Docket No.: MO065. 0944/ P944 AN | MAGER PHOTO DI OCDE

CAPACI TOR STRUCTURE W TH REDUCED PROCESS VARI ATI ON
WGENShTIORG TY FI ELD OF THE | NVENTI ON [ 0001] TheP@r/eSmni/024598

invention relates generally to an inmaging devi and

nore specificallyto a conpi enentary netal OXFGeNo: M4065.0944/P944

sem conduct or (CMOS) pi xel cell having

series-connected array capacitors. BACKGROUND CF THE

I NVENTI ON [ 0002] 1 rmagi ng devi ces, including charge

coupl ed devi ces CCD%ESEnd conpl ementary netal oxide
AN BMAGERIBEIQTQ D(»Im? APACITARS TRGOEURESFETHE REDUCED

i n phot o- i mMaRQCHESS VARIAFION SEDNITIVGTY ary CMOS

i maging circuits, processing steps thereof, and

detai |l ed descriptions of the functions of various CMOS
el ements of an inaging circuit are described, for

example, in U S ORNSHEB IN¥ENBONo 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
[00011 0 RAUdgeesedt HiveRdbr nélatse gcﬁerZJQAtcﬁzﬁﬂhﬁ%iﬁ%déﬁﬁc atd frore
_Patent No. 6,333,205 to Rnhodes, and U.S. Patent Appln.
specifiqally to Reonpionenany7metl oxids saindesinduaras CHMOS) pixebtell Ineving
. forqgoj are hereby incorporated by reference in their
~ series- F@a%:‘m["(?ﬁ%]‘to i mger, for exanple, a CMOS i mager
i ncludes a focal plane array of pixel cells, each cell

i ncludes a phpA@g@ﬁ@UNf)%Fng Rifpgogate, a
ode over

phot oconduct or, or a phot odi ying a substrate
for producing a photo-generated charge in a doped

[ t he. A doyt, ¢i [ S i ded
100021 £0' gl 512 5HERE <+ A ALY EHAE| D A Emencay
metal &:3dd MREohdRRSH ACRIONEnsbrs AN S&fmbnly BHes! REQS Eﬁf)to-imaging
coupling the source follower transistor to a columm

applicadonbput |ine. The pixel cell also typically has a
floating diffusion 1

[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 Rho‘dcs, U.S. Patent No. 6,204,524 to Rhodes, U.S. Patent No. 6,333,205
to Rhodes, and U.S. Patent Appln. Pub. No. 2002,/0117690. The disclosures of each of

the forgoing 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 photoconductor, or a
photodiode overlying a substrate for producing a photo-generated charge in a doped
region of the substrate. A readout circuit is provided for each pixel cell and includes at least
a source follower transistor and a row select transistor for coupling the source follower
transistor to a column output line. The pixel cell also typically has a floating diffusion

1
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node, connected to the gate of the source foll ower
w0 e@s®1®8Dr. Charge generated by the phot 0sensPCT/US2004/024598
sent to the floating diffusion node. The inmager may
: al so include a transfer transistor for traRofkeniNoi:dt065.0944/P944
node, odrmegeed‘ foothet gage pﬁthcwamcfpllowcn trensistoat Chaygdigeherstedrby the

e B AL TR o R T i
s B4 G S 90T D REIOR, g e
reset thahbistdk e l%geﬂuﬁgﬁhgﬂoé zf HiRksionglddedd o preie@lhhed chargc level

i ncludesa phot 6di ode 12" having a p-region 12a and
ptior toch&gearankpence. a p-substrate 14. The pixel al so
includes a transfer transistor with associ ated gate
16, a floating diffusion region 18 fornmed in a nore
[OOOS]"eaV'A dorHRRBENH Pid 8N lof 2R im88dscsb£36¢h 4d ATMOS Yhager, is
th associated gate 22. Photons stri King the surface

111ustra03‘d inhEI (- ¥.eBixehcdPHO ofpidatig irphates diphieodiddgd Adraring a p-region 12a
electrons that are collected in the n-region_ 12b of
and n-tageorp h3b s R dwbetratevite n Thepixeh b rshudgapdrapsfer gragsistor with

hqt I ' 1
associa R gl dy B RRBRE AR GLRAGTIR otheiR abROR B0 B ope
well zc)é &8l o re®dt hRisRALGHA b@bcidicl BEEDE € PRYEGS! sﬁglqhgmeaﬁface of the

i e photodi ode 12 and floati'ng diffusion regi 18

p-regid b figredplfdiodiods 1oeginamd Slectsonottpt e otictind lgamcés-regmn
source follower transistor 24, -which receives die
12b ofcth@p@@mctﬁ%ﬂar |W1;xersth9rtée18€siy gatsel § Iseu, ithg Phptonygensrated

18 d f
electropS it B Grediin 1gbHte rinTete rE HRLAFackd Rt teajpn Jgs a resule
of the ﬁé%ﬂﬁhla&ﬁgrcﬁ"& %}ﬂg@n B\!‘&Hzcﬁ hEe EH&O?!%C?CCIZ shd ﬂ@ﬁlﬁ% 8%&Rion

, di e photon- generated charge is transferred to

region l8e Klohtimgdiffisn2@gidnet &isicoupkdftunthbgatepobasssed faljoveer
sanpl e/ hold circuit and signal processing circuits )

transistog g, mx;ewy%%] chﬁfgqqﬁ@p@paéﬂwowd bY thqqféowrbgedlff@ew region

oo AN ol DA o
. associabel dggﬁftf: 0%k, (WABES thd Riw S & sigh tg% g%lthn Eléjﬂ)ﬁcftHﬁ 'ﬂcratcd charge

on 18. The transfer tranS|s e1s actl
is transﬁhmai toheheatoduiga lme A8 wherdddisifirthéreprobesatibpd eaﬁh[zllc / hold circuit

reaches a predetermned | evel. Once activated,
and 51gnal processing circuits (not shown).

[0006] In the operation of the pixel cell 10 illustrated in FIG. 1, the charge
accumulated in the photodiode 12 is typically transferred by the transfer transistor gate 16
to the floating diffusion region 18. The transfer transistor gate 16 is activated when the
charge accumulated in the photodiode 12 reaches a predetermined level. Once activated,

the charge is transferred from the photodiode 12 to the floating diffusion region 18.

