WO 2007/ 008554 PCT/ US2006/ 026280 DUAL CONVERSI ON GAI N GATE AND CAPACI TOR
AND HDR COMBI NATI ON [ 0001] The invention relates generally to sem conductor

i magi ng dXQWEY0WA} in particular to a CMOS active pi xePCHERIBF026288PS" )

I mager having an array of pixel cells and circuitry for the cells.
BACKGROUND OF THE | NVENTI ON (0002] There is a current interest in CMOS
active pixel sensor imagers for use as |ow cost imging devices. FIG 1
shows a BUgdaCONVERSIONGAINt GATEOANDHEA PACITIOR AND CIDR CAMBINABION|
sensor ("APS') pixel array 230 and a controller 232 that provides timng and

control signal abl e t.he read out .of signal tared.in the pixels in a
manner common! J&qﬁ}gmﬁa}ednvetnh% Lelaiey g?n(g&alﬁrﬁotswgicgpﬁgc%%gmc&wgﬁ yshave

di mensipanfeutd tdvh CMOB 2¥8VeSpix ¥l sefsor (AR’ %n@éerhﬁﬁing%ﬁra&ﬁy3§9ix€%2ﬂldh@9 on a
particul ar application. The inmager pixels are readout a row at a time using
a col usircpiénybt the cebdout architecture. The controller 232 selects a
particular row of pixels in the array 230 by controlling the operation of
row addressing circuit 23 [ j-qpal s stored in the

sel ected row of pixels ar é@%@#@%?ﬁﬁ&ﬁ@@?o a readout «circuit
242. The pixel signals read fromeach of the colums are then readout
sequential ly UgO(lIIZ] THepd 1dAtuneal iafsdshih CMOSadtive Hikel E&ﬁ@ﬁﬁnéﬁb@foﬁu@hg\/\ﬁ the

pi xel array 230 of the system 100 of FIG | in greater detail. FIG
i |1 ust leweestamegingderises. STIGk 1(sbaws eniggalpirpedssipg systarp 100 thaiéncludes p O]y 230.

The 6T i xel 0. ' - ' devi 23
for geRsluamng e (Ebry aaurRaena iRz i MRl g fiaR: ErBnhasRtsie

pi xel  GRinalskO endblélthR rbaPaR o bighsils Bfokéd i8lthe?fixbBin a hizAR& Rnithtvly &hewae from
t he photo-conversion device 23 to a sensing node, t%glcally a floating

di f f usitbeserskijied in the arth Exemplary aayl have simensiangiod ¥l 8 N pixelsewith ithsasizeyof the
connect ed the gate of a out put source. follower transistor 19. .The pi xel
ol | 100y 230 trdertistorts pfian® SRtk R TRS ik B¥Elsakt FofigRterid g iithg

di ffus ilﬁﬂllgra%ihﬁﬂl BarafeldeioRERcBH¢BnAE A THO LoRElet 35DYMledSa bREcAEF Riw ofF Xel
supply voltage Vaa gﬁg and a row select transistor 18 tor outputting a

si gnal pixedmintheaman23kby cattiofing the operation of rowsrddeessing sirewiti234 e driviees i n

b ol "2l SigelsrETuE e sfedaf rayy CLpRE R iRieGh BT BB R R Chay g
st orag %eamgi.t Yh&pixkl Saal@ad fofiich Bf fRGRANE aréRnRER08t RuédtRIlG aBiagi t or

20 is couple )
a column addressing circuit 244,

[6003] FIG. 2 shows the pixel array 230 of the system 100 of FIG. 1 in greater
detail. FIG. 2 illustrates a six transistor (6T) CMOS pixel cell 10 in the pixel array 230. The 6T
CMOS pixel cell 10 generally comprises a photo-conversion device 23 for generating and
collecting charge generated by light incident on the pixel cell 10, and a transfer transistor 27 for
transferring charge from the photo-conversion device 23 to a sensing node, typically a floating
diffusion region 5. The floating diffusion region 5 is electrically connected to the gate of an
output source follower transistor 19. The pixel cell 10 also includes a reset transistor 16 for
resetting the floating diffusion region 5 to a predetermined voltage (shown as the array pixel
supply voltage Vaa_pix); and a row select transistor 18 for outputting a signal from the source
follower transistor 19 to an output column line in response to a row select signal. Although not
required, in this exemplary pixel cell 10, a capacitor 20 may also be included to increase the
charge storage capacity of floating diffusion region 5. One plate of the capacitor 20 is coupled
to Vaa_pix and the other plate of the capacitor 20 is coupled to the floating diffusion region 5
through a dual conversion gain (“DCG”) transistor 21. Although also not required, in this
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to Vaa_pix and the other plate of the capacitor 20 is coupled to the
floating diffusion region 5 through a dual conversion gain éDCG%@

transi st oWO0TMBFough al so not required, in this 1 WO 2968Y8280

PCT/ US2006/ 026280 exenpl ary pi xel 10, a high dynam c range ("HDR'")
transistor 25 is included. One source/drain of HDR transistor 25 is coupl ed
to Vaaj,ix and the other source/drain of the HDR transistor 25 1is coupled

to the prtRaydixeddsi vhighdyneuicaange (THOR”) frangister Zvisdnginsesl. Qe souncg/dgeipi ct ed

pnot o ¢ SATRRFERIEER3% SRy B piblang chher Pt Rn R MLHDR trenpisgn 25 g
di f f usi yeoupletl eothle phytd-nverstorsdeRicet28ansi stor 27 when the transfer

transistor 27 is activated. The source follower transistor 19 produces an
out put signal based on the transferred charg The output signal is

> S.
proportional tol00Rdl nimthe CNOSaed celbAQ d@?&f"‘ﬁgéft EH5-12; glectrons Bmaensrdehd®r si on
devi ce : i . | Cl 20 1 to the
i oat nicaHag o d NS cBb il abe 0 el RARRNLE BondinipTiRt B
char ges diffsionaeyien Sibgrthg aumsfaftrankiont RN gvhedithd tregister traggbton2 bis ddtieatediDRne
transistor 25 is enabled, Vaa_pix is coupled to the photo- conversion device

23 and &urceBllewsrtransisterdd pragyces %ﬁwﬁtlesi@%b@seé@n\xbe trpyieras ghaeges. 3Thpi ch
o o SNt RATb oriBRETa Ble Mt of el oxirhEP bolnt BSIBILAAMIER °,

the arr dywigdtB. WaeeDEG trafsistonZ] idehihled fcapactiopa@istRdupRa té e fldakmE dansiont or
21 and the control lines to control themrequires space in the pixel 10

and/ or regiamheang ingseases he sontige ceanahility and ¢hargesithe eanysfsianogaipef fleagingncr ease
t he dyngm.c. ran r | r S e . inthe pixe 10, and/ or (in,th rray 230.
There i ?@‘W?&é@? ' ?ﬁﬂ@é@g t?%%gtog ?g:ﬁ %"ragkéa&%a@g’ﬁés&?é‘afeS? m@é’%‘g@t ors and
t he tr apsiveisidbdevidee23 ARSIrRRe SEmevairgativay i titphofnédiveRnaleice 23 Ggiidic e
23. As such, including capacitors and transistors and the control lines to

cont r ol incrrapgsithe dynamie rangeagpixeheqlblQ.s the fill factor of the array 230.
Therefore, it is desirable to include controll able capacitors and

Sl oniticantly WBPSETRTs SOMGOR B MG aHF aR P ALlot AT nHE SR AR IO o
THE | NVBiNEIsQB ih @0atay T30, HeesRE, theimention df Bcaydcites2 RantEDICH raRristakRpahat us

for nore efficient . ] ) i
the control lines to control them requires space in the pixel 10 and/or in the array 230.

Additionally, the HDR transistor 25 (to increase the dynamic range) requires space in the pixel
10 and/or in the array 230. There is a tradeoff of space: the greater space consumed by
capacitors and the transistors, the less space available for the photo-conversion device 23. As
such, including capacitors and transistors and the control lines to control them in the array 230
affects the fill factor of the array 230. Therefore, it is desirable to include controllable capacitors
and transistors to increase charge storage capacity and dynamic range without significantly

effecting the fill factor of the array 230.
BRIEF SUMMARY OF THE INVENTION

[0006] The present invention provides a method and apparatus for more efficient
capacitor placement and metal routing in pixels employing dual conversion gain (DCG) and

high dynamic range (FIDR) transistors.

[0007] Inone aspecf of the invention, one activation circuit is shared by a DCG
transistor and an HDR transistor.



capaci tor placenent and netal routing in pixels enploying dual conversion
gain (DCG and high dynam c range (HDR) transistors. [0007] In one aspect
of the i nweOMWDMSSHINe activation circuit is shared by a TXXUS200E6289t or and
an HDR transistor. 2 WD 2007/ 008554 PCT/ US2006/ 026280 [0008] In anot her
aspect of the invention, the shared activation circuit includes a conmmon
gate for DCG and HDR transistors. [0009] In another aspect of the invention,
the common gat e[0908b pr sotlke aspeeeopihaimventién, sheoshered activatiompdinyit dndludea adual
conversion gain g ﬁf%&# uInTngol I n. anot her aspect of the invention, a

pl ur al i FYOBIONEAEPE ¥ BforS.ci rcuit has respective HDR transistors
activated by a shared activation circuit which share a readout circuit.
[0011] In anoth 5P 15\ i r i S
provi ded for aﬁ{())logr aﬁ?éno%?rtag%Rl Bfrfgﬁg‘@?%?rg In g%go%git'g\éﬁgp?@m&%s cﬁk'il_p’latéa by
a pair ofapapaeitcsrem;ﬂowedﬁﬁiﬁcmalmmbrsmmcgauacMuﬁf erent pixel circuit formed by
anot her pair of pixels. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0012] These and

ot her features a es of t |nve tion,w t eadi.|
inder st ood 1 romORAT b1 Fstfsr gt af e dmsatih AR BHIY A AR Frputed BShuni ch | s
provi degirdfit héé%k%%&twe%ﬂ thdhststoRs AGRAMTRD w i sAGred ABH¢ ABR cirblit W&h@haﬂe%o 13]

