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CMOS el enents of an inmagi ng CI rcuit are described,
for exanple, in U S Patent No. 6,140,630 to Rhodes,

U. S. Patent No. @EED,@B&HEIRWWHONJ. S. Patent No.

6, 310 366 to Rhodes et at., U S. Patent No. 6, 326, 652
Oé‘g][ es, U S Patent No. 6204 524 to Rhodes, U. S
[00QL} ent hbprcecnssycm refatrs Rcncially toadimdgfig dRiceRhd more

cﬁ&i[ 11 0. .The di f h
of ?%Oeflfan%lm ng t% cgcf':f”r’ﬁf’(ﬁ'ﬁﬁ PE(GMOY eH‘:’Jéqg é?lgli?a(;@g

Scnqswonheqto;dmcnﬂc;tors[ 0004] An i mager, for exarrple a
CMCS i mager includes a focal plane array of pixel

cells, each c i ncludes Qsensor, for exanple
a phot ogat e, ?%%%@géuﬁggcég%rmm Ndi od
overlying a substrate for producing a photo generat ed
00022r 9€rn| on of t he str A readout
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appl"tran3| stor to a colum output line. The pixel cell
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[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 thdcs, 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 cntirety.

[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
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gate O the source follower transistor. Charge
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R-region 12b in a p-substrate 14. The pi xel also
includes a transfer transistor with associated gate
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. assodiiod gft@ Q¥ When the row sclect signal RS goes high, the photon-generated charge

is transfcrrcd to the column line 28 where it is further processed by a sample /hold circuit

and signal 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
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(0006] In the operation of the pixel cell 10
illustrated in FIG 1, the charge accunulated in the
phot odi ode 12 is typically transferred by the transfer
transistor gate 16 to the floating diffusion region
8@ 200902798z ansfer transistor gate 16 is acti Vategs #1%94598
the charge accumulated in the photodiode 12 reac
predeterm ned |level. Once activated, the charge is
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pi xel cell to the next and can create a bright
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a capacitor connected to the floating diffusion region
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capacitor 34 increases the capamtance of
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The Bh%h%{'y éa%géi'{o% Lrg 'E)al'tl thﬁes San{p Ml& 'cﬁaug external to the pixel cell

10 and are used to store the reference (full signal) and the output signal of an associated
photodiode 12 of cach 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 rcgion 18. Having a high capacitance array capacitor 34 leads to crtain
problems in¢luding 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.



a capacitor to a pixel cell has its own drawbacks. For
exanpl e, the capacitor 34 is typically forned at the
same tinme as the periphery capacitors (those forned
outside of the pixel cell). The periphery capacitors
WO 198bf t he sanple and hold circuits extermes20di®m24598
the pixel cell 10 and are used to store the reference
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er. the.reduction in si.ze increases the over.al
canngt BE ! QRGN TR e B Bl AR Ry e e for or
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compared with the periphery capacitors. Further, such array capacitors should be easily

manufactured with consistent results.



of another pixel cell) due to difficulties in
mai ntaining critical dinmension (CD) control during
t he photolithography process. Therefore, as the
hysi cal size of the capacitor is reduced, the
%@r’&‘él‘?ﬂ'ﬁ’ﬁé of CD error due to photolithograpPGI/t$edos/024598
etch processing increases. As a result, the _
capaci tance i j ' “varies
realyand WARE SURMARPRUETERRRRRTION Thue
Is desirable to devel op an array capacitor for
ring, addi tional .charge fromithe {loati,n i ffusjaqn
(0033 on PhF PiestiscFador AdRrrL e 2bd6 debsittafltms i fioses
pixdl €€l Pivaigy/art 8P TapLRitancerttiad i Ghalles tial (BE p@ipheARAPAUBESS easily
. should be easily manufactured w th consistent
integeased ingo curreao mEpEEcHTinggochnimes ISt sORsUlBRI EF
SUMVARY OF THE | NVENTI ON [ 0012] The present invention
addr esses t h@pahp {SESEROTIORI O PIREGTRARAN Y Scl oses a
pi xel cell having an array capacitance that 1s smaller
than the periphery capacitors, easily integrated into
0083 ' €MThIRERe Afchdibled BeabGE UH AU Sneas 0B eHeQRMnSL R i
[00E3T |t Sh B e ticpstibied festire HHd et aneagls R0V N%‘séf‘%%ﬁ b more
cleagdy yaderstood fiope thef folowingsletiled debedpticag ediabfis proyided with
ficnvent' on will be r%re. cl ea%lﬁﬁ/. understood fromthe
TElfBFT BTG T RAY RS GRYEE B VBRY which is provided with
reference to the acconpanying drawi ngs in which:
14] al 111 ustr S conventi onal pixel cell;.
[OOE 15]F]:§'§ lllésmlt“f‘c’u"ls OPg%[%songl Dgcggﬁlg' conventi onal pixel
cell; JO016) FIG 3 illustrates a schenmatic
pre Yo ' rupted in
[Oog’?cor and?'{l/l\n& Q{asnaasgg(%a&ﬁ%%ogrg%dg%%g? ment of the
invention; [0017] FIG 4 illustrates a partial
[00E610S S BIRE 3 ifidtards SRERSRNCHEpRRnBHioh ¥ a Bl ccl Bh i
(003617 > st Ftitases apchieifiltc epidttn a°top-a§own°vi Bhtlceed in
accdidi®ce Wighi anedxemplary 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
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[0019] FIG 6 illustrates a partial cross-sectiona

