i 3 di ic ..
g!:de seclt Péﬁgl@ v?sew%ggs é"‘%éﬁé’%%@%@j%ﬁﬂmm
sersop fiagment ewihg Htrefctp t .
" FIG 10 [ogzs] hep$eEf) sTRGEMY ehlaPshown in

FI&!F t shown in
gr anmati ¢ si de sectional view of a CMOS i mage
sensor fragnment showi ng a trench at a processing step

subs ﬁgjliﬁgt to tg & O&Yﬁ%ﬂc nma'ﬁc?lde]s%ctugrg?gl%g}&a%h/ﬂés image

is a agranmati c Si onal™ Vi ew

seheoisPagrhe ghningShestich gt fpiocenily Adp subpepeasisithy shb@p in
subsequent to that shown in FIG 12; 1 February 2007
FF@)CYI%O] FIG 14 is a diagrammatic side sectional view

of a CMOS i mage sensor fragnent showi ng a trench at a
FIG 13;

gg si ng ﬁt{g%l subsequent to that shown in
f FI G %wmgalsﬂcwrloﬁnm&!nnage
scn%r Baggrhibli :hﬂ&%%mung the trench of FIGS. 7 and 8

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

[0027] - FIG. 11 isa diagrammatic side sectional view of 2 CMOS image
smsorﬁugmcntshomngantnchatapmccssmgstcpsubscqucnttodntshownm
FIG. 10;

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

[0029]  FIG.13is a diagrammatic side sectional view of a CMOS image
sensor fragment showing a trench ata processing step subsequent to that shown in
FIG. 12;



sensor fragment showing a trench in process in
accordance with yet another exenplary enbodi nent of
the present invention at a processing step subsequent

to that shown in FIG 13; [0032] FIG 16 is a

di agranmatic side sectional view of a CMOS i magkFePruary 2007
sensor fragnent incorporating the trench of FIG 15;
[0033] FIG 17 is a diagrammatic side sectional view

of a CMOS i mage sensor fragnment incorporati ng the

L Te0sb] o FIfiG My ggﬁa%%@ﬁlem |Sh(§\osr°ﬁt6? ‘chf%% image

d| agram of a process
cnsegEageestoshoning b ket de i Pr 268
. tion. DETAILED DESCR PTI ON (ﬁ £ “%Efiﬁ‘r%\fh“ shown in
% In the foll ow ng: detailed description,
reference is made to the acconpanyi ng drawi ngs, which

d whi
IR Do Ll A S e O 4 S

ustratr on of

tfﬂw Pﬁ@ﬁéﬁ&ﬁ?x ipent s are
descrl bed i n sufficient togg %tigcce%g%? "ﬁb%‘%ﬁ%a

cxemplasg eavhodirenpofiht ipreschbigve ANER b Qﬁroc@ﬁﬁh% tstdp%u% nt to
Lﬁfglerstoo&‘#[}g{ ot her enbodi nents na [Tze

rh% OfRn sural , logical and electrical changes
may be nmade without departing fromthe spirit and

sm]of thﬁ@rgéﬁa eEventl on. ﬁ%OO:%G] The t%aﬁMOSimagc_

"waf ef” and
senisoc Fagimegr ridokserating dhé &ORPHE FRS U @t O (SOI) or
silicon-on-sapphire (SO5) tec nol og’y doped and

3@@ %(jd sem conduct ors, epitaxial layers of silicon
% t ed Waisa disgramomaticctide séondaidm Bf a TMOS image

onductor ru 71 February 2007
s Eurﬁ%‘?‘%@%@ Wr?é'ﬁmi‘%a’ér ?ﬂ‘i" iadkS;anda " wafer” or
"substrate" in the followi ng description, previous
[0084Fs St al&G. MBYish WY1 NEY| dto formr i.ons . -
ase sené%'gﬁagﬁp’é RIPF fEECfPdngrporating

or unctions in the

a %@ddmago isendom cadstnidtedin ddterdanze WidPHiURtHHdiEed not
be silicon-based, but could be based on
silicon-germanium germanium or galliumarsenide.

DETAILED DESCRIPTION OF THE INVENTION

[0035] In the following detailed description, reference is made to the
accompanying drawings, which form a part hereof, and in which is shown by way, of
illustration of specific embodiments in which the invention may be practmcd These
embodiments are described in sufficient detail to enable those sk]ﬂcd in the art to
practice the invention, and it is to be understood that other embodiments may be
utilized, and that structural, logical and electrical changcs may be made mthout
departing from the spirit and scope 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 (8098)

rcehnology, doped and undoped semiconductors, cpitaxial layers of silicon

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



[0037] The term "pixel” refers to a picture el ement

unit cell cont aining a photosensor and transistors

for converti ng “el ectromagnetic radiation to an

electrical signal. For purposes of illustration. a
representative pixel is illustrated in the fi gu?%%bruaryzom
and description herein, and typically fabrication of

all pixels in an inage sensor will proceed

simul taneously in a simlar fashion. [0038] Applicants
sol ate areas

Eili‘@ﬁﬁﬁ%rcs rérgc% 28 aﬁ%hﬂ& eig:r%‘ te” in the following

sem conduct’or evi ces

d@chpdnﬁﬁpt&odmpﬂbé&siﬁc y Ve 68dn @&Ejzcd EEe;s f Rt %1885 or

.l eakage current in I mage sensors,
i the base semivoaductor Eurraﬁmeoﬂagunmubﬁt € hddition, the'

' te th se tec nlq a brief description of an
Séé’lfé:ﬁ%?“& %lE %ﬁcdpbsﬁecmﬂd bedweed oe dilicongermanium,
gmlg,ﬁfg{. G- &S 1A and 1B. However, it should

be noted tRat t elnventlonls not Iim'tedtoCIVDS

&Qggﬂsﬁensors and nmay be used in any suitabl e device,

f rrpl e, The deRAMpirfal atdfers 18 Mivtur SHAMe tainin

m cr%)59 sor, DSP or ASIC. [0 39HRe erplthlaltr%gvc?n &2
gapsistogs o npevardog elrctroadagnetic Fda@iBnto £ electrical

i mage sensor four-transistor (4T)
| X Fspghﬁ% r“?cﬁ ATERrepRtAEYCpiEelds iingtrated in The figures

“"“S‘*&E?‘ﬁ?%é‘é‘%? Ml of Ul sk i i sensor il

sho
Profesdsiimultencdusly inrasiafler fagibg.  50. provi des

advant ages, but is not required. Thus, the invention
nﬁgq%e] used |n any CM3S i mager i ncl udi ng, for
e

f licants propiose saverab Bplasion llt:dmlqntshmhediletc areas of
{ t
scfnlk% Hﬁ@fb‘i‘ CE(ncggind i3 om %.%Btpg ang:? ,L{Bymp e@&cé@pc o grl@edcpncnt and

ection reglon”
s eI d: i S e ns
e i e b R
to F@GSC%TM’ecTo hgttchdhugeseghess b 8&&3 a Bricg 'ElEsdr&ﬁioﬁeJFan

for transferring

d transf te 5

Rl e ot o 4
| de, L

g 28] B0 BB L5 LB TR, R hadisieptos

floating dlf usm

imagrsensors and st bé G Mraﬁ?@ﬂ&%ls Qic(zﬁc,lﬁg c%ﬁﬁ%‘l‘:’ :élllggAM, flash

output  source followe ransi st or
mempyy uHRAM, mieseprotessos DSPor ASICOr resetting

O

[0039] - Rcfcm.ng now to FIGS lA and lB a sctmconductor wafer.
fragment of an excmplary CMOS i 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 usc of a transfer gate 50 and associated transistor, the transfer gate
50 provides advantages, but is not required. Thus, th(; invention may be used in any
CMOS imager including, for example, a three transistor (3T) environment where
the transfer gate is omitted and an n-type charge collection region of a photodiode is
connected with an n-type diffusion region 21. The CMOS image sensor 10 -
generally comprises a charge collection region 21 for collecting charges generated by
light incident on the pixel and transfer gate 50 for transferring photoelectric charges



the sensing node to a predeterm ned vol tage before
sensing a sigmal, a source follower transistor 60,

whi ch receives at its gate an electrical signal from

the floatin di ffusion region 25, and a row se t

transi stor go for outputting a signal fromthe 4%%%%%%ZM7
follower transistor 60 to an output termnal in :
response to an address signal. [0040] The exenpl ary

CMCS i mage sensor uses a pi nned phot odi ode as the

fromathg eoteitiopciciivn ZE & 98em] | otodiagde.is . .
2%e{qug such si %g? the _g%‘%é’rﬁ IlT‘g(Fc’ W?ﬂ‘g’ ag%’d/'luﬁ'@i ‘giesipR region
| hedopeng diffuionagiorais elecuttally thendtel QMR Sf an cutpur

I leted. T i nned phot odi ode has a
m&#&tfég@‘ﬁgﬁ HRQSSTQL- hﬁbgpgg} s ticludes agico transismpor 49ifog reetting
the séné 4 and an.n-type photodi ode
oo B e S Fpi Ak Rmtic AInaE thior Sonmmisogmmea spwse
olfpweradinsiton 60; widels récdrePad i ; so fhat .
qigkhe, n-type ghot odi oae reg?oﬂnpggéﬁglcﬁj%éggg?éﬁ%ﬂ’ '%c oatng

DI g P2 a3 rawnpeleactyuriop B AT epeliin 56 §3%n the
w&%cf&u%_?ram% hw ng n-type conductivity, are
provi ded aboar A HRY to ahenPus terpinalsnaospops: tdn addvess signal.
floating diffusion region 25 adjacent to transfer

804050 | _ . [0041] | i cal
LIDROFE o T OO Db L k] i Epdie
the; ghargrecallcction régiyer 212 0THeS SinHe® éfxbfbdj?&’é ﬁﬁéhes‘%ﬁ)é g‘ll Sehie

