Pl XEL FOR BOOSTI NG PI XEL RESET VOLTAGE FlI ELD OF THE
I NVENTI ON [ 0001] The invention relates generally to

WO pooilng t he control and operation of an i MEBET/US2005/029179
pi xel . BACKGROUND OF THE | NVENTI ON [ 0002] Vari ous
i mager circuits have been proposed such as charge
coupl e®@IZENE FORMDOSTMNGSPIXBRERESET WOLFAGH oxi de
sem conduct or ( CMOS) arrays arrays conbi ni ng both CCD
and CMOS features, as wel | i.nfrared

focal - pl ane arr 5B PQ—E:'F"@ Nnal arrays have

Ilght senS|ng el enent s, typlcally referred to as

out cir itr. th S..:
Looox]Chif i8egsof R afieral Gaprl) a3 Pba e tsipeigp of
iverager, for exanple, includes a focal plane array
of pixel cells; each cell includes a photodetector
(e.g., a photogate, photoconductor or a photodi ode)
overlyi ng aBAGKGROZND OF THE INYBNIHON - gener at ed
charge in a doped region of the substrate. A readout
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combﬁiﬁﬁg Bo&t QCagend €EMOS, fc@t@ﬁ%eﬁ \Qéll AohyiiR] @ditatedfochl anc arrays
source follower transistor. Charge generated by t

(IR- de‘m)t ddenveotionali graye havet laghthsensmg) cl@g@nnt&a gymmlly'rfhﬁcrrcd to as
al so i udeatra .or. for ferr
“pixcly LD b r T oA G B SGnak i dipasive ittt BERL GG By the

pixcls.and anot her transistor for resetting the storage
region to a predeterm ned charge | evel prior to charge
transference. [0004] FIG 1 illustrates a bl ock
[00033i agrAOMOSanles fonegetpldditladeSOchbplangamapokgixel cells;
array 200 with each pixel cell being constructed as
cach cglbindludss @ pisvodetegor 4 gotamtmml}ﬂtsz@mdé@mr ora phorodlode)

ovcrlyg}gf(i%{gbs%ﬁ f:% gaoc?1 rgé/ a gtocgc erralit% charg’?iI 15 opc& rcglon of the
substrate. A readout circuit is provided for each pixel cell and includes at least a source
follower transistor and a row select transistor for coupling the source follower transistor
to a column output line. The pixel cell also typically has a storage region, connected to
the gate of the source follower transistor. Charge generated by the photodetector is
sent to the storage region. The imager may also include a transistor for transferring
charge from the photodetector to the storage region and another transistor for resetting

the storage region to a predetermined charge level prior to charge transference.

[0004] FIG. 1 illustrates a block diagram of a CMOS imager device 908 having a
pixel array 200 with each pixel cell being constructed as described above, or as other
known pixel cell circuits. Pixel array 200 comprises a plurality of pixels arranged in a
predetermined number of columns and rows (not shown). The pixels of each row in
array 200 are all turned on at the same time by a row select line,"and the pixels of each

column are selectively output by respective column select lines. A plurality of row and



predet erm ned nunber of columms and rows (not shown).

The pixels of each rowin array 200 are all turned on
w@rooblozsishne time by a row select |ine, and theCPUSENS029179

of each colum are selectively output by respective

colum select lines. A plurality of row andcol um
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[0006] FIG. 2 illustrates a four transistor (4T) CMOS imager pixel cell 100. Pixel
cell 100 includes a photodiode 102 connected to a transfer transistor 104. The transfer
transistor 104 is also connected to storage region 108. A reset transistor 106, a
capacitor 107 and a gate of a source follower transistor 110 are connected to storage
region 108. A row select transistor 112 is connected to source follower transistor 110.
The active elements of pixel cell 100 perform the functions of (1) photon to charge
conversion by photodiode 102; (2) resetting the storage region to a known state before
the transfer of charge to it by reset transistor 106; (3) transfer of charge to_the storage
region 108 by the transfer transistor 104; (4) selection of the cell 100 for readout by

row select transistor 112; and (5) output and amplification of a signal representing a
2



transi stor 104 is al so connected to storage region
108. A reset transistor 106, a capacitor 107 and a
w@ados/0edi6a source follower transistor 110 are BPODDSD&0RI179
to storage region 108. A row select transistor 112 is
connected to source follower transistor 110. The
reset valtagey 6.¢e) Bap and a pixehpiganl vodtage (i00, Ya) basesh afi the charges present
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1) based on die charges present on storage reglon 108 by
" source follower transistor 110. Capacitor 107 is

utilized because charges produced during an
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ustrates a timng diagramfor the FIG 2 circuit
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200 (FI G

regi.ons 108 of all s in an |qg éL arra
storagqy%% 198;ofithe avss% w@@ OrRSsalE £ rFSRE R teme ﬁ%tby briefly

rurninfycn EHE Ryt SIS EOTRILPBRA A iR U TS iusth
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across source follower transistor 110 e storage
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reset t2 bri efl rnln rese
Storage regien Pérls il%@ mﬁrﬁé o itae g F%%rcgf@ﬂ)%éf%xsasw 110, which
h f
om0 5P

subsequRBgly kampledtRtiager3, doi OAmP8bY @ sampleedrl IRsldiciedit 265 (FIG. 1),
vol tage. The reset voltage |level on the storage region

where _adagh puish SR ppuseddotsamp @lddhc £e5a¢ eetpupVphege V., onto a
q qn5|gkp 110,. whi ch
rst samp ld capatitor.

