CMOS | MAG NG FOR AUTOVATI C EXPOSURE CONTROL AND
CORRELATED DOUBLE SAMPLI NG CROSS REFERENCE TO OTHER
WARWEH@ATE ON [ 0001] This patent application clBETES100€020930
benefit of U S. provisional patent application seria
nunber 60/483,906, filed July 2, 2003, entitled CMOS

o AR M EORBLCAOR, B0 Lyl 08 5L 04 0k o

i ncorporated by reference in its entirety. FIELD OF
THE | NVENTI ON [ 0002] _The present invention relates to
the fiel GREISS B?%‘f EcEQ OFHERAPELICABIONr oved

pi xel cells capabl e of supporting automatic |ight

rol—and_correlat doubl e_s ld erations.

[0 pe%nrr ﬁ@#ﬁﬁ@%ﬁ# S [%6% gg‘%ﬂ,&%?}gigc gziaotws?cpnal patent
appliE LRI PREMbENED/ 188966 ﬁ!eﬂgﬂlyt 27 3ieasted CMals IMAGING
plane array of pixel cells. Each cell ’includes a photo

FOR-ADOVANE) 6D eVl & orovisibnalspatémrappkicatipireserial pinobega £483,906 is
phot oconduct or, or photodi ode, for generating and
hereRieimgpinoaticAPypRbreRfeie iscd8¢¥Harge in a portion of the
substrate of the array. A readout circuit connected to
each pixel cell 'fﬁttpeﬁyﬁﬁ{%q RAr ut
transi stor, which recelrvesS photo-generated charges
froma doped diffusion region and produces an output
[osognal ThapreséntiBadri reldtésOtetihe FcRl SLIMBEEE S8vices, particularly
transi stor. [0004] One typical CMOS i nager pixe
to inprovad pixelidells tdrable off sappogtingg ay(t@Matigilight conwal aicheoraclated
hot o- conver si.on device for supplying photo -generated
double, spgRling,oRe ai$Rsi on region; a reset transistor for
resetting the diffusion region; a source follower
transi stor hgwi (ﬁ{@@}ﬁﬁmﬁﬁqmﬁﬁﬁ f f usi on
regi on, for producing an output signal; and a row
select transistor for selectivelyconnecting the source
[00@8] oweA tfpiedtsbat@itidnal @MOSumagti decudf inalugex €fodl pRe array
Three-transistor pixel cells have been used to support
of pixaltcelimt Fachl qefflinclodes ¥ photoatamversinn deviensichasfor sxample, a

to control the amount of [ i nt egr at ed .
photogate, lg]hotocon uctor, or p otodlodg,qlor genergtmg and accumulating photo-

generated charge in a portion of the substrate of the array. A readout circuit connected
to each pixel cell includes at least an output transistor, which receives photo-generated
charges from a doped diffusic()n region and produces an output signal that is read-out

through a pixel access transistor.

[0004] One typical CMOS imager pixel circuit, the three-transistor (3T pixel,
contains a photo-conversion device for supplying photo-generated charge to a diffusion
region; a reset transistor for resetting the diffusion region; a source follower transistor
having a gate connected to the diffusion region, for producing an output signal; and a
row select transistor for selectively connecting the source follower transistor to a column
line of a pixel array. Three-transistor pixel cells have been used to support automatic
light control (ALC) operations. ALC is used to control the amount of light integrated
by a pixel cell. Ina 3T pixel cell, the charge accumulated by a photo-conversion device

may be read out prior to resetting the photo-conversion device to a predetermined
1



by a pixel cell. In a 3T pixel cell, the charge
accunul ated by a photo-conversi on device may be read
W@H05/004768 t 0 resetting the photo-conversi on devI/U820040020930
a predeterm nedvoltage. Therefore, ALC operations may
determne a tinme for readout based on the anmount of
charge generated by the photo-conversign deyi ce an
voltageaylted¢fost, ATHE oprations afayleseigrne AR FOrgapeqUit CCgS?n the