FIG 1 is a block diagramof a conventiohal APS system [0014] FIG 2 is a

schenat readdutagucaitn of a portion of a pixel array of FIG 1; [0015] FIG 3 is
a schematic diagramof a portion of a pixel array in accordance wth an

of & por i on. of [WELL o ehoiier RAEho L cfepish, b st sgViBn SEEHT I ProuBHEOhr
par i ol Tosaly EEFDIHER G n AOPLL Gl (B 4 b ORpIRUSIRPAARRL A" ©

ci rcui t farfa diff@entdpikel carcuiv fotareddyvanbthenpaieafpigtlar y enbodi nent  of the
i nvention;

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] These and other features and advantages of the invention will be more
readily understood from the following detailed description of the invention which is provided in

connection with the accompanying drawings, in which:
[0013] FIG. 1 is a block diagram of a conventional APS system;
[0014] FIG. 2 is a schematic diagram of a portion of a pixel array of FIG. 1;

[0015] FIG. 3 is a schematic diagram of a portion of a pixel array in accordance

with an exemplary embodiment of the invention;

[0016]) FIG. 4 is a schematic diagram of a portion of a sample and hold circuit in

accordance with an exemplary embodiment of the invention;

[0017] FIG. 5 is a timing diagram depicting a partial operation of the pixel array of
FIG. 3 and the sample and hold circuit of FIG. 4 in accordance with an exemplary embodiment

of the invention;

[0018] FIG. 6 is an additional timing diagram depicting a partial operation of the
pixel array of FIG. 3 and the sample and hold circuit of FIG. 4 in accordance with an exemplary

embodiment of the invention;



[0018] FIG 6 is an additional timng diagramdepicting a partial operation
of the pixel array of FIG 3 and the sanple and hold circuit of FIG 4 in
accor dancWO0pH0sMexenpl ary embodi nent of the inventi ofCT/8SH/PEEH 008554
PCT/ US2006/ 026280 [0019] FIG 7 is a timng diagramdepicting a parti al
operation of the pixel array of FIG 3 and the sanple and hold circuit of
FIG 4 in accordance with another exenplary enbodinent of the invention;
10020] FIG 8 i {0049p| FHG\T iswe tirming dingramn depisting apartiel opssation qfitis; pizel agsay of

10021] | _ =Tel h NQ. [ ' orating at
| east E#\(ggf %%figﬁ%ﬁgd' e@%@g%@% %?? g(yjb'i Lﬂmgag g%?%ﬁ%i@%aﬂiﬁ%n%ﬂ odi nent of

t he i nvembbdiment SERAIERHGESCRI PTI ON OF THE | NVENTI ON [ 0022] In the

foll owi ng detail ed description, reference is nade to the acconpanying

drawi ngs, which forma part hereof, and in which is shown by v?y of
illustration sp¥R20Fi EFLGxbisA pla, VieWRs & nesiiqmsolghe dgdce ol Pomnd These

enbodi nents are described in sufficient detail to enable those of ordinary
skill in the ar : ' b A A S . ood
that struct ur i VPEL Sag: S5 3R B ORI peoBRiel elchn ik BobrtigFteak
enbodi men¢ ingiisgd©decconktinivied indepadincegvith anehbelispnt dftth@investioape of the
present invention. 10023] FIG 3 shows an exenplary enbodi nent of the
invention in the formgf_ an_ _imaging. device 600 th conbi nes the control -
signal lines for high WME@@%@@@@%@ET%MQH ain transistors to

reduce the space required in the device 600. |Inmaging device 600 includes

pi xel s 300a thr 3 i rar Lo ' I odi nent of
the invention. ng glqéjg&gllg‘ﬁ%géig%g%g%)%{-)lﬁté(tr’{g%%%%éﬁeé%d-g%:&gﬁgﬁ%oo| , 300d and
300j, 3atwnipadyingdkawings)wiBEDformracpadilittecd) asdiamhicf isrshewr by iway af déstratial

pi xel circyits 610a, 610h, 610c, 610d, 610e, 610f, which are part of pixel
array 6911‘?01%%%?96%‘?@]508@% qf the yention: etliess @ﬁg%ilm@t,s aq Jesrdbeony and

300h re ' 1 | = S Vi o

o ranst oP Rt Bell \Gilfiin Syeliok BnBYURN R Pl RUhEEo BRI, B itis

di f f usi enbe eglepstodiDihbt swdtutal skeichl, ansihst changéslfiby bamdde eattie ypecific cui try,
i.e., source foll ower transistor 619b and row sel ect transistor 618b, which
are shaf@goginegtsdiscdossdyathantdeparing fmm e spirptand scepemd the RIGSSIh EVERE. o

DCG HDR circuit

[0023] FIG. 3 shows an exemplary embodiment of the invention in the form of an

imaging device 600 that combines the control signal lines for high dynamic range and dual
conversion gain transistors to reduce the space required in the device 600. Imaging device 600
includes pixels 300a through 3001 in accordance with the illustrated embodiment of the
invention. Pixels 300a and 300g, 300b and 300h, 300c and 360i, 300d and 300j, 300e and 300k,
and 300f and 3001 are part of respective identical pixel circuits 610a, 610b, 610c, 610d, 610e,
610f, which are part of pixel array 601. Taking pixel circuit 610b as representative, pixels 300b
and 300h respectively include a photo-conversion device 623b 633b, and a transfer transistor
627b, 637b. Pixel circuit 610b also includes floating diffusion region 605b and reset transistor
616b, and readout circuitry, i.e., source follower transistor 619b and row select transistor 618b,
which are shared by pixels 300b and 300h. Pixel circuit 610b also includes a DCG/HDR circuit
that includes a transistor 641b and a capacitor 640b, and HDR transistors 625b, 635b. The
DCG/HDR circuit is connected to pixel circuit 610b and 610d. Pixel circuits 610a, 610c, 610d,
610e, 610f are similarly constructed as pixel circuit 610b.

[0024] The DCG/HDR circuitry of pixel circuit 610b is operated by a control line
609b for the HDR transistors 625b and 635b, but the capacitor is actually connected through
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that includes a transistor 641b and a capacitor 640b, and HDR transistors
625b, 635b. The DCG HDR circuit is connected to pixel circuit 610b and
610d. Pi x®I0 WPT8FHs 610a, 610c, 610d, 610e, 610f are SRGRVEPYO2%EBMst ruct ed
as pixel circuit 610b. 100241 The DOG HDR ci r cui try of pixel circuit 610b is
operated by a control line 609b for the HDR transistors 625b and 635b, but
the capacitor is actually connected through 4 WO 2007/ 008554

PCT/ uszD@@ 0aBREEY 64w thedheiing diffiibhiregion 66&d 6f a)pmcplrrgromtf&l 0d tothe lefyimsh 605d

of a pi cl.rcuit t.a, t he eIo ci.rc 6.10 | Kk vvlse
Che bt i 1 TS cfc DERPHRROGRDR kel ol o P et ]

and so @ifcuity10 L tRk wtiah aﬁ§¥3 eJnfl FH@S%‘W bdbettas poel i!réinpl xel
circuit 610b g’gﬁrqegrogserﬁﬁg{wl or?ﬁyelf RS Bod i xel ci rrc%lets %Olac 6]1.00

e ot her
6104, 6918 SavprceOTInBO bRyl Sl btee B ad, Ghos, at SYBUG/HDR At ed

| b d
bver, 1 iksiting s BRSNS ooty ooty el PRt Rt ol i Brdn 5054
of pi xepixel diﬁ:ﬁittcoﬁﬂaﬁjox"ei i gigdlichehivs G108 Rhed10L r@@ﬁ&dtﬁ@rdlﬁﬁ@& ﬁoweosh

circuit 61Cb by transi stor 641b. The sane shari ng circuit
appl i esofmxgiucmemtéil@cbmmtcbmghfcoamdto cgproior @Hbdn pixe cmmf610hlbtym@h not

all nei thI’I cir UIIS 3, Therefore G HDR
ont ro) apar R, Hhe sl %@Wwﬁ e Iy RSB SR ST b5,
635b of 6H)d><610é3'aﬁ&610f ﬁ%o@@hn%éll?ﬁblgl’{ﬂ E'pﬂ&“u&ﬁté%@&oﬂﬁpﬁl(ﬁeoﬁwer sion

devi ces 623b, to Vaa —pix, but also " Controls DCG transistor 641b, which

SWi t chi ﬁ@ryfoma@@@/fﬂa]&amntrdrmgﬁh&a‘ned opilmel?OQh nawinly Gnoiols BDRHemsistyat i ng
diff 605d. of t 40b |

ci rou t SRS o meeliis LS e SHechinebRPronl ot e ieo B8 or

pi xel cszsmbtvéa _&91 bkt UdnfVIsTIOG A8 stef 6P1bs Yhich é%ﬁtéhlng%@cﬁx pldsicAfaciiéd b, and

i ne 612d. stch the control signal carried on I'ine 9b"controls two
differ e6401mfrpam1 circuit HEOHHORe flaatiigstiffusiob&Finn 605856 pixel pircat 616idr dlet 61 Cb

dth t 641b, h I t.n ti
Gt st SRer D sbaebreb b fote ARt Boating 1RRienCeiAR 01 A o
i xel Chrhditnii®40d ok diPsWiRiEFs bR Blxcl BRI AL e 6178, SR 6100 WG,

previ ous pixel circuit Tow Althoug i nvention i s described wt
r ef er enthe contrelsigniahcardedon tihe §0Ynedntrobsdmoatifferditagonits:| ﬂlelfﬂaﬁmmlsnrssﬁ%b

ClroU  ead €1p, 081 XPl SHEUEEA QA0S @, MR oLt BT R - he

floating diffusion region 605d of pixel circuit 610d. Thus, the DCG signal for a pixel circuit row

a—l

is the same signal used for the HDR signal of the previous pixel circuit row. Although the
invention is described with reference to sharing control signals between diagonally located pixel
circuits—i.e., one pixel circuit row and one pixel circuit column apart, the invention is not so

limited.