view of the FIG 3 pixel cell; [0020] FIG 7

illustrates a bl ock diagram of a CMOS i mager

i ncorporating pixel cells constructed in accordance

Wa eot1Bs2 3; and [0021] FIG 8 illustrates apSEieiilossos

di agram of a processor systemincorporating the CMOS

i mger of FIG 7 in accordance with an exenpl ary
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THE | NVENTI ON 5 WD 2005/ 017982 PCT/ US2004/ 024598 .
undeopd to Aaclydecanyrsemisonduatersbased sancrusenilhe pefpispriuctor structure
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description, previous process steps may have been

utilized to formregions or junctions in or over the
[0028]se <SEim tcﬂnd‘lpotcbd:clld’r asfuscmmm:mmfcr{ Wot&'hk:rﬂcm omit cell

ell, used her refer
conafpife? BReHEREOTIir EODEIEE RS A Srect i GlEgel s pupmspes of
illusErRRYE alsidpde RPALsORtativePiRNafd Rehhidifed bf firSAfbn adeQlustrated in the
purposes of “illustration, a_single representative
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H%H NG ESGE Pink % kil ARV be tak
pro{c%sgg ?ﬁ%?l %5% oné%T a plur a%el ty of Ilkgof.;lmxg(l)tsto © e
xnapnmum§d555|nultaneously Accordingly, the foll ow ng '
detail ed description is not to be taken in a limting
sense. [0024] In the follow ng description, the

"[OOZ‘HV entlncthe follatdsg desorpriam thedhyantion it deseritertis relatignytera CMOS

or. conveni enc

th
una%cﬁ rf?'i c@%ﬁ“f?‘&? E%w%yﬁ Y V%%Fcnuog hag VR a&ﬁhcli'&ﬁtyv\go%g' photosensor

osensor

| 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.



of any imager cell, including a charge coupl ed device
(CCD). Referring to FIG 3, a schematic diagram of a

pi xel cell 100 constructed in accordance with an

exenpl ary enbodi nent of the invention is illustrated.
¥ SA3782 017982 PCT/ US2004/ 024598 [0025] PPBIS20964/024598
100 has two array capacitors 34, 36 electrically
connected in series. The series connection

(oo S)f SO L GG HEARE kbR BREA s B LREAR SRR i

The*series @onfetfion c%@ﬁl?&fceﬂcﬁbcmr(ﬁﬁfaﬂ R SaphfiRinERAHetSraftie with
of the first capacitor 34, and C36 represents the

the follpwinigreaNe¥onst the second capacitor 36. The array
capacitors 34, 36 and floating diffusion region 18

(1)are electrigally-connected, in parallel to a source
fol | ower transf stor 24—petmweer—t he Vdd terminal and
t he gat of tranS|storch+c |t shoul d be noted that

uat i on lic or arra ci,jtors 34,
whefidh CaiEhreteity the <aieimie o B rPol S G el he
capakarRE epw%e&%wab&lt%@ 38X MR |aﬁ=§5¥ca%>ﬁf9€éﬁé 886 £id AddEng diffusion

i nvention, the periphery sanpl €/ hol d) ’and array

regiomp emqtncmqaay gondtedig p td e séwrefsdowe nmrinsistre @ddieyween

che Y PRt AL R o P e Bt Bty cpugion 1) s

applicatpla Edrtaan Eea[ya@itbﬁ%ﬁ Bbsdadihivid ¥ cdpladttanaé of Iessicthat 1Rf
the periphery capacitors. [0027] It should be noted

that, although only two array capacitors 34, 36 are

[o024] ustinatestdidtetwieh ax&rRpiphiy eribddimesedfl thd @enfiod; Ithe patiphery
t he pi.xel .cell 100 could include pore than two
(sampleghiolct) gpd 2B eamaFicess (58t ABLMen br frraedisimultapgoysiygyithout