[0008] Charge stored in photodiode 102 from an intcgratién period is
subsequently transferred to storage region 108 by signal TX going high at time t4
thereby, turning on transfer transistor 104. The transferred charge lowers the voltage
on the storage region 108 to a pixel output signal level, which is appﬁcd to the gate of
source follower transistor 110. Source follower transistor 110, which is supplied with
operating voltage VCC, converts the signal voltage level to a signal output voltage V,
on the column output line. Sample and hold circuit 265 (FIG. 1) in response to a.
sample/hold pulse SHS at time t5 causes the pixel’s signal output voltage V;, on the

column line to be stored in a second sample and hold capacitor. After V, is sampled,
3



converts it to a reset output voltage Vrst on a colum
output |ine. The output signal is subsequently sanpl ed
w@roobionmes 3, for exanple by a sanple and hol d BCT/O82005/029179
265 (FIG 1), where a high pulse SHR is used to sanple
and hold die reset output voltage Vrst onto a first
the RO3Vpigaalan detol dlovepslitige ahd thé BR8] citdudr ig eefilydbed neke image
phot odi ode 102 froman integration period is
capturgybsequendy transferred to storage regi on 108 by
signal TX going high at tinme t4 thereby, turning on
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source follower transistor 110. Source fol
This pierraits b sbaelatdDdowble simpEng up@htied reduttingperedtitathk TC noise and
vol tage VCC, converts die signal voltage level to a
1mag€§}QjWal out put voltage Vslg on die columm output |ine.
San'ple and hoId circuit 265 (FIG 1) in response to a

anpl d I he
°°1°§| gna lﬁ)x gﬁf age ‘%ssﬁuéa%%n %’ﬁ gunng e ’t18 %‘gcr to
obtairS} ﬁfaﬁﬁ'mhlﬁ \Q)lbig@ SR gSABIBg@ 1&9“@8 %E%@d& Sansié¥ot ?ﬁtc voltage
Vslg is sanpl éd,the€ RONsignal is set to a | ow voltage

is boostad to VECEi x ¥t (a:thrc&hdid veltageastyrefeotraasistox tl 06radg adding voltage
Voo S sy Atk o i o e
outpug‘ggnalts% ?r%g‘r? sro%%c Q)]J%lgrgr &QHSlRS{ | £6 & r&P ﬁsrc to Gchargcs

nsferr ng e ctrons S a cor

transféledbtethe a8 gb&e ne8ifesin Tﬂ&tﬂdlbdikg 102, MoekueelhighErequires

noi se and i nmage noi se. [0010] Wth the pixel circuit
additiorad Sipply apltege boosEIcECuiRs mjpcpqsg theerett, voltage mihach ingreases the

obtain a maxi rum.volta at sto on 108
size, DO FORBITRIAheaES cogey Aregers af the Bee Lt Hhodcd
circuittVt (a threshol d vol tage of reset transistor 106). By

addi ng voltage Vt to the reset vol tage, the storage

region 108 can be reset to VCC allowi ng a greater

out put si gBRIEFMSTUMMARY OF THE INVENTION

transi stor 110 in response to charges transferred to
he storage r eg| on 108 from phot odi ode 102. This
[001 lh echriix§gplagduethed and apparatus embodiments of the present invention
provide a new pixel design for an imager in which the row transistor that selects the
pixel row for operation and readout is electrically coupled to and is operated in a
manner which boosts the reset voltage applied to the storage region thereby eliminating

the need for a supply voltage boosting circuit

[0012] In one exemplary embodiment, the pixel cell includes a photosensor, a
storage region for receiving transferred chargcs from the photosensor, a reset transistor
for the resetting the storage region, which is operated by a reset control signal, a source
follower output transistor having a gate coupled to the storage region for providing a
selective readout in response to a row select signal, a row select transistor coupled
between a power source and the source follower output transistor for providing an

output signal onto an output column line and a capacitance coupled between the
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addi ti onal supply voltage boost circuits to boost the
reset voltage which increases the size, power
W@ oovsonqbs on, design conplexity and costs of tPeT/ps2085/029179
and associated circuit. BRI EF SUVWWARY OF THE | NVENTI ON
[001 1] Exenplary nethod and apparatus enbodi nents of
storage hregipnegdrit sounseeterigral pf th whev selesewapsistor. ¥dwingthefromw select
.an imager, in which_ the row transistor that selects the
transigsog is|tupitsgh qrothasHE AfiER B Fessnbranssiefol fuingd e he rowgpelget
: ' [ ' b.
transifi G BOGE R, ARE oB BB Bh ThE ol BRATY sl Rl Buise

voltag%hc@ [tBOYesel 'vdr'targetsh;[s%ué&ley firRe@sdt @Fanis P A d4phdid@ee also

oosting circuit 012] I n one exenpl ary enbodi nment,
providehénqgreased chaigk staregaifbe sha syingeosgivnovhernclsirge Bgeansferred to
region.fo iving transferred charges fromthe

. rece ..
the stofRge gegioR fom ﬁi%‘ggpswah sffg? 63PACBANGEHBAY e BIQWidRgl byparasitic

capaci%e{n%%?%yraﬁgida@d cécﬁiﬁﬁ%ri s operated by a reset control
srgnal, “a source Tollower output transistor having a
gate coupled to the storage region for providing a

[00139el eclnl M@ th@atenipliry chgplnss:, tite pixelawlldatiadés Spad@kensor, a
a row sel ect transistor coupled between a power source

storaggnegiph dosrsgeivings wansbwead durgastiram ghe pBetesersor, a reset transistor
rovidin n out put signgl. ,onto an tput colum lin
for thpeadering QFABF SRR g QUL TL PRSI BE A 7355 EORR Higal o
Py f i star.
souncGPAGR MR8 IR e 4 R EOMELS S HERRE BL o
providiiig erealouesighal, b @o®i sgleot trassidror a@theoted tolhe koW cs @if eled source

transi stor boosts the reset voltage on the storage
followiep gt [RANBIGKI g resRENsia 3 EdW plecs sigpel toadsreby quiput a readout

. reset voltage,supplied by the reset, transistor. The

signal GRS an PRIRELGH SR ik Ge et S BhIet PR L B ad othe

sourcd fdfHoHeP Era3FEstHEFhP RN s8R tBisisor! VRG] Ble’ B {efect Bnsistor
storage region fromthe photosensor. The capacitance

turns omyaftee tie msetdeshsbyoparason | cvaeuga pulsanodoost thy raset voltage on
added capacitor, [0013] In another exenplary

the stIAg% ERRINIS Providedi xel cell -includes a photosensor, a
storage region for receiving transferred charges from

the phot ogRRRY HERCEAPFIGNAGY PLAE DRAWINGS

[0014] These and other features and advantages of the invention will be better
understood from the following detailed description, which is provided in connection

with the accompanying drawings, in which:
[0015] FIG. 1 is a block diagram of a conventional imager device;
[0016] FIG. 2 is a schematic diagram of a conventional four transistor pixel;

[0017] FIG. 3 is a timing diagram for charge readout of a conventional four

transistor pixel;

[0018] FIG. 4 is a schematic circuit diagram according to a first exemplary

embodiment of the invention;



for the resetting of the storage region, which is
operated by a reset control signal, a source follower

WO RE0e0R6163 ansi st or having a gate coupl ed to theCHUSIOAHE29179
region for providing a readout signal, a row sel ect
transi stor connected to the source of the source

