WD 2005/ 041304 PCT/ US2004/ 028469 | MAGE SENSOR HAVI NG

PI NNED FLOATI NG DI FFUSI ON DI ODE FI ELD OF THE | NVENTI ON
W@ 0®8A0}13The i nvention relates general ly to netPOOESAN€028469

apparatus pertaining to a pixel array of an inmager.

In particular, the invention relates to inmagers having

pi xels with an inproved floating diffusion region.
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of the cells including a photoconversion device, e.qg.
a photogate, phBIRKCOMOHAME INMENMTHON odi ode. I n one
such imager, known as a CMOS inmmger, a readout
circuit is connected to each pixel cell which
[0001]y p. chh¢ yvendon gelatea 8§%¢E¥?’é3étq Berhnms and gppaEatus pertaining to a

istor, Qpyer s vice co bs
pixel amﬁaﬁ SRdmager, glc]?z?rgﬁ hnvepgon ?qatle% Io ?mgggﬂ;si rllls ymlgr%léels with
an 1mpﬂoee&ﬂ6£@£§&fﬁfswn%gldlﬁgl on, which may be a floating
di f fusion region, connected to the gate of the source

foI | ower output transistor. A charge transfer device
(e.qg., transistor) caBAKKGROUNEYW for transferring
charge fromthe photoconversion device to the

ook S5l sy tsglone Lo 2eblab sieh Lmatte
each onlclo(ﬁfxé &sdhéitHi :{‘Pﬁg&'ceﬂvérﬁ A devieded r:f@)l{‘@ &%@r ge

prior to franster ence. he out ’of the
photocSRdticesr, fod Ialplmmlbdan?mme rutlsinggieedkasviams a@M@S imager, a
signal by a row select transistor. [0003] Exenplar
readoutCNUBit ipraghmgrted reeAadhixg rC@lé @@sthﬂgpg glctqﬁkﬁ@owur%éﬂowcr
det ai | ed,., descri tlons of

output EREENEY o FLR L bt TR ceriet PR enS b o] which ar

typlcaﬂ%&%ﬂﬁéggﬂé 'F](t? a ﬁ%ﬁ‘rglcj s&rag@}%g&% gggﬁg rriéag%e@%o&l%é aat i’bn region,

connecfed3bthdgatd of tRhsdescdbllaber, odlpt tritadistot. Alacharge ﬁﬁﬁsfﬁﬁdewcc
to Rhodes, U.S. Patent No. 6,204,524 to Rhodes, and
(c.8., trangstopagegrhe nsluded fongansiyring chaigsdiom the Ph edossgrian device

to thC O@P@%C %:@Sfl(?]lté P%l{)lg Ir nlaﬁ%]] ar :%1{10 rugqb%er Teglgréﬁior gﬁ@ \%/a transistor for
resctmnglthé' ﬂbﬁlﬁlﬁoé QiffusPIrOrsicH R4 ?fé‘d@ferﬁih AleYel o charge
evice 3 having "a pixel array 200 with each pi er

transfereatd. Bhé ogtprandtthe stwde dlodes cranbisor dbgared aParalutput sagnal by a
200

row select transistor.

[0003] Exemplary CMOS imaging circuits, processing steps thereof, and detailed
descriptions of the functions of various CMOS elements of an imaging circuit are
described, for example, in U.S. Patent No. 6,140,630 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 are hereby incorporated by

reference herein in their entirety.

[0004] FIG. 1 illustrates a block diagram of an exemplary imager device 308 having

a pixel array 200 with each pixel cell being constructed as described above. Pixel array 200



WO 2005/ 041304 PCT/ US2004/ 028469 [0004] FIG 1
illustrates a bl ock diagram of an exenplary i nager
waelewsoe13808 having a pixel array 200 with eacPCPUKBNN4/028469
cell being constructed as described above. Pixel array
200 conprises a plurality of pixels arranged in a
predeterm ned nunber of colums and rows. The pixels
[0002] eaghGr QWisraddsa@lodOfiagFen 8F hn iSO lr HBACS30® having
time by a row select line; and the pixels of each
a pixel arhy A0 avith eehedtd vell peingtqpustringted @s desctibee aboveunfixel array 200
select |lines.. plurality of row ,and colum_|ines ar
compriggsc\plyedics gf PW‘Q«% AGARY prsilegminerhaumBer of gpdemys and rows.
.Sel ectiyely .acti d I rj i .
The pikfd oG Fa B abigt 206Sros Buhdi I YfE s ll HPFRADSAect line,

and thpiRels f e&dH ¥thmnaké saladtBElyYutBut By wWiPediviekludR Geledt lines. A
response to colum address decoder 270. Thus, a row

pluralitsind rowlandrcohdun disss ars provded éot thorendiac heepi 2€0.. Thheow lines are
) dmager i s operat by the timn nd contr.o
selectively A casy 2 i Qs oD keseaier e addisa odon2267dhe

' : ryi I '
columg Yot BoBE e eLARLARB AR £c M- PSE 20D rbiphfike <Pboltumn
address d@otiem2 20d TEAs, Widwelind eslubid £ddrkds)s pAfidedoor sskdhpixel. The
that these apply driving voltages to the drive

CMOStimagst istapesated by e saiing ped copmolaittuio} afrwhith pessrolyhddress
decod P35, ERLPTGELTELS bt L yplcably nchuec s phel
The cohfbl a%%&g%%@ aldb %Shﬁ‘olsg_ﬁg ﬁ&%d%&tﬁnﬁ @%Execi\?/dlﬁgté?g%g, 26/09 such

clrcul assocl ate th the colum de

that théisk:fa;)pfyecﬂﬁ g velicgprako (W tive trMssi@drsiof the eeleced r®y and column
. differential anplifier 262 for each pixel which is _
lines. "Hhgprclentumy segqgﬂogfmrél wpigrlainchisievepixeressignab(,..) and a pixel

. Th | di gi.t al 27 lies. th .
image ot {7 paohickel Bhiay ST 1 pragR SHROLASgruisap! asociared
with thiftbfilinh Aet®e 860! A JidkrdniBIGendl Q@thls Vgg))éﬁ%%cﬁl%%% 8}/ differential

conventional 1 mge sensors, “such
amplifien®dDforacacippodebwhithds digitizedietvt aelas e Higieal eanvietter 225 (ADC).
Thi s phot oconversi on device may typically include a
The anplrsttodligigel coovaitsri2f§ appliescdicsheigzed pikchsigays enapsnige
ll,rl?t e. The. gli.xel al so i ncludes a transfer

processgrg'ﬁ@iu%sg s skl irResy gate 25, a floating

di ffusion region 16, and a reset transistor with

[OOOtQﬁ SOC PRIRDL AL Perdna PROIRNEN SIS | kR ds b MO fn@r ¥mploy a

e phot odi ode 59 generate el ectrons which are
photoconVdrgionettvica as gyivomir?BIG Ve B hisighdtpamsfeesiony detecd mapmypically

. the photon-generated el ectrons in region 23 are .
include;q lal%%tpgt%@éf Bavipa Prisgiamgl and Nusew 4241 dR-substrag. Lhe pixel

also in{l‘%géﬁ:Ottg%gﬁtfg%gpig‘t&?%ﬁla%ﬁsgé{lt,fe%%&c% ,ei(hgéthﬂggdi%gigﬁ%ggion 16, and
a reset transistor with associated gate 29. Photons striking the surface of the photodiode
59 generate electrons which are collected in region 23. When the transfer gate is on, the
photon-generated electrons in region 23 are transferred to the floating diffusion region 16
as a result of the potential difference existing between the photodiode 59 and floating
diffusion region 16. The charges are converted to voltage signals by a source follower
transistor (not shown). Prior to charge transfer, the floating diffusion region 16 is set to a

predetermined low charge state by turning on the reset transistor having gate 29 which
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di ffusion region 16. The charges are converted to
vol tage signals by a source follower transistor (not

W@ b} 130Lri or to charge transfer, the fl oati NBCT/US2004/028469
diffusion region 16 is set to a predeterm ned | ow
charge state by turning on the reset transistor having
gate 29 which 2 WD 2005/ 041304 PCT/ US2004/ 028469

causes dBMP& iﬁh‘@%iBBCl@td flow &R v dIbgk Qohilc@WohRt Qe @ 1 AlsbB&RR /drain 17.
source connected to a source/drain 17. Regions 55 are

RegionSHh are ST atsubmionegpons férasolhtng alid pigels fiwnpioxelagoflreom
one another. [0006] FIG 3 is a potential diagramfor
t he i mage_sensor sho in Fl 2. The full well
[OOOéEar gElCapatt P?tCBFlglt ‘ﬁnégrﬁﬁbgég% HBagsgsensor shoppendiffady The full
r ' - PR [ ' f [ » .
well chBE b5 0r SR RpOR I 52 0nshe BudstOF L Bl n B 185 and is
a functlOHedT of Fiensd [ibﬁ:hti@{ Qq,lmg GhnHPHreevaE hniith@ACES ).t ehen the

charge capacity, e photodi ode is saturated and
numbet afidlottromspmedited reaches tetdhergephaptatys thaGelmeodiastt is saturated and
el ectrons callected in region 23 are trﬁnsf r.red.frg%p
CMOtﬂFPQOBH&P&BVg%h@@ BOPheFRUAI G (OB dyf & 62 are
. : i EE L . ; -
st B e S U s e AR, e 96, T e
diffusione@kon dHEe stbhge hepditlsofs a stheatisi voltageosiesiin ad the shaded

