DUAL CONVERSI ON GAI N GATE AND CAPACI TOR AND HDR COMBI NATI ON [ 0001] The
I nvention relates generally to sem conductor imaging devices and in

parti cul awot2007200830S acti ve pi xel sensor ("APS") inmager poaisp@ears28¢ r ay of
pi xel 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 imaging devices. FIG 1 shows a signal processing system 100 that
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of the colums are then readout sequentially using a colum addressing
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240. Signals stored in the selected row of pixels are provided on column lines to a readout

circuit 242. The pixel signals read from each of the columns are then readout sequentially using

a column addressing circuit 244.

[0003] 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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required, in this exenplary pixel cell 10, a capacitor 20 may al so be
included to increase the charge storage capacity of floating diffusion

regi on 5.woOneoplosise of the capacitor 20 is coupled to VaaTtpiszooangs28he ot her
pl ate of the capacitor 20 is coupled to the floating diffusion region 5

t hrough a dual conversion gain ("DCG') transistor 21. Although al so not
required, in thisexenplary pixel 10, a high dynam c range ("HDR'")
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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 (HDR) transistors.

[0007] In one aspect of the invention, one activation circuit is shared by a DCG

transistor and an HDR transistor.



BRI EF SUMVARY OF THE | NVENTI ON [ 0006] The present invention provides a

nmet hod and apparatus for nore efficient capacitor placenment and netal

routi ng iwopnomiosssenpl oyi ng dual conversion gain (DCG aau/use@is/odses@ani c
range (HDR) transistors. [0007] In one aspect of the invention, one
activation circuit is shared by a DCG transi stor and an HDR

transi stor.[0008] In another aspect of the invention, the shared activation
circuit incl udgsoes]cdmmothgpispedtaf tlfaﬁﬁvamﬂnj-{lﬁashirac:tlsétﬁiaﬁbﬁ c1cric£19ﬁ98ﬁ1dé§|1a f
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aspect of the invention, a plurality of pixels formng a pixel circuit has
respective HDR [DO@}S'Iﬁtaﬁét%e% bc\,&%tf% 19%11?10%%5%%%%‘%5@5&1 r%kfird%ybﬁeﬁggi
share a readout circuit. I n anot her aspect of I nvent1on

shared OJ@tqap%tliOa;nmnbb'@durtad@lpomsj@dgmmraulpl urality of HDR transistors in
one pixel circuit fornmed by a pair of pixels and a DCGCII’CUIt for a

di fferent pixel BRI.EF DESCRI PTI ON
OF THE DRAW NGE Omlgr%ﬁégéﬁg% AR OGiCRY fuPliehb %ﬁtf 8 3Pehe

i nvent icomouitihhs rebective BDRetahdistory Iadtesfaiﬁéddgﬁh §Haea0 dckieatical dlﬂmm@n@lﬁﬂf&é £d
descriptipn of the invention which is provided in connection with the
accomafANE 8™ ngs, in which: [0013] FIG 1 is a block diagramof a
conventional APS system [0014] FIG 2 is a schematic diagramof a portion

of a pixel arrayomf fh&other a[s@@é’t%]f tHe! n%engiohsa ﬁl&?éﬁha%ﬂ@&io% e Omg{deglfo
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?zvengl ongh][f%gef&i]’lxﬁ %rc%gtr %‘ﬁm ?Hoﬁk&%gﬁgé‘fﬁﬁﬁege%i cti ngI a partial operation

of the pixel array of

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. 1is ablock 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;



FIG 3 and the sanple and hold circuit of FIG 4 in accordance with an
exenpl ary enbodi nent of the invention; [0018] FIG 6 is an additional
timng diwgnramaemucti ng a partial operation of the pixecramseagood2se-l G 3
and the sanple and hold circuit of FIG 4 in accordance with an exenplary
enbodi nent of the invention;[0019] FIG 7 is a timng diagramdepicting a
partial operation of the pixel array of FIG 3 and the sanple and hold
circuit of FIG[0819]n Bl Grislariaenguliapraanddpieingexeiniid] abyradob oflihnepie]l afray b

i nvention; [ 0Q20] FI 8 is.a plan.view.of a portion of the device of FIG
3; and %éﬂng@f]ém@’% andhqll G EFERICH frie esprdrgos Wi GBed b PepiEm

i ncor padmabddgeiofigambeid@: | Magi ng device constructed in accordance with an
enbodi nent of the invention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0022]
In the follow ng detail ed description, reference is nade to the

acconpanyi ng drl30#¥gsFIGRiie i plaprvieva opapertionoédfe, deaivd of FIGH;@ndi s shown by
way of illustration specific exenplary enbodi nents of the invention. These
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enbodi nents di scl osed without departing fromthe spirit and scope of the
present invention. [0 I I nbodi ment of the :
invention in the fornﬁiéf%ﬁiﬁkg & yﬁ@éﬁéﬁgﬁﬁﬁééﬂggﬁﬂgnes the contro
signal lines for high dynam c range and dual conversion gain transistors to

reduce the spaqeozzquiniesiollbwitted HfEICRsEMion) FRIENRY id8MASHR HOO0 i ncl udes
pi xel s 300a through 3001 in accordance with the illustrated enbodi nent of

t he i n\ASARPIPMYINY Rawingsovhich fermBoryyt haeob aahih Bich js 300w tyrway3edilsst@6iod and
300, . . . t . of. tive,identical
el apranl efonipt bl oPAY iitof ) BpRR Ehsuinl RRERE sk ped ot °51 el
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300h respectively include a photo-conversion device 623b 633b, and a
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[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 3005, 300e and 300k
and 300f and 3001 are part of respective identical pixel circuits 610a, 610b, 610¢c, 610d, 610e,

td

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, 610¢c, 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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616b, and readout circuitry, i.e., source follower transistor 619b and row
sel ect transistor 618b, which are shared by pixels 300b and 30Ch. Pi xel
circuit o¥Okoelmsssincl udes a DCE HDR circuit that incluses/s2a06aR86t Or
641b and a capacitor 640b, and HDR transistors 625b, 635b. The DCGE HDR
circuit is connected to pixel circuit 610b and 61Qd. Pixel circuits 610a,
610c, 610d, 61Ce, 610 are simlarly constructed as pixel circuit 610b.
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si gnal 68 smh 151&61 diteeit HDBO shdyihaDCGE trahdstr eXIbpwhidhl o6aples taauitdr 40810 Mt hough
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the inyention |s
bet wee oagl%gqu%lﬂoy regien PR %’q' pixgl circuit 610d. Thus, the DCG signal for a pixel circuit row
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 arrdy 601 to
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circuits-i.e., one pixel circuit row and one pixel circuit colum apart,
the invention is not so limted. [0025] It is conventionally known during
t he manufwotoe7noeds4i magi ng devi ces such as imagi ng devi eeTABO2628€| ude
dummy pi xel s 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
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Ci rcuitm61018. [0026] Wth the Bllﬁlxel S circuits (})e(.g., %%gb El%) gﬁegp“ ng
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needed in and around the pixel array 601 tooperate the pixel array 601 is