[00191 ol | 1Y, S0t BelicnidtRndicaittliagrany f&spatisg té @ secondvexsfipbat
signal to thereby output a readout signal onto an
embodintepyof thsl ipwentide and a capacitor coupl ed bet ween the
gates of the source follower transistor and the row

el e ransi st.or. ., Wien the row sel ect ~tir LSt or
(0020 5y 16, 6B e Bp REicietaR P Episid s B pEHICFR; 4 a Fic. s
circuit¥dnlgage pul se to boost the reset voltage on the
Storage region is -provided. BRI EF DESCRI PTI ON OF THE
DRAW NGS [ 0014] These and ot her features and
[00214dvafiy&sis afdidgrami af\agrbtosingisyiteinewhich teerploysdaristagod
fromthe faoll ow ng detailed descriptjon, ch i
emploging\AnRsERYi qf REEkhes Ty ALedi i ResardangecHi %% ‘a@aaaFH&s,S
.1n which: [0015] FIG 1 is a block diagramof a

rcli%onventional i mager device; [0016] FIG 2 is a

schemati c di agram of a conventional four transistor

pi xel ; DEPATL.ED BESCRIPTIONIOB THEINVENTIONT ge
readout of a conventional four transistor pixel;

50018] FIG 4 is a schematic circuit diagramaccording
[00224 0 a Ihithe follovangldgtajled wgentiptions reférenpeisimadentoi tha;

O pan e R T e
way ol G P o AT LR an BB s
embodifeatsiragiesnbetl ia spffiozas dend t6\enhblnthbiccdkilledrh alys agno make

: i mager enploying an array of pixels constructed in -
and usgghoimygngenwilt is tohs ynderstaod fept ol anledimgntssmay be utilized,

and that structural, logical, and electrical changes, as well as changes in the materials
used, may be made without departing from the spirit and scope of the present
invention. Additionally, certain processing steps are described and a particular order of
processing steps is disclosed; however, the sequence of steps is not limited to that set
forth herein and may be changed as is known in the art, with the exception of steps or

acts necessarily occurring in a certain order.

[0023] The terms “wafer” and “substrate” are to be understood as interchangeable
and as including silicon, silicon-on-insulator (SOI) or silicon-on-sapphire (SOS), doped
and undoped semiconductors, epitaxial layers of silicon supported by a base
semiconductor foundation, and other semiconductor structures. Furthermore, when
reference is made to a “wafer” or “substrate” in the following description, previous
process steps may have been utilized to form regions, junctions or material layers in or
on the base semiconductor structure or foundation. In addition, the semiconductor
need not be silicon-based, but could be based on silicon-germanium, germanium,

gallium arsenide, or other known.semiconductor materials.
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0022] In the
follow ng detail ed description, reference is made to
W0 b@sazaeipanyi ng drawi ngs, which are a part OPCT/082005/029179

specification, and in which is shown by way of

illustration various enbodi nents whereby the invention
[00247ay BEhepreamt ‘tphed”’ réfomse agritondickentrs wnitcalemntiibiag a photo-

sufficient detail to _enable those skilled in the art
conversimaREccAfPhasesaper foRaRmmn. a photpgate Phpto RO

t,hat ot.her epbodi ment.s .may b t.ilized, t .
photofhfs th Eins RS ROt A loctliee ERRLAGRM ABmggneci
radiati®f seRRAARSthle HHIRG-BRY@SibAldRvids € The R REMEREO M WikdkOdibcussed

departing fromthe spirit and scope of the present

hereini arw dhtstrared adidddscobeal 4syempleyingi fouptrasgser (Al spirgsimnis which
descri bed and a particular order of processing stepg
use a gransfRrdEANSISET; togaifecharge Iram 3 howWsesos £0 3 PIY5aZS eyt for the
Lmted tot set. forth herej n .
sake of KRR by {bodfior el Rl Shdk A S BRYoRnfACHEA it

other %ﬁ%ﬁarﬂﬁfg@ﬁﬁ:ﬁw hatiREmidkE bRREsé thad FO8F trahdistOFfsdM- in[a8@88¢ments
he ternms "wafer" and "substrate" are to be under st ood

whichak nottwee atangéalstapsistod. as i ncl udi ng silicon,
silicon-on-insulator (SO) or silicon-on-sapphire
SOS) ,, doped,and undoped sem conductors, .epitaxial
[0025] ayer@tf_aﬁtp -ﬁhcdﬁwnyeaﬁaaﬁé&g%@%f%%%&lsf@fﬁf@efﬁ&a Br
archit%__c?ﬁ't%%‘d' f?@rica@f\;&\)% cﬁ{dﬁ%rp&cq '3 chisi rbc%{dgfsh%cf that this is
urt'her nore, en reflerence 1s nade to a "wafer" or
represédidtisd 684 plurility ofipixeB|ih awiangy d€aa impgeradevidersavh asisrray 200 of
. process stEe)&? may have been utilized to formregions,
imagef deneqd 90& (BYG .t dinj aglditiensatthongh she myertien isadgscribed below
.. .Sem condu r.structure.or f.oundation.. ln additiqgn,
with rFREREERG B ST Bt it @ndiar nbgikabibe B it
. - - r o o
g R sy e oo Bl insferred to
it. ThedbdowinlsdetdiRA4]esdipridrermhepifael, hot &f be salkien i@ a limiting sense,
phot o-el enent unit cell containing a photocaonversion
and thgesgppeoiihepreess HvsatEon fsfefimed paheby thernpesded elaims.

phot oconductor or a photodi ode and transistors for
o02e]! 3¢ 358 IR B Qo P s AT L SHEBRRSL
embo@fead ofeiY Sivertidh. XPhel dice@UdFRIcludes a photodiode 302 connected
to a transfer transistor 304. The transfer transistor 304 is also connected to storage
region 308. A reset transistor 306 and a source follower transistor 310 are connected to
storage region 308. However, unlike circuit 100, the drain of row select transistor 312
is connected to voltage source VCC and the source is connected to source follower
transistor 310. Also, one end of capacitor 307 is connected to the source of the row
select transistor 112, while the other is connected to the storage region 108. With this
arrangement, when the row (sclect transistor 312 is first turned on, a voltage boost is
applied to the storage region 308. If the reset transistor 306 is pulsed (on/off) just

prior to the row select transistor 312, the storage region will see both the reset voltage.