By M ACE L e L o IRCRENIE 2

YRS The Bl b FRlodt ot ol e anpar ncion

20, Bt Moo S i T UL © e in

Imfglﬁ‘l?}nﬂa ai?lflﬁﬂﬁfr?ﬂ}' Led@\g than insulating m&gﬂ,ﬂg&

provide almoutithe iabis Cf&?ﬁr i&gi?gxﬁ%g %w:gm_w,m@n@umy’ are
oxi de-ni tride-oxi de). THe fnsula |%%a%ﬁ’§t disipa region 286

.
adjagesit it drapgfey gatcchibis atloapichatbly aPGpedeposi tion (CVD)
techni ques such as |.ow pressure "chem cal vapor 9 1
hi gh density plasnma

ary 2007 deposition (LPCVD),
[pﬁ%g depg@’i 3% 'EYBFF‘J) gMQ,Syn@gh eenseu; traidbdisolation regions 28
formed in the active layer 20 are used to isolate the pixels. FIG. 1B illustrates typical

ST isolation trenches 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 ctching process, such as Reactive Jon Etching
(RIE), or etching with a preferential anisotropic etchant used to etch into the doped
active layer 20 to a sufficient depth, gencrally 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 lm;v prcssﬁrc chemical vapor



met hod for depositing an insulating material within a
trench. After the trenches are filled with an

insulating material, a pianarizing process such as

chem cal nechanical polishing is used to planarize

the structure. Wile the trench isolation regi ohEe&dary 2007
.are fornmed by the STI process, it should be understood
that the isolation regions 28 may instead be forned

usi ng the Local Oxidation of Silicon (LOCOS) process.
dpodibn (DPOADE, R AkSsifyPladdE DTS/ istors are . ...
f or med gefor_e_gr %l?ter 1{y'tct%e L id§b{e)?§§'éuqraf}¥e° cr suitable
mewderd for deprsitingrarelnsniating yn e faasithis aabén FEYARE KA teSifhes are
IS re&g‘l%[ae.d or caqnvenient. for a particular.
@?‘86’83’5% , “PSrm%tiﬁ#pE Planatizingiprooess syihodsadp@trical mechanical
he transfer gate

q%gﬂggg #‘%&H ttﬁﬁ’g%% ¢ ‘Hg%@%@/ﬁwg ¢ Beathisplatignacgines 28
aphfitrogd thy, the ST TigroessGRsYAY b@&ﬂefd@&t&g@ggg gﬂrceié;h%{;%a spgjons 28

‘ desired, the gate stacks may be forne
magripsteachhe forowlsing theabstal Oxidation f SIKGRAISDCOS) process.
insulating |ayer 30 is fornmed over the i mage.

-53:%% Conuwgnt i anal’ l%;%ﬁ-e si ng, net hods are then
carried out 1O BHEAHRC & Bi¥§] wansisarsace Srord(sfoswror after
thtrbndddr is ke Hn 1S ting t.aver 30 to rovide an, .
el ectr i%a#hggnrgﬂgﬁeggﬁygﬁch@egggﬂﬁwm f‘gﬁﬂ B¥ bgyaried as is
raguércll lowabnweniest fof U paritul #Gir6cese Bowa sk &Extﬁﬁ[c P‘# kdlSlod O
onnect gate lines and othér connections 1 h ’{he pixel
PRYFoBpis Sl pPE shawm). which rayedapsithe eramsfer s Besired, the gate
widih a,passivation layer of e.g., silicon
s%%‘g‘g be f%f‘}‘“ﬁ%ﬁﬁ’f% Fsrehotogates hut i aasnerarappingshotogate is
dsirehafh i ReBel 2L 68 hich are then ‘
net al | ftzggfjc tﬁ%a%r[g\fx %‘g cont aacg:}%gsﬁgt(?&%c poﬁﬁ‘@f‘Bﬁat e (if
reset gate, and transfer gate. [0045] In CMOS

-used),
i ﬁﬁ@‘l#]sensoﬁ wanshicendeptrahgrdnt iEuEi _
C&*@gtrons are generated by |ight i%ﬁ%g?ﬁgfﬁwﬂﬁc
UPREHFISOF- tRntentippal pronessing mdhors greotheAGarridbse to

fofRERA SRR, Lo S ShevRin Hicah ) &R vie imhtoplayerib co
previde a@ctcetﬁ@msn.iacaaﬁ'tﬁg%g%lgegg%ga%sﬁ%nmng% e 3#%5'@&' _

fromthe transferred c
diffusionpregien 26 pard other Wising wrbehnet e8led6ic AR Ry Arinétions in
26. The maxi mum

thf r onu&e n-type photodi ode region

DBPRUL0-s Fgnstampler desatiropurface mayedeabeaiovetedonith & 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 coritacts to the |

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

[0045]  In CMOS image scnsor pixels depicted in FIGS. 14 and 1B,

~ electrons are generated by light incident clxtcrnally and stored in the n-@c ‘.
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‘ébdiodc |

region 26. The maximum output signal increases with increased clecoon

10



1 February 2007 capacitance or acceptability of the
phot odi ode, The el ectron capacity of pinned

phot odi odes typically depends on doping | evels and the
dopants inplanted to form regions 24,26,20. [0046] A
common probl em associated with an i mage sensor kﬁéﬂHQYZOOT
phot odi ode is the creation of dark current in an

el ectrical connection region 23 along the sidewall 29

of the conventional trench isolation region 28. The

et SO L8 LR A A oo o

el ectri cal

phatpdiodest typitlly HepedsynedGsihy Y&vels anathe Aop kg f&ﬁg form
concentrations increase the flow of hol gs t hrough the
regiaieds £26n20.egi on 23 which increases the electron -

accunul ati on capacity of the photodi ode. Dark current

[ ongly ent gn the .doping inplantation
OB ALRRSE N e 1 0RO, LR AN O
phuitgdiede isp 2Fdatiol UFRRAHE &lrr Liaetﬂ:ch@cai’ 98&&&&{0&%@011 23
i mage sensors al so increase dark current 1 n the
alengthersidesiall @Shwksbeiconvertipmhudich Sokaoh¥esibs 2%, The clectrical
invention, provi de povel = techni ques for inproved

COBPEHI oD rhREavqs Ao glesirical senrdction tictater drore typrecurface
j | [ t.Q. | d t . )
LayeP 24 3 cae pAiybC Setis ek 20 Highe 5B FoacauEnians dngieass the

concent r at
floGMTEh dlePieoSE B SonRYON Pt i thd L@& QR4 S
used to further enhance is %{tl?’gﬁ?hl#lﬁ[eheﬁ%ym tc?cté%n on
acgunalation capaniey of thel phidtodiodegiDak cufrett QQ&%FWHC endent on the
egi.ons, .and diffusion regions may be heavily é%ped

d"rB r condinpryef de GMOS image sensoers Kiddwiewer, the higher
yee] i _ dition.to,.this doping, i ,
dop i Sk ecbns Mled oo ibfalifpdes bRy Hicireas dark current

onventl o

in thegilanscd avendreion rc%i@hnﬁ.ﬂ . EfboRakEsts id?'i!h% %gﬁl&n pEovide novel

erforned to inplant ions in the areas o
| t?cgaw fardmpreveck dlgctticrl catihedrivn dlosg it dleatiail oantaghdegion
zstgsofgrmg'g an inplanted ion profile 34 (as shown in

PiGouL BiVing i dRcErase dopraLEQRFepERtionsp| ant s or dopi ng
results in an increased flat band or threshold voltage
Of [ 00 I JH . unt of .
f h?%gwol d ?}g‘?o tt%%?rg pithE “%bg?%%t‘}"gh E@’zgﬁc@%‘:ﬁm"“ may occur

whemicer intpdarietion & usedWolflirthed énhaficd RHRGSAC ‘

vol ,t@ge, for exanple, VDD, to voltage sﬁ%@%‘?‘bﬁm’
“'C'B:S’C‘F a0 Fogaons, sewrcof dmirCvpionsyand diffinkar regions may be heavily
doped after various fabrication steps via a masked ion implantation. In addition to

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

[0048] There are limits to the améunt of threshold voltage shift V, that a
- device will tolerate before it will fail. A reference or supply voltage, for MIc,
Vo, 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



Accordingly, it would be ideal to have a threshold

vol tage shift that is as low as 11 1 February 2007

possi bl e. For exanple, a threshold voltage shift of
0.25mV or less is desirable for CMOS i mage sensors.

The invention thither provides novel techniques! Fguary2007

reducing threshold voltage shifts. Al though the .
invention is described below for use in a CMOS inage
sensor as the preferred enbodi nent, the invention is
bikl ch.,a be .used ] ny suitable .
PRSI Tok il FHEQUR wlac Bl 3 DA ¥ sy desisable for
crmoa;tmgb@ehmtm@&%ﬂﬁaﬂfﬁeh &rgﬂ‘f' § ' 3%&'5%- ;
described wth reference to %@‘0 gﬁ*&a . E‘?éggf%ﬁcd“cmg
threghold woltags shifee| Althoagly et mobbon B destritidasklawIBHEdE a
Cﬁb si dewal | 129 without increasing the dopant |evels
SHMage ssaser a3 theprefesred axgbedisent; the Enestiopds antligited to
@b A bO RsdifinCant Qi Sl PLOVI ded over the & tr
S0l at g#]b?egl on af%SsQ'étﬁglcéﬂ]aﬁﬁé?ﬂmf’ofgf ﬁ’éanﬂplﬁﬁ%&g Sensor.
junction region 121 in order to provide separation