th hot o- [ devi i . >
oy G R T S, o S ORTEE S e o
. ' j i |
o T AR S OB, A, ok sl

preserft®rd A pHotedhivetsioat devive doatpantidulaziamea transf er
transi stor to gate charge carrier flow fromthe

phot o- conversi on device to a sensing node, typi.cal
[00PB bat | AgohafypicdrCMEYT BRIgSE P! FPLHS Ry ip-gapgior (£

source fol] ower .transi r te I :

cont PR s Bl o AR Bl s
i HRCSISS t ddedee®fa seadilg node, typicall

“’gmﬁg@gﬁﬁgﬁﬁﬁgggﬁfgﬁfgns of ?ﬁgmﬁﬁﬁg?ﬁons of vario%s CI\/T:gp Y
a floaghg deMiistorofegion; iimagihgomiguratien,ahe sdese follwwer fagsistor gate is

exanple, in U S Patent No. 6,140,630 to Rhodes, U. S
conneegackt thadloaging 7Btfgaen regithodes, U. S. Patent No.

6, 310, 366'to Rhodes et al., U S. Patent No. 6, 326, 652

Rhodes . S~Rate . 4 . :
o807 St el et Rptprcints i
dcscri?ﬁioﬁ?%ht}&f fulnBBoALs BERIONY GO E bl ts dTearipnpaigedrdmt are
eference herein in their entirety. [0007] A schematic
describeq), foir ewampleairpbr.§.i Patemf Na. éd&p&%&ml’\bpdm@ﬁ Patent No.

6,376,365 1 wmah U5, ERent Mo Qv goRap TERes sb8-gareraleny No-
6,3262&%.’?%% : Sr(])d%s RHQL 9&&?1@\{\%.% 54 ?Q%'tgq{l&%&sfﬂd g anaiNgo.

response to extérnal [ight 1ncident on the

6,33P2¥5ko RMHcR ThalsCRIsuSBof cddbof tie foragosigareiegeby incorporated
phot oel ectric charges fromthe device 120 to a sensing

by refeodes Heypin ¢kl entieat i ng di ffusion region 110. The
floating diffusion region 110 is electrically

OB b bt 0SB RSP R
contaﬁ.rﬁiggﬁllﬁge%é{n?%g i@%\r/ﬁ[@)r%‘g? E’H&‘? g%lf ?%0 gses?n%txtd RgIde. CMOS pixel
cell 100 generally comprises a photo-conversion device 120 for generating charge in
response to external light incident on the pixel, and a transfer gate 106 for transferring
photoelectric charges from the device 120 to a sensing node, typically a floating
diffusion region 110. The floating diffusion region 110 is electrically connected to the
gate 108 of an output source follower transistor. The pixel cell 100 also includes a reset
transistor having a gate 107 for resetting the floating diffusion region 110 to a
predetermined voltage before sensing a signal; and a row select transistor having a gate
109 for outputting a signal from the source follower transistor to an output terminal in

response to a row select signal. There are also source/drain regions 115 for the reset,

source follower, and row select transistors.



predeterm ned vol tage before sensing a signal; and a

row sel ect transistor having a gate 109 for outputting
W@ 2®@500aBs f rom t he source foll ower transistor POI/ES2004/020930

output termnal in response to a row sel ect signal.

There are al so source/drain regions 115 for the reset,

source follower, and row select transistors. [OOﬁ ]
[0008]G G Zaisai diggrammedticsidd wetigpavionaf tha pielse 199 of FIG. 1