?dcﬁmg}:c Blar 6 ke sERES-LohineHEP hﬁ'{}f&?&'ﬁo?s 34, 36 can have

our tra stor (4T)- configuration, the invéntion can
capagitage b@uqsrsabttamwywmdu to thahofthe tppawimrss tapaci{@y)

configuration (e.g., without a transfer transistor 16)

i n other BI xel cell configurations having fewer or

-[00276r e it shrnld benoted)thats thdugh inlygwgcarry capicitors 844 Beatewo
illustrated in the exemplary pixel cell 100 of FIG. 3, the pixel cell 100 could include more

than two capacitors clectrically connected 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
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array capacitors 34, 36 could be flat plate

capacitors, trench capacitors, stud capacitors, or a
combi nation thereof, or any other type of capacitor
known to be used in the art. [0028] FIG 4 illustrates
¥ OUPYNEB2 cr 0ss- sectional view of the FIG 3 ppirgboos/ozasos
cell 100. Pixel cell 100 is similar to the plxel cel |

h
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djﬁiﬁs&nﬁegioﬁrlﬁ abd, the SerRb-R6 A dcE dri: g_@iiﬁ@ﬁ&ts%@ Bg. tI'PE saturauon level
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periplety tipacitorngs dishukdedabove with Ir&pccl&, A1G. 3 .he _

series-connected array capacitors 34, 36. The
saturation level of the floating diffusion region 18

[002%us iFIQ. Sdkestratdsiausy-elowntvidy 68tha FIGSNS2 éﬁf(eﬂcg‘lﬁ t1oo constructed
an he

rie connect e y capacitors 3.4,
in aw&kﬁfmﬁlﬂa AR FRRMEIA o simeas of ghe iectitiopn 4 dorting diffusion region
i ¢
18 PR YoRTERSL 0% sty o L bBRBHS ikl 0P Epor 51,

via afirstt dpangit i8¢ 38 Lapaciwir 3ddiab a 1@0clemtxlc raicbtlmﬁng dcontact point 44,

I e
36 abafat § beabmeldcerdae @ee dith c%n%f‘f)ﬁﬁ ccRﬁil&I e, OfCofi‘ltact points

bottom el ectrode 34a of capacitor 34, " via a®

44 ‘é@ﬁqﬁé&cmcwﬁecwcc@dpba@pp@rct@&& alscrab}mipueg etra)r mpecxcmm 36
act h d, t
msc%g% i gpgr?(?ﬁx 6A%?J:ctoof 60 ‘ﬂ'&' el S %:f@‘gg%e IbPB:P%ccu'odc

34a67ﬂ¢mdir¢tarray8@aak@<341as a bottom eI ectrode 36a with a
contact point coupled to V. Contact points 44, 46 are
el ectrically connected by conductor 48, thereby
[00381]aci rI@xebccrlhw(bdpahistms:t Brapsi@6r with asociated gate 22. oPor to
anot h ate ourcef Iovver transi stor 4forrrB
charg oy A0 SR sFEion 8 i oo pedsterniid i chaga stae
by thi8h3WUn flex&¥er EdhdistdOfhvalpSRAtd2S m&ﬁéﬁkcstd&%ﬁ InolrchhtII% to

associated gate 22. Prior to charge transfer,
flowfinteza Voligeaisarensannerted itop saged Alran 30t dAddiomdip: pixakicelb00 has

f.he reset chhhLansi
s o S IARRSPY TS L8 0 R 655 RS Sl
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



flowinto a voltage source connected to a source/drain
30. Additionally, pixel cell 100 has a row sel ect
transi stor with associated gate 26. The charge from
the gate of the source follower transistor 24 is
owadeshedst 0 the gatc of the row sel ect transistor
which, in turn, gonducts it to a colum |ind3&Spleppzass
52\) that is connected to readout circuitry (not
(B ; o PR)sphosiizate] gliss (PSG), iuntopd silicars gldse(UWSIE) @t u@otBér appropriate
“m%ﬁégl cell 100 in accordance with an exenplary
odi rent of the present invention. 'The illustrated
pi xel cell 100 has an insulating |layer 50 fornmed over

i xel, cel.l fprnmed over .a seni condyctor substrate 14.
[0032P" " Aslirtien Rbte it et S0 B ANoo form a conduit that s
fillddovigpensip o xhitﬁﬁilﬁfoﬂl'ﬂﬁgﬁ cbBRaP8. BHRG 38 HRh&HRART, 8
WO 2005/ 017982 PCTI US2004/ 024598 (BSG),

diffsion pgins 18 tobastom glsstrodestga of saphsiser3%i Contacts8plsssnnects the
. | terial ., [0032] A
R L g T -
40, slown a:hlcm?tid:ailly Bloatbm dectiode l??gd of\taphicie ng@ﬂid/iﬁustratcd as being
. rmn cont act . nt act connects
for R RACAR" RIS T iy ain A EPLECHORE lse4oeh tho remyasgacitors
34,36 iCaARABLIREBA b HoRntd 88 ¢ di{ywa‘aééo&ep gﬁ, 362 A