[0007] One problem associated with the FIG. 1 pixel cell 10 is that the floating

diffusion region 18 can absorb charge only up to its saturation level. Once the floating

2
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die charge is transferred fromdi e photodi ode 12 to
the floating diffusion region 18. [0007] One problem
waz®soiamsed with die FIG 1 pixel cell 10 is tPar/usioe4/024598
floating diffusion region 18 can absorb charge only up
to its saturation level. Once the floati ngDbBeEH4(M4085.0944/P44
diffusiofd €30h 1B80GEPeedchtd N satubdidhble0d 4it cPdet dsffdndsimyrionger to
region 18 has reached its saturation |level, it cannot

_ incomingsglentepnsrfiornchg ehotasliode ber A eremlng rhargeim the @hotodiode 12
phot odi ode 12. The  "surpl us" charge i he phat odiade .

that cdpig foaee b tamsaRg o thesitimnet ity At egbR a0t Gricaly
f [ L fLys reg an: i ' I r

transfcgtRT) dofhcEh pHtEf Al o Bl oo MRl BB rE0nd OThe

surplu§ ShdrB€ bften 1689 it® Mhagd g andrWlosmiipirigadpikterpikelaghs. t Blooming
i mage |ag and "bl oom ng" in adjacent pixel cells. )

resultsBt@nrtha gverfiout ofschiargmiromeonsvieiréll sl to the hextpadf qaorareatea bright
pi xel cell to the next and can create a bright spot or

spot ok ptreakun afesltans INEght i mage. [0008] Referring to FIG
2 , one nethod of increasing the storage capacity of a
floating diffusion region 18 of a pixel cell 10 is to

[0008] or mBefarzipgdptHIG. 24 opk mesthod of infreasing,theaprrese eappcithaf 2
foating 3ifefon iR dfran el Dal Ryt s Feirat s BRs g are
concf i \IE AR AL 5 665 BADS R/, Excnplary

CMOS$ Qﬁﬁ‘@ﬁ% Qﬁcﬁi@s,Bﬁ‘&eﬁhﬁ@%ﬂ'c@g tibirédfl and detadled descaipeions of the functions
described in U S. Patent Appln. Pub. No. 2002/0117690
of a CMORireigss. having aicapativeeannstedite the flegong diffusionetic

. Sict . Bigy are
describgi R, B Rl 39S Ao 7B0058 Bbiosh 23R dsctosue o
the fof BBl BF B T AR BF FfBent e A AT St rati on

limts, the addition of a capacitor to a pixel cell

as its o r awhacks. . For. exanp| R190)
00092, AT iR T SRR Sor R APl g S RBRE L pipoce of
ﬂoatj.n%m&i&ﬁ’{- 16 N8SEnd QidrEsl v e hefhek BAuRitodl liiRY,lthe addition of
he peri pltery capacitors are part of the sanple and '
a capabiedrctoci pigeli dell tax iteomal dtawbatles. Forekampld, thdcapaditer 3 is typically
used to store the reference (full sig

formed gt HirtsasieguRF abfhePERSEr RO 1A oeh Dugidef che pixel cell).
The p?@%ﬁ gzﬁ)la“llﬁt%%aég Bgrt%%rtfn? pa%glc GRAAGAd Gl Kedr¥RY BRhE Pixel cell
10 and are used to store the reference (full signal) and the output signal of an associated
photodiode 12 of each pixel cell 10. The periphery capacitors are typically formed having a
higher capacitance than that which is required for the array capacitor 34 connected to the
floating diffusion region 18. Having a high capacitance array capacitor 34 leads to certain
froblcms including image lag and charge transfer inefficiency. Therefore, optimally, the
array capacitor 34 in pixel cell 10 should have a capacitance lower than that of the

periphery capacitor.
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hi gher capacitance than that which is required for the
array capacitor 34 connected to the floating diffusion
WO e@som9sB. Havi ng a hi gh capacitance array capemUsmn4/024598
34 |l eads to certain problens including i ma&% | ag and
F

: charge transfer inefficiency. Therefore, op q.yM4065.0944/P944
[0010 he aFlreag arep bawiever, s@4ral dispilveaitagee h$sodigteshwith dedhoinrg the

capaci?ggxgggﬁ"é%%? ce%ggl O'W(gxa@i gggixt?g@% 4 . Mﬂhe erPIéu{: r:‘f,icf(rp?ﬁ:vcntional method of
) 4 . af v .seyer.ad .
rducl§ 085 2L FRA R Qg8 DU SRR S0Pl fv
IncreaSihgaht AeléRR BhitiiesdhoWevll, XRb dellehsed CapacRhin@GAMAL Periphery
conventional method of reduci ng capaci-tance incl udes
capacitorsrssahé agray bapatitoc{enes 34 pind the prapheiyt @padtats etecformed
| ayer. Increasing the dielectric thi %kness, however ,

simultaneqyislye cklresefose, ealditqnabprasess staps anyss OF sy to ensure that the
. capaci tor as.{;he array capacitor . 3 apd t he

dicleciRIRRRRCRc R B MR R FRRAEH & shlfeiant i BFehc' iy
ifdreIef Q@ a REES Al PRSHesPd 05828 cStfmdredh Of

'capaaensure tha% t he di%el ggt rti C Ia§er dii cknecss g%ait%ﬁguﬁ%

througignit poeentiatsapaci tors is smaller than that of the array
capaci tor 34. Such additional process steps are costly
and reduce manufacturing throughput potentials. [0011]

[00114\n0t ha{ohBt Methddf ofl@EQsSkRap£ARAL] SBNRES &Ea@fdr%ll is by scaling
capacitor 34 is by scaling the capacitor 34. By

the capailoci3dg Bshedsting tbé sizhef dapaphticor Y the heaarfehe odpatiter (and
.capaci tor (and capacitance) tgn 'l decrease as well.

capaci will decggase aywelli Sowevesithe redycHen 4 size prereases e overall

! - iy . : ‘

a3 KLU AR AR SHA2ORBSFOPD R G pyor (.