applied by reset transistor 306 and the voltage boost caused by the turn on of the row



herein are illustrated and descri bed as enpl oyi ng four
transistor (4T) pixel circuits which use a transfer
W0 p@ase@as®r to gate charge from a photosensor POT/ES2005/029179
storage region for the sake of exanple only. It should
be understood that the invention may be used with
select aahsstopBk2l Cuheangerperdospliay degcesaney be ukitisad insgead fobur
transi stors and in_arrangenents which do not use a
capacitqrai{is, snch psamesvense biasgddmsie. Al t hough the invention is
descri bed hereln with reference to the architecture

d fab f L1, houl d .
1002730 APABERHAR 3Rt e SBid skt BPtkubEpacrig- o)
the re®t v@ltﬂ‘%' Jevdl I"‘s ARaRH Y ublingdnl FRGEJet @x%}ikl&%r 3UBh&Rby resetting
array 200 of inmager "device 908 (FI G . I'n addition,

the stahgdmgidn 106&. Tﬂn‘fte'mclt @nltag ldedds a;lqﬂx&dtteltbiz\/gmdckf the source
reference_to a ger, the invention has
foﬂowslpspn%%at 119 ywltush éﬁ?"%féﬁ If §0 3'68CE ORI VRYage Viic P &0y

st o nod ich is et._and the as c
oupuf i, TR BonEd Pl STt A, B e o head o Rt afripr s
also a;ip"hcdttb RhE 5Ok fe ﬂegiont RPEnd g dfsBuike foMIWENGaRRASEL10. The
and the scope of "the present invention is defined only

pixel doyuit (3 Oqppdéigdedion aidnémidedd@tig pixel readotd (lFSIG &b psovades a
oo WSS s e on
pcrlodt B%Mgﬁ?)hgt@:g%&c %%? %?ngi‘gé S &Fa? %@Qé t& clldcnt light).

ransi s rans ans

Thus, %95 R6E ik t6HAVAFoltREH Kpp B;O&osﬁnrgememtt ransi st or
306 and a source foll ower tranS|stor 310 are connect ed

to storage region 308. However, unlike circuit 100,
[0028] he dlrhi msq;ﬁlgrmps shestorageangiostipbogsted idye ¢o the operdtion of

e ce V and t.he rce is connected to
capaciliR AR RET Hisoer Tt erotisor 378 ot Fomaoatg tpfie leading
I t r
edge F3BE) S‘Cﬁ%ﬁ@‘?& 2‘% SQAE6E, FirkPs MRS requilcitrol Affple the
reset sighal, shocggeitoed0d maj . onfittdd inhilsichkcasenpe lpiafatsmc\mbpdtltancc
the row select transistor 312 is first turned on,
bcm%th@a@?é%@@@tc jugcagpef e sour¢niellewsr tgasisterBdh H!H)’QDC ytlized

to propiE atrESel o bl Badt B oot MR 0 L or kg e on

will see both the reset voltage
[0029] FIG. 5 illustrates a pixel circuit 400 according to a second exemplary

embodiment of the invention. Pixel circuit 400 is similar to pixel circuit 100; however,
instead of having a capacitor coupled between the storage region 108 and \}CC, one
end of capacitor 407 is connected to the gate of the row select transistor 112, while the
other is connected to the storage region 108. Accordingly, when the row select control
signal is applied to the gate of the row select transistor 112, it provides a boosted reset
signal at the storage region 108. Other voltage coupling devices may be utilized instead

of capacitor 407, such as a reverse biased diode.

[0030] -FIG.-6 illustrates-a-timing-diagram for-cireuit 300 and circuit 400 during

pixel readout. During a readout operation, the reset enable signal RST applied to the



applied by reset transistor 306 and the vol tage boost
caused by the turn on of the rowsel ect transistor 312.
w@xrdven26i6s t age coupling devices may be utili zepPicT/mSt085029179
of capacitor 307, such as a reverse biased di ode.
[0027] As noted above with respect to the pixe
gate of eaeouinsitorcl 06 isi pulsdq o) pBpr td hew eastdt sigphl RGIV being
| evel is created by turning on the reset transistor
pulsedjlgigh thereby resetting the storage region 108. The
reset voltage level is applied to the gate of the

1003130 kR o RSB P s Ml S SR SRt o s
set to 999&1&&&9&& as@ag%r(%mde@ Yy Atk 0D, B8 stdifgd @gl&@gﬁ}g/mm

transistor is also applied to the storage reglon
of the pirct] gatedaf tsbusaepledld e reset by dbirisflp rurbifyy o lnscp tramdistor

circuit. 300 configuration, and tim_ng during pixel
( 306/#9%&&@6‘(1 2] seppésd M%WRfé%t“bg wiEee ‘6€9é§1&n ggpl ST goes high,

Lch.i A h
thcrcby secétrm Istg)n{g)c r%g1eornl (g@%/\fbv\ﬁ %f) chcf%gcrra{’ge L @E}% The reset
voltag8 BRI 8 8ife StoeipR|re£idAN(368)/ 108 £SRR&S SpplRdi toche @ate of source
light). Thus, 1t s not required to have a voltage

followsupphystbo(ﬁltﬂ/ﬂg%l dter tthe RODA8B]lscTgmes dewethesRGVésigoal of the

e 0 B B e S S ok BB s e
voltagf %In' e gFl sBQrc'é I?Slrlé)\%’}%ﬂgls (?:1_9;(% 18] / % OWh% %log&ted resst

onl I'S req

signal b@oﬁ@é’@fr@mt ﬂlh% rb&sﬁlccﬁ g&ﬁ&bltagchﬁ sﬁB&b‘éﬁlbhﬂj’r sﬁﬂﬁlcﬂ&}z’ uhﬁ t3, for
omtted in which case the Eara3|t|c capaci t ance

' exarnp@feby\eemnphemgldlcédwgwc@éﬁd EGi bh vdfere hénglopubeSHR is uscd to
r . transistor 3 be utilized to 0
samplq S ROSTine BT OBt o St BP it BaTRl 28Ol Gpsdfor.
FIG 5 illustrates a pixel circuit 400 according to a

[oosz§ecor@h§ E5Rka @f@}ggjd&q@om O DL by, 9& hﬁ@gragbﬁ?cnod is

Circuit OO IS Si r to pixel CIrCUI 100;
subsequeatipaineferrod o ntprageegini (398 /408 bedignat TWegvihg high at time
st or age, regi on 108 and VCC, one end of capacitor 407
t4 thcre@waﬂ@@t%t%s %féafgs&s%r (304YR84)-owhs srassierred ghargstewers the

| e th nnect o the sfora

votcagy b epl e AEich (0195 SRARHT ulii-U8nElepEe fionge avpica
to the "Gt sousccABRbiver rhsidebe (A 10f). SbBrdePMISRECEnsistor

transistor 112, it provides a boosted reset
(310/110), which is supphcd with operating voltage VCC through the row select
transistor (312/112), converts the signal voltage level to a signal output voltage V;, on
the column output line. Sample and hold circuit 265 (FIG. 1) in response to a
sample /hold pulse SHS at time t5 causes the pixel’s signal output voltage V,,, on the
column line to be stored in a second sample and hold capacitor. After Vy, is sampled,
the ROW signal is set to a low voltage and the pixel circuit is ready for a next image

capture.

