WO 2005/ 031874 SUPRESSI ON OF DARK CURRENT IN A
PHOTOSENSOR FOR IMAG NG FIELD OF THE | NVENTI ON [ 0001]
The present invention rel ates erally to an inaging
oAy 2euAand nmore speﬂmmuwdmwwmﬂmran i magi ng de

-pi xel cell having a ot
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therein, suppressing darkeigtirrent in a photosensor.

BACKGROUND OF THE | NVENTI ON [ 0002] I magi ng devi ces,

i ncl udi ng char ge- coupl ed-devi ces (CCD) and

conpl ementary netal oxi de sem conductor (CMOS)

sensor s haveSUPRESSIQNEFDARII CURRENPINTRJI Ng

applications. [PAESTOSKKTOHRBO Ggﬁ@ ng circuits,
etalle d

processi ng steps thereof, and d escri ptions

of the functions piEMIUPYRENASERIGERNLS of an
ed, or

imaging circuit are describ exanple, in US.
00 P?ten No. 6,140,630 to Rhodes, U S. Patent No.
[0004] 376 The Bresentrprsaasn relatss srmrallyiron imagisg ded@antiomore

| et _al. .S, _.Pat NO. 326,.652 to odes, .
e 09 ¥R imfling aice L b Aeq bilodersicheglo8 OB Heren,
suppiNssing GarB38rr2ftin a@hidiedesr. The di scl osures of each of

the forgoing patents are hereby incorporated by

reference in |,f Lrety. . [0004] An imager, for
exanpl e, a Ch&%%é%ﬁcéﬁi@gEmI%ane array of
pi xel cells; each cell includes a photosensor, for
anple, .a phat ogate,, a phot oconductor, or_ a
[°°°§?ot okﬁ*fa@ag Ee‘équwﬁgldﬁlg_ retglefludevisesd i hrgdscomplementary
metaPOREOsHEBEIRIES (ERROYPschibrd hARRBhA&GH) BBerllsed Rohoto-imag;
ed T or edgh £1ng

substrate. A readout Circuit Is provi

appligatiogb. cel | and includes at |east a source follower
transi stor and a row sel ect transistor for coupling
the source follower transistor to a columm output

[OOOB? ne. EXéraplpiyxeéM Qfeinhagidgsarcnitpipradebsingaepsahéreafpiddiderailed
ol 0 G P e
- described, for example, in U.S. Patent No. 6,140,630 to Rhodes, U.S. Patent No.
6,376,868 to Rhodes, U.S. Patent No. 6,310,366 to Rhodes et 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

incorporated by reference in their entirety.

[0004] | An imager, for example, a CMOS imager includes a focal plane array of pixel
cells; each cell includes a photosensor, for example, a photogate, a photocondu.ctor, 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 ﬂbating diffusion
-nodc, 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
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phot osensor is sent to the floating diffusion node.

The i mager may al so include a transfer - WO 2005/ 031874
PCT/ US2004/ 028269 transi stor for transferring charge

f WO ¥8183hot osensor to the floating diffusi omCnodmo4/028269
.and a reset transistor for resetting the floating

: di ffusion node to a predeterm ned char | evel,..-prior ;. -
transston {8 et PSSP fRem ORRAP RS bR Dloati iffugbyp Bode and 2
resc @hdnsiddr &fr réfdrd @ﬂéﬁﬁ%%ﬁu’ S RodStda FdetekmBRe Charks level
_iIIustratéé in FIG 1. Pixel cell 10 typically -

pn¢nﬂﬂqm@@Stamﬁhmn@sensor 12 having a p-region 12a and

n-region 12b in a p-substrate 14. The p-region 12a of

the photosensor 12 is typically coupled to the ) '
[00951] ent iAa¢onvéntidnel pxd gtlb 10 af an Magesensskf juchenes CMOS imager, is

- operati aof t.h t osepsor, 12. The pi xel []. 10 .
P it de 2 e ENEPER Y Bickites £PRIBHEGE 48 g p-resion
12084 En-Fion 226 LLAS sAGudicf f4IST H@p-&?bﬁ’ n24 & fiergmRfosebod 12 is

nore heavily doped p-type well 20, and a reset
typicalpawipdadoo th pbreasd of et sttt ofor Thisiqns operation of the

t ransi sj.or..22 has ' associ ated source/drain.., regi.qn
PhOf R 11« RSB HLAC ARG SRy SERBS BRp ch PSR! e 16,
a oSS PBiFhSodh Pegich P RARES i1k RRA: hehay ﬂ@pé&{&&p&d’vﬂpm,taﬁd a reset

charge transference. [0006] Photons striking the _
tragsisthbrwieh efsotiited gate@gi SFhelpst tfansigter 3k bavaeasseniatg@source/drain

en te.electrons that arg collected in.th -reqi.on .
oo, 30, oA frchsh SEER e tHoMoaje iHIon fokior P fo Bt mined
chhgcgﬁd{kﬁgUp@g&gpugﬁﬁgéﬁked el ectrons in the n-region
12b are transferred to the floating diffusion region
18 as a result of the potential difference existing
[ob®S Meerphdibes et OaRNEMkccl? tBOF-rEdieatlne of eid ghitsbeisor 12
region 18. Floating diffusion region 18 is coupled to
- genrateqpiictrong thaparg @g&@@cdﬂmth@wwgl@@ dRbiof thy phoroseppgrdli4- When the
r ives the ar t ril Qr b
e 61 o Brocp P AbE eleckoft B8 st elp 2bare sancferred
to ithe fAodftnkSdiffusiiegioh diSais A resaltiftid pedendalrdiffersmdeasisting berween

transi stor_26. \Wen the romﬁselectlﬁignal_ S .goes, .
the phprosenser Fhardbfieagas ciffisiog reggpdé- ko fiorEreion 18 is
%}ﬁé%& | WRSoSret Erahs Rétlich RIcBHESEE thd
°°§E%%ﬁ§- 0 &ggggsé@%oesgﬁﬁghgkég%ﬁ%% (n%t §homn). ge
teiPORiFly stored|byakd floatigidiffusioni regioh \l 8f amdnteahsfret the ehargovw a first
soh?c%l/gxtalinogngien%ll gfnasroév%élc&nu;ngigtor 26. When the row select signal RS goes

high, the photon-generated 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 trcncﬁ 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 ﬁolumns. Each row and column is read out in sequence to produce
an overall digidzed image, described in greater detail below.
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illustrated pixel cell 10 the two isolation regions

are shallow trench isolation (STI) regions 32. The

STl regions 32 prevent crosstal k between adjacent

pi xel s, as pixel cell 10 is only one of hundreds or

t wous@nds7of pixels in a pixel cell array. Ther/ps»edo2s269
cell array is typically organized as rows and

_ Eac and _col read_qut in sequence .