+ pixel cell 100 of Fl aken al o j 2-2'1.
taken Snoahiog 2. it ovhin Bl peeneos AP STt g gopes 2
. i hned [ 160N ' [ i
P T R A S T T
adjaceRi tSete! @REN66 dfaaRfisk efansibraad bas p-pAn{p conBglcgen comprising
conprising a p-type surface layer 123 and an n-type
a p-typhotride tyer 12giaod ap2p tymetphiotodioge rogien ddgstithing I%l/ -
[0009] In the CMOS pixel cell 100 depicted in FIGS. 1
substraigd . free el ectrons are generated by incident |ight
and agﬁfnulate in the n-type photodi ode region 122.
S PRPHR it&edlih 1r£dl 2 drdddectrons are
[Ooq?joat [ ng&%l ??ﬁgsgg&gﬁglfg@ %?%h%ienqggsz 1%%1 r’eédei ves C)a
genersttdB@lindiait lightnadarcihelatd andkertypegiwitediode ragien 122. This
source follower transistor produc t put

photolf gamrztthté chargn 3# Em@@f ehi g ﬂqaﬂpsscgﬁgsg%g E EIPR éji() g?’n]?%’g%ate ,
evel recejye t 08, 01 i .
106 recgives 651§Pajp‘¥ﬂarﬁ E’b‘%ﬁ %gttg‘a i‘l“aﬂ%fe[lgan S?Jstogig%‘g géﬁ%ég f@?gér nal ot
produlﬁlésg;%% ou l%{e @i%%%@ﬁil tﬁ%_tﬁb&ﬁﬁ%d%ﬁ&rﬁe@ﬂ}@@o@l@é td eitsvdlfage level

re shielded fromlight, for exanple,
receivey bt gaed BO8.| ayer 186. Structures fornmed above pinned
phot odi ode 120 are typically transparent and may

i ncl ud I fi '
ool o B S R s
A c . i .
oS SRS PH AR Oy ol g e

from LA Ky FhEphT 150N IRt} D86 OB it Ses formid aBope pirindds
rom a%\%ntlacges pofi/er thg STQEonfi gurati ons. Ilzor exgprr‘:)Fe,
photdgl!idcgi: 12@hte ?zpﬂaﬂsstraa@atﬂm apfl nsyypipeludierageder filsgral&gand a
0 e ' i
i) e it s o SR AOB RS Sp T LS EPLILA Brmed over

substrate 101 and photodiode 120, such as insulating and passivation layers (not

shown).

[0011] The 4T configuration of FIGS. 1 and 2 provides advantages over the 3T
configuration. For example, pixel cell 100 is capable of supporting correlated double
sampling (CDS) to reduce noise and obtain a more accurate pixel signal. For CDS, the
predetermined voltage to which floating diffusion region 110 controls gate 108 to read
out a pixel reset signal V,,.. Then, photo-generated charge from pinned photodiode 120
is transferred to floating diffusion region 110 by operation of transfer gate 106 and a
pixel image signal, V,, is read out via the source follower gate 108. The two values,
V. and V,,,, are subtracted thereby reducing noise. Additionally, 4T pixel cell 100

provides lower dark current, which also reduces noise. Accordingly, in a conventional

pixel cell 100, because the transfer gate 106 gates the flow of photo-generated charge
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predeterm ned voltage to which floating diffusion

region 110 controls gate 108 to read out a pixel reset
wGer@rabe7sst . Then, photo -generated charge frorepUs2e84020930

phot odi ode 120 is transferred to floating diffusion

region 110 by operation of transfer gate 106 and a

pi xel imge signal, Vpcl, is read out via.the saqurce

from the Iphmmptgﬂbélo%&ZO'lﬁmetht\ﬂ@auag geffusian gqgt@hél Qpad, therefore, to
subtracted, t hereby reduci Addi t aI

reado] usHICEB 1 15796 PEFUR) Yo decerdilerihelbie i B gk bl ahering

the ché%%ﬁ&rﬁ%t&rﬁg %oté%ﬁS?{] 4559 e éerCaAq_,@YseﬂBt' r@@cﬂl WedSlith a

cause trans er gate 106 gates the flow

ax“mgﬁoﬁm lxaeﬁgrated chargefrom the pinned phot odi ode
20 to e floating diffusion region 110 and
therefore to readout circuitry, it is ible to