. floating diffusion Tegion 18 th a source
dicleqtri layert 56y scparatss 2l t9p clecfrods hyadrrfent thd bertond Qlectstdns34a, 36a.

C i cal L t. ectrode, 36a.0of capacitor 36 is
ACBFRETBR Gl 3216 P BB EA1E 300 e PO gy 2B an
resce pate 22 il eh@dd be Aotaithet iy casiRitbid e[ 36 4ol bt F&tnRA RY¥r shallow

o illustrated as being forned

t“"“gﬁ P‘?’%{HE’EEEB%‘%?%B |s}é€‘t‘3 la’é% be nated tharalthpughyarsgyecapaciters 34, 36
are hAWAIas m%ﬁm%%g%c?h%%ﬁg S%a@r? ':34,5é16 LS R8bE BSimed

bottom el ectrodes 34a, h array capacitors
elsewhere 3wch pwinispbsfmte A cor inor baisubsequantly formedlayersaGfngentional

' ul e _not.ed that
laycYeSorducilt and ESfhdiE by 60 bl becl B eBin ORGPty and o
contece etpite 06 pedphrerd eipeuittg. Sizch dekails howtvdr,at 56r ecsHR 8ldescribe
th t hat . al though array capacitors 34, 36 are shown as
- T SPRHAR over the insul ating | ayer 50, array capacitors

34, 36 could be forned
[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 icast; 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 sclectively 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



el sewhere, such as in substrate 14, or in or on
subsequently fornmed | ayers. Conventional |ayers of
conductors and insulators may al so be used to

i nterconnect the structures and to connect the pixe

W0 presdberal circuitry. Such detail, howeverpeq
necessary to describe the invention. [0033] %@%‘1{68@?5”

cell 100 of FIG 6 is essentially conplete at this
to rQy addressplegeder 320)and glge calumntselecsdinios are dclodtivbly petivaedan a¢quence

' ' ' . fevice.  Far _ex | e,, FI

for G 4 kol DOSIE A TRAEE S04y 5850 R0 AR gl e

3703 0Bhubcavionganal qolueeh addrea s FORideBiforadach pikel0030he CMOS imager
of  pixels arranged in

. _Co [ses a pluralit a
is %Pé%t%?fiﬁ SQBtFoh EAYi 3505 Whish feRerols addreRialssoderna20, 370 for

i g el j I e
e P Mo Al ek gLy B8Pyl cotunn
drivesxcanepiteyr3l O 60 dihinbrapplyalrivingevadltagett the driss trdesist s BEthe selected
mwgg&)voel wi t,h gespect to FIGS. 3-6. The pixels 100 of

eac lf‘r’ﬁ‘array 300 are all turned on at the sane

time . by a row select line, and the pixels of each

I i ti
(00583, ¢TI adt Sl U oA Inclitte s FRRP etefinaf RpeiiRem ot of
the ﬂm;nim‘g:ammlfmndc?ch?mgr@ RGt 6)’wh3@&-ki)s ﬂéfkﬁ ah@W ﬂi%@_ﬁﬁag@ snal,
selecll ye | val ed | .n, sequence e row ari ver
Ve 3hirT 1 a8 BB Boating iBerioroaobute el oS0 ) ebuberees
gendr¥dd 89dh %_§géjlﬁ-€ tdRtferdCtoqn dAL B&ﬁt?é&’fﬂ&? G}itﬁ%sg:%&tﬁg V‘%’I G. 6,

are sel ective Yy activated in sequence or ea
whep chirge tiansferingd frém thophomdidde vérto 3BOf oating eliffisitaerepion 18 reaches

| um address decoder,. 370. .Thys, ,a row and. col
the R Bl oF 5. AGERE s Href 13 o8 oY FBCedmat, 36 arc wsed
to stofea@e “surphis® pledrgd. €ThdY,, tahd VO BiEhal al6hg Githtan oRargd\btbed by
controls ‘?gdr@i&’ gecoders 320, 370 for selecting the
array,cIBRAory 36 Gl afitite stadrhy 3 sampde andkhald gisguit 36]qend; are
ey Bae : e LG ] [

subtg‘g%fiys}\éxri Vi rﬁg@\}ol gggejrratég’ ?v r?gdh riueﬁe&%,?g%%msn? grg?ﬂ%lf(?{;‘hev"“) for
cachqited d 0@ dwhirly vepassdnts the amountf dighf DQ8dding he thé pisels. This signal

- e OUt put .Si.gnal s typical |y include a,piX neset  Si l, .