[°§§§1pro @gner %%&fﬁf@fﬂ?ﬁﬂﬁi@ﬂ%ﬁ% genct a%éeqiﬁl@ﬁrwch into

sulblc@ad B afdEAIR, Zggth@%écﬁa}s with WRicdQQrR¢ Q)%Jr%%éc a physical and electrical
PCT/ US2004/ 028269 [ 0008] | n general , thb fabrication

bagicr harv@Td adjegnopixd Refiled d!@sclelstomungs éoxtcu.mph $ Tt rogion 32, are

trate 14 a the .tren with a dielectric
fo N Stne BB iy MoP avmin by Mot i oS pad s fling i
witht] dieleittic Pickels & chdmaitil vagst dcb@ﬁ@:'a @kﬂmcar%ig%dcntngr plasma (HDP)
exanmpl e, STI region 32, are forned (%wetc Ing a

deposid piligp @d@w shisps; d&qmﬁs.(éx%a a‘bn 8Hedetrenishagthn Qb-egszcd by a
t l,ectric suc
et AERLLL Pl A hon YEMP B HRUGEL DleEe e lPShe ot

rerfadBPYnly dems:rchetda:sa iks 0P Bude dEmaihs s;wél inGBIthek &)th@lﬁhcon
Slcn) The filled trench is then planarized by a
Hﬁcal mechani cal planarization (CMP) or etch-back
process so that the dielectric - remains only in the
Ob@gn nd.its top surface remains lLevel with that of .
[ si 15ewirs R stk B erweem bl regimaBAdhgsToves cicates prodlems in
thO@8p MBS I 3 SIe
B e T R ey T AL P B Sn PO P b, herein
coli¢atiwedp rdfgreand b 6TT bonnglarits 39, hive ndiigher cititdmeddnisiviethyn the
efer d to as

ound es 32 hav
sl R L 2022 pioh e ROMRCAILER TP ot o SEhbfiteises 3255
colipgh@ro de\siicdot /Ste oh&@ﬁu@rﬁc@ ot a 8h@God (B, Blahsfer transistor 16).

boundaries 32a as conpared to the S|I|con/gate oxi de
Trap figss pescscap in ghersiligens dioride/ {ilkicog. interfpegrthtesan { Frapis¢ledamns or

holeg) Tra & épfc&!ﬂt ﬁ'ﬁm‘%{c?cc rafoql%tth tsﬁlpcﬁl c%p%;d(?asﬁc rfacc between the

di oxi icon In ace can T ORIBY

Smdiossdan'Es apa sid s sitiesuddbstrato i d @beata_mpilﬂ dﬁh@g_lin@e)onds or broken
siJi.con di |de [silicon interface between the STI

bopgs plang s o Hicag; ipteiate @p P clscaonsor holgs

exanple dangllng bonds or broken bonds along the

' d|0X|de/3|I|c interface can trap el ectrons
(080} o1 e < FRRIT) 2 LR Bt BYcbargyBe Ehyregac when clecrrons

andHoIa ba&he Bifipc AR, ENEEIYhdEMERnBhE6! KSBSare called hot
carriers. Hot carriers can get trapped 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'highér level of defect density due to
different crystallographic' orientation planes along the STI boundaries 32a. The high defect
densites along with _highcr trap sites lead to higher leakage levels along the STI 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 Ii_ght) in CMOS

- imagers since a constant charge is leaking into the photosensor 12. Dark current is
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and hol es becone trapped therein. Hi ghly energetic

el ectrons or- holes are called hot carriers. Hot

carriers can get trapped in the available trap sites,

a Lpute to the fixed charge of the deyj and

cﬂgﬁggﬂ%izpthreshold vol tage and ot her electﬁ%%g 20047028269
dgharqgter'stics,of the device. STl boundaries: 32a may

ATOGRROYY BF RPEFaHPR Mk Perfarranceof d phetserden sAtoprdigly} iois desirable

todrb¥i8s gn - . ' | entation planes al ong
The P ol b 0 AR Bl S o o Pregt atage
along with higher trap sites |lead to higher | eakage
| evel s al ong t BRRKIBFSUDBMARIrOESHEB INVENELQNT I ent
generation. fromtrap sites inside or near the
“Top 0s : ribute ta dark current_{(i.e.,
[ e;ﬂg}ct r ??2‘?‘5’8%%’% g“ﬁ{g‘t"?"rﬁ‘ B B RSO ! Risiting current
geofratipg hiq lehlngEMOBpixtIBIPET & ifiaBELdRiceONSt ant charge is
| eaki ng into the photosensor I2. Dark current is 3 WO
2005/ 031874 PCT/ US2004/ 028269 detrinmental to the '

- [0}k at | B augte ped benbates oid adRhekeSH03Mieved in variqus
cnﬁ%%ﬁ%g'ngb%"'t I.s desirable to provide an isolation
SCHATHUR! O TvepHeR Brrreviding acpirel gelhbavang vhalogererichy egion
lodatiodttsi@weenBiR! i&ﬁa@rmg}aygga gﬁﬁog%%ygwﬂg\}e %001% Th 8 on provents

) present invention provi n 1solation
cabpgfrmithyiselation rgiongemehaphansanst, HEAKAGAppRssihd i Shrk
Cuﬁg&hnqﬂcﬁgglpager devi ce. [0012] The above and ot her
features aﬁﬁ'advantages are achieved in various
enbodi nents of the invention by providing a pixel cel

havi ng a hal cRRIEF DESCREUION OPOTHIE pRAvgiseen an
i sol ation region and a photosensor. The hal ogen-rich

' rﬁﬁion prevents |eakage fromthe isolation region
[09¥flo t Hehephorodensiod, fedrires alyadupRESST RGNt AR EHALN be more

' he | .. BRI EF DESCRI PTI ON OF THE
e RN N ko= G L

refeduantagescophlifnd B4kl Bwikh) be more  clearly
understood fromthe folFow ng detail ed description,

- which is provided with reference to the acconpanyi ng

[0@Mdwi nGIGL b ilistretss a pREAHosEbGrofal itk blShERALESra cﬁﬂctnhgr'm
a a

f&ﬁs-sectional representation of convention
)

. C
pixé

[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;

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

constructed in accordance with a second exemplary embodiment of the invention:
h 7

[0018] FIG.8 .illu'st__"f_rat_c.s a partial cross-écctional rcpréscntau'on ofa pixcl cell
constructed in accordance with a third exemplary embodiment of the invcﬁn'om
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pi xel cell; [0015] FIG 2 illustrates a partia
cross-sectional representation of a pixel cel
constructed in accordance with an exenpl ary enbodi nent
Wb 260Be3kNvention; [0016] FIGS. 3-6 illustrate stages
in fabrication of the pixel cell illustratcdTiF2eses269
_ 2; [0017] FIG 7 illustrates a partia
- [0018} o5 sFiGe Shillgstrates p pprtialcapssaeqtionalotprsantatien of e pixel cell
: ed | > Wit h_a, second enpl ar

cons R SRR B R ERRY oo Wik

illustrates a partial cross-sectional representation

201 a Pixal ; r i nce with a

100202 Pt 8 e EQOSLI S SSHOLABREE L B

consROAE] D3R FdanRPCTIthISAREI¢:RRPREP enBOdificnEbGhe Shvention;
illustrates a partial cross-sectional representation
of a g%xel cell constructed in accordance with a

(0028 bur t HiCexdript bloyk dinprai afe (EMOIS itrageri inwepératimy ar 1201024 pixel
Fl dllustrates a tj.al cross-sectiona
cell cohsftuctd i aocBRRASHGR & GRS iBen R i ertanaehd

accordance with a sixth exenplary enbodi nent of the

sbfivengjon, [ 00211 FlG 11 is a bl ock di agram of a CMXS
L002) e Ger A2 bR ATt ok pfbsieSE e Hppriind e Chos
imagenefHIGUET ethctdrdane MitiancRemphly arbsiraad Jremt intfaibhe

invention; and [0022] FIG 12 is a schematic di agram

of 11 & CERR TR B OROR B sl ORhpod ent
of the invention. DETAILED DESCngl{gPIgﬁ THE

NVENT] 0023] I.n . the foll .
1002 o T R vt B rie S dE et mese o s aesprmmgoying
drawihe@WHi@SfortM ipaht he o ﬁ@ﬁtby%%ﬁulﬁ‘&%ﬁ{kg#i?%%mgnm in

;#Ilustration specific enbodinents in
which theaRysngan may b erastiesd iTdey. cotnsimensive dicsrsht dingnficient
detaif@SGhbIP Bthsk Aafidfif, g bl. 1.0. enabl e .t hos

ESKIT bifbet iRt ih b agp%r%%ﬁcgéﬂctlhgm%ﬁ%arﬁdi it %5 B¢ ndepstood
that pther emipalimerdemsy boutilizet sand ahiresrruenibd do giedl| sadreéered changes

tilihzed, -and that structural, |ogical, and )
may Yt P Bk roRuab et Relecone o1 PraeBhisasiger T
progidsors§fl prbdessaipthtds ApRriBéd & BEentBI S SPEmbHYiRIhs OF the HMention;

however, the sequence of steps is not limited to that set forth herein and may be changed

as is known in the art, with the exception of steps necessarily occurring in a certain order.