of anobhefPixe EM) duli@) Eiiildidsiif whdih@ihg) ciitad dahhsieh (CD) control
critical dinmension (CD) control during the

duringpthetpdidtolihggeqpiy prooses $hertfrae sfsahe phpsical kige piiylsd caplacitor is
sjze of the ca itor i,s reduce t he percentage of CD

reduccjé# s DeroRna8S BhOLOFITPREEF gpa%@ﬂé@%&hmﬁﬁ@s@ Prgressing

. ncreas . G . .

inceealef PR RSl e Sullcein E AR AN EpA ol i prcply, and

cannoPBe FOHIRI diRREInSlE MHuY; it T diGirable tb Aetdsh haktAy "c@;l)acitor for
devel op an array capacitor for storing additiona

storing hddigenflrdwrgefroml thafioagngl diffusinoregioagivish redutiedrcapanitadce as

capacitance a
compare ith the pcripflcry capacitors. Further, such array capacitors should be easily

manufactured with consistent results.
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conpared with the periphery capacitors. Further, such
array capacitors should be easily manufactured with
w@omsiosoent results. 1595840 v3, Y7CW3I DOCDoRKEUSIN04/024598

. MA065 . 0944/ P944 BRI EF SUMVARY OF THE | NVENTI ON
[0012] The present invention addresses the DocketNo.: M4065.0944/P944
above- descr i RBRIEF SUMNARNOKHTEHE SFENTKONel cel |
having an array capacitance that is snmaller than the
peri phery capacitors, easily integrated into current

[oomé‘an uf eg5¢ gfds&& G iREessH e 2banedsicebed Ee@mhms and discloses a
Rl EF DESCRI PTI ON OF THE DRAW NGS [ 0013] The

pixel adbicheirpest aririjechpheiatge ¢lsatansnaltbr shamgespeniphttyecapacitors, easily

. invention will be nore clearly understood fromthe

integrpesid ipte FefreRtBARHACTHERS (TIPS, With CAnfiEeRt B¥Eed wi t h
reference to the acconpanyi ng drawi ngs i n which:

[0014] FIG j ' i cell;.
Loots] ria BRIER BESCRIBTIONSEIPEH SR, ©71 e
cell; [0016] FIG 3 illustrates a schematic
representation of a pixel ce]l,constructed in )
[0013]ccor ki é@%‘@%c%wdegéﬁ’&saﬁ-‘}fl adBHERLAk &‘Gfm\’qﬁ‘élon will be more
in i an; ' ; t.] . .
clear ISR rosR 3 Pl Gl Nl Bpn R4 Blovided wich
refereB& to theQARdShphtying ard\al'ihgssﬁlr\&hie& a top-down view of the
FIG 3 pixel cell; [0019] FIG 6 illustrates a parti al
cr_oss-s_ecti onal view of the FIG 3 pixel cell; [0020]
[0014] & Tid!] b Ae3 BnPliRhathREIRIR Of 8 OMCS | mager
i"'ncorporating pixel cells constructed in accordance
with FIG 3; and [0021] FIG 8 illustrates a schematic
i agr . rocessor system ineorpprating the CMOS
[0015 rr:alge}?fBB?j gl’jl ates f Recopds &Xﬁ%téoqﬁf Pﬁ(%g%éﬁexen'pl ary
enbodi nent of the invention. DETAI LED DESCRI PTI ON OF

THE I NVENT] ON 5 . . . .
.[0016] FIG. 3 illustrates a schematic representation of a pixel cell constructed in

accordance with an exemplary embodiment of the invention;

[0017] FIG. 4 illustrates a partial cross-sectional representation of the FIG. 3 pixel

cell;
[0018] FIG. 5 illustrates a top-down view of the FIG. 3 pixel cell;
[0019] FIG. 6 illustrates a partial cross-sectional view of the FIG. 3 pixel cell;

[0020] FIG. 7 illustrates a block diagram of a CMOS imager incorporating pixel cells

constructed in accordance with FIG. 3; and

[0021] FIG. 8 illustrates a schematic diagram of a processor system incorporating the

CMOS imager of FIG. 7 in accordance with an exemplary embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION
5
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[ 0022] As used herein, the terns "sem conductor
weamsHrAase" and "substrate" are to be under st oPCI/US2004/024598
i ncl ude any sem conduct or - based structure. The
sem conductor structure shoul d be under st 0@dckti®o.: M4065.0944/P944
[oozzl.”c! U8 Bl QR thilebinfOike Micdnidt i sAbstta®e? dnd “substrate” are to be
i1i con-"on-sapphire , Ssili1con-germani um doped

under?98d bR dRPet S8NHcaRRsHitcasrshasabstiactuad. Thy sansicofductor structure
silicon supported by a base sem conductor foundation, .
shouldabelundérstoosleni indnde siliorn,silicas tan-isulatrd SN wlésapoen-sppphire

(08 e omh S5 S AR Rtk o
{ h ' duct . i i
opol B b ESTSRBAR S AR S e PR s, T

semic ddct&%eﬁ%c{gcﬂ'crﬁlfc%ﬁi&@&. OThé Sei6icbRBSctbA cAlild Beaterinafium or
ase sem conductor or foundation. [0023] The term

galliurh pisealdec EWVheti referense s tateiorthe semgrosduotoa substrate in the following

_photo-el ement unit cell coni?ai nin %Sph tosensor for . .
descripsinT, @reviags PIRSEBITECDS N3 rha¥F @E¢R FEEFCASIOQEI, ICigNS O junctions in

rppses of illustratd on single representative
or Ochi%}‘ggasﬁr?anﬁ“ﬂtoéldln‘l‘ﬁ & f%‘fnqagi%r%ti on are illustrated in

the figures and description herein; however, typically
fabrication of a plurality, of, Ii

i | ds .
00233  rrul FiaeresamsTriecl Aelboa usst JErciom Betes tp BuRHRgHRaGH it cell