d d. As hey.pi 601.0f. 1 magin evi ce 600 includes HDR
e PN L LR g e R B R R A
i ncl usi 1, efg. Ttie, HIR, andlaldCousled €dh tifarst dangd s 1991 biredmoy/(FaGT octthag the
fill factor of the pixel array 601. [0027] Pixel circuits in a pixel
ci r cui tXCBIRTEH cBPdiment signals4Tq kad Siom e puseharen @ 7GIG. 3) pjxelzowdy predb, and
el ary cute BT BF FATLR 288 Dttt o i ool i Toff ors,
pi xel raoxantpye, pixets 300ay3 Wbaartd F0§cwiduld béread@p apsvbstantigily t:hle dalgg gﬁﬁegglg% g
i t al t h [ i, xel . For exappl.e, pixels a, an
300c. wodi = BL0% Al e apOSupE HReraprt SHE D RARY theame fiess Prorai e SR,
300h,  agushe 34 3000 Wod1daR reaRRIPHL su@Etaﬁ&g?gttﬁél&dn?é fighe! ITF? Wﬁy bW Bead SESE tfl)érx el's
300d, 30Ce, and 300f woul d be readout at substantially the sane tine. The

row by Bisel amexgontinues untighelageiovaefithy awant i nues until the | ast row of the
array. [0028] Three signals are readout from each pixel: Vrst - the reset

i |, Vsig - S] |, d, Vdcg -, the, second charge or . dual
Sy i v S A0 B o M G S35 B OB Bl e
gr eat erchelegeasignah@h®WdcPepbshcog titrgder dudPeorObrsidalisightd € Dpefhtibg adahead

i ntegratiqn ma e | oyed, as discussed nore ful bel ow.
g pixe array¥s escr?brgc)l 1n>éreater detail below. Depending on the type of shutter used, a read

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 indicated above, in an

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

[0030] Inan 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 Vrst1, 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.

Capacitors 714, 716, 718 are selectively coupled to downstream circuitry through switches 722,
724, 726, respectively.



[0029] FIG 4 is a schematic diagramof a portion of a sanple and hold
circuit 700 in accordance with an exenplary enbodi nent of the invention.

Al t hough wol2gommessganpl e and hold circuit 700 is depi ct edy/usaonsloes2amd hol d
circuit 700 is representative of a sanple and hold circuit 700 for each
colum of pixel circuits in the pixel array. As indicated above, in an
exenpl ary enbodi nent three signals are read out fromeach pixel, e.g.,
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be readoswaragid the thysheldvelg, IcWsisintheeshold tharthe dixe! eutputtsignals. ViFbV deg.

exanpl Lo J Iyent wan external .circuit, (no 0 )
contro Ietgthlsn\%q?% ﬁlﬁ@é&%ﬂtﬁ F%‘afsagﬁ% ?té@ﬁ'd Tha- 5OIC?W?"?’ 1%@ Sig Eeﬁiésﬁn%a#gosfgﬁwgfémv al ue
of the 788l anetovsd @mbined i@xalifitrential ahipliish@lodsho ) @oiysle® & RBkABMEAnd uswal | y
during manuf acturg\afl)ql,&év,\here the threshold is indicative of an abundance of

si gnal S0P pagd ipgieater Ban din thrasholixiben petiehss 724 end $2Garg glased ey er si on
Jna _ . N DEXET RV 3
The"t i ABRARLRIG 4R TIRA QR BRRN B the i Bk SRFRHE:, 1 WRiaf 3 ol SRR ST

Vr st - Vdbgthréhhkl; thiea switthe 7a0tapd 726 agnddsed and/eagacivsis 14 BhaiF18 fefcogplaapligy, i f
t he st(%éeg. %i ?rln.aLs of .subcircuit 730 are to be conbined in a differenti al
anpl i f i HEsEteh I i%oupl ed to the sanple and hold circuit 700 and Vsi gl
is greater than the threshold, then switches 724 and 726 are cl osed and

capaci tors 716 [goB2] 7 18Ga5 & £OMMLHaWatnHepeing iaiphRl8 BhdralioPoRhl bixel arrd

Vsigl is not greater than the threshold, then swtches 722 and 726 are
cl osed 69A@f EXpat prdihs samale and holigivenis 760 0pFEG 4nintdecartienagiviitteareenenmgilary

g][rplt L‘;ieg{b)?g{rg%? r%gg/}@i%enﬁoﬂs F& 5111'11%1191%, %ea L &80t %? ngeclgiix& ] 83}?1(?’[%& Iar% isOPeT ation
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] InFIG. 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 “0007, 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; row5, 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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601 of FIG 3 and the sanple and hold circuit 700 of FIG 4 in accordance
with an exenplary enbodi nent of the invention. For sinplicity, the readout
of one piwel2émosspi cted and is representational of thePth‘hEIZO(]mOX(BB(B be| ng
readout. In the timng diagramof 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
(FI G 3ignal hed fecarnentdeiref pigeDoelsnn ® grovidé theetrghsfer @@L@glgnaptﬁhhe Mopridtd G
3). Row 5 is pot depicted in FIG, 3, but .is described as part of the timng
di agr arfeofuE Eor %ﬁan{pé%ésmns pixed qglumsn read @f thespixe] @rigy fog coélilme dpgod PGW‘&E@H ess
of the pj i r ead &3

RO 1, e B S R P AT 2 T 1o

pi xel rﬁcho@mnn Famkaﬁa,pler dsping b ifivet rgw, dcxhlrnnrpetadraeTrth@ isemablad Girqlived] 300aN
selectﬁ rov dtoth r ow ecod circuitr which AND s t.he row
sol ect 2Tkt soeprfbiekColinh e afe Rl Mutedtibh e hetty pallohatidhad 1o

the appmableisatgl s9ie rE%T;@éﬁgﬂil' &g., Tk Akt Wi echQQ corrésPsﬁulﬁ@ﬁaﬁs@& SeC ol
provides a row sel ect gate Signhal to row 0. TxO Tx2,0,  Tx3,0 and