VAT represents a reset voltage of the floating
region ghd¢nibie hsadiagi ‘G .76 ThobertonhpotangnlsY er repiesengsa fesetorpltage of

t he rier potenti separ ati ng  t .phot odi.ode 59 .
the foaghg DT reBan B, oMben HEE oA et 35 S0P Ser potential

spsc G RARLRY 5018 10 S K01 s Sl s by
the dottddbhdid MOFIE.f3.UAb @ResudgcRBrdhs MPOGHm Ase phevadidde 3heo the
~graph of FIG_4, the output voltage response based on
floating sionaegentkansferred to region 16 is a |inear
function of the light intensity up to the point where

100072 S RRREE 4 BROATRL L3167 A ARGBF IR Bhsct om he
charge EABHIEd £@RGBoRT 61id8 liRkarGlinaish bheealihk iiﬂﬁénﬁfyyﬁﬁ‘?o the point

I mage sensor to capture intra-scene |Intensit
where thanesgonensauncahe cegidnilid saiughtios poohitt{ Vgps. TELIMERY 1GRsaturation

. ..THE | NVENTI ON [ 000 Enbaodi ments. of t pr esent
point limigs Fidéiﬂafﬁ’rcof\?’flﬁf’eogl”ﬁi Begtl 25 thR ab@lﬁg@fb TisrTgHE SGRSOR ta capture
. ' . | e ' i regi T hot odi ode and
oS TR S8R R OB 0 oo

pi nni ng potentials, thus allow ng output voltage to
rise nmore sl oWSYMMARY OF THE INVENTION

[0008] Embodiments of the present invention provide a pixel of an image sensor
with a pinned floating diffusion region. The photodiode and pinned floating diffusion
region have different pinning potentials, thus allowing output voltage to rise more slowly as
light intensity generates electrons which approach the saturation level of the floating
diffusion region. As light intensity rises, the charge reaches the pinning potential of the
floating diffusion region and the output voltage/light intensity slope changes. The change

in slope of output voltage increases dynamic range.



light intensity generates el ectrons which approach the

saturation |level of the floating diffusion region. As
wO p@hn4i3d ensity rises, the charge reaches theP@I/ns1004028469

potential of the floating diffusion region and the

out put voltage/light intensity slope changes. The

change in slope of output voltage increases dynamc

[OOngn.ge'Ad%i L00p4 Q4 L8O (REEhVRRRAALRZAIER ApRRRIAL from the
di tiona eatures of t'he present invention wll be
followiaprregletl des@iptidmeand diaivinvgsnghideflhistrett aesyranytentrodimants of the
_ drawi ngs which illustrate exenplary enbodi nents of the
mventippyvent i on. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0010]

FIG 1 is a block diagramof a conventional inmager

FIG 1is ablock _ _
cross- sect IONHT DT ERAS AT S OREIENGS o

conventional image sensor; [0012] FIG 3 is a
[00 1@8t entFrd. Misagslaak HRgrdohef picyevent@phlineger defit&hadng a pixel
[0013] FIG 4 is a graph show ng output voltage as a
array; function of input light signal for the FIG 2 pixel;
[0014] FIG 5 is a cross-sectional view of a portion

a pixel ,of an image sensor - accordi to .
100130t Fifie 261 2 SRS PRI RE] BRY o 0 TEpop i nifki 303 conventional
image g}gﬁgﬂti al diagramfor the pixel of FIG 5) [0016] FIG
I's’a graph showi ng output voltage as a function of
input light signal for the pixel of FIG 5; [0017]
[001RG FIGhGvs a pocsruié dmgrim covathe piehdepiceedporEliGo; of
the FIG 5 photodiode during an initial stage of
pr.ocessi n%,perfor d i.n accordance with a ne

t hod of.. .
001 or | B16H gt S RIS B SRS RUREe 81 RO R Grfight sgnal

[I-C&Q% ElLiG 9 shows a stage of processing subsequent
forthcto %Ja&)&é own in FIG 8; [0019] FIG 10 shows a stage

of processing subsequent to that shown in FIG 9;

[00149020]F16. G.is 1 krehaestidhabiiagefal pqrtionessipigel sifanémagatensor
to that shown in FIG 10; .
according to an embodiment of the invention;

[0015] FIG. 6 is a potential diagram for the pixel of FIG. 5;

[0016] FIG. 7 is a graph showing output voltage as a function of input light signal
for the pixel of FIG. 5;

[0017] FIG. 8 shows a cross-sectional view of a portion of the FIG. 5 photodiode
during an initial stage of processing performed in accordance with a method of fabricating

the FIG. 5 embodiment of the invention;
[0018] FIG. 9 shows a stage of processing subsequent to that shown in FIG. 8; -
[0019] FIG. 10 shows a stage of processing subsequent to that shown in FIG. 9;
[0020] FIG. 11 shows a stage of processing subsequent to that shown in FIG. 10;

[0021] FIG. 12 shows a stage of processing subsequent to that shown in FIG. 11;



[0021] FIG 12 shows a stage of processing subsequent
to that shown in FIG 11; 4 WO 2005/ 041304
weERODsE3004/ 028469 [ 0022] FIG 13 shows a st ageCD1S2004/028469
processi ng subsequent to that shown in FIG 12; [0023]
FIG 14 shows a cross-sectional view of a portion of a
pi xel of an imge sensor according to another
[0028TDOdiFENY 3 QhokhE staB¥ S bitRssi DAAREqITE to kBat sho@n in FIG. 12;
potential diagramfor the i mge sensor of FIG 14;
[0025] FIG 16 is a potential diagramfor another
[0028fbodFieni4 abows dicngsisectiomel viewadatpartion[af@26xel pf @ im7ge
is a .schematic di agram of pr.ocessi ng system
sensor asRordiAeg %ﬁ@%&gﬁmﬁé‘ﬁ%‘?f@&‘%\ﬁenﬁ?%c cordance with
any of the various enbodi nents of the present
ven n: .

B e T A b R e
reference is made to the acconpanying draw ngs, which
[0026dr m FIGalb ihepeahtiahdiaghondryaneeer@imbddimshr atcooting to the
. specific enbodinments in which the invention nmay be

mventigRact i ced. These enbodi nents are described in
sufficient detail to enable those skilled in the art

r [ . i_nventj. 1t LS u r od .
100248," 857 LSRR A0 b SRy P2 images
constritté M Mcaltdank@diitiadny e h@sds dneBddibleangesthe PRYseh€invention.
made wi thout departing fromthe spirit and scope of

the present invention. The &r)o ressi on of _Frocessi ng
steps dedHETHHEDPDEReRIPAIQNoOFehbBo I NYFNLIKIN: he

i nvention; however, the sequence of steps is not
her.ei n

10024, L b RS B8 i RRPh BT s R bompanyine
drawinBEGARER %ana{ a PAFHerd a8 wasf &} 8f Mud@hriod 4228 chodiments in

rms "wafer® and "substrate,”” as used herein, are to

which e iundeiat oay bapradticed udihng ahbodiarents are described in sufficient
_silicon-on-insulator (SO) or silicon-on-sapphire
detail tpsogpletthopmiilsghin thespce RipeRcGiBe pugnEem tuhtt tobgunderstood

itaxial lavers.,of silico upport ed a_pbas .
thar orBt or S B Tl i AR BB RRLD L eI gcuical changes
may beShhdC Wit dEMrHRS T 8he YWi8Nand &OPE &TERe pfesEUBvdiRich. The
"wafer or "substrate" in the follow ng description,
progregicay o Dpiocepingregsi degcriiicelds enayplhgyvel drebodintdnits gldietiovention;
formregions, junctions, .or material |ayers in or
howevesy Bh fodiicRetsef Seiie BAERIEH te thafeetiatip Rt pribRIB e changed

as is knlorx}vna%dtihteia?tr,] with! %es&gé:pcr?or}ldgfestt@ﬂs rﬂ:%gs@arﬂy occurring in a certain order.