.description is.not ! ' L.
consG55A RIS P ARHED (Ll B g o
illustr A Eisﬁ'?ﬂe kdpréhalive pixePard] feManheRgfformation are illustrated in the
conveni énce; however, the invention has w der

figurceand deshiptibhhetdnpnywekntpsierlydrbidationyofiarplyealite ef like pixels

i ncluding a charge coypl ed device ),- , Referrin
proceqds@imeltantoshierpElap kgins rf?lng%g#%%d@é‘ﬁﬂpﬂﬂ? 80t & be taken
inal.construct ed in accordance with an exenpl ary enbodi nent °

g€ Hvention is illustrated. 1595840 v3:
Y7CW) 3l . DOCDocket No.: MO065. 0944/ P944 [0025] Pi xel

ell 100 has two array. capacitors 34, 36.electri I
[0024Jonn ‘%G@Pﬁo‘g’é‘rgi CrpFE, £ IREENTYY ﬁe%cts?rbt??de"flfrg%ﬁ%é § CMOS
i docr& ich{& i i Gl idRP&SplicAbIBEERS tosensor
e R EEE QAL Bl GRBSARP Gt

of any imager cell, including a charge coupled device (CCD). Referring to FIG. 3, a
schematic diagram of a pixel cell 100 constructed in accordance with an exemplary

embodiment of the invention is illustrated.
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(1) uray C wherein C represents the capacitance of the
first capacitor 34, and C represents the capacitance
w@boosher98econd capacitor 36. The array capaci t BEBHUSW)4/024598
36 and floating diffusion region are electrically
connected in parallel to a source foll ower Dpgketioj: 344§95.0944/P944
24 between the Vdd term nal and the gat of transistor
[0025R4. PixesbdlLO0 hes twoo edtay bapacisons 4, 86 elctyri¢adly apphéaterbineseries.
for array capacitors 34, 36, each having a capacitance
The seejes sannectipnsieetivefiodersgasesths Querall 456 capaoanes In accordance with
xenpl ary.enbodi mrent of the invention, the periphery
thefo@"&ﬁgf@?%&ﬁ“ﬂ) and array capacitors (e.g. 34, 36) may
be formed sinmultaneously w thout any additional steps.
(1) That is, tt@mas_erg es- qopracfed array capacitors 34, 36
can have capatitan antially simlar to
that of the peri phermsgqqg%itors. [0027] It should be
noted that, although onli Ywo array capacitors 34, 36
whereiar@y, r¢pressntathecapacitanee ek dreflst sappeisan 34 and Upoepsesents the
.FI G the pjxel cell 1 could inclu re than t .
capacitaige S s ECoRbEAERF EGH 99, LBRAGEY EperRoBath 80 el ok Bffusion
. algt i.xel ' [ :
region 18 P8 RALRaHF sofftred BRI TR ShER T hver ransistor 24 between
the Vddl (el RidEitd /b MidnkistorDd: deshowldbesiced ¢Bak)equation (1) is
configuration e.g. , W thout a transfer transistor_16)
applicabie fom aoap eapasitoed 34,614, cadnhiving acipasiancooidessitbaedFor
nore transistors. It should al so be noted that the two
array capacitors 34, 36 could be flat plate
[0026F apalh hedordatideenich an @pemplaey anbedimentayahé irvestiomrtha periphery

conbinati on thereof, or any other type of capacitor
(samplk Abold) tind lseray sepncitars (§es. &4 36) opyde fgrreed aimylfagseysly without

B SR S Sr A el .2 o
capacitif} ﬁo‘; lg%gubgt’an%ﬁﬁlmgr fOXGEPbLE A1} Oﬂcli? heky\@pitifars.4 pi xel
pacifalipq vaf FP

has two “seri es-connected array capacitors 34,
36 electrically connected to the floating diffusion

(0027 79, 3Putgs FRFERERAE ek QE AR5 LT EbaIoR, 36
illustra¥ddNOBle- BixelNeell 108+66B1G 93,401 28l 100 Eldanclude more
phot odi ode 12 t0 the floating diffusion region 18 is

than tebasmditbys démritdllyatdnngeted in series. Further, although pixel cell 100 is

depicted as a four-transistor (4T) configuration, the invention can also be practiced with a
three-transistor (3T) conﬁguration‘(c. g., without a transfer transistor 16) or in other pixel
cell configurations having fewer or more transistors. It should also be noted that the two
array capacitors 34, 36 could be flat plate capacitors, trench capacitors, stud capacitors, or a

combination thereof, or any other type of capacitor known to be used in the art.

[0028] .  FIG. 4 illustrates a partial cross-sectional view of the FIG. 3 pixel cell 100.
Pixel cell 100 is similar to the pixel cell 10 of FIG. 1, with the exception that the FIG. 4
"+ pixel cell 100 has two series-connected array capacitors 34, 36 electrically connected to the

floating diffusion region 18. The charge that is transferred by the transfer transistor gate

7
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di ffusion region 18 and the series-connected array
capacitors 34, 36. The saturation |evel of the
w0 b@ani7ege di f fusi on regi on 18 thus increases. POIEYIN4/024598
t he capacitance of the seriesconnected array
capacitors 34, 36 and the floating diffusi Sackprdlgr: JMft0pR0944/Po44
16 fromothe ghonodjbdad 2 tthehp Bpatprediffusigpaegiosr ks wsharedysedloating -
above w espect to FlI

h G 3. 0029] FlI .
diffusion FemeR 48 Gddne éﬁu%m%%asﬂmL E%C#?%é%é-a P sqruration level
of the gﬁ%tl&é %R)@?ﬁcﬁf}ﬂ Bl iﬂ&&%%%a%gxg:%g Bhé E?;ffsﬁm&fﬂthc series-

€ Tnvention. trAg di sl on
conneéEd 2y %%)a'cﬁof%' 2C 136 £l thy ﬂ%@ﬁﬂ% difitidroregicionRtrat tas higtnds the
42 of a bottom el'ectrode 34a of capacitor 34, via a
periphtiyr @padmmecdistissel Sfwve Gdpacspat t@F16as. a t op
el ectrode 34b having a contact point 44, which is
connected to a contact point 46 of top el ectrode 36b

[ooz9gf CINEC 5liRhstbes SRPAGHWR VicHbofths FIGSS 3ad il eull 100 constructed
| ectrode 36a with a contact point coupled to V .

in accddat@cvitipenmkemplyyy émbpdinsdnsof themveytiennAcleasimgdifiusion region
e SR, ThercEL Bl SN o8, COPRELL 8 58 o,
o T 8, CTESSERATP ESE S 0y Gt o s,

which i cEfeﬁQ@iaséo%'taéﬁﬂEbhltm&@oﬁtc@&t@ﬂb@%f daphéitort3s. Capacitor
charge transfer, the floating diffusion region is set