bd0042h adj dcknt epibodicdORcorify 16 A OISR isSaow incﬁbcd
eferably al so provided slightly over an electrica
AREEADCE fo FdGSoAARE 2B v mgictericthinl positbelynthaziédholes is
' eqi on 3., The jsolation gate 170 is preferably
“tz?\sspfg'@L"é% tﬂﬁéﬁﬁ SFW@Jf?gwghophmmmsg}hp gopangleecls of the active
Llaf @ 1P AVSIoval; r yer 174 orovided  .over .
gat e oxide cﬁvgglgfb%%ﬂg)%lggﬁ’ Al t'sr(’?’cfgo,n e i? Rd? provided over the
trembuibalhtion raoe 208 ahdGdi®nt B A S8 fibh Reion' 199, B
the jsolation gat e 170.d§hE 01550] Thﬁei ?gigltcr 052’8 géelfﬁlj%frdcr
toRroyide sepasrtinn- betwranadirennpixels d 0AnTHeyislatioh gate 170 is
r conpatible wth the CMOS i mage sensor .
prERR IR PE%‘%@%?% quer ap eleiicabrqnnesion acgionl2d o provide
hdl@a& ot ftdfin r tes .Suitalle .mterials
for the el ect?%sde at%?g'li}gl%i"ﬁog’l‘%(g%,g“ﬁg@ﬁ Ipf%'ﬁgky a'stacked
gapoinglitiics 2 irpalayingBaybr 170 BB vt an ety i
“pol y/ CoSi 2 and fé)lg;ﬁ/l%BfSi ,. The isol :g% ion gate ig%?%g?md;d
OVERa BaficAidcdayen We . s @i, inireide sonother impatating spacers 178 are
le, .the.i,sol.ation gate 17 reset gate 140, the
prgéggﬁggﬁ]; bthroﬂg? okgfﬁ ’sﬁlﬂg"f‘ A% f%(?rsf er gate 150 may be
~ forned at the same tinme. In processes where the
| [00587i on UPhEckiQol _ ] 1iqeaas the .
o[t here!I gates, it ?gagkg?é??gg?%éa?&?ﬁgﬂ%& !;? Biy beany type
of cordusitor egnpatibld d8date CMOS tnbid KinsdPmaRIER dReRfand is
_ prcfcmbly 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 wansfer gate 150 may be formed at the same time. In
processes where the isolation gate 170 is formed at the same time as the other gates,
it is preferred that the isolation trench regions 128 are formed prior to formation of
the gates, and accordingly it is preferred that the isolation gate 170 is formed
subsequent the fOrmati’qn of the underlying isolation trench regions 128. A -

translucent or transparent insulating laycr 130 is formed over the CMOS image
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the gates, and accordingly it is preferred that the
isolation gatg 170 is fornmed subsequent the fornmation

of the underlying isolation trench regions 128. A

transl ucent or transparent insulating |ayer 13q§;ﬁ 2007
formed over the CMOS inmge 12 1 February 2007 'séfs6P.
Conventi onal processing steps may then be carried out

to conplete formation of the i mge sensor. [0051] The

i solation gate 170 is biased by providing a grounded

sepsore (Comientionalaelesin || tential to the
i sol atign gat efiﬁThe pgtsgc t in'al] nﬁg%ge%rb‘# PRtk cmplete
- fOHE@%‘?IFQQdUéB'@SdiSmn the conductivity of the gate

type el ectrode as explained below Biasing the
[ ovi des.-el ectrical isolation between

t .
gg‘fdaf’?éln? " pi 1? E%ia?é’ﬁagaé? dd0ns/biapes by ptaviding agabanddDpotential
> S : o :
Or PPy 4 Siphpckfial b5 BihbRRoR Bt (DR poseheiakman be posidive or

es to accunmulate 1nt
e e oAl UAREhOLES dIIRAE L ed
b‘=@’P"’e _Zim@g aheyiselation sreppravideeldretive: dolidon RheEah t pixels
o B BT ot oo
caimpvival@stota QR ' .cqonnection fromthe p-type
surfac (}Lf\g:%r 1 24£ tﬁghﬁfgg%-n? ?C/lpcé’ nngenon eegton 43 %@lﬁ
- accugpdtio ex imorcasestthe afars h .
crehg0l ation region 12_8s nay bﬁggggg{da\s\ﬁ;e[{nn%gﬁop_ﬁ?gﬁlgﬁ by
e Sliﬁ‘l@ qféél!@‘é@?;l bca::m:rthﬁ photedivte rifor 196 4ndMe STT
: isol ati on trenches have a depth of abou |
sidGEICIR. Thc admlagion of Boles in the ¢lseriseliconngatian hgion 123 also
rovileos gaod @leM ' [ | |lows far the yse of a -
P trencﬁ havidr%i%kg%?)étcﬁgg%‘#lﬁﬁggg "P’B%ﬁ“%fsd%vczaéémdhc p-type

actiygayersB2bf an i sol ati on trench nay be elininated.
Thus' the isolation gate 170 may be forned over the

ﬁﬁg ge Iagﬁr 20. [0053&"; n accordance with the first

¢t r at tivethe dapth K2 of tieveendtoisolatibR egid AN 28omay
be redudedSyBQH ain regbons (nqt shown) and the

T oat ng %’f%"%@?‘&ﬂ‘egmﬁ %Q.M&F@rd@mjwmhmhc imvention.
Gentally, isoldus hevichds FRES de | de. layer 174

. ,0f the jsolation gat e%e(? ct ngg?'%%g‘?@gp?@ §F)I‘§‘°H$°°fﬂﬂ
isolatipg gae inascordanne withethe invention allows for the use of a trench having
a depth D of less than about 20004 or the use of an isolation trench may be -

climinated. Thus the isolation gate 170 may be formeéd over the active layer 120.

[0053] " In accordance with the first illustrated embodiment of the

. invention, where doping of the sourcc/drain regions (not shown) and the floating
diffusion region 125 are doped with an n+ type conductivity mafcrial, the electrode
layer 174 of the isolation gate elecrode 170 is preferibly 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 accumulate
under the gate in the electrical connection region 123 and provide effective isolaﬁon
between pixels.

13



isolation gate 170 may be grounded or tied to a
slightly negative | ow reference voltage.. The grounded
or slightly negative voltage will cause holes to

accurmul ate under the gate in the electrical 4 2007
connection region 123 and provide effective isof AEFEHY

bet ween pixels. 13 1 February 2007 [0054]

Accordingly, and also in conformance with the first

enbodi nent of the invention, the electrode |ayer 174

ol 085#] i sol dtacordigglyparikl/Alsoraycdifofminteovie ti fife EXBBdiment of

canductivity material, for exanple p+ polysilicon.

the 1pYenLog, thhelectradeelayer 174wof thedsdation gam 19Dithay bl fsrmed of a
R . Ho er, the e,of,. p-type paolysilicon

- Sc/RndORAR Facd BITRC Firaalf o poltlicRe b et gpiancs have a

! bén Héal 3 i ' hol d -
o P s mioR IS thall & (AR ARl PHowler, b WL G Bird gotysiticon

gagesshi EMOSI thresteld koksgeadodmusd fzﬁ?’?ﬁ,‘iﬁdﬁg 1;11;: combination

socl gt g (th additional ion inp
°‘3§E E‘yg?lvﬁ voueeT vt aswosiaged with the pruype polysiid gate dopant and
t | . ; th t .
ch e ol SR B vk 2t i i aping frgscessive

anddeadshe devigk &ikee 1 on profile in the areas of the
substrate directly beneath the trench isol ation

regi on. Therefore, by providing an isolation gate 170
ﬁﬂ’cﬁai ng teontrary boviomventionab pesdesses,crhi pedsehi Bivention does not

al
| nstead.of . .ingreasing active |ayer dopant N
regy °c"e°ﬁ€‘i‘%?’116'ﬁ‘8, > uckban, $hs implanted dew prefile e thesandas of the

ub¥al ' old.voltage ligitations. ..
‘S[O‘Ogééﬁm'gl'hg p+ %po ;C&E (ﬁfc@d%oqf%?ﬂ Eﬁg\g’%[h ﬁ@?%ygﬁer"“dlngm
isolptiourghed 180 atiddingoroPthe Shid@iionYtoR@haht&/BoMAbh 28Seadl F
. exanple, a voltage at or |ower than supply voltage
incgeasing acHve kayex dopesit @Q_Ilathmagiohh,eT p? pblybﬂilsdml i@ hap be used
.ensure that conducti ve chanpe or electrons Is not
m%@?ﬁ% CB‘E'E%&E‘H“BPE@Y@EA@Wy positive voltage

W ||l cause the conductive channel connecting the

oo ol eo i EROMNEFSF Holabbf R HADER, entind PR fhd o

cause hol e
slighglyipositive Solth$) T34 c:&ngﬂe,cmfbl Qfl P ERberaheR Sy
" the inyention is now jescri bggé W th rcef er enlgﬁeﬂ?gbﬁagc VDD’
to Giraig hotcs Alopg e trench sidewadivzgl énmgetiee nsondpitvel clanhélyfor
eledtfons is not formed between pixels. A slightly positive voltage will cause the
conductive channcl connecting the pixels to become inverted. The groundcd

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

[0057] A second embodiment according to the invention is now described:
with reference to FIGS. 3A and 3B. A 2 x 2 CMOS image sensor pixel array is
shown in FIG. 3A to better illustrate the embodiment of the invention. In
accordance with the second embodiment of the invention, a region rich in positively
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 jusnction region
221‘. The isolation gate 270 is preferably provided slightly over an electrical
connection region 223, The isolation gate 270 is also prc@bly formed to extend
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shown in FIG 3A to better illustrate the enbodi nent

of the invention. In accordance wth the second

enbodi ment of the invention, a region rich in

positively charged holes isgscreated along the ﬁg
sidewai | 229 by providing aﬁﬁlsolatlon gate 27 muaWZOOT
.the trench isolation region 228 and surroundi ng the

p-n-p junction reglon 221. The isolation gate 270 is

‘?‘Bef r.abl ﬁlﬁrow ded s]ightly over an el ectri cal '
Spcsion region fospgate; B crample tansfer gmozso but’

d 14 1 .Feb 2007
d?f%&ﬁ%‘% ot TR 680 B0 Ponpiip Bre e Bateia; Lbe pglation gare
270 | adifee En%tﬂ
adcngdmen;qﬁggcgs notaétgo shor ﬁe gatg%ﬁéﬁaEQEOan

transf er gat e

gﬁwhu:hm blcant()jdlﬁbé ::gbpaﬂmmﬁbhﬁon. (FdFI Sl , the
en y-direction as shown in
l%ﬁ'i’\ %Pﬂaﬂudf et 240 may beindepenslently lintreased or

