| MPLANTED | SOLATI ON REG ON FOR | MAGER PI XELS FI ELD OF
THE | NVENTI ON [ 0001] The present invention relates
w@emenaissy to digital imge sensors and in parPCT/UBZNN6/032770
to isolating pixel cells in an inmager array.
BACKGROUND OF THE | NVENTI ON [ 0002] Typically, a
di gitVaPLANEIED BOTATION REEION Fogaivi @RR BImEYs of
pi xel cells, each one of the cells including a
phot osensor, e.g. a photogate, photoconductor, or a
phot odi ode. In a CMOS imager a readout circuit is
connected to each pixel cell which typically includes
a source follo t Qut ' ~Irhe phot osensor
converts photoﬁgiﬁgﬂgﬁgégé%ﬁ@$Vﬁ$@ﬁ e typically
transferred to a storage region, e.g., a floating .
o1¥i £ s ) > . ‘ .
e A e e A R G
particulat raisolaingdsvilcell{ & g imdgeangiywt or) can be included for
transferring charge fromthe photosensor to the
floating diffusion region. In addition, such inmager
cells typically have a transistor for resetting the
floating diffusion region to a predeterm ned charge
| evel pri or - EARIENT B TRIE IREE ORI Put of 't he
source follower transistor is gated as a pi xel output
V signal by a row select transistor. [0003] Exenplary
[0002MOS Tymigallyg a cligical irhagerping ésdide Sfoegsplihesesf of pine cells,
det ai | ed descriptions of the functions of various CMOS
cach oneyihe gells igrluding nabpingersor cust 2 phetogatss phpeonflugtor, or a

phorodi SR £pi O PG Byt 493830 e Bcal AL M
typically hcBadbs @3urde fSllowel 6itpuleranbistdP4:THEHholnbbronfdltEPhotons
No. 6, 333,205, each assigned to M cron Technol ogy,

to electrémewhiTherdiypidaliy trassfentd eaehtabgd tegidmregni ndopahe diffision
) Vg}rjle}ilhereby igcor oratﬁgﬁgy refengpce in their
region, Wiith SSOPIFHEBAP thy BHCAfR¢ etree fQlomesguiputipsistomf charge
i\, . . - nd
st SSRRTER L0 UL 1R L OR NS B fropy e

photoser88N D theCddtink QO ffube B%giﬁﬁ.i de Al ditoal buchBitnablkl cMBSyp RSy have a

. surface of a photodi ode photosensor 120, electron/hol’e
transistoipfgir resesiing é@rf&@m@dhffusmlh gegiph ite e preditierngiend chamg level prior to

el ectrons,.( phot o-c es) are collected i.n the ntype
charge transterende, “The output oqatﬁg Sodreé Follower transiscor is gate& as a)é?xel output

signal by a row select transistor.

[0003] Exemplary CMOS imaging circuits, processing steps thereof, and detailed
descriptions of the functions of various CMOS elements of an imaging circuit are
described, for example, in U.S. Patent No. 6,140,630, U.S. Patent No. 6,376,868, U.S.
Patent No. 6,310,366, U.S. Patent No. 6,326,652, U.S. Patent No. 6,204,524, and U.S.
Patent No. 6,333,205, each assigned to Micron Technology, Inc. The disclosures of each

of the forgoing patents are-hereby incorporated by reference in their entirety.



accumul ati on region 122 just below the p+ surface

| ayer 123 of the photodi ode photosensor 120. The
wW@boro24shar ges nove fromthe initial charge  PCT/US2006/032770

accunul ation region 122 to a floating diffusion region

110 via a transfer transistor 106. The charge at the

[0004] | oaWiftgredérehetsicoFIGSR Al and 2 19hich reyucdod Y!ﬂu&&ﬁt&ﬁ:{ t@ddown
to a pixel output voltage by a source foll ower

and a crass-aertiogabyiew0s araventioed (S pisel qsu@ormﬂdQQon}m incident
15730 e el L 0 i e
generated Illgthél'sﬂls%(yrpl Tﬁg lo¥n 54 e‘?less ﬁbf@&ﬁr%as? a%é Ecleec d in the n-

per cent tor or aning t ess t

type accmﬁhl&ueﬁ regienpli2eejustliowshe pnlsuzfeeh hgert 13 pflﬂieqﬁﬁﬂsdfode
for converting light to charge carriers. As shown in

Photoscrxspelz@_ Tdvel ghatoskarges panvei fsemdhe meﬂdéxargq@@u@nﬂﬁtqrs%m
122 0 BRSBTS R T PR SRR O 2 e

i
" follower tragsisns 108 andssubsdquahey batputtdrea tolaain ogtpdic fihedildnvia a row
reglon 110 coupled to a transfer gate 106" of the
select trappighos flOP- t r ansi st or 106, and source/ drain regi ons 115

for reset 107, source foll ower 108, and row sel ect 109

[OOOSflr anéoﬁi)&éonﬁf&l\més u%x%.&? g:s%%ﬁe 198k &101&791? i ﬂ(tgl nhtggﬁfdxﬂoy achieve

reover as t plxe area con

approxinf@&l Qe pldent fll He®ir 02 desS Cakimlfy thdtlleRIEMTRSIS of the pixel 100
i ncreasingly inportant to create high sensitivity

is utilizep hothegEngosEsohilr canv¢mzxg lightrcmicharge aamiert. Af stsmzm acEIG 1,
area and/ o nore efficient outs,.of the

only a S“Eﬁ%&é?f“QPerrﬁ‘? 6?19 ﬁi@ riSfiot %“:‘?élef%SftV& Ll obgfosensor

120). Tﬁcﬂﬁ:n?ﬁhh& SEHR LR 281 PO bt lﬁﬁﬂaéd& 6;& ]ngf(/FIG. 2), shown

otosensitive areas y nmenti

as shallo‘s ednkcBMsdliene (ST @lr dbdad Bmﬁ&'ﬂ)ﬂ onssilioa IL@ID@IS()I wegibhain a
can be used to isolate pixels fromone another Iin a

substratcﬂq Qile |thg flpaging diffusiomeregion Je]gQ g@wRled t¢ @ draaplss Satedif) ek the

1
wanser HJ5EE 1060 ToU S rdvn LR A i 7255 i 08,
and row §di&ed l{?ﬁ% J.%%V]!n Hc%kﬁ@'@g&t@?l@?’t 198’ %ﬁaﬁw@f MbRover, as

pi xel m ot her p| C I'n"a typical
the total pbel altda&onahnemtd,kllcﬁre]a@é (dla? ltor égsirhd $dalinig3, 1ebcdft&ﬂcs int@asingly
the substrate 101 and filled with gone or, nore |ayers
importangfto greaite bigh snpEYiEy ph@t%g@%%ﬂw Bliligre BpRYRIBAMeHHRY of surface

area amd/e reticqtqcriév% opsxg%%% ¢ 1cn€ fggf)u{% oﬁhg %Scré ara}%; fo¥ thé ngsphotosensmvc

components of the cells to prov1dc an increased size for the photosensitive areas.

As briefly mentioned above, shallow trench isolation (STT) is one technique that can be
used to isolate pixels from one another in a pixel array, or other integrated structures from
one another. As depicted in FIG. 2, an STT region 102 is typically formed as an isolation
trench 117 formed in the substrate 101 to isolate the active areas of one pixel from other
pixel cells. In a typical STT isolation structure 102, a trench 117 is etched into the

substrate 101 and filled with one or more layers of dielectric material 125 to provide a
2



exanpl e, an STl structure 102 can be formed by etching
a trench 117 and then rilling it with a dielectric 125
waeoh/oassa chem cal vapor deposited (CVD) or hP@hus2006/032770
density plasma (HDP) silicon oxide or silicon dioxide
(Si®2) - The filled trench is then planarized by a
physical s aleciaicahiarhian beateenladjaentzative ardaCMhinh sabsbatbaflsr
process so that the dielectric 125 remains_only in the
example s grehthstructupmg0? can be foraapd bicetchinga frentleddy apiithen Alling it
. of the silicon sybstrate 101. T e the isolation
with a digleeleiel 2 oo SRR vipar dine e FCPRE ol Wb iR biitina
t LD diRe! 1 '
D S D R PR R e e by o
chemicalrmaegilangall fRnaryatpmo(GMeE ) lbe ttebrbickgiratessne thitehe didedric 125
imt as to how deep the STl region 102 can be nade.