[0028] The terms “wafer” and “substrate,” as used herein, are to be understood as
including silicon, silicon-on-insulator (SOI) or silicon-on-sapphire (SOS) technology,
doped and undoped semiconductors, epitaxial layers of silicon supported by a base
semiconductor foundation, and other semiconductor structures. Furthermore, when
reference is made to a “wafer” or “substrate” in the following description, previous
processing steps may have been utilized to form regions, junctions, or material layers in or
over the base semiconductor structure or foundation. In addition, the semiconductor need
not be silicon-based, but could be based on silicon-germanium, germanium, gallium

arsenide or other semiconductors.



not be silicon-based, but could be based on
silicon-germani um germanium gallium arsenide or
wo@rdven4ssedn conductors. 5 WO 2005/ 041304 PCT/US2004/028469
PCT/ US2004/ 028469 [ 0029] The term "pixel ," as used
herein, refers to a photo-el enent unit cel
contai ni ng a phot oconversi on device for converting
[oozplipot OMhettOrnd*pBleEThs 116l herbia fdfers t@h phididd RASES @it cell
iTlustration, a single representativeé pixel and its
containmimgg a@hoodcanyersan davidefor cohvestingphotons to ks cldctrinabsigaald For
description herein; however, typically fabrigcation of
purposes ‘b‘ic @P%ﬂf%tﬁf% asingle RPIEEREHYe EP%E%%‘S&IS gfram}r:{ %ﬁ%é’ﬁ’é‘l“?l? 18
. N . 0on., n . B
s 18 B AR ASAPRL O O BT aion of plurat

of like F1BN PROGRAS sinliR¥Esly. t NetHdfelbivirddtaspibilahe invention is
applicability to circuits of other tgpes of i mager _
describdan eadatior tr a €M imaghefarmpentiionce; Bowkwa, thepphénsidyl bas wider
. 10 an output stage of .CCD i er..Accordjngly, the .
applicabi B KB R D P FRgET i6cs, b ExmplsdDe Hiitiop i also
: l.imiti h D : . .
e L R R S
descriptiff 3ho#d be slkerXeaihdtivg eeiedintetie sobpd bLtHePresthnk divention is
rovides a pinned diode floating diffusion region
definedprly i

tpyribdiappexdedalpieliar ge i s received and stored at
the floating diffusion region to widen the dynam c

nge ,0 n i e senspr. The .doping. structure of the
ro03f e s G TR LSl U P igh PR pine MBae
floating Bt sh ﬁgﬁnﬂﬂﬁféhﬁ‘ﬂ@&ﬁ@i H&k@-chat‘g@\’i@&%éivca B84 RERER Gk the floating
di ode floating diffusion region has a different pin

diffusiomotegitin @l wid¢RIthR dyndmmahgadt af indpe sphadrodieddoping structure of
(VPI Nlcg. Because VPIN2 is a different potential than
&

the pinyeq deo ﬁlf?anns;ﬁiﬁmiow eﬁ&li@g@ s]glv@mo 'ﬁ@g@ a pﬁnmgphthade-
Howevkfhe B dlble BMe HiefRBs ReicRIEN 8 ElrSoRE B BRI (Vi

from tHAEbPHE pheRURL (iw,{glpoﬁa&tauéesvr ©8is hefifferkAOSddenfihIGhaR V,y,, the

illustrates a pixel 'sensor cel1” constructed in
output aobegal@iga ) vistshnttive linenstegi@muafditfennt slépe for each V¢ as shown in

hot oconversion device 50 is illustratively forned in
FIG. 7 forexa ¢ dBEPLAFGBPRORRIAds dies hfare fratine peantjs reached.
doped p-type well 61. The phot oconversion device 50 is

[003 %L | usg@t 5 \ﬂf\,lts¥r§gtﬁ %{Eﬁ&@&lﬁ%@ cgﬂ] Q%H%yucp&i fh a{%'cglicﬁg?é: HitBhe first

ot odi ode, a y phot odi ode or any o0
embodbhidiitald phphebadisida,debidt 500k ilREEVY orRlddiases typk substrate 60

~discussed as a _pinned p-n-p photodiode with pin
which 385t leastd miore/peanily doped p-type well 61. The photoconversion device 50 is
illustratively a photodiode and may be a p-n junction photodiode, a Schottky photodiode,
or any other suitable photodiode, but for exemplary purposes is discussed as a pinned p-n-p

photodiode with pin potential V.

[0032] The exemplary pinned photodiode 50, as shown in FIG. 5, includes a p+
region 22 and an n-type region 24 associated with p-substrate 60. The remaining
structures shown in FIG. 5 include a transfer transistor with associated gate 26 and a reset
transistor with associated gate 28. Shallow trench isolation (STT) regions 55, used for

isolating pixels, and source/drain regions 30 and 41 are also shown. A source follower
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[0032] The exenpl ary pinned phot odi ode 50, as shown in
FIG 5, includes a p+ region 22 and an n-type region
WQ20089$13¢4 ated Wi th p-substrate 60. The remai NPEIYUS2004/028469

structures shown in FIG 5 include a transfer
transi stor wwth associ ated gate 26 and a reset
transi stor with associated gate 28. Shall ow trench

transistof @32l Obvk KIok tF @8k B530ith USSBiafcdl garksSAt AlsbNAcluded in the pixel
pi xel s, and source/drain regions 30 and 41 are al so

sensor selbvhut afe sdhenteicilll dhower racheAGh 20080840864 in a cross-sectional view,

) PCT/ US2004/ 028469 transi stor. .33 and row sel ect ]
with ﬂiﬁr%mg}lg9g€[ws@w Gt é@%&tpégéd)%%ﬁ ennecedayieh ajcelymppagpdout line
37. Al'tl?g%}%%v%?hﬂﬂf@%g a g-%‘elrrswpolft(éﬁé %oﬁﬁg‘?ﬂﬁ&l %Lﬂ Xtéﬂ&gp

rat rer an bel ng shown 1T h a cross-sectional Vi ew,
transisttdr! thelil@erMidndétin Do bW Bl BetantikR gB’F} esnfEurk@bmGvithout a

connected with a columm readout |ine 7. Al t hough
transfes tramsiston whie@: ths regioa %4 isdamstly toupl¢d ¥ floatmdg diffimtanorgion 43,

) mdtr a transfer transjstor, the inventjion can also be

and in gpqefs; Wity Oler fgher tEARsistar grnp k) cORERRIAGGRt i on, wi t hout

a transfer transistor where the region 24 is directly

upl .0 : : g .

[Oosggxelggﬁbgﬂ%ggﬁng%?gkié tr%%s?ggggqﬁﬁg é§QQQOhg&udﬁdasa

pinnedcdioéie Guitatg aiffiisidrORRgdin. ABhspianad idiodd loating diffeision region 43 has a
floating diffusion rei;i on 43 is constructed as a
p+ reglgnrﬂriémtgubaéym sEiomgl dilhe s R regiped0 ofithe fioatieg diffusion

. i,ade fl oating diffusion region 43 .has + r.egi on,40
region (33 Pre e 3Pl UBS B4 pe T MR ST bR R R o s o
. s o9 " h . I o
cewe Y108k g0adh o) B SILPRIR OIS RAE o LB o
transfeagate @6. Creagh aynewéntial vdnf v tdretagriresg 4hcidRaled be formed in n-
phot odi ode 50 | ocated on the opposite side of _
type regioandt & prride 26004 RboUR coracEis@acl2 iartha formp af acpnductive
region 42 can also be fornmed in n- type region 41 to

plug. provi de a good ohm c contact to contact 27 in the form
of a conductive plug. [0034] As discussed above,

[oosnpot oNsQER uSR dabdvé,ihotbdidae 60e@UARE ddlie @ddioh$40, 41) in floating
floating dirffusion region 43 should have different
diffusiqmi regpot €3 shaild have difffeenttpon potaitialsdualrded wpebtamudyedislope

vol tage function depi in FIL.G 7. In this .
Outputaﬁhfaa? onylspigsedin flf@d?w Buthi 5m¥>er#mmtb S efthsrilopsing
. . i . of i .
dlfﬁmogglj%ggtﬁ} Br%g%ll %?Qﬁea%g%%\{gon B 8?19% C Egg)dg@ %Q%m%lsung

implanﬁh@mgﬁﬁldit{i&ﬁ%@}:hG@aﬁgehnaaoba}ee.l ectrically connected
through the n+ type region 42 to the

[0035] Contact 27 is electrically connected through the n+ type region 42 to the
floating diffusion region 43. The n+ region 42 is formed through an after-contact etch-
implantation step, which reduces potential barriers. An optional storage capacitor 31 may
be connected to the pinned floating diffusion region 43 by way of contact 27. Storage
capacitor 31 has a first electrode 34 and a second electrode 32 with a dielectric layer
between the electrodes 32, 34. In this embodiment, contact 27 is connected to a storage
capacitor 31 to increase charge storage capacitance of floating diffusion region 43, however

the image sensor may be formed without the storage capacitor 31.



floating diffusion region 43. The n+ region 42 is
formed through an after-contact etch- inplantation
W@ L@p/04d ch reduces potential barriers. An opP@DNS1004/028469
storage capacitor 31 nay be connected to the pinned
floating diffusion region 43 by way of contact 27.
Storage capacitor 31 has a first electrode 34 and a
[ooss?ic ONReRlrBRE FOURG3E, Wietdbrantiil liRFhi of d Fydrcell ReAWRARRed in
the el ectrodes 32, 34. In this enbodi nent, contact 27
accorddnse gatndet Blds-t bembstionayef thaparehtion hatingsaparttoedd s depicted.

