WO 2005/ 031874 SUPRESSI ON OF DARK CURRENT I N A
PHOTOSENSOR FOR | MAG NG FI ELD OF THE | NVENTI ON
wERADSABBROO4/ 028269 [ 0001] The present inventi oPCT/EFBEDE628269

generally to an imagi ng device and nore specifically

to an imagi ng device pixel cell having a hal ogen-rich
region forned therein, suppressing dark current in a
phot osensor. BACKGROUND OF THE | NVENTI ON [ 0002]

| magi ng devi ces, including charge-coupl ed-devi ces

(CCD) and SUPRESSIONYOF RARK GUTRBENFRIMNAduct or

(CM3B) sensor spPRYFCSPNBUR FORTMAGING
phot o-i magi ng applications. [0003] Exenplary CMOS

I magi ng CirCUitSp{@ﬂﬁﬁéﬁ?ﬁﬁ%&§?@@§ﬂﬂhﬁﬁeOf’ and

detail ed descriptrons of t unctions of various
CMOS el enments of an imaging circuit are described,
[0001]f or ‘Eh@ppdsent inverfich ralategrnetdly t6 animagdg dayi OF
U.S Patent No. 6,376,868 to RE des,.uhS..Patent .
specificglyateoar baagiog FRpae Bl cal baving ShalpgeisFch Region domisst gagrein,
to odes, U S._ Patent . 6,204,524 to Rhodes, and
suppresgpg@aﬁg{cgﬁfnmap ?@é?}s%S to Rhodes. The discl osures
of each of the forgoing patents are hereby
i ncor por at ed BAVCKEROEYND OF THE INVENIION . [0004] An
i mger, for exanple, a CMOS i mager includes a focal
pl ane array of pixel <cells; each cell includes a
phot ldeviced. i cRiRbRIad&iced (CCD) and complement
[OOOZ%hot%@%%§%é$8%g£g§ﬂg&ﬁgﬁg?%%iodg overlyiég a Lubstraﬁe ) i
metal dixite RtcoEdutgon( MODS) gases htwdcanvaogly beenaisdd gephoto-imaging
~region of the substrate. A readout circuit is provided
applicafigns.each pi xel cell and includes at |least a source
follower transistor and a row sel ect transistor for
coupling the source follower transistor to a colum

[0003Jout pBketphey CMi©Spimagingatduita) processipEstaps yhergef, and detailed
TR B sl P ode ponecLd e Lhe aats gt 4
dcscribgﬁglioi? %ggg%gfcﬁakrg %ﬁ.%at%%cﬁgggflggﬁﬂgg flgl'rlédéé,stm eds No.
6,376,868 to Rhodes, U.S. Patent No. 6,310,366 to Rhodes ct al., U.S. Patent No.
6,326,652 to Rhodes, U.S. Patent No. 6,204,524 to Rhodes, and U.S. Patent No.

6,333,205 to Rhodes. The disclosures of each of the forgoing patents are hereby

C

incorporated by reference in their entirety.

[0004] An imager, for example, 2 CMOS imager includes a focal plane array of pixel
cells; each cell includes a photosensor, for example, a photogate, a photoconductor, or a
photodiode overlying a substrate for producing a photo-generated charge in a doped

region of the substrate. A readout circuit is provided for each pixel cell and includes at least
a source follower transistor and a row select transistor for coupling the source follower
transistor to a column output line. The pixel cell also typically has a floating diffusion
node, connected to the gate of the source follower transistor. Charge generated by the

photosensor is sent to the floating diffusion node. The imager may also include a transfer



WD 2005/ 031874 PCT/ US2004/ 028269 transi stor for
transferring charge fromthe photosensor to the

wo b@asrsgs di f fusi on node and a reset transi stPeT/82004/028269
resetting the floating diffusion node to a
predet er m ned charge Ievel r| or to

harge oo
transstor ﬁ?i‘sﬁt&élsﬁqﬁ@ég hasgo Bpontiscphrshtsnspnto fisdvatng diffigoppode and a
e SRR R, o TS o

prior td BEdrbd@Sngefipé 0sensor 12 having a p-region 12a and
n- reél on 12b in a p-substrate 14. The p-region 12a of

t he photosensor 12 is typically coupled to the
ot e I al bisg PJIka% fs@hs& Et'.léli & CMOS imager, is
[0005ﬁper °°8H°‘9% r{a‘rqgmgaée?iose%sor s S‘?’h% pi xel cell s

ﬂlustraéﬂdslﬁ BICE U dBSelaell U@@fn@ﬁﬂ;ﬁ inalhgles & phom%hsms&)hamgd p region
gate 16, a floating diffusion region 18 forped in

12a am:hmr egienl2b in dppebstpate Jde Tha p-rogiondsa of the Qgptoscnsor 12is
transj st or th as at d

typically/caplec Grthd pofEaRaL Gecotiaiet Chfrr dfdhd: nfgef?%“.‘ gf the

PR . 5 SEF MRS BRLSS b cbes widdsod e 1

a ﬂoauﬁ@@iiﬂ@sléﬁ 2dpsbi£11 8 feencd DODHlorehetvilp slapedipkiypg wdlle20, and a reset

surface of the p-region 12a of the Ehot osensor Cé
transisgpevatlatsodhtedigatma2.t Bhe r@ﬁéétrémmt@é@ dhap AneasRocREeUsEE/ drain

region; fsi)b@gi 1s:qggd %%g%%n e (EWI 5 2\‘%@ on r£§8fif1%r togaa]ér%déémnncd
chargcjllé&lgg iBr b 9&??1&'%1'&196 the floating diffusion region

a resu e potential difference existing
bet ween the phot osensor 12 and floating diffusion
§ 291 MoiSie FHORL! ! Cof the pEBHRLAGDO
10006 p8' Pk il il BEUTP SELLAY b chs pOR s
gcncra;tf El%bﬁf@ﬁs tHaeafedl8@ed e BRO-2Edibl 19b0sfatie @mtdSBEHSOL‘ 12 When the
oating diffusion region 18 and transfers the charge
transfer gage 6 issin, thophaehdgaierted clecmans by the n-eegiee l@bare transferred
transi stor, 26. Wien the row sel ect s

o s el Sl firgiind el it st beoveen
the phtgg??ssﬁmrﬁ%n % ey SREGEn | ré ibd 18Y rlilBEtﬁn% H[fﬁﬁﬁﬁﬁl%%ﬂi’lym is

ocessli ng Ircults shown)

couplddX¥¥0hl: dRkesRIf a“s@hiccl@lld)ﬁeﬁ tyqisisedd 34, fvolmnh dcdmvtembm change
isolation regions 32. In the il]lustrated pi cel

tempomdy seoreduby |tls¢)ﬂaatmgwd1ﬁi;§lpn wegiand 8sangd fransieisdhe ﬁhargc to a first
olatio ons on
source AGBETEIRLa LI SThERIREF A0orT oEr (7 50w§€1§3t sl BS gocs

high, §g! [lhojtgn—'g%n&méﬁ charge is transferred to the column line 28 where it is further

processed by sample/hold and processing circuits (not shown).