Tx550 aXempire dreng & Seshrewi ssaeid qolumis raad adlétoel ESlegnldB@ fcfr@nqu BOPICER $sict0s t

pi xel , | first
oi xel | llic?sgt-ly, algc} f)ég%edg%g@? ﬁegws%’l,tat alsl{eseq signals fot rODVYSX LS @@% resrpgé:% ehh rst
pi xel , I(mmple&’mnmi)on 4 globaipbesighaltis pﬂﬁmc@ﬂ@@&ie rbﬁvai’éﬁ&% ci@aitsy, SihgiheANDag €

pr ovi de ﬁ to the m decode circuifry, which decodes the %I obal transfer
gat esi ¢ g resglrien @’1@1&?‘? A yggl F‘éﬁfoﬁidﬁéllle wsttsianal o the arnrerriaineow.r Bribiser

02 o caltpik POy RRBEARC bl OO P UaBRTMErciflf 670 RoXiShs £RIWITT

read of array the co ry WI generate a
si gnal ,and agow ITsipnd), whiah cmilédtlvehyabhtaolaowrselepbtmmgsg)rta‘l8msDéJG}QBRe inaj th

o's endprCHER St BRioiTB S Sl iess et oBH D GOREPR Ealesetp Lt of v piove
array thengo! mc@&mﬂ%mv& @tabﬁgéayenaagpy%qvga@eemaarmﬁ%ﬁ%gxéwﬂaa 2gr the next

TX 5|gnal e.g., .| that w € corresponding transfer gate. For
exanpl exagphe, thy QCGHI%R sigoal, fOJSIGEdrB@Od mnsﬂrﬁOOJ)eaﬂ)QﬁHERBI(as i iseindid thatdfpdrel

G} Gna 2000 HPSRE ot POGHIRA el BB Ro i Rk R e E e AP AR L el

reset L10nah ihplefentatiegd diebdl DEGEDRALERIR bviasd td the oW dsdddeWesitryhe reset
signal with the Addr S|}ﬂ£1al to provide the reset signal to the appropriate
row. hiWhigh AND’s the DCGHDR signal with the Addr signal to provide the DCGHDR signal to the

appropriate DCGHDR gate.

[0034] InFIG. 5, SHR1, SHS1, and SDCG1 are the signals that enable the
switches 706, 708, 710 to couple capacitors 714, 716, 718 to the column line 701a, respectively.

[0035] InFIG. 5, time period t0 indicates the initial setup time period during which
the pixel circuit row address of the pixels cells to be readout 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



case, each pixel will receive tw row signals. For exanple, pixel circuit
610a receives a row 0, and a row 1 signal, which collectively control row
sel ect trwoWet8s5618a. DCGHDRO, DCGHDRI, and DCGHDR2 aPeTiuse006/026280
representational DCE HDR gate control signals for rows 0, 1, and 2. A
DCGHDR of row O appears to apply to a gate in a different pixel circuit.
For exanple, the DCGHDR signal for pixel 300d (and 300j) is DCGHDR2 (as it
is in tedumniipg FHG3)- T@/\R@semgv@plowmltbﬁ@ﬁm&c@pms Ve _@mpb itieechikel and

it 610. hi ntation, gl opal
ooton SrQidtoF ¢ )| ThEDE SRS S sisavist SRy mighin b AR TSt he
DCGHDR 6:1|0grm>|t ilistrited HEFISI Arinsiig amiua& & FWitthi g4 a tmerpg@ép&éﬁm@k 15 &éﬁlﬁel
approprl ate DCGHDR gate. [0034 FIG 5 SHR , SHSI, and S are

si gnal sCCHE O rﬁ‘h%‘feealldﬁéleé"ﬁmf@h hfmsht of@@xel Firenit 6l 0apend eoupigspbibtoor s 714

716, 7 ENE 5 '

R e L e e e N

ci r cui tinpoxe! aidclriesHxafot ﬂhxstrmbdﬁi BIG. el that it sinfikr keaghaLitori6I0H) 8GR tine 6!1124 hi's
tQ, an Addr of 000 is provided which corresponds to th

le d

irer preddlgut AN A A N ﬁﬁm)Th;ﬂﬂRE)ﬂogﬁtalt e
xanpl el6kes switdleF0d 4R oBBRE Blpakii M 1ANE phi 1% thddh 131%8 1

Sl Xg}a circuit, f e.g., ploxg C|praCljj(|'c’)ﬂtﬂF7 g (‘%ﬁé’mﬁg ’ﬂﬁgsélgx% 1’ne?

r epr eseHtuatat thagnd of timelpernpd pli, peded curcnntzaﬁ 1Pk xetesetand dfe @se IVNR:hgeCdfftEdlplkelr ow

t 1y k
o ng) "SRR Y0 sRHIERADS St g R EiTR U e sy
char ge dnd &HRJlrz&é dasblkali, @vmvem@ww i 'eﬁﬂ' %k fpBOuhenI5eEEBR god SHRI
are enabled (i.e,, asserted high) The RowO signal cl oses svm tch

618a arftioueRv é@loﬁ‘l @@&cewfﬁr@wu@mal leuaw\mﬂmt showe) B Ir€3et &)the Fne: tRas.et O

upl es_Vaa. |xt ixel circuit 610a
(e 4 SR el B R RR aFRy rArEchior b lfery oot fpophed
ci rcui ttw6 piel nin¢uif dobus bieingtaecesbet. FAﬁ;ou%h'fd'Ik%ﬁssleé 1r§teﬁh§ 8f erlaBli® dg’\ﬁﬁcpﬁiseﬁﬂﬂi
wher e p| xel. ci rﬁglplt 610x is,one pixel circuit row above and one colum to

the ri GRETQYSiERal diis serics of PC@IEQ}aYaﬂ%W hegafined tp RvPYsbaveassirony/ dessarting28a t o

the fl s | S wWHP5a and the capacitor 640x (a capacitor in
pi xel ?I ?ﬂéﬂ%tlg%gg%(ﬁgot oﬁg’ustrat ed in FIG 3 that is simlar to capacitor