[0025] Itis conventionally known during the manufacture of imaging devices such
as imaging device 600 to include dummy pixels and dummy pixel circuits around the periphery
of the pixel array 601. Although not shown, pixel circuits on the edge of a pixel array 601 are
coupled to dummy pixel circuits to maintain the consistency of the diagonally-shared charges
and control signals. For example, if pixel circuit 610b is located on the top edge of the pixel
array 601, then pixel circuit 610b shares a capacitor connected to line 612b in a dummy pixel

circuit one column over to the right and one pixel circuit row above pixel circuit 610b.

[0026] With the pixels circuits (e.g., 610b, 610d) sharing circuitry and control

signals, the amount of circuitry required and space needed in and around the pixel arréy 601 to
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[0025] It is conventionally known during the manufacture of inmaging devices

such as i I ng device 600 to include dumry pixels and du I xel circuits
ar ound th@’%%ﬂ?@ﬁé?"y of the pixel array 601. Although n%(fT%\aﬂ?%fﬁoxel

circuits on the '‘edge of a pixel array 601 are coupled to dunmy pixel
circuits to nmaintain the consistency of the diagonally-shared charges and
control signals. For exanple, if pixel circuit 610b is |ocated on the top

edge of oppratethspixel agray-A0 166 1educeds nApsuch) the pixel praaQhokimaging devicg 88 t or
t . y 691 j iy | : h
ot anrdbs HSE apd DR B AT aPLAE udvabideE bt ne iR TRl B 1€, 1

pi xel s ¢hdladibrd 6f the HDR aitd DG &ty vathand shghificantlyiaffeptimgithe didinfactot of the gl S,
the amount of circuitry required and space needed in and around the pixel
array 6@%ay§0l.5 wp 2007/ 008554 PCT/ U52006/ 026280 operate the pixel array
601 i s reduced. As such, the pixel array 601 of inmaging device 600 includes

HDR and DCG ci r eal : ]?gﬁj It c ny
the i-nclusion mﬂzﬁe%%gﬁg{%%p%%\rrgﬁ S Vrﬁhg%g@ugﬁg%ﬁl ei%&%@%@ egit?lleng
the fil [701 e 014700 bcandi axetoupded @) shbrkd shfipl2 and Rokkdironitr700i(FEG.id). &n @i xel
circuit commpn colum share a readout colum |ine 701 701a, 701b, and

are couSkeBPlary enbadimen, sgnals aregpad emdhepixel ArayA83 @Kﬁ-é? 'p%je,l 1qv, by pixel

exenpl a ' ' ' ¢ )

ool 1 ot SR TR (8 SRRl fPhft bR AERER B tEbERAm BB GOk Fod

I ncr emerkahplg, pivels B604)300,Mni306¢ woald befroadoueatasubbtantigdiyxhe sanddfxe. FRéH, and

300c woul d_be readout at substantially the sane_ tine. Then Tfpihigxel S 3008, I
xel s

300h, améxel002uefiiheanst3 00 avnld beteadari st arbstantially thasama Hee: i Thsn pslsr3 09
300d, 338 8@, ’anagg%ffiggld \teg géa%BQFaéc lrsﬁ&qgfl{allgtgﬁafs:dﬁ%étgﬂ% 'n’?IH %t\»{]lg?{ogxg’{@dédt %?%heTh e

row by row’rea X array row or the
array. [pe?glray tontiauéd @i kise lasteoweFdadrrayt om each pixel: Vrst - the reset
signal, Vsig - the charge signal, and Vdcg - the second charge or dual

conversion gain sizg]rllval. Qperation of the pixel array is described in

greater detail 028, Thegsesignatipre readpet from eackpixely Ve the et signab AtHig afead

" schemsie SRt S TR £ B oA Ui M Tab ertfoy s ol OpBlH o 4 1
accor damiee] wirhhisdeseibed greytee déteil belent M¥pehdiag ion\testybe of siitienadegha mady one

sanpl e and
P ahead integration may be employed, as discussed more fully below.

[0029] FIG. 4 is a schematic diagram of a portion of a sample and hold circuit 700
in accordance with an exemplary embodiment of the invention. Although only one sample and
hold circuit 700 is depicted, sample and hold circuit 700 is representative of a sample and hold
circuit 700 for each column of pixel circuits in the pixel array. As inciicated above, in an

exemplary embodiment three signals are read out from each pixel, e.g., Vrstl, Vsigl, Vdcgl,

[0030] In an exemplary embodiment as seen in FIG. 4, each of the three signals
received from the associated pixel circuit are separately stored in the sample and hold circuit
700. Sample and hold circuit 700 has a subcircuit 730 for storing signals from the pixel.
Subcircuit 730 has three capacitors 714, 716, 718 for storing signals Vrstl, Vsigl, Vdcgl.
Capacitors 714, 716, 718 are selectively coupled to the column line 701a through switches 706,
708, 710, respectively, which are controlled by control signals SHR1, SHS1 and SDCGI.
Capacitprs 714, 716, 718 are selectively coupled to downstréam circuitry through switches 722,
724, 726, respectively. '



hold circuit 700 is depicted, sanple and hold circuit 700 is representative
of a sanple and hold <circuit 700 for each colum of pixel circuits in the
pi xel arr A0 2083/098584 cat ed above, in an exenplary enbodi RERHUSIMP/RE28) gnal s
are read out fromeach pixel, e.g., VWrstl, Vsigl, Vvdcgl. [0030] In an
exenpl ary enbodi nrent as seen in FIG 4, each of the three si gnal s received
fromthe associated pixel circuit are separately stored in the sanple and
hol d ci I‘CUI t  708031Parihe atomedVish| dsig,i Vg sigriabocande readsaiti and tfipirefe#ed f or

storing s nals fromcﬁt}.e I xel . _ Subcircuit 730 h s thre acitors, 714,
716, 71§oFBmed g meny diflepehi Was Fof xaarlgy i spqRgmP e et Ay exemah g 71
are sel %%m‘t’?do‘( sl‘irﬁﬂahc%ﬂu'&@ s%h@h&@f%a&ﬂﬂf@mﬁﬂol@cﬁ&lﬁﬁme%%&ﬁ 88 theQRtue 708,
710, respectively, are controlled by control signals SHRL, SHS1 and
SDCd . OC&pacailueong 7Edr exafple, 2 TBreshradd s'duetsteswbhyhedc(umaﬂa duong ownsfacweh
CIFCUIt h tches 722, 4, ,.726,.res 07/ 008554
T Usa SRS OBE AR o e cCep ABtrdphes of SR Talyh gt s Seb Ced SRR e ad ou

and if Ii’éa‘%ﬁ)ﬁ{ iR a GAIRIRERion galﬁrﬁeémf&hfaﬁsﬁ 80y b‘é@}ﬂéhed:%uﬁi‘%ax'éﬁ&ﬁlt th& Vaip is

exenpl ary enmbodi nent, an external circuit (not S control s sw tches of
t he sangbmpared td ﬁledhmshctldl walueobf‘dsg értkhrea‘tg)ld thenhhe plablmltputfs1gnlabls0\é‘stu¥§dqg ig.

wher o REbi GRS Semth i Jrvoisier 1A% G0 emAliet b Spi S A Herlnod

occurr ee}’3@‘dfé tg%el%ﬁﬁknedﬁﬁﬁ‘&%renﬁﬂ'dﬁl ﬁﬁ@&@bt ﬁf&Wﬁ% éH #7he's ﬂ@%@ﬁ@lﬁt I on

may be appl Duri ng readout d to the threshold
val ue. Icircﬂi!s 700 and ‘17181gi; Irﬂjgrdateﬂ“nhm t}feethmslxdd thert mmtchss @24bnd 226vrs tlosettand

S i S e Sl 1R Sl
(not sh %@n%ﬁﬂ&ﬁ%@ 7§§ &926;%% %Br?]ég@%%bagﬁ%r 779981&‘%'9'19%% 184 GhRat er

than the t res en svmtc ose capacitors 716
and 718 thﬂfdiffemnphknjnphﬁdn the differential amplifier. If Vsigl is not greater
than the threshold, then switches 722 and 726 are cl osed and capacitors 714

LI P LA A I A PN - N
3 and t iy %@ggtgs ARcnb el Lrﬁl}[)lﬁ lah@ Wbid cl&ﬁn 9bo 6t G4 mmceﬁa%&%aﬁmﬁem

exenpl ary ment of e Invention. For sinplicity, the readout one
pi xel i smbeginxntdf thednvention. For simplicity, the readout of one pixel is depicted and is

representational of the other pixels being readout. In the timing diagram of FIG. 5, the signals
are active “high,” i.e., high logic state. A “Row” is a row of pixels e.g., 300a, 300b, 300c (FIG.
3). The first row of pixels is Row 0, e.g., pixels 300a, 300b, 300c (FIG. 3); the second row of
pixels is Row 1, e.g., 300g, 300h, 300i (FIG. 3). Row 5 is not depicted in FIG. 3, but is
described as part of the timing diagram of FIG. 5.