36 alsé hasa pordet deatiavked3 6owith haogecs paing coypleditaiVig §i9ntaes points

reset trapsistor having gate ., Whi ch, causes .
44, 46.4re eloetisal FORBSESNDY EOTgtih FShSreb P St sapacitors 34, 36

) . ed ; L L ;
s EEPRRSHE AL POUFESH SRy bOFaM bty o

34a of 4Bt GrstOrrayRGphar 82 from the gate of the source
foll ower transistor 24 is conducted to the gate of the

row select transistor, which, in turn, conducts it to

col i ' .
10030 ST cl 180 3RBL S ety Grstpsgegtagaiens. priorc

chargd trhts&dr! eeefodiing diffused reionfll81s seelro agirbddOfinined low charge state
accordance with an exenpl ary enbodi ment of the present
by turnimgent thorreseTgnsistardraringeitdp? 2avhich (cpusey glegrongn region 18 to
.insulating | ayer 50 forned over, a. pixel bl forne

flow injor Vg APk aBER S bttt e gl 4o Aflismal fo e cll 100 bas
"t ranistOi i i HOr TRBRARPRSdrh @BE gatd! GFE .

s o R DY S e Do anbenie sl gt s

follower transistor 24 is conducted to the gate of the row select transistor, which, in turn,

conducts it to a column line 28 .(FIG. 4) that is connected to readout circuitry (not

shown).

[0031] FIG. 6 illustrates the formation of pixel cell 100 in accordance with an
exemplary embodiment of the present invention. ‘The illustrated pixel cell 100 has an
insulating layer 50 formed over a pixel cell formed over a semiconductor substrate 14. The

insulating layer 50 may be formed of borophosphosilicate glass (BPSG), borosilicate glass
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(BSG, phosphosilicate glass (PSG, undoped silicate
W@b@s®17ORISG), or any other appropriate materi abCT/PS8L924598
A portion of the insulating |ayer 50 is etched away to
forma conduit that is filled with conductPeketNas dPey0944/P944
(BSG)f pisphgsilicate gtaae (PSB), uBidopat silicasn glass (S $GE hanriany other appropriate
diffusion region 18 to bottom el ectrode 34a of
materiddapaci t or 34. Contact 38 al so connects the floating
di ffusion region wth a source follower transistor
gate 24 by a first connect |line 40, shown
[0032%che maﬁbém:'@hl of thBarsubming leyer 50dec8Bed away tpfosin eogBiif dhat is
also illustrated as being form% -gdj acenf, to bottom,
filled vatie condyneive materml fQpMIBEAGONGREE ga@nts% qu{’édérﬂ%é?ng
.~ .Capacitors 34, 36 js. alsg,il £ L a ' f
ciffusicih Eqaap OF RS ol SEPHE a8 o5 eCERESt RO GREICE s Mo Tenects the
ﬂoatin% %si&r@ e?,‘?cﬂ?i@tvﬁﬁi 4 BSudc PolR)vRe itFagsistol auer2HBy b f@shcohfect line

om el éctrodes 34a, 36a. Although array capacitors
40, shé#n s@EndtRally. Bsttoat eldctasdddbéngf dapadient 3Gvierlso idustfaed as being

ate 16 and reset gate 22, it shoul t hat
formccgadjagerxtap doton QICS%Qd% 64%-06: @P%E%gfe ﬁgi’g cggé r%(}%i‘aqfwapadmfs
t.rench isolatiqn.regions 32. |t..sh : d
34, 3achabo droighesdtos Feapkan e S Bl ST
B L T e i
Although e&['ayct&%)ﬁdibﬁ'ﬁ g4e86 hye ilostrared habeng forBmuverey itamsfer gate 16 and

l'ayers of conductors and insulators nay al so he used
reset gate 2htivshonnid bemorerbthet arrey canasiters d4 §6Z°8H-L£IE? quﬂg’% over shallow

trcnchﬁéoﬁ%léﬂé %ﬁ(gt);si ;ftt%boﬁ@{lgc} %é}éﬁ@%ﬁ%tv %ﬁ{oﬁghjar%gggéf&t?ﬁse&}, 36
are shcﬂkx?x< gl focfﬁ{eh. ol}gP % mg\gﬁ:mg (l)égér 56 SLRY capdcitofLD) .’%h €odd be formed

S stage _ may be” conbi ned wit
elsewhegd, ls@flﬁisﬁ\ih sabsteate 14y o in bpomsabsequaghyr foduvd tayerskdConventional
exanple, FIG 7 illustrates, a bl ock diagr f CMOS
layers pfeqputuctiyy ped ipubtamunaalee e wead t&rifl%f-‘;vccgﬁgg Piefpuctures and to

connc} (i Bid & PRI PURSBI b SR SFFHE gl RSy B deserbe

thchn%thﬁ?rated pi xel array 300 contains at |east one
pt xel cell 100 constructed in

[0033] The pixel cell 100 of FIG. 6 is essentially complete at this stage. Pixel cell 100
may be combined with peripheral circuitry to form an imager-device. For example, FIG. 7
illustrates a block diagram of a CMOS imager device 308 having a pixel array 300. Pixel
array 300 comprises a plurality of pixels arranged in a predetermined number of columns
and rows. The illustrated pixel array 300 contains at ‘lcast one pixel cell 100 constructed in
accordance with exemplary embodiments of the invention as described above with respect
to FIGS. 3-6. The pixels 100 of each row in array 300 are all turned on at the same time
by a row select line, and the pixels of each column are selectively output by respective
column select lines. A plurality of rows and column lines are provided for the entire array