[0033] By pulsing RST high at t1 prior to pulsing ROW high at t2, a boosting of
the predetermined reset voltage is achieved. This boost is attributed to a capacitive

coupling between the storage region 308 (FIG. 4) and the source of the row select

9



signal at the storage region 108. O her voltage
coupling devices may be utilized instead of capacitor
wd0e/0saeh as a reverse biased di ode. [0030] Fr@/US2005/029179
illustrates-a-timng-diagr-amfor-eireuit 300 and
circuit 400 during pixel readout. During a readout
transise®e3 B0 (FIG. 4)her capaeitive setiplngb@makn e stpqpei regionol 08 (FIG. 5)
thegate of reset transistor 106 is pul sed (on/off)
and thergage of thertow ssirabransistgnal2 REWELR).ng pul sed hi gh.
[0031] Initially, the storage region (308/108) of a

0034, SRl AR pRERY 0% s obe DR Sy v
908 of BRG/ il%dlﬂéd Ed"'@orﬁhlheﬂxxélflineﬂféeﬂr ?@d@ewﬁ_@mkceéods&utc&%%

reset by briefly turning on resel transistor
accordadf6miithhe ineincibni s"ﬂs:um‘ptmedr based sppemHRAMng cxahphgeof a
VCC when signal RST %oes hi t hereby resetting

systems uhiziag an@@aslﬁg(demﬁ 08)wWlig an%v%étw?haﬁ@a hagingzpjecls

consufigdTafREpered REfrafiiice S HEARV GRS WEBGHF being limicing,
such af Qe AN&Iuld ERMEASE &mdérd s élfiliolomﬁﬁic? rsYstté}ﬁ S2An&Y hﬁl%hme vision

gbes | ow, the ROW signha he pi xel intended’to be
systcnr gabliclesnqvigasied shitgh, andebplnxmet, Emp’mi:lunch sygtean,\aokd &gas system,
ost to die reset voltage on gate of the source
star “?fg(ﬂ DR L IPGHRR g?%“?@iﬂ%ﬂoﬁ‘? CFﬁ'&‘rﬁboost ed reset
signal provided fromthe row sel ect gate voltage is

[OOBSiUbS%%%ﬁm%s?rgcgﬁ%ﬁuzg‘@ ?‘% é H%lceé \/\,?1% ngtﬁﬂl Igcncrally

comprﬁldéh § Qe procdisiag un@ (CIP) 202y whichak d rhidfo rs&ﬁﬁo@ tigput
voltage Vrst onto a first sanple and hol acitor.

commpuoF3RF “mﬂamgmwwmet@ut (L /SPbdeicco?es peady 111@»29 4ukmagjngdevice

o B S OGS es r
900 albd R Jddbs FuRIER Yeccs VM hly OB Sndl AN lﬁ&@f ovablc
1488 ! ;

304/ 104). The transferre rge lowers the vo t age
mcmo@;ﬂ9151&ush as dgsh megiooy, V(/Eieﬁh]]sﬁ&))ntrﬁumcmmﬂl QPLPA02 over the
ignal level, which is applied to the gate of source
bus 9%| Irpaging deviee O3 maY(la‘:lmrnlm)td Wiyt pEOEsor oimesh as a CPU,
lied with op erati

digical R pEocSispl i B P PRSP X RBp b s elrd s YR on Rhngle

mtcgr;(t%&%lr@&@))r oﬁ(&rﬁﬁﬁ&tcﬁtE thh QPR pMREésBge |evel to a
si gnal out put voltage Vsig on

[0036] Various embodiments of the invention have been illustrated using a
photodiode as the charge conversion device, and in the environment of a four transistor
pixel. However, it should be appreciated that the invention is not so limited and can be
used in any pixel architecture employing a row select transistor and source follower
transistor coupled in the fashion similar to the circuit described above, which is used for
eliminating the need to boost the voltage of a reset signal. Also, other types of
photosensors may be used to generate image charge. The invention may also be used in
a readout circuit for a CCD (charge coupled device) array. Accordingly, it is not
intended that the present invention be strictly limited to the above-described and

illustrated embodiment. Any modifications, though presently unforeseeable, of the

10



the columm output line. Sanple and hold circuit 265
(FIG 1) in response to a sanple/hold pul se SHS at
Wo 2ovs/obE6Eauses the pixel's signal output volt ROgEUYRI0E029179
on the colum line to be stored in a second sanpl e and
hol d capacitor. After Vsig is sanpled, the ROV signal
presedtdnsgitionahat tameswithmodhe apitictand spopeedf tierfolidwingscliiardiiould
for a next image capture. [0033] By pul sing RST high
be congidared partf thePresensi ingerOW hi gh” at t2, a boosting of
di e predeterm ned reset voltage is achieved. This
boost is attributed to a capacitive coupling between
the storage region 308 (FIG 4) and the source of the
row sel ecttransistor 310 (FIG 4), or capacitive
coupling between the storage region 108 (FIG 5) and
the gate of the row select transistor 112 (FIG 5).
[0034] FIG 7 illustrates a processor-based system 900
including an imaging device 908 of FIG 1 nodified to
contain pixels in the array 200 which are constructed
i n accordance with the invention. The processor-based
system 900 is exenplary of a systemutilizing an
i magi ng devi ce 908 which includes a pixel array having
pi xel s constructed and operated in accordance with the
i nvention. Wthout being limting, such a system could
i nclude a canmera system conputer system scanner,
machi ne vi sion system vehicle navigation system
vi deophone, surveillance system auto focus system
star tracker system notion detection system and
ot hers. [0035] The processor-based system 900, for
exanpl e a canera system generally conprises a centra
processing unit (CPU) 902, such as a m croprocessor,
that communicates with an input/output (1/0O device
906 over a bus 904. Imagi ng device 908 al so
conmuni cates with the CPU 902 over bus 904. The
processor- based system 900 al so includes random
access nenory (RAM 910, and can include renovabl e
menory 915, such as flash nenory, which al so
conmuni cate with CPU 902 over the bus 904. | nmaging
devi ce 908 may be conmbined with a processor, such as a
CPU,