[0012hd olitweHdths-ageneraees f@HE@WeemWQ‘F‘réGFC ‘tlté‘?sr fsﬁé mpnng

pivel abdRARy: BB Y HORLC GRvant ol ot Bl i iffe pgg hen

ﬁnut%ﬁm&@)éd be advant ageous to have inproved techni ques
measuri ng pixel light levels, particularly for 4T
pi xel cells and other pixel cell having greater than
four transiBRIEE SUBAMNARIUNARHEANVEENRYENT| ON
[ 0013] Enbodi nents of the invention provide pi xe

cell s and net hods of form.ng l cl,ud .
[OOtab phEﬁdvodemmer@.tbdnaféotleeerO‘séea %Ci]é&fl dth‘E‘Paﬁétf@Ofmmg
t t t
et 5608 Rt B B ST B s
read 188 HR t';&%a@e ﬁhﬂﬁ%h@g&fsﬂﬂé tdReadtdifrsi C%r{aﬁcﬁldﬁl one to

nbodi nent s o i nvention also provide an image
detenﬁﬁﬂ:&@herﬁﬁmmadamng1@ﬂlsa‘rarayhobttmrxeI cells, and pi xel
cells of the array. At |east two pixel ceIIs of the
array each conprise a flrgée&goto -.conver si on dev

[00d61 geRerbadimgnitrirthe invgn & HR 8@8&%‘8& PRl 895“85‘51“%
{
an O BRRPIEE QRSP P DL FR M IRL S AL LB ot i oy
each (fdrﬁp?ﬁsepahﬁtsp pEORNESrie b @i€efor pEnelagnglchaigagh sedondgphoto-
ge generated by the photo-conversion second

convedgivn devicd ﬁmgﬂcsatmgs@acger, eod treadofug cirawigiytior rwdntgweut signals

indicchg\ag‘,r gggcegsg{eg%gg@ rst p Roto- gog hc%tgn_ il §ha' 51gnals indicating

charge generated by the photo-conversion second device. There is also circuitry for
monitoring the charge generated by the second photo-conversion devices, which may or
may not be part of the image sensor. According to embodiments of the invention, the
charge generated by the second photo-conversion devices is monitored by sampling the
voltages on the second photo-conversion devices. A time for readout of pixel cell of the

array is based on the sampled voltages of the second photo-conversion devices.



may not be part of the inmage sensor. According to
enbodi nents of the invention, the charge generated by

wa b@specssd phot o- conver si on devices i s noni t oP€HUR2004/020930
sanpling the voltages on the second photo-conversion
devices. Atine for readout of pixel cell of the array
i's based on the sanpled voltages of the second

[00¥Biot 0-A senoexdsiluno deniesion[dyis|withigadkel cell, allows both

e
...d I [ . ' i ¢
s, L A A s pona g

embo@ et dbNdhetifverionthae péSo@h ATIE and DS oparanays.per f or m
ALC and CDS operations. BRI EF DESCRI PTI ON CE THE

DRAW NGS [ 0016] The for elgoi n& and_ot her aslﬁects of the
i nvent i onBRIEF DESCRIEFIQNOETEEE RRAWINGS ol | owi ng

detai |l ed description of the invention, which is
[ OVi [ t,i ith th ' | )
100 P& i She [rsBang sprainer 100qs PR AR RITRE LA pe betenos
| ; 68l in hGs p2ovided
ance SOt AL Pl FYER Bhanl o ek AR i

in conPleX@bn ¢&thl tht akermpdrgige Hiawdngs, 20 whid019] FIG 3 is a
top plan view of a pixel cell according to an

exenpl ary enbodi ment of the invention; [0020] FI 4A )
[001%] a dFKgr hifrfatapcplan a@%@&n mpqwméﬂtm@l 654&3 prxel cell;

cell of FIG 3 according to an exenpl ary enbodi nents

the invention; [0 . i i I
(0085 e "B Bitat Eptpiaiy HEE Fsyigpal Bp Ay RRFATTE P cell aken
along%ggr_gi;ng to an exenplary enbodi nents of the

invention; [0022] FIG 4Cis a diagrammtic side

sectional view of die pixel cell of FIG 3 according -
[0019] an EX@nplisar soreplandiovent & pistl cdlleacconding toan cropplY