300. The row lines are selectively activated in sequence by the row driver 310 in response

9
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accordance with exenplary enbodi nents of the invention
as described above with respect to FIGS. 3-6. The
w@roosls798D0 of each row in array 300 are all tRCTES2004024598
at the sane tinme by a row select line, and the_ pixels
of each column are selectively output by rRefadp (1d065.0944/P944
to row :adtlwmd&mlden 820iand she folphuy seldct Jines are selectively acsivated in sequence
ines are provided for fhe ire array 300. The,row
for each rpwacHyationdpyethe Galppmn serry 5604 rqﬁp%%‘jyl}&?egmw aifleesy gegoder
river 310, n, response. . ; i
370. Ty, o a8d sOUTRRIIRE S PRIl cactl EIEEL 0B EHE TGOS imager
is operktd§ bg%y @Pn&@i &fduit 331 SYIRER cSRYSIS hidRbYd@oldess3 20 370 for
_ sequence for each row'activation by the colum driver
selectirdbthel dppE§s e e bad colunmmliacdbe pixchimadder, 28d GowRndscolemn
. row and columm address is provided for each pjxel 2,810
driver Gtmiten/Bi0; eQwhichapphedatiag vBlfagme ©esiivs tramsistars pf the selected
350, whi.ch controls address decoders 320, 370 for
rowmé@b&??#ﬂ&@i-he appropriate row and colum Iines for
pi xel readout, and row and columm driver circuitry

310, 360 which apply drivipg voltage to the dri
[0034] r an@he pbrch oBfout REnels ERiERly TPEWS APPEbFEh BRIy taken off of

, 0034] The pj xel [ ' Vi | .
the ﬂoﬁm&nﬁﬁﬁ%ﬁ@f g@h@)g\%é% w? Jﬁcéé‘!f ei.&/oda% gésyﬂr?ag% signal,
. ' i iASicaf 5l 6i
Vi wiE S oA 0 Ao e e L) e
gcncrafdrc]:plﬁyf a0 inghid 4re ﬁagﬁfgﬁedi ¢o (2. As destBbat alive wisl) respearto FIG. 6,
c i .
when chorgieafirenl Soobe HOREEgn 52 10 the AT LERISH TepggHS reaches
transferred .fromithe,.photodio 2 '
i fu By BhB0t R 185 P bl B4 36 arc wsed
< I B | Nes . .
o stor e 0BRL ! 0, SN Mg itEsng g vt
array captityrss34)r8d F1a. G grancati baraysantpde ared bolorairtulsy3 @r ared/are
capacitors 34, 36 (FIG 6) are read by .a sanpl.e
subtratodl &y ei difercntidemplHier 362, WinshrRreduers M@C@PE? SRVl ~ Vi) for
a ier. 362, which prod f .
ccts o0 i R BT RO A ERAL SRl Y some
diﬁ‘erch&egg.tdi iffPed '8y aﬁﬁlogtig diie 8nveHer 8751 Arta digidzedpaft difference
I's didgitized by an analog to digital converter 375.

signals e titirgfietlita ad ipiage praticssoe38Aae fermnaligitdimaghe n additipn, as

an i mage processor. 380 to forma digital .i :
depicteditn Fl(gr? ,pthg CMOS imager device 30¢ rnayI be mgludlccrf%%ea sclchonductor

chip (e.g., wafer 700).

[0035] Fig. 8 shows system 400, a typical processor based system modified to include
an imager device 308 as in FIG. 7. Processor based systems exemplify systems of digital
circuits that could include an imager device 308. Examples of processor based systems
include, without limitation, computer systems, camera systems, scanners, machine vision
systems, vehicle navigation systems, video telephones, surveillance systems, auto focus

systems, star tracker systems, motion detection systems, image stabilization systems, and

10
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depicted in FIG 7, the CMOS i mager device 308 may be
i ncl uded on a sem conductor chip (e.g., wafer 700).
W 2®35]7982 g. 8 shows system 400, a typical proPEBEES2004/024598

based system nodi fied to include an i mager devi ce 308

as in FIG 7. Processor based systems exenppdgrylo: M4065.0944/P944
data caypiession systethgfardliglridefuitios teledsionpamyiof whichdeuldhutilize the
) imager device 308. Exanples of processor based systens
Inventofe| ude, without linitation, conputer systens, camera

systens, scanners, machine vision systens, vehicle

navi gation systens, video tel ephones, surveillance i
[0036Fyst SpetemadAbirfchules as ympgersdevise 508t haainigathe oysraronfiguration

notion detection syste i mage stabilization syste
depictoshin Hi> TEuRRIxG)s Of 7eX/40 coRsEsEIn pordance with any of the
. MA0p5.,0944/ P944 dat a. con@r i . ' .
sariouf RRSABRHE P8 FRLDHE SRS 400 Ao bR 402 prvns
cenuﬂgﬂ}@gésﬁmg%p PUOQBE] cotvnhsitaBORithnakisae dedfesi FREE bus 404.
evi ce 308 having the overall configuration depicted
Some ofthEldevicés wontecpidke thedfus #i0deyrodilé conmsumicaticexinitmand out of the

accordance with any qof the various enbodinents of the
systcmi%ﬁnixamut/w@nwéﬁ deivise d98ang ls}as%@%cfe HPan grpmgles of

a_central processi uni t j Y
such Gt ASRES o et e Sectdfle BRI BUL hlimory,
i i i Nh&xAldrR 417 ‘
s S R i i (RO FTBPRSSI 1 41 onc o
more pigipherl 406naryddvivag auchds i fhoppg @iskadriveekladnpidsompacs witk (CD)
. comuni cation devices. ther devices connected tq thi
drive 4d¢s Tnuinpgasy dgeicadhs myay HCF¢1Y%?CPI§€<P1\F§I%Fh?frf§%t%| ory R U 402 or

random accgss, ne y-RAM 410, .h ri 2 .
other SREGIEb P EVRETT ALY ARC ALEr sy S8 el i e prfiid ignals
definird iftagds tf protiésop 20238 RAGe $HbsssinEdr Sihicl BndbkShantiifg

Irmager device 308 nay receive control or other data
operationem CPU 402 or ot her conponents of system 400. The

I mager device 308 may, in turn, provide signals

defining images to processor 402 for inmge processing,

[0037P" OtibgHodlaagan Rl d ehapehahgRBise invention has been described with
specific references to CMOS pixel cells having two series-connected array capacitors (e.g.,
34, 36 of FIG. 6), the invention has broader applicability and may be used in any imaging
apparatus. For example, the present invention may be used in conjunction with charge
coupled device (CCD) imagers. The above description and drawings illustrate preferred
embodiments which achieve the objects, features, and advantages of the present invention.
Although certain advantages and preferred embodiments have been described above, those
skilled in the art will recognize that substitutions, additions, deletions, modifications
and/or other changes may be made without departing from the spirit or scope of the
invention. Accordingly, the invention is not limited by the foregoing description but is

only limited by the scope of the appended claims.