11



di gital signal processor, or mcroprocessor, wth or
W t hout nenory storage on a single integrated circuit
wo@rooen2@edli fferent chip than the processor. [ 0PGBS2005/029179
Various enbodi nents of the invention have been
illustrated using a photodi ode as the charge
conversion device, and i@LADRISENVI ronment of a four
transi stor pixel. However, it should be appreciated
that the invention is not so limted and can be used
i n ahapis xblimed ehnewanddesieshtoolyé prptected by deiteses Patent of the
) %ransistor and source follower transistor coupled in
United §gatesishi on similar to the circuit described above,
which is used for elimnating the need to boost the
vol t . . r . S | . . q . .

L Dot Sael e i BEE) i g et M AR Re g 11
invention may al so be used in a readout circuit for a
CCDa(phbasgassardop betkrakivg clergadufiyg aAds@geitiogl peridd; i s
not intended that the present invention be strictly
limted to the _above-described and illustrated
enb8drFaBE oM {PrFseRIving saifl gsBCrafshehprsp e v
unfoh§§%egghe, of thepresent invention that cones
wi t iR the Spirit and scope of the follow ng clains
shoul d be considered part of the present
| NV @A tou@pu sV Woiplddstothi $TBfhgahode Wordshwasid £d T 0
be protected by Letters Patent of the United States
i s: charge siginabdt sgidr gaiage hode 4o an wagputgvalegece, sai d
pi xel circuit conprising: a photosensor for generating
charge during an integration (ﬁriod; a. st or age gpde
f or AAEELATPHE L Ko Ppbg arest ikpesdorpihiaig node;
phot osensor; an output transistor coupled to said
St 0L 38& sBRUErhMist6PENRIILd RYsaAd 6hERAerSsBRRIfoAt said
storage node to an output voltage; a reset transistor
f or sdpqivelyngnabling sad pwel tiaget tooosipiud satl anaget vwddee; a
rOMIsglect transi stor coupled to said output
traf8fstor for selectively enabling said pixel circuit
to output said output voltage;

a capacitive coupling between said row select transistor and said
storage node for boosting a reset voltage applied to said storage
node by said reset transistor when said row select transistor is

activated.

2. The circuit of claim 1, wherein said output transistor provides an

output signal based on said charge at the storage node.

3. The circuit of claim 1 further comprising a transfer transistor
connected to said photosensor for transferring charge from said

photosensor to said storage node.

4. The circuit of claim 1, wherein said row select transistor is coupled

between a voltage source and a drain of said output transistor.

12



and a capacitive coupling between said row sel ect
transi stor and said storage node for boosting a reset

wo ecdagaecappl i ed to said storage node by sai d PeB®52005/029179

10.

. sai d’teharcgi aftclaimet, stloreigeaidotipaciGye Joup

transi stor when said row select transistor is
activated. 2. The circuit of claim1, wherein said
out put transistor provides an output si %2]% based on
raumprisgs
claim1 further comprising transfer, transistor
conﬁéé?écdt"crtﬁogﬁ?‘&C%EB%@ﬁ%'grSt‘P%gc firdn 2R APPREFCHar ge
”0%3%%4%113%{8%3;}&% to said storage node. 4 . . _The
circurt of ¢ viherein said row sel ect transistor
is coupl ed between a voltage source and a drain of
sai dheudiruit dficiimi IStvelierbin stiderodt seldét traafistok & doupled
wherein sai d capacitive coupling conprises a capacitor
conretvenh it oyt sansistor endige oneplet lingd a source of
sal d row select transistor. 6. The circuit of claiml,

B T A R

cir %Hhhe&éd £ &idscbragt§E & thak &c‘@@ﬁﬁ'er&l&Pum i ng
is connected to sai d storage n de and a gate of said

rowtsskietr. t ransi stor. 8. The circuit of claim1l
further conprising a voltage source coupled to a drain

of id row se nsi stor, and a drain of said
‘res thﬁféﬁétl%ftciﬂ* loﬁlrgﬁwpmpﬁ@mgrﬁ Ym@lgswwc\fepplsee to

21 o Bidishy Gl e MaABPLAT, HLE ol

[ rmgl ng evi ce . storag
I €C@fankifidr Ff&olbx@vrcﬂﬁg‘ Eﬂi @b@ﬂnﬁ@%&@ge to Sald pixel circuit.

An imaging circuit for an imaging device, comprising:
a storage node for receiving photo-generated charge;

an output transistor coupled to said storage node for converting a

charge signal at said storage node to an output voltage;
a reset transistor for applying a reset voltage to said storage node;

a select transistor coupled to said output transistor for selectively

providing said output voltage; and

a capacitive coupling between said row select transistor and said
storage node for boosting a reset voltage applied to said storage

node by said reset transistor when said select transistor is activated.

The circuit of claim 9, wherein said output transistor provides an

output signal based on said charge at the storage node.

13



an out put transistor coupled to said storage node for
converting a charge signal at said storage node to an

wooeore16dl t age; a reset transistor for applyi PQr/as2005/029179

11.

12.

13.

14.

15.