640a) through |line 612a
[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 end 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 (aswitchin 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 610a) 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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to a pixel circuit one row above and one row to the right of pixel circuit
610a. The SHR signal closes switch 706 and coupl es capacitor 714 to pi xel
circuit o¥0aodtmsisgh col umm |ine 70la. Thus at the end eCTiisowepessod tl,

pi xel circuit 610a is reset and the reset voltage of the pixel circuit 610a
is stored in the sanple and hold circuit 700. Control signals ResetQ
DCGHDRO, and SHR are disabled (i.e., driven low) by the end of tinme. Wen
DCGHDRAMeO 1ga[te @ gixet piccufiitme sowehoes aridomedevite e raght pf pikiebeifcuftioneh. The cui t

row (n I the sape tine. such, the integratjon tine

of "t ho SDE MbhaPlifch SRt 2o SCCR RIS shpdiir 1T Bapbitt chris o1t Hisuek polapms two
pi xel dimeciilt. Thushhes stgredeadiadts dAishALERod 6054 ISRES: hdltdh B4R isAafORP! | NG
and di ;ﬁﬁlln a control signal, t%ns seri es of actlong may al so be referred

to as Stored ar tercepardrn &b sErusiab re-and of i, noy additjordl stenal wlagernbiht pidehown.
0037 ] ' i Lt hoN rae (| .£. 0 ' | ) of

the pl el iyok gl g shriplg s bS58 /6 N Resbls i i ol O g2

TxO, Ohfﬁﬁd;@@lmoeareldiawleﬂ (i(el.,.dziven dtrvif)}f@fthg e df ti?%eﬁé@tfﬁfﬁ@??}. ThRRee]
switc cqupl es t 0- conver si on devi ce a to the floating

di ffus iCglﬁm?83@%%%836%%@3%@@?%?&?@49& and sared asiheerd of Gnepriiodddipl es
capacitor 716 to pixel circuit 610a through colum |line 70la. The charge

stored on fl oatj00Ry] didhirisitRe p@HIMD BORRokioh GAGL LY Cgﬂﬂl@é% fi)g S?TS.Wt NG

capacitor 716. Thus at the end of t2, the signal voltage e pi xel
ci rcui P16 5Vs dhead of RawDin Asieceramphly kmednhwheh g imechirical SfutteCiniot abedshgnal s

TxCBCa - ' ie. dri l.ow) by t d of ti i od t2

(i S EEuBloR b ma Rlniuic o el ion o Mt pbfsrerdatie gnats elmmiay ge

of t he epibodimanit,raiointis Gl ted Sive EReOiHea@BENS cakast 8% t{eﬁihgl)lfaéﬁ;ﬁ?#t.cgg %%%'é sinbgnal s
. e IX

TX@OS% and DCGHDRQ are enabled (i.e., driven hig I gnal

cl oses "ANGas bgerrreade, Rew? isthemnseparad oviintehration.a T péricst thuditatédi@e not

i Il ust patiedetud thh that i.5.:Si M it ch 641 a.5wher ixel circuit
610K is _(;neegjiibxel %?r%gu@?lhﬁowlg%%éﬁ%}léﬁ%ﬁﬂogﬁd&ws o5 t?éxq‘i? gqllﬁ?‘?ﬁ’e pi xel

ci rcui iiBated)s pavided ulpl thls ephmple-duping einsd weniod e4,i oA &R 3T 009 ist hsvifik@at i ng

di f fusi qﬂﬁorelg@j[%n GOg]a nd. t h%cap.aci tor 640x (a capacitor in pixel circuit
610x norie et e expraple desqribes the injiation of anernixelcel ghit ispapiesantationdanf all of

t hr ougpixielsein @ee] k6w 8f Pbis@! cifdifiGH! rowto the right
of pixel ci r_Ct]fiZt 610a. The %ﬁ%gbgﬂgqngﬁgggaggs%t@?%@%Sglrl\lgtlé%eu?f’llés
capaci frventignally kspwal circuit 610a through col um

[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 6162) 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
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| ine 701a. The charge stored on floating diffusion region 605a and
capacitor 640x is read out and stored on the capacitor 718. Thus at the end
of t3, anyoaddimsssnal signal voltage of the pixel circuPCTAKEO®6I02628¢ ored in
the sanple and hold circuit 700. Control signals Row 0, TxO O SDCd, and
DCGHDRO are disabled (i.e., driven low) by the end of tinme period t3 (FIG
5). Thus pixel circuit 610a has been reset, integrated, readout and stored
at t he enegpudd Emdrmcppmw sadiBted] QOBRE] damyusngaaﬁom measndxﬂné éndhlevlam‘eegdfaatl on
proces ommence w five pixel rows ahead of
commnlf{/&f%r%}gwayvﬂgﬁorﬂp @ﬁ%(ﬂ??{pgﬁurgﬁgﬁgag} adjusterht Thisiepl, %aﬁ?ﬂie%‘éqdoéﬁ ffr%rg,tbe row
of pi x@ligeliadraly Mdy Rb@Chfiep Eeveld Gl eAdbutd) AIMRACK Bixel ﬁgez{@ﬁfﬁ%mmn
exenplary enmbodinent, a rowis initiated five rows a e current row
bei ng rBHUSHELE.,Akat ilwikel asiades FAWOWsand eepixelosiyls suchesalelysrebdran fonepar ed

for integr t4 i.ndicates the i [ erlod

duri ng @mﬁlg’g]h%ﬂé) n-pl);l Xe B%trr %a%f)flts Oéa?eapdﬁ?lé‘ggy’orP (ﬂlé rﬁ%?@?%é%é?‘f@ge

initi attbdpresemremmplledvhehﬁowf%is BéAFBaottUFdWND (FiveRwRShERY id thitiAG ﬁgdr of
h t he exanpl e describes the initiation of one pixel

005 |s Qg

cel | quédﬁg’ﬂ? ioélrfjéﬁm‘&es afive spw ghees igitiation, the wentiavis abt o pi xel

Ci rcui tlmﬁl@é@_bel ng i ni t| ated at substantially the sane tine as is
conventional |y known. [0040] hi time period t5, control signals Reset5 and
Tx5, 0 are enabl ed2§ e., driven high) (FIG 5). Pixel 300y (not illustrated
in FIG 3) is 404 elFI6i fiig atlmnrtg ¢ingre c&@%ngﬂ@aftla\l/ep@am off thyintEehiiom ¢ xel

Ci rcw setS si . Ioses swtch 6 a swtch_in pixel 300y
not il I Far }éé}qﬁ@ 1&3"%"@%’&? WS 4 fergra rYSmgﬁ% %fltbé}n‘@ﬁ@o% | es
Vaa pl mrhphdﬂfy?tlﬂlle@ehod‘d tocui £2, B are FoRrrEX B, Bubirg 'ﬂ@! the Eﬁﬁ as ﬁWtﬁ]‘Hbe@%

witch in pixel circuit 300y not illustratéd in I's simlar to

svm t ch t%st@at)z Bt Qf(ﬂﬁ} és Iplhs tiening Aiagras ofFige i the S@Sls a(rephmivemnmﬂﬂed on

devi Ce“h{;hpi >%elh1 §00y not illustrated in FIG 3 that is simlar to
phot oconver si on v' aé 3a) to Vaa_pix. Thus at the end of tine period t5,
pi xel 300y is reset and ready for integration. Control signals Reset5 and
Tx5,0 are di sa043] (iGRL HBRIiytie gmw) cdrftioBsighil forfe @IDRDICThsighd1© TRIsSE !