[0007] Pixel cell 10 is typically formed between two isolation regions 32. In the
illustrated pixel cell 10 the two isolation regions are shallow trench isolation (STT) regions
32. The STI regions 32 prevent crosstalk between adjacent pixels, as pixel cell 10 is only
one of hundreds or thousands of pixels in a pixel cell array. The pixel cell array is typically
organized as rows and columns. Each row and column is read out in sequence to produce
an overall digitized image, described in greater detail below.
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one of hundreds or thousands of pixels in a pixel cel
array. The pixel cell array is typically organized as

WO 0a0s/03u8c4 col ums. Each row and col um i s readPOIYUS1004/028269
sequence to produce an overall digitized inmage,

i bed i ter .detail | ow. WD 2005/ 031874
(00085 S5 9 5o o S8 2 P00 B8 ench o
- Thi:r £ i nel ing a.t i .
i 0TI 900 AR SR 0 B 0GP Bl i

barriert letie@y adi@cant Petd. CRefilRdcr&l BGstfichats, fdétahle EIMWREIdN 32, are
adj acent pixels. Refilled trench structures, for

formedkyetshing stenck §iy ardrg 2pisatrepic arathdr diyhisggiroogs and then filling it
., trench by .a dry ani sotropic or et ¢hi pr.ocess
with a Gilkitie ARGl 194 SRR PR Acpttted KEP ) ordiigh dsBiiiy Plasma (EIDP)
.  cal ' . . o)
deposife TR UAEBE SHERPRIGA (T, Bhe MG ORIG dHerdpRbed by o
chemidabif¢ehaniddl @ldriakiz@od (€M) drsettiMbAckOpvAedsisd @Hadthe Aiclectric
. chem cal mechanical planarization ( ) or etch-back
remaing opdseinsthe dranchtandtits topehfaca fepnainsdmwdl mgthodilay of the dilicon
b trench and its top surface remains |level with that of
Substtiitye silicon substrate. [0009] Forming pixel cell 10
bet ween STI regions 32, however, creates problens in
he gperation of the pixel cell 10. For exanple, STI

[ 0009Li dekgrmingpigelsslidbemicen SA1 regipas 32, hawevertareasesproblems in

. . b dar i . <h hi gh . .
e oS L FBE Tl RURSATIT, SO B0F B o, b
collectiveBNefer&andl 45\ T boundaResS33 L hav@h ﬁlgmll' SfcsH Hensity thfué (tehc

boundari es 32a as conpared 'to the silicon/gate”ox

substrite i dy érastingh higlter alensint of “ttap dtes” tloagshe STT banadsiar32a as
1%%. Trgf sites are areas in the silicon )

compaggdite; e sdljconggate; axids mseréace 104w teasistar(ag:, teansr tensisior 16).
hal i & r I 1. def ect | ong..t he

Tisp 88168 el AL RS SO {60 BELREL I RLARR 0 efrons o

holes. iU eigés :esulBEanpaetcéd Qlotigl the @NicSH iSdhidd Rilkbn iFR%face between the
exanpl e, dangling bonds or broken bonds al ong the

STI bogiindaidesnd 2 oxd the/stlidoncuhstirate ddf dive: exampler, dpngliracbomdssor broken

r holes.,. [0010].,The. trap sjtes are typically
bonds glﬁgﬁéba é%‘,CLB o SHliconargRes can i <l wers eholennd
hol es becone trapped therein. H ghly energetic

el ectrons or holes are called hot carriers. Hot
[0010] oy r e drapasiteg ate wpispiheunchargaesh bay hecans energatic wherslectrons

ot 5 SRS A e SR B S er
carriers MBoR €4r8ieksSdanCet apped in the available trap sites, and contribute to the fixed
charge of the device and change the threshold voltage and other electrical characteristics of
the device. STI boundaries 32a may also contain a higher level of defect density due to
different crystallographic orientation planes along the STT boundaries 32a. The high defect
densities along with higher trap sites lead to higher leakage levels along the STT boundaries
32a. The current generation from trap sites inside or near the photosensor 12 contributes
to dark current (i.e., electrical current in the photosensor in the absence of light) in CMOS

imagers since a constant charge is leaking into the photosensor 12. Dark current is



t he device. STl boundaries 32a may al so contain a
hi gher | evel of defect density due to different
w@eeosadsrogr aphi ¢ ori entati on planes al ong t hePSIUS2004/028269
boundari es 32a. The high defect densities along with
. hi Ltes lead.to hi r | eakage | evel s;.along, -~ .
decrinfirf13h, chf BBl S SRSk B A rRis) s desirable
to providdarSisbla§oh A&
P contri butes t%ﬂmgﬁgr% génr{t@ f ?&glst?g‘%l%gﬁ%lé%fméﬁ}trl%n pee:
in the photosensor in the absence of light) in CMOS
i magers si nc BREOSIVMARFJEHEBINVENTIONnt 0 t he
phot osensor 12. Dark current is 3 WO 2005/031874
[0011 CT/ US2004/ 028269 detri mant al , tp the qgperation and
erfo CFINYENROBRISHASHIN isplatigRdFHyIque fQr preventing current
Aes rQvi ' [ echni que t hat
gcnf:rpr evé(:ergfiggléa ?g%té%éé?}g gfl%ﬁ&@ﬁ&ggﬁf ée‘nt | eakage. BRI EF
SUMVARY OF THE | NVENTI ON [ 0011] The present invention
rovi-ges_;an isal ati on techni,que for preventing, curyent
[00128 ene rlgl%el hovg r?&al Ogé%ég%mf‘?% apd %‘I‘tag%"’lp‘}rc afhigyeq imppaious
embodifienéfof i yzé/}%\éﬁu%'g i ;
advant agegqéfdémyglﬁoi ed | vg%%gﬁﬁrsﬂ ﬁ@%%%ﬁn%%?g %th THEn
localizied betwéamnarbigolationireliing aad piphekoseatdr. NBivd Rflogen-rich region prevents
hal ogen-rich region_ localized between an isolation
leakagg drong thejsplagopegion inedhe phatosrasasgeierelivetvppeessiog the dark
eakage fromthe isolation region into the
Currcng%giﬂgés}ge’?la%%‘, t hereby suppressing the dark current in
the i mger. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0013]
The above- dBREEFIBESCRAVTICGN @PAEEVORAFIESGRS the
invention will be nore clearly understood fromthe
foll owi ng detailed description, which is provided with
0o0131efe 3 : ' | Lp-which: .
L0y T R et F R TRARRE U AT hE slRbfi3) i be more
clearlyneylesssend fioiorheofollewingrieesiledateatriptiv abhiekid probRRER}ith
FIG 2 illustrates a partial cross-sectional
referencg §p sheAtcMpaARY IS drawingsfin wdidh: constructed in
accordance with an exenpl ary enbodi ment of the
i nventi on;
[0014] FIG. 1 illustrates a partial cross-sectional representation of a conventional

pixel cell;

[0015] FIG. 2 illustrates a partial cross-sectional representation of a pixel cell

constructed in accordance with an exemplary embodiment of the invention;

[0016] FIGS. 3-6 illustrate stages in fabrication of the pixel cell illustrated in FIG. 2:

b

[0017] FIG. 7 illustrates a partial cross-sectional representation of a pixel cell

_ constructed in accordance with a second exemplary embodiment of the invention;

[0018] FIG. 8 illustrates a partial cross-sectional representation of a pixel cell
constructed in accordance with a third exemplary embodiment of the invention;
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[0016] FIGS. 3-6 illustrate stages in fabrication of

the pixel cell illustrated in FIG 2; [0017] FIG 7
WO doamsrsat es a partial cross-sectional represePCHUSIING028269
of a pixel cell constructed in accordance with a

| nbodi t qf t ' J :
oons 2 e RS P RSl BB st
ik
conselB FRATLRHLEEN . Py comtebol o pccon
i nvention; 4 WD 2005/031874 PCT/ US2004/ 028269 [ 0019]

1G 9.l ust Al  cart i o, .
0020115 360 LA AR 0 ot it c
constr@@E@ i aReedNct itk 4 Qi dkempiipleaibbdimbatioNbitinadntione

Invention; [0020] FIG 10 illustrates a parti al
cross-sectional representation of a pixel cell

100 EORS £ | BAERIARGT M ik A ot g i

cell coféAttt@dNPicc8rdaNESwithgesmbodiaiamiofthamventibgastl one
pi xel cell constructed in accordance with an

enbodi ment -of the invention; and [0022] FIG 12 is a

[0022F CeHRE G204 AR AaRhBCTRMOBHSE SRichDRORMIAIG the CMOS
he i mager of FlI 11 in accordance with an

imagelCSERNG A Y irerdoedianen vithfant dxenipharg i terdimBETH] thevention.