|
remains pplyinghayeneladlandop tpp suefecesaning leveliwigh dhas of tenelicon

1 Lt h oxide |ayers 5. ma roduce .voids or crack
substeace 140 Pl e BOREn et o AR ER Bt B e
substratel B9 8 tHRMréd BAGRirkddy bRt thd @noM PE7 L akes away area

of the pixel cell 100 that could otherw se be

hot osensitive, thereby decreasing the pixel's 100
[0006?i | | Ffugber althpogly dpeper Silletgions 492 aasi pigvide betodrasiation, there

is a limith 57 Bt P oqLr I BRI S hade H i SAEIBREN 02 s Foo

] : t iovent | : ! o
deep, Gl Nl PIPSRNofdU R 305 hll pRAKETL ARG HEIPL Rk che
filled trefiedvl D [@additigngbicatieghfisolaton gohdt 1 07 th&ds @RS wide takes away

bet ween adj acent active areas of pixels in the array.
area of thrppixelesHpl G0 thap cowld asheriscaby photosersitive, theraby decreasing the
o v tion provides an ion-doped well region separating
Pmelsn‘ff%ﬁ%%%ﬂ%ors of nei ghboring pixels. The use of inplant

i sol ation regions decreases the necessary spacing
[oooquet Weg ik Grritf? B AR SRRt PIxeVisHiaBBni el IEAREM irckeased fill
actor for piXxels W thout encountering sonme of the
factor is thesefdcadsargds associ ated with conventional shal |l ow
trench isolation regions. [0009] In accordance with
exenpl ary emhodi f ' ' further
i mprove th B g@@&@%ﬁngkﬂfrkgﬁigﬁﬁﬁﬁﬁgs I ghbori ng
pi xel cells may share pixel conponents, including parts

[0008283{?%1% ﬁ?es&?ﬂ' ink &R 9n A vaH AR LSmbla et dBh ¥ S Sprobilies a

pixel cell array architecture having ion implant regions as isolation regions between

A

adjacent active areas of pixels in the array. For example, in one exemplary embodiment,
the invention provides an ion-doped well region separating photosensors of neighboring
pixels. The use of implant isolation regions decreases the necessary spacing between the
photosensors, providing increased fill factor for pixels without encountering some of the

disadvantages associated with conventional shallow trench isolation regions.

[0009] In accordance with exemplary embodiments of the invention, to further

improve the photosensor fill factor, the neighboring pixel cells may share pixel



angl ed transfer gates may al so be used. BRI EF
DESCRI PTI ON OF THE DRAW NGS [ 0010] Additi onal
wa@edwaneeages and features of the present inventPORUS2006/032770

be apparent fromthe follow ng detail ed description

and drawi ngs which illustrate preferred enbodi nents of
compontius, inalrelirig parts operativecfor réddddd buftignald fiosn ehd piReldOMA addition,

Vi efw of a conventional CMOS pixel cell; [0012] FIG 2
angled tragsigr gatss S1aydsa basedvi ew of the pixel cell of FIG 1,
taken along line 1- i'; [0013] FIG 3 is a

Cross-secty i i Lacent
pi xel cel |E§@OP§FWE&©@§%%?@W% first
exenpl ary enbodi nent of the invention; [0014] FIG 4
[0010]s aAddhiciaividwanewedhnd fRokles 0Pt pRsditifberflon®¥ill be apparent
constructed in accordance with a second exenpl ary
from thedfpowingedetaidéd deseriptive ani dmawing® whiichHllGstratei pyeferred
.top-d view,of .a partion of a pixel array
Cmbomn&%‘ﬁéf’?%‘é‘a@?%r&d’é&&ﬂgﬁce with a third exenplary
enbodi nent of the invention; [0016] FIG 6 is a
op- : )
(0011) O ER00 M £ A BaBaEt 8 S RRACEOS Pt o
enbodi nent of the invention; [0017] FIG 7 is a block
[0012}i agFEm 2is acrtoMSciinageicwe bf phdpiveingllasf FIG. dy talfenpilongd line 1-
) cells constructed in accordance with the invention;
D and [0018] FIG 8 is a schematic diagramof a
processi ng system enpl oying a CMOS i mager constructed

in a r C ' . I LLan. SCRI. PTI
1001312 SEE {BenF I T obag R ST hBRiorALb S kit o,
constructbeiSiaracpdridence witherfscerehHlidembaiiinkar 3£ SRMBAVISH
draw ngs, which forma part hereof and show by way of
Ilustration specific enbodinents in which the
[0014 nveRtG chisfeippbéowh xiew elportipssel apiselirmynonsgneted in

i bed 1R suffjcien etail enabl.e those skill ed

accordan€ il PEEOhA SUbblafy EbeEAR e BERER T °Hh be
under st ood t hat othey enbodi ment s may be utilized, and

[0015] hat FRE.r3GtalioptdowR diekads a podiodl 6t fikeialrr&N¥R98 cted in

accordance with a third exemplary embodiment of the invention;

[0016] FIG. 6 is a top-down view of a portion of a pixel array constructed in

accordance with a fourth exemplary embodiment of the invention;

[0017] FIG. 7 is a block diagram of a CMOS imager chip having an array of pixel

cells constructed in accordance with the invention; and

[0018] FIG. 8 is a schematic diagram of a processing system employing a CMOS

imager constructed in accordance with the invention.



may be nmade wi thout departing fromthe spirit and
scope of the present invention. The progression of
w@r@cassifg steps described is exenplary of enbOOUA®NG/632770

of the invention; however, the sequence of steps is
not limted to that set forth herein and may be
changedDETATS BONDESCRIPTEOB OF MHENNVBNERCENt i on of
steps necessarily occurring in a certain order. [0020]

rms_ "wafer” and "substrate," as used herein, are

The
[0019] o bIzn t;rnfof@klgwmgjdetwdqdraqapﬁgnsnchrew is gpfidewithe accompanying

silicon at.or
drawing$ itidb e e SR RE p By MIBCHo Py Siggkapesifis cmbodiments
in whichYRH P& SR 'Hl%%@#ﬁkﬁééi PG U di S R At CRA Gy cd_ in sufﬁc1cnt
structures. Furthernore, when reference Is nade
detail to enablethoserskilledlis thahm toippadtice tholdventiog, debiid ai b@nnderstood
previ ous processing_steps nay have been utilized to

that 0th¢rcﬁfnb¢<bgre@r$smay beufilises angrth ﬁh&terqnaq ,| lagietls andh clsetriggleghanges

e sem conduct of, struct &.9r undat i
may be gy PRORS B SR O h el ko o it gr%?rﬁtotﬂvwﬁgo@d The
{ ali b)&?x%l EBYhe Thvention,
pmgrcssm I%ﬁr&g?@gn e%g?&%)teheér se glg/nduct ors. [0021] rﬁﬁ% ©
howcvcrt El'remcqm:n(equ‘ste@s iusediheed ko thateéefostlt erain and may be changed
phot o- el enent unit cell containing phot osensor and
as is knoaeslactha@edmtharhe CEEROF QfStEs Wé@%@rﬁa OSHETRgEntaFegin order.
el ectrical signal. For purposes of illustration,

[0020!;:“'0r ?‘ﬁg .@érﬁ{s' T %P”Xa%lds“sﬁ Srdck l”“a%éf ﬁ(g ﬁgrc'l.rp Q?o io% %dgt%tood as

ormation 1s escr1 be reln,

including yilit6@| dpytatiabyilicat, sitiBosfonainphlator! (SOF) of sxﬂlt&sleo@r-gapbﬁm (SOS)
proceeds sinmul taneously. Accordingly, the foll ow ng

technologgt é@p@rmdiemdqn@dr Séml¢@du§t0f§>cﬁﬂde0¢18k gamicandu¢tpmprugigres.
sense the sco of the ;;ese i nvent i

FarcherrSGR: Hog® BHF{Fahy SURBL b Bl e phy THE-epboas S felednge

dcscnp‘aoﬁ eplt%glogp BlReessin pé‘&giéseﬁixag hatdbes @R o f@ﬁn%%n@ e}ﬁﬁcﬁbns or

e I nter meani ng at any angl e,
material t@eneﬁtortocels@mbasé sdoeidonéfi@veneectpod ot foulnkiatloms IJm addmon the

. exactly par aI l el or exactly per pendi cul ar,
semicondipctor BETRSL, t‘vmléwna sl b could bejbased emgilicon-germanium,

.Sone ference et t rm an angle that is not
germannbm’ %‘f‘u%]rarieé]éd {)) o Ogg‘lg%’ﬁss. dered "angl ed," "at

an angle," or "slant ed vvlth respect to the reference

[0021POi NThe kQR2EPixdIoVad weli Hegeih Orckdie td | h beS-clenkait Gunlid defl
nuneral s represent |ike elenents, FIG 3 depicts a

containing e phowmctsoonad assosiatast tramgistars] far eenvepting photsinsgo 3@ klectrical
signal. }930r purrlg(\)/slc? 8t illustration, representative pixels are illustrated in the figures and
their formation is described herein; however, typically fabrication of a plurality of like pixels
proceeds simultaneously. Accordingly, the following detailed description is not to be taken
in a limiting sense, and the scope of the present invention is defined only by the appended

claims.