[0024] The terms “semiconductor substrate,” “silicon substrate,” and “substrate” are
to be understood to include any semiconductor-based schtﬁc. The semiconductor
structure should be understood to include silicon, silicon-on-insulator (S8OI), 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_r'nadc to rh; substrate in the following dcscription,v previous process steps
may have been utilized to form regions or junctions in or over the base semiconductor or

foundation.
5



progressi on of processing steps described is exenplary
of enbodi nents of the invention; however, the
sequence of steps is not limted to that set forth
Mery mhanssmd nmay be changed as is known in tRer@bdoozsze
with the exception Hof steps necessarily occurring in
tou1 ot PRk BB ey steed e AT TRl P UL sppanine
a phb@sdigorfit@nséraag photonf el dnchiecarityl sigrnl. CRst e a3s dfafigaation, a
. Structure. The sem conducjpor structure shoul d _be
S TERIFSTIgEYF BB PRI IR Ef eBRINOG; 37F B orfet fgtretand
deschipibn her&ih) HowRBerORpicIfPRRhEod FaPluraliyl drEROHREE PRIAAM
. doped and undopéed seni conduct ors, ep[taxlaF | ayers of
simuiah¢qusly 4eqopdingiedhp follpwingsdsaledridessripidert is mof tulrrcraldngm 2
s h ] t t. : S rence_ i s
hn’u 7 e
AR L G S R e
claimy. evi ous process steps nmay have been utilized to form
regions or junctions in or over the base sen conduct or

or foundation. 5 WO 200-5/031874 PCT/ US2004/ 028269
[0026d02 5] Thy itermt ‘Eralpgepirick regiong’sasunsestih¢reineiefers voedndps-rithyregion in
a suBRQEO 'ﬁc%&%fiﬁ b c:esllllbs&&{}ng* BNde .8, BARL 288005 OF

~converting photons to an elec rical s¥gna =t
inchypding dsesotdimitdd| co Sfiucaink pthjorime, trbmif iddapy 66 afytdmbiarion
thag%éel and its manner of formation are illustrated in
figures and description herein; however,
typically fabrication of a plurality of |ike pixels

{, ooud ly. dingly, . foll ow
007250 U LPERHEL o AL % Lt BBy

SCIT on*rs’no a g
imageTfseconednitntd) Gose e £the invedtonirae sidvr applieesilidy @6 amySphotosensor
~ defined gn by the appepded c|ainms. [0026] The term
of any, ipagertelly 'P%fhc’ia@grco ﬁ‘?h"”ég ﬂmﬁc By epipped, Riyogpdiodeq phgosensor
12 (OG- 2) @hld' Ry ©A jirdttiod phbldgiotalaeSchditly prdedib@, BBHotdoPate, or
the substrate may i nclude any of the alogen,ions ]
207 RS SRl PRAERCOREESIN fviceaAidioraliolshragh Eefrdedig relation o
a CMO$I@er, 1RANBrioR s BPNcabi BDh BRLE QlbupldAedSRE (cEBH27]
In the foll ow ng description, the invention is
described in relation to a CMOS i nmager for

[002BhV enkefarEifg nbews e figrirbiewhery 8K fefierdta umbere designare like
ClCﬂalg:Pté, IF?élb 2I iﬂhgt}'/atésoanacrz]c}:/mglg%tp%csc cn (?lr()O 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

concentraton in the range of about 300-800A. In the iliustrated embodiment, the
6



of any imager cell. Faor exanple, although illustrated
as a pinned photodi ode, photosensor .12 (FIG 2)
could be a p-n junction photodi ode, a Schottky

phot mdi/oamey a photogate, or any ot her surt%
phot oconversi on device Addltlonally, al t hou

h: I the .j nvention
“?%éﬁ%%f) ok P\ collstpiREan TEgrauss L (oY) oo osas)
tresingallyi bregnagomotts dort dvacehirgtitne®, a adpext 8f duokesdE er ence
nunbers designate like elements, FIG 2 illustrates
exenplary pi xel cell 100 constructed i n accordance
0%0(] h adlthendtodi helngcncrichtrtwon ﬁ‘ﬁlf eny inondedia¥ethe @@nber WP Qefects

fodu%l 1.§ Jﬂfcgn td?oxtd@ sﬂt%ox?’ mttcl %WIF < eétl l?v.\fnﬁ]tngw 323 @ the substrate

signiticant 1 nprovemnen

14rdg ih@[ngaﬁnd:h)ttglloh e dzﬂaprettﬁdtﬂcrtﬁ"cﬁg- bf c@&ﬁpg@{ctagén §|2v§urcnt
ntact the i.licon substrate 14. not ed ove

l“{ ﬁe‘:tf%‘%t JYERTFPLIT R"é@é?  (dsseribsg Paowcneﬂu@@cam:y Ral g dihe
halbga ridbrielsiudisaGers Bdonfphealeitfl Lolled Bsodla i S1ngling bonds or

brom ne, iodine, or any co
brcﬁ g%’&fﬂ DCPIG@Q %COAMI/ ﬂjg:otl antetface; IﬂY@:Dh‘lp&msamiQTBr the charge

assHAAQORR IttheC con | O al ogen
ions in a r%ﬁl%%%o@ag%% ? t%gl%ﬁ%f g}n%&{ lbasglﬁ ¢ 1‘:“55“1t
geormRYoR 8dfprt Chlr!antrieeéb@t:laodl, thgrefoce Bupmats@nddrBaidhg: r ange of
about 300-800A. In the illustrated enbodi mrent, the 6
[Oég? 200%@%%1874 PCT/ US2004/ 028269 hal ogen- r|ch regi on
Thas FiCh &t Justratorpesooiee seemplaymaehodbbiotmibg ¥ FIG. 2 pixel
cellUHyGEh irRfigndions YRG! @{ﬂh&tﬁ%ﬁls)éb {&%Ogg\ SRl f‘hcs 36 formed

concentration to a

by sorvErsinmal qtﬁtenmr:dgém Hor clhmpé‘g o Sdhesds a0 be 8REEERSBemi

S he si.licon
crdl%Xlge;sP$?%%J %v 888“%%?’ ) & PthsHmAtRs of esatinga
- trenghdn thesubsiirst Fat uasms axt:lpesxﬁa{cdgﬁmaE bedirh@ 0 Ghch3fachd |

he. ef f rren neratlon or current
'Ic‘%g %‘S%ﬂ %"S‘rﬁ%‘I a“%ﬁ%ﬁt‘t é‘FCHEF—ﬂ ths teadise3t ed

CXR!DISIW elhwi thisky 2B peeto pordt e sﬁﬁaccs:r S¥he BAsRLE02 Hlaf Phe masks 38
conpensate t he char assomatedn _

acts t
cover ﬂmgléﬁrggrr 13 ipBfAREoR LR SoNsn HiG3. (e helopércion
m;dmxrﬁcﬂﬂ/cﬁﬂﬂs e Rl N J@E- B eh %&9%@%‘ tslt.t att.c , the
charge associated with the dangling s, the
resulting pixel cell 100 has decreased current
[003@her atrandiapdd ar exemplagRinbb EiakeAs 8f @ Ghveh W&, ﬂfc(Ha%gcn rich

ressed, dark. urre
rcg'tc‘olﬂ may be doped wi rLmt energy in the range of about 10 keV to about 50

F]‘/USZOO-I/OZXZ(‘)

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 unplant energy of about
25 keV to achieve a peak halogen jon 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 cnergy ranges (Ion Energy) for melantauon conditions

usmg fluorine as the halogen species; the depth of peak concentration at a given ion energy
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[0031] FIGS.

i mpl ant ati on.

hawa ngsenches 36 formed by conventi onal
the trenches 36 can b

% C tchlggq

IHgo 4epth (leongirutinal

rret hods. For
m cal t
| nd’c’i“ﬁ?