DESCRI PTI ON OF THE | NVENTI ON [0023] In the foll ow ng

detai |l ed description, ref '

acconpanyPR&ALH RAP%:@RIJ&?I&%@# ﬁ%@gmﬁé@ﬂ and

show by way of illustration specific enbodinents in

whi ch the invention may be practiced. These .
[0023]e b adithe fblfoving ddesled idesutipitions wdféicoreistmadfetoghe apgompanying

enabl e those skiJled_ in the art to actj.ce the

drawingsy ehichdRrmarrars heregf 4l Hiov Ruavy f Jstrrigp sl cmbodiments in

. ;.epbodi ment s It il : : ufficient
which P e RtV e vty "G cxliodubi o dgEhbe o
detail f8BAIBIE Aghsk kRIMEd BetiapPirt té partcs depavaitidmenditeis entbe understood
invention. The progression of processi ng'%iaeps )
that ottess enitivelimests exaynpd atilzeds audritertispragryalgiogl and electrical changes

i nvention; owever, th eguencge of ' .
mey o Pdeciobor Roreten ety SRR 5P S LR gton. The
progrﬁglgéz%@??%s' og (s)%:E? d&dctibedhd &ehﬂ%ﬁ@%ﬁﬂio@lﬂnkﬁtfs oftePmvention;

rrng 1n a cer order. [0024] The
howeve®!

e sc§edtice O etept & nctUbsikedrtedhiat i forthdrersinhadmaggebe changed
and "substrate" are .. .
as is known in the art, with the exception of steps necessarily occurring in a certamn order.

[0024] The terms “semiconductor substrate,” “silicon substrate,” and “substrate” are
to be understood to include any semiconductor-based structure. The semiconductor
structure should be understood to include silicon, silicon-on-insulator (SOI), silicon-on-
sapphire (SOS), silicon-germanium, doped and undoped semiconductors, epitaxial layers of
silicon supported by a base semiconductor foundation, and other semiconductor structures.
When reference is made to the substrate in the following description, previous process steps
may have been utilized to form regions or junctions in or over the base semiconductor or

foundation.



to be understood to include any sem conduct or-based
structure. The sem conductor structure should be
waeaenstsopd to i nclude silicon, silicon-on-i NSECHUS004/028269
(SA), silicon-on- sapphire (SCS), silicon-gernmani um
dop and updoped sem,conductors, epjtaxial |ayers of . . .
(002517 | Bpra HoFeraped HOHLD 16 tooh BheCerEmsah it o containing
. ERE al V'eR KL BEAlukFati R
aphouﬁgg%ﬁﬁgg%ﬁéggﬁ ra égﬁ%ﬁéhe %%Pﬁia?ng egcr'ption,u anon, 8
single rBpRYéruvepivelesd it wRsnerrod Yotmatipnbee illustiakéd ertHediguresnand
regions or junctions in or over_ the base_sem conductor

description htreimdevayar, tSpisdhrhbata®nsdia popligsefble pxgkgyoceeds
) [ 002 he term " pi .. as used herei.n, .refers,to,a .
simultasF oA SmReh he Lalqvind AeHry A Htghdt Beekuat Bpip ina
C o rti b cal 1.3 :
limitng G <ok B RO OO heBnPLRELALE R AcFisThly PP She appended
claims. pi xel and its manner of formation are illustrated in

the figures and description her.ein; however,

typically fabrication of a plurality of |ike pixels
[0026]P" OCERE EernS“IAIbEABION $¢dion AGS ¥6eH Réteih, réfess totdd -fich region in

detail ed description is not to be taken in a limting
a subst@et1SEhe dng fohmed e ofbstrie maginekiieiany exfitho halogen ions
. .defined only by the appended clains., [0026] The term,.
including,dpesgrat tiniged foa fugrine, glofine dreming, fodings r Y ¢prapination
thcrcotiton-rich region in a substrate. The ions forned in

he substrate may include any of the hal ogen ions
i ncluding, but not limted to, fluorine, chlorine,

0071 TS A BEBRnPEToR gbhERl 4857l  cacos
e SG5H BB 1S B44 95 TR WIBRBOIL ity anyphocsco

of any Rddick ealbi Fbt ¥xangplanyithdighabensesd asaf pianyd iplbgsdiode| photosensor
For exanpl e, although illustrated as a pinned

12 (FIGh2) culildde,a pinguoséer photodiade, riSchottly phatadieds, a phatogate, or
any ou S0 oB BB 00 PEL Ad BA BB st i o o
. ha # . i :
s oSy, Mgl sl bouludes vl et et oty
char ge- coupl ed-device (CCD). [0028] Referring now to

[()028]|t IhE eilic lrjxrn%f howlt%rtﬁclﬂglﬁ?csr, GherENE G RYIRL HudbSs gl@ﬁgﬁatc like
elements, FIG. 2 illustrates an exemplary pixel cell 100 constructed in accordance with an

embodiment of the invention. Pixel cell 100 is similar to the FIG. 1 pixel céll with the

significant improvement of having a halogen-rich region 34 localized around the STI
boundaries 32a that contact the silicon substrate 14. As noted above, the halogen-rich
region 34 could include any halogen ion, including, but not limited to, fluorine, chlorine,

bromine, iodine, or any combination thereof.

[0029] According to the invention, the halogen-rich region 34 has a concentration of
halogen ions in a range of about 1 X 10*%/cm® to about 1 X 10**/cm? with a peak ion

concentration in the range of about 300-800A. In the illustrated embodiment, the
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elements, FIG 2 illustrates an exenplary pixel cel
100 constructed in accordance wth an enbodi nent of
wao b@siosmsent i on. Pixel cell 100 is simlar to tPer/B51804/128269
pi xel cell with the significant inprovenment of having
a_.hal ogen-4, regl . I ' t 8T mo ;
halogepdfBAPR 45N < A i3 cofbHABH X MRL 1 TR0 Yt god 2
substaneﬁll? AbaheRsHSion! doRcéRtARRNO d &épthicfabent 840Apul d
I ncl ude any hal ogen ion, including, but not limted
to, fluorine, chlorine, brom ne, iodine, or any
conbj ' " [ ber of
100301 eARRHEA ALEASRL o PRRRln S4SBEIhAI S e mumberofdtecs
found BGHE 8MHchAldiSNdf silicdoalingeficd betsvebn STTtmigelaciés 3dwoattd theXubstrate
1013/cnB to about 1 X 1016/ cnB with a peak ion,
14, thedmhugent-rich ragion 34wk prevegethsfefiestsinf Gornggonrcration ppeurrent
i |lustrated enbodi nent e 2005/.031874
leakagerowh D SORT BB BELPR b oo o BV A1 FRBEE" o FBodkn The
X | t P{ar#e re@RfkhAdangling bond
halogcﬂé 8%%? gg{él%g % %?ﬁ%ﬁéﬁ%ﬁg& [ t(t)l% Cco cgﬁéogggttf(gn to aélgd e%t ﬁn > o
broken®Wor Gi¢hr BROMicohQE3Ale Alilidvaligterface. Bal copgrensatity foeghocharge
34 may not decrease the nunber of defects found in
associatedewish the danglingdansissthei repnting pivet eele] ¢ hagderramped current
bounda}i es 32a 1a d theds bstrate 14 cige hal 9%%”'” ch
generafion ARG/ QU YFt g AR HEEIF TP IGPOL B Rt
generation or current |eakage found in conventiona
i xel _cells (described apbove with respegt 1o FIG 1 :
[0031 frhe FRGRogalnreNe Fiagront sty Graagadaraing/ e FIG. 2 pixe
ar.ge.assocj.ate 4 th. ' (T hos¢l
cell 10f B85 BBERRRUR it 4 RRH 8RR B BEARNBPS formed

by confQIREAStchit mefhddie FePafdeple adpagdrthesi 38ichf beleeched by chemical
dangl ing bonds, the resulting pixel cell 100 has

etchingleaiseanpic etchingnteactenionatdiong RHE o or otheremeansedlczageng a
and, therefore,_ suppressed dark  current 0031] F .
trench 31 giq syhsteiel s baaloas ot ROATISRER LS Skt Jgfsuch fe the
f N i [ 6
trenchys STUR dhifed Sufaeds 'lFhubefile L4 Wha e Bthe trephis 36 ae
exposc! A @RsI8BY Riverd provect divvitfacenaf thetsabstige Tdtthacdkhe masks 38
For exanple, the trenches 36 can be etched by chem cal

cover fetmHiatogenaionsmplanpationg ilbisiratgd asasrervisvia Hlgn %t Ehe hyogen ion

E), her.. f ' ) '
implanfaig festlss PriocHien SAREeREPTREiont Jdn bR STt Be by ar o
14 such that the