charge storage capacitance of floating diffusion
FIG. 7,.13@%;;,:545? S A H‘é“?fﬁ‘a‘g‘é‘c%ﬂ O %}n{a%&%d
wi t hout the storage capacitor 31. 7 WD 2005/ 041304

/ 04/ 4 f j | G, 6 e :
003 et ral 0 2ns ar Gr anbro EleFekrPBInd Vi apgied fifthe foating
diffusioacegiciadflsvht pitd eupplisvolagigdoneiictrotic Bheficayditor 1. As a
having capacitor 31 is depicted. FIG 7 illustrates .
result, affes reset pod whentthg dransten shter2 ¢ igrardedrprf and the tsansfer gate barrier

.enbodi t. [0037],FI G h th th
potentiglig JyE A SR Vappi 1OV BHCrORang: CaFFPYS e frst o
electrod €94 ANJRIYAL Ba : B Ehﬁ‘a%ktaﬁéb%iﬁi ﬂ’o'&ls\ﬁ?lgtcﬁﬂﬁsiyx? st t4 gi Then when

el ectrode 32" of capacitor result,” a
Vi isirestiedacldctvdissnulidow ransé extrgstoeagdtrescrieaedas mnnahdiode of
_ the transfer gate barrier potential is lowered to )
floating-difdisiongegionng3. Becaypoahthsyaddijzonsd eanagitpneseprodiesst pyoths pinned
: flowfirst to electragde 34 and to-the.parasitic
diode, gulieplfte G mirESlTHG Sar P IRIB O Y GR Ag Pfen when
VPIN2 is reached, electrons also flowto the extra

(00381 or a@g sk6wa it FE@! £da Byo Blopl @Harde AesRE chdrh&Rkibtdis produced,
di ffusion regi on 43. Because of the additional

which aaypasistvantt thepkIssl i grapbyfor heopvamtiedal idiagdeenut filte conventional
. voltage .rises nore slowy as a_ function of transferred
image SRR A SR HLOTSRRMA THHC ﬁrléﬂw?ﬁca WdnspEREPeHEP GEIG. 4),
. terisiic i -
it ot RS SENS AEELL S b RE U dp B AEBRLR Atk o o

slopes. Tiieh& AMETY didfision refRAHFEMNSL s IeQABRL V3 S Uf Ftdr @hnsfer of the
poi nt nore quickly after one linear slope step (FIG

charge qz)r,ricrami the flohting idjfélsicuf %'elgic@,, a5 niryhef theshseaind loscligid situation,
the pixdleisBe FI SERR yefhlinrearifel GLER - PoBRERE pbebRYIolge
functioh &8t hdaeavp lj_gx%ag sﬁ)lc'\!gitlﬁﬁcg%afs%f % t%‘&teﬂgig{1 Eﬁ? sh&%g}ggle& 4.

carriers to oatl ng n regl as nma

Howevthéf thadhatingaliffigston rfién potandibi @achestah@luy grehte@ thdn ™, — V.,
FIG 5 acts nuch like the pixel of FIG 2, having an
as may batlpeiase ovithalyigher light ingamsitesttheiskops oftthe olimgapltsgofimction is

10W<:rc:c¥yI aﬁlgwlnglgc 5 ag%le? gg“ gx@éns&t?tcgggéé % bé ?ccgfgfgc\f%e%o?e Elrlleeﬂo;rting

diffusion region saturates, at V.

[0039] FIG. 7 also shows the operating situation under conditions of three different
pixel supply voltages which are applied at electrode 32 of the capacitor 31 to produce
different pixel saturation levels. Vi, Vi and Ve represent different (decreasing)
voltages for Vyix. As Vpy is lowered, so too is the pixel saturation voltage. In all cases of
Vorxa> Vs and Vi, the pinned diode floating diffusion region 43 allows receipt of more

charge at the diffusion region 43 before saturation is reached and the output voltage of the

8



However, if the floating diffusion region potentia
reaches a value greater thanVPI X - VPIN2 as nay be

wo b@soases wi t h hi gher Iight intensities, the sPOpESWN4/028469
the out put voltage function is |owered, allowing a
hi gher light intensity change to be received before
the floating diffusion region saturates, at VSAT.

pixel, thIQSSF flbhng diflsfoh 438 [eas @RB8ddcRle B bIbPé fop Acdibi@hted

conditions of three different pixel supply voltages
chargeshi ch are applied at el ectrode 32 of the capacitor 31
to produce different pixel saturation |evels. VPIXA

008y B0 YR Re S e Sl G258 eprcetl it

. i i \/ .
T T e Py i a—
the sanfeegosisetBoahll visws of ETEI Ptis afilizedria FIGSaBJES &r thB@nsuing

. diffusion region 43 before saturation is reached and
descriptipg, sutheurouyes follgwenand Hew 8clpg tPowBtars agodot illustrated. The

e LR e S A 0 A 0 o
substra%?@?ﬂl?&vyex[cp B4Rhy ﬁlgg’%e B ﬁ?%@fkﬁl iﬁ)%%@—ltﬂfecésuglg%%g, and other

ormng a pixel sensor ce a pin
structufdsanaiy figo He ubedsi Binstrrhgisabstéde 60, asahbouSnFRIG @S iformed. In this
formati on. For conveni ence, _the same cross-sectional
exemplgryesirusturr; gpbsgrares6Qis 4 g sikicom sabstrge on whichtgage stacks 15 and

nsui,ng, descr Lpti on Q .t.he sour.c oLl ower and row
19 are G PR 5P o1 Pimed bR P tial 200 Yo R sl 55 ave aso
formed! I'PRE pRGp vkl 3188y HEUPRFFefBid dr 4PRr 4RS FSrhReBnaF isolation
formed in a p-well” 61 of a p-type substrate 60;
regionshioiwend gatetstavky 18land e The pedkll 61 anphawelay Hercomducted so that the
. n-typﬁ substrate, and _other structures may, al so be )
pixel argyerell ol pgel & prévesuprginhstelosty, welk (ngishawig, which vall cpatain logic
oo f N this. ex Lar ruct ur subst r 60 is
ciscuis B Bilhpolile it Bixe REAR ML B IR oy B RT L i o are

multiplé g endrgy MBlants &a%i\@k his€d td BailbP ERERSkORd Hf theldl§pe well 61.
substrate 60. Isolation regions 55 are also forned.
The p-type well 61 may be forned before or after the

[0041 br matlheasaddtiarssiginrisdrd ancayed ps elssirianlly galne: sigamisof 1he
and, 19. .The p- | 61 inplant, | be conducted sq tha
substrajghergi Bl ¢ ﬁsr‘ﬁ DSty ahF SOBeY BRoipRt s pgt b FgRec by any
Koo 0k B O L L 8oy B FE1IC08 e,
or by ctthitig treéSchefank Mty thent hethadtide innaH STDgsﬁaﬂbﬁrtr@i&ﬁ i@ation)
i npl ants may be used to tail or thetgro ile of the
processp-Jtalleaving forngtion of isolation regions 55 if the p-type well 61 has not yet been

formed, it may then be formed by masked implantation to produce the p-type well 61.

[0042] FIG. 8 shows an exemplary embodiment with gate stacks 15, 19 for a
transfer transistor and a reset transistor, respectively. Transfer gate stack 15, and reset gate
stack 19 can be formed by well-known methods, e.g., blanket deposition of gate oxide,
doped polysilicon, deposition of metal for a silicide, annealing to form a silicide, then
patterning and etching. The invention is not limited to a particular method of forming
transistor gate stacks 15, 19. Transfer gate stack 15 is illustratively shown as spanning a

boundary of p-well 61, but could also be completely over p-well 61.
9



[0041] The isolation regions 55 are used to
electrically isolate regions of the substrate where
w@eoosi4iced | s will be formed. The isol ation regP@RNESH05H5028469
can be fornmed by any known techni que such as thernmal
oxi dation of the underlying silicon in a LOCOS
process, or by etching trenches and filling themwth
i dei,n an_ STI h ] [ ; ormed b
(0043} 1 0 Aty BR s AL pPIrbF S RORibE QAL cgiif A R3Rko fomed by
ion im@l’ahbﬁ@i%nvﬁi d-tfpk danfobs Miektriredin FIG g dimilarlyyeyrhébn-type
e forned by masked inplantation to produce the p-type
sourceyidtdin 6dgiohOBA ate HsahavsholEs.ah Beeqsmaplyyaispasaipiseions 30 are
with gate stacks 15, 19 for _a, transfer transistor -
n+ dopgdyansbinay Paferaed lg,y aPé&&&& masls §o g Suhraf aaét%’Pﬁga‘%Edmgms
30 b 15,.19 thSSSt gate stack 19 can be forned by
Y 18 A OWA et hods, e.g., blanket deposition of gate
oxi de, doped polysilicon, deposition of netal for a
[0044]! | CiFies. JA¥IRAYsi thy forendtimmnofep-sidgiai 4@, lotded close to transfer gate
patterning and etchi ng. The i nvention i s,(gft ﬁi m'tig.
stack lboaral withiti ouype ragahdl, derebyiaimpse a pansiadeorRegipp 40 1s p+
stacks 15,,19. Transfer gate,stack 15 i .
dopedin s epicianys i ie-ERui B I6CciBuichirsisn of resergapy stack 19
0 g ¥8 M comehdr rBdion¥2VBIG. 5
In tmsz%ﬂ%?%&’fglg%cgg% %@%@%2/ 02 {Alf(g%tg}[%(r)%S] The n-typ%l reg?/(‘c?n , )
shouldBe ¥papitedefd flopassotigtedi withi snornpeyroRegBn 42 &l foomed later after

ormed b ion inplantation of n-t opants, as

formafiph o§ ap Q%GMHH ngéVCdeSi lﬂﬁqlaé’quyl,aygfp Pﬁgb"rf)ﬁlﬁt\“?p%facomac‘: 27
ource/drai,n reqgions 30 are shown in FIG 9. For

through ah £fchy Pﬂ?ﬂtﬁsgléﬁ%pr é‘é’f%sﬁ%d %%)‘%glr'e n+ doped and nay
be formed by applying a mask to the substrate and