RSB L S PP The o o Bl
signdSarefthéd f&d 16 hn Waege procdssorr389ab forila digiakiedage Mg &dditon, as
dcpi?tlcg ri]r?hG. 7, the CMOS imager device 308 may be included on a semiconductor
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
iﬁcludc, 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



V., which is taken off the floating diffusion node
(e.g., 18 of FIG 6) after charges generated by an
imge are transferred to it. As described above with
respect to FIG 6, when charge transferred fromthe
pwotoaioee: 12 to the floating diffusion region 18
reaches the saturation |evel of the floati ndCT/US2004/024598
di ffusion region 18, the array capacitors 34, 36 are
datp §e@PrasHOR; sxsteenstfhichishdefhitiof telbsi@E any OBwiMch cid wMlizdhhe
invegeghal s along with any charge stored by array
capacitors 34, 36 (FIG 6) are read by a sanple and
hold circuit 361 and are subtracted by a differenti al

[ifi Whi eh _produces .a difference signal (V.
[00?’%, , 8)IS 9‘1{%‘?%8 é}({:@‘l‘ p?ﬁﬁ%%cﬂfﬁ g‘k‘ hauneshe ayarall panfiguration
deplteslim K167, 71 ighpiztISE RGAE0R0 @R KA Sorddit SicH )Y ehe
vad%;‘f_'e%e%&e |sfd gjitized k\)ez/' an analog to digita

conVeryermese: ‘i?%'é“'iﬂt’@“tl gamf0Qdncleics hprecwser 402 gavihga
bbesing adit (CPEY chirREBRILS 80 to forma
ccngi&lgn_r al i_%ragé‘.( IP?)addi tgi on, %gé eﬁg‘é?“e*‘ TIECFPYEr 2 pus 404,

Somg, fersgancciral ioghe B84 Magrobide comhudedtioR ifto and out of the

S Bopo R ' o er,.700). [0035] Fig. 8

T shows’ syg{b‘g?g%ﬁg@ (g/éislg\g%ﬁ %We‘g’% %éaoéw@ﬁmplw of

suchreetifiveitation devidendOthaniciisngonnaiesd ©h308s 864 bibvide Ghemo

iluskart LS eRsor bgggd systens exenplify systens ok
élagul ctbfeﬂn,c “%Hﬁ:*h O FSECSEBEMAY m&@l%ha'r%gm‘imem& enc or

mord @8riplot it 6 vieésOuels 804 11 RELKNS ncl ude,,.

drivWi ;hoi_lgn [im tgﬁ?on, comput e@?yst ens?gggﬁa%égo?%?gﬁg,(cm
§ ¢LfmndPs imags drviec $9&mayireceiye canten] o ettice Hera i QR €02 or

the? ¥-8588Bent¥ bf e e ur vei nce systemns, .auto

° f.ocyg %L;/st ens, Lls‘%(gjr?h?%a%?g?r cgc)‘/"s?f énbrgfn%’l“i B pEvads signals

definjpg irazass t peagessat 408 for imigeprocssig 6 oA dnddk MAdlin

opcr%QQ:'é/ 017982 PCT/ US2004/ 024598 dat a conpressi on systens
for high-definition television, any of which could
utilize the invention. [0036] System 400 includes an

0037780€1: QMG S ] t overal |l confjguration _

[ q@ﬁi crsgd E%%P&zﬁgmeé?h%ﬁi%?%g\ﬁoW é‘?"FﬁE}%B% cen described with

specifigmefercnctsad GMOSqrixal delB daving tho sdti¢s-0bndddged 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
cmbodimcnts 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 recogaize 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.
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vari ous enbodi nents of the invention. System 400

i ncl udes a processor 402 having a central processing
unit (CPU) that communicates with various devices over
a bus 404. Sonme of the devices connected to the bus

M2 09581778 communi cation into and out of thepcIRYES§RTas98

400; an input/output (1/0O device 406 and i nager
devi ce 308 arc exanpl es omg comuni cat i on

devi ces. Ot her devices co to the bus 404
provide nmenory, illustratively including a random