[0032] According to an exemplary embodiment of the invention, the halogen-rich
region 34 may be doped with an implant energy in the range of about 10 keV to about 50
keV to achieve a depth from a surface of the substrate 14 in the range of about 300A to
about 800A. The illustrated pixel cell 100 is implanted with an implant energy of about
25 keV to achieve a peak halogen ion concentration at a depth of about 500A. As
discussed below with respect to Table 1, the selected ion energy results in a peak
concentration of halogen ions at a particular depth from the surface of the substrate 14.
Table 1 illustrates the different ion energy ranges (Ion Energy) for implantation conditions

using fluorine as the halogen species; the depth of peak concentration at a given ion energy
7



trenches 36 and desired surfaces of the substrate 14

adj acent to the trenches 36 are exposed. The nasks 38
W@ 2008031804 pr ot ect the surfaces of the substrat BCT/US1004028269

the masks 38 cover from haI ogen ion inplantation,

(Rangehe 3%5&5 drvatiom g e Bl SRR DGEOR Ao ppFigadinal
34
Stragghéx)%mda ﬁ}%%é{aﬂt%{x&gfi c{% 0930h GRS ghﬂ:q &f‘f)cﬂ@conccntraﬂon

e 1 nvention,

(Lateral$¢r88#phi ch  region 34 may be doped W|th an i npl ant
energy i'n the.range of about 10 keV to about 50 keV
to achieve a depth froma surface of the sybstrate 14

in nge of 300Ajto dBAPA | TPGteral Stragelin

Ton Effray(kef30 i xe#&ﬁgh 100 |i s ’rﬁ%?“%‘t ed with an o oagsing
i mpl ant en(=rgy(£g{ SMUIHE) 2% keVStrag reve |a péAkigstroms)
hal ogen i om concentratl on at a dept abdut 500A. As
di scussed bel ow with respect t()Aifgétk:@ni) t He sel ected
ion energy|results in a pegk concentration of hal ogen
ions at a particular depth fromthe—surfaca—oef—the

10.00 substrate 1433 Table 1 illJydt23ates the diffle®nt ion

11.00 €Ner gy rana;%g (Ton Energy) f1%r2 i mpl ant ati on ndi ti ons
S ||'1 -t eht+He—as the :ﬂai ’L&le SPELT TS, lTIC vk{t I” Uf

12.00 peak concell1t2|"7&t| on at a givedlion energy 7 W2

13.00 2005/ 03187 }ZBgZT/ US2004/ 028463 Range) ; the [veyg i cal
standard—dgvigtiTom fromth aK concentratlﬁf depth

14.00 (Longit udi nAlS St raggling) dt w4

15.00 standard deéwi3ati on fromthg Jagg8&a of peak contZntration

Cateral Sqr. TN Ra tud I Lalt I

N G 1 AN Rk R A 357

17.00 (Angstroms) 37Kngstrorrs) 10, |0RE3312388 11, 0025333295

18.00 398 V 194 | 139

20.00 440 211 151

22.00 482 227 163

24.00 524 243 175

26.00 566 259 187

28.00 608 275 199

30.00 651 290 210

33.00 715 ] 313 228

36.00 779 335 245
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(0033130’ e b RisEaes 3600 268 ST AEH08 435 485 substrate 14
Spcciﬁc'é%y,qgé 124086393 1 RUiIRA ABPa ARSR (c GRellGid] bae B3PRmited to, a

70.°001521559431" 80. 001741616483 §0. 001961671534
chemicdlGAp6NAdRBIt2A 8V IB) oA BEd ORI RlicbrRiiokidS200dEh 28266/ plasma
(HDP) deposited silicon oxide or silicon dioxide. The dielectric-filled trench is then
planarized by chemical mechanical planarization (CMP) or etch-back process such that the
dielectric remains only in the trenches 36, and the STI region 32 has a top surface that is

level with that of the substrate 14.

[0034] FIG. 5 illustrates the formation of a photosensor 12 having a p-region 12a and
an n-region 12b formed in the substrate 14. It should be noted that although the
photosensor is illustrated and described with reference to a p-n-p photodiode, it is not
intended to limit the invention to such a photosensor. For example, the described
photosensor 12 could be an n-p-n photodiode, a photogate, or any suitable
photoconversion device capable of converting light to an electrical charge. FIG. 5 also
illustrates the formation of a more heavily doped p-type well 20 in substrate 14.
Additionally, a transfer transistor gate 16a and a reset transistor gate 22a are fqrmed by
conventional methods. It should be noted that transfer transistor gate 16a is formed only
in a pixel cell 100 having a four-transistor (4T configuration. Transfer transistor 16 (FIG.
6) is an optional transistor in pixel cell 100, and pixel cell 100 could have a three-transistor
(3T) configuration, without a transfer transistor. Alternatively, pixel cell 100 could have

more than four or less than three transistors.

[0035] FIG. 6 illustrates the formation of gate stack sidewall insulators 16b, 22b on
the sides of the gate stacks 16a, 22a, together forming transfer transistor gate 16 and reset
transistor gate 22, respectively. FIG. 6 also illustrates the formation of n-type regions
within p-type well 20; specifically, floating diffusion region 18 and source/drain region 30.
Readout circuitry (shown schematically) is also formed, and includes source follower

transistor 24, row select transistor 26, and column line 28.



[0033] FIG 4 illustrates the formation of an ST
region 32 in the substrate 14: Specifically, the
WO e@nobiss4 36 are filled with a dielectric, incPaOUszN4/028269
but not limted to, a chenical vapor deposited (CVD)
0036 I'qu@;s%td Qfratd! ' |
[ ? | asma ( HDP Uld e%%sdl gﬂ {l c%ﬁ%o%égg%&féﬁwcé)&c halogen-rich

rcgloncBlbm de. subligatelil¢| ed is Iibtfmichddd t6 bBdifniting! Mher methods of
pl anari zed by chem cal nechani cal planarlzatlon (CwP)

forming thethalogsactchpiegtans34 sudin thesubstrate It aiagelsoite ereplajed,

result B it e bl <l et i Fp: 1 Fnensbibler rlaguipesies may be
incorpbfated gg% h Fl chlgﬂa"ﬁﬁsrrﬁ QQDtlﬂ Qic%Bgngﬁg p%'cc% gnothcr method

photosens aV|n an n-r
of incdrpbraftimprtetbg dl’l spbéessitlos tﬁcﬁi@s&éﬁc 14 1s$?®dﬁd~sbﬁrd&%ffdsmn
that alt hough the photosensor is illustrated and

described wth reference to a p-n-p photodi ode, it is
[003770t  TH¥ iRAdRAed Pixt] FAIL2GONSS X FK¥ eNfsiaQRcbRd SHBBdfment of the

phot osensor. For exanple, the described photosensor
inventib, sowhithrehdogen-rieln region 8diiokealizdifmivegaSE] rafio® 32 and

SUIt 4 phot oconver si on devj ce capable of converting
photosepspf; 14- o Berugs most Ecelﬁgcma\a@efromﬁ@ sgiea’vaél&% specifically that

portloflI k"&‘?& §t ﬁﬁ x&{]ﬁ%ﬁg g{rg(t) cngkg%llp)?l- f tg lf)ﬁotosensor 12,

the hab’gaﬂ&fcﬁrregibﬁlm &inTbe E)@I\l&ea%tﬁ% élcr;ﬁfcftbsetrkéinfz §1t1@ KBTI sidewalls
gate 22a are formed by conventional nethods.