Gats z?%“*n%;'ﬂi%&% SN cf‘”d '%l%&gft@%%e' Pt Bl The

isolationrgane 220 paéfkrably 468 inot 2erenCHS
sgj acent er s. The isolation gate %@co p&nﬁ&%ﬂonrcgmn
285 Breforably eheisolaciongate 220 tiwnds bgtvﬂichfpmggooeg iBdlicated by

S Mt G ol S0
fo%gﬁdfoﬁrred over a stlg&% éﬁﬂc ?‘ﬁ%‘%ﬁl’g% 31257%6&3%0“’1'“8

thedfotrattion of £ ghallowd? french wolitid %%!g ﬁ%{%‘i{ B Sagjou: 2000

a shall gwer trench isolation reg on
Aammmmmmmummmm
the description of the first enbeodi nent. [0058] As
di scussed above, the isolation gate 270 nay be forned

of [BR¥8Icondu cA§ discussedalicae, the tisalatioprgate? Z00myy be forakd of
gates. The

o0 o AR St Bl R nedfocab i oBc e s
gams Bhdusolagam g8te 2170 mad DEAFSRBEmUA S the s ? hﬁfé' B #}9 gg,]a

is forped at the sane tine as t

Pr‘?csesi?ls &rhers e 1sokation gate 2 His dorimnd at tha’aaknertage amme%ﬂi’er Faks, it
f t
s AN AR R A et

accordingly 1t

ga@,candacccndmgw it idsre fpeed that s 6Bt gﬁetzveﬁb Rmbd Subs

toglpqgrl% rtliq(:lalontrench regions 228. A transluce
¥nderying-isqlatipn tignsh r@gms 228 oA tmadslovet or

trahipﬁre@%ulaﬂﬁg fay2f 230 ls formed over the CMOS image sensor.

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

l%ent

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 nsolauon gate 270 is pmﬁ:rably a
smckcdgntc including an insulating layer 276 formod over an clectrodclaycr274




Conventional processing steps may then be carried out
to conplete the image sensor. The isolati.on gate 270
is also biased by providing a grounded potential or

applying a slight potential to the isolation gate.
The potential nay be positive or negative depeﬂb?tﬁ';jaryzom
on the conductivity type of the gate el ectrode.layer

as described below. Biasing the isolation gate
provides electrical isolation between adjacent pixels

preiidachoven algatt bridedajenlldn Qade, raite; beotas insulating spacers 278
accugilﬁllcgu on of holes in the electrical connecti Oon

AeyPYHcd o1 eithegsigie ofthe isplationgates 320. Manre doping of the
' ' te. 270 | f er abl t d gat .
S8 el keefis B Ve 8 Fesbione st 2 alahc ofkBion aee 270, i
prash é ; -' i
RN T L A A
srepdendliages geacerdinglyfandusacxplanddigsbve iR isdlgtios gate 270 may
alheszlliz;\tlongte_270. VWere doping of the )
E“é’ﬂ‘f ERdPG BHRYYironsgage admay thiegronaded oxitied try a slighitly
: ' ' te 270 4 f er abl +
PO SRR IO Bl Vo MBSl o gfbolps caues
thﬁ '-m b f i 1 .
s e, b SRERTENE L, A5G0 b 2042 e
the phetiodidste mgjon 324 yrd thiccmendididevaillg 229y where trap sites

cx%r'ounded or tied to a slightly positive réference
51 tage, for exanple, VDD. Again the accumnul ati on of

hol es causes the electrical connection region 223 to

e , they ol A _OfF £ _distance. bet) .

R ot odr e PARES PR SRR bt ARG bed befow in
aca@danadwith the apveatibRs TRk, [RARRL, A %kﬂg ble! 4 ‘

circuit fora CMOS i nage sensot? IS de’scrri be lg’efggv()tlorﬁhc’dcfor
acguplating ehokp genetated gluegn inom uiiderlying poition ofivbe wdbstrate. It

| hot od, f | at | _
shipfl 6 Hisheap Ben e oM imaasaearor e insbrde ophosogatee
t ood t hat. the,.
PRI oy of o Blage BECHIEEoNRI RN BBhice IR HER@Le  or
~ phorodiodigras ithe geitialacemaniieocn -bEd-@Gn&ﬁEdC&aroéej lieu of-

a photodiode, as the initial accunul ator f

%ﬂtﬁﬁ-generat ed charge. [0061] Referring nowto FIG
V0@ ch shBefsrrng now ptFIGod, avidoli shuowst 4 dircuitofor a Inbgirtion
of%fﬁ}'

w t h:each, pixel Il being constructed in a
n ner“gjhg"\’\ﬁ‘ Whg’[”f‘ﬁ é'?ﬂ: ing constfucted in 2 manner shown by cither of
the pixels 100, 200 of FIGS. 2A-3B. The circuit of FIG. 4 shows a CMOS image

sensor using a photodiode _aﬁd having a pixcl phbtodctcctor circuit,

[0062] The photodetector circuit is shown in part as a cross-sectional view
of a CMOS image sensor. Each pixel 500 comprises a pinncd photodiode 521 for
performing photoelectric conversion. - Transfer gates 550 are formed between n-type
source/drain regions 5224, 522B. The transfer gate 550 and n-type source/drain
regions 5224, 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 reset gates and the source,/drain regions 5224, 525C form reset transistors 531,
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the pixels 100, 200 of FIGS. 2A-3B. The circuit of
FIG 4 shows a:CMOS i mage .sensor using a photodi ode
and having a pixel photodetector circuit. [0062] The

phot odetector circuit is shown in part as a
cross-sectional view of a CMOS i mage sensor. Edggpruary 2007

pi xel 500 conprises a pinned phot odi ode 521 for

perform ng photoel ectric conversion. Transfer gates

550 are formed between n-type source/drain regions
whithAwre 282 olldd By h r&Rsdi PEIE : -'E;ﬂ%c'ﬁ h¥&2dmjn i :
_source/drain rségironsI 22A, 52%1%9‘?%[ toe C argercg10n522c
isicoupletlan atvolnage sownces Vi3 9ia advmiucedes R NIHsBbhRObe #¥ted that

Whrlagfﬁtxer igna_lP TX. The n-type region 522A acts as a

ot g SEPWE thesess af agrapsfer sresaR0 apd asodazdarasismrid®, the
NG s . e(drai,n r.egions 52 522C. . . .,

‘ tril_l%g res e't%&g-a%gsglg) ﬁléﬁ? #%&ggq%&%ﬁﬂt FCQQ‘FG%SA@E»&%" ivenaon

maPBO ubat i 4 486 uhhaftsi Y &vidhment s /i
which are controlled by a reset scingna HJ'F:QQ:r gcr%g%y%e
oitedcndithgi mtype ghargespll @ tidrsreginmbfhetphotodiolit ad®nverted with

source MPbD.via a ¢ ctor 519. It should be noted"
the g cﬂ@f[géo%fc@o%ggﬂgms the use of a. transfer gate
550 and associ ated transistor 529, the transfer
t foowy ]St or ' QI?NQGI« but .i ot . . .
rli;qui r]ed. T%ﬁ)gmﬂ{ ngﬁ%\?/%n i on angéjhﬁcél%ﬁélécis Q%E%SPWQ gate
570 aBiw: sohtion e STV isioupRAloW Rf@ed dSdliage vésgr TR Rferénce
e

mtied and the n-type charge collection redgion of t
VOEBSﬁ go duases thedsnle@on gate Bi70off tdaconmulare hiildsfinshoslectrical

j 22A 31. | at.i i.s provided between .
c°é‘§‘%é‘%§n‘i%gtﬂ”§ %19 gg%wgﬁ%%@& the iselaton ppresiitd) ishinsed by tying
thé. ' 570, ] . %0 reference vaqltage

RO TSRV Puad PRl ital Ve o REOPE e used ro
forgatie: B3lation igate05 20, alieisbRtiOn! JAE570 Rak BE tHRAIIH “Rirder” by
connection regions of the pixels. Typically, the
setfigg the referegse Bolams Vis, toi aveltugeymord megativé ehancgrenadc e

‘ to grqund potential ., \Were_an n-type _
AR08, VhER RR s HRhGH paites 0 aed e dlafiopgate 679 can be
turhS® b& FHaRd &t P rdride "harder" b e

setting the riiq";reﬁlé%‘?tgl r@er nc eqr\?/}ﬂg&%{ffsoéggadvg’_i%%'%l’gs‘mc

thangrougd, nbpplyinggatiltage tivtris gick dgatVel (B peSiolation gates)

__where a _p-type isolation gate 570 is used,.the

Or Moyt ROHIBYE Hef P-Bpoiselation gatas) tegmiund wilirtden thetiyolation
' the reference | 1 V30- vol t age nore

tral?)sgsgtlty (F@' garc?cr to hc[p turn off a su%g—tehrcs:ixolé ?caﬁagc path.g Accordingly, a

supply voltage V;,, can be used to provide 2 more positive potential. A typical

supply voltage can range up to about 5 volts. The isolation gate 570 is providéd to
prevent leakage between adjacent pixels SO(i. Tﬁcréforé, while iﬂustr#tcd as lying
bcchn adjacent pixels 500, it should be understood that the isohﬁon gate 570 can
be applied anywhere on the device calculated to prevent légkage effects of onc- pixel
500 to the next.