[004PPi Noptdnel ¥ BRisARGs implabtatioanofipihanplediodivde M 4dling p-type

FI'G 10 shows the formation of p+ region 40, |ocated

regionc2 bsrd herype acgibe24g Regionst 2% knd 84 of @?WdedC AOtaypenplanted by

I S T R AR, T A
h i 10, Chie 1
could RS ARRAE b LSHER<G) LER BN B hon AR bpcd n FLG.

and sROLRGT AR RAmARCh Bf @gibis, 49h2Dladd e, gepatadeidarad insulators
not associated with one another. Region 42 is forned .
70, 71 atedorraéd en the sideaof te gite stackspkni Ly respeetivedi asing Gegventional
er for, formati,on of

techniiggggécg i_rﬁﬁglpjg%sttgfsi B gisgﬂ’atcg]- %ﬁ%@%éﬁ%@%&d{tsp&%}%ﬁ rfnsulators

are also formed on other remaining gate stacks not shown in FIG. 11.

[0046] Conventional processing methods may be used to form insulating, shielding,
and metallization layers to connect gate lines and make other connections to the pixel cells.
For example, the entire surface may be covered with a passivation layer 88 of, for example,
silicon dioxide, BSG, PSG, or BPSG, which is CMP planarized and etched to provide
contact holes, which are then metallized to provide contacts. FIG. 12 shows the formation
of passivation layer 88 of BPSG and a contact opening therein to floating diffusion region
43.

10



[0045] FIG 11 illustrates inplantation of pinned
phot odi ode 50, having p-type region 22 and n-type
w0 e@son3d. Regi ons 22 and 24 of phot odi ode 50PEF/ES2004/028469
i mpl anted by any nethods known in the art at any
conventional point in the fabrication process and
could be inplanted in several steps, sone preceding
e fabgicati : | £ [ A the n-tvpe
(004787 o, Rig ' PRGRL EpEnER KRR, ReiGfu B oRAGISAMS the n-wvp
regionSi BB aft ict@nBhplahfigsishatdy & shdGn i FIa.d 3f dforetemplarnpurposes,
sides of the gate stacks 15, 19, respectively, usi n%’P .
regionckhisatnpedrral typt eobnis doees! 2t highai eenasairation shap tE;ﬁ n-type region
associ at ed % tes 26, 28,.Cate. stack .Si
48§ £

. ewal | . .
41 v0 prysta bred SHBE Spet od B BIO oL A IS i 94 5L s formed in

the coRbE %@elﬂﬁg. ﬁﬂ%#h U8 iFldAnelid hQohelct GomnaNbERB@kvithin region 41,
processi ng net’hods may be used to forminsul ating, .

but is Sdpaedtell Bm aAd dorrisatirtedatitbpandagersadiintedhresithgat ecgion 40. A
| i'nes and nmake ot her connections to, the ier,ceIIE

storagEoapaxanpile F16n8) axwieconsinmplii fonmes over dbs prssiyatipn lver 88 orat

passjvation | ayer 88 o faor. ex I . Sk li.con .
snoth i RfopoRgs Shassia topace TR St 8 o migpuional ayers
of con?rigltgtaq‘?% ahée gns'il'f’atgfsq}{éﬂﬁs& BaLALL cRk&Sonidtt e fF& tiukeNto connect

I zed to provide contacts. FIG 12 shows the
the pittoRetipRerabéirpasgiandtrd proteatyitre @unfy BRSGhardvieonment.
contact opening therein to floating diffusion region

43. 10 WD 2005/ 041304 PCT/ UYs2Q04/.028469 47] After .
[004hE conbe: L opemrneRatbeT BRG] SPUIBRAL] Benbyiritgn. In this

ithin the.n-t ' . et ch=i i
embolT it By PSP EE POl KL ATALE Rncs
regiod 8 O dtfesindt QR iAo theRoradd of seglopeld waiden the gliey transistor gate
concentration than the n-type region 41 to provide a
28. Uydite thbrinbockimeacshovaAf neF1G.dyilorved p+irsgipniOapnd ey region 42 are
ot sepn P bomnons ber Cohiae o SRR R oA xcend
r.eqi qn. 4 i r f . ' )
i e o

regiors bPpRAEd CRRACHbRingddiffubib@re@bnrdy be optional ly forned
over the passivation |ayer 88 or at another surface
portion of substrate 60 by nethods known in_the a

[00€8hv enflihopabcdsafasrformiskg félér@amdév@nhﬂtpmhgh%@-&%{s:?%{g}ﬂﬂ to the
oo S APPSR LB g e 40
implaffeQath thit8ie Ekichls bl o @Mt PErifIlYbf ORI diffusion region 45 and n+
region 42 is implanted into n-type region 41. The embodiment shown in FIG. 14 has a
modified potential diagram, compared with that of FIG. 5, as shown in FIG. 15.
Additional storage capacitance (aC) is added when the p+ region 40’ surrounds the n+
region 42 and the n+ region 42 has contact with the n-type region 45, the p+ region 47
and the contact 27. The embodiment of FIG. 14 may also include or omit a capacitor 31,
shown in FIG. 5.

[0050] FIG. 15 shows a potential diagram for the embodiment of FIG. 14. Because
p+ region 47 surrounds n+ region 42, capacitance of the pinned diode is increased, as

shown by aC. As a result, even without an external capacitor, Vg, is reached more slowly.

11



[0048] FIG 14 shows another pixel cell enbodi nent of

the invention. In this enbodinent, p+ region 40" of
w@ewsedizoi ode fl oating diffusion regi on 45 surPOUOR041828469

regi on 42, but does not extend into the portion of

region 41 under the reset transistor gate 28. Unlike

t he enbodi nent shown in FIG 5 above, p+ region 40

[oosggd ”*r@é&loa?g? ﬁil%gﬁa!g‘? ¥ of g?@. $LRANALES Db Qp&iARet RBbeiated with

gi on iment 1s poSitioned to extend

an extd@BYCOAPGatihe shokh hoaReiger 81 (PIGrEginanchhdse sucigetrbgibnrGAP in FIG.
region 42 extends into the n-tﬁge regi on of pinned,
6. FIGH Iaishdwodke prgewial dipgram af ahye §8G45 enjaysligpntyhyt gpykigan

NITRELTT e r e
rcgionfségjé %r?%%’?l@.xf@ Q&ibgg.gncﬁr&% SarEEABNhEP+ defion! 4APIAMHTAG. 5

it extends over greater portion of
embodiieat tagbéidddilgisedn begompadkiy RHAS.NH5 anédgbon 42 is
i nmpl anted into n-type region 41. The enbodi nent shown

in FIG_14 has a nodified potential. di,agram conpared .
[00520t h t}& 1oF shows a }g‘,ocg@ogwé%m §Q6py c gugﬁoadﬁ Wa@ﬁgﬁewce 308

. Sstorage. . capacitance,( AC) i d ot [
having b SRR TRRE LB e g R Eotaly i DB S50 290
constrl@ed §Q AL @fHatMethith BBy Bf HPRIricad eMbodimei o of e mQen@dh. System
47 and the contact 27. The enbodi nent of FIG 14 may

300 inahsies b prowmteord02omvinga capad iprosesgig ungHEW ) thaFr@noginicates
) [0050] FIG 15 sho a_potentjal, diagramfor th .
with veRBEGSTEASE OBFT P S04, SBREAISAS dpUcHagnsReias 14 i B g provide

n+ reqgion 42, ' fr~t he:.ni ' i )
o8 0 SISk AT By 0
imagePdegdd S08ate &ﬁﬁgﬁést HsuclYSohnhitfiRaNEEide0r ©théoddwees tdnnected
WO 2005/ 041304 PCT/ US2004/ 028469 [ 0051] The charge

to the dhiuaGOdrprofidEinEmofy, dhiststively irshating acapderhgerse memory (RAM)
assaoci at wth an external capacitor, such as .