[0033] In FIG. 5, Addr is the pixel circuit row address of the pixel row being
readout and ras is the read address signal. ROW 0, ROW 1, and ROW 5 are representational of
the row select gate signals for pixel rows 0, 1, and 5, respectively. In implementation, a global
row select signal is provided to the row decode circuitry, which AND’s the row select signal
with the Addr signal to provide the row select gate signal to the appropriate row. For example, if
Addr is “000”, then the row decode provides a row select gate signal to row 0. Tx0,0, Tx1,0,
Tx2,0, Tx3,0 and Tx5,0 are the representational transfer gate signals for row 0, first pixel, i.e.,
pixel 300a, row 1, first pixel, i.e., pixel 300g, row 2, first pixel, i.e., pixel 300d, row 3, first
pixel, i.e., pixel 300j; rows5, first pixel, (not shown). In implementation, global transfer gate

signals are provided to the column decode circuitry, which decodes the global transfer gate
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representational of the other pixels being readout. In the timng di agram of
FIG 5, the sighnals are active "high," i.e., high logic state. A "Row' is a
row of pi »ed 3002/008554 300a, 300b, 300c (FIG 3). The firsPCTAR2096/02528k] s is
Row 0, e.g., pixels 300a, 300b, 300c (FIG 3); the second row of pixels is
Row 1, e.g., 300g, 300h, 300i (FIG 3). Row 5 is not depicted in FIG 3, but
Is described as part of the timng diagramof FIG 5. [0033] In FIG 5,
Addr i s signel @idehe clrrér dedirddPikel doiassio Phovtiethpitvaabfer g Bighfigo thiesppedpriagnd
ras is the read address signal. RONO, ROWN1, and RONS5 are representational
of 't he SPBA df s ekangpleedusingpikel cobymmyiead pf the\pixad arrgy therglunn decode sir¢wiyy. | n

el ea i esfithateh 8 ABA, o b PRPEUBERIPLARM coeaflrltla fikhekd ehlatn AMALERE'S
provi de firkteotudi, SEdrexbm@i, Gudngafist fow, icohmapread prixaiteis eaybled-for pivchBRlae, i f

Addr is _"000", then the row decode provides a row sel ect gate signal to row
0. TxO, uringa sgcondipizelpolupuraad gf thepixel erray therqebupp decode girauifng wall providesane

gate si f frd i Xelm, i ] 3004, [r i xel ,
107 R sl dite Rt 1 Sl £ Gt Bt wilbbble B0l il danserigble, Rgf i
I .e., piexehpBO@iring A&t rdw,s8ondicsRimn fead b TXOAVIS knabled forpheliBoitatR«st0, gl obal
transfer_ gate signals are provided to the columm decode circuitry, which

decodes Resetl gandddgsetSrae Sreaeprgeaniatipngimesed g7t gepals forows 052 008l D 26p8dively. gnal

the appriiPERenf3h R K Her SRl b fidBl R i fol Mecdd ARG, HRLcH BB o7
array t like @edtéipharwiinde: AddiCigral 16 provide (Heeesst sighaltto The Sipdoptate & - In tii¥] , O

that will enable corresponding transfer gate in a jth rowand first colum.
For exar®picecachpixel gvill reqeive twiogaw signalsmi’or example; pirsl@incyit §hGIeeeivessr o Lel

decode AP ady A TR IR Y PlechBy WakdRow Sch{ifacisttf g1 B BECHIRA G o g
Tx_, 1 t BtGHDR]I, @ﬁ@bb@}@mme%@&emamgcm ghRcon afs foflkyws g a

first row, second colum read a TXO, 1 is enabled for pixel 300b. ResetQ
Reset | , laael ReAPSGHIR phirnw @ ppreseaivapplyriala gatesna difersntpigelpirsuit.oFor ows 0,

1, and 5. respgcti Jn.inpl.e Ian, . et., si. | 44§
provi de&x%ﬁ%h@eﬁjo#@&ﬁgn% |f{’¥gcﬂi¥{fﬁgbgm%§9 Oﬁl{%bwgai sléfs lg?%htg*rameh t he
Addr  si gowl. HeweveRVthe ©CEEDRES®inabistipplied 10 2B oARHIE QRatea42 b i®Pixel élrdulti S
case, each pixel wll receive two row signals. For exanple, pixel circuit
610a reddPy g}sln@plﬁmvntet,mn, arglobal P&GHDB signal is prpvided todhe eaw decody coenittyol row
sel ect (hANSARIPL al B8GHTE R with the Addr signal to provide the DCGHDR signal to the

appropriate DCGHDR gate.

[0034] InFIG. S5, SHR1, SHS1, and SDCGI are the signals that enable the
switches 706, 708, 710 to couple capacitors 714, 716, 718 to the column line 701a, respectively.

[0035] In FIG. 5, time period t0 indicates the initial setup time period during which
the pixel circuit row address of the pixels cells to be reédout is provided. In this example during
t0, an Addr of 000 is provided which corresponds to the first pixel row of the first pixel circuit
row (i.e., row 0). Although the example describes the readout from one pixel, e.g., pixel 300a,
of one pixel circuit, e.g,, pixel circuit 610a (FIG. 3), this example is representational of all of
pixels in a pixel row of a pixel circuit row being readout at substantially the same time as is

conventionally known.

[0036] During time period t1, pixel circuit 610a is reset and the reset charge is
stored as follows. Control signals Row0, Reset0, DCGHDRO and SHR1 are enabled (i.e.,

asserted high) (FIG. 5). The Row0 signal closes switch 618a and couples pixel circuit 610a to a
8



DCGHDR1, and DCGHDR2 are the representati onal DCG HDR gate control signals
for rows 0, 1, and 2. A DCGHDR of row O appears to apply to a gate in a

di fferent woxel7/008s56ui t. For exanple, the DCGHDR si gnal PEBUSR0282628D0d (and
300j) is DCGHDR2 (as it is in the third pixel row). However, the DCGHDR2
signal is applied to and controls a gate 641b in pixel circuit 610. In

| npl ement ati on, a gl oball DCGHDR signal is provided to the row decode

ci r cui t roplummbine (FIGINBY. sThdResBOGHIR] slogesasiwiich o 62 hied eaigptessVanpix to thapixeli de

t he DCGHDR si t | at DR gat 0034 Fl .5, .,SHR1,
(e DCER 8 2kt O SRPLASEL S DL, 0t 00081 L 1 0 SR,
coupl e PR Giot ffuStrdiddin FIEP 3 tgéﬁs Ei?ni{???o SALABA 1 b, vilferd 9%5@1 cifQHEI0k iy Sepixel

[0035] In FIG 5, time period to indicates the initial setup time period
duri ng wdironit row@bgvexaid anercoliinin tocthe dghirafpixedtirctitola) ehd capldsphpto-be r eadout

cor f espiPLeTsn dRBoF 6741 Fghs Spats GRSiPh e L s 4R PRl On0K Ggapraier
row 0). iﬁg}imgg&ﬁf SRR M sfafd8 3¢ Fidesmbiie sﬁxﬁ?aﬁ'%éegia&i%? 62I0§) I(B%c?%hdin@ 6922

pi xel 300 one pixel circuit, e.g., pixel circuit 610 3), this
exanpl e tos pixgcrswhort jownaiovefand bhe ofw toghs skt dfipixel pirget 61w e SHRI sighal

circuit r,ow beij adout at substantjially.the, ine, as, i s ..

convent | BSES SYRRANG G Wales cpRaerg 14 Remisk et ¢ 102 throyeh calumaline Mlaa i s
reset a r ' : I ' )
roset O A HERRE br BIRTRECNTL, HACENIOLMR IBMmd R vokaBs o BRREO,
RowO si geimhit@l 0sBstared trcthe 64ripleand hokiugidcer 700 x Eonirolrsigrials Bdset), DEGHBRUO

2007/ 008554 _PCT/ US2006/.026280 I | i Fl G . I t O si I

ol oses S I basAteahieddonphaeniay) B e ek Jihen BCCAHDRO GBI 3).
Th . . PR . : . . 610 N
I e SRR o e DAL Gl iy Bt BE e L0
610x i s Asnsuchjthe Iintep"auimmtimerocﬁ\thef:‘;ﬁIz:erllammmlacfuuilezI caiI_:ulaut%gz tgeﬁrlt[tegl?tggh}irlnefc? peifbeet

[ t 610 d. I hot o- nver n devi.ce I he n

di 11 usi M%@%ﬂ?@ﬁcwgﬁ%ﬁnap %rgegsaég&lt_%v@@%ﬁwsw iB S ol _smﬁﬂma el APOIRE v ¢
610X N0 dbeotlnfat {1t} sbilod dtotifhnd 2] atb b IR 1018 pARARC L REr gL QUGN
line 612a to pi xel circult one tow above and one r ot right of

pi xel cigontrbl sigdabas isTomnTiRy kadwmal closes switch 706 and coupl es capacitor
714 to pixel circuit 610a through colum line 701 a.

[0037] During time period t2, the integration charge (i.e., photosignal) of the pixel.’
circuit 610a is readout and stored as follows. Control signals Tx0,0 and SHS1 are enabled (i.e.,
driven high). The Tx0,0 signal closes switch 627a and couples photo-conversion device 623a to
the floating diffusion region 605a. The SHS1 signal closes switch 708 and couples capacitor
716 to pixel circuit 610a through column line 701a. The charge stored on floating diffusion
region 605a is read out and stored on the capacitor 716. Thus at the end of t2, the signal voltage
Vsigl of the pixel circuit 610a is stored in the sample and hold circuit 700. Control signals
Tx0,0 and SHS1 are disabled (i.e., driven low) by the énd of time period t2 (FIG. 5).