[0064) Each pixel 500 also includes additional &ansistors, for cxémplc, a
source follower transistor 536 and a row select transistor 538. The u'ansisto:‘.; 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 VDD and the drain
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than ground. Applying a voltage that is nore negative

(for n-type isolation gates) or nore posjtive (for

p-type isolation gates) than ground will turn the

isolation transistor off harder to help tam off
sub-threshol d | eakage path. Accordingly, a supbf:?b”‘aryzoo7
vol tage VDD can be .used to provide a nore positive
potential. A typical supply voltage can range up m

about 5 volts. The isolation gate 570 is provided to
qithe oW stleaegishat %sr&oag Wl Rigd) 5156 t Qrmm n of the row select

Therefore while illustrated as yi ng

538 psecanmpowd via leadsoid 2ied ehededirissIFaRRildraly deltee
dgfﬁkl%ﬂfo te .570, can, be, applied anywhere on the
evi 41t FRIZGS 12 iven Pivel rasuk Xgad stansistors 689 arecalso
cpipled beBRGr! &ctcﬂ‘ﬁnf]gf(lthc 0088 %%\gh\ |3 Glizee somrce Ve, The

i ncl udes additio transi's

3bsstors 39 armviept bh by lect
gggr 536, ﬂ%gagsdaré coupl ed

transi stor 538. The tranS|
with the source of the

es s urce to drai-n,
smg@ fol l flrb&mtgddmx@mlmsmtp,l thd s61RE and drain
Eug%p% ta source VD,, and the drain 17
1 Fe g°8 P&WCQEP%PIF rsamﬁ@i bereisgwuld not be
intap t&ﬂaftﬁ)ll:l tc'éﬁ% 0 I ow
" RIS o aeAbdl 2T afigoB bl i gansistors

transi fitcsf)%cmss are conne
e Meer dosc alsaFtypamt nalhagiel, itid R&oghBld bg%
2 gég%ﬁ]cdmthc

argh?gl S in a given pixel row. [oad transis
A PtylG |<HcP thanpebimansistorimay alsodic ushd if the Reust@Esare
nS|stors 539 are

kept onplgt))/ a %ﬁ%%%@é&’?%& angn designanioss pre used

inthe Eﬁnﬁ&tl%ddd%%ﬁgssent | ar%/’]d ;ar‘:?ér@gfbﬂ%ﬁﬂ’é’%gﬂ%? which

source and drain

Promots eleetren aind holesyype hac he Yh&lmARdr tg%%rnc]rs The

a wnte et.ed as soI el I|mt ose descri
¥ é&‘i"[’EL Phcfpsed as e stlmunqawcbhdh be aerprbed to mean
gni zed b those

thf$he dbgﬂx%n&{%:cﬂ S nﬁ t 3115!'.11{319{)1; %Si““?ﬁ than the doping associated

skille

o o ) R 1,

uni formy opposi
&gand p -designations are used in the conmon nmanner to

Up8hat e chmethcopmbbimn agoeiatdd/Rithitie Whdllove & X £blation
om)t ﬁ‘ﬁl ectron and hole type carriers. respectively
BAPF Wé%phqt@pgixﬂ’qqq@n under the shallow trench xsolauon

sl:ructurc from one plxcl to an ad;accnt pixel. Attcmpm have been madc to enhance

tCCJ

isolation by unplanlmg ions bcncal:h the shallow trench isolation structurc

However, these unplants result in high current leakage. The invention provides a
novcl technique for mlprovcd lsolatlon between ad]accnt plxcls that does not rcqulrc
additional implants bcncath the trcnch, thcrcby mlmnnzmg the generation of dark
current in the CMOS unagc sensor.

[0067] Another considcration 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)
scparates the source /drain reglons 22 (FIG lA) of one pixel from the active layer of
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"+" synbol, when used as. a suffix with an inpurity
type shall beinterpreted to nmean that the doping
concentration of that inmpurity is heavier than the
dopi ng associated wth just the letter identifyj

the inpurity . type without the "+" suffix. [ooﬁéﬁr‘l’%awi’o"?
Anot her probl em associated with the shall ow.trench

i solation technique of the prior art is photon

di f fusi on under the shallow trench isol ati on
j xel

ag hé I r i %el, t o an,adj acent . .
At tiieiﬁ‘%%1E é;'v 2@6(2(2@1%3 Taliogr aepchics are'g yisyfiqisptly wide to

allovp h amirgingade@atchpd@gh ot i i
CTruct gre Hover P hote TRy CAoBfbr ARl | afage. The
IR futhesipsgadesTinerel tachniques fr prevdigeouritay Makage while

Lgye r. inproved. i sol ati on between adj acent -
a'%)(ﬁ%g &5 %t&mgﬁkétm E]Sr"éfc'l&ﬁdi tional inplants
beneath the trench, thereby m nimzing the generation
of 008 CUARMher dnbdifim ' sor. [.0067 .
Anot hg}: consi dercgt! on |n% ?&nggetgs R EBF SBH%%WldeFHde
with ecfcieoot b FBGS B9 gApplit&fis BFoposBS STIGHEE:sS, wilB Bses an

isLE S t hat ere_is enough nargin to preévent
msrm%h@# Withaweped sanductve Faterink eomtaining kilicon. Shallow

eIt e B oo

regi ons

sbbay 8000 Angiorhs ERRTEAESII &%nd%o%‘éjﬁ%%ya%%?bsoo Angstroms.

Accordi ngly shall ow trenthes are general

Typisaily wyrenich eegions adel Bllvdawitl b SoRvat RAAPIRuRRRYALE as
| eakage. The

tp prevent punch-through or current
°"fﬂﬁ€/ gh Sféh&ww wéamﬁr(&ﬁa’é oxiglsy.c Haveavien,itjisafifficalt to fill trenches
ha ' rent k e while allowng fighter
B £ e Rl Rk 2583 DS Yigh GapvoaoRRLIESulators due to the
limeetoghetag wiciis 65 bBAc, Tot B SAQS descr i bed
with r efgr_e_nce to Fl G 05- ) %’S‘ﬁ%%ﬁ?‘%‘gsﬁgdg&gé“aﬁ%ﬁc
forgiedcen ovidesircused tafill trawrhed having & depth fichtcethall {8bid 2500
An(uj ped conductive material containing sil I.con. Shal | ow
Bre afcardincevagh a shird smbodiscnhefshednvesmion, Applicants
] yt::‘QPc .depth of. less fhan about 3000 - -
Pt %ﬁgstﬁgig#s ang%g‘htg‘r%“rﬁ;‘}%%ﬁ‘ﬁ fpntanwg silicony prpferably
polsiliébn s li¢dH BermaliinC Ghe! -1 IH- L& .oNsS_ are
filled with a Gc::rc[)l?went i %‘Fdlll nsu!nlé or,. gﬁ% asgs ‘y}?‘b&i‘y be
casgj_f }ippcgnr?e?m t?;:ﬂhb?sﬁBarI(qdﬂBR)epﬂﬁ, dafike EOYRWEbRal ihsdlftion
- difficult.to fjll trenches
. matcnafs, c.%., silicon (.{lOdeC, silicon nitride, NO, ON, HDP, and ONO, which are
difficult to fill in deep trenches. Thus, using a conductive material containin. g silicon
to fill the trench 328 will allow easy formation of a trench, particularly, a deep trench
having a depth greater than about 2000 Angstroms, and preferably about 4000 to

about 5000 Angstroms.

[0069] Generally, the decper the trench the better the is'olation.' With
respect to CMOS image sensors in particular, the dcci)cf the trench the highcr .ﬂic
clectron storage capacitance of the CMOS image sensor. A.trcncl:h according to the
invention is decper than a shallow trench, and accordingly has longer sidéwalis than
a shallow trench. Therefore, the longer sidewalls aliow for a latgcr electrical R
connection region 323 (FIG. 9) along the sidewalls of the trench such that clectron
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havi ng a depth greater than 2500 Angstronms wth
conventional insulators due to the limnited spacing
within the trench, for exanple, undesirable voids or
air gaps are fornmed when oxides are used to. fill
trenches having a depth greater than about 25001 February 2007
Angstronms. I n accordance with a third enbodi nent of
the invention, Applicants propose filling trenches
wi th conductive mat erials containing silicon,

le | i oo e
ﬁb?a uf::ﬁ'ig):1 \‘/:ie(tml n%éo (Ssiegg%qélll%ll]ng Si ?5?)%%&%““83&‘?@‘“ 323

lslcmeastélh ammemﬂfmcqhv&&{drpus depths, unlike
conventional insulation materials, e.g., silicon

digﬁ%ﬁqej%fsulcon nitride, NO ON, HAP, and ONO, which

i cullm atQMQS image astozm haNmMstncH fillesd withi angprluctive
icon to fill the

lfl hhly.lﬁé e nat r i al. cont aj n| n

mater flicop ig e {the Brgpotinyention as shown in
@t h

B st %&gse&%%;*ﬁ%%f%n?g%gg?gb-agga«-s%;b%mk -

applicd; aodtphe@olithégephionthniqaef ok 1sed es dkfive thd\@es 88 BE brched-

t he trench the better the isolation. Wth respect to
g Bracessy wich gk Reactivedondigbingt (IHE), or ctchmg

T A BT b Do
th foien thoRehch I28PThe:hag @gﬁ?&@sﬁg &S{J&P ﬁﬁg a structure that

accordingly has | onger si
appeats#s shomar iaf B ,5.t he | onger  si devval k aI I ow for a
| arger electrical connection region 323 (FIG 9)

alg[%%g ihe Si lls of the trench such that electron
149974 bruar@c BB nQv e g6 éapa@m@mee,, SiQgor, other diclectric
: ' t con ion r
A5 R witiol e ke e ot e T ORa B e 2O,

OM, or ONE aniGEemafy detier Baithble n@atEﬁ?E' Cirhk 'dl«‘l:l@cq:rﬂ@"h%;gr 827 may be

_conductive material containing silicon in accor
whsmqamé cpnfosmal. Imether mamds, ahe shiokwess of tHd laerB274s
d active layer 320. A

8 tched int d
sooBRERINL b Snbaalas chegrvalls <hen o oo phe ach 325

ogt. Eklﬁf'é:'gélfﬁ"ona‘ffdtb%dflfg 5 n S%é\r e be et. hﬁd- d be at

lchstmbEhcl]()og\I{gE{rE)m or etchl ng with a preferent| al
ani sotropic etchant is used to etch into the doped -

Tt | ve I ayer 320
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 cohtaim'ng silicon include polysilicon and silicon-
germanium. Alternatively, as shown in FIG. 8, the trench 328 may be filled with a
conductive matcrial containing silicon 329 then, a masked ion implant (indicated by
arrows) may be pcrformcd to dopc the conductive matcrial 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 conducuvc material containing silicon using
a photorcsnst mask 326 Smﬂarly, 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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to formthe trench 328. The resist and mask are

renoved | eavihg a structure that appears..as shown in

FIG 5. [0071] Rekrring nowto FIG 6, an oxide, i.e.