3-6 ill
FI G

2 pixel cell

ustrate stages of an exenplary
nmet hod of formng the

100 by ion

FIG 3 illustrates a substrate.

exanpl e,
chi n ani s

da3f desgtion

r

?EF/EE%& dyzabzw

e et
eactjve ion

Strié‘gﬁn@l,lbﬁi ﬁl&h@ﬂﬂoﬁml Masdesd &,&a%ﬁ £RRShE bR %FI QR Lintrarion

substrate 14 such that the

trenches 36 a

nd desire

(LaerplSsagdiogt the substrate 14 adj acent to the trenches
36 are exposed. The masks 38 serve to protect the
s aceﬁﬁ gf the gubstrate[14 thal The magks 38 COVET
Y&n i on Gntatio anlﬂtﬂé’t‘\ab gl&scrawts%hn“
|n FIG S. The g6Rs) ON| | MELARLAG
| ocal i zed. hal oggiﬁggrl chj regi ons 3% | rf’the EHP Oms)
14. [0032] According to an exe(mnloaqume)nbodl ment of t he
i-nvention, tihe hal ogen-rich region 34 may be doped
10 th—am T nptantenergy tnthe range—of —about—10-—keVto
Mot 50 keh\23Ba_achi dépth froma siiB8ace of the
11§Qbstrate 14 353 t he range oflzabout 300A t bos about
12800A. The iljpatrated pixel jgell 100 is ifpjanted W Th
: 13@6 I mpl ant  engjgy of about KeVto achieve a peak
hatogen—on \r:bg“s.ceﬁc. at+ohn 'Jg depth—of ot 500A._ As
1480scussed hel3R with respe 1590 Table 1. {hbt sel ected
15100n energy riexdsl ts in a peaRggconcentrati pmpf hal ogen
16lofNs at a pqrgycul ar aepth fﬁgmthe surfag f?,,, piThe
17§) pstrate 4 __Tabtet+—it+Htustrates—the—difterent—i-on-
: ergy—F angaF7(7! on—Ener gyl flg i nhl ant at i bh3Tondj tions
18,08 ng fluoriiR98as the hal o%,LB%peci es; thelgepth of
‘| 20peak concentygfpi on at a gi yefyion energy ;30
22900/ 031874 PC;FSIZUSZOM/ 0282 9327( Range); (Ng g:urt rcat
24%Dan(]clru deviatron—fronmth cak—coRcents a%.“ A—depth
ongi-tudi-n t rannl i nnl zﬁﬁd the horiz h?%l
2680andar d_devj %6 on from t he 28pea of peak copgcentration
28fobateral Strpgd | ng) I on EFQ%gy (ke\ij Ra19§9
30'98N9! i ucﬂ nal rerat Stragyt g (ATgstToO Ibi
tl aggl Iﬁlu \ A |Uot rUuD} (II_\\rl\gzg rCP-CS\ O
33.00 715 313 228
1.36.00 779 335 245 -
40.00 866 364 268
45.00 974 399 296
50.00 1083 433 324
55.00 1192 466 351
60.00 1302 498 378
65.00 1411 529 405
70.00 1521 559 | 431
80.00 1741 616 483
90.00 1961 671 534
100.00 2180 723 583




10. 00 233 123 88 11.00 253 132 95 12.00 274 141 102
13.00 295 150 108 14.00 315 159 114 15.00 336 168
121 16.00 357 177 127 17.00 377 185 133 18.00 398

1 0.00 440 211 151 22,00 482 227 163 24.00
%ééﬁ”ﬁg 26.00 566 259 187 28.00 608 27BCHY§R004/028269

30, 00 651 290 210 33.00 715 313 228 36.00 779 335
(00335 4BIGOt YesreGshofematits FRanST ra@en 296 thzGubRraidBs

Seeltia et sReis 26 ot i ol adboe bpa pogpinbiv,
chedficaDGapdd GdpHsitdd EID) silicon oxide or silicon dioxide or high density 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 i-s

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 shoﬁld be noted that although the
photosensor is illustrated and dcscnbcd with reference to a p-n-p photodiode, it is not

- intended to limit the invention to such a photoscnsor For cxamplc 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 chargé. 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 fqrmcd 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, togcthér 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.



100. 00 2180 723 583 8 WD 2005/031874
PCT/ US2004/ 028269 [0033] FIG 4 illustrates the
formation of an STl region 32 in the substrate 14.

whehdsfohgy |y, the trenches 36 are filled wi , .
dlelegtrlc i ncluding, but not limted to, Lgnaﬁm”mm%”

3 QV | | d | di oxi d
00 RS Al o BSPupE Bt amin s Polpiae o
regioi 38iin tieGabsia@XI4)8nd et Fh&ldRa ks bE nfrﬁt!lﬂge DL Refhdds of

t.hen planarlzed by chem cal nechani cal™ planari zation
formipghe Ralogsnuich pegion 34 wisbinghe epehatrauqal& mnealsocbcectm{dbyddc

tre and t |on 32
rcsu!tﬁ'géqg [%.ch 35?4 gbc(}e 151?%17 tc:dn mliﬁ or &Xamp eh og?n relcs may be
‘incogprysted areudida hIgBQBAs]myEJlﬁna 5HDH)ldﬁpdSsiﬁ&ﬁp&)Bés f Rﬁé@t‘:& RBthod

2 of i of a photosensor 12 having a p-region 12a and
-of it oG BADECE B hEBDSiaissks &8 Soli-squrcestifusion. be

noted that although the photosensor |s illustrated
d descr.jbed with ref to.a p-n-p photodlode it
L0} O et Do NG 1 i chearsieratpmets ok
inveRHOK, 3F YBEAT2 haloRtn BXR IR & 34 ﬁ@%ﬁ&%{“i@cﬁg n ST194 S35 e§§ or

12 coul d be an n- p- n phot odi o togat €, Bt

photosensanld Bphmc mnlscekagc oncmieﬁromé?Td a@awmesm sp&iiﬁt&ll)t thﬁg
|caI char

P onﬂ i ust érg%-ﬁpd %or FhatTsh "o tgc Pﬂf?%o’ﬁ &Z@P{)ﬁ;‘cd’gﬁ@dcmor 12,
the Jpalo geperiahatgior 94 cih balsilizad Bechden thAGHokdsBt 1Y and@STT sidewalls
32b n&er transi stor gate 16a and a reset transistor

dﬁ%& SevasuppEtehitihsureabnyent i onal  net hods. |t

shoul d be noted that transfer transistor gate 16a is

i.n a plxel cell 10Q havin

d |
(003, " SEEn qoRRbutmg Tt diskageilothe Sl hegpey portion 32c,
'Mmﬁﬁt@ﬂ&i Bl@rs. 18 dhdHiEeracdd plkél AN3ePLE ﬁ@l cﬁ%lx%eg%g (Hch region 34

pi xel cell 100, and pixel cell 100 coul

is ogafipesbuadegmrsiloo S TT {10 Fomfaddinoattd bringibdatizdtbeaween the

pholok@RS! £ add AOSTE Ll A e HIAL IS, Yne PUXEL £ 100, 54
und¢meats itlsd $51‘ISrchbﬁ) 82 5the 'haboléa-rith idglonsd4 Abp ot hp EaBkikQN
i nsul ators 16b, 22b on "the

ack si dewal
“’Ca's‘:dd‘g g‘cosrﬁ hpgrogupqrtian F2g.dhereby supprgssingranydagh currsapinrge pixel
cell so@nsfer transistor gate 16 and reset transistor gate
22, respectively. FIG 6 also illustrates the
formation of n-type regions

- [0039] ° Referring to FIG. 9, a halogen-rich region 34 is formed within a top region 40
of the substrate 14. Forming the 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 gaté 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