310, bR e SO Preor B ReRar B oGy ARt oyt tAeppy,disk

drive {1 42nd Compact did( EDPUvE BEGPHEBLr de,Ad S0B By Hofonstructed as

shown3h FITheEl Baltwithahabixet arag20C apdaj tled cleardieistiod of enl embodiment

the larger p+ region 40" in the FIG 14 enbodi nent
of the ¢mvepgioacsunh th thase describsdiabave i ¢opnegdorpath Bigures 5-16. The

imageg g&gg% g&g tma%farre]cckix(fee Egr?tgcl)ll Jr ostﬁeerndakl)tx fromy CPU 382 E)lr%%lcrlc%mponcnts
of system 300. The imager device 308 may, in turn, provide signals defining images to

processor 302 for image processing, or other image handling operations.

[0053] The invention has been described in terms of a floating diffusion region with
a pinned diode, but other structures to provide a change in slope of output voltage as light
intensity rises will be within the scope of the invention. Also, the invention has been
described in relation to electron transfer, but could also be applied to transfer of holes to a

depletion photodiode.

[0054] The processes and devices described above illustrate preferred methods and
typical devices of many that could be used and produced. The above description and

drawings illustrate embodiments, which achieve the objects, features, and advantages of the

12



[0052] FIG 17 shows a processor system 300, which
i ncl udes an i mager device 308 having the overal
wa@omsiogusnat i on depicted in FIG 1, but with piR€/ESmD4/028469

array 200 constructed in accordance with any of the

various enbodi nents of the invention. System 300

i ncl udes a processor 302 having a central processing

mited

present kG 1 gRler SO MM AR (B YRGB EnERULE B8 puicdly limi
to the BHEV3A4schibey iadé illgerradénbbdmrentt Anpntbdifitativhs theugh presently

system 300; an input/output (1/0), device 306 and
unforeserabls; ofléhd presgognvensiosRrbFeme cwlt@w SRR 8OPE G the

devi ces. devi. s conn to .the bus 304
followmeJugs ﬁl?é’ﬁ'gf 96 oy Fﬁi ReFNA zctb cp Fﬁ‘?ﬂf&f’ﬁenno Fandom
access nenory (RAM 310, hard drive 312 and one or
nore peripheral nenory devices such as a floppy disk
drive 314 and conpact disk (CD) drive 316. The inmager
device 308 may be constructed as shown in FIG 1 but
with the pixel array 200 having the characteristics of
an enbodi nent of the invention such as those
descri bed above in connection with Figures 5-16. The
I mager device 308 may receive control or other data
from CPU 302 or other conponents of system 300. The
i mger device 308 may, in turn, provide signals
defining inmages to processor 302 for inmage
processi ng, or other inmage handling operations. [0053]
The invention has been described in terns of a
floating diffusion region with a pinned di ode, but
ot her structures to provide a change in slope of
out put voltage as light intensity rises will be
wWithin the scope of the invention. Also, the invention
has been described in relation to electron transfer,
but could also be applied to transfer of holes to a
depl eti on phot odi ode. [0054] The processes and devices
descri bed above illustrate preferred nethods and
typi cal devices of many that could be used and
produced. The above description and draw ngs
illustrate enbodi ments, which achieve the objects,
features, and advantages of the 12 WD 2005/ 041304
PCT/ US2004/ 028469 present invention. However, it is
not intended that the present invention be strictly
limted to the above-described and illustrated
enbodi nents. Any nodifications, though presently

13



unf or eseeabl e, of the present invention that cone
wWthin the spirit and scope of the follow ng clains
wa@bmalodisbe consi dered part of the present invePCT/082004®8469
WD 2005/ 041304 PCT/ US2004/ 028469 CLAI M5 What is
clai med as new and desired to be protected by Letters
Patent of the United States is: 1. A pixel sensor
cell conprising: a photoconvergihgpgdevi ce; and a
charge collection region for receiving charges from
said photoconversion device, said charge collection
r egi Svharosplninsédgs mevdndeesied @ I p@ltecsedbpleeels Patent of the
. according to claim1 further conprising a transfer
Unitqd $fgtssd¥or for transferring charge from said
phot oconversion device to said charge collection

1. reQA%@ml@umgpgﬁPkéﬁ Sgpsor cell according to claim1l

wher el n sai arge ¢oPl ect i on region is a floating
di ffusion region. 4. The pixel sensor cell according

t @ phloabdonbemhial &tvicegahd phot oconversion device is a
phot odi ode. 5. The pi xel sensor cell according to
claim4 wherein said photodiode is a pinned
phshagics@dectmn mggop forarcaivng shargsk froatedd di ng t o

oo o Bt et R SO St °

conductive type fornmed inside a region of said first

2. condluglel Yehsby BEl actordig tBickdh BRRARE cSﬁJgkis' %Caolrrgrﬁsﬁg to
claim1 wherein said diode conprises an n-type

transisteg f@rtransfarhing chargeyfpemrseigi rotbosnvecsion Hévice gadait
n-type. regjon. 8. The pixel sensor cell according to

ChmgﬁF%ﬁ&*WmﬂﬁgFﬁ%r conprising an n+ type region within
said n-type region.

3. The pixel sensor cell according to claim 1 wherein said charge

collection region is a floating diffusion region.

4. The pixel sensor cell according to claim 1 wherein said

photoconversion device is a photodiode.

5. The pixel sensor cell according to claim 4 wherein said photodiode

is a pinned photodiode.

6. The pixel sensor cell according to claim 1 wherein said diode
comprises a region of a first conductive type and a region of a second

conductive type formed inside a region of said first conductive type.

7. The pixel sensor cell according to claim 1 wherein said diode
comprises an n-type region, with a p+ type region formed within said n-type

region.

8. The pixel sensor cell according to claim 7 further comprising an n+

type region within said n-type region.

14



14 WD 2005/ 041304 PCT/ US2004/ 028469 9. The pi xe
sensor cell according to claim8 wherein said n+ type
wo egsom3end said p+ type region are separated PCDDS2NE028469
another by a portion of said n-type region. 10. The
pi xel sensor cell according to claim8 wherein said p+t
type region surrounds said n+ type region, said n+
9.  tyDBeReH 9¢hsOX LM aiddidinBtte chdn® whetdPEaid @G Ppe 11.

The pixel sensor cell according to claim8 erein
regiongaidcsaivhp + yype regiegi un separasd dsimoad anbther byagpurdion. 12.
.,Jhe pi xe|] sensor cell according to claim7 wherein
OfSMdéﬁﬂﬁgﬁ$g¥§be region is |ocated adjacent to a transfer

transi stor gate. 13. The pixel sensor cell according
{0 - . - L ¢
10 (OTRCRAT LOFLEN R oReRs LIPS WhEORiI BT |,
regionBoeroph¥ekaid @ns@pe ealibn pRibhdiyig de@iocsl @irtnding uitbheid
conprising an external capacitor. 15. A pixel sensor
n-typedegioneonpri si ng:  a phot oconversi on device; a charge
collection region for receiving charges fromsaid

ph conversion devic ai d.charge col l.ection region
1L R SR Pel oo fine 38 P R i G o7
regionGORIYEhicMiWivh byacdpr receiving charges from said

phot oconver si on device, a second doped region of a

second conductivity type associated with said first
12.  dopbd preysarsonnd! accohding tdojed 7 whgicomsad psajk fi r st

. __copductiivjty t&fe asagciated with said first doped

region gy lncaied adjgegnt tq 3 438pigE UARSISQY €3%6r for transferring

charge from sai d phot oconversion device to said

13. ch%egbsfg&rgsﬁ LNl BHHAR 15 iNRRAE RS &id psGfond doped

regi o
region does not contact a reset transistor gate channel region.