32b, andh sl gerve tvoppdess idatk cursersf er transi stor gate 16a i's
formed only in a pixel cell 100 having a
four-transistor (4T) configuration. Transfer

[0038] r andinsittlosr régiof icbGtribiliing ® leikagptis a8 T1 bétiemSydrtioh B32c¢,
pi xel _cell 100, and pixel cell 100 could have a

‘ﬂlustraquf BFEIG. a?n Slrgth@rﬂlua(t@t;d pixak ¢eélLﬁQﬁ PORIGS  tho dmalagen-rich region 34

is local%zganSf cgnc ](_ﬁ?l ﬂﬁif ]? Wghoq %gr D aadi pgg)sttbtlﬁl 1y e Icl blcgvcs)rccn the
photost::ﬁﬁﬁ'slﬁirﬁi the 03wt $2b. 6B| k'(l)ﬂﬁﬁhé %g ﬁa.fo%gn fd%[)%héé%]n 34

gate stack sidewal | |nsu ators~16

underrsadedleoSTIt fegiogeldZ; tht halogedGith Rgion 3 geleunfe@any B@p sites
ransfer transistor gate 16 and reset transistor gate

locateffz efl’ﬂ afe pprtign @2c,ghereby sppprgssing arg darkeurrent in the pixel

ceusobormatl on of n-type regions wthin p-type well 20;
Specifically, floating diffusion region 18 and
source/drain region 30. Readout circuitry (shown

che i cal l s .al forne and |ncludes source
- 10039F &' BRbiRg i budido halpecn digh segion 34 ¥ dpanad Bithings tomgsgion 40
of the §®sHIR 14."Forfinghe halogen-rich region 34 within the entire top region 40 of

the substrate 14, not only counters the effects of defects found in the silicon

dioxide /silicon interface between the STI boundaries 32a and the substrate 14, as
discussed above with respect to FIGS. 2-8, but also counters the negative effects of defects
found in the silicon/ gate oxide interface 42 between the transfer transistor gate 16a

(FIG. 5) and the substrate 14, or the reset transistor gate 22a (FIG. 5) and the substrate
14. As discussed above with respect to FIG. 1, the silicon/gate oxide interface 42 contains

defects that create trap sites along the gate oxide (e.g., transfer transistor gate 16a of
10



WD 2005/ 031874 PCT/ US2004/ 028269 [0036] FIGS. 3-6

illustrate only one exenplary nethod of formng the
wha006981874i ch region 34 in the substrate 14, BOTUSR04/028269

not intended to be Iimting. OGher nethods of formng

1. &1 S 5, AL S P o
the trablsiﬂéétr[tﬁﬂﬁﬂ% ia B cdi %(’):@ thARpERh&: cugﬁJnQ %t.e.ﬁcﬁ 6h'drurrent
may be ensi

I ncor porated through~a high y plasma
leakag¢.HDP) deposition process. Another method of
i ncor porating hal ogen species into the substrate 14 is
by solid-source diffusion. [0037] The illustrated

[0040Pi xelFIcelb iB88raés £Hiel delll 50BInSPLIERD EIHRABIBIG. o) if Bfed with a
I nvention, in which a halogen-rich region 34" is -
halogeinated| lowenbnisennvdihecEit nraegiadbd6 IRicand fillpiptheseasdy 3@ &ith a CVD or

ecause nost | eakage. occurs fraogm STl sidewall 32b )
HDP @@é&tﬁf é‘gg‘P%r ogilgor Sgﬁpflidgwﬂé? Faeexsmple, thetggnch3fhmay be lined

R T T i,
form ah$TINRGIOPSINS BY lihtng2fhe t8ddch3GeWAal Kalogbthte ION &ddstdnt dielectric

serve to suppress dark current. [0038] Another region

materiglgft, ici HuSiChig, the habegengliffusss intte thT sulisotato it plorminga Balogen-rich
cson PR AP e B et gt Bl el o

macei O ShOREERISER) el BTt ABdnl QBUIL AL 46 coula
fill the Shtirstréuig| fbrmidly. arPYTT figidm fbrid Jafop @RAmPRPSIOFEYI ON

34 underneath the STI region 32, the hal ogen-rich
region 34 may counter any trap sites located in'the

0041 PBT! t . ) h i r .
oo ¢ e R . Oy O P A Py y B s bmbined

with pétifthers], ci@ubieyt wofomay drcimageg idovic 4Fdrsexfaaipte,0F . t1i iflustrates a block
) top. r ?{iionAO of the substrate 14. Form ng the )
dlagralﬁa?f@gé PP smagegiice N8 havingn pivel aray @0t Bixel agaipR0Q gomprises
strate 14, not only counters.the effects
a pluraflly of NEef HOEA R £ gt Rrmdb R cbiinEn Spd P T albe
illustraBet YREMrkdyO (ForRis Q@Ida&sor&%ﬁxé Rl 0o 29@,53(5(?}&&)0}%00
as di scussed above with respect to FIGS. 2-8, ’but 'al so
construasech ireasordvncpn et aveord bedicsxompthef exibedirhan dfite idvention as
ef ween f he _transfer

..Si,llLcon/ .gate oxide_interface 42 b
describiefl ghoys Fgth Kapest 1o EIGP Q. 5§°fdiiﬂ“¥°ﬁ dalsy e A Sumagsy 908 of
FIG. lg Egg{)\ﬁrzcﬁgecu%gcﬂ%'iﬁ&ﬁ-bo&%% £ %4l gﬁe%lxg’l) cetbd BFEIG. 6; however
this is not intended to limit the CMOS imager 908 to such an embodiment.

[0042] The pixel cells 100 of each row in array 900 are all turned on at the same time
by a row select line, and the pixel cells 100 of each column are selectively output by
respective column select lines. A plurality of rows and column lines are provided for the
entire array 900. The row lines are selectively activated in sequence by the row driver 910
in response to row address decoder 920 and the column select lines are selectively activated
in sequence for each row activation by the column driver 960 in response to column
address decoder 970. The CMOS imager 908 is operated by the control circuit 950, which
11



14. As discussed above with respect to FIG 1, the
silicon/gate oxide interface 42 contains defects that

w@e@ansIsrs ap sites along the gate oxide (e.g.,PCTEsDe028269
transi stor gate 16a of 10 WD 2005/ 031874

controﬁag{%.[ldp§gggccéc%¥sagﬁ9 g7 ?2 g’élc&?%r ?Récha% aE@I‘c?wJAﬂ column lines for

ogeh-rrch regi’on coun
pixel réaabﬁf: tahdaow :hfdiecdlﬁﬁﬁ driveL8ircdi@$ 9101 960 ik a@pl?l c&ezingmﬂtage to the
400 that prevents current generatlon or current
drive tlasikmgeof {1@G4B tekirGw abd dolimstings.es a pi xel cell 500
in which atrench 36 (FIG 4) is |lined with a
hal ogenated | ow constant dielectric material 46 prior
[0043} o fiTheipig]ohepudtisipmal ficallytinclad W pixel resdbigdapas tked from the

silicon oxide or_silicon dioxide. For exanple, the
floating dtﬂ%@mrmomgﬁ el |oﬁ E8G. 6) when iitiis r¢satiaed amql émgeostgr@é Vigs

which fsn;fléqq) %P f?) LI AN d v t(gq @rgcgg8 oélypll&r e dﬁj@rgcs generated

by an iBREER fgftadi & ﬁﬁ%w‘ﬁ Al aguh BT J‘E%Eéa.aﬁ"é’é ppple and

hold cisduis96 huad hée sMaﬂtcdg)yaa didt egeial amplifierr6@, avhiddproduces a
bet ween the STl region 32 and the substrate 14.

differenyetsignad AV ;stH U@b fcate@gh pixehcalhl @, whitle pepspsents therpapuntins light
not ed .t hat hal.o ed | aw .o t_dielectri

impingffi 65 et Psle] P MER ARREHRC<h EHep e Bheh S5pIGk P feig) converter

975. ThHE le;ﬁ%eﬁ 13‘(& IR e e sidrfals £t Rd t§'a9:unaﬁg@%8&cs§a?©80 to form
pi xe ' I"'s 100, 200, 300, 400, 500 of the invention

a digitahiypape bwatiditied, awddpﬁttﬂlam EI@.rhl the IGMIQS ymager tlovice 908 may be
i mager . devi ce. For exanple, FIG 11 illustrates a

includeg) o R singlegpmisorductoraiins (¢-gagaferdd@de 908 having a

pi xel array 900. Pixel array 900 conprises a
plurality of pixels arranged in a predeterm ned nunber