16.

reset voltage to said storage node; a sel ect

transi stor coupled to said output transistor for

sel ectively providing said output voltage; and a
Capatetdiptir GTYRlih Y REVB]RdSRIcr a6t BCbuple@nsi st or
and said storage node for boosting a reset voltage
applbeatecnm eatage svorcagadnradteinbyf ssrl cutpes etinsistansi st or
when said select transistor is activated. 10. The
circuit of claim?9, erein said output transistor

pr ovhgedrcyis A gtamt] s ivgieasin 5ald caPIAT A QY PURS COBRISEY he

st 01 298, AOI%e ddectdP o Glid St Aol Al Qupbst el sai d
sel &ctPITansrstor 1 s coup’i EFDetween a Vo age source
and sgedrdmiis@fy. sai d out put transistor. 12. The circuit
of claim 11, wherein said capacitive coupling

conpri ses a capacitor connected to said storage node
and Thegignsefchind, dvvireatiosridisclasiransistor BIoup

cir aim9, wherein,said select transistor is

it of
cou%géﬁeogéﬁ%e%wpélé?r&n%ﬁ?bﬁ?dW&H&?%W' and an out put

line. 14. The circuit of claim 13, wherein said

Cap t - . L | N i . to
o e i TR, JAREL SR Ao KRS pling ORREC
t r aashpdaivor cobneddePtx elid storape iodedtndangaveadisiig sdlevi ce,
said pixel circuit conprising: a photosensor for
genéraaspi®d charge during an integration period; a
storage node for receiving said generated charge from
al & BOO SRENTEI i fphfife S RE sald AR SRl ERHRISAE:" ©

ransi s

a photosensor for generating charge during an integration period;

a storage node for receiving said generated charge from said

photosensor;

a row select transistor coupled to an output transistor for

selectively enabling said pixel circuit to output an output voltage;

a reset transistor coupled to said storage node for applying a reset

voltage to said storage node; and

a circuit for applying an additional voltage, separate from the reset

-voltage applied by said reset transistor, to said storage node.

The circuit of claim 15 further comprising a readout circuit for
reading out stored charge from said storage node and providing

an output signal based said charge at the storage node.

14



wGar@sagEaenode for applying a reset voltage to BEI/tS2005/029179

17.

18.

19.

20.

21.

22.

sel ectively enabling said pixel circuit to output an
out put voltage; a reset transistor coupled to said

storage node; and a circuit for applying an additiona
vol tage, separate fromthe reset voltage applied by
said reset transistor, to said storage node. 16. The
ci r Qhietciebhitafalam D fusthicheomeisipgiaSiriigfe trapagait
circuit for reading out stored charge from said

st ocagRectestito said ppestaton dormanstarpog chagsdromazidd sai d
charge at the stqrage node.17. The circuit of claim15
furPﬂgfosE%sr?ﬁrtng"ﬂgm%ag? Bﬂg‘f'er transi stor connected to

sai d photosensor for transferring charge from said

photrpgeneaft drelsdilsh ﬁﬁ&fef‘gsmgﬁ%é aﬁ%ut?ﬂ@tr%sri&é‘ff t of
claim15 further conprising an output transistor

coupbepled vo satddtwhge agde fordenfatinganidegenicriged ahatge
gener at ed char?e to an out put voltage. 19. A pixe

ci r EYRR OMEPULHPIARRgi ng device, said pixel circuit
conprising: a photosensor for generating charge during

o0, WBSIELAT: r BHL AR ARISLLI PRAELHLY

transi stor for applying a reset voltage to said

st oa pfetdredsir for Eeadatihg ehdrgeldtirihgan ieRdrA@nopdricd;
reset voltage of said storage node, said readout
circuit including a row select transistor for

sel 8EHAregs podnfmsirperivisgstid genrenated ¢hagge from wid put an
ouasgt vol tage; and a capacitor coupled between said
r owP8RI%BE %t ansi stor and said st orage node.

a reset transistor for applying a reset voltage to said storage node;

a readout circuit for reading out a reset voltage of said storage
node, said readout circuit including a row select transistor for
selectively enabling said pixel circuit to output an output voltage;

and

a capacitor coupled between said row select transistor and said

storage node.

The circuit of claim 19, wherein said capacitor is coupled between

a source of said row select transistor and said storage node.

The circuit of claim 19, wherein said capacitor is coupled between

a gate of said row select transistor and said storage node.

The circuit of claim 19 further comprising a transfer transistor
connected to said photosensor for transferring charge from said

photosensor to said storage node.

15



wa@pae®aiid3 st or age node.

23.

24.

25.

20. The circuit of claim 19, wherein said capacitor is
coupl ed between a source of said row sel ect transistor

wherein said capacitor is coupled between a gate of
said row select transistor and said storage node. 22.
The circuit of claim19 further conprising a transfer
t r argi sitegraedrirecitedntpoisig: d phot osensor for
transferring charge from said photosensor to said
storage node.23. An integrated circuit conprising: a
pi x &Pl AERRY, aktleaskaBe PEEEOITAERITHF CIBPESIAE T ay
conprising: a photosensor for generating charge during
an inte [ lod:._a. storage,node [ Vi ng
o d gonagiepaRoR Ry Sl GLRE TS ul RrobBER" 07
trapsiisior coupled to said storage node for converting
a charge signal at said storage node to an out put
voltage; a reset transistor for applying a reset

vol t agestomgsaiagledboreageingpued genarawd sbhrgstiramanigh st or
coupled to said output transistor for selectively
enaBPPHYCR$AH t o output transistor; and a capacitive
coupling between said row select transistor and said

Storagﬁ18§§§t%&hﬁ9§?%6ﬁ_Gonﬁﬁa%hnﬂ ! hagersppl i ed to

said stor node by sald reset transistor when said
r owceavertihg tarchagiessigital hssait stoyagjeatbdedd. anThepat r cui t  of
claim23 further conprising a transfer transistor

voltage;
a reset transistor for applying a reset voltage to said storage

node;

a row select transistor coupled to said output transistor for

selectively enabling said to output transistor; and

a capacitive coupling between said row select transistor and
said storage node for boosting a reset voltage applied to said
storage node by said reset transistor when said row select

transistor is activated.

The circuit of claim 23 further comprising a transfer transistor
connected to said photosensor for transferring charge from said

photosensor to said storage node.

The circuit of claim 23, wherein said row select transistor is
coupled between a voltage source and a drain of said output

transistor.

16
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connected to said photosensor for transferring charge
fromsaid photosensor to said storage node. 25. The

wa@eoosrdiedf claim 23, wherein said row sel ect PCT/US2005/029179

26.

27.

28.

29.