LLOYD WISE

ac C¥bat iselnnred s RéMand WsirddabbePrbiéered be L cpR I‘lﬂ%& |8£ Eac United

SraroL e peri pheral nenory devices such as a fl oppy
QF Ye 414 and conpact disk (CD) drive 416. The i mager
devi ce 308 nmay receive control or other data from CPU
402 or ,other conponents of system 400. The i nmager
devi' ce éd?ﬁ%%ﬂk?@P¥%ﬂﬁ, provi de signals defining
i mages to processor 402 for inmage processing, or other
I maghobRatot;ng operations. [0037] It should again be
noted that although the invention has been descri bed
with specjfic references to CMXS pixel cells having
- twd cbaet é%ﬁfésﬁﬂ seiey copnled toacsaidaphiotenensar donyeceivitg, 36
chaflfe geh&Gareiby SRS HORERL:OAgNas br oader appli cability
and may be’used in any i'nmegi ng apparatus. For
exanpl e, the present invention nmay be used in
C 08} AGRSE V9 Atopgelrapiritogecoupled ih extics eithaack GXHoY, shidager s.

Tk ription and drawings ilJJustrate
serit P AR EREE R R B Sl Heatlo i et o
colléctioh wegion farteceding BhAFE foM saidtBafpl REBEioh EBA T ON-

Al t hough certai n advantages and preferred enbodi nents

have been descri bed above, those skilled in the art
W Rl r eThgpikelecell pfitlatin b stvhérdinl 20 Mast A shidAS least
del etions, nodifications _and/or other changes may be

WO SERES GAPIY QLS 132 2% PIAtS FaPACBAT-t he spirit or scope of the

i nvention. Accordingly, the invention is not limted

by .t he .f,0oregqi n scriptjon but is only limted by

thé& sc o’béc Qf‘?atcﬁg °gg’fr‘é% hl EHLCC‘F'gi astione gt efidh apleait WO
two 35 QA RRSrsHCT ildRelW B4Hallest 598 '

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



CLAIM5S What is clainmed as new and desired to be
protected by Letters Patent of the United States is: LLOYD WISE
1. A pixel cell conprising: a photosensor; a charge
col l ection region coupled to said photosensor for
VO2BSPIHE2 charge generated by sai d phot osengorusRgo24598
at |l east two storage capacitors coupled in series with
eagh other,. aiﬁ series- connected capacitors al so
befng cﬁﬁfpﬂ(’%é ¢ °§%‘?‘i“b§> ff CMRISEg A tERsfes o | ect i on
trandi i b :
e e e\ AR Cusof AL 3 ot i
regigtherein at | east one of said at |least” two storage
capacitors is a flat plate capacitor. 3. The pixel
cell of claim1, wherein at |east one of said at |east
tw® st ok pixel s squiprising: i s a trench capacitor. 4. The
pi xel cell of claim1, wherein at |east one of said at
| e torage capacitors is a stud capacitor. 5.
Th%ﬁ%?tggec\lé@%rzl | of claim1l1, wherein said photosensor is
a photodiode. 6. The pixel cell of claim1, wherein
sad chapgrotaliseiroregicn @uplet 06 said photosensditfer picxieingcel | of
ch claim1l @her.cgiﬁ the charge collection region is a
args gencrates Y A BRSSO Ak 12 LLOYD WSE WO
2005/ 017982 PCT/ US2004/ 024598
an array capacitance formed of at least two series-connected storage

capacitors coupled to said charge collection region, said array 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 V 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



8. The pixel cell of claim1l1, further conprising a
transfer transistor gate forned between said LLOYD wisE
phot osensor and said charge collection region. 9. A
i xel cell conprising: a photosensor; a charge
g"&?"%ﬁf‘{lmh regi on coupl ed to sai d phot 0osensopct@E2004/024598
recei ving charge generated by said photosensor; and

an,arr capaci tapce for of at_ |east two

se}?és?éﬁﬁﬂgaﬁ OE@GFh STRMEMRrING adsmmpferd to sai d
tran§idtoF j i ' C itance

o e e eEh Pl PSR Bldsaf i (BiaR0RT "
regigrer | phery capacitance sw tchably coupled to said

pi xel cell. 10. The pixel cell of claim9, wherein

said at |east two series- connected storage capacitors

ar &5.c oubbaictrduser thipadottaitiag §eCMOIS inngérdncludiagi.an and

a yoltage,saurce termnal. 11. The pixel cell of claim
amyl%elp'ﬁafe?%ﬁkﬂ”%ﬂfgj Y SOMPEENgerninal is a V
termnal. 12. The pixel cell of claim9, wherein said

ata ple@ssenbor® St orage capacitors are fornmed adj acent
to one another at substantially the same | evel above

aid charge collection region 3. The pixel cell of
o P Clfsta wEIoR S OuRles S S4kb phesopg Ereeing s o

chargé kI By §aid!phdtbsensstt gy 13 LLOYD WSE WO
005/ 017982 PCTI US2004/ 024598 14. The pixel cell of

claim9, further conprising a transfer
an array capacitance formed of at least two serics-connected storage