11
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[0037] It should again be noted that although the
i nvention has been described with specific references

W0 20088D38pi xel cells having two seri es-connect PCI/E§208Y024598
capacitors (e.g., 34, 36 of FIG 6), the invention has
broader applicability and may be used in ampcketbigi ¥igpos.0944/P94
apparatus. For exanple, t@ ent invention may be :
used in conjunction with charge coupl ed devi ce (CCD)

i.fmagers, . The above description and drawi.ngs illustrate_. .
ERGh Reimes soarwendsicnrrbe Sonred B Toeecbueit ofthe Unitcd
features, and advantages of the present invention.
thhough certai n advantages and preferred enbodi nents
have been descri bed above, those skilled in the art

i1 recogpi e that .substitutions, additions,

| et ifoRE G Mons and/ or otiier changes may be
made wi thout departing fromthe spirit or scope of the
[ ' .Accordingly, the invention is not limted
ggﬂﬁﬁé&$%?%going description but is only limted by
the scope of the appended clains. 11 1595840 V3;
B cdllecion katiofaouplbl 66 Said photd3eddorGhAtdBivilipt i s
: clained as new and desired to be protected by Letters
chargempemeratedby s4id pbotessasast aids is: . A pixel cell

conprising: a photosensor; a charge collection region

GorasE o teBRaleas SRR pPlerf o0 o, 3
seﬁcs-@&xﬁ%@&a cﬁgﬁfarﬁ S beRIgRIRPIddnSeFitLFitWishid @agde ot her,

sal d series-connected capacitors al so being coupled in
collectia tegonor teciving chanpg dromn kdid charge collgétomm fegion.
recei ving charge fromsaid charge collection region.
2. The pixel cell of claim1l, wherein at |east one of
sai d f'ﬂl:hé SiRsltccl W chilifragfheeinag ida8t 6nd 6f Qid heleadt! at e
capaci tor.
two storagc capacitors is a flat plate capacitor.

States

3. The pixel cell of claim 1, wherein at least one of said at least

two storage capacitors is a trench capacitor.

4, The pixel cell of claim 1, wherein at least one of said at least

two storage capacitors is a stud capacitor.

5. The pixel cell of claim 1, wherein said photosensor is a
photodiode.

6. The pixel cell of claim 1, wherein said photosensor is a
photogate.

7. The pixel cell of claim 1, wherein the charge collection region

is a floating diffusion region.

12
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3. The pixel cell of claim1l, wherein at |east one of
said at | east two storage capacitors is a trench
weapaoisr. 4 . The pixel cell of claiml1l, wheP@I/DSHED4/024598
| east one of said at |east two storage capacitors is a
stud capacitor. . The pixel cell of clai m Dockefler @4§65.0944/P944
$i d (et pisenetofickim Iy fatthdicodpristig Ttrangferxel cel | of
~claiml, wherein said photosensoyr |. arphot gate. 7.
transistryegapt Sosmeddiatwesn i p @,Sc%ﬁé?‘é‘i ﬁﬂ@? ﬁﬁ 8R&PYection
. collection regionis a floating diffusion region. 12
ICgloN1 595840 v3; Y7CW3I. DOCDocket No.: M4065. 0944/ P944 8.
The pixel cell of claiml1, further conprising a
transfer transistor gate forned between said
Phot odenixsl callPmpisNghar ge col | ection region. 9. A
pi xel cell conprising: a photosensor; a charge
col,l %cti on region coupled to said photosensor for
PRI % har ge generated by said photosensor; and an
array capacitance fornmed of at |east two

SEHaBSs CAMRPAGH Behish @b@tled € Rad photdiesou Bbedcéivingai d
charge collection region, said array capacitance

chargehgenergediby agid phbsosensorahnee | ower than that of a
peri phery capacitance swi tchably coupled to said pixel

cell. 10. The ppxel cell of claim9, wherejn said at

BastayicaBRaRRr Bl bl Bros e T hpc L] dotes
capacit%?sugclu%qcci3 & V8§ P agk dofillalolGeiBh! && Ay capacitance
having a capacitance value lower than that of a periphery capacitance

switchably coupled to said pixel cell.

10.  The pixel cell of claim 9, wherein said at least two series-
connected storage capacitors are coupled between said charge collection

region and a voltage source terminal.

11.  The pixel cell of claim 10, wherein said voltage source terminal

is a V4 terminal.

12.  The pixel cell of claim 9, wherein said at least two storage
capacitors are formed adjacent to one another at substantially the same level

above said charge collection region.

13.  The pixel cell of claim 9, wherein the charge collection region

is a floating diffusion region.

13
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region and a voltage source termnal. 11. The pi xel
cell of claim 10, wherein said voltage source term nal
WO 2008/0V7982r mi nal . 12. The pixel cell of clai mBCT/US2004/024598
wherein said at | east two storage capacitors are
formed adj acent to one another at subst ant Peddtios We065.0944/P944
Jdne Fheglixaloell of shim % fiartlys conlprising otranségi on. . The
_pixel cell of claim9, wherein the charge collection
transisfas gpuped between saidiphytesenserands Qg COllgCUE 5840 v3;
. _Y7CW3Il . DOCDocket No.: M065. 0944/ P944 14. The pi xel
IegoNeel | of claim9, further conprising a transfer
transi stor formed between said photosensor and said
charge collection region. 15. sem conduct ?r chip

A
dént aifnsemjcondioy ¢hingentainiag adrME Simager irledingiane s,
ach pixel .cell of. said array .conprising: a
a“ay0333?55@%§UW¥§é£uﬂgﬁﬂga@@YF%E%1§ﬂgregion coupl ed to
sai d phot osensor for receiving charge generated by

sdaﬂqq)t@gggg&sensor; and an array capacitance forned of
at” l'east two series-connected storage capacitors

coupled to said charge collection region, said array
aaharhet avileetidrawigion eowplpd o s@d photaatnsor fowerceivingn t hat
of a periphery capacitance |ocated outside said pixel

chargegengsatech by Smphﬁ’éﬁféﬂsqfh%r ated circuit conprising: an
array of pixel cells formed in a sem conductor

SRl FacicARE Rt RadiHno’Rhiks hnstRteh OLAY
capacitors coupled to said charge collection region, said array capacitance
having a capacitance value lower than that of a periphery capacitance located

outside said pixel array.