[0038] During time period t3, any additional integration charge of the pixel circuit
610a is readout and stored as follows. Control signals Tx0,0 SDCG1, and DCGHDRO are
enabled (i.e., driven high). The Tx0,0 signal closes switch 627a and switch 641x (a switchin a
pixel circuit 610x not illustrated in FIG. 3 that is similar to switch 641a, where pixel circuit 610x
is one pixel circuit row above and one column to the right of pixel circuit 6102) and couples
photo-conversion device 623a to the floating diffusion region 605a and the capacitor 640x (a

capacitor in pixel circuit 610x not illustrated in FIG. 3 that is similar to capacitor 640a) through
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Thus at the end of tinme period tl, pixel circuit 610a is reset and the reset
vol tage of the pixel «circuit 610a is stored in the sanple and hold circuit
700. Cont rwb 2607@0s8ss Reset O, DCGHDRO, and SHRI are di saBCEFSE0642628Qy, i yen
|l ow) by the end of tinme. When DCGHDRO i s pul sed, the photo-conversion
devices of previous pixel circuit row (not shown) are reset at the sane

time. As such, the integration tine of the pixel array requires calculating
t he i nt dijredtli2aito & pixel circuitefeaow abovang cnslrowite thei night ofipixicbeirayitfdOas Thel .

thi o seryaeos et olome SHASE 2L ol ol |8 pikel clouif 818 Brouh Uit
pul si ng-1a&SAY1h! THé BRAES Sibted M floatifif AiffiRlonSre§ioal6 086 andcaparidH4dx ifyeddout] 0037]
During tine period t2, the integraftion char . hot05|(§nal) of the

e (i.e., ph :
pi xel , adrstared 0B tigecaparitoe i uThesred thet endeod tgsan‘.s'@ddlbmal smal yadtage pfihgipixetx O O

and SHS1 .ar abled (i.e., riv i gh).. e ~IX0.Q.si | ¢l as tch
5272 and oS Le RsroEe nBh veptiead Aol ietis 790 ° CHRIRiSHR R0 B PEPP SHEG,
regi on 69@aCERDRY e Uisabed #.c. CArPRAIoW)bY R A Aitkk S&HAl 18 TFRRBILC TheN pixdl16
to pixel circuit 610a through colum line 70la. The charge storéed on

f | oat i ngrlitod8e bas becr piseh B eBated srendanti andistoraddt Srecand wf dime heriaskidaci t or 716.
Thus at the end of t2, the signal voltage Vsigl of the pixel circuit 610a

is stored in th lle and.hold.circuit 700. Control signals. TxQ O and
SHSL are di sabl 4800, dIWTHE OISR} the intcamationpiieest s s fon top &E )
[0038] Dyikélrews bHERAARE R0, 1A% is3BMnAMl kddwia whiel a@Bdchbhienl shlidérdenfustdia pi xel
circuit 610a is readout and stored das follows. Control signals TxO O SDCA ,
and DCGHDRE circeit rasn abpiasels (s ingtiatedifor integrafiayhin. advanee Df thegeadaptaln the esemsplemi t ch

627a and_switch 641x (a sw t in a.pixel. circuit 610x not. illustrated in
R e T L TR g L S
pi xel CIR&GHO had u&h 284AEt, RBH5A8 ErehPrépated for | AN Tife Jokiv8 k4 Fidicates thef10a)
and coupl es photo-conversion device 623a to the floating diffusion region
605a andnitiabsetaptine periodddring which dlpepik elmircii rgw rédress ofdhé pixelserllnistbe
illustrated, in FlG. hat is sim.Jar to capacjtor Oa, rough, 9 WO
2007/ 00SBA S PISisdo b BuEAIP it e BEHGE 14 RASET PR = BBy above
and one ABNéigR tﬁé‘&ca&ﬂéﬂé"&es@ﬁb&' thé& hﬁﬁétfo%‘ﬂfbn@éﬁél cell@is i® effa@Bid] of hIPSES
switch 710 and coupl es capacitor 718 to pixel circuit 610a through colum
| i ne 70Il@ExelTiea pixal yw oftagrizel cinsuit rowbeing initidted st sbstaniyillynthé 6%ae time as épaci t or
640x is read out I nd stored on the capacitor 718. Thus at the end of t3,
any addi ©PEHHONIY KA o't age of the pi xel
[0040] In time period t5, control signals Reset5 and Tx5,0 are enabled (i.e., driven

high)-(FIG. 5). Pixel 300y (not illustrated in FIG. 3) is a pixel similar to pixel 300a and five

pixel rows below pixel circuit 300a. The Reset5 signal closes switch 616y (a switch in pixel

300y not illustrated in FIG. 3 that is similar to switch 616a) and couples Vaa_pix to the pixel

circuit 610y. The Tx5,0 signal closes switch 635y (a switch in pixel circuit 300y not illustrated

in FIG. 3 that is similar to switch 635a) and couples photo-conversion device 633y (photo-

conversion device in pixel circuit 300y not illustrated in FIG. 3 that is similar to photo-

conversion device 633a) to Vaa_pix. Thus at the end of time period t5, pixel 300y is reset and

ready for integration. Control signals Reset5 and Tx5,0 are disabled (i.e., driven low) (FIG. 5).

After which, the pixel circuit 300y integrates.

[0041] As is conventionally known, a readout from a pixel array actually
comprises a series of successive readouts. During initial readouts from the pixel array different
adjustments and calculations may occur. For example, during the initial readouts exposure

settings are adjusted. After a first readout of the pixel array, the values read from the array are
10



circuit 610a is stored in the sanple and hold circuit 700. Control signals
Row 0, TXO 0, SDCA, and DCGHDRO are disabled (i.e., driven low) by the end
of time peoizod/wsss¢Fl G 5). Thus pixel circuit 610a haPCHaASA0683E2H!

i ntegrated, readout and stored at the end of tine period t3. [0039] During
time period t4 the integration process is comrenced for a row five pixel
rows ahead of RowO. As is comonly known, when a nechanical shutter is not
used, acomputesl andiexposure iscadjustedpiAXpixs] argayiis rdadattedsetand ime egd tei vatues readdvance

ek SR8 bt B BT S S, HE%D Al bt
r eadoutyixEOWSyInFay! ¥l A REfeRH iﬁiﬁa}n |e§(?1&ﬁi akd ien, the PP R restbut th A At es the

initial” setup tinme period during e pixel circurt row address of the
pi xel s medres, iteq that if pinel drstyds il 80 prvesvandethle pilkal drtryss sucangsivelyteadoy ftonmeow
period t4, Addr of 005 is, provided. . Al though.the exagple SGLi bes the
o1 e 65105 P syPaegpom apdcbial tepivel e Gved FREIo b ATGITPY ). TiReRs (1 a
pi xel r@wpRisert eRhrhfle v@ﬂérﬂ%wt%r iQWeiB?BE%Silﬂ kdvl Bl(Re ?&ws%% 830 difhtby sdrhe sane
time as iS conventionally known. 04 In tinme period t'5, control signals
Reset s radbulx Wiiledheinyauatidnedbséribes a, fivitrroweaheadingfetiop fh&inveptioPisxmkt s@00y ( not
i Iust‘ratggdi n FIG 3) is a pixel simlar to pixel 300a and five pixel rows

bel ow pli“? ‘circuit 300a. The ResetS signal closes switch 616y (a switch in
pi xel 300y not illustrated in FIG 3 that is simlar to switch 616a) and

coupl es Vaa. pi t i el [ : , ki l; :SWHE Ch
635y (a swioh ﬂ"zdi e ?%3{@1 idetand dddicink Wpalifal RerbliBRBf a RS ERsHbf
si m | arpikel assay tof F1G3%5m) acaomanczupiiesn premplary embedinen of theiineeridfy Féphot o-

conversi.on..devi.ce in pixel circuit 30 t illustrated in EIG, 3 th is

S & ar RIS 5t nepiele it B S e e % oot it e Shiocs See Smg pestsof
time pepiqd ' 0 | St : : o r.af:y r ol

si gnal ?R@ég?’éﬁgﬁﬂ%%qﬁ}ﬁe g s%ﬁl%’gﬂ?iof gﬁgdéldﬁé\igélﬁﬁﬁj%%é a?f&*%& eésgiﬂe&Af ter
whi ch, ‘fhigh,pi.achighilogicistate300y i ntegrates. [0041] As is conventionally known,
a readout froma pixel array actually conprises a series of successive

readouts. Duri it douts framth i X r | fferen ..
adj ust ment s an(rlggimc u‘bﬁ#ﬂ-@% ﬁﬁu@e %ﬁ%ﬁonﬂg@@gkﬂﬁﬁe ﬁﬁ&%‘jﬁé Sl%{'iﬂ}lf Il
readoutc%mg.r S« AGHEL Y IHHARE 1A HRIERE of ARl rofv Tol frebide SRATBRIVG bPheP! X€l
array, the val ég’ r ead (%?om the array arg % V\Dr 2007‘?0018554 ©
PCT/ US20606/SEBPBBR is the control signal for a mechanical shutter to control exposure of the pixel

array. Frame Valid is the control signal that an imager typically produces to indicate to the

image system that a valid image is being readout.

[0044] As depicted in fIG. 6, the system alternates between integrating charge,
e.g., time periods t2, t4, and reading out signals, e.g., time periods t1, t3. During an integration
time period, e.g., time period 12, a SHUTTER signal is enabled thereby temporary opening the
mechanical shutter (not shown) of the pixel array. A GBL_HDR is enabled whereby the
DCG_HDR transistors in the pixel array are enabled, i.e., closed. For example, the GBL HDR
enabled would close transistors 625, 635a in pixel circuit 610a, where pixel circuit 610a is
representational of all of the pixel circuits, e.g., 610a, 610b, 610c, 610d, 610¢, and 610f. The
GBL_HDR varies over the integration time period t2, starting at a high level, where the pixels
are reset and the level falls off, i.e., decreases, over time as the pixels integrate. At the end of
time period t2, the GBL_HDR and the SHUTTER signals are disabled.