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

cach 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



transi stor formed between said photosensor and said
charge collection region. 15. A sem conductor chip LLOYD WISE
contai ning a CMOS i mager including an array of
pi xel s, each pixel cell of said array conprising: a
PYdrYSEersdr; a charge collection regi on coup
sai d phot osensor for receiving charge genergﬁgﬁ&gwﬁauﬁm
sai d phot osensor; and an array capacitance fornmed of
an é{Paﬁce%g’tm rra% 2pd fof peeading puipat data copresehting S
sai€fdecd to said charge collection region, said array
capaci tance having a capacitance val ue | ower than
that of a periphery capacitance | ocated outside said
Pi XEf. arA pibcestidg sﬁ'ﬁc&:%?& Fisih?.t egrated circuit
_conprising: an array o I xer cells fornmed in a
sem conduct or substrate, wherein each pixel cell of
sai YP™RFrSERF conpri ses: a phot osensor; a charge
col l ection region coupled to said photosensor for
I e Gl Mal d i g ensor; at
| east t\%lg?t&glregsoe‘g%%ggci t rrgé’cgs;og ﬁq'ggpl?%lgéerciwég with
havingeplugnlifieef, piesh cells sarleass omoofiseidtpie] adip asipasisg:al SO
bei ng coupled in series with said charge col%ection
region ggmo&gag%ying charge fromsaid charge
collectidn regidn; and signal processing circuitry
formed in said substrate and electrically connected
to the archage toliection edgiomepupied tpisad phsiosenspr el

Si QB&tving BRFRSERHY by did 4R SE na

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 seriecs-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 lcast

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

15



WO 2005/ 017982 PCTI US2004/ 024598 an i mage acquired by
the array and for providing output data representing LLOYD WISE
said image. 17. A processing systemconprising a
ocessor: an imagi ng device coupled to said
& EYUIB2 said i magi ng device having a pl upelivsi000624508
pi xel ceIIs at | east one of said pixel cells

o oo T ool L BAR R ChheRin o o Brmipaonimge
twg mﬂgatqdcinurs%a@ra&%mg $Pleast 3L vhcl a@each S her

storage capacitors coupled in series wt

sai d series-connected capacitors al so belng coupled in

ser2ks Theticthad bf el 48, &Hér&ﬁ%hu%t S8R

recei ving charge fromsaid charge coll ectFon reglon
twq grorage RRRARIGRrs 6Pmpoisesifomning pt least onebtud capreitoet hod

conprising: formng a photosensor; formng a charge

col | ection re |on coupl ed to said photoscnsor; and

f or4fi ng @ of gleins 1 &, elzrscin stid oftt afifermsiogpl ed i n
ph&BienSst H t d series-connected
capacl tcor % &%’5%% écled in series with said

char ge coIIectlon region for receiving charge from

saixk chahLgenGRbd The nethod of

cl ai m 18, 3%eré#%ngﬁglgaﬁgégﬂf%%%Fﬂﬁanupgést two

Phqomnayeompwlfbnnmgcacpmmgas form ng at Ieast one fl at
pl ate capacitor. 15 LLOYD W SE

24.  The method of claim 18, further comprising forming a transfer

transistor between said photosensor and said first charge collection region.

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

pixcls, 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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WO 2005/ 017982 PCT/ US2004/ 024598 20. The net hod of
claim 18, wherein said act of formng at |least two
storage capacitors conprises formng at | east one
trench capacitor. 21. The nethod of claim 18, wherein
said act of formng at |east two storage capacitors
conprises forn ng at |east one stud capacitor. 22. The
78t hod 1€ néqﬂ%ﬁqﬁt%éﬂn CFPIR sAigacf LmIg, Ahleat tyo
phot osensor conprises form ng a photodi ode. 23. The
serrechutbctsd capaditorsi@mpaises firmingail atdeasbiwd eapasitays at
phot osensor conprises form ng a photogate. 24. The
subsahtigity e sehaievelldéhove it RRirge oolpsction pegidror m ng a
transfer transistor between said photosensor and said
first charge collection region. 25. A nethod of
formng a CMOS i mager including an array of pixels,