circuit 3 inte s conventionally known, a readout from
a pix ef ‘QBP’%Q ( géﬁ%%;:%i”) \[wth Ahe loéﬁ address of a pixel row to %rowde the HDRDCG of the

row. SHU TTER 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, 3. During an integration
time period, e.g., time period t2, 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, 610e, 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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conprises a series of successive readouts. During initial readouts fromthe
pi xel array different adjustnents and cal cul ati ons may occur. For exanple,
during t hwoi2netdosds4r eadout s exposure settings are adj usPew/USAdtbmR6280 fir st
readout of the pixel array, the values read fromthe array areconputed and
exposure is adjusted. A pixel array is readout a second tinme and the val ues
read fromthe array are conputed and exposure is again adjusted. The final,
usabl e PEEWHIY eppa@imentobihe éveatiomy Thaymingaliagrahtod F1IG eV &rapplicabild foatystems

r eadout - ' 1S..rgadaut in rolling manner, i.e., that if
pi xel at;ﬁarltaleé attbalSnite Sha b GR35 n&PF%@%Sﬁﬂfﬁ%@%ﬁ%ﬁ%ﬁW SeBA St r om
row 0 thef@8 thd pirel ciieutt ubs toreeddut A3EAsH, SheiminB&Iiddrath lof B¢ 2 is shRitarQo i
readout . after row 99. Thus, in the {)resent exanple when row 95 i s bel ng

r eadout Mg figgram of E1G.hbubmes slays ingluda initiaticesdimeperiasiadband tVFIGS ) he

i nventi on describes a five row ahead initiation, the invention is not so

limted. [0042]f9 | i M i g LGt rti-al  operation of
the integrati on[ gcif@pifgg %gﬁ?\%%gﬂlﬁé&@ gggﬁlgg@%gédéggg 013“%{1 hOfgi}le %lsglrﬁﬁagr y
enbodi of BIG. 3h E1G r8/ghemisarrowReleckiransistari 41§, souicecfoliew éxaemsistbr 61D, DC, t 3,

t4 are [ t bu e, not. the sa s the tine periods tO, tl, t2,
t3, t4 txf)aﬁgﬁo&%%.}ﬁ?% & hee@t's'r W@erﬂaﬁwtgﬁ%i cepasitop64Q, peset irgister Glbeflaatiney e
or enahfiffasisimieghon'605, Sad pHbteBokveaikén Sfls23] 0043] GBLIHDR is the gl obal
control signal for the I-}E)RDCG signal. This is conbined (e.g., "ANDed") with

the | ocal addr?és of a pixel rowto provide the HDRDCG of the row. SHUTTER
is the control [494fhalFIfeP shows sistane 4100 kdynies] pravesson system exculdfad te indludehe

pi xel I i . rel signal t .an i mger .typically

P oducs gecr doPRE oBistohariolld B0 3, HleiiRon’ )3 e og s

r eadouthaving@ighial iscuiisphat ced diinclideGmage sértser SapvsdesMVakKdRk Baihe Sinb@h3e8eh a

i nt egrat%{grg chﬁr.gél, e.g., time periods t2, t4, and reading out signals,
e.g., CViETseRddadidy a Computey sysiem, SAMETasHtPR: $CORNY WackiBe Viswn, eehicle ti me
per i od nhdigatorStdES BRosd, §Rabill i,ng the
mechani caF_shutter %( not glﬁg%llﬁcﬁé?h‘gqg{oggf&a ?tgﬁm%{%%ﬁﬁ%gpﬁms’ Oﬁla%ll ed
wher ebylelepiéorysiepbinegeastshibizatios systemhadoithalimage ayquisittorenalrtb&dsing sistem.

cl osed. For exanple, the GBL_HDR enabl ed woul d cl ose transistors 625, 635a

in pixel circ u'[604§jl0%yst\é\ﬁelr160,ptlo)r( g}'(an%lg %%Ll&er%lsglgterln? generally comprises a central

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

(I/O) 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 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

shared control lines (FIG. 3) as described above using known semiconductor fabrication

techniques.
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representational of all of the pixel circuits, e.g., 610a, 610b, 610c,
610d, 61Ce, and 610f. The GBLJHDR varies over the integration tine period
t 2, startwogoetoossshi gh | evel, where the pixels are resercans2danamedeyel
falls off, i.e., decreases, over tine as the pixels integrate. At the end
of time period t2, the GBLIJHDR and the SHUTTER signals are disabl ed. [0045]

FIG 7 is atim diagram depicting a partial operation of the pixel array
601 of FIG 3 ghﬁéh] %&ﬁg{eénwoﬂéﬁﬁbﬁlrdéﬁmbe#@ed Hiustra@d with iefeseneetelance

with a 5958 gr am of
FlG 7 ety KRR ol e\ ch b R B B P
t here |sgb$triutmsd:an be mademﬁuoubdnpammgg&oam therspa#aad atopec@fshdiai-attont Fer pi xel
C|rCU|tro OS%HEJ%H AssucB H glci}gdlagrmof FIG 7 is simlar to
the ti rﬁxﬁﬁ‘ © igyveartiog 1s fgseri ?ﬂwﬁ ELCTeRes Gaeaiing PCA/HER ¢antel per i ods
t4 and st a(s"ﬂe@vee'ﬁ)dla ROV, AmGbd.C t of
a porti ogﬁl of the pi X%&ngﬂoggﬂ e6 %L%l §1F | G %emlﬁgflyﬂ %\“ﬁ?go r%wwslﬁe Q%ﬁ%}é

t r ansi sesiroleigal syubesefldd mntml wﬁlﬂ‘awsa peviougdy Qpntmtédthyaar;ﬂuﬁlﬂlty oftséparatdDR
gate 625 lS1 aci t. r nsi stor 616,
float i %’5 als ?ﬁ%,&gﬁiﬁ,nélg 1““’6%“ 18H8t 58 °8n§}§?¥$€ﬁ ligited B Be,;ﬂémg[ 0047] FI G
9 showslescripyioh @t ik b0, 11m1téd/pymalsc@dlq3§§gam§syst em nodi f| ed to include an

i mager device 600 (as constructed in FIG 3). The system 1100 is exenplary
of a systemhaving digital circuits that could include i mage sensor