~within p-type well 20; specifically, floating
di ffusion region 18 and source/drain regi on 30.
Readout circuitry (shown schematically) is also
formed, and includes source follower transistor
rWR 28B0EET transi stor 26, and colum line 28’CT’§’SW’°M{’”
2005/ 031874 PCT/ US2004/ 028269 [0036] FIGS. 3-6
- FIG| bYSid ik SutRith¢ 140 Rl GeaHeh adcyor Bt biche@s tHeaietimencil leffects of
halogen rich region 34 in the substrate 14, and is
the, 58D FFFsCRTES B awefCl GeHi400 HRRT DESVRRIP CHRERTH SERCTRHON TSR g
ledidi& hal ogen-rich region 34 within the substrate 14 may
al'so be enployed, resulting in the pixel cell 100
|IIustrated in FIG 2. For exanple, hal ogen species
be FI'CP q0IRREALELDL UGN 8 Vi@ Geits 36V FRGASYWlined witha
3 deposi tion process. Another nethod of.
qg@mtpi)lom Gomeraniadideranc mpenil &8 priet & fllies shegsch 86 with 4 GQVD or
ol |d s urce i ff 0
HEY AP SRYTSIE on R BoE R ol Kb ey b fned
wm_mﬂe:mnamal, sﬂican wkide l‘Sx@Fh ahddgen filledwith e gI°aN smdon gxide material to

folgggglgé ed. bel 2‘% g%g%Pgln§$ g}hﬁ‘ é%’-‘ ghOt Q ?vsc%rﬁﬁant ‘dielectric

m#eaaids @gl IS)01, R haldRh tdiftResQhrotthesubltrats i1d efvahing33A1dgsn-rich
contact with the p-region 12a of the photosensor 12,

regioa Hdicomeen-the SR regigh &7 asa theaHbiyatq K ablitboughilbsiaiss as a thin
mta!%ﬁalpﬂ Qﬁ&ﬁ& pe 85tc& %h @ cﬁtgﬁw cloﬁsta%clccﬁchm%chﬂ |46 could

erveé to suppress dar Frent . [ 0038] Anot her region
ﬁlttm:tdnnmxtamg ibﬂmhgakaﬁbrqg@ntfh@tﬁﬂf foottample Si®F.on 32c,
sillustrated in FIG 8. In the illustrated pixel .cel

- 300 of FIG 8, the halogen-rich region 34 is .
[Q043 Al | z&le gndecpuﬁemtheméOQmOOs 860 ehthg veptieriaiay bospmplined

{rd ock
o P G50 BN, S i oo
dﬁéram,ldifd@M@ﬂ lhlagdfrelcﬁa'd 9Q&hpviug a3@xel arkpy HORI d?g;mham'ay(ﬂﬁ)O comprises

|on unt e tra I cated in t
?ﬁﬂ?‘ﬁqﬁ%f ‘Bjr}m?i’&c ‘%/ Feby suppresgl e a%)rlo“ Irqjlii]
ﬂmuﬂte@pmurhnta 80PEotRAins Aedabt c30Pixe R0I0D, 20, enmm, s@o

FIG 9, a halogen-rich region 34 is formed wt
CORSYTOFIEH i APeRUBS IS 6 OF P CEEmBiTY aﬁvﬁﬁlﬁgﬂﬂm{;} the iiveation as

d&f@h{a&ﬂbo% GRLFEFLR R BASWLIY. Mok RRrifNtshiES tHADMICGREer408 of
o ) .

FIG. 11 is now discussed as incorporating at least one pixel cell 100 of FIG. 6; however
this is not intended to limit the CMOS irﬁagcr 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 selecdvely activated in sequence by the row driver 910
in response to row address decoder 920 and the column select lines are selectively actjw'atéd
in s‘cqucncc: 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 -



the substrate 14, not only counters the effects of
defects found in the silicon dioxide/silicon interface
bet ween the STI boundaries 32a and the substrate 14,
ayo Abasissed above with respect to FIGS. 2-8
al so counters the negative effects of defects
in the silicon/ gate oxide interface 42 between the
COIttFQ.{h@#edé?ss @Fﬁ?@r%ﬁfq?&s Ot fas saleging the @ppoprizfg gowad column lines for

: t ] [ t (Fl¢
iRl oo ol ol e GHLGRTOTH WP Byl ifioy PBirage o the
drivespettort of tHeGeledted kdveasd ddlamn/ligas.e oxi de interface 42
contains defects that create trap sites along the
gate oxide (e.g., transfer transistor gate 16a of 10
- [004B] 200 T/ F5ied 4u Gt sigt2OHPicARGIAGAde kel R3ctap@all e taken from the
substrate 14. Hal ogen-rich region 34 counters the -
flodftng ditfavempods (et &5 OfFIGr RewhER§ 1 Faseisindragitgl ipagy sgmabVe,,

i 4 rye ratiol i, .or
VRSELAER b e QURNGTAAAS Y Y 9PN Bl enccs
by eeirhagsCe imnskhrraitoaht nedec ITIRGV ( ARGV Agighats dre fead byatshmple and

" . hal ogenﬁt ed how constant -dielectric naterial 46
hO@ﬁHG\mtgé RPF P EREed Pehdifemmng) ampplificr Y62 grhichpyoduces a

i . 100 o e i '
e B (e Vaih 56 bl ALY (bl Hamonp g lgh
impingingem thx ipiels( SibisFsjgnabdifferehanis Higitizd by ahhanalog\B-digital converter

I Licgon.oxide material to form STl region 32. B
9751 b Qe e G eins e s e A0 8 eHe REBSFSIoR B0 to form
i€l Bedok! n 2HBGESH] B! 5. 5, ¢he CM6 ice 9
_ diffuses intag&t he’%gg ténrcgt@neml%,ﬁ’ﬁ?ﬁ ng gﬁﬁggcggg‘ﬁﬁ?%%maybc
inchulgd om 23ingle sansiconduaer Sip (c.ggivoiicr3A08hd t he substrate
14. Although illustrated as a thin material, it

shoul d be noted that the hal ogenated | ow constant -
"10Qf4d| ectBlGe 13whews systetfl 096u4 typidal phoctsher lmsed systetrmeodified to
. formng an STl. reqian formed..of ,.fqr exanple, SiCF. .
inch Bl Fo S e SRR RoR a1 o B BT PS8 ot oty
systainedTidigithl BRYuiRehA4 QBRI IRdud M d ihaBer &8 V8B, Hxh@plet b¥processor

to forman i mager device. For exanple, FIG 11
based|sysserpyinglinds, witkeut limitgHior campater $YTNIS camargeystefay sgaaners,

V] ixel . array. 900  Pixel array 900 .

e Mt Mool B0l Dueiy o Dflonsy, spreilance systerns,
autor fochest spstBinB atartHHkR lsysedms¢ MotidhHetRtlof H¥Eems] ifage stabilization

il lustrated pixel array 900 contains at |east one
SYSEiTe png datp compression sysoy forggh-dshmition television, any of which could

utilize the invention.

pcf/g%zr(]ua:/ozszw

[0045] System 1000 includes an imager device 908 having the overall configuration
depicted in FIG. 11 with pixels of array 900 constnictcd 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
systemn 1000; an input/output (I/0) device 1006 and imager device 908 are examples of
such communication devices. Other devices connected to the bus 1004 provide memory,

12



constructed in accordance with anyone of the exenplary
enbodi nents of the invention as described above with
respect to FIGS. 2-10. For clarity's sake, the CMOS
[ < ,0f FIG 11 is now di scussed as
iﬁ@%?%gggg?ng at | east one pixel cell 100 of PFTUSIEE4/028269
. however this is not intended to limt the CMOS inager
ilhggatively indotingr rerdsoelacressimqgndoa RAME] (i O bardadivie dU1BD0and one or
of each rnow in array 900 arge all,.turne af the sane
i e Ry BENE ot 453 oy ok F J0PL v samist g o)
dri®ag 01.6.0THOTin e £ d &ede SOBI A éc it ddtroP¥r ofh@SBRE FoMECPU 1002 or
colum select lines. A plurality of rows and col um
othgricempapentpphiyitemd 008y Tibedmaggrtderiee 398 ayry goournT peovidpsignals