FIG 5 is a schematic diagramof the pixel cell of
embomn@ntsa,ftliews}mﬁm 6A is a cross-sectional view of

die pixel cell of FIG 3 at an initial stage of
[00565)r | CREEONA is a diagrammatic side sectional view of the pixel cell of FIG. 3

according to an exemplary embodiments of the invention;

[0021] FIG. 4B is a diagrammatic side sectional view of the pixel cell of FIG. 3

according to an exemplary embodiments of the invention;

[0022] FIG. 4C is a diagrammatic side sectional view of the pixel cell of FIG. 3

according to an exemplary embodiments of the invention;
[0023] FIG. 5 is a schematic diagram of the pixel cell of FIG. 3;

[0024] FIG. 6A is a cross-sectional view of the pixel cell of FIG. 3 at an initial

stage of fabrication;

[0025] FIG. 6B-6H are cross-sectional views of the pixel cell of FIG. 3 at

intermediate stages of fabrication;



[0025] FIG 6B-6H are cross-sectional views of the
pi xel cell of FIG 3 at internedi ate stages of
w0 adwsioesss on; [ 0026] FIG 7 is a bl ock di agram pET/ES2004/020930
array of pixel cells according to an enbodi nent of the
invention; [0027] FIG 8 is a block diagram of an
I mage sensor according to an enbodi nent ofthe |
[00261ventFlh;7 {sa0s8tk diagrang Af is array ok pixel eally ac¢asling to an
diagram for a nonitoring operation of an inmage sensor
embodimeat of Hie M¥ONERBor ding to an enmbodi ment of the
invention; [0029] FIG 9B is an exenplary timng

agr i i 28R$Fodiment
(007 AT Y s 0L U009 PREIAL O gk gt
of the ifé@Rbhon; [0030] FIG 9C is an exenplary timng '
diagramfor a nonitoring operation of an inmage sensor
at a time t=2 according to an_enbodjnment of the .
[00281v ent FIsh; 94 GoB1 ¢xempdary Hoping dHag iRdPORKPTing PRerAEAR of an

, f i xel cel . di ng. t itoring: .
imageRiLERF Biun 7 SCoBHnE Foas s Bt CR e dhidtions,

wel | diagram of a pixel cell corresponding to a

[OOf@Fi t OFI DV RE[ALBIpIy trhfag ARiral0R33] mbhitorid@ohbsradon of an
potential well diagram of a pixel cell corresponding
imagetsensorapaitime irlgaapediagitorne@ntdinegCof fleog#gntang 11

is an exenplary timng diagramfor a readout operation

003 " mbed b GorP i PRI Sfkgon o
: f t: ' | idn:
imagegeaicF AR dg ot daprdgo g im b AmkA ST AR, e
of readout; [0037] FIG 12C is a potential well

[0091 ROr aPIQf 1@A R %gbtcﬁﬁhll weludiaggarof b pied el cadrespehdigg to a
of  readout; and[0038] FIG 13 is a block diagramof a
monitpriogepsiaprsySim Hcor ding to an
[0032] FIG. 10B is a potential well diagram of a pixel cell corresponding to a

monitoring operation of FIG. 9B;

[0033] FIG. 10C is a potential well diagram of a pixel cell corresponding to a

monitoring operation of FIG. 9C;

[0034] FIG. 11 is an exemplary timing diagram for a readout operation of an

image Sensor;

[0035] FIG. 12A is a potential well diagram of a pixel cell during an initial stage

of readout;

[0036] FIG. 12B is a potential well diagram of a pixel cell during an intermediate

stage of readout;

[0037] FIG. 12C is a potential well diagram of a pixel cell during an intermediate

stage of readout; and



enbodi ment of the invention. DETAI LED DESCRI PTI ON OF
THE I NVENTI ON [0039] In the followi ng detail ed

waemsniqss on, reference is made to the acconpaPyi/ng004/020930

drawi ngs, which forma part hereof and illustrate
speci fic enbodiments in which the invention may be
practiced. In the drawings, |ike reference nunerals