devices. Wthout being limting, such a systemcould include a conputer
system canera system scanner, nmachine vision, vehicle navigation, video
phone, surveillance system auto focus system star tracker system notion
detection system imge stabilization system and other inmage acquisition
or processing system [0048] System 1100, for exanple a camera system
general |y conprises a central processing unit (CPU) 1110, such as a

m croprocessor, that comunicates with an input/output (I/0 device 1150
over a bus 1170. Inmaging device 600 al so comruni cates with the CPU 1110
over the bus 1170. The system 1100 al so i ncl udes random access nenory (RAM
1160, and can include renovable nenory 1130, such as flash nenory, which

al so communi cate with the CPU 1110 over the bus 1170. The i magi ng device
600 may be conbined with a processor, such as a CPU, digital signal
processor, or mcroprocessor, with or without nmenory storage on a
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single integrated circuit or on a different chip than the processor. [0049]
It should be appreciated that other enbodi nents of the invention include a
met hod ofwoenerffemessari ng the circuit 1100. For exanpl e, POTAIS20062026286 ary

enbodi ment, a nethod 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 shared control lines (FIG
3) as described above using known se@iddwiduct or fabrication
t echni ques. [0050] While the invention has been described and illustrated

wi th reference exe di nent s shoul d be. under st ood
that nmany nodi f%‘?‘;\ftl%ﬁg@iﬁ n&‘ﬁ%ﬁ%ﬁ ed’é?]te tgd ??ﬁg@ttﬁstf)ﬁ%f O’Efgf)gﬁ‘t‘ﬁeﬁig
fromthgagpiscit and scope of the invention. For exanple, although the
invention is described with reference to sharing DCE HDR control signals
bet ween di agonal ly located pixel circuits, the invention is not so |limted.
Thus, a singlelc ﬁ)mlagmgﬁamp@amgbe used to control what was previously
control | ed by a plurality of separate signals. Accordingly, the invention

S not 10 be, GRS AR Eftofd b MG AYib Pl L 608D GUPaRLRbE O but Ts only

limted by t e scope 75 fred as' new and
desi r ecbrboiding qmoamaml echtlyy sigahlt for sorfallanta st cmfcmnldrflsmadirﬁi;ﬁkﬁs is: 1. A

pi xel ar.r a) a.control |jne coupl fo a first pixel circuit
and a s%%?fiaﬂﬁﬁf ondcHE( pf 43 SgsPBY PiFFhgreRtic ﬁ% bfrdiignal f or

cont r ol ik ig{Ferént ffonS baid sdcoHl kirofir.sai d first pixel CIrCUIt and a second
circuit of said second pixel circuit, wherein said first circuit is

different fromsaid second circuit. 2. The pixel array of claim1, wherein
said first ci r%uiThedfrIX@ali‘f@YfOfﬁbtméiWbd;reml st ¢izeugt ofgaid fusinver si on gai n

circuit. 3. The p ar. wher ej n said second circuit of said
second pixel cir w?qmrcmt?%l %ala%veﬁocﬁga%%oué rcuit. 4. The pixel array of
claim 3, wherein each of said first and second

3. The pixel array of claim 2, wherein said second circuit of said

second pixel circuit is a high dynamic range circuit.

4. The pixel array of claim 3, wherein each of said first and second

pixel circuits include first and second pixel cells.

5. The pixel array. of claim 4, wherein said first and second pixel

cells each include a photo-conversion device.

6. The pixel array of claim 5, wherein said first pixel circuit further
comprises a floating diffusion region shared by said first and

second pixel cells of said first pixel circuit.

7. The pixel array of claim 5, wherein said first pixel circuit further
comprises readout circuitry shared by said first and second pixel

cells of said first pixel circuit.

8. The pixel array of claim 5, wherein said readout circuitry

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

9. A pixel array, comprising:
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pi xel circuits include first and second pixel cells. 5. The pixel array of
claim4, wherein said first and second pixel cells each include a

phot o- corwenrsemmsstevi ce. 6. The pixel array of claimb5, pomarsesodos@sad first
pi xel circuit further conprises a floating diffusion region shared by said
first and second pixel cells of said first pixel circuit. 7. The pixel
array of claim5, wherein said first pixel circuit further conprises
readout ci r cafitst pixeharoad Hayingai dhaf conyersamcpageciooudt; pi xel cells of said first
pi xel circuit. 8. The pixel array of claimb5, wherein said readout

circuitry conprises. a r.ow.sel ect te and a source-follower gate. 9. A
pi xel array,? eg%fpgglr@r.c&lt?ﬁay@g adﬁglbﬁyr@p}lcémnge FEHRGY dual conversion gain
circuit; a second pixel circuit having a high dynamc range circuit; and a

control |ineaesitll e Ecipsed td shidrfebt MddecoRdPieb] Rirsdts foF providisg f or providi ng
control signals to both said dual conversion gain circuit and said high
dynani cconfirlgigeals tohoth said duatisenysrsien gaipcapuip pndsaid high dympmicei n sai d first

pi xel cij i.t further conprises first and second pixel cells. 11. The pi xel
array gﬂfaﬁg‘#gl}cr%fltlio, wherein said first and second pixel cells include first
and second phot o-conversion devices, respectively. 12. The pixel array of

cl ai m 10, whet@i nTlsapidelfarragtof ahin Sawtlersacaitiiipt piekl dicuitfirttlerar e i n
different rows of the. iﬁel acirax. 13. Tge pi xel array of claim 10, wherein
said first and sa‘foc’jnpg@g% 5t pdesecond pixghiqelsare in different col umms of the

pi xel array. 14. The pixel array of claim10, wherein said first pixel
circurt 1s onel. The pixel array of claim 10, wherein said first and second pixel

cells include first and second photo-conversion devices,

respectively.

12.  The pixel array of claim 10, wherein said first and said second

pixel circuits are in different rows of the pixel array.

13. The pixel array of claim 10, wherein said first and said second

pixel circuits are in different columns of the pixel array.

14. The pixel array of claim 10, wherein said first pixel circuit is one
column away from and one row away from said second pixel

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

pulsing a first control signal connected to a first pixel circuit and a second
pixel circuit, said first control signal controls a dual conversion gain circuit in
said first pixel circuit, and a high dynamic range circuit in said second pixel

circuit.

16. The method of claim 15, wherein said first and said second pixel

circuits are in different rows of the pixel array.