[0045] FIG. 7 is a timing diagram depicting a partial operation of the pixel array
601 of FIG. 3 and the sample and hold circuit 700 of FIG. 4 in accordance with another
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conput ed and exposure is adjusted. A pixel array is readout a second tine
and the values read fromthe array are conputed and exposure is again

adj ust ed. widveoofoossk4 usabl e readout fromthe pixel arraRCHE§2086/83¢280af t er
several initial readouts. As such, the pixel is readout in a rolling
manner, i.e., that if pixel array has 100 rows and the pixel array is
successively readout fromrow 0 to 99, then on subsequent readouts of the

pi xel arxepplapbembrdimentafdorinvettion: Thewinsiog dipgram of RIG.tThis appkicabletosxsiems e
when ro | s. hein d ow five r ead) s initiated for
Feadout et £mtRtetionl SRR koo, BB ek s 86 P o Ukt B R OB

I nvent i ®afdré theQixdl @irchit fow Rdead D4R sidhGtheQinifig @idgt#h BOFIE. A0 3hilke s tHel Ng 2
partial operation of the integration of pixel array of FIG 3 in accordance
wi t h an tssisggiagram efiPlsiSnbrtna toesHaciudy initi4tion tinmoperiogs tpandi5St(FIGt)me peri ods
to, tl, t2, t3, t4 are referred to, but are not the sane as the tine periods

to, tl, t2, t3, f Inthe.timng diagra f _FElLG t he .si gnal s
are active or et@%‘lﬁgd ﬁbﬁﬁaﬁows?.p]@nwem * 5 't?g%(fug]f)g?pf{s]@&??ﬂ@ff?—]ﬁﬁ%ys t he
gl obal ®OMITIG. 3i BIRIS shotvs altewbIsbHansistn & 8, sbiitce folfowsariisRRN 609, 19CG
"ANDed") with the |ocal address of a pixel rowto provide the HDRDCG of the
row. SHUpmEstor 4%, FEDR @ateradsS, wangialtransiston 62k chpasitond4G neset wansistordd At fledting
exposur%@s.the 0i %g)l a I‘a(.%. Frame Val i dé'& the control signal that an

i mager t &%ﬁlie?oBr QuELPHOO-PORYEHSQEIBIPNAR:  | tage system that a valid

I mage i s being readout. [0044] As depicted in FIG 6, the systemalternates
bet ween i nt egr afo0g] C'FIGIS shovds Hsysten MEO® G kyA6k probesdof systéifl miRIRGEING ifdlhde

signals, e.g., tine 8eri ods tl, t'3. During an integration tine period,
e.g., tiansmpgsridguice 500 fasSauAtiuERdsingi@i 3). slhersasiemd 100ds exsmplaywdasyste®peni ng

wnor by AT BB ARV SR e bRaP e Bl AR B B! &
cl osed. shasmewaldihéludd & eorffRktetistent @allabﬁ_cétymeml StaGh&SMathind $isidm i 6hifidd>, 635a

in pixel circuit 610x, where gixel circuif 610a is representational of all
of the piavigatian, videpphone sytveilBacrsysEbutodooks systeni stagtracker ayriens,TotionThe

GBL HDR yari.es over .the integration tinme ri.od t2, starting at a high
Lovel , GRBPEST BtoRh fiomge StbiliZiebn sy tamy it e papiiafigy pr oot ailiBases,
over time as the pixels integrate. At the end of time period t2, the GBL
HDR and t he SHUJ((S] siSysRhS] 1@0efdd g aRbR A cahiefifSktett, Genefally canprisdh B @ertiA9r am
depicting a partial operation of the pixel array ) ) )

processing unit (CPU) 1110, such as a microprocessor, that communicates with an input/output

(I70) device 1150 over a bus 1170. Imaging device 600 also communicates with the CPU 1110

over the bus 1170. The system 1100 also includes random access memory (RAM) 1160, and

=)

can include removable memory 1130, such as flash memory, which also communicate with the
CPU 1110 over the bus 1170. The imaging device 600 may be combined with a processor, such
as a CPU, digital signal processor, or microprocessor, with or without memory storage on a

single integrated circuit or on a different chip than the processor.

[0049] It should be appreciated that other embodiments of the invention include a
method of manufacturing the circuit 1100. For example, in one exemplary embodiment, a
method of mahufacturing an CMOS readout circuit includes the steps of providing, over a
portion of a substrate corresponding to a single integrated circuit, at least a pixel array with
shared control lines (FIG. 3) as described above using known semiconductor fabrication

techniques.
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601 of FIG 3 and the sanple and hold circuit 700 of FIG 4 in accordance
with another 11 WO 2007/ 008554 PCT/ US2006/ 026280 exenpl ary enbodi nent of
t he i nventWOrR007T0985%i i ng di agram of FIG 7 is applicabl & 6”53{/)%6{03%0 t hat
use a nechani cal shutter and thus, there is no need to start a row
integration several rows before the pixel circuit rowis readout. As such

the timng diagr f / ds sim.lar to,th tim. di agram of FI 5,
but not does i nclﬁ g%@ iﬁjilhﬁeﬁ]?‘? 18?46’13‘ OHélaf)@?efno‘%f c@’fdé‘ﬁg—‘ lﬂlgs“@iﬂ%%”%ﬁe?erﬂfﬁg%] FI G
8 shows gyepilfiaRxdh émBodiineftd] it SAARYPYE uferdodithhi 19 8nPholiifRafddnsaindar r ay
601of FI 3. FI shows a row sel ect, transistor 618, source foll ower

t ransi stabstintions3as bemnadesvistont departing-fiorm dee spidiomd scopmafthe invenligs. Jtasr 627,

capaci tor 64 set transistor 616, floating diffusio ' 6Q5. and
ot o- TR alficat hh BRa T gheoen st Btaet o Pne BOGRIR oBlfy o Ca
processog %&%&P&ihéérﬁﬂgtl&atquiﬁe&@ircﬁfh, tHEBARMtdA Y #& s6 MphifedS ThHAS S sintdé ed
in FIG 3). The system 1100 is exenplary of a system having digital

ci r cui t scontrat sigualican beusadde conteejevise was preyiuiskyeontrofiedhoyie phisiliy of sepatateng,

such a gsystem coul.d ingl ude co system, C sy,st scanner,
machi ne si}é?itlso ,cci?g%.}p%yyeﬁueﬁ%‘{ﬁn gt f%ﬁ’ﬁﬁ%‘é‘%‘m{}ﬁ 1S %f@&%ﬁﬁﬁ%@%t em auto
focus sysdsgiption tift id 61AG liglited bGitRIBcopO b @B claitgsection system inmmge
stabilization system and othér image acquisition or processing system

[ 0048] System 1100, for exanple a canmera system generally conprises a
central processing unit (CPU) 1110, such as a mcroprocessor, that

comuni cates with an input/output (1/0) device 1150 over a bus 1170.

| magi ng device 600 al so conmuni cates with the CPU 1110 over the bus 1170.
The system 1100 al so i ncludes random access nenory (RAM 1160, and can

i nclude renovabl e nenory 1130, such as flash nmenory, which al so communicate
with the CPU 1110 over the bus 1170. The i magi ng devi ce 600 may be conbi ned
with a processor, such as a CPU, digital signal processor, or

m croprocessor, with or without nenory.storage on a single integrated
circuit or on a different chip than the processor. [0049] It should be
appreci ated that other enbodi nents of the invention include a nethod of
manuf acturing the circuit 1100. For exanple, in one exenplary enbodi nent, a
met hod of manufacturing an CMOS readout circuit includes the steps of
providing, over a portion of a substrate corresponding to a single
integrated circuit, at least a pixel array with
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shared control lines (FIG 3) as described above using known sem conduct or
fabrication techniques. 12 WO 20071008554 PCT/ US2006/ 026280 [0050] Wil e
the invention has been described and illustrated with reference to specific
exenpl ary enbodi nents, it should be understood that many nodifications and
substitutions can be made w thout departing fromthe spirit and scope of the
i nvention. For exanple, although the invention is described with reference
to sharing DCG HDR control signals 2&%&1 di agonal |y | ocated pi xel
circuits, the invention is not so |i MShus, a si ngle control signal
can be used to control what was previously controlled by a plurality of
separate signals. Accordingly, the invention is not to be considered as
limted by the forA&goichgrraydesmpiipingon but is only limted by the scope of
the clains. 13 CLAI 1. A pixel array, conprising: first .pixe] circuit

| ocated in a firstd f%/rgwléﬁ]oc%?ﬁ’fti)f?cﬂe%&ﬂlatfﬁﬁrBW @Qiaéﬁg‘i QPZWMB??%@PIXS d a second
pi xel circui tar}agcat ed in a second row and a second colum of said pixel
array, said first and second pixel circuits sharing DCG HDR circuitry,
wherein sai d sharand aBetgrdiexeicircuit tacgted dmrp s¢coed row ahd gRedyd apivenr efnge
circuit located in said second row and said second colum; a dual

conver si on gaBi RIX¢l@HAY, | ocated in said second row and said second col um

e A e A
row and fi r stsagishared, D@GMHBR ety coaiprised: | i ne coupled to the high dynam c
range circuit and the dual conversion gain circuit for providing control
signals to both a high dynamic range circuit located in said second row and said
second column;
a dual conversion gain circuit located in said second row and said
second column of the pixel array, the dual conversion gain circuit is
coupled to a first floating diffusion region of the first pixel circuit located
in the first row and first column; and
a common control line coupled to the high dynamic range circuit
and the dual conversion gain circuit for providing control signals to both
the high dynamic range circuit and the dual conversion gain circuit,
wherein, when said common control line is enabled, a charge of the first
floating diffusion region located in the first row and the first column is read out

and stored in a capacitor of the dual conversion gain circuit located in the second

row and the second column.

2. The pixel array of claim 1, wherein said first pixel circuit further

comprises first and second pixel cells.

3. The pixel array of claim 2, wherein said first and second pixel cells include

first and second photo-conversion devices, respectively.