"[0044]of cBIGmMh2 shows syswan 100@, a typicabproatssdr pasedl systemayodidigd to

includ S iRagRe AFvies B0F NP EeRRa NG L BRotsirdinstapsids dremplify
syecmE P A Y STRUMTRNE ok ALEPUERCL 805, HE3EI08 processor

respe or ¢ arlt
based syfenfsSudopgitio@diniedtion; cobmplieri spstomig] ﬁmsmgikanners,
Incorporating at |east one pixel cell 100 of ~IG_ 6;
machmq:omvre systcrns&cmlmmwganpeﬁwmmdmrtcﬂenh@emmﬂmg@ gystems,
to such an Enbodlne nt . i xel. cells

auto fogs SREAT G e R R R g eepigp meersh infogeisoly
systemnd,laf#l da ﬁﬁtnn'b{"é’é’sﬁﬁl dmd | fcﬂ'qu @ﬁgﬁﬁlﬁ%xﬁbf&@isxﬁle Ly oﬁ%cﬁfcould

gach are selectivel outpu
utilize the i mvcnuon

[0045] System 1000 includes an imager device 908 having the overall configuration
depicted in FIG. 11 with pixels of array 900 constrt:;ctcd in accordance with any of the
various embodiments of the invention. System 1000 includes a processor 1002 having a
central processing unit (CPU) that communicates with various devices over a bus 1004.
Some of the devices connected to the bus 1004 provide communication into and out of the
system 1000; an input/output (I1/0) device 1006 and imager device 908 are examples of
such communication devices. Other devices connected to the bus 1004 provide memory,
12



respective colum select lines. A plurality of rows
and colum lines are provided for the entire array
wO®s/0Ttse4 row | i nes are selectively activated PEI/US2004/028269
sequence by the row driver 910 in response to row
ﬂlustraggqq{é gqscivggg gg‘glﬁ.ﬁl(?}ﬁgg%rslsd te orggkm) ?Gi 63ard 'dr%e 1912, and one or

n sequence’ ror eacn row

h¥al | BesCRlkH A8 2 Fobpe diskGRivier 01dsmdnsempant disk (CD)
more pRAPHUA! Rk deREeRALH AN Hopl g diskUtive i mager 508 | &
drive 106 Stedntaget Hevico?AS olay ceqeivg corgny or wihes lata frop CPU 1002 or
2005/ 031874 PCT/ US2004( 028269 cont als addr ess 1o sionals
other coamansnts afzysten7 G The faagsr dsvichd §|ch'f‘Vob‘?g| Ui, PFjdle sig

deininggmaes ( prosrog HgF for s pEaT6aH o fi! Bt Mnding

valtage to the drive transistors of the selected row
opmmﬁ%%g colum lines. [0043] The pixel output signals
typically include a pixel reset signal Vrsr taken from
[004:6]t he I€ ih%%(ltl Y ngkécf Uk %%&%?ﬂfe%gcnﬁ(ﬁ@h&fbegh @es@ibedhigith specific
t iS reset and a pixel image signal Vsig, which is
referencBd@NCMOBgikg cEllsdaivinpon Hilbgersirich regida 34e(FIGS. 28l Gfformed
FIG 6) after charges generated, by an inpge are . . d
betwednr apbosersor 18 andeS Hoggioni the smvoaﬁan\k@?gr%dgh aprlicapility an
read by a . sanple and hald circuit, 961 . :
may bepiedrBANYATAFING WPRRGHe W P chsg%}gf“%v&]eﬁ‘oéhmay be used in
R i DeSicsi(@tab) {nYAsks. - TS hidvef dsc@sedh and
conﬂu%%%@ﬁﬁggF@u§gégﬁgﬁﬁgﬁ§¥%érese%ts H% anounpmbfslight
drawirlg] :d!;&ia&gp&&rfdﬂﬁexﬁbmmmsﬁvhkhsicbiwt th dbjectesfcatuires, and

Igitized by an anal og-to-digital converter 975, The
advantdgesi ofi the presereinventionr élﬂ?@ugg GHAME agyantages andpy Cfcffegn
j.mage processor 930 .to for a et . [ : :

embodiairs e taen depsreddnpronee el hihe gl recdhnive that

i h§ & defifo | edidak a8dgbpetier SRifgee Rtiydicmade
s“b““%ﬁ¥3&%é.g.fﬁﬁgﬁgﬁoﬁﬁggygg[0044] F?G. 12 shoéggsystem o
withoutdparting fpircdle spiriicassope bbdrednysgnsionm Awgrdingly, thy invention is

_include the inmager device 908 illustr Eeﬂﬁgn FICE 11, ded
not lcfitesh b Sos Fiseaeas SpsFBRenEREHPRI IS bE e §ppg of figjppende
circuits that could include an i mager device 908.
SExanpl es of processor based systems include, without
limtation, conputer systens, canmera systens,
scanners, machine vision systens, vehicle navigation
systens, video tel ephones, surveillance systens, auto
focus systens, star tracker systens, notion detection
systens, inmage stabilization systens, and data

conpression systens for high-definition tel evision,
any of which could

claim:

13



utilize the invention. [0045] System 1000 i ncl udes an
i mger device 908 having the overall configuration
walepsoswd in FIG 11 with pixels of array 900 PCT/US2004/028269
constructed in accordance with any of the wvarious
enbodi nents of the inventggggpgysten1looo i ncl udes a
processor 1002 having a processing unit (CPU)
t hat comuni cates with various devices over a bus
1904 is PAFRANs rebearttPyissied 16 BB PR6iceR ity Léterd Patek?Of the United
provi de communication into and out of the system
Statesi®00; an i nput/output (1/0O device 1006 and i mager
devi ce 908 are exanples of such comuni cation
devi ces. Ot her devices connected to the bus 1004
provi dg. menArpixel k2l \Wompeising 031874 PCT/ US2004/ 028269
illustratively including a random access nenory (RAM
1010, hard drive 1012, and one or, nore periphera
ne pBetpserser bevingachirsadopeds tesigmang! xsecand deped 1agignd
. conpact . iskggCEa grivg 1016. The inmager device 908
in assQERAGH Wth 3 SCEREINCES, SUBSHRAFS data from CPU 1002 or
ot her conponents of system 1000. The inager device 908
&Y isolafioh YESion bk d Xithil9 BAY Substatd; Rhdg | mages to
processor 1002 for inmage processing, or other image
handling operations. [0046] It should be noted that
ad hhlogghrrichaegiondntilizad htkkagtae a sitlevel regidn\afistid
. .specific references to CMOS pixel cells having a
momnﬂﬁFﬁE@ﬂ=rich region 34 (FIGS. 2-10) fornmed between a
phot osensor 12 and STl region 32, the invention has
broader applicability and may be used in any imaging
appar sdus. Fbe peschapl of cliel prbecin saihbangebichay be

used intm%ﬁn unctio Mnth.chargeﬁgp | ed- devi ce (CCD)
i FHEGEHS. LGV EOFESLPHYPR SRU G PR SRS
illustrate preferred enbodi nents which achi eve the
obj ects, features d. advant ages of the present
i nvent3on. t:B&%ﬁagéﬁ%lmfamﬁwa@&hgﬂaﬂm@ﬁerred
e | e ryl id | ed
cpl ke e, SR eshinitd dbaEp LIRRRuRH
afibiineRBEloriiR| Btdfiife, idHdh hhé ahy eombandioarofdhttine,
changes may be nmade w thout departing fromthe spirit
othlennpdromintyandivdinei on. Accordingly, the invention
is

4. The pixel cell of claim 1, wherein said halogen-rich

region and said first doped region of said photosensor overlap.

5. The pixel cell of claim 1, wherein said halogen-rich
region has a depth from a surface of said semiconductor substrate of

about 300A to about 800A.

6. The pixel cell of claim 1, wherein said halogen-rich
region has a concentration of halogen ions from about 5 X 10*/cm?

‘to about 5 X 10%° /cm?®.