Ao h&Rsthod Qﬁ%o?liéﬁe&@c% ]'Igi%lell ceflf co%%rfgjrg%r ay formed by:

formng a c ection regi within a substrate;

form ng at | east one peripher apacitor coupled to
proyice §SutBfrate Shih o BRioRpaIPARELRERES 6 °f o P

seri es-connected storage capacitors within said pixel
coupding aghargg lsetention a¢gign tohaidsphedosensps; as sai d act of

formng said at | east one periphery capacitor. 26.
forthivgz atdé¢dsptivaostormpacapa2Bors whepled m ssaedwih eadf other m ng

said at |east two series-connected storage capacitor

forfE4 ESifsct betwdeN gaid séidéscbonhedi@Pédpacitd®and said charge
series-connected storage capacitors above said charge

. [ ' . fod lad rein
L i e P

serfeg%' se fa?éenéoﬂgct?onfrle&%}l.' ng di ffusion region. 16

30. The method of claim 29, wherein one of said series-connected
capacitors is formed by the steps of:
providing a first electrode coupled to said contact;
providing a dielectric layer over said first electrode; and

providing a second electrode over said dielectric layer.

31.  The method of claim 29, further comprising an insulating layer

between said charge collection region and said series-connected capacitors.

32.  The method of claim 31, wherein said contact is provided in a

conduit formed in said insulating layer.

17
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28. The nethod of claim25, wherein said act of

formng at | east two series-connected capacitors

conprises formng said at | east two capacitors at
substantially the sanme |evel above said charge LLOYD wisg
collection region. 29. A nethod of formng a pixe

celqd , 1,800 ;. proyiding a.substrate with a

i o TP el 2 ofteReln B PR P b

collegtio .region to said photosensor; formng at
etching,syid inzplating [aygk capacitors coupled in series with

each other, formng a contact between said

series-connected capacitors and said charge

col l ection region, such that said series-connected

cddaci tlhresnathed ofiaiec? % dvlierein s#id ickargicdllecsian Gegidraisge

collection region. 30. The nethod of claim?29, wherein

a fleimg diffissdditreg RNl €S- connected capacitors is formed by
the steps of: providing a first electrode coupled to

said contact; providing a dielectric |ayer over said
first electrode; and providing a second el ectrode

over sai.d diegelectri.c er. 31. The thod of claim
S5 ¢ ot apt et dain S e St Fnies » Toettsben
said charge col] ection region and said .

trangigfor é%t-eé’S%’}‘F@Btsé‘é rhgfpsensepand saidehargggollsalionggion. cl ai m
31, wherein said contact is provided in a conduit
fornmed in said insulating layer. 17 LLOYD WSE 33.
The nethod of claim 32, wherein said conduit is forned
by36et cihegnethodlof ¢isivd 29, iwigrdimysid phSdsensticisaet hod of
claim 29, wherein said charge collection regionis a

phofdd®ffel ng di f fusi on region.
37.  The method of claim 29, wherein said photosensor is a photogate.

38. A method of forming an integrated circuit, comprising:
providing a semiconductor substrate héving an array of pixel cells, wherein at
least one of said pixel cells is formed by the steps of:
providing a substrate having a photosensor coupled to a charge collection
region;
providing a material layer over said substrate;
forming a conduit within said material layer;
forming a contact within said conduit;
coupling said contact with at least two storage capacitors coupled in series to

each other, each of said series-connected capacitors formed by the steps of;

18



35. The nmethod of claim?29, further conprising formng
a transfer transistor gate between said photosensor
and said charge collection region. 36. The nethod of
clai m 29, wherein said photosensor is a photodi ode.
37. The nethod of claim 29, wherein said photosensor
is a photogate. 38 A nethod of form ng an integrated
Ci rléerlfi}ngc%%F?@?tH&e’ provi di ng a seni conduct or
substrate having an array of pixel cells, wherein at
| eayoviding adieksairig lpyex evercseid farst deqtindgeandhy t he st eps
of : providing a substrate having a photosensor coupl ed
t 0 mrovidarggesecond elettrale oveegiddicleptripdaytirng a nateri al
| ayer over said substrate; formng a conduit within
coupfhgofiBd dal Plirst A¥&fodes bPEA Seied-coRi¥cRaicaphdifdidtosaidd
conduit; coupling said contact with at |east two
age capacitors coupled in series to each other,

tor
u“%%@ﬁ of said series-connected capacitors fornmed by the

steps of; 18 LLOYD W . praviding a first el ectrode,
for gL aeh Brose iAoy B B e g dolplipe e
_electrode, and _providing a second el ectrode over said
cirqiitey wseid araygf@ixeleoupl i ng one of said first

el ectrodes of said series-connected capacitors to said

contact; and form ng signal processing circuitry

within said substrate and coupling said circuitry to

said array of pixels. 19
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