16.  An imager integrated circuit comprising:

an array of pixel cells formed in a semiconductor substrate, wherein

each pixel cell of said array comprises:
a photosensor;

a charge collection region coupled to said photosensor for

receiving charge generated by said photosensor;

at least two storage capacitors coupled in series with each
other, said series-connected capacitors also being coupled in series with said
charge collection region for receiving charge from said charge collection

region; and

signal processing circuitry formed in said substrate and electrically
connected to the array for receiving and processing pixel signals representing

14
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a photosensor; a charge collection region coupled to
sai d photosensor for receiving charge generated by
W@ a00d/0p198t osensor; at | east two storage capaci POF/ES2004/024598
coupled in series with each other, said
seri es-connected capacitors al so being coupPeskst Ngy: M4065.0944/P944
an imsgy iceminailthly thaiaday had der providing deiput dgiagapfesenting
...receiving charge fromsaid charge collection region;
Smdﬁawﬁlsignal processing circuitry formed in said
substrate and electrically connected to the array for
recei ving and processing pixel signals representing 14
1595844 prBresying\wpatmpBoonuesieg: No. : MA065. 0944/ P944 an
i mage acquired by the array and for providing output
data representing said inmage. 17. A processing system
cBREYG8i%yg: a processor; an inmagi ng device coupled to
sai d processor, said imging device having a plurality
0 ' | . sak f: i S
c BB SRS e Bpicl 88 Shd PR or BRI AP Yo on
having @ pbhraHryt 6F pind] dell¥) at Rasnseroffsaid pied eels cugnpisinge
generated by said photosensor; and at |east two
storage capacitors coupled in series with each other,
sai d sephetesenidiect ed capacitors al so being coupled in
series with said charge collection region for

L SRS AL I SRR Y
CRURHinY {fhrge generated by said photosensor; and

at least two storage capacitors coupled in series with each
other, said series-connected capacitors also being coupled in series
with said charge collection region for receiving charge from said

charge collection region.

18. A method of forming a pixel cell, the method comprising:
forming a photosensor;
forming a charge collection region coupled to said photosensor; and

forming at least two storage capacitors coupled in series with each
other, said series-connected capacitors also being coupled in series with said
charge collection region for receiving charge from said charge collection

region.

19.  The method of claim 18, wherein said act of forming at least

- two storage capacitors comprises forming at least one flat plate capacitor.

15
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form ng a photosensor; formng a charge collection
regi on coupled to said photosensor; and form ng at
WO e@sH1198n st orage capacitors coupled in seri eBCTMUISI004/024598

each other, said series-connected capacitors al so

bei ng coupled in series with said charge coPédkagNpoM4065.0944/P944

r 29i onThemethodiofichimcltyvgerdinsadsat dof Hirarige at least :

col lection region, 19. The method of cJaim 18, wherein
tWO SEIREE EAPRCLEPLS comprises formingatlcashons tngh capasiasi t or s

conprises formng at |east one flat plate capacitor.

15 1595840 V3, Y7CW31. DOCDocket No.: M065. 0944/ P944

221. Th&heehdéthdd ff chiimi I8, wheben eaid asaofifcanting af leasyi ng

at | east two storage capacitors conprjses formng at
two sfasags CapAcitars eppprisesfasming at loast ong studstapadtast cl ai m

18, wherein said act of formng at |east two storage

capacitors conprises formng at |east one stud

capaci The mé&Rod Hfielamtldyavheteio lsadracd 8f fonméngan sai d

act of formng a photosensor conprises formng a
photqgﬁ@péepmél_s%jg_rmqt}géa Hﬁ@‘l%‘ép%f- claim 18, wherein said

act of form ng a photosensor conprises formng a

phot ogate. 24. The nmethod of claim 18, further

c28pr i Thagndtbodiofiglaimtli8amdicesin saidrst of formieg aeen sai d

phot osensaor %nd said first charge collection region.
photosensopco@pFsst Igrmimg: HPheogatsnos i nager i ncl udi ng an

array of pixels, at |east one pixel cell of said array

formed by: formng a charge collection region within a

s&bst r dhe mathediofiglaim 18e Authesrenpuisinghorpingp sehsfor
_ |l ed to said pixel | . and i ng at | east t
transigigh PesSieeh A ataubit Sonael wibBBF bl spfitionaiin. |

25. A method of forming a CMOS imager including an array of

pixels, at least one pixel cell of said array formed by:
- forming a charge collection region within a substrate;
forming at least one periphery capacitor coupled to said pixel cell; and

forming at least two series-connected storage capacitors within said
pixel cell at substantially the same time as said act of forming said at least one

" periphery capacitor.

26. The method of claim 25, wherein said act of forming said at
least two series-connected storage capacitor comprises forming a said at least

two series-connected storage capacitors above said charge collection region.

27.  The method of claim 25, wherein said act of forming charge

collection region comprises forming a floating diffusion region.
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pi xel cell at substantially the sanme tinme as said act
of formng said at | east one periphery capacitor. 26.
wab@soedknd of claim25, wherein said act of fPRPCTHUSZP04/024598

said at |east two series-connected storage capacitor
conprises formng a said at |east two ser i Backedandp@&o44/Po44
9801 agtheanphoidt cficaiml s, eviratid seidacy of foieg at lsast
region. 27. The nediod of claim25 wherein said act

two seés-fanmecied canaditpss eanprsss forMIPE SAgRt deATH TS E3ACKPRI ng

a flgating diffusion regipn. 16 840. v3;

at subsiansaly |¢%%8E%Lﬁ¥é¢albﬂ8‘? saig e ﬁﬁﬂ%?%g‘ﬁ&-o . The net hod
of claim 25, wherein said act of form ng at |east two
series-connected capacitors conprises formng said at
| east two capacitors at substantially the sane |evel
above said charge collection region. 17 1595840 v3;

Y7CW3I . DOC
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