[0022] The terms “at an angle,” “angled,” and “slanted,” as used herein are to be
interpreted as meaning at any angle, with respect to some stated reference point, that is not

exactly parallel or exactly perpendicular. Accordingly, when a part of an object and some
5



phot osensors 303, 304 separated by an isolation region
222, constructed in accordance with the invention.
wep@aiot4ssal | y, the isolation region 222 consi sPET/052086/032770
| east one p-well ion inplant 250 fornmed between two
n-type charge accunul ation regions 313, 314 in a
reference !f)‘oﬁﬂﬂﬁc@cpdotcf%ﬁh% dr@YEthad B APV 908 i1 S0 Siker id BSnsidered
ilTustrated 1solation region 222 begins at a top .
“angled, st tfarcahgdd,” R Eslapiciaxiieh rdspy@roIBe réfeetneoPsintt a depth
in the epitaxial layer 300 that is deeper than that of
the adjacent charge accunul ation regions 313, 314.
[0023]] oo Mpw thrrHRg &9 Hambgugstwhere pike maymasals eepsostinpiike clemteats,
isolation region 222 is formed of several p-xell.ion
FIG. 3 dpiche 4,6t &> 266 RAYIC 81 ot Parof BPie] cel ol Tp2 veavins
photoscn%osrg |3@§', gﬁéﬂs I-ed %ﬁ?an iER&Hoh 2 'inEanEoﬁs%cpdgi inlcbRance
ormed’ by i anting an appropfiate fon, such as
with the inoémdion.i Sperifically erhd edodrtionmnegdial 220 abndisie oPat ¢ one p-well ion
. epi taxi al | ayer 300. The doping concentration of the
implant 25Rdpamed besreerdy oo type ¢hiese assgarwiticipmeisasndlds|3l4iin a p-type
. 11811 I, el5 ato er 8., Phot gsensor 303 h top
epivasal I§jer i a3 ¥ PSR BC RO IR P el aan Deeit aca
top surfacsQ¥ i@ pRaBl 1SRN BOOCERINsAY 8 depdftin BR idaﬁ%g%ﬁéﬂf 306Pthat is

bel ow a top surface of the epitaxial |ayer
deeper thsh nhdtasfltie atihecrita@hatgepicanmuisobatepoms 34§, 814222 has a
p+ enhancenent |ayer 251 near the surface of the

10024157 Shseiresien it gaireis e HT L R e eRon 25 s
' 4 f
formed ofievE&i E%cmﬁmag}tg’ égﬂ B4 cf?e@ﬁvég %’%rg??)éoﬁ’cf P-@éﬂ'ﬁglaﬁﬁn

one or-nore nhancenen I on trayers.

region 2220 dE4dh0Bn-itrpari® te£iBh BFOEHEsmd B L imPladtin@n AfpR phiadin,
concentration of Tons than the inplant regions 250.
such as b2 BjtoRaw-dsiccalined piea 3@ the BOPPh apitaxiq hayco 60 s drhe3dping

concencegiih e MBS 4o OB 8 86 bR e o 10 stoms
3 i =/ - | I -

pe . SRR 3 By sk e Ao s

304 has atpr enlpihotmdhoidgerB99, escnkantedrjuitbdophabpdudae bk Rpitaxial
specific n or p-type concentrations. The photo-charges

layer 300 o Simebatthe jon-taplant isglsEon degintl 222 s aregflinscemgnslryer 251
and are . transferred ctiv by.a tr fer

near the AP E0E S HITAT 5E SEEPREMUEL Y BaBotoloBIRrEfpe oo

enhancenfénk 1420 Alth 6@ 0 Acs3 A te Bhth PHBRAt RitRkaIS BLS WAL ¥nd D9Y | may
shown) is connected to each

be formed as one or more blanket enhancement deposition layers. In addition, the p+

enhancement layer 251 may be a higher concentration of ions than the implant regions

250.

[0025] Each pixel cell 301, 302 has a photosensor 303, 304 for generating photo-
charges in response to incident light. The photosensors 303, 304 are illustratively a
p-/n-/p+ photodiode, although it should be understood that the invention is not limited
to a photodiode photosensor or to a photodiode having specific n or p-type

concentrations. The photo-charges accumulate in the n-type accumulation regions 313,

6



floating diffusion region 309, 310 for generating and
readi ng out a signal representing the anount of charge
wo e@nst4sss ed to the floating diffusion regi onsPGDES2006/032770
310. This readout circuitry may include a source
foll ower transistor and row sel ect transistor, as
314, andlas ardinbfedredhrespectivdli by af terrsfee eransistelr G151 3a6¢t®ih @gsociated
. known four transistor (4T) pixel cell circuits
floating dithisionysaions 3)9,SdhpPeleripixal giscuibz ot shewehisegnnected to each

. ents. [00 ccordance wi,ith this exenpl ar :
floating BRKSireion 1% 310 BF RENSAESE et radiie PubF siphabishgpsenting the
amoun RSB (RN, SRR SAES 000 1Y o
circuitry Bhaysihclutlha sbaraeefolloweofrahdieot ol sow ecletts@draiston) as deiceibed

222 mtigates the stress and silicon dislocations
above wigh sefercace & Wilehl nd osirer knasvie fourrirangistar (@) tnsxel sell cirengts

. cracks and/ or Vvoi t ha re _associated with the
d"'““be%geé‘é?f"{“f‘%lﬁ>%’f&‘SﬁF"&S@‘F‘%@‘é@%C‘{[ HgtgﬂtSSTl trench. In fact,
the isolation region 222 can be forned deeper in the

[00268Pi t BXh@ordA¥e fwidPhid BainflaGAnYSsliiRAf| th%Tbnfi&%la%J isolation
‘ 102 in FIG -2), thereby préventing unwanted charge
region 227 ofvtipemeantion hes seyatahtdantagegiover th2 2onfaftdHal B&X tregion 102
ntional STl regions are often a site for

.th h
(FIG. 2) iy ﬁbég“?r\é g_f%hlﬁ#@éﬁ)@flpsre thhirepapesgdsolaton gegion 222
mitigateStle sBiaks adCRhAH & gm Iﬁﬂss&fﬁé&aﬁeﬂ iR 8, Q 'i%'dg% nto
I sol at1 on regi on ? éflﬁ]ﬂ& es this conponen of afk

reducingciie lcedtks hfidromaidpibae brad@b@ided wBgcaiespagitionest sddlayers in
current nor electron generation is a major concern

an STI tigpely 1y &act,gheiisphitime regiesl 322 omn be fomoreddeepet hretlactpitagial layer
i e .. D= l.at ion 313, 3 f
500 e 6P S B T L 9 B St e chae

flow benfaA hE ido2eRed ~to one another and to the
v msi dewalllO of ?&g I sol ation region 222 than woul d be

true if a conventional isolation trench was used. The
[0027 k pacNaxt, nkbesglacynieativeelS Thegicsolaat bfien aait dor d2drand
.each n-type accunul ati on region 313, 314 may therefore
generatiqhy TEqftiop, l,ea%ti%#rgmrﬁ%g@@a@pg thee T aegien pyith the jon-

implant 1%(;)15%{61?13 gecétgﬁ T2]‘29 " 1iBli% s ARL %éméﬁ%%ntgo%zdarg %urr}erltF %gl%gl?otl Ryxel

rrace area can osensitive.

defects. ?ggﬁh&ﬁf gsiécgé’rtdﬁﬁ QiitEnPRorEle@ S PeekrhtiGH isOf MGJoricdAt&hivifh the
ion-implant isolation region 222, the active area (i.e., n-type accumulation region 313,
314) of each photosensor 303, 304 for adjacent cells 301, 302, can be located closer to
one another and to the sidewall of the isolation region 222 than would be true if a
conventional isolation trench was used. The spacing necessary between the isolation
region 222 and each n-type accumulation region 313, 314 may therefore be cut in half,
-which advantageously increases the fill factor for pixel cells 301, 302, as more of a pixel’s

surface area can be photosensitive.