4, The pixel array of claim 2, wherein said first and said second pixel circuits
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the high dynam c range circuit and the dual conversion gain circuit,
wherei n, when said conmon control line is enabled, a charge of the first
floating diffusion region located in the first row and the first colum is
read out and stored in a capacitor of the dual conversion gain circuit

| ocated in the second row and the second colum. 2. The pixel array of
claim1, wherein said first pixel circuit further conprises first and
second pixel cells. 3. The pixel array of claim?2, wherein said first and
second pi xel aein different waes offthe pixelearthysecond phot o- conver si on devi ces,
respectively. 4. The pixel array of claim2, wherein said first and said
second pixel circuits 14 are in different rows of the pixel array. 5. The
pi xel array of cl ajyg gxe] W@y 8F BlafR ROwhéreil saf irsBAdbaRP&RBIH Pix¥Rlirchit§ CUi t'S
are in different colums of "the pixel array. 6. The pixel array of claim?2
wher ei n sai d dr¢ imsdiffpiexetolumns of theipsxebamaxol um away from and one row away
fromsaid second pixel circuit. 7. The pixel array of claim?2, wherein said
first floating diffusion region is shared by said first and second pi xel
cells of sai g firSthelix@laray bf blakm 28whdibfh Ridlst HRERrcRlt iCbR JHhﬁ-nn wherein
said first pixel circuit further conprises readout circuitry shared by said
first and secovay fpimehd omd tosv afvaysfiod shidrsstondpixdlcircuitcuit. 9. The pi xel
array of claim8, wherein said readout circuitry conprises a row select
gate and a source-follower gate. 10. A nethod of reading froma pixel array,
conprising t st i i i > f:-i.rst pixel
circuit and Zﬁsecgﬁgﬂ%§§gﬁk§8??%%???aéé?%“%g%@§%?&§?%ﬁg?&%%%%ﬁgpgka hi gh
dynam c¢ r angeshared byistiddirstsamiddeéondstixqliceldd of said fingi pixtladmugd in a first row
and a first colum of the pixel array and a dual conversion gain circuit of
said second pixel circuit located in a second row and a second col um of

the pixel arrgy. UAg fldhndy 3R Pafin 220G dafii ikt FRE GifdGic Fhier

comprises readout circuitry shared by said first and second pixel cells of said first

pixel circuit.

9. The pixel array of claim 8, wherein said readout circuitry comprises a row

select gate and a source-follower gate.

10. A method of reading from a pixel array, comprising the step of:

pulsing a control signal connected to a first pixel circuit and a second pixel
circuit, said control signal controls a high dynamic range circuit of said first pixel
circuit located in a first row and a first column of the pixel array and a dual
conversion gain circuit of said second pixel circuit located in a second row and a
second column of the pixel array, the high dynamic range circuit and the dual
conversion gain circuit both located in the first row and the first column of the
pixel array, the dual conversion gain circuit comprising a capacitor and a dual
conversion gain transistor, the high dynamic range circuit comprising a high
dynamic range transistor,

wherein said control signal activates the dual conversion gain transistor of

the dual conversion gain circuit of said second pixel circuit and couples a photo-
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conversion gain circuit both located in the first row and the first colum
of the pixel array, the dual conversion gain circuit conprising a capacitor
and a dual conversion gain transistor, the high dynam c range circuit
conprising a high dynam c range transistor, wherein said control signal
activates the dual conversion gain transistor of the dual conversion gain
circuit of said second pixel circuit and couples a photo- 15 conversion

cirouitof sai pi xel' cict coupl es a photo- 15 conversion
Second pixer TR AR in A Sticha bfeFites b sy LHSLOR £BEN sl =

circuit of saistcomesigeictiRuitahd ¢ the ehpacitddof thd@udlebivdsion geinaintuil 8f saiher ei n
said first and said second pixel circuits are in different rows of the

pi xel array, 1®cohRiXeleit§BH- of clai m 10, wherein said first and said second
pi xel circuits are in different colums of the pixel array. 13. The net hod
of claim 10, wherein said first pixel circuit is one colum away from and

one row away friom seh¢ims®eandclain e, Whéréinishid firdt andl saRl RechdPixéleadiing from a
pi xel array, conprising the steps of: applying a reset voltage to a first
pi xel circuit;apin difiseenhraws efithe pixel @raysi gnal of said first pixel circuit
and a second pixel «circuit, said first control signal controls a high
dynam c range circuit of said first pixel circuit located in a first row

and a first cojum phe hbBRoRioXElairdN 0 A¥h@EE saiddisl andGIIVRESIOpIxERjirdufd r cui t  of
sai d second pixel circuit |located diagonal to the first pixel circuit in a

second row andare inséifisrent celuoms obthetrfieel gitawl array, the high dynamc range
circuit and the dual conversion gain circuit both located in the first row
and the first colum of the pixel array, the dual conversion gain circuit

conprising a cppaci t1 maihdd df Bldah 100ANGERIsHA 381 Alxél caoi & Qle.colfpgn hi gh
dynamic range circuit conprising a high dynam c range transistor, wherein

said first comway frehgndonetwseway fremciaid second/pirkelicdigudai n transi stor of the
dual conversion gain circuit of said second pixel circuit and couples a

14. A method of reading from a pixel array, comprising the steps of:

applying a reset voltage to a first pixel circuit;

pulsing a first control signal of said first pixel circuit and a second pixel
circuit, said first control signal controls a high dynamic range circuit of said first
pixel circuit located in a first row and a first column of the pixel array and a dual
conversion gain circuit of said second pixel circuit located diagonal to the first
pixel circuit in a second row and a second column of the pixel array, the high
dynamic range circuit and the dual conversion gain circuit both located in the first
row and the first column of the pixel array, the dual conversion gain circuit
comprising a capacitor and a dual conversion gain transistor, the high dynamic
range circuit comprising a high dynamic range transistor,

wherein said first control signal closes the dual conversion gain transistor
of the dual conversion gain circuit of said second pixel circuit and couples a
photo-conversion device in said second pixel circuit to a floating diffusion region
in said second pixel circuit and to the capacitor of the dual conversion gain circuit

of said second pixel circuit; and
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phot o- conversi on device in said second pixel circuit to a floating diffusion
region in said second pixel circuit and to the capacitor of the dual
conversion gain circuit of said second pixel circuit; and 16 reading a
reset signal fromsaid first pixel circuit. 15. The nmethod of claim 14,
further conprising the step of storing said reset signal in a storage area.
16. The nmethod of claim 15, further conprising the steps of: reading out a
charge signal fromsaid first pixel circuit; and storing said charge signa
in a second storagadargearesd digndheommshidditstgfixe lcacnit.15, further conpri sing
the steps of: pulsing said first control signal of said first pixel
circuit; reading out a second charge signal fromsaid first pixel circuit,
wherein saidjgeco [ 4 : r&d ' ' ; and
Storing said Seeond ShaTsarRHAArts, Kty pifhr SRDIE SR SRR SRR, hod  of
readi ng from aigpalkela searageyareconpri sing the steps of: pulsing a first
control signal of a first pixel circuit and a second pixel circuit, said
first control signal controls a high dynamic range circuit of said first
pi xel circuit jkoca ' ' I I I ! . ixel array
and a dual ccl)lrsfver g;ﬁgrﬂﬂ e&atoﬁingﬂ(:c@@ullst%%@%ggl ﬁ%%@%ﬁ%%%eﬁ%ﬁqg?é%?@ ocated in
a different rolarpssignsldtonigaill fiesnpadl diréuit; ahd stoving s4ld chardesignilis ahi gh dynami c
range circuit and _the dual conversion gain circuit both |ocated in the
first row ands¢yqBdsioFage & urm of the pixel array, the dual conversion gain
circuit conprising a capacitor and a dual conversion gain transistor, the
hi gh dynam c range circuit conprising a high dynam c range transistor
wherein said fr st Thohtotd cficliiml 153 6irtheat@Bpridigg theateps@ftver si on gai n
transi stor of the dual conversion gain circuit of the first pixel circuit
and coupl es a phopélsé’@ﬁ@@r@'ﬁwn@égﬂg@aliOﬁsaééifW@@@éﬁldCLpi;xel circuit to a
floating diffusionfaglon ois0.3Aic,3eeRAs b Shiathbifitkd AR \Whdllf capact tor
of the dual conversion=gain-¢ircu

said second charge signal is a dual conversion gain signal; and

storing said second charge signal in a third storage area.

18. A method of reading from a pixel array, comprising the steps of:

pulsing a first control signal of a first pixel circuit and a second pixel
circuit, said first control signal controls a high dynamic range circuit of said first
pixel circuit located in a first row and a first column of the pixel array and a dual
conversion gain circuit of said second pixel circuit located in a different row and
column from said first row and column, the high dynamic range circuit and the
dual conversion gain circuit both located in the first row and the first column of
the pixel array, the dual conversion gain circuit comprising a capacitor and a dual
conversion gain transistor, the high dynamic range circuit comprising a high
dynamic range transistor,

wherein said first control signal activates the dual conversion gain
transistor of the dual conversion gain circuit of the first pixel circuit and couples a
photo-conversion device in said second pixel circuit to a floating diffusion region
in said second pixel circuit and to the capacitor of the dual conversion gain circuit

of the second pixel circuit;
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of the second pixel circuit; 17 storing a reset signal fromsaid first pixe
circuit; storing a first charge signal fromsaid first pixel circuit; and
storing a second charge signal fromsaid first pixel circuit. 19. The nethod
of claim 18 further conprising the step of conparing said first charge
signal with a threshold value. 20. The nethod of claim 19 further conprising
the step of selectively conbining said reset signal, said first charge

signal, and said second charge signal. 21. The nmethod of claim 19 further
conprising the stesporixfgacmﬁisig'mbfremisdidﬁretsmxelsiirgnia,l with said second charge
signal if said fir t cha al i reater .tha a.threshold val ue. 22.
The nethod of clai ﬁ%? ﬁ‘ﬂ?#%’éoghﬁal‘iﬁ?tgw Clgite A3hi ni ng said  reset

signal wth said fétér%{ &5&6&?0%&@@&1%&?@% fifs’tﬁfxel:&l?éugte signal is not
greater than a threshol d val ue. An integrated circuit, conmprising: a

pi xel array, conprising: a control I|ne coupled to a second pi xel circuit
havi ng a hi gh dyn n clr | ocated.in sec d row and second
col urm of t hel%i ng?‘eefp?té9 gﬁﬁlamg gygurfl}er SPMpFSiRg th@lsFetP tcomlp%’é% gfségonal to
t he second plehe} e%i%’n%}‘{vith'a'}h&sﬁdlﬂ%luEOW and a first columm of the pixel
array, having a dual conversion galn circuit located in the second row and

the second colum of the pixel array, for providi ng a common control signal

to boththedal nve aln ir ui t andth nam,c range
circuit, the Q@m@e&eﬁ -Qfeap?m%%% FFS)O&”SE Y&lY or and a dual
conver si on gado%btlﬁlﬁg%lﬁtr&et 51%, 1%5%&’&’1{5%@ sﬁfdrs%bk&rfdl &@F% 'af‘g a

hi gh dynam ¢ range transisto erein e contr enabl ed,
a charge of a floating di f f usi on regi on assomated with the first plxel
circuit and Iocated |nt§nhef|rst row and t he

The method of claim 19 further comprising the step of combining said
reset signal with said second charge signal if said first charge signal is greater than

a threshold value.