14



not limted by the foregoing description but is only
limted by the scope of the appended clains. 13 WD

WQOB508B1874 PCT/ US2004/ 028269 CLAI M5 What i SPCI/HB20841028269

as new and desired to be protected by Letters Patent
of the Uni b G Fﬁn@]i Ssin oGO sSing: a
phot oZ'ens o?ﬁg g%g%eﬁgoﬁi%usntll, opegI}( ?érél?on §$1%1ldma3~F econd

esIRetos egion clectricallp eshidctatonchdiodr desdigpnduct or
substrate; an isolation region fornmed within said
substrate; and a hal ogen-rich region |ocalized at

| eastgat argé gsaépkéu SLIARN7 HurdRE domp$iRing!d @ahste@di on.
2. The pixel cell of claiml, wherein said
frahsigenforineld betweiroind soeiciing said ghdtosnbat imisaidegi on
and sai d photosensor. 3. The pixel cell of claim1,
vhﬁég@f:ﬂl0§§p§f¢ﬁpbgen- rich regionis formed with an
ion selected fromthe group consisting of fluorine,
chl orine, brom ne, iodine, and any conbination of

fl uorfne, Achhwegirated ciocwniomprising: i odi ne. 4. The pi xel
cell of claim1, wherein said halogen-rich region and

said fifgst doped region of said photosensor overl ap.
a1 asFReobpiEe) el 1P eRephericell gfEng) saamprising:

hal ogen-rich region has a depth froma surface of
sai d éH&I;FH b Iﬁ%ﬁ'x%&i' plofm gﬁﬂff}ﬂ gbout
8OOA.§§ %e%xe?ucgaféo cl al #101, V\hrg el nosaiCd

takr€igen-rich regi on has a concentration of hal ogen
ions fromabout 5 X 1013/cnB to about 5 X 1015/ cn8B.

a photosensor having a first doped region and a second doped

region in association with said semiconductor substrate;

a halogen-rich region below said isolation region and between

said photosensor and said isolation region; and

signal processing circuitry formed in said semiconductor substrate and
electrically connected to said array for receiving and processing pixel signals
representing an image acquircd by said array and for providing output data

representing said image.

10.  The integrated circuit of claim 9, wherein said halogen-
rich region is formed with an ion selected from the group consisting
of fluorine, chlorine, bromine, iodine, and any combination of

fluorine, chlorine, bromine, and iodine.

11.  The integrated circuit of claim 9, wherein said halogen-
rich region has a depth from a surface of said semiconductor substrate

of about 300A to about 800A.

15



14 WO 2005/ 031874 PCT/ US2004/ 028269 7. The pixel cell
of claiml1, further conprising a charge collection

w0 e@sosused ectrically connected to readout cirCRCT/D2008028269
The pixel cell of claim7, further conprising a

transfer Theftéshed dRuliRd cheh\% efhedid seiaessdng
sai d phot osensor and said charge collection region.

fich wegiombasyr adrednuration of hdogpy freimapousn array of pi xel
glls, at,least xel ;cell of said array
%Wfé‘i@%@%ﬁ"@ﬁé@%ﬁ&aor substrate having an

isolation region fornmed therein; a photosensor having

a first doped region and a second doped region in
assocl&t i ohheintpgretddacitraiti f shém@, orhezeipsridaatdeasy

Gt e e rther hibButn agtiah routtipicfh f5erds fon
ﬁ{}ﬁséﬁggﬁﬁmﬁgpgf%aja&g circuitry formed in said
u su

sem conduct or strate and electrically connected to
said array for receiving and processing pixel signals

representi an i .acquist ed sai d .arr. for
pr ovi ‘ng ’gg‘l’.’ B‘B:Fgrgg%gcu %p(f’fxecgagﬁt%ﬂ é”ehscg? _Sf‘llgrlyaaé: _(ee}ea%io.
Jiepix Bl QU 't ShrhpHids aQfansfetihdstoMBHRIdbERNetn

hal ogen- rich region is formed with an ion sel ected

faidbchdrpe coliatipnaegionsinidrgid pifotbdensor. ne, chl ori ne,
brom ne, iodine, and any conbination of fluorine,
chl orine, bromne, and iodine. 11. The integrated

circuif. of Aslimhpe Brocehdigiysenttsnpadiogen- rich region
has a depth froma surface of said sem conduct or

substrate of about 300, to about 800, x. 15
a processor;

an imaging device coupled to said processor, said imaging device
comprising an imaging array containing a plurality of pixel cells, at least one

pixel cell comprising;:
a semiconductor substrate having a halogen-rich region,
an isolation region within said halogen-rich region, and

a photosensor having a first doped region and a second doped

region in association with said semiconductor substrate; and

readout circuitry within said semiconductor substrate, said readout

circuitry providing signals from said photosensor.

16



WD 2005/ 031874 PCT/ US2004/ 028269 12. The integrated

circuit of claim9, wherein said halogen- rich region
whawsassoncent rati on of hal ogen from about 5 XPADUSI004®8269

to about 5 X 1015/cnB. 13. The integrated circuit of

claim9, wherein said at |east one pixel cell further

conpr lées A mhadrcght cambligiogi on region fornmed in said

sem conductor substrate. 14. The integrated circuit of

cIa|n11 wherei n sai d at ast i xel cell

{ otniepdi Befopraksgat i P RS AR Ror od. bet ween

sai d charge collection region and said photosensor.

4Ralopn! r[@lgt% Bﬁ%ﬁﬁé& ﬁgnﬂﬂ%@t@m 51%1&%0@\ from a

procé&ssor: |nag|ng evi ce coupled to sa

top surﬁt@@éSﬁ@l’scm&:@hduttﬁﬁgmlfb@ra&gVI ce conprising an i magi ng
array containing a plurality of pixel cells, at |east

one pixel cell conprising: =~ a sem cogd ctaor .
%ebgtqsan@rﬁawnsga firs mwgia@gmncqm wficond dopsdiregipat i on

. .58 | 0 ric egi on, and a
masso%%g% s]%gwc?{élugé‘qu ?@%}r?f&paéﬁ{ region and a second
doped regl on in association with said sem conduct or

%B&Ia&@h&cg@ﬂ@ofﬁ@@%ﬁn&kﬁ& gichtNesVbflshidsehiitshductor
sem conductor substrate, said readout <circuitry

substrager ovi di ng signals from said photosensor. 16 WO
2005/ 031874 PCT/ US2004/ 028269 16. A pixel cell
conprising: a sem conductor substrate having trenches

f or med71 hemMbie pixeh célbbOgsim 16 ohhéredi aid haloged-richom
about 300A to about 800A froma top surface of said
o isfaroed with disiongelscted from the group consisting of

fluorine, chlorine, bromine, iodine, and any combination of fluorine,

chlorine, bromine, and iodine.

18.  The pixel cell of claim 16, further comprising a charge
collection region in association with said halogen-rich region and

electrically connected to readout circuitry.

19.  The pixel cell of claim 18, further comprising a transfer
transistor in association with said halogen-rich region, and between

said photosensor and said charge collection region.

20.  The pixel cell of claim 19, further comprising a reset
transistor formed in association with said halogen-rich region and

electrically connected to said charge collection region.

17



a phot osensor having a first doped region and a second

doped region in association with said sem conduct or
wGaasoswre; and an isolation region fornmed w tPCTUSHEN4028269

trenches of said sem conductor substrate. 17. The

pi xel cell of claim 16, wherein said hal ogen-rich

regi oAli s Anintegraied pireuit FYMPEENSCct ed from the group

consisting of fluorine, chlorine, brom ne, iodine,

and_an

ShaeeRour Re el o R Ghue pHELIR ikl Boritil, O

conprising a charge collection region in association
Wi th $aiHicBalieasn sibsthtd BRiing atleght ot eenth Fairhyd
connected to readout circuitry. 19. The pixel cell of
tHea¢imy 18, further conprising a transfer transistor in
association wth said hal ogen-rich region, and between

sai d phot osensqr and sai d,charge col.l.ection_r.egion.
20. Th ga{ﬂgi’éﬁ‘tc‘gé‘?‘iv CopsanGIRcee! "F‘%FF’E‘?‘Q&IBS%S’W ng a
r ' r rmed in association with said
%ﬁz;ﬁ%ggleeﬁ%tr(?%h%e:ﬁecg’? 8{118and electrically connected to
said charge collection region. 17 WO 2005/ 031874
PCT/ UppBoddseddzdvingla fivndopédeggiineahdci secontl doped
conprising an array of pixel cells, at |east one pixe
teglion bt assagigtion Wi W@?‘P@erambétﬁ%tébﬁdﬁ ctor

substrate having at |east one trench fornmed therein; a

hal d | . di ' ' d
REPR o8 Shg R R 4f U SERlco AR Ll A
elcctric?ﬁ;y t&herdd ‘{osstaidj&’@ééfjf& P&icRin@ AR provesindpisteingghaly egi on

n association with said sem conduct_o’r substrate; and
representing an image acquired by said array and for providing output data

representing said image.