[0028] In addition, it should be understood that other isolation techniques,

including but not limited to STI, can be used in conjunction with the present invention for

7



including but not limted to STI, can be used in
conjunction with the present invention forproviding
WO s@7me48eh i n ot her areas of the pixel arrays.PEDUS2006/032770

exanpl e, although the inplant isolation region 222 is .
preferably used to isolate the neighboring

providingPBShRSE 16 Bftier ARds 0Bk pikIMArLHS, FB@EJ&&ﬁpieQ&lﬁ%uﬁH Rl implant
conmponents, |ike transistors, may be separated by

isolation wghmer 223 ¢ meferably estthiaelste thealaghbrgingopiiotostnsbisnd @3B 04
to, STI or LOCOS regions. [0029] FIG 4 represegts a

from oneagpthesypther pirchsompapeats.dike srangisprs.dnay pe sgparargd by other

snion ERREHRE LSRG NG R [P QLRI BRI

nei ghbori ng pi xel cells 201, 202 each have an

[0029]assqqcaqqapma@h@aewﬁ%“&%ew?c%pdraaﬁeﬁ“taifmélmra hes
active areas of the photosensors 203, 204, which are

constructde pi atcoddaxe dethha sedondexcimpbay sebodepenioef henovenion. As |

. visipble in a top-down perspective of the cells, y
shown in Hif d; g0 Refzhonagor Pl RS 2 C&C% harour atactap

T . A :
photosenE TR, 204 R DA STRCACHYR Arias S I po BERRRL A8, 204 Rrhich
are depicieg@b ahileal likgibetaust @SOVolddt eidendsibletia at o@-deoh peispective of
region 320 is a trunk region 340 which is associ ated

the cells, giay ttompsisg efcypaplatipn regiontplr phetodindes for ¢rampilscelThe

arr 1 The trunk region 340 nmay iyicl ude active
photosenrs 943204 prERepriabG f S0 RPRJaBich A priich bty an STI
ﬁohﬁongégo&jua pixels simlar to those shared by the pixels
201, 202. [0031] On either side of the photosensors
203, 204 opposite the isolation region 320 is an
[0030]i on-Hxtpidang iiteahatsofationeggiom 32(Pisiantraclc orgiam 8¢0wrliibh is
) he invention. The ioninplant isolation region 222 is,
associated gl %R}XQ@&F&P@I&WC&%{%@ dhsrixelgaray 9 1 Birank region 340

may mclugigﬁag&get +r¥§s R ?Ea%ﬁi%?so&nc?& ?ggu_'ﬁé}ﬂgﬁ{sﬁa%eﬂ% 'Oginfigf!tﬁc | gﬁsgﬁnﬂu

olum o e array oni I SO

to those she@@idasy 2edikey20Dpod.se a p-wel | region having a p+
enhancenent | ayer on top of the p-well, when the

active area of the photosensors 203, 204 are n-type -
[0031]acc G Fisheroide eljibspdiotqusnsors 2R8, 2Hplorpesitesdicdsqlafion region

520 B SR VAR LS Rt B
implant i%&rllcgir@ x icglafﬁe@%%,eg R iso?a@@lﬁl@ﬂvﬁ‘&bs&ﬁb{s Z88L.2040R0Ra8spective
photosensor areas on adjacent pixels in the same column of the array 198. The ion-
implant isolation region 222 may comprise a p-well region having a p+ enhancement layer
on top of the p-well, when the active area of the photosensors 203, 204 are n-type
accumulation regions. Thus, the implant isolation region 222 may be the same as the

isolation region 222 discussed above with reference to FIG. 3.

[0032]  In the FIG. 4 embodiment, each pixel cell 201, 202 has a transfer gate 215,
216 for a respective pair of transfer transistors; at least one edge 229 of the transfer gate is
preferably angled with respect to the photosensors 203, 204 for improving the fill factor of

pixel cells 211, 212, The transfer transistors, located at a corner of the photosensors 203,
' 8



216 for a respective pair of transfer transistors; at
| east one edge 229 of the transfer gate is preferably
wargheesssi t h respect to the photosensors 203, POHUSZIN6/032770
improving the fill factor of pixel cells 211, 212. The.
transfer transistors, |ocated at a corner of the
204 tranE’f@P}%H@t%nﬁﬁf SesPeAerdtéd bg ﬁﬁ@% IS5 toR IR R- 2R DPASHISHES AleGansfer
by the photdosensors 20 4 through tRe transfer
gates 21§22 5 t?d shar@d Aodting dffisicadreflomal I gvidel farsesoas a4 egnoton
~ 210, which serves as a common storage node for the

storage rm@e‘prsdmxelgéﬁl Whe ptbﬁra&feﬁrqﬂ%h cogppaehinsthinemhpdiment

inciude SRR 5 Mor R RS 58800 LARES! oGRSk gosine
dlffusmn%%ifoﬂsﬂ, 1 op5B1eRhe pRoRRERSI 203 %410 hek88ReyaFSn %Qg?lon 217 is
source/ draih region 217 is |ocated on a second

located cm dsecofiddide afebetestt amsjigbnpgatg 206’ 204 is @pdbleofoapatihe a
recervrngasupp voltage Va .pix . The floatin

supply velreeel}ér @n @ﬁl@oarreeoe |2é8t1r plsa elegtricaHy sepper %r%to the -

gate 207‘\/\3? go%rgg %o og\(e,glftr:ﬁlmS %0(? , %1 A" a & S(')usﬁlgcﬁ & sza i

aa. pi X. source

source fd]Wc@‘ﬁ(%ﬁsﬁtb@ﬁ@?%&@iteszzp‘?ol&{ %ﬁﬁﬁuﬁl%:rml bage QVEddEd charge at the
signal based on stored charge at t fl oating

floating diffufinsiregione@dilorA 20 @.sclact Umnsgedne’&:% hmang rasgam: ZQSBhas a drain

havi g a gat 08’ ha al n .con t ce
COﬂnCthéiftO S@%Fé’ Fq"b‘ﬁ% §1|‘a§§16"r°f %@% CfféF BY XF‘F%&%‘I‘%/OW
[ signals to a colum |ine 220.
the PIXCI[S%"%%& t?r qjé’)%ezrr% ary enbodi ment of the invention
is shown in top-down viewin FIG 5. It should be
[003 3]J ndeAshipddxénplarybinbe dineritofphs fivbhtor iscshosar ewlp-down view

of this diird enbodi nent could be drawn as illustrated
in FIG. 5 anshgsﬂotsbc vhderstgioddthatiybile idhpossids aeesss—acmﬁrqg%ﬂu s third

embodting b Bl lF BBy PR R Bt Rt rcltles

unique léyQ)% BAER (WRiMBE PRI CbAGoRENS th&akd Bofdlbwr A2 FI@YB NThe third
associ at ed phot osensors 213, 214, respectively. The

exemplajyhoblostinsor mchids tﬁfﬂrm@lﬂ)osmga;nml edldd] 2 li2sldvang associated
region 320, whic be an STl region. As discussed
photose%reéw?el AL F“éEEFéB’Fg’? ol Eiwt@scnéorSrﬁ%ﬂ grlég%re sepprgeAdy an

otaioniiEh AR PSETh 5B S AL 8PSt g

FIG. 4, J‘ﬁrﬁnﬁ RegdSi$ 820 FoLPixtls 3N 5h QljaB@itq odlay &dnd into the isolation
respectively. In a preferred enbodi nent, die transfer

region 3@t es 215, 216 are angled wi di

[0034] Each pixel cell 211, 212 has an associated transfer gate 215, 216,
respectively. In a preferred embodiment, the transfer gates 215, 216 are angled with
respect to the associated photosensors 213, 214, The remaining pixel cell components are
shared between the two pixel cells 211, 212. The FIG. 5 embodiment also shows the
shared pixel components in a “split trunk” architecture, meaning that a first trunk that
includes a first active region 227, where the transfer transistors, shared floating diffusion
region 210 and reset transistor 206 are located, is physically separated from, but electrically

connected to, a second trunk including a second active region 228. The second trunk
9



respect to die associ ated photosensors 213, 214. The
remai ni ng pi xel cell conponents are shared between the
woom7pe4ees cel ls 211, 212. The FIG 5 enbodi nePtCT/a@b®06/032770
shows di e shared pi xel conponents in a "split trunk"
architecture, neaning that a first trunk that includes
; ; r
includes Balch K 4 2Lt Bl R 27 o IR D08 BB Th gecon tromk