14. The pixel sensor cell according to claim 1 further comprising an

external capacitor.
15. A pixel sensor cell comprising:
a photoconversion device;

a charge collection region for receiving charges from said

photoconversion device, said charge collection region comprising;:

a first doped region of a first conductivity type for receiving charges
from said photoconversion device, a second doped region of a second
conductivity type associated with said first doped region and a third doped
region of said first conductivity type associated with said first doped region;

and

a transfer transistor for transferring charge from said photoconversion

device to said charge collection region and wherein said second doped region

15



WO 2005/ 041304 PCT/ US2004/ 028469 and first doped

region forma diode and said second doped region is
w@ojosoersvs a gate of said transfer transistor.PABUSZINE028469

pi xel sensor cell according to claim15 wherein said

phot oconversion device is a photodi ode and has a first

pi nning potential (VPINL) said diode has a second

R i AL o0y YRR

agat@/\hﬁ&ﬁédﬁ:ikiﬁi’ﬁfxﬂah&éstgr.eater thanVPI N1 18. The pi xel
sensor cell according to claim15 wherein said third

do region is jnplanted wth _a hjigher dopant
16. oﬁiﬂﬁﬂ"@? ?%ﬁ%?dL%ﬁcaré}w &9 \Maé’é Aguvbsigin $aid ype t han
' i i f [ harge .col | ecti on
phorGt Bl ldri e AREY B B0 knd Bah AN ol ERER Ry ai m
(Vo) Baidhdiodé has @setoaldasigingGlet@edl ;(vgNgyecgﬂaenk Bofh
floating diffusion region. 20. The pixel sensor cell

(Vendccor di ng to claim115 wherein said photoconversion
device is a photodi ode. 21. The pi xel sensor cell

accpr ding, to claim 20 wherein, said photaodiode is a

17, 7 nPaePRRLiemsrog acsording ko phina tosuharsin Ve 1s eebitdi ng

than ¥Q,,¢l @i m 15 wherein sai d second doped region is doped
p+. 23. The pi xel sensor cell according to claim15
further conprising a storage capacitor connected to

18.  sai'bhe pixckiscdopedtliregowing Bclaifiné 5piixatinsaiboirddbged
: accorﬂi n% tqQ claim23 wherein said stor a(se capaci t or
region 1§ 1 ¢ ddth » highieq dpprRiropsprisrtiaypbwid figsta cont act .
condu%@vity type than said first doped region of said charge collection

region.

19. The pixel sensor cell according to claim 15 wherein said charge

collection region is a floating diffusion region.

20. The pixel sensor cell according to claim 15 wherein said

photoconversion device is a photodiode.

21. The pixel sensor cell according to claim 20 wherein said photodiode

is a pinned photodiode.

22. The pixel sensor cell according to claim 15 wherein said second

doped region is doped p+.

23. The pixel sensor cell according to claim 15 further comprising a

storage capacitor connected to said third doped region.

24, The pixel sensor cell according to claim 23 wherein said storage

capacitor is connected to said third doped region via a contact.
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WD 2005/ 041304 PCT/ US2004/ 028469 25. The pi xel sensor
cell according to claim23 wherein said contact is a

wo owsoksdL contact. 26. The pixel sensor cell BCTUST0HER8469
to claim15 wherein said second doped region and said
third doped region are separated from one anot her by
a portion of said first doped region. 27. The pixe

on ! d 27 Th ]
25 el pE R I A B G SRR P

low ohilid €brtegged region extending into said first doped
region. 28. A pixel sensor cell conprising: a

phot oconver si on device; a charge_collection region
26.  havihrgpizcldicasr aclaecqording twedaigh 4P geherein ridisgeond
hot oconyer.gi on . devi¢e and, in re se, provigdes an
doped iRt S8 SR SBPLEElih ard Ror@RRt PR Sip by
a portRIPLLCRNNRK SopBd depbge. said charge collection region
having at |east two output signal versus received
charge characteristics, said two characteristics

27.  havihegpixelspesiri ocl aouirdirtg & gaiab 15 wdpedn saiddetdrel second
sl ope rising, at, a Lowfr rate than the first slope. 29.

dopedrcgiqs strowilisald dhand dopedgrgiony sud third dppedregheh ei n
cmﬁﬂ&ﬁ%qnﬁﬂﬁﬂfﬁmtﬁbgggk:ﬁg a voltage signal. 30. A pixel
se accor |ﬁ§ ?

sor ce o claim 28 further conprising a
transfer transistor for transferring charge fromsaid
28. phot prensegksi @il devprisend:0 sai d charge col | ection
region. 31. The pixel sensor cell according to claim
28 wherein said charge collection regionis a
f1 phetasgnuersioasdaicer egi on. 17 WO 2005/ 041304
PCT/ US2004/ 028469 32. The pi xel sensor cell according

te clﬂr%{t @oﬁgcu%egegiorﬁ ﬁa%ih{jg a diode that receives charge from
the photoconversion device and, in response, provides an output signal
representing incident light on the photoconversion device, said charge
collection region having at least two output signal versus received charge
characteristics, said two characteristics having respective output signal slopes;

and
the second slope rising at a lower rate than the first slope.

29. The pixel sensor cell according to claim 28 wherein said output

signal is a voltage signal.

30. A pixel sensor cell according to claim 28 further comprising a
transfer transistor for transferring charge from said photoconversion device to

said charge collection region.

31. The pixel sensor cell according to claim 28 wherein said charge

collection region is a floating diffusion region.
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phot oconversi on device is a photodi ode.

33. The pi xel

sensor cell according to claim 32 wherein said
w@bwsodizode s a pinned photodi ode. 34. The pPXEIS2004/028469
sensor cell according to claim28 wherein said diode

conprises a region of a first conductive type and a
regi on of a second conductive type forned inside a

r egi fisaid first coenductive type. 35.. The pixe
32. ontBelel Pt it PIT KT Sl 28 et el "ol e
photdt0RPkidaScAEens h YPBtdBEHON, Wi th a p+ type region

formed within said n-type region. 36. The pixe
sensor cell according to claim35 further conprising

33.  an hae pixphsnseniabimoapiding te adiain 32t wipecinegidphotddiodEhe
. .pi xel sensor cell according to claim 36 wherein said
1salnﬁ¥m?988uxﬁ8ﬁ?on and said p+ type region are separated
fromone another by a portion of said n-type region.
34. 38.THNGIPI #BboSEMSRECLRAS 1 ACIERE D8RP drOinGh Hodf
whereih said p+ type region SUrrounds sald RF type
comptiegiagicaofh first tppudBgitpre axd & nehitl of Akerondi d
n-type region. 39. The pixel sensor cell according to
conduqtiye opmefdnside airegian of yyid firsteggindnctive peoci at ed
with a contact. 40. The pi xel sensor cell according to

cl a4 el nysaid p+ e. i,on .is |ocated
35. adﬁ;\%geﬁl?e%ggaoﬁ Crezlallna_sC &ding Ea(}/nglflé? 2 Sqﬁl}ftr%m S?t’ff) dci?ﬁl% pi xel
compf§Rean-efld re@fQ it pl @y sd RlcBrR NGNS 8dth Rpe YPe
_region does not ‘contact a reset transistor gate
regiorghannel region. 18 WO 2005/ 041304 PCT/ US2004/ 028469
42. The pixel sensor cell according to claim 28
36. f ur"ltﬁ]eelgixe e srcgrsclcﬂgac?grdinegx Eoecrlgi%l] 3g?§1§tﬁért coorrr'lprising an n+

type region within said n-type region.

37. The pixel sensor cell according to claim 36 wherein said n+ type
region and said p+ type region are separated from one another by a portion

of said n-type region.

38. The pixel sensor cell according to claim 36 wherein said p+ type
region surrounds said n+ type region, said n+ type region extending into said

n-type region.

39. The pixel sensor cell according to claim 36 wherein said n+ type

region is associated with a contact.

40. The pixel sensor cell according to claim 35 wherein said p+ type

region is located adjacent to a transfer transistor gate.

4] . The pixel sensor cell according to claim 35 wherein said p+ type

region does not contact a reset transistor gate channel region.
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43. A processing system conprising: a processor; and
an i mager coupled to said processor, having pixe
w@esos13eel | s, wherein each pixel sensor cel | PATEESHE04/028469
charge collection area and a photoconversi on device;
sai d charge collection area having a diode and a
transfer transistor for transferring charge fromsaid
42, g,%lo S e LR Io? De ! gélcofcﬁn% Qo SRl SR ERr c6ﬂ:lp|u§1(f‘1tgl 2N
d°a readou rcult conprising at |east an

cxunn8H£§h1ukranS|St0f- 44. The system according to claim
erein said charge collection regionis a

floating diffusion region. 45. The system according to

43. cl Ai prodSsigrsystem ¢RPHIBENg a storage capacitor. 46.
The system according to claim43 wherein said inager
is a CMS hnager. 47. An inmager integrated circuit
O FEPRd % doped | ayer forned in a substrate; an
array of pixel sensor cells forned in said doped

eﬁ‘ﬁy Blace MRS SILA 1635 protssdr, HENAG Pixetbdnsbasclh, wharge
ion region and a photoconver5|on deV|ce sai d

each p@fbﬂifs@soﬁ otll batd dmrge ealldchionydéarncha phe@son¥dsos gnal
processing circuitry formed in said substrate and

deﬂﬁﬁelectrlcally connected to the array for receiving and
proceSS|ng pi xel signals representing 19 WO

200PLAISONECT,UBRD0M 028458 nd Aedmmoaidedt by e

or providing output data representing said

transférﬁﬁ Gtha{’g% frdhealdplgsicanepsidh dgvito te bad chagewher ei n
said charge collection
collection region; and

a readout circuit comprising at least an output transistor.

44. The system according to claim 43 wherein said charge collection

region is a floating diffusion region.

45. The system according to claim 43 further comprising a storage

capacitor.