22.  The integrated circuit of claim 21, wherein said
halogenated low constant dielectric material is formed with an ion
selected from the group consisting of fluorine, chlorine, bromine,
iodine, and any combination of fluorine, chlorine, bromine, and

iodine.

23.  The integrated circuit of claim 21, wherein said
halogenated low constant dielectric material is formed of fluorinated

silicon oxide.

24. The i_ntcgrétcd circuit of claim 21, wherein said
halogenated low constant dielectric material is planar to a topmost

surface of said semiconductor substrate.
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signal processing circuitry forned in said
sem conduct or substrate and electrically connected to
wa a00d/03u8r4ay for receiving and processi ng pi xel PGT/yszab4028269
representing an i mage acquired by said array and for
providing qQutput data representing said inage. 22.
The i Abegr Atwathadref fprming apixelrell] saidmathed sai d
hal ogenat d (I:tow .constant dielectric naterial is forned
W TREERSOh §é’f'ect ed fromthe group consisting of
fluorine, chlorine, bromne, iodine, and any
fRMh S althe@thQh afskim@iondactos BhBdtaR€, brom ne, and
‘iodine. 23. The integrated circuit of claim?21,
wherein said halogenated | ow constant dielectric
foamdng alhalageheanichetgivin Iotalized naleast atsi didewail wgiateof 24,
) T&]? integrated circuit of claim 21, wherein said

said trepelliogenat ed | ow constant diel ectric material is planar

to a topnost surface of said sem conductor substrate.

AR gﬁ;,ﬁﬁ 32 9 25. A nethod of
%‘gﬁnﬁi ngqgéé)i Xe f:&e ,étgglggﬁﬁé?ho conprising the acts
of: formng a trench in a sem conductor substrate;

fooming g phobadeagmrhavingtn fisgdoped mpidn zedlaaecdmehst at a
sidewal | region of said trench; filling said trench
doped sggign in aspegirtien wihsaidsemigondustprisgbpitat§- a phot osensor
having a first doped region and a second doped region
in association wth said sem conductor substrate. 26.
The n26hodTbt medthodof Slaimi2éy wiberadaisddact obforiinging a

| ogen-1ich region, conpr.i ses, . dopi ng sai,d substrate
pgerich gggion comprises doping said substrate with an fon

selected from the group consisting of fluorine, chlorine, bromine,

iodine, and any combination of fluorine, chlorine, and iodine.

27.  The method of claim 26, wherein said act of doping

said substrate is performed by ion implantation.

28.  The method of claim 26, wherein said act of doping
said substrate is performed by incorporating halogen through a high

density plasma deposition process.

29.  The method of claim 26, wherein said act of doping

said substrate is performed by solid source diffusion of halogen ions.

30.  The method of claim 25, wherein said halogen-rich
region is formed at a depth of about 300A to about 800A from a

surface of said semiconductor substrate.
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selected fromthe group consisting of fluorine,
chlorine, bromne, iodine, and any conbi nati on of

w0 bawsodrses chl orine, and iodine. 27. The net hoPCD1S2004/028269
claim 26, wherein said act of doping said substrate

| S pegior Ngfe MethQd of BlrA 2B {Whefin £8d hdlogenRidhod of

claim26, wherein said act of doping salid substrate
r@q&ersfformedihmg aconparntstiongofialaggedrathrbogh a hi gh
densi ty plasna de osn(ég n process. 29. The nethod of
5%19{1 fmabeut & -of doping said substrate
IS perforned by solid source diffusion of hal ogen
ions. 30. The nethod of claim 25, wherein said

hal 0gd2-ri dhe m@@o@nfp@mdﬁmeemn seid &pttidapedabout

300A t t 800A f sur f

S P oot OB 55 Gt R EuRh s53 sHogen-rich

Eg%%982004/028269 31. The nethod of claim 25, wherein
hal ogen-rich region is fornmed having a

concentratlon of hal ogen fromabout 5 X 1013/cnB to

about

wher eﬁg sai %f?{mrtggd(‘fg I@Hybfesegl?gﬁa%%sprﬁg@p@ctz%ggﬁsor

?goﬁ%g%%a& £5di@ Beicb d8étod shREShefbiChid §t@? iggn.

thod of clarm 25, further conprising the act
brmipg eaiddiabapea-ridisdegmrer sai d sem conduct or substrate
before said step of formng said hal ogen-rich region.
34. The nethod of claim 25, further conprising the act

of fgan nahe bR f e, f@fhéra@nprising driadt of
sem conductor substrate. 35. The nethod of claim 34,

fonmihgm ahargerdodleetiprt regicrein safd semiconductor substrate.

35.  The method of claim 34, further comprising the act of
forming a transfer transistor between said photosensor and said charge

collection region.

36. A method of forming an integrated circuit, said method

comprising:

forming an array of pixel cells, at least one pixel cell of said array being

formed by:

forming a semiconductor substrate having at least one trench

formed therein;

forming a halogen-rich region at least at a bottom portion and

a sidewall region of said at least one trench; and
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formng a transfer transistor between said photosensor
and said charge collection region. . 36. A nethod of

WO o00s08I374Nn i ntegrated circuit, said nethod com@r/iUSiong028269
formng an array of pixel cells, at |east one pixel

cell faﬁnﬁ?% &'?ﬁéﬂ@ausee h@eng b ArERtbIRY rebRINARTa a

sem conductor substrate having at |east one trench

seosmat dopedregion irf ssodiatprawithiseigesenric@rducsef wWvsEte] east

at a bottom portion and a sidewall region of said at
st one trench; and 20 WD 2005/ 031874

PCT/ US2004/ 028269 form ng a photosensor having a first

%?W%éegQ%g%g%%ﬂg ﬁg?@?&qg SHAREMhiERR br Sib@gseci ation

substrate; and r:‘ orm ng signal

and eleQELARSEI Ml 1o WhidratrdyTob fceivERambprbcessitg pintist r at e

and €l ectrically connected to said array for receiving
signals sepeespnting as iimggpaoqeiired hyrsaidsarraypanskion birpgding QuRge

acquired py. said array and for providing output data
data reprefsndBgiRIcI§3gS8i d i mage. 37. A nethod of forning an

i mage processing system said nethod conprising:

providing a processor; form_ ng an inmagi ng device

coupl 83 t oAga¢tdrograd feaning andaiage PFaesHES SERi e ¥1d

onpri.sing an inmaging array containing a plurality of
methmg??'}gi’ﬂilegi s, at least one pixel cell forned by:
formng a plurality of trenches in a sem conductor

prREdihgbSrocessor;
forming an imaging device coupled to said processor, said imaging
device comprising an imaging array containing a plurality of pixe] cells, at

least one pixel cell formed by:
forming a plurality of trenches in a semiconductor substrate,

forming a halogenated low constant dielectric material within

each of said trench, and

forming a photosensor having a first doped region and second

doped region in association with said semiconductor substrate; and

forming signal processing circuitry in said semiconductor substrate
and electrically connected to said array for receiving and processing pixel
signals representing an image acquired by said array and for providing output

data representing said image.

38.  The method of claim 37, wherein said halogenated

dielectric layer is formed of fluorinated silicon oxide.
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form ng a hal ogenated | ow constant dielectric materi al
within each of said trench, and form ng a photosensor

whawsnogsad fi rst doped regi on and second dopedPCEYSIN4/028269
in association wth said sem conductor substrate; and

form gg SigRaindPhO o8 sl 391 ittt cYmiphisit the step of |

seni conduct or substrate and ectrically connéected to
plahgiizAfig aild halogeasrdlbwgoasnpdieleesti mgtepiksaich thagnal s
re resentig{glan i mage acquired by said array and for

wid halogereted loy constantdielegiie seateiizlds Bapar fonbge. 38.

The neth of. clai m.37 er ej ai d hal ogenat ed
mpé‘F%%tsVﬁ%gccl of paid ﬁegu‘f%}dr%wgoréflb?ncf%%’ri nated silicon
oxi de. 21 WD 2005/031874 PCT/ US2004/ 028269 39. The
met hod of claim 37, further conprising the step of
pl anari zi ng sai d hal ogenated | ow constant dielectric
mat eri al such that said hal ogenated | ow constant

dielectric material is planar to a topnost surface of
said sem conductor substrate. 22
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