SiB or other dielectric liner 327 is grown wthin

the trench 328. The oxide liner may be forned O%QREFEVZOOT
ON, or ONO anong many other suitable materials. The
dielectric liner 327 may be substantially confornal.
In other words, the thickness of the liner 327 is

sul997amt i al I@Dﬁmﬁﬁﬁaiﬁﬁt&ﬁﬂﬁ%ﬁ%gﬁ%@aﬁ c?%igr AR 3k deep

t he bottomof the trench 328.
TERERRN S derpeniBic dresicBe thd lartiémieis (32l hcafehchWith conventional
: S,

| ls..ghoul,d pe at | east about 100 Angstronmns.
T %?‘ @?‘2‘?‘ FPH@"EWWSFP@M msulatprsdarmg votdseat air gaps when
W&M},'i— 2 -type candyct.ive pateri al
containing sill g%n%%@%%%&#&&? S Invenion, adfrich may
pefiled wihia cintiactwnsutiday CoHinfig &licor i bk Bediely?O"
i ncl ude polysilicon and silicon- germnium ¥
the trench 328 may

Alb tively, as shown in FIG 8,

bl &H;fed witexgmplasy (MOS imnagetseniorlin actvirdisideNgith the
in®érdd . a ;masked i.on_inplant (indicated by
mgﬂdowsg may E#;aegjé]i’?gﬁ\?&o%ﬁdﬁ gﬁi 1% showdBEG, Qe The pinned

phmodiodal32t dat aiphi id i r anpl e, Jn the, case
of a p-type acfive Isgt;/%ércqg%,ﬁ%at"ﬁﬁ%{?_ “’Bé‘?‘i"&l?dc region 326
iR A tiRorstitubaher 320.bArjeRcrdR isGafin&ParoBHARE ikl B the n-
he congiét Lve material containing silicon using
"’%ﬁw%ﬁb‘f"e tAﬁﬁwugmdomrﬂoamg/dﬁmnnegioamm.fpraambly having
- @,ﬁ“’ e er, 320 with n-_type wells, n-type
:;?’g%gﬂgﬁc a ’%hg%‘ﬁﬁg‘? gRonepyde %ﬁ’é‘éﬁ angehgggiop of transfer gate
nthierarhyr i&OdfF GRIL iﬂH}P ted. . ary 2007. . .
[,OO73%,CI;)nduct_i ve rrlwg’:&t%é1 i a gﬂgg%t#gfér%gg??#cd%uﬂ‘ isolation
regaon 3RY if formed in thoadtivedater 820 I, gﬁgpl%{cca m the n-type
m%éneggﬂ, the harder it is to fill the trench wt
“convent Agilscrical Spagcsion regidnode3 mgprovidiarg hole accumulation is
forfifed ' i tens formyoids or air_gaps when
.o Eze‘éﬂ!ﬁgbgl i i sgeep'hé Pgﬁtehtégf.‘cqg-ﬁ&é tep }'Cﬂlﬂﬂé'@gor'&m]@gnch
1solatioh région Ba8eNforaltd B deb&iey oy W .
conductive materi al %ont al ni nﬁfﬁ?@oﬁ%ﬁ%%gﬁdg'&

i&é%{:ti.vel . [0074] An exenplary CMOS i nage sensor in
ance Wk gaca $tacks, for example the transfer gate 350, may be formed

before or after the trench is etched. The order of these process steps may be varied
as is required or convenient for a particular process flow, for example, if 2 photogate
sensor which overlaps the transfer gate is desired, the gate stacks must be formed -
before the photogate, bur ifa non-overlapping photogate is desired, the gate stacks
~may be formed after photogate formation. It should be noted that the entire
transfer gate stack is not shown in FIG. 9 for clarity purposes.

[0076] A translucent or transparent insulating laycr 330 is férmcd over the
CMOS image sensor 300. Conventional processing methods are -thcn carried oﬁt to
form for example, contacts (not shown) in the insulating layer 330 to providé an
electrical connection to the source/drain region 322, the floating diffusion rcgion
325, and other wiring to connect gate lines and other connections in the sénsor 300.
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inventi on and having a pinned photodi odc 321 i s shown

in FIG 9. The pinned photodi ode 321 has .a p-type
surface | ayer 324 and an n-type photodlode regi on 326
within a p-type active layer 320. A junction is

around the entirety of the n- type region 326. A%%mawzmﬂ
impurity doped floating diffusion region.325,:

preferably having n-type conductivity, is provided on
one side of the channel region of transfer gate 350,

r type region
EREAICDE chbr Sl by 1 B R8IuT Pafea Prasiiiion Bje Bt e
silicdr dhexideyBSG B o Br3d Wﬂ%ﬂcﬁ

. |o§ g(??? An el’ g:i??llgaqlg connecti on reg.aé“ﬁ“"
P@Zgicff&nmﬂ oles, wigich are thenomenllized eo providé esn@ts to the
@C}ﬂgace k‘\t:"? si dewal | Scff the trench isolation region
m

gatf E35ct a8y and Banstergas® 328 i s fornmed as
descri bed above wth respect to FIGS. 5-8. [0075] The

93067721 CKSTHE Gke B2 HReh il SodobBIRL Sl O Sndoiod Bibvikes

for before or i's e
imprderd isblatioe betvm”cﬁqﬁﬁéls SThe dedft tRAcH PetrBfint@Bitd Sectrons from

Lrequire or conveni ent for a particular process.flow,
Efﬁ;m the ltorlata)rpmdgm an adjecrne pixeh itteircloy praveming fress-talk

_ &eég&% ate Isﬁlg ire the ate stac@ﬁgu@;tgﬁbg
: b‘;ts"é }f&? ﬁ‘th%ﬂf-‘% %ﬁPﬁ@
'ugf‘&tﬁegﬁgﬁhlg[tl%g a? a5 or maf f%ﬁ &ﬁ%ﬁ a‘ﬁéeﬁ%ﬁ%e gg‘: rfﬁ)é?ngy fesucing
the implaets riceded farisgadon sduaedat | ﬁkﬁ%m%ﬂ@%dﬁ&dﬂ&ocﬂcf or

a

cI arlty rposes. [0076 A translucent or transparent
f&'@ C@gmbpd!mmtrﬁdho insentibe, is Ehabshic g of a deep

car r e‘émg} &grp Ry onaFnﬂrocesm g H{?rfe"tagggg?q%re fté:hen kR phe
 invetbAGrovide @aeﬂ% hﬁl/ceicc {orP¥e dn %gby frk:‘?%fn oCdllcrron

connection to t source/drain re
suﬁmyaumaquLAEGSh@dﬂﬂ&@b&ﬁch&&&WSﬁﬁduﬂhﬂ@%ththﬁmgﬁruk5
connect gate |ines and -other connections ftn the sénsor

Deggeyr treaches oy ﬁlsedwmzwwcr than shallow epchdsewhile istilh prcmdmg

cﬂ%#ﬂ\fc%% %h%g%?lg* I ed Wi t hpgefarﬁmgépghgn I ayer
28 gy M%“’Wbﬁf%ﬁ%‘&& PO st BRRL B h%'aesémla by

whi ch are then neta to provi
naphwingydicevidilf ofidedjeeprearh. gate, and transfer gate.

[0078] Another embodiment in accordance withi 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 haviiga
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 ctched-out. A directional etching
process, such as RIE, or etching with a prefercntial anisou_'opic t:tc;hant is ‘uscd to
etch into the doped active layer 420 to form the trench 428. The resist and mask

arc removed leaving the FIG. 10 structure.
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[0077] The use of a trench in accordance with the

i nvention proyides inproved isolation between pixels.

The deeper trench better inhibits electrons from

di ffusing under the isolation trench to an adj ac’grl)t

pi xel thereby preventing cross-talk between ! February2007

nei ghbori ng pi xels. Accordingly, by enhancing

i solation via a deeper trench, additional inplants

under the trench are not necessary, therefore by

r ppbygijng  t h‘iﬂ% rﬁ%ﬁ f isql atign,. gurrent

I eakaée_i s iz}ls%o r 3%8 'gtqﬂé%ﬁmgg\%gﬁfﬁgg”‘oﬁ’ in the
trgrich 428 rvin EliemidabVep®nDepbsitibe (CVIBNUTRS nidide tinaf 455 fhay be
folise O‘it a _deegk trench filled with a conductive
ORRtPh 20y sugable timidegneludingNO,1ON; ONGaaaé ispreferillp formed of
silil I\{gﬂghgn provi des a deeper hol e accunul ati on regi on,

thereby i ncreasing el ectron storage capacity. Also

the deeper trench allows for tighter isolation design

r @086 De eRkrrdnp @R 85 FIBY 13! nagr r_than .. )
- shal |_‘3)W trenches,” whi Fi sti [1?’ %?8@.981‘% ‘ﬁggfoércq Ghodicleceric
linprA4 Zis ifomast withimtheatrgibot 281gnd 6% ahs silidss AR En¥r 432, The
!in%rh ogrgg/drgl n l{pgagil ons of one pixel may be brought

|t Be-o0a-canformal, in that i3 chicknes; mop narypilomes thebyench
id ORIl oN 9 LS A b of  the deep trench” [Q078] Another
-SIthrrbodi m'e%t\ N ‘)glc’g%lrl%l% ¢ At @H@c‘smﬁbﬁ&?tﬁ%ﬂﬁgﬁh‘: trench
andie sinhdrdiheniféind e 0- Rekerring now

o FIG 10, a t‘renﬁﬁg§égf%%%%' ilglf %@ﬁﬁogmﬁgutcm

suchzzy dhe well-knowe RSGRBSGsSO@ tar bblisedrod8autd 8tlther 427.