17.  The method of claim 15, wherein said first and said second pixel

circuits are in different columns of the pixel array.
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colum away from and one row away from said second pixel circuit. 15. A
nmet hod of reading froma pixel array, conprising the step of: pulsing a
first comwoabomiogssal connected to a first pixel circuitpramisaccseeasd pi xel
circuit, said first control signal controls a dual conversion gain circuit
in said first pixel circuit, and a high dynam c range circuit in said
second pixel circuit. 16. The nmethod of claim 15, wherein said first and
sai d second pi&el Tl methiod of elrien i ), vlperéin saidtlirstauel gircwihis goiexel array. 17.
The nethod of claim 15, wherein said first .and said pi xel circuits
are in different LOFHHATEY O{Ihaé’dpoln%?wg?x’fag;ﬁ% sal F,eémﬁ@?ﬁ%g of claim 15,
wherein said firsdrgpitxel circuit is one colum away from and one row away
fromsaid second pixel circuit. 19. A nmethod of reading froma pixel array,
conprising the steps of; applying a reset voltage.to a fi rsé pi xel circuit;
pul sing a fir&? cHmgted ofirgerting Gpmstpiyekariays comprtsingthe 8Pt °Gnd a second

pi xel circuit, said first control signal controls a dual conversion gain

operation inagz?&ﬁﬁgﬂésﬁﬁv&faé@{o ﬁfs@ﬁfx%lﬁ%it? hi gh dynam ¢ range operation in
e

sai d second circuit; "and reading a reset signal fromsaid first pixel
circuit. 20. The method of claim19, further conprising the step of storing
sai d reset spusiag aifinstzontrarsigpel eff sedd izt pixgmarcudtahdd sefondipateh 20, furt her

conpri si.ng..t he, st eps .of : . r eadi ou charge signal .fromsaid first pixel
ci rcui t9 Kyl %’fs?ﬁ%mgoéis @h"&Pﬁ@S& Cl‘dﬁafg(foqvﬁrsg’nsgﬁgg?&fr%tfo&lgﬁgl%ar ea. 22. The
met hod fkt gikal dicdfl and Wi dHedyn@@iiah 5¢ Higerithsh i8 s@id%e€dnd pixel circuit;

and

reading a reset signal from said first pixel circuit.

20. The method of claim 19, further comprising the step of storing

said reset signal in a storage area.

21. The method of claim 20, further comprising the steps of:
reading out a charge signal from said first pixel circuit; and
storing said charge signal in a second storage area.

22. The method of claim 20, further comprising the steps of:
pulsing said first control signal of said first pixel circuit;

reading out a second charge signal from said first pixel circuit, wherein

said second charge signal is a dual conversion gain signal; and
storing said second charge signal in a third storage area.
23. A method of reading from a pixel array, comprising the steps of:

pulsing a first control signal of said first pixel circuit and a second pixel

circuit, said first control signal controls a dual conversion gain circuit in said first
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pul sing said first control signal of said first pixel circuit; reading out
a second charge signal fromsaid first pixel circuit, wherein said second
char ge siwoaboivms&4dual conversion gain signal; and storcmgiss@cd2&econd
charge signal in a third storage area. 23. A nethod of reading froma pixel
array, conprising the steps of: pulsing a first control signal of said
first pixel circuit and a second pixel circuit, said first control signal
cont r ol sixél oihgait, safhfet Sondd] gighdl contisls b highndydaiit fanps tipuitcih saidr cui t, said
first control, signal controls a high dynam c range circuit in said second
pi xel cieFend Rixelqtshitng a reset signal fromsaid first pixel circuit;
storing a first charge signal fromsaid first pixel circuit; and storing a

second char g@oﬂggy@gsetfsq%mg@}ncga{(jﬁr'g{pigélwcuﬁ;i rcuit. 24. The method of claim
23 further conprising the step of conparing said first charge signal with a

threshol d value. 25. The nmethod of claim24 further conprising the step of
sel ecti-vel y sonits sfirsy charpelsigeal drong saieh f'st pixgl eirquiit; end char ge signal, and sai d
second charge signal. 26. The nmethod of claim 24 further conprising the

step of conbjni i .S] i i nd charge signal if said
first chargtcggtés?ll a?e%?gd%}?agg%sel %@n&%&‘@ﬂ@?{%‘g@%@r ue. 27. The nethod of
claim?25 further conprising the step of conbining said reset signal with

said first ch24.g€ellss mothbd of claan A3 furttet cahprigieg tiegnl oficonmpatingr eat er than a

threshol d value. 28, .A nethod of reading froma pixel array, conprising the
step of: pulsing 3314ﬁﬁsgg%é%ﬁlg%ﬁl“@&gan%{e%éﬁﬁﬂgh’ﬁed to a first pixel circuit

and a second pixel circuit, said first control signal controls a dual

conversi on gap$) OpRS @bih6A of BlafAd filrted borRprihg He'stdpl dfscRBvely hi gh dynami ¢
range operation in said second pixel
combining said reset signal, said first charge signal, and said

second charge signal.

26. The method of claim 24 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.

27. The method of claim 25 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.

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

pulsing a first control signal connected to a first pixel circuit and a second
pixel circuit, said first control signal controls a dual conversion gain operation in
said first pixel circuit, and a high dynamic range operation in said second pixel

circuit.

29. The method of claim 28, wherein said first and said second pixel

circuits are in different rows of the pixel array.
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circuit. 29. The nethod of claim 28, wherein said first and said second

pi xel circuits are in different rows of the pixel array.30. The nethod of

cl ai m 28,wohesmiossssai d first and sai d second pixel circecrasarns/o2e2so
different columms of the pixel array. 31. The nethod of claim 28, wherein
said first pixel circuit is one colum away from and one row away from said
second pixel circuit. 32. An integrated circuit, conprising: a pixel
circuit, conpB0.siHas methpd pétlanmm 28ywhereimsridSirstgandsaicimetorsl pikélne coupled to a

first pixel circui.t and a on {xel circuit, for providing a conmon
control signal fd?“?%ﬁ?ﬁd?%ﬁﬁaaﬂcgl Sc@ﬁ#@ﬂf@lﬁ?wsaid first pixel circuit
and a second circuit of said second pixel circuit, wherein said first
circuit is di Bf.ereidmbthodosaliatin 380N eiaishidirkt pidd cirbhieis dtleegr at ed circuit
of claim 32, wherein said first circuit of said first pixel circuit is a
dual conversion gelymepway,fiom aul onpyawiantag diom eHd sscondiPixebf cl ai m 33,
wherein said secqgg;ﬁircuit of said second pixel circuit is a high dynamc
range circuit. 35. The integrated circuit of claim 34, wherein each of said
first and second pixel circuits include first and second pixel cells. 36.
The i nt egr at ed2.ci Acintegrefed clramitmcdBiprigingr ei n said first and second pixe
cells each include a photo-conversion device. 37. The integrated circuit of

clai m 36, whepigelcigalidedngriing?i xel circuit further conprises a floating
di ffusion region shared by said first and second pixel cells of said first
pi xel circuit. 38, The integrated circuit of claim36, wherein said first

pixel circuit @ pixel array, comprising:
a control line coupled to a first pixel circuit and a second pixel
circuit for providing a commeon control signal for controlling a first circuit
of said first pixel circuit and a second circuit of said second pixel circuit,

wherein said first circuit is different from said second circuit.