I.nes are selectiv ctivated in sequence by .t he.row
el I o° BieRE bt 100 B oe? it & 22 K Gne oginen
opthéiogNl um sel ect |ines are selectively activated in
sequence for each row activation by the colum driver
960 in response to colum address decoder 970. The
[0GMIS | MR giesul@68 nb&d@ﬁra&h&%lﬂhcﬁﬂﬁnﬁﬁﬁllﬁpﬂyccﬁidc§dﬂbt:d with specific
950, which 11 WO 2005/031874 PCT/ US2004/ 028269
refersness P SMEASmied cells havdes & hdpgen-grlpragign 34 (&S 2d0) fermed

[ r an Lum 44 nes. for. pixel readouyt . ..

e Ao Endof 1 308 SEP Ok 3% B v Eliprbhl Geot R iy and
mayrbevised) invalytidgging ppdigus. dFdreainpR) EHeSiredefit Dfeddd® may be used in

selected row and colum lines. [00431 _The- pixel
copiynpiAn with sbarge-egyniedevicei( REIRIdmagess; ylde abevsedeseringiemland
dr:;vah Cillyd i . ¥ . 3 s i
TS R TR by b e B 8012 Kb o
adsdnyapab ofMe presemdibedntibs. Addsetg cqrtiid fdvahtagatandpreferred

‘diffusion node (e.qg., 18 of FIG_ _6) after charges.
°“‘33&4§P%&% ave g?‘“f‘hﬁ“ﬁ?&%@eab&f’% thesg rﬁ’é‘ﬂé‘% Hethetag willgeqpgaige that
subd¥Runibns, adIEbnYSddeRnENAbBAALBnE SRE/ R btRer SRS

hol d clitcuit 961 and are subt?acté& by a .%?ngﬁgfgﬁdc
withepk dépagrin®Bom thhsmht @rsooproefshe invdinfidrer Aaoedisglgdt invention is

e VS for _each.-pixel .cell . 100 i ch

nc} Hited o B e dingc P R ol B P gPecHoRs of the appended
clapixel s. This signal difference is digitized by an

anal og-to-digital converter 975.' The digitized pixe

difference signals are then fed to an i mage processor

980 to form a digital image. In addition, as depicted

in FIG 11, the CMOS i nager device 908 may be

i ncluded on a single sem conductor chip (e.g., wafer

1100).
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10044] FIG 12 shows system 1000, a typical processor
based systemnodified to include the inager device
908 illustrated in FIG 11. Processor based systens
exenplify systens of digital circuits that could
i ncl ude an inmager device 908. Fxanpl es of processor
based systens include, without |limtation, conputer
systens, camera systens, scanners, nachine vision
systens, vehicle navigati onCeEAH8ns, vi deo tel ephones,
surveillance systens, auto focus systens, star
tracker systens, notion detection systens, inage
stabilization systens, and data conpressi on systens
for high-definition television, any of which could
dt A pixel gallecarapréging on. [ 0045] System 1000 i ncl udes an
i mger device 908 having the overall configuration
] | | . .

GGl rakifg & FrefideBe rfioh hld S5EGindUaed pogion i
enbodi ments of the invention. System 1000 i ncludes a
@eseeiation with@semigongustor substrate, paiddqiniosrnsonicapalgedf
t hat comuni cates with various devices over a bus
HefératingUBrtk @urreR@ devi ces connected to the bus 1004
provi de comuni cation into and out of the system
100Q0; an i nput/out put ,éj /O, device 1006 and i mager
govselation segipa femgmhwithingsaid substrateranghadiacenrfo said
devi ces. Ot her devices connected to the bus 1004
phetdséAsse@ddy, 12 WO 2005/ 031871 PCT/ US2004/ 028269
I'llustratively including a random access nenory (RAM
1Q. 10, hard dr.i vrf 19_12, and one or, nore perighe_ral )

PYerBch segion logalized 2t faash gy a gidawall region o spid igplation
conpact disk (CD) drive 1016. The inager device 908
reyion esd haloyamtricH réyﬁorohhﬁhg%aﬁélo &R BbRESAtIAIYA Sfficient to
ot her conponents of system 1000. The inmager device 908
na in tu provide signals defining inmges to
8}%@@&&@@@%@ q"ﬁfe'ﬁrrage processing, or other inmage
handl i ng operations. [0046] It should be noted that
2l The pixel thbit of laimti, avheraim daie haldgentridhe@givri I8 between said
specific references to CMOS pi xel cells having a

RTBEIRBIT a5l Relonats®E, 35,4l nvent ron nas -

broader applicability and

LLOYD WISE

3. The pixel cell of claim 1, 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.

4. The pixel cell of claim 1, wherein said halogen-rich region and said first
doped region of said photosenso.r overlap.

5. The pixel cell of claim 1, wherein said halogen-rich region has a peak ion
concentration at a depth of about 300A to about 800A from a surface of said

substrate.
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may be used in any inmaging apparatus. For exanple, the

present invention nmay be used in conjunction with LLOYD WISE

char ge- coupl ed-devi ce (CCD) inmmgers. The above
description and drawings illustrate preferred

enbodi nents whi ch achi eve the gbjects, features, and
advant ages of the present invention. Although certain
advant ages and preferred enbodi nents have been
dedbeipixel callof elaimhbseharein $aid hatogdrerietr tegioh has a
recogni ze that substitutions, additions, deletions,

= ¢ .
Sekeh A arn AR fork fih AP R PRGBS RS 10r5rom:
i nvention. Accordingly, the inventionis not limted
dy Thepixelcel if elpiaet Fbirther eomprising @ eharge Icoliectin tegion for
the scope of the appended clainms. 13 LLOYD WSE 14

[
e o cherdedintft i phokdiaREhf st chdol KB Rigion,being
in 5 association with a sem conductor substrate sai d
eiestiediiyseannesinshioresdou@irmitat.i ng dark current; an
isolation region forned within said substrate and
%dﬂ'%%?ieltc‘élﬁﬁ'c%mpf‘thﬂﬁ@l”&%pnﬁﬁ aatr%f&gﬁgnélét‘b forme
region |ocalize | east at a si ron O
isolation 10 region, said hal ogen-rich region haV|ng
dehyeenyand @Qﬁﬁéﬁtﬂﬂgaﬁfrl@rpf&!@sqf@péﬁﬂd s8id ehargeasliestioniregion.
dark current. 2. The pixel cell of claim1, wherein
Lainp iRdgParRa-ditctit coRfirfding:s bet ween said i sol ati on
regi on and sai d photosensor. 3. The pixel cell of
claim i d hal ogen-rich region is forned
Braanof a'se' Qﬁ\'sseﬁe@%m Bixel ealEo gﬁ%&arr@d@r&ww@g:of
fluorine, chlorine, bromne, iodine, and
a semiconductor substrate having an isolation region formed therein;

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 acquired 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.
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any conbi nation of fluorine, chlorine, brom ne, and

i odi ne. 4. The pixel cell of claim1, wherein said LLOYD WISE

hal ogen-rich region and said first doped region of

sai d phot osensor overlap. 5. The pixel cell of claim

1, wherein said halogen-rich reggion has a peak ion 20
concentration at a depth of about 300A to about 800A
froma surface of said substrate. LLOYD WSE 15 6.