having a depth greater than about 2500 Angstronms an
. m@éﬁr abl yp,bet ween aboug 4000 to about 5000 :
g Referuag gpwy 513 arkottomiposton afithe oxide liner 427

rons.
I 1§ e i gyes_are used t.q define the
e ea t%dcgggg?gﬁdé%%%fe{mg gi%i”e%af’i%o@f’ ‘ﬁ@’yﬂi‘@é'é%@?ﬂc

dry stabhorasmi¥ked wer @idipicieh. Wi th a preferential
ani sotropic etchant is used to etch into the doped

Qﬁﬁbﬁg | ayer 420 to formthe trench 428. The resi st
msk Befernngpowdol F&ilHg atstlectivteGpithfiablayeic4 38 B: grown

2007 0049) Referring nowto FIG 11, a
0 ﬁhﬁftthg’ .“529115 28 ?EF%‘&T itayfak layeréd3rmay bo growa using any
suitdble Bchalqu¥andr b is nitrjide liner . .
432 may qtl)le f qm;x%ﬁ%?&%ﬁ% é Ul B agolﬁg&n?rtnll Felay e | 406 fRjtaxial
layené?3 ErgroGin direddly Sonr afrfica df Yhe £ie tayef 420 5o as to provides 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 laycr in accordance with the invention, eliminates the nccd fora

-

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

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

23



silicon nitride. [0080] Referring nowto PIG 12, an
oxide, e.g. SI or other dielectric |liner 427 is

'forrred within the trench 428 and over the silicon

nitride liner 432. The |iner 427 may be
non-conformal, in that its thickness may vary AFekfgary 2007

ihe trench sidewalk 429. A relatively thick |iner can
be formed near the bottom of the trench and a thinner
Iiner formsd near the top of the trench.

[ 1-known

BPSG SOG ca %g%“e d‘aétxgm éﬁ‘&’gﬁ?%"f i ‘é‘?“‘&ﬁffﬂﬂ}lm may also

tretised to fil] thewest@fthEredéh 428bot t om portion of the
oxide liner 427 and nitride liner 432 is stripped

a his can be acconplished by an anisotropic dry
\A@(Psé-j a naBEesovidingan anyxxgl blvlct 438)8ht aRefumt of BgidedW¥eded to

[ 33
ARE et e B Lo By o fisech e amums D i, or no
usingasxides | e tech
e %em**ﬁ“ﬁgﬁv‘fﬂefﬁ%‘#@n% Fliian % ied o 61

and na grown as a sing
d £5E (as

thapicstial e i e e e et Elledluiot o ol B

yer 420 so as to provides. ect

f the
s@ 15 FiG i% P tffélctihread@pdm‘amth{ ¢hd lmrentldﬁ thay be formed.
ield

At ieng Edtaggw{ag ch V\,hl | e &ow di ng L roved flnthccascof‘

i sol ation

CMO6timagelsensos) i)?@knh@n UF%:(%Q tstil}é%c{\@% Oac*j%crca : gFga "And also as

vvlththelnventlon eli mnate he nee

bovetwith fegaed sadiafirss ambem&;tatﬁ@wmar&écp trench to
t.er g\ﬁff L}Ermatl on. [0083] Referri ng now to é‘
iPARYSSt g thernseddn useivous implinafbdngath the

"““‘E’“‘?“‘éfe";’( f“*“ﬁﬂ%%?%’s@ﬁ%ﬁ%@ iSSP e b gurent

to parti

leslager 4 sftg:cﬁOWHFI fillcd: or];ﬁmtﬂlyg@féﬁh cﬁrhcgépcﬁgg ﬁo ﬁc invention

perfornmed to fill the'res [T enc
may b¢ uscdigrcanbinatGe wictherhich hipettsariché mlcnnanpfo@f&mmev the

e and is nore preferably an
selfedy eéi’ f\?ﬁ%‘ﬁi@tﬁl@é%ﬁn% redhbe usad.alons WitlFeﬂcqatryndDﬁHcd with

OXl

ad&ﬂﬁ&ﬁ@éuﬁmh& ﬁ!gcon for exanpl e polysilicon
- or silicon- gern‘amum %l so used to fill the
~rest of the trench 428.

[0086] An excmplary CMOS image sensor in accordancc with the
invention and having a pinned photodiode 421 is shown i in FIG 17 The pinned
photodiode 421 has a p-type surface layer 424 and an n-type photodiode region 426
within a p-type active laycr 420. Aj jllllCthIl is formed around the entirety of the n-
type region 426. An impurity dopcd floating diffusion region 425, preferably having
D-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 u‘cnch
isolation region 428 is formed as described above with respect to FIGS. 10-16. Tt
should be noted that the entire transfer gate stack is not shown in FIG. 17 for clarity

purposes.

24



[0085] By providing an epitaxial l[ayer 433, the anount
of oxide needed to fill the trench is reduced.
Accordi ngly by using a reduced anount of oxide, or not

using oxide in situations whgre conductive matesigl
containing silicon is used to fill the rest of”t:‘?i’é“"”ry2007

trench or when the trench is filled with the epitaxial
| ayer 433 (as shown in FIG 14), a deep trench in
accordance with the invention may be forned.

As
di d ' i
SO0 an e g iadis O0E ReamBleifs IR 840 hpay be formed
before entaftendny tréndbis ctelicd. Fieeeier afHaee prelidhinilysprotis steps

al so as, discussed above with regard to the fast
as is paguired asfcogveiens for aipantiaudar prooess flew, for example,

-@%ﬂﬁﬁﬁed_ i sol at%?&%a ES t ggge?dl?tlo,use excesgmksmust
bE SoirRel bifhre M ph Ty Bl MamditrcihoPina M éBftue s desired, the

ghteanarks ataydbicforgict afich photigand fopmatibRy be used in

conmbi nation with other aspects of the invention, for
exanpl e, the selective-EPl-partially filled trench
may be used along with a deep trench filled with a
cord988l i ve méttearishicenianttahsyanent Ssuiatiap laykP 396 ]s fﬁﬁned over the
CRI8ER %r%seCI\/DS e sensor in accordance with the
invant i en And Fabi hYvenenah sepcsssinginrbads are thenscastiadwut to form
forrexkinple, ddntadtd End?isHEVGH) i i s ap-type .
surface | ayer ?24 Sz;md g‘ﬁ@hé-){ng‘g"éiﬁ%@oa%%‘f%@& PF%‘gf‘%ﬁgﬁ‘f%tﬂcal
CORERTIPR & the soyree/drain vagidrodas; thtbatiAg jdimjkidrﬂl%gio% 4231 sRFother
: niiqf.et f.the n- type region 426. An
WA oGy B e o hipetivorioct i tig sonsor 490, For example,the
exttire Sesfadel iuayithieh B8 covlertd REHGAHIMGLHioM L. PF Qyi.ded: on
Pg e r(s)%ﬁi of the channel regi onggéﬁot\ﬂrlg %f%fe‘%a%éhg&%@?me’ BSG,
e® ¥ whigh isEMihplehatived aad pwhtd tnpro¥ide cbi@aet Kadel, Sihich are
tHeR Cnet; s Lon.  region 428 is forned in the
A8 e ip 080130 Blnacl i of BhfRedtc il iecrhants gesbiranster gate
region 421. An electrical connection region 423 for
provi ding hole accunulation is fornmed adjacent the

s'g@gﬂls Ofp: Gk UEB i.ﬁgl i on rﬁgi n éé@ TFe! .

t[enc : isoer!lHion h:gl on égluéc ‘ag’a . autb

reftb@ie 1ol FIGS. ZSPP Cinay Be Faidier procdBed bi knsWR ih thd S R LA at
that the entire transfer gate stack is not shown in

CMQ$ image sansotscraving thefapctioas. andfeatures 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 generaily 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, motif)n detection system, image stabilization. system and data compression
system for high-definition television, all of which can utilize the preseat invention.




25 1 February 2007 [0087] The gate stacks, for

exanpl e transfer gate 450, may be forned before or

after the trench is etched. The order of these
prelimnary process steps y be varied as is

requi red or convenient for @ particular process' Py 2007
for exanple, if a photogate sensor which overlaps the
transfer gate is desired, the gate stacks nust be
fornmed before the photogate, but if a non-overl apping
photogate is desired; the gate stacks may be forned

af tjeoghot og aA%ré&%ﬁB‘i“UaéH@l syb{ehs gr]ch“astar c%&ﬁhtﬂé‘r%%teﬂf for example
_trans arent insulating |ayer 430 is forned over

eneslhnengeprisen 8 gentia) procgsmmit (HRL) ¢t é@wanwlmmwrocessor

B et 18! o Th o S5 BB T B e Th CMOS
ghaetseherlo42 aBORSaInGcdt&s wite ﬂﬁ:@%}'&t@ﬁ{ sVebils 6301 PR ddrputer
the floating diffusion region 42 and other wring

sy5tenp ARG aleo gnpledesirprdomyirsess MemOBURAE béhanininithecase of a
E{E‘H@%\E}resﬁ‘g ngt%k it h%ﬁ?de\ﬁyés shéh 2#15 ggﬁlem pf &S«T 654,0ra
.g., SlI

a pa i‘on 1 ayer, i con
chropdctidisk BSD) R(H&Gnv@%SBRﬁﬁch uisb comirfunigyt2 \pithimj &Bﬂover the bus

ggfla]letche t.o ovi de contact hol es, which are
o ks %ﬁtﬁ)‘i"e &o iiearaleithe processer oo (4D émegr sensor 642 and
648351?5 eeICélﬁ transfer gate. [0089] Pixel
r S accor g to the invention, and described wth

reference to FIGS 2-17, rray be further processed as

1009211, VT fd® Bl ¥udlng, SRR SuRGROBE Sapsiderea

illustritiveraffexeaplaty etbodients; M&Bﬁgk | advantages
processor based system whi ch i ncl udes a g%‘?‘rdage of
the dpwesitions Madificgtion aadysubsﬁmtiomam spicifidyrocess eohditions and

sug%gys;ratsgﬁ&(&e&ﬂ% 642 |n FIG 18. A grpggte_isi;or o,

Wthout bel n@?ﬁ??ﬁﬂoétﬂ%ﬁﬁgﬁ% %%M@Mﬁc@%
Vi si on, veh| cle mat [ girirlh&ngfe %Rg surm%mm

system auto focus system star tracker system
notion detection system image stabilization system
and data conpression system for high-definition
television, all of which can utilize the present
invention. 26 1 February 2007