[00383s cr i &, slifbis b clatliagrasi of f 2rOGSoMRR FESHE AEHITHINFHOAR
t he several views. ‘These enbodi ments are described in
embodipfent of B IHEEPY- t 0 enabl e those skilled in the art
tﬁ practice the invention, and it is to be understood
t hat ot [ h&;@qg ItFe N vang
s;ruct&?@ﬁ?& ogi ca §an e é??#?géyﬂg%anges gggﬂge made
wi t hout departing fromthe spirit and scope of the
[00PY ESENtn iHRWBNGWERIE ddtlildDdcstiisridguferénuafieniadand the
"substrate" are to be understood as_including silijcon, )
accomphhyiog mromngssuhish dorng ST, heseofsnd Hpsran —SE%%%‘hF odiments in

B e e e
substaglgla@ldg %}H'S.IMP E&{lggfv}ve&w il RBhoBPthNeGh] HER.CTRECEBbodiments are

ures, a as insulating substrates such as

descriBt RESsuPficimaddeil td-unidbie te akilled én tiieedre re peatics thmigeention,
to a "wafer" or "substrate" in the follow ng

and itdesché philestoodrthet ether smbodiments apy haytiiaeds apd ghat structural,
. utilized to. formregions pr_junctions.incthe .
logicabunl EgrgGEkFOEY HoT B EMSE Fetma-gbane FOREHRTpRi and scope
ofdméﬂgeﬁgﬂg%ﬂﬂgﬁptor need not be silicon-based, but could
€ %ase on silicon-gernmani um gernmani um or
gal |l i um arseni de. [0041] The term"pixel" refers to a

[00ROTt ur Thekammitwafartancetsubswart diard rgbauphosiwod as including

~conversion device and associated transistors or, other
silicorgisilisan tanyinshlatord ey ot BHEwr PR RRRIHLS Qi&&F%(&ﬂ%&ﬁaﬁd and

el ectrical signal., F ur [ t

o bR Bl e O RSB Pa L B BB coBcondpetor

founddB8G" i H@Rr BEhRbAduEBE st BER! he/wtinh ingalatiag s@bstaltds such as
p|x¢1$ In an I mage sensor w |l proceed concurrently in

glass @ n%mzﬁ‘tzl. #Furfheshbed) wHed04 R erkeds imadeno iadtwated\ardsybstrate” in the
e

nbodi nents in which a pixel cell i cIud&E af ueast :
following description, previous process steps may have been utilized to form regions or

junctions in the base semiconductor structure or foundation. In addition, the
semiconductor need not be silicon-based, but could be based on silicon-germanium,

germanium, or gallium-arsenide.

[0041] The term “pixel” refers to a picture element unit cell containing a photo-
conversion device and associated transistors or other circuitry that convert
clectromagnetic radiation to an electrical signal. For purposes of illustration, a
representative pixel is illustrated in the figures and description herein, and typically

fabrication of all pixels in an image sensor will proceed concurrently in a similar fashion.

[0042] The invention provides embodiments in which a pixel cell includes at least
two photo-conversion devices that can be separately read out. Pixel cells of the

embodiments are especially useful for implementing automatic light control (ALC) in a
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two phot o- conversi on devices that can be separately
read out. Pixel cells of the enbodi nents are
wespsoieaBs y useful for inplenenting automatic PCTNBE2004/020930
control (ALC) in apixel cell with nore than three
transi stors, such as a four transistor (4T) pixe
cell, which includes a transfer gate between a first _
pixel qeHotich omre ¢hai duedeengsomn s 45| ol tgnsistor (4T ppixel cell, which
. regi on. Becayse the firs hot 0- conver si on devjce i S, . .
includep tERFEE i REOHFLE Bt BUORNEC G BOB T 188 arilcgn diffusion
. f r [ [ : L Bl
region, hrAUEC e APEAR B corktisldh IicdiP BBt Qe ediiRRiitD the sute
of theabti e fBllowhatr st fit€id nBY pbhseblt itd s¢adphiat gharorpepesitahcharge
devi ce, such as pinned photodi ode 120 in FIGS. 1 and 2
on the fiAl dhGogvidhopt aleating thergsstorddaby yheciiist pheliceeppicxseon device,