228 can bessdatdd ansi sblafioR @6gian 8200 krted, adjsfcpbhy phoadskisor 213 on pixel
separated from but electrically connected to, a
211. A coswenir290nkhatldctrinaty Can@%bﬂw taet Gryks; sepydake gg:; formeof a

second trunki,nc es,for a sourc follomer
buried i o SERELHE DT LA Tburie Sraaneafisnto fifiks 56 above
be located in an isolation region 320, |ocated
thesubmg%£acent a phot osensor 213 on pixel 211. A connector
290, that el ectrically connects the two trunks, nay
[0035] ak elttsheufdbeunderstdodrthetotint epslﬁanltﬂcdcs[@ﬁfaybm are also within
surface of the_substrate or a netallization wrin
the scope gf s kiygndon. hEoga BRre gharougholsussien of ospliy tyek” plxel cell

esmbodin{HE 5} 178, APRlcaBb Ao FRr X KRG RS BB I, P 1129)

also assidf2@t8! mrgﬂl Téb'ﬁl%l%@y o’ 9Bl iihcdrpbRked Béré X)&Féf&cncc The split
enbodi nents, see S. pI i cation XX/ XXX (Attorney

trunk defga pedvitles. inhMAES. a‘rﬁa&&)lrfaaet sma ﬁ@sﬂhgrpénbtd;&cnamw oggions of pixel

Technol ogy,. I nc. corpo ere
cells 2115 & &y @i5E Yl’f"%o‘é}ﬁgl Oﬂééaﬁd’”&’r &Waﬁ rncr eased
array surface area for t he photosensitive regi ons of

[0036?i X G!Fuﬁ'g.{gé ?‘ﬁ 71y 62% fourki] @}E&ilg%lafy{%%gc‘é iffnt 3¢ cild Hvex|1:t1cé1 is now

act or e pi xel “array urni ng to
described, FBGS 6 uhdhs & xeprdbamyvienipddipetibn of thdysixelneeagtIsin The pixel

now descri bed. FIG 6 shows a top-down view of a .
array 55(aychitestues inchislepitxety hariag opixel prapphsets agrongingsiriual pixel
clls g Bt B RGeS SE0 £ R g have  stared
archltcctﬁl,%ss(h% %Hfd@&@& AE&NEeL $10% F1608, ﬁ&%haﬁ%rclib&‘é@r fiftdes a

i xel s have a shared architecture shown by dotted
linearly- hxmﬂémgrtamﬁ IhQatied vAtGn the aifladeshanethegraohoft pdattosemsors 601,
includes a linearly- extendin frunk Iocated mnthlg .
603 and flhepaif ehPhetoseBArY %%2 AbigErEIENs 280 10 agtpydansg with

the mvcx}uhogxl z?r%lslocz'u%%i 8&%@8& e oJEV?O gc\%%ﬁqn%{ﬂ%o@&s%hsc! Oleal | E}?aﬂnplc between

I'n accordance nven Ion ar

photoserls8f phiedc PELME 8D 1 @A betweerBS Raed 52 @ Oe gxpée &f lssmfuon
exanpl e, between photosensor pairs 601 and 521 and
regions 324t mepals6 22 wind, H52 Mstabichero isglpesthefcapaitioas b or other parts of

the circuitry. These isolation regions 320 may be STT or LOCOS regions.

[0037] Each pixel cell has an associated transfer transistor gate 605, 606, 607, 608
for transferring charges from the photosensors 601, 602, 603, 604. At least a portion,
such as an edge 692, of each transfer gate 605, 606, 607, 608 is preferably at an angle 692
with respect to the photosensors 601, 602, 603, 604 as shown in FIG. 6. It should also be
noted that the transfer transistor gates 605, 606, 607, 608 of this embodiment are bchlé

shared, each among two adjacent pixels in a column. For example, column adjacent pixel

10



regions 320 may al so be used, for instance, to isolate
the capacitors 518 or other parts of the circuitry.
w(ab@sm248s®l ati on regi ons 320 may be STI or LOQESI/US2006/032770

regi ons. [0037] Each pixel cell has an associ ated

transfer transistor gate 605, 606, 607, 608 for
photoserfsb%f@(fleﬁﬁd 591 A ffge tHOMARE PROBOSETIRIH Gigﬁstr:ﬁzga jxels

3, 604. At least a portion, such as an eél)ge g

(having aeatmdnattd phet@engas 605051 )606t sHG6T a tGaffer arapsigbe g&tﬂ (%08,

an angle 692 with respect to the photosensors 601
however i noBgiRre 6 lpatiag SHEWON ngrrpr B:adptlt @mm b, this

ety s MEERASE AR Fldl 00  Epis

floating cﬁff‘&ﬁl@nt @%oadﬂfv: 8RY tRbXBlvSadjdtedt gﬂ&ﬂé%hsoﬁoa[n@mgmé@ sharing a
col umm j acent pi xel phot osensors 601 and 521 each

second flohang difhisidr mggfre62@®at e 605. The two il l ustrated
pi xel s (havi ng associ at ed phot osensors 601, 521) that

[0038For SharEo AepH&AHhghan rEtIsarCs 6gPoRe ene?&&“’éﬁ%é@mected to one
another sﬁi(f ﬁubﬁ%elRa!rQ&J %f %&s%&%&%gﬁ%ﬂtor g%éd%l Wui%%J fgﬁg

avi n sensors ar ng a

tr2u1s1stoﬁc 5D@Ehr6§lgﬁlafﬁrbh§m@ﬁ]]{zﬁﬁbﬁ MayR GornddhHode thO¥WadlicaTaAE pixel array
phot osensors and 603, 604 sharing a second floating

550. As dlmwsm &hGr 6gtash cep@ritor G385} cdmctwoatfan@alumgdc to a contact
ffusio reglon 610, 620 are electri connect ed
receiving i S oQE SIAEReF-Barii ot NGRS SEHRGOBOBI L oSk pat e
metallizaBAR %or 518 and the source follower transistor 514
through a first metallization |ayer forned above the
surface of the pixel array 550. As shown in FIG 6,
[0039achOnapeaet transifibBhawng arpaech 21 1saiulm&dtfhﬁfcssﬁtdg ﬂhe ciharges at
contact .receiving a source voltage g., Vaa
both ﬂoa@agrde@:saﬂ%w‘%gl%sgg% (AgIpCEted é@@sltﬁ’é’éag ] |Tz>a‘t>1i1®ﬁde of

the resee gRECH13 [ resy Sl IEED t%{? 1?%%%%&%%3‘ s BB F sl goles

Vo pix: Tﬂé iy ceROhANS £38siated Pharshehitts 893 060RLEUB. 604 share a
capacitor 518. To one sidée of the r eset gate 512 is a

commongeada/ciicait rthategcludcm $ourbafoliosver apabkwr davingcegatk 15d 42and a
four cell s havi

row selech 8BBxiar dav ‘ﬁ‘%ce?t%'?‘g 26 Thsgour sl Asg3hapiie apiBabpacitor
518 wmcﬁoﬁqﬁc{eﬁs%‘]kﬁ%t&gg C&é)ta?gh@}g\'zt;e é,U;QE cidted %Eﬁﬁg fifhlpne fegions

transi stor havin row se
510, 520t ransi stor having a gate 516. The four pixels also
share the optional capacitor

[0040] The four-way shared pixel layout dcscribch herein illustratively has four pixels
with respective photosensors 601, 602, 603, 604 sharing one set of readout circuitry 710.
Photosensors 601 and 602 are adjacent within the same row. Photosensors 603 and 604
are adjacent within the same row directly above or below photosensors 601 and 602.
Photosensors 601, 603 are column adjacent to photosensors 602, 604. Thus, a column
output line V,,, is only necessary, in accordance with this exemplary embodiment, for every

other column in the array.
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518 which can increase the storage capacity of the two

associ ated floating diffusion regions 510, 520. [0040]
wab@7psss way shared pi xel |ayout described heP€i/ms2006/032770

illustratively has four pixels with respective

phot osensors 601, 602, 603, 604 sharing one set of

[0041] r eaWauillestra€dd, Ur-Way SHire PPREICS BSOS gf Baki H B sOR T BF Bvo
adj acent within the same row. Photosensors 603 and 604

distinct adyptagel: acdhtwadot kirgertfhiehsagsits owthei pezipthleyy mbidveeobumn

hot osensors 601 and 6 Phot ose nsors 601, 603
direction gt dghiken aPEEUet08 LBty BEardoh SheBIeabave it sirise of
the pixel a%%%@gg) @Hﬁ@H{C{%as{ﬁ%. @ gho{oi r?s'i‘(JJ\yc: :#géf’ gﬁ 1%(3 ql#ﬁltumvefﬁcmncy

ance w Xenpl &

over the cohV@itional pifel drfayt TR aAditeh, [cQQﬂédpaﬂﬁ@r 518 uséffieitRy located at
4-way shared pixel arra conf i guration has at | east

the cornerts\of fqmsphqtoseradxﬁamcaga@s own attheoulippedredgss gét of |pbotpsensors
its.in eri phery in the colum directi, and