33. The integrated circuit of claim 32, wherein said first circuit of said

first pixel circuit is a dual conversion gain circuit.

34. The integrated circuit of claim 33, wherein said second circuit of

said second pixel circuit is a high dynamic range circuit.

35. The integrated circuit of claim 34, wherein each of said first and

second pixel circuits include first and second pixel cells.

36. The integrated circuit of claim 35, wherein said first and second

pixel cells each include a photo-conversion device.

37. The integrated circuit of claim 36, wherein said first pixel circuit
further comprises a floating diffusion region shared by said first

and second pixel cells of said first pixel circuit.

38. The integrated circuit 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.
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further conprises readout circuitry shared by said first and second pi xel
cells of said first pixel circuit.39. The integrated circuit of claim 36,
wher ei n swDaQos7meksut circuitry conprises a row sel ect gace/spahecm26280
source-foll ower gate. 40. An imagi ng system conprising: a pixel circuit,
conprising: a pixel array, conprising: a control line coupled to a first

pi xel circuit and a second pixel circuit for providing a comobn contro
signal for copdrolhd inggpatéd cisduitaifctiimt36pvhaintsaid feadopickehitrgi rcuit and a
second circuit of said second pixel circuit, mhereln said first circuit is
different from safHREEHAPVEFT E‘ﬁlgﬁte apd ¢ sogyge-f lﬁ‘ﬁ’ﬁj‘?rrﬁjt%yst em of claim 40,
wherein said first circuit of said first pixel circuit is a dual conversion

gain circuit. 46_2.&%&1@%%%5{&@@'? claim4l, wherein said second
circuit of said secon p| Xel circuit I's a high dynam c range circuit. 43.

The i magi ng s%%ae m% , Wherein each of said first and second pi xel
circuits inctide i rst cond pixel cells. 44. The inmagi ng system of
claim43, wherein said f| rst and second pi xel cells each include a

phot o- conver si oa pileVheey, cémpridihg: | magi ng system of claim44, wherein said
first pixel circuit further conprises a floating diffusion region shared by

said first and second |;ﬁ]llxel cells roff sal first pixel circuit. 46. The
i magi ng system of & C4LO B9 CO fgiastp! fcfrF'é’f a‘b‘f?(éefcoe PEGHt further
conprises r e@iﬁ%’ctfoﬂbﬂ)‘}i&hﬁgr é’co?ﬁ%ﬁ%rﬁ%l%%hgl ot Ec%tro@l’ﬂ% SERPBEcR xel cells of

said first pixel circuit.” 47. The inaging stem of claim44, wherein said
readout ci r cofisaidyfinstpipeli crsyit and @W@Qﬂ@ﬂ’tﬂlg saichsedond piaekdruitol | over gat e.

wherein said first circuit is different from said second circuit.

41. The imaging system of claim 40, wherein said first circuit of said

first pixel circuit is a dual conversion gain circuit.

42. The imaging system of claim 41, wherein said second circuit of

said second pixel circuit is a high dynamic range circuit.

43. The imaging system of claim 42, wherein each of said first and

second pixel circuits include first and second pixel cells.

44. The imaging system of claim 43, wherein said first and second

pixel cells each include a photo-conversion device.

45. The imaging system of claim 44, wherein said first pixel circuit
further comprises a floating diffusion region shared by said first

and second pixel cells of said first pixel circuit.

46. The imaging system of claim 44, wherein said first pixel circuit
further comprises readout circuitry shared by said first and second

pixel cells of said first pixel circuit.

47. The imaging system of claim 44, wherein said readout circuitry

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

48. A processor system, comprising:
19



48. A processor system conprising:a processor; and an imager, conprising:
a pixel array, conprising: a control line coupled to a first pixel circuit
and a secwoadoicosss4ci rcuit for providing a common cont r ecTaisgevelo2d260
controlling a first circuit of said first pixel circuit and a second
circuit of said second pixel circuit, wherein said first circuit is
different fromsaid second circuit. 49. The processor system of cl ai m 48,
wher ei n sai da piocedsogiandui t of said first pixel circuit is a dual conversion
gain circuit. 50. The processor system of claim49, wherein said second
circuit of said second BLer circuit is a high dynamc range circuit. 51
The processot ‘WA fPBHPIE8 m 50, wherein each of said first and second

pi xel circuits include first and second pixel cells. 52. The processor

syst em of C|aiﬁh%ﬁ«ﬂﬂ@@%%bﬂ?ﬁﬁhg;first and second pixel cells each include
a phot o-conversi on device. 53. The processor system of claimb51, wherein

said first pixel circuit further conprises a floating diffusion region
shared by said fi#entzphling seupked teiadapt el icirowt awdhi second pixepi xel circuit.

54. The proc r g G @i: } | Gh-f | | circuit
further comﬁ@ggof%lgg@mgo %:f rcul ﬂ@g%%ﬁgcﬁoﬁléé a[r g{St glrr\%ﬁ{second pi xel
cells of saidf shidrfirst pikaladircait madib secohd cirddicofrattesend pisyisdienitof cl ai m 51,

wherein said yeadout, circuitry .c ri.ses row sel e¢t gate and a
source-fol | o q;rel&a?pgi_ 1rst circuit 1¥ dlfgageglt from sa?d secon c1rcu(1;t. g
49. The processor system of claim 48, wherein said first circuit of said

first pixel circuit is a dual conversion gain circuit.

50. The processor system of claim 49, wherein said second circuit of

said second pixel circuit is a high dynamic range circuit.

51. The processor system of claim 50, wherein each of said first and

second pixel circuits include first and second pixel cells.

52. The processor system of claim 51, wherein said first and second

pixel cells each include a photo-conversion device.

53. The processor system of claim 51, wherein said first pixel circuit
further comprises a floating diffusion region shared by said first

and second pixel cells of said first pixel circuit.

54. The processor system of claim 51, wherein said first pixel circuit
further comprises readout circuitry shared by said first and second

pixel cells of said first pixel circuit.

55. The processor system of claim 51, wherein said readout circuitry

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