s B Rt B3 D R R
connef8 3 FEAETHLROINAR 18 Fr B LU Aiudttems)
they aR¥6AB} Rkrfa@sadi A8 of the invention. FIGS. 4A-4C

depi ct cross-sectional views of pixel cell 300 al ong
line 4-4' according to exenplary enbodi nents of the

[0043) ent Referrig mowsojthe drascinereilG s agermlat vigvxad|a M @S pixel

0. 044] Pi xel cell 300.incl s.a first .
cell 300 gheahdih bt el cmbodbiy 438 ol BIGS: do4e depict
- i iddil 20 30030188y life LEPRRBSRlA Pt SXkh
cross %gﬁ?hﬁ{l@?ﬁe lﬁ‘%)lncrapigwl ce Ihﬂ%OO. Ad] acegra{% to pIiﬂﬁllr}{ed
emboginadmasbbte id2éhticn. aFaL Ris30Ghefatic Hiapsim tof pived s¢lbB800.
The first transistor is illustratively a transfer

transi stor for transferrjng photo -generated charge to,
[0044 kensPig! erdlor0Ginchdes adirstphoracgpusrsion dayice, showrl as a pinned

hot o5 rat ed char,ge 0045 ' ' -
phoroB A 06 LS BIE e LORIRIP 08 SERRMIRLPRT0LA on i
cell 36I8VARRceRNS pifindd pHSIIdRdevBI Vist $4:08DERE adirkd &4Shs@or. The first
regi on 330. Floating diffusion region 330 has an area,
transish3B3B3 illwdniaciveliy . tendsfer gehsiasor fonmpangdeiring phdtb grnemged charge to
di ffusion region of a conventional pixel cell. Area
a sensigImeds afif Eimgifentagdophelyhcmhospigsheituhehasge di f f usi on
region 330 to function as a second phot o-conversi on

O P A e -
device3 3Ad GRiMubeatiR R 4 Abfthe BfilioA\egiondB 3. SBleafiflg diffusion region 330

phot o- conver sion device, pixel cell 300 may support
has ansart@mesg, evhich is enlarged as compared to a floating diffusion region of a

conventional pixel cell. Area A;;, is sufficiently large to allow floating diffusion region
330 to function as a second photo-conversion device. As floating diffusion region 330
generates charge, the voltage level of floating diffusion region 330 can be monitored.
By providing a second photo-conversion device, pixel cell 300 may support automatic
light control (ALC) operations as well as correlated double sampling (CDS), as

described in more detail herein.



l'ight control (ALC) operations as well as correl ated
doubl e sanpling (CDS), as described in nore detail
wherosiom7p®046] Pi xel cell 300 al so includes gaP€BUSDF4/020930
308, and 309 of reset, source follower and row sel ect
transi stors, respectively, and source/drain regions
315 of those transistors. [0047] As shown in FIGS.
[0048] 4C, Pixhlocdl 300 dssuishtdeatgate3GD7, RAScandd(? péreschsgpise

substrate. There_ are isolation regions,in.the.