602, 604 thfdtrtint sl BF Aty P RAasifF arcAaEHaRmy SAcihG
photosens L B%EES %@Qﬁ%ﬁ:{)?%ﬁo cach el PR RIPRL BB{ F] %dl\hl | e

ncreasi ng SItive area an us quantum
eff|C|ency over the conventional pixel array. In
[0042] addFIGon illeaakseafiadt dagrabd 8f a5 exdrhplaiyeCGUYOS asaged5@d having
the corners of four photosensors, such as shown at the
a pixel arrgy £} sdchepigels congrustediorcseriines withohe egnRpdimienss described

above. Pigglafay M0 oriseh S phEnl sk Bk B PR RSl Bmes
of columrfs IQﬁdfrb{wls (ﬁ@@ﬂﬂﬁmf}f At@a%h@c'i &g ﬁ{'z{ya‘YO(g’éngr[a@ gflgdcsﬂlgclrc?ultry,

lustrates a bl dck diagram of an exenplary
as dcscnb«tchhg&m 50he pmdsmgf eackp rovelin aﬂa}aﬁfoa@ﬂ: all turnpd oela the same time
onstructed in a ance wkh t he enbodi ment
by a row S&Lsé&klix%é& A6 Px I f{é’é}: h selumn wggelesrmly §@§>U§Stp'| IGPRACHYS

cotamn <35 4281 8 REARESEL T BAGHRSETASH MR e o

400. The4d0® lifes 2k @B ctRERGRESIEY b b 6w ddiver 429 iH@S$onBEEb row address
herein. The pixels of each rowin array 400 are all

decoder 4tZQr Adw ehumn scleet Brgvare salestivgly actrivared @V@cqolmmne;!ﬂvan 460 in

I xel s of eac are sel ectiye
response (o QhBED PUB G ETES &Y Do Lprtow ARIcaRaPT ag i b aibud for
woiCOlUM lines are provided for the entire array 400.
cach pD(C]‘I'he row lines are selectively activated by a row |,
driver 410 in response to row address decoder 420. The
[0043] col The GO imdgendo0 dr epaeted diyi the ltimiagtandadeedrddyirauit 450,
columm driver 460 in ) )
which controls address decoders 420, 470 for selecting the appropriate row and column
lines for pixel imaging and readout. The control circuit 450 also controls the row and
column driver circuitry 410, 460 such that these apply driving voltages to the drive
transistors of the selected row and column lines. The pixel column signals, which typically
include a pixel reset signal (V,,.) and a pixel image signal (V,), are read by a sample and
hold circuit 465 associated with the column driver 460. A differential signal (V. ~Vy,) is
produced by differential amplifier 467 for each pixel, which is digitized by analog-to-digital
converter 475 (ADC). The analog-to-digital converter 475 supplies the digitized pixel

signals to an image processor 480, which forms and outputs a digital image.
12



response to col um address decoder 470. Thus, a row
and colum address is provided for each pixel. [0043]
wab@70MBS | nager 500 is operated by the tim ngPemnuds2006/032770
control circuit 450, which controls address decoders
420, 470 for selecting the appropriate row and col um
[0044] i n€gd. & sheiwsel prob@edngsAd5 0§tk incliigesc@iniling device 500
circuit 450 also controls the row and col umm dri ver
constructed i a¢qorgante Ovith) 69 embodim¢nttofithe snveatphy Tre mionessor system
ol t ag 0. the drive transistors, of .the sel ected row
508 may bg @aatoqefsm%gﬁ?lr%&eraﬁweﬂm%q OrPRENAgIYH QF Prosgtias system. The
. . . ) . . Vet )
imaging AR o SIS ROh Bt o, B NGLeA0H) sy s
includes zhgfdﬂ:eﬁ'bf 60D tsudtbhs 28606 ptadssihgd hinit EPEY) foMmEsé PRicessing, or
460. A differential signhal (Wrst - Vsig) is produced
other propgssigigf dperasinrsal Tergrocé¢sserr 50 Forhonnécatds with ehriowhioices over a

bus 504. %éhéﬁ%ﬁ i i %ggl :o eéftgdctgaln | :q%@onv%&{ﬁgﬁoﬁégugﬁgt%ﬁ into and
ousor 8 59, B Kl LR 119 0 B8 05EERRA80 00

such comsiowsatopdvies.s Ortheyddvidds 208nccedt enthertedsB®BEpAivide memory,
_ I magi ng devi ce 500 constructed in accordance with an
for instangessongemt acgesstrhem Pt o A 10Tha fsrnyablsonempsy BhP 508
may be part of a digital canera, conputer or other

[ ] rocessin t.em [The . i.ng _devige 500 . °
(00453, 41BchsBler SR Er A ids SKRHERY ol B EFul B dGactiods and
typical deP)e$ 6MnalP thACLUIESe Asdd AeGSAhcRD2TBYGHoRSIRCAFHE 3hd
processing unit (CPU) for inmage processing, or other

drawings photetsémyodipemnay, ivdish adieepho obgsty, f&O2res,onmuldvaatagss of the
.W th varjous devices,overﬁﬁ bus, 504. Saone of tge )
present inyghtigRs SbtibH 14 thtsaded, thas she preseatdaveriambe sicsn
.. i . o i n t
imited A NGB BRSO 00 il LG LOWAIS ah eve
implant iso0dHBHiERIN i@ BhOWH i088Sin (Fnbéft viley COEOSGHIxeeheer dells tifshould
bus 504 provide nenory, for instance, a random access

be understend tyat (RAN)vVCBLion srayshave rbvadrds seaproefiapplisatiqrodeblg Tieful as

. .proc ssesfand evi ces descri bed above illustrate . .
an isolatiqh I BRI (REEABHEE SRS SFRaUPoaRe TR o an Polith p e iging device,
I saceiP, b b iddath ot ad oo DB oUR BT UL R 0
conjunctiohjvadi the fresint ie@ntianfasadvaidgesdovt witteraep&seotFIG. 3. Any

i nvention. However, it is not intended that the
other modgdifisaéens, trrusit Prssensly unfpiesgaable, of the present invention that come

within the spirit and scope of the following claims should be considered part of the present

invention.
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limted to the above-described and illustrated
enbodi nents. For exanple, although the inplant
WO s@bar4seh region is shown only in context w tPCTCVENH06/032770

pi xel imager cells, it should be understood that the

i nvention may have a broader scope of application,

bei ng useful as an isol gfigRrd echni que for isolating

pi xel s or photosensors in any solid state imgi ng

device. In addition, it should be understood that

ot Werat Isstdimeti @B neechind drseed Bm e peotes@t by Létters Patent of the
) conjunction wth the present invention, as nentioned

United Sgtfevis: Wi t h respect to FIG 3. Any other nodifications,
t hough presently unforeseeabl e, of the present

I nvepti.on that cone within the irit.and . sco of the
¢ DY PRhR T e Ros st bipad et D eibopid o
presgBtod AyApLLiaR: CLAIMS Wat is clainmed as new and
desired to be protected by Letters Patent of the
United States is: 1. An isolation region for isolating
a materidi fayeedopql seed fieelcbsdustmitg typgi on conpri sing: a
material |ayer doped to a first conductivity type; at

|.east one [nplant regiop forned i.n.the material |ayer
gt SBpARAIH AR AUEPRT P PRALERABEE Bl SpAtering

. -To [ : : t LE regi on
s LR T e R e

region dspid acehel yedodduktieity gypefaridie at | east one i npl ant
region and extending to a top surface of the materi al
| ayer far providing isolation between said adjacent
a deped aurfpsg laves formed ays thew) Isast ore iwglags regiorpaim 1,

. Wherein t rial l.aver i-s a p-tvpe i taxial |ayer
extendinf 151308 shifed BBk Tusi sy & APl SogRby:
bemeenis§18|a€]aic@1@t {89t ARvigks. cl aim 2, wherein the at | east one

i npl ant region conprises a plurality of p-type inplant
regions. 4 . The isolation region of claim?2, wherein
t he Zhe isobgtonorgion of claim 1, wherein the material layer is a

p-type epitaxial layer formed over a semiconductor substrate.