[0091] A processor based system such as a conputer
system for exanple generally conprises a central
processing unit (CPU) 644, for exanple, a

m croprocessor, that conmunicates with an

i nput/output (1/0) device 646_over a bus 652. The

i mage sensor 642 al so conmuni éates with the systen“egr”aryzow
over bus 652. The conputer system 600 al so includes
random access nenDryC ﬁﬁ@ﬁs648, and, in the case of a
conputer system may include peripheral devices such as
a flakh mefwstryctysrfor 88kting areas ircosgaicondiictok de'GpRy. sRAV
drive 656 which also conmuni cate with CPU 644 over the
dnustur®botnpridingray al so be desirable to integrate the
processor 644, CMOS i mage sensor 642 and nenory 648
on a SrBdhSotrred il ah-imaQOStkor BsEROYEWELS GdjaBint PeLigHA¢
drawi ngs are only to be considered illustrative of
exenmp| a ' ' [ .eatures and
adv an:Jt %d%%eelg% ?%%‘ rhltt ?le\?%tn |e§nme%%g(§) ?}éiﬁgg :ﬁ%IEf and
substitutions to specifi rocess conditions and

st r uctixdde Hogt oyer ’é‘t%%tlﬁt?ﬁ’t eparting fromthe
spirit and scope of the invention. Accordingly, the
i nveran epitakial Hyer ingopactowits said seksiraie abaibatiom syTteeqiokspid
the foregoing description and draw ngs, but is only
trénch tiad fillihg hdeascopatiof of bedd appeinded cl ains. 27 1
February 2007 CLAIM5S 1. A structure for isolating

areasyin argefheANEUEEIIM U EMiIeS compthisSing & lcbH@IdHE material
conprising: a trench fornmed in an I nage sensor

R 8 fon O SRR SRR EEIRAR cpifpck ohPBELAR,
l.i.ner over. sai ddni { r.il.de liner; and an epitaxial |ayer
ilicotsrmapiug) ARd BAHIEOst rate at a bottom surface of
said trench and filling at |east a portjon of sajd
trench. 2.Thhrusiureef elpin dwherein paid tepgh hasra %ka?ﬁl hgtygen

a conductive material filling said trench, wherein
abaitd] @dridabouts®0fetmesiraths.conpri ses one of silicon,
silicon-germanium and polysilicon. 3. The structure
of clai m ITnh@rRuite 8AEIdint 1 enrbeih asid frefelphids andepicdfigrester
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.



about 1000 to about 5000 Angstrons. 4. The structure
of claim1l wherein said trench has a depth of greater
t han about 2000 Angstronms. 5. The structure of claim!l
wherei n said sem conduct or device conprises a CMOS

I mge sensor. 6. A structure for isolating areas in_an
i mage_sensor, said structure 2Gonprising: .a trench! February 2007
formelt in AP strHchEe ofplapn Ofupther camprigiag Rautidg dingt fopmed

pi xels; an insulating liner formed al ong walls of

beiveen saethgidewalls afshidaat least angysidewal of saidarenchvandingaliating
substrate at a bottomsurface of said trench; and a

indr]l er material deposited over said epitaxial |ayer

and within said trench, wherein said filler materi al
conprgses ahestARARE6E MR BRIIRKdiA kaid 2ulating MineAEommAIEd an

7. The structure of claim6 further conprising a
i&g%ﬁ&mﬁtner formed between said sidewalls of said at

east one sidewall of said trench and insul ating

liner, 8. Kﬂe structure of. claim6 wherein said

i nsul &t i ng PiiNaee EFFPPOTPLISWE oxi de material . 9. An

i mge sensor conprising: an active layer of a first

condud 35fiive Jayey pea fies perfluciivisy &ap fermeddn a subsitelg: ge

transfer region forned in said active |ayer; a

phot oxiclodge ransferdegion Saimtd dw sdid ectiveyleyeradj acent sai d

charge transfer region, said photodiode conprising a

r egi ofip@ftodiose feRmed GPSHd sétiveiliper hifjacerd SRR ok @GheMaSregion,
of said active layer of said first conductivity type;

SR8 L BB LSS B eions
0 S e SRS 2 oot sai¢

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.



conprising a trench; 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
sai d substrate at a bottom of surface of said trench
and filing at |east a portio%?of said trench. 10'1¥%§ma 2007
sens of ,.claim9 rther  codpri.sin conductive Y
nat efPal AP RGO odlEin T SHERN G HERky he AR thiEeatgraban
material conprises one of silicon, silicon- germani um
abgi 2B P8BSITERh. 11. The sensor of claim9 wherein

said trench has a depth of between about 1000 to
aboufl35000\ progsssingrsysterdSofnpFsimgu@y 3 pRoessor; bad (iDhe

sensor of claim9 wherein said trench has a depth of
séhRah®ictdriietica bowile L0 FNgedsE@nd iddudifigpr ocessi ng
system conprising: (i) a processor; and (ii) a

sem Qg{éﬂ%iffo%egﬁi’ﬁ ﬁl?ofsﬁ‘gfé@gﬁ?eﬁh;ﬁdjzag trQ igrEeSsor and

i ncl udi atrenc or ne strat e bet ween

adj acent. .r egi gns; nitride li.per lining. at | east one
i dendntidg fingctiing pcleash ohe ifewsaf Shoatd R Ve Cai g
nitride |iner; and an. epitaxial_ layer in contact with
sai d28 gbile digerover saidpiride finguaddice” of said trench and
filling at least a portion of said trench. 14. A )
pr oc es spitaxialyiaes in comgnt withrsgid subjtrate pir etz purfage @f said
(ii) an inmage sensor device coupled to said
treRcCaRIShilling Gelicakt iapagonseisaidriraheli ce conpri sing: an
active layer of a first conductivity type fornmed in a

substpat e pﬁc&'a@g%s&ﬁl%ﬁ{pﬁsirfgeg} QBchegsap,,canexﬁy arbihdbe

substrate; ‘a phot 6di ode forned adj acent said charge

CL NI e M

. NAuct FVITY "type safawr chie
ConddR BrpTe gy Hra ORI T STdB R LSRR For
recei ving charges transferred from said

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.




phot odi ode region; an isolation region forned adj acent
i nterconnecting first conductivity type portions of
said active layer, said isolation region conprising a
trench; a nitride liner lining at | east one sidewal

of said trench; an oxide liner over said nitride

Olg contact with sai
Q

liner: and an _epitaxial |ayer®

substlPat e Aa{neglog&f 2‘2)???1% a§%\1‘ftﬁr€ polapgaregs W h and
filling at least a portion of said trench. 30 1
seraispnduojoraipyire, spgl mathed chw@rieings or mi ng a structure for
isolating areas in a sem conductor device, said nethod
conpiforaiing a tfenchnionsgparaterregiohs ¢fa sapesmiuetor dgviogis of a
sem conductor device; forming a nitride liner |ining

at | easdin® BRitfide BWe linifd atdedstlohd §A&RI of AIdHr&Ehan
oxide liner over said nitride liner; and formng an

D! t lnhe LAYEHICNEAN CAT ML Ingheh Substrate at a

bott om surtace of said trenc at least partially

filli.ng .said trench. 16. The nethod. of, claim 15

£ ur  FETHIRBAR PPN 136 i SagaciCurd Pustrafial b bBiipm sppee
sai d epitaxial |layer, wherein said conductive materi al
of s treBdsang s lesst pastiallcBWing sidysenei.con, and
silicon-germanium 17. The nmethod of claim15 wherein
sai d 16r endheirsethat efdaitrol howthencomippitg Himgresatanductinen
about 2000 Angstrons. 18. A nmethod of form ng an image

nSeftdt ) bverssal depiak AP Thy 60 Whkfei §i8d thRluctvematesibl comprises one of
providing a substrate; form ng an active |ayer of a

i LSt g t LV g 14 hin said substrate;
S?%E?ﬁ%ﬁ%&éﬁ%ﬁ%ﬁ@%@gi on within said active

| ayer,, foryin hot odi pde, wi t hi n, sai d.agtjve,l r
! addne °Seattifo SRR, FEFueln el Bich sEfgf 10 YR
form ng said photodi ode conprising formng a regi on of
dgpthof grrster dhamcabert 2G40 ArgsgEMSet ween regi ons of said

active layer of said first i .
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
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conductivity type; formng a charge collection region
Wi thin said active |layer for receiving charges
transferred from said phot odi ode regi on; and form ng
an isolation region adjacent said active |ayer, by
formng a trench formng an 3e1pitaxi al material

partially filling said trench®’ and 31 1. Fepruary 2Qtfpruary 2007
f or mifANIRE initridg Jngr lipe pt lagsh gn%@lgméé9f %?ﬁfgtrglil%wm |

of said trench; form ng an oxide liner over said

ni t r ifeeming aaoxidgdihef ovarisaig natnide hinecagndil | ayer in

contact with said substrate at a bottom surface of

sai d fomeing n @pitdasdsl lhwsasd canadt iwathl spid subktratg asabattom surface
trench. 19. The nmethod of claim 18 further conprising

of 4iRtRAcIRakPR el bé&ﬁaléﬁﬁtlﬁlgisﬁid_t@ﬁ%. sai d epitaxial
materi al, wherein sai conducti ve conprises one of

Si iGN, PRlYSihbEOPea@N TS Rrlef O3t S AP R a conductive

material over said epitaxial material, wherein said conductive comprises one of

stlicon, polysilicon, and silicon-germanium.