30.

transi stor is coupled between a voltage source and a
drain of said output transistor.26. The circuit of
claim 25, wherein said capacitive coupling conprises a
c apdatietodrcuit @fiebiinedb , etioreianailadagadtied egplingdengpiibes
source of said row select transistor. 27. The circuit
of @lcap#ites copnedted Rewdea spigvstempeopde padgissute dfs

coupl.gd betn{een sai d out put transistor and an out put
| i nd34Z8W SPIEEL FRRYYIPE of cl ai m 23, wherein said
capaci tive coupling conprises a capacitor connected to

sai @t&t&&aﬁ%mpﬂ@h@a}dv&raﬁts%d%“s@i&t EQNsiStBk gsct

transi stor. 29. e circuit of claim?23 further

conpoupled deaveam tadjougat teasiswudphédntomtpudiad. n of sai d
row sel ect transistor and a drain of said reset

transi stor for providing an operating voltage to said
pi x dihe it claym 23, whegeigispid @PGIBYR COIRBRESOMPrisgs
processor.: ' I Vi ce, co Y an array
o *reabfacor Sap&ied BB PGB ARCHTPLERE 8, BV

I nclkeleddttgansBenot osensor for generating charge during
an integration period; a storage node for receiving
sai d generated charge from sai d photosensor;

The circuit of claim 23 further comprising a voltage source
coupled to a drain of said row select transistor and a drain of said

reset transistor for providing an operating voltage to said pixel

circuit.
An imaging system comprising:
a processor; and

an imaging device comprising an array of pixels coupled to said

processor, each pixel including:

a photosensor for generating charge during an integration

period;

a storage node for receiving said generated charge from said

photosensor;

an output transistor coupled to said storage node for
converting a charge signal at said storage node to an output

voltage;

a reset transistor for applying a reset voltage to said storage

node;

17



an out put transistor coupled to said storage node for
converting a charge signal at said storage node to an

wouorapote16®l t age; a reset transistor for applyi POT/@ES2005/029179

31.

32.

33.

34.

35.

36.

37.

reset voltage to said storage node;a row sel ect
transi stor coupled to said output transistor for
sel ectively enabling said output transistor; and a

capaci § e sQeYRtdmRBrsVoRrbRY B8 s tdnsiser st ect
transi stor and said storage node for boosting a reset

vol tselgetiappinabling caidaiuwdpst wassipponyadd by sai d reset
transi stor when said row select transistor is
activated. 31. The. sy ste L claim30 further
conpr i SFHRFCHIVE ICQHELP& QY ?fg SHEEDSHATOM Bt 0 sai d

Phot 050807, 0L L ANSL BAL G EIALAS o1 QI S

photosensor 1o sal orage no t em of

cl a'an@&i tMAR] SlobagRal dlel tWakEleBEd tr:lr[sﬂ;'ﬁé?ﬂ \Shél{ sdid row
coupl ed between a voltage source and a drain of said

out pelect ranstetioncti@d. The system of cl ai m 32, wherein
sai d capacitive coupling conprises a capacitor

o S B LTS, B S AR A e o
30’ WRRLEED d& BBBY&séSJo‘?%r &mﬁg%a{ﬁ% FAHRARd

bet ween sal transi stor an put [1ne. 35.
The pﬁ)bsdseﬁsd}ftocslual stord@e nwler ei n sai d capacitive
coupling conprises a capacitor connected to said
storage node and a_gate of said row select transistor.

The system of claim 30, wherein said row select transistor is
coupled between a voltage source and a drain of said output

transistor.

The system of claim 32, wherein said capacitive coupling
comprises a capacitor connected between said storage node and a

source of said row select transistor.

The system of claim 30, wherein said row select transistor is

coupled between said output transistor and an output line.

The system of claim 30, wherein said capacitive coupling
comprises a capacitor connected to said storage node and a gate of

said row select transistor.

The system of claim 30 further comprising a voltage source
coupled to a drain of said row select transistor and a drain of said
reset transistor for providing an operating voltage to said pixel

circuit.

A method of obtaining a signal generated from photocharges, said

method comprising:
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woeaesrabsdr and a drain of said reset transi stpPeTANZ005/029179

38.

39.

40.

4].

42.

36. The systemof claim30 further conprising a
vol tage source coupled to a drain of said row sel ect

provi ding an operating voltage to said pixel circuit.
37. A nethod of obtaining a signal generated from
phot ocharges, said nmethod conprising:resetting a

St orrésafde?ﬂ StorthRM ARLE dRAPERICR) (¢eeild phODRBRErtcAtHaRar ge

to ap etermned voltage state; with the storage
nodeo atpreddternpined ebbiagy stewt; st at e, addi ng an addi ti onal
voltage to said storage node to produce a boosted
reset, .vql tage; and readin ut sai boosﬂ@1 d reset

Vol PigEtestaape nefls AL REkdEtermined $a%y LR8It put
si gnaly:. i ng
t he 2aurofft velfc 1604 HapE hBUPL prddtick Ao SIS

dur ivBBagd) ahdt egrati on period and applying said
generated charges to said storage node. 39. The
metfiod of claim37 further conprising the act of

st or¢ading hut spid bpastgd cegshvoltane s suigiseeragonsds as st or age
node Sfligl caBaci.tor bei ng used to add sai d additi onal
vol teGbIve! QHPHE 88Btlage node. 40. The nethod of claim
37, wherein said additional voltage is added in

res M&ﬁc&l@dtdﬂcﬂiiﬁgsﬁﬂuﬂlér‘élwnﬁﬁisgfg‘thE REeNST SdikFarifg @

pi xel . 41. The netiiod of claim further conpri'sing
sel ehangesivithta phnstbensbnduihgag ésteganengteeiddaypnds ai d
phot osensor . {o said storage node. 42. A nethod of

r ea@PRYIE SAkEINCEIGH LhatReH R S FYEISRE. conpri si ng:
resetting a charge storage node that receives charges

9engiAt GELRY of claim 37 further comprising the act of storing
charges in a capacitor coupled to said storage node, said capacitor

being used to add said additional voltage to said storage node.

The method of claim 37, wherein said additional voltage is added

in response to turning on a row select transistor of a pixel.

The method of claim 36 further comprising selectively transferring

charges generated by said photosensor to said storage node.
A method of reading a reset signal from a pixel cell comprising:

resetting a charge storage node that receives charges generated by

said photosensor to a reset level;

with the storage node at the reset level, turning on a row select

transistor to output a signal from said pixel cell; and

reading out said reset level as a reset level output signal, wherein a

timing relationship between turning on said row select transistor
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sai d photosensor to a reset level; wth the storage
node at the reset level, turning on a row sel ect
wo cawseabdr to output a signal from said pixel PCEUK2005/029179
and reading out said reset |level as a reset |evel
out put signal, wherein a timng rel ationship between
turning on said row sel ect transistorand said
resehliishg rferdRl Of SH@SRISNSIR DARY SidAlset eRget | evel
out put signal.
output signal.
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