TiHe Thesirtegeated dircuitlofclaird,9, wereinrsaidhdldgehenipnregiarhhas a
region has a concentration of hal ogen ions fron1about

3P S A AR B BB T oo

|on for receiving charges from said photosensor,
charge collection region being 5 electrically
connected to readout circuitry. 8. The pixel cell of

0||Zarl'ﬁb?ntbg%téa %'ircﬁ BPEfairh 't %éélﬂ'%?@h {o@@% Hich P& ign has a

formed tween an connecflng sal sensor a

said charge collection region. 9. Am I nt egrat ed
Erpeentrationefrhalegen fram abmays %11037/gef te abbut 53¢ 10ELm3.
one pixel cell of said array conprising: 1o a

94‘3ml'ﬁé WstegFREd TiBat bﬁbl%lr’ﬁ@" WHeéréih éa'i"d’hf"{p: ?goﬁg gb@” cell further

orned therein; a photosensor having a
ﬁwﬁn and a second doped region in association with

sefacdirige colleaippsiegiansiorned 4n sgishsemicandugios substrate.
beI ow said isolation region and between said

ABOTRE @itegFatedeficitof clafA!13! v\»fh%rém@aimat 18ast drve pixeNadll further
processing circuitry fornmed in said sem conduct or

substrate and, el ectric connect ed to said array
FBmorB8s AT ar HaRH oL TRy RtMERnSSai aharde collection region
representing an i mage acquired by said array and for
phd\saitd photesepsidr. data  representing said i mage.

15. An image processing system comprising:

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.
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10. The integrated circuit of claim9, wherein said

hal ogen-rich region is formed 20 with an ion selected LLOYDWISE
fromthe group consisting of fluorine, chlorine,

brom ne, iodine, and any conbi nation of fluorine,

chl orine, bromne, and iodine.,LLOYD WSE 16 11. The
integrated circuit of claim9, wherein said

hal ogen-rich region has a depth froma surface of

486. A pixel callirehmoprising.ubst r at e of about 300A to about

800A. 12. The integrated circuit of claim9, wherein

AT neaneaR: shbffb T doNuiis Brifd o 1015/ cns.

13. The |ntegrated circuit of claim9, wherein said at
laepRatosensosifarned il $aifd subktsate mdrbavnegsa first Hapegkregion and a
collection region fornmed in said sem conduct or

SBBsAd @b ed ré@ nif %s%@élﬁ%ﬁmﬂ s%'idr %%tcgﬁpwgro?isﬁbéﬁate, said

vvhere In I d ' east one xel
rises a transfer transistor forrred bet ween sai d
Q Qpenser be@gumab@omermamdsw eurpendt osensor. 15.
An i nmage processi ng systemconprising: a processor;

%élﬂ@&h-ﬂeh ‘i‘@%bﬁefoﬁﬁé'@ Walirt &t easCorn¥ 8F&ES Qfencﬁ@% ds|ari1(|j rr]18Iogen-

i magi hg device conprising an Inmaging array con
a plurality of pixel cells, at |east one pixel cell 15
cishegiontiaving adyalegsnuerncentration sufficient 4o thg suppression of said

hal ogen-rich region, an isolation region within said

R eERent: @Rd '#R0s6RtioA '?Qg idn H&‘?ﬁé@ FMARY sd18\at T¥hst ohk'tidnch.
doped regi on and a second doped region in assoclation

S0P S f R S Pl BBoh f Bpamea wi
readout circuitry providing signals from said

RIAGbR $eRREEd 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 for
receiving charges from said photosensor, said charge collection region being 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.
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LLOYD WSE 17 16. A pixel cell conprising: a
sem conduct or substrate having trenches forned LLOYD wWisE

therein; a photosensor forned in said substrate and
having a first doped region and a second doped region
In association wth said senigynductor Substrate, said
5 phot osensor bei ng capabl e of generating dark
current; a halogen-rich region forned within at |east
éieABfintegrated ciradiheempsising hal ogen- rich regi on having
a hal ogen concentration sufficient for the suppression

' r ; an tion region forned
B RO RS e S0P AP RE LY T F R e R BTPrsig of
claim 16, wherein said halogen-rich region is forned

isemicondugion, sibsirate bavingfat deast vpedranch formed shéren: of

fluorine, chlorine, bromne, iodine, and any

5 . . , . e and
BRG] cOMEHS Ol P (D i o east ne
comrising a charge collection region for receiving
teacyendr  om sai d phot osensor, said charge collection
region being in association with said hal ogen-rich

4 photoseRBer ﬁé\ﬁﬁgrrai fral BUpé‘(gg"q%rg ?Hd faoséc%i\gcat{ped]u%giron in

circuitry. 19. The pi xel clarm urt
ri.sing,a transfer transistor in association with

co )
%%ﬁrgé:'%gp ity said seriggnductorsigbsieaterand sai d phot osensor
and said charge collection region. 20. The pixel cell
signall processing tieditry foestPin Sai c?rﬁﬁfc '

fgr mng in 2% asslggi%ti on W%lﬁ%gg}% ha (t)%'{efy-h%?%ﬁé)énd
char ge

i.on.and el ectrically connected to said ] € _
JEtrigaly 89{"}9&3?@59 Seid@rtswosesceiding Bndmioressing aixelisignals
circuit conprising
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 integrated 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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“an array of pixel cells, at |east one pixel cell of
said array conprising: a sem conductor substrate LLOYD WISE

having at |east one trench fornmed therein; a
hal ogenated | ow constant dielectric material forned
within said at |east one 5 trgnch; and a phot osensor
having a first doped region and a second doped regi on
in association with said sem conductor substrate; and
£5g AanethaskefSormingoa pixel cell; saat methochcemprising the acts of :
sem conductor substrate and electrically connected to
?ré\*n?lngfaft?é(n{r% é@&ﬁhéﬁd&%c@?%u%@%@ss' ng pixel signals

1o represen an | mage acqui by said array and
for providing output data representing said inmge.
Sormitg@ halegen-sick degiondocalizet! atledshar a, sidéwalbreyismbfisaid
hal ogenated | ow constant dielectric material is
frehegd With an ion selected fromthe group consisting
of fluorine, chlorine, bromne, iodine, and any
?_@ﬁbl nation of fluorine, chlorine, 15 brom ne, and

Ao $aid Q@nC'TM@thua]d@@Cém@maéemaiuamd of claim 21,

wherei n sai d hal ogenated | ow constant dielectric
reheng alp d i
B o ety haling & iRt 98PL Gl < B8LSHY dGed region
hal o enat ed Jow constant dielectric material is

Bl asgpeiationwith saidksensigppductopsubstrateseni conduct or 20
substrate. LLOYD WSE 19 25. A nethod of formng a
R6XThe @fdthod DR chhiEls) Ytheromddid hEQofthﬁBﬁt@té hlogen- -rich reglon
formng a trench in a sem conductor su rate, F

hal. og rjc ion localized at | east at a si devval I

F%@‘Paﬁ %50%9083'5 gtlh%trﬁteamfh anionyselgrigdifrarndhe @reup gonsisting
dielectric material; and
of fluorine, chlorine, bromine, iodine, and any combination of fluorine, chiorine,

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 dffusion 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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form ng a photosensor having a first doped regi on and

a second doped region in association with said LLOYD WiSE
sem conduct or substrate. 26. The nethod of claim 25,

wherein said act of formng a hal ogen-rich region

conpri ses doping said substrate with an ion selected

fromthe group consisting 10 of fluorine, chlorine,

brom ne, iodine, and any conbination of fluorine,

Sl dhe meethod rod claini 26 wiksteinTseid imatdyed-rich Wgiomis@6rmed having
wherein said act of doping said substrate is

. . ol . i
BReonRHRatoH of R0 BR it 3bbAls X Tyt el s 104
performed by incorporating hal ogen through a high
denshe yngthad @h claipods, whereinsaid g‘w doped rggienrdtsiaidipbétosensor
claim 26, wherein said act of doping said substrate is

habi K f s o hal ogen i ons.
%fo?@%gqﬁeo?ﬁggswmcﬁg%% ) n\/\%@rel I&Lai d hal ogen-rich
region is forned at a 20 depth of about 300A to about
g80hhe msthad of claime2 % fudhercoseprising thecaetrof prawidingsa enask over
LLOYD WSE 20 31. The nethod of claim25, wherein

e QEACIO! B ARAL PRI e B TR81g 5/ hgloggn-rich
abqut 5 X 1015/cnB. 32. The nmethod of cl ai m 25,