FollovweTiBad Fay e lSerirante, e TNBNn A SBHas( dsain 1e@iu 315 of those

transisjﬁér%l ation (STlI) regions 302. Adjacent to an STl region

"i's pinned photodi ode 320. Pi nned phot odi ode 320
i ncludes a charge accumnul ation regi on 321 bel ow t he
[0047T f achs efiowhen FUBS! 444 30dre whisabstiae BOI pwhichtmweby a p-

an n-type region. Over charge accunul ation r_egi on 321

type sitbsteatp+ Toaref are dsolatipsy regrms ipdhe sehstragn3 Gl iwaigh are shown as

RO b e P
photog.gfi%béit.(ﬂ eﬁisr{l}freffl .(l:‘lg&) 188t 890 33dudBYa B\rEDa UM He®h 321

of substrate 301. Arternatively, "as
belowd@pisaifeet dfithEls@bsté®e 301 pahichgs dlfstragvaiy an egiypa r&86n.méyver
be a second pinned_phot odi ode 335 and i ncl ude an
chargqagoppeulatéen prgi@B32 bay dR+ SHEGUATE R f Adieens B finagde
nd rlying a p+ rface layer 333. In such a case,
pho“@ﬁ%ﬁﬁgﬂgpﬁﬁgﬁgﬁﬁ@%&gﬁgde 335 may have a hi gher pinning
vol tage, Vpin2, than a pinning voltage, Vpinl, for
[oo@8 Pnedrphet 8h@ilay 3abodidents dBpldted iy FIGS seA and 4B, floating
phot o- conversi on device of pixel cell 300 is primarily
diffusioafregioad3 3Mmhgbeian rasyps kfoat halgwdhé sudiarofsagstote §90.

It should be understood that a reference o floatin
AlterngfivelisassePides 8h @@()&%sﬂ%% Bregica 13 mag Z’Eé‘ns cond

. hot 0- cony [ . ' . [
pinncf PRERa Y 58 “BJE SIS B n338e TRE0 RN E ¥ Mg of s
substiR&! WREHL S AL Vi GREMES ﬁY@@j 3.cid duehaddke sseshdpinged.

[ 0049] As noted above, floating diffusion region 330
photoldiouxt 33 maghase s digired pphohg volsages NG, o thatey puming voltage, Vi,

Therefore, it _is not conpletely shigelded fromlight, i
for pinrgd pheegiase FA0- aqu@ph%y@rs,CC%@ PROSFRASIFE G EFvIce of pixel

cell 3(5)(5 }(seérirﬁgrlﬂly refl0eli Fb RRreist aé‘Q‘ﬁo%ng é‘iﬁiﬁ?&g&gmn 330. It should be

understood that a reference to floating diffusion region 330 is also a reference to a
second photo-conversion device, and more specifically to second pinned photodiode

335, except where differences between such devices are explicitly addressed herein.

[0049] As noted above, floating diffusion region 330 functions as a second
photo-conversion device. Therefore, it is not completely shielded from light, for
example, by a metal layer, as in conventional pixel cell 100 (FIGS. 1 and 2). Although

'no metal layer is shown in FIG. 44, it should be noted that a metal layer may shield
other portions of the pixel cell 300. As shown in FIG. 4A, light, represented by arrows
387, may reach floating diffusion region 330 through components of pixel cell 300
formed ovcr’substratc 301, such as, for example, a microlens 380 and a color filter 385.

There may also be additional layers (not shown) of pixel cell 300 over substrate 301,
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no netal layer is shown in FIG 4A, it should be noted
that a netal |ayer may shield other portions of the
we@roosloowes | 300. As shown in FIG 4A, light, PCT/US2004/020930
represented by arrows 387, may reach floating
di ffusion region 330 through conponents of pixel cel
300 forned over substrate 301, such as, for exanple, a
includiig; rbake @ios [i3edarodinauledh®and phisvatiGa fayeih M@chwd&owahglmt to reach

Roatings U8Bt DR b LG Fy LEDLRSHRBIS OPi e § H1G. 44,
howcxfcg;,s]f%%é%pl%ﬁgagylagﬁt t 'r%?éﬂ ffgatjn% swé’%&&%&%éo‘) Wr kst pinned

usi on
photoaldael 3%, "ny thd éxﬁBbdﬁﬁé‘{% f FEGS)! n41y a88 Q@) redpebiifaly. 4A,
however,” light is simlarly able to reach floating

dlffu5|on regi on 330, or second pinned phot odi ode 335,
[005@®] t heFleorting |duiﬁm<m rﬁfglcm