46. The system according to claim 43 wherein said imager is a CMOS

imager.
47. An imager integrated circuit comprising:

a doped layer formed in a substrate;
an array of pixel sensor cells formed in said doped layer, wherein each

pixel sensor cell has a charge collection region and a photoconversion device;
said charge collection area including a diode; and

signal processing circuitry formed in said substrate and electrically

connected to the array for receiving and processing pixel signals representing
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region is a floating diffusion region. 49. The inmager
according to claim47 further conprising a storage
w@apaoies . 50. The i mager according to cl ai mBGFT/US2004/028469
wherein said imager is a CMOS inmmger. 51. An inmager
conprising: a charge collection region having a di ode
that receives charge fromat |east one
: h i on. ' 4 : itB@es an
an ima B ALTEODY B SO Dieidl € BRI O R
said inlag@st one photoconversion device, said charge
coll ection region having at | east two output signa
versus received char ics, said two

e characteris
48.  chdbadmegesaccerding o ﬁgmpé‘y? p‘é‘b@rﬁ%s/“b% ghasge spigegon
) sIoEFs: agg t he second slope rising at a lower rate

regioni,a dlopfing (IO FERIAN ‘55 "The i rmger according to

clai m 51 wherein said charge collection region is a
49, 1 oabingodi {dUsiag b MiAnN7 HdtheT BempiBiggra soegedi ng to

claim5l™wherein Said imager is a charge coupled
capacitbevi ce (CCD) inmmger. 54. A nmethod of formng a pixe

sensor cell conprising: formng a pixel sensor cel

havj ng a phot oconversjion device; formng.a e
50 coihedrel RegronErbriaBl hig i yBad i En aa0h
photoconversion devi ce, said charge collection region
conprising a diode. 20 WD 2005/ 041304
PCT/ US2004/ 028469 55. A nethod according to claim54
51. funihiesageeapfipsisiag: a transfer transistor for
transferring charge from sai d photoconversi on device
to said charge collection region. 56. The neéhod
oo Aglecsiopl raErpER R EioRCs BrtreerFdaEs Fem Ton

Jeast one photoconversion device and, in response, provides an output signal

image

representing incident light on said at least one photoconversion device, said
charge collection region having at least two output signal versus received
charge characteristics, said two characteristics having respective output signal

slopes; and
the second slope rising at a lower rate than the first slope.

52. The imager according to claim 51 wherein said charge collection

region is a floating diffusion region.

53. The imager according to claim 51 wherein said imager is a charge

coupled device (CCD) imager.
54. A method of forming a pixel sensor cell comprising:
forming a pixel sensor cell having a photoconversion device;

forming a charge collection region for receiving charges from said

photoconversion device, said charge collection region comprising a diode.
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region is a floating diffusion region. 57. The nethod
according to claimb54 wherein said photoconversion
waelewsoe3ds a phot odi ode. 58. The net hod accor dPETyUS2H04/028469
cl aim 57 wherein said photodiode is a pinned
phot odi ode. 59. The nethod according to claimb54
wherein said diode conprises a region of a first
co I vie : i d eanRfdcti ve
35 e B <t v
transistof@Br tfaBsfeithgy ¢Rirgoftoacadd phowcbovabiahniesite wheaidi n
sai d diode conprises an n-type region, with a p+ type
chargercoffeomordt et wi t hin said n-type region. 61. The
met hod according to claim®60 further conprising an n+
ty regiqn wthin said py region. . t hod
56. ac@E‘F &ngoa&c‘é?réiﬂﬁ %)18 e ?’%it‘%pegglﬁggfﬁl +a{aly%egcoru-egg§%lgei s
. | A e itact. 63. The method according to
rq;on?f%?%%%%§&%%ﬁ%§¥lé%@ﬂ n+ type region and said p+ type
region are separated fromone another by a portion of
57.  salltiemethpdeccegimnto d4im $hovhareincdidplePepMgIEen cl ai m
. 61 wherej.n said p+ type region surrounds said n+ type
dﬁVmCﬁ%@PBﬁFD Qi n+ type region extending into said n-type
region. 21 WO 2005/ 041304 PCT/ US2004/ 028469 65. The

58. ”E‘Iﬁ&%%@&%afa%&%ﬁagt&&1@1@5@%\4}%% Slabtddrstetiy e
region Is located adjacent to a transfer transistor
pmnecgﬁhgto(ﬁ@de_The nmet hod according to claim®60 wherein
said p+ type region does not contact a reset
transi stor gate channel ion. 67..The nethod.

. .Ie .
59.  acddedhedpodaceprding guckim tS%éth%Wpﬁa}dsdwée SATREPEY hal
region of a first conductive type and a region of a second conductive type

formed inside a region of said first conductive type.

60. The method according to claim 54 wherein said diode comprises an

n-type region, with a p+ type region formed within said n-type region.

61. The method according to claim 60 further comprising an n+ type

region within said n-type region.

62. The method according to claim 61 wherein said n+ type region is

associated with a contact.

63. The method according to claim 61 wherein said n+ type region and

said p+ type region are separated from one another by a portion of said n-

type region.

64. The method according to claim 61 wherein said p+ type region
surrounds said n+ type region, said n+ type region extending into said n-type

region.
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capacitor. 68. A nethod of form ng a pixel sensor cel
conprising: formng said pixel sensor cell having a

w@b@soeom/er sion device and a charge col | ectiPCI/US2004/028469
region, said charge collection region having a first
doped region of a first conductivity type: formng a
second doped regi on associated with said charge

ectl egl,on_ hawi. QoNduck ¥id ype;
65, Fomhf R B0 s asih SraP 6] RSO RN HEE B Y P
locatecLQ%héHht t@@%ﬁ{sfd} thRlsedttdap@ a third doped region
ing said first conductivity type under said

contact and associated with said charge collection
66.  reGhome®0d aTharding tmdam é@r\’m‘fﬁ@mtsélddl’*a%e%g\%ﬁer ei n

sai d phot oconversi on s .a_phot odi ode and has a
does npf F%‘t‘taﬁ hATSAURBTERT RN CX‘W?&IF? 8881 d di ode has a

second pinning potential (VPIN2) different from

(VIR NI : $dinR 6a G fthBYcdripBlink Bh GRrantidr ei n
67. ﬁ*fj%?hégégter t gn VPI N1 71. %hepnet od according

Capaqm claim68 wherein said third doped region is
i mpl anted with a hi gher dopant concentration of said

first conduct|V|ty Eﬁfe thanlgald f.i.rst doped region
68.  of Asmethqchal eming p 8B SHSPREF 0PI P 2 he et hod'

accor di ng to cl aim 68 wherein said charge col |l ection
n' i ' L5 h PRofdBhPdsiof4leWee and
P 3 ol D B A B RO sioA e and 2 i g
chargd @ol&kﬁbmr@@oﬂhﬁaﬁ& thargaicellgtipnoegivneisinga fidevopedi s a
phot odi ode. 74. The method accor di ng to claim?73

regionwbier Bisn cenduktivityttpeli:ode is a pinned phot odi ode. 75.
The method according to claim68 wherein said second

df%rmmg L S&ond dope%OL%glonp associated with said charge collection

region having a second conductivity type;
forming a contact connected to said charge collection region; and

ctch implanting a third doped region having said first conductivity

type under said contact and associated with said charge collection region.

69. The method according to claim 68 wherein said photoconversion
device is a photodiode and has a first pinning potential (Vppy,) said diode has

a second pinning potential (Vypy,) different from (Vppg)-

70. The method according to claim 69 wherein Vi, is greater than
VPINI'
71. The method according to claim 68 wherein said third doped region

is implanted with a higher dopant concentration of said first conductivity

type than said first doped region of said charge collection region.

72. The method according to claim 68 wherein said charge collection

region is a floating diffusion region.
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76. The nethod according to claim68 further
conprising a storage capacitor connected to said

wo hiosd4doped region. 77. The net hod accordi ng POT/TER04028469
76 wherein said storage capacitor is connected to
said third doped region via a contact. 78. The net hod
according to claim76 wherein said contact is a |l ow

73.  Ohmiige GeMRE ccofdng T RIMBt4WFhaeaPEM BHotR ofl@sitnb8
wherei n said secong doped region and said third doped

deviceriegiphotadiedsepar at ed from one another by a portion of
said first doped region. 80. The nethod according to

cl ai,m 68 wherei n _said second doped .region_ surrounds
74 SaldhaRERPARSSOHIPEGP SRIM wheRT o hemaieds A
pinnmgfhgggﬁgge.into said first doped region. 23
75. The method according to claim 68 wherein said second doped

region is doped p+.

76. The method according to claim 68 further comprising a storage

capacitor connected to said third doped region.

77. The method according to claim 76 wherein said storage capacitor is

connected to said third doped region via a contact.

78. The method according to claim 76 wherein said contact is a low

ohmic contact.

79. The method according to claim 68 wherein said second doped
region and said third doped region are separated from one another by a

portion of said first doped region.

80. The method according to claim 68 wherein said second doped
region surrounds said third doped region, said third doped region extending

into said first doped region.

23