{#HPRi n said first doped regi on of said photosensor

is formed to overlap with said halogen-rich region. 5
33. TH® tetRbH o cREM TS fiRtIeT cd‘n‘g?ﬁs'i"ﬁd ttf@é‘&rdf%ﬂﬂing'becl% e
of providing a mask over said sem conductor substrat
'or m ngt sai d hal ogen-rich region.

ior,e sai d step,
aendyctor substEateconpri si ng the act

be dof f
gallectign regiondn sgid sem
of formng a charge
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 pixe! 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

_forming a photosensor having a first doped region and a 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
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collection region in said sem conductor substrate. io

35. The method of claim 34, further conprising the act || ovpwise

of formng a transfer transistor between said
phot osensor and sai d charge collection region. 36. A
method of formng an integratgd circuit, said nethod
conprising: formng an array of pixel cells, at |east
one pixel cell of said array being forned by: 15
frepresenting sainagadequied dylsaid atray badifogpaividiegsutputelata
trench forned therein; formng a hal ogen-rich region

: = om portion and a sidewall region of
?&?Hgggﬁﬁﬁ@gaslta 'g%yetrench; and form ng a photosensor
having a first doped region and a second doped region
i34 - Agvethiogtefdarmingrarsimapespracessidg systens,udaid mxatbod anchprising:
20 form ng signal processing circuitry in said
f@ﬁh@ﬁngﬁk@gs§“bstrate and electrically connected to
sald afray for reéceiving and processing pixel signals
LLOYD WSE 21 representin% an i mage acquired by said
9rming apdmaging devicel caypleditp seidiprogesseip saiddmading davige
i mge. 37. A nethod of form ng an inage processing

. . : i

g B TRl PURARY o bl Pelp. It gne
processor, said imagi ng device conprising an inmaging
arehgelbimedhy a plurality of pixel cells, at |east
one pixel cell formed by : formng a plurality of

forfieg 8pliralify SErechRBUR oserficbRdAbEsubSfdttMdrfing a
hal ogenated |'ow constant dielectric material wthin

alhoRgote o sonRpRL GGG alRIcL BB AR pRke I GeoRhi And
association with said sem conductor substrate; and

farming @ FHagosensor daemy 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.

39. The method of claim 37, further comprising the step ot planarizing said
halogenated low constant dielectric material such that said halogenated low

constant dielectric material is planar to a topmost surface of said semiconductor

substrate.
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circuitry in said sem conductor substrate and

electrically connected to said array for receiving LLOYD WISE

and processing pixel signals representing an inage

acquired by said array and for providing output data

representing said image. 15 3 The nethod of claim

37, wherein said hal ogenated dielectric |ayer is

formed of fluorinated silicon oxide. 39. The nethod

4p. Thaipines zell pficlairar!, wdhepeinsiaid) halogestregh melgion is formed with

pl anarizing said halogenated | ow constant dielectric
@héal such that said hal ogenated | ow constant

lelectric material is planar to a topnost surface of

sai d_sem conductor 20 substrate. LLOYD WSE 22 40.

#he Thiedixelgall of plaig 4i whereimpaiddiatogari-tici aégigehasiah

region is formed with fluorine. 41. The pixel cell of

el kR BREn O RoRreeRtafbt o B HepRD ol Aol 5004 from a

of abou{9 500A froma 5 surface of said substrate. 42.

$udacs otsaid substsates| ai m 16, wherein said hal ogen-rich

region has a peak concentration at a depth of about

390Phé i f1g0 I '
BB ] e B Syl R it pgich ol

hal ogen-rich region _has a_io,substantially honbgenous
F%?F%ﬁ'ﬁé‘@ﬂta?&‘%q{ht% ahoyt300A & aheut B0GA Ham AGwriace of said
surface of said substrate. 44. A pixel cell conprising

substpdiet osensor having a first doped region and a
second doped region in association with a

3550 BT bl of PR 1B Poeteth SaRl 45 em o reaahas &
substantially homogenous ion concentration to a depth of about 500A from a
surface of said substrate.

44. A pixel cell comprising :

a photosensor having a first doped region and a second doped region in |
association with a semiconductor substrate, said photosensor capable of
generating dark current;

a shallow trench isolation region formed within said substrate and adjacent to
said photosensor; and

a fluorine-rich region localized at a boundary between said shallow trench
isolation region and said substrate, said fluorine-rich region having a depth from
a surface of said substrate sufficient to suppress said generation of dark

current.
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a shallow trench isolation region formed within said

substrate and adjacent to said photosensor; and a LLOYD WISE
fluorine-rich region localized at a boundary between

said shallow trench isolation region and said

substrate, said fluorine-rich,yegion having a depth

from 20 a surface of said su%strate sufficient to

suppress said generation of dark current. LLOYD W SE

48 Efp.ixekcsllﬂemprsing:conpri sing: a photosensor having a

first doped region and a second doped region in

j b ] : S » .a shal | ow
f PLRKTerSDy Hoving™ RETUGRAF egh I I othdt Baicitn
and a hal ogen-rich region |ocalized throughout a 5
asgacadien yithsa semicanductaresubstrate; eshatiow tench sbidtionwegion
trench isolation region, said halogen-rich region
o uf :
N SaRO ISR A hafentiict [t deBfizen throughout
hot osensqr. 46. The pixel cell of claim45, wherein
araef S?g@ﬁummertbg{)@ﬁﬂtﬁ% said shalteyntreach isolation region, said
hal ogen ions fromabout 5 X 1013/cnB8 to about 5 X

A&&GER-RN regRNavind'8 HalogIn &Sﬂdengﬁgﬁh %iéuffic@t e Jr@)%ssing

conprising a charge coll ection regi recervi
t?.'h es fr%m sai d _phot osensor, said charge collection
831 of dark£ureant fiom said| Bhatespnsered to readout

circuitry. 48. A pixel cell conprising : a photosensor

46\Thedpiref ¢albdf SISiReAS) REERN 381 r?aléﬁéfppég Sg@%ﬁ Ha8H on

in 15 association with a sem conducto trate; an

i sol ab_i n rgﬁi on errreP wthin a trench formed within
CofGsniraliah PhHalodgndons, iTaE ek 5 X 0 Hem? & abpb D Bfem?.
within said trench, said hal ogen-rich region having
4hathegsirelcesIcedlaint 49 uBthef E6MPASINGY cIFaHBBIRNELHh Fdiffon for

presence of

receiving charges from said photosensor, said charge collection region being
electrically connected to readout circuitry.

48. A pixel cell comprising :

a photosensor having a first doped region and a second doped region in
association with a semiconductor substrate;

an isolation region formed within a trench formed within said substrate; and
a halogen-rich region localized within said trench, said halogen-rich region

having ahalogen concentration sufficient for suppressing the presence of

charge collecting dangling bonds of said substrate at said trench.



charge col l ecting dangling bonds of said substrate at

said trench. LLOYD WSE 24 49. The pixel cell of LLOYD WISE
cl ai m 48, wherein said halogen-rich region is forned

with an ion selected fromthe group consisting of

fluorine, chlorine, bromne, Lpdine and any

conbi nation of fluorine, chlorine, brom ne, and

i odi ne. 50. The pixel cell of claim48, wherein said

K8l de pixel call oégiaim 48 wherdinsalics halogeairich regioraiefered with

ion concentration to a depth of about 500A from a

aHibRe8IeRleSROM tﬁgtb%ﬁﬁtcgnsisting of fluorine, chlorine, bromine, iodine
and any combination of fluorine, chlorine, bromine, and iodine.
50. The pixel cell of claim 48, wherein said halogen-rich region has a

substantially homogenous ion concentration to a depth of about 500A from a

surface of said substrate.