3. The isolation region of claim 2, wherein the at least one

implant region comprises a plurality of p-type implant regions.

4. The isolation region of claim 2, wherein the at least one

implant region comprises a p-well region.

5. The isolation region of claim 1, wherein the at least one
implant region is a plurality of implant regions located between

n-type charge accumulation regions of adjacent pixel cells.
6. A pixel cell comprising:

a photbsensor formed in a material layer of a first conductivity type,

the photosensor comprising:
14



I mpl ant region conprises a p-well region. 5. The
isolation region of claim1, wherein the at |east one

WO pphamsss egion is a plurality of inplant regi BOIBEUS2006/032770
| ocat ed between n-type charge accunul ati on regi ons of
adj acent pixel cells. 6. A pixel cell conprising: a

phot seRSE Ehirgé HEGnhfaBo Bl Al s Y LoRiuc@ivld ' St

conductivity Type, the photosensor conprising’an
tyastande charge accunul ati on area of a second

conductivity type; and a first enhancenent |ayer

| ocat ed over the active charge accunul ati on area and

dopédisshenipacementlayes dacased oventhe pgéve ewagan i sol at i on

sch L AR AR BB et PR PR R 3Be Hebi on of 1 ne

first, conductivity type; and a second enhancenent

anligil@tiod epaseibchiedladprbAMOANAIS B HACSh &tbsdf3sy L er i al

] _ layer in an area over the doped region, the second
isolation reghemeempriting:ayer bei ng doped the first conductivity
type. 7. The pixel cell of claim6, wherein the doped

regi op.c rise -wel |l region. 8. The pixel cell of
cIaﬁﬁﬂ%&g&E@PBF%t€$E“$FP%@“ 4y LERGR8enhancenent
| ayers are a p+ enhancenent layers. 9 . The pixel cel

of gl s@&dﬁcﬁenﬁaﬁﬁ%rﬁ@ﬁt_ 1%9«%96&&&% it bEfo@&ing-fg%FﬁtE% ggi stor

having a gate that is located on a s o e charge
thaoatensl #yeom aregreo nvaphesiopedtrgiohstleatt@nd r egi on.  10.
The pixel cell of claim9 , wherein the transfer

enhangeglest fyepheiag idopad thn fish gprdugtivity tiapect to t he

phot osensor .
7. The pixel cell of claim 6, wherein the doped region comprises

a p-well region.

8. The pixel cell of claim 6, wherein the first and second

enhancement layers are a p+ enhancement layers.

9. The pixel cell of claim 6, further comprising a transfer
transistor having a gate that is located on a side of the charge

accumulation region opposite the isolation region.

10. The pixel cell of claim 9, wherein the transfer transistor gate is

at an angle with respect to the photosensor.

11. The pixel cell of claim 10, wherein the transfer gate is located

at a corner of the photosensor

12. The pixel cell of claim 9, wherein the transfer transistor is a
part of a first active area of the pixel and wherein a second

active area of the pixel, physically separated from the first active
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11. The pixel cell of claim 10, wherein the transfer

gate is located at a corner of the photosensor 12. The
w@Rooglo2ased | of claim9, wherein the transfer tPenEsEN©032770

is a part of a first active area of the pixel and

wherein a second active area of the pixel, physically

Sepahadaeompaitestab feabt S trRtddtd LRI §RneLARR at
| east one transistor for generating a signa Fromthe

pi xelfronelhe pik8l cellne pi xel cell of claim 11, wherein
the first and second active areas are electrically

nnect ed hy onductive interconnect. 14. The pi xel
ig} I GI%F W’gicﬁﬁi’g?mﬁh dh eicroi theofigtiand secondastizonnect
conpt,j ! nductor. 15.. The pixel cell of
cl ai %1{ c%g,grc\?ﬁ%géﬁell& n tcg)gngcgtﬁ{ji g)gtai V& dillﬁ{a%er Hhegpect
conprises a netallization |layer. 16. A pixel cell

adr asThe pigdl icsll BOclain D3] whefeipicdcitucBiX BlteeBhhsct
formed in a substrate; at |east one inplant region

f or medmprisesirebenidsbeamatugtdret ween at | east portions of
phot osensors of adjacent pixel cells, the at |east one

Fppl ant regi tending.into the substrate froma
1EP s 2B e o S e e tsp iy SRy Bicrconnect
condygtizvikdsyn ¥RRiARGL $R%EYI NG as an isolation region
betvveenbplorstai ons OZ? tll%e@%ﬁot osensors of the adjacent
pi xel cells. 17. The pixel array of claim 16, wherein
ihe Atpikdasll agmpcomplising: r egi on conprises a p-wel |
region. 18. The pixel array of claim 16, wherein the
i npl ant,. regi Qn co i seg.at | east one p-type
aP%-q%ﬁﬁ]a& pixed sellrolosed 4o 3 spbsttesconcent rati on and a
p+ type enhancenent |ayer |ocated just below the

aS1As R5R iRRThR e A8n $ORE SR sAEAPRE bERRGSN18kE On
-portions of photosensors of adjacent pixel cells, the at least one implant
region extending into the substrate from a surface thereof and being doped
to a first conductivity type and serving as an isolation region between

portions of the photosensors of the adjacent pixel cells.

17.  The pixel array of claim 16, wherein the at least one implant

region comprises a p-well region.

18. 'The pixel array of claim 16, wherein the implant region
comprises at least one p-type ion-implant area doped to a first
_concentration and a p+ type enhancement layer located just
below the surface and being doped to a second concentration

greater than the first concentration.

19. The pixel array of claim 16, wherein the isolation region is

formed between two charge accumulation regions of the

16



greater than the first concentration. 19. The pixe
array of claim 16, wherein the isolation region is

wo eoompeisbet ween two charge accunul ati on regi onBCD1S2006/032770
t hephot osensors, the charge accumnul ati on regi ons bei ng
doped a second conductivity type. 20. The pixel array

?I aﬁél}aot%et]n%d)rsea{: hCl‘PI Xe{ccu orat{olflrlleg DS%O% opclaga a

Fansi FansSt erri

phot&cgﬁ@egﬁéugtg@tﬁkorage node, wherein at |east a
portion of the transfer gate is at an angle with

respect to the photosensor. 2 1. The pixel array of
20.ai Foepixelvreryeoficldimel ¢ weclk gixat esit fupfthx:e komptikisgshar e

conmon pi xel conmponepts fo nerat i a signal from
eac I HIE| ranssorgte &r)g@ns%pg%g/pg %ﬁs’ﬁ? 2 wherein

oS AR She ATRIRAR ot OF E‘?ﬁ"ﬁgﬁgféf B her ei

a s haladnOpl dﬁ'&ﬁheé}%@d @t thephoe@caror, sol at es ot her
port| ons of the adjacent pixel cells. 24. A processing

stem co risin rocessor and an i magi ng devi ce
2l .ecths pixe é}fr%’ 1%@11 ‘@@f@nﬁh@@@?dﬂacc@faﬁnﬂﬁ magi ng
eV|c risin arra rray
comsTs P <amisnh Bl S ppcigetfor sEpPeBhbAiart n
mat egd @l eakBY8¥e 0f a first conductivity type and having
a first dopant concentration, each pixel cell having a
phot osensor conprising a photo-charge accunul ati on
2Zgi 'Bie pixel geayeoiatdimg? hhiareinithe gosumon pasponse t o
light; and an isolation re |on formed between two
charﬁ@%&%ﬁﬁét@@ﬁgﬁ?‘g ufP¥REnt pi xel cell s,
the isolation region extend| ng from a