22.  The method of claim 20 further comprising the step of combining said
reset signal with said first charge signal if said first charge signal is not greater

than a threshold value.

23.  Anintegrated circuit, comprising:

a pixel array, comprising:

a control line, coupled to a second pixel circuit having a high dynamic
range circuit located in a second row and a second column of the pixel array and
to a first pixel circuit, located diagonal to the second pixel circuit in a first row
and a first column of the pixel array, having a dual conversion gain circuit located
in the second row and the second column of the pixel array, for providing a
common control signal to both the dual conversion gain circuit and the high
dynamic range circuit, the dual conversion gain circuit comprising a capacitor and
a dual conversion gain transistor, the high dynamic range circuit comprising a

high dynamic range transistor,
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first colum is read out and stored in the capacitor of the dual conversion
gain circuit located in the second row and the second colum, 24. The
integrated circuit of claim23, wherein said first pixel circuit includes
first and second pixel cells. 25. The integrated circuit of claim 24,
wherein said first and second pixel cells each include a photo-conversion
device. 26. The integrated circuit of claim25, wherein said floating
diffusion region associated with said first pixel circuit is shared by said
first and second pwb@éd:lnc‘@hdtrsthe@bnts(mlmeﬁs e@blep; a chargé ocaifloatingdiffiien

integrated circuit of in s S X Circui further
conpri ses redd®dt agopgf?dtvy@ é’ﬁglrrvﬁmﬁi ckr%'flgarfdi If’g?te‘saﬂ’?fhg §5%6%W6PS’< cells of
said first pig@ohfhf &Uedd olSnd Shed ﬂttﬁﬁéa'i‘ia&@or%frtl@euddal 8bnvetdbdpAd. Wherein
said readout circuitry conprises a row sélect gate and a source-follower
gate. 29. An diteuigilovgtedys thenecomshiom aidithe secand colager  devi ce, conprising: a
pi xel array, conprising: a control line, coupled to a second pixel circuit
having a high dynam c range circuit |ocated in a second row and a second
col um of t heypi Xethee}ﬁtreg @rtqrcuh%faahhrzstwﬁéréﬁl safd filsthikel diRGARRGudsagonal to
t he second pixel circuit in a first row and a first colum of the pixe
array, havi ndirst adabcandpiresiseldsas gain circuit located in the second row and
the second colum of the pixel array, for providing a 19 common control
signal to both the dual conversion gain circuit and the high dynam c range
circuit, thegual MR ﬁa!t&i”clﬁﬁit%fﬁﬁhg‘zhtwﬁ&%@aﬁ! i AdRPA fign &l a dual
conversi on galn transistor ynam c range circult nprising a

hi gh dynami c elae}ngleludleaqfkmm-mnvemtmlrcmvme. when the control i ne is enabled, a
charge of a floating diffusion region associated with the first pixel
circuit and located in the first row and the

26.  The integrated circuit of claim 25, wherein said floating diffusion region

associated with said first pixel circuit is shared by said first and second pixel cells

of said first pixel circuit.

27.  The integrated circuit of claim 25, wherein said first pixel circuit further
comprises readout circuitry shared by said first and second pixel cells of said first

pixel circuit.

28.  The integrated circuit of claim 27, wherein said readout circuitry

comprises a row select gate and a source-follower gate.

29.  Animaging system, comprising:

an imager device, comprising:

a pixel array, comprising:

a control line, coupled to a second pixel circuit having a high dynamic
range circuit located in a second row and a second column of the pixel array and
to a first pixel circuit, located diagonal to the second pixel circuit in a first row
and a first column of the pixel array, having a dual conversion gain circuit located

in the second row and the second column of the pixel array, for providing a
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first colum is read out and stored in the capacitor of the dual conversion
gain circuit located in the second row and the second colum. 30. The

i mgi ng systemof claim 29, wherein said first pixel circuit includes first
and second pixel cells. 31. The imagi ng system of claim 30, wherein said
first and second pixel cells each include a photo-conversion device. 32.
The i magi ng systemof claim31l, wherein said floating diffusion region

associated with said first pixel . circuit is shared by .said.first and second
pi xel cells MR gprrol §‘€n§it%§f’thctb? gﬂﬁltcf’n‘é“és.lO“rﬁ?BniCHé‘&?ﬁfg&j@%‘ﬂé’rn of claim
31, wherein sHingmid fafige Bikotd, tHel dualédnvéMdionMin ciffohPeSingSadpaditos ha® Ui LTy
shared by said first and second pixel cells of said first pixel circuit.

34. The i magiadpatgenversiaf gaih dansiger, thenegledynaset tange gitouit camprising ay conpri ses
a row sel ect lﬂ t& and a source-follower gate. 35. A processor system

conpri si ng: glb PEBUE GeC FRBSEN%i nager, conprising: a pixel array,

conprising: 20 a GomdrEial whidhe cBRHAI1BH it Shabledes ERBgPbEL oM HCHIflisiBRYI N a
hi gh dynami ¢ range circuit located in a second row and a second col um of
t he pi xel ar rragionnssociatedawith thetfirpti pied! circwitand located ot thd fidstagwaad theo t he

second pixel circyit in a first row,and a first. colum of the pixel array,
havi ng a dual™§ Fstfﬁa‘bﬁ‘i‘tr?“éisFoé?ﬂ{ntB%E%aé’&m qfithg ﬁllfé‘l SHSHECT & and t he

second col U”}%iﬁﬁitﬁ&ﬁta@iﬁ%eS’%E&?é’rovxfé}fdtﬂégé@oﬁ%@ﬂuﬁm.Commn control signal to

both the dual conversion gain circuit and t igh dynamic range circuit,

t he dual conversion gain circuit conprising a capacitor and a dual
conversion gajn transistor, the high nam c. ran ciycpit canprising a

hi gh dynani c Oang_e]al}erlgﬁgl@ts_é’ﬁe"\/#é?aé?’%’ W@E‘i‘?mc WééJﬁE?ﬁP‘rXSFCIF‘iUHé%Edeénabl ed, a
charge of a f#Qakingeid fikdicefs.

31.  The imaging system of claim 30, wherein said first and second pixel cells

each include a photo-conversion device.

32.  The imaging system of claim 31, wherein said floating diffusion region
associated with said first pixel circuit is shared by said first and second pixel cells

of said first pixel circuit.

33.  The imaging system of claim 31, wherein said first pixel circuit further
comprises readout circuitry shared by said first and second pixel cells of said first

pixel circuit.

34.  The imaging system of claim 33, wherein said readout circuitry comprises

a row select gate and a source-follower gate.

35. A processor system, comprising:
a processor; and
an imager, comprising:

a pixel array, comprising:
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region associated with the first pixel circuit and located in the first row
and the first colum is read out and stored in the capacitor of the dual
conversion gain circuit located in the second row and the second col um.
36. The processor system of claim 35, wherein said first pixel circuit

I ncludes first and second pixel cells. 37. The processor systemof claim
36, wherein said first and second pixel cells each include a

phot o- conversi on device. 38. The processor system of claim 36, wherein said
floating diffusi (mcqn@ngl bine, casplod taet sadond pinekaicditthaving adiigledyraimicui t i s

shared by said f|r cond | xel gel said rst er ircuit.
30 The pr ocetisofrelyd SRR ARGl 48 anficreSond Solih Pr fewtisl B nd oL
further congrl f'ﬁ@tsplf(ﬁ%ﬁ@ﬁ'itt 15¢art€dmagdﬁa§taach@§lec@ﬁd pBlefcitduisih a0 ro&cond pi xel
cells of said first pixel circuit: 40. The processor system of claim 39,
wher ei n sai canded@sttolariin ofitherpixel auap tiasing aaluabepnyetsent gagratiecuatridcaged
source-fol | owe e, 21 . o
in the second row and the second column of the pixel array, for providing a
common control signal to both the dual conversion gain circuit and the high
dynamic range circuit, the dual conversion gain circuit comprising a capacitor and
a dual conversion gain transistor, the high dynamic range circuit comprising a
high dynamic range transistor,

wherein, when the control line is enabled, a charge of a floating diffusion
region associated with the first pixel circuit and located in the first row and the
first column is read out and stored in the capacitor of the dual conversion gain

circuit located in the second row and the second column.

36.  The processor system of claim 35, wherein said first pixel circuit includes

first and second pixel cells.

37.  The processor system of claim 36, wherein said first and second pixel cells

each include a photo-conversion device.

38.  The processor system of claim 36, wherein said floating diffusion region
associated with said first pixel circuit is shared by said first and second pixel cells

of said first pixel circuit.

39. = The processor system of claim 36, wherein said first pixel circuit further
comprises readout circuitry shared by said first and second pixel cells of said first

pixel circuit.

40.  The processor system of claim 39, wherein said readout circuitry

comprises a row select gate and a source-follower gate.
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