23. The pixel array of claim 16, wherein a shallow trench isolation

region isolates other portions of the adjacent pixel cells.
24. A processing system comprising:
a processor; and

an imaging device electrically coupled to said processor, said imaging

device comprising a pixel array, said array comprising:

a plurality of pixel cells formed in a material layer of a first
conductivity type and having a first dopant concentration, each pixel
cell having a photosensor comprising a photo-charge accumulation

region for generating photo-charges in response to light; and

an isolation region formed between two charge accumulation
regions of adjacent pixel cells, the isolation region extending from a

top surface of the material layer to below the charge accumulation
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top surface of the material |ayer to bel ow the charge

accunul ati on Ylregi ons, and being doped the first
wa@oeovdioetssyity type to a concentration greater POENS1006€032770

first dopant concentration. 25. The system of claim

24, wherein the isolation region conprises a plurality

rc%{i]o@s' LY@ %c&%[jﬁ?cg?erdet%ie M RGR ngty%é"@c?g two n-type

arge accu I'on regions. e systemof claim

c&foenﬂAaﬁbﬁigmeaaersﬂﬁhltﬁwﬁ}st%?mlﬂj &Rkaddraiod.egi on is
formed between the adjacent pixel cells to isolate

areas other than the charge accunul ation regions. 27.
2. | hgeystoomsrdagimndy, vehqseinrthe isolation negicsl canapiisss
fornmed in.a material |ayer. of, a fiirst conductivity
ty pes BTSSR R P FpEHoC o CERE P MnE B

pi Xekha@r%l: QCQEHMQQOQF%]%QS%SM conprising a

phot 0- cAar ge accunu I'on region for generating

phot o-charges in response to light; and an isol ation
pegi The ptembladtimedh wiveeeiahashghowerimet ligtlaton r egi ons
of adj acent pixel cells, the isolation region

ext ertionyistiooned beppreaihe adiacert pixdd cally wrisalatd ayer to
bel ow t he ,ch e,acqunul ati on, regi ons, and bei ng doped
Che. PrePepties M SRS MU S0 SERRER  at i on gr eat er
than the first dopant concentration. 28. The i mager of

ghai AhdhagwhesapAsihpe plurality of pixel cells are
CMOS pi xelg cells. 29. A nethod of form ng a pixel cell

conprising: form ng a photosensor in a material |ayer
of aaplurslitycdipdxad icels foymee prea materiad fayeo o€ a Siost

S ST SR B e fo0e
LPAWiAPh 3Bbeds@nid BnibristdeS ph&%Lcﬁﬁ}gJ £90L8Rug{od he

region for generating photo-charges in response to light; and

an isolation region formed between two charge accumulation
regions of adjacent pixel cells, the isolation region extending from a
top surface of the material layer to below the charge accumulation
regions, and being doped the first conductivity type to a

concentration greater than the first dopant concentration.

28. The imager of claim 27, wherein the plurality of pixel cells are
CMOS pixel cells.

29. A method of forming a pixel cell comprising:

forming a photosensor in a material layer of a first conductivity type,
the photosensor including a charge accumulation region doped to a second

conductivity type;
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first conductivity type adjacent a first side of the
charge accunul ati on region; and perform ng a second

WO oov7iopgsbant above the first inplant region, tPET/E8061032770
ion-inplant also doped to the first conductivity type.
30. The nethod of claim 29, further conprising the act

TR T et L

SISTOrs are respec I rst

first condBAGVify §BE AR cAR!d Hi8 AdEaf Be dABzdPIkEmulitid fegist; and
second’active areas being physically separated. 31.

and The nethod of claim 29, further conprising the act of
formng a transfer transistor having a gate that is at

| east in part .at .an,angl]e with. respect to. th
PeHREREEH Pdsl@r.l-lmﬁ@nﬁg%whspﬂ 1 f,cgw?eﬁ& n the

- LT radr j [ g such that it is
second 10§H§-&2%ﬁval %Oh&%égts gt%lcg?ithhgg%&mdent t he pi xel
cell. 33. The nethod of claim 31, wherein the act of
3per fienmbthodl &f dlsiin 2D fukdhipt esrhpradnprhs es dfiffermaiity of
formng a p-well region and the act of performng a
secarfust & pysloaditrangistnri wherelthEegnSOMGEGri ng a p+
enhancenen eqgi gn _above the first j.nplant .r.egion. 34.
The HAEHOt b ocai S AR gt HsPRd rtit wRRg IRE aci of
for?}afb@ @R HANARCREGM o R¥GEeR fiysicafly conducti vity
typ ocated at | east %arti afI:I ycg{)gg‘t\)/e}}st heychar ge
accuyapdrageidon regi on and the first and second
ion-inplant regions.35. The nethod of claim 34,

wherein the act of form ng the enhancenent_ ] ayer
AonplicsmstiRe SAsHmES OB KOTBROSE (oAUt foring
a transfer transistor having a gate that is at least in part at an

angle with respect to the photosensor.

32. The method of claim 31, wherein the transfer transistor gate is
formed such that it is shared with another pixel cell adjacent

the pixel cell.

33. The method of claim 31, wherein the act of perfofming a first
ion implant comprises the act of forming a p-well region and
the act of performing a second ion implant comprises the act
of forming a p+ enhancement region above the first implant

region.

34. The method of claim 31, further comprising the act of forming
an enhancement layer of the first conductivity type located at
least partially above the charge accumulation region and the

first and second ion-implant regions.
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boron ions above the second inplant region and the
charge accunul ation region. 36. The nethod of claim
w@2g07foeussher conprising form ng a shal |l ow t r ene@T/US2006/032770
isolation region in the pixel cell. 37. ‘A nethod of
formng a pixel array conprising: formng a plurality
5. PIXEChcBsdd 8f ERind 32URAEIR fhedlct BPEAhihE thews and
col ums, each pixel conprising a photosensor; formnm ng
an iadhatdmentrlegiraoniyetseeparfamihg ablankod¢pasitomnodf t he
phot osensors for two adjacent pixels by formng a
dopdiprredpranakaiedhe sergrdimplant fegon dpddbe chargehe
substrate tl38. The nmet hod of claim 37, wherein the act
of f%?%nlliﬂga an 1661t i on regi on conprises inplanting
p-type ions into a pre determ ned region of the
36\bsth@hRthRPof daen BEL ARthed tosipaisiMaIérmins 4 Bedllow
conprising the step of formi ng a shallow trench
i sol tatrichrisvlegommnegion iirs tlegpigelacher portions of the two
adj acent pixels. 40. The nethod of claim 37, wherein
e two adjacent .pi xel.s are forned to share common
%x%%ﬁﬁ%ﬁgg‘?@‘gﬂfpﬁ ARRGRPPHEPPce conprising: a
pi xel array conprising a plurality of pixel cells
foh?}ldl?&ﬂglu@alﬁy%lf Sl BdIR iRALuBF AP I8N S oMV
columms, the arfray conprising: a fitst pair of
columns,adilapixel cqnpabingeal plotbensmeg i n a substrate; at | east
one inplant region formed in the substrate between at

| east porti.ons of photosensors of the adjacent pixel
fopmingzan isplatign regigutbegeen HFath POFEYISHH tBSt endi ng i nt o

phoroserp SN hpEers BRI i B8 HRGRE R SR AT, oo

1 rs ser
from a topSRkfatd ofthHeatbomateet ween the at

38. The method of claim 37, wherein the act of forming an
isolation region comprises implanting p-type ions into a pre-

determined region of the substrate.

39. The method of claim 37, further comprising the step of
forming a shallow trench isolation region to isolate other

portions of the two adjacent pixels.

40. The method of claim 37, wherein the two adjacent pixels are

formed to share common pixel components.
41. Animager device comprising:

a pixel array comprising a plurality of pixel cells formed in a substrate

and arranged in rows and columns, the array comprising:

a first pair of adjacent pixel cells formed in a substrate;
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| east portions of the photosensors of the adjacent

pi xel cells. 42. The imger device of claim4l,
wob@ree4s53 he i mager is a CMOS i nager and the pP&EIUS2006/032770

cells are CMOS pixels. 43. The inmager device of claim

41, further conprising a second pair of adjacent pixel

o e e MIELR ReoRaobieL B LR SR b B bR OERS 1) Pe

portions GFhdtbRns&E Ofithdadjhicedt pa@] esiRNthepiti€lst 66¢ lifipladd. The
I mager device of claim43, wherein the first and the

region exsadoningailissubstrpiededmesuriacsd Hurenfanddicimg dapgdicent
%qéel .cells. 48. The i mager, device o% cl ai 41t

to a first HERY fec A8 PSP EASARGP YRR FEFIPR BE TS d*region

least portloR BPthd WestoDGREAL thOGaAt 3561 Qud he substrate.

42. The imager device of claim 41, wherein the imager is a CMOS
imager and the pixel cells are CMOS pizxels.

43. The imager device of claim 41, further comprising a second
pair of adjacent pixel cells, wherein the isolation region is
formed in an area between at least a portion of each of the first

and the second pair of adjacent pixel cells.

44. The imager device of claim 43, wherein the first and the

second pairs of pixel cells include column adjacent pixel cells.

45. The imager device of claim 41, wherein the isolation region
comprises a doped region formed just beneath the surface of

i

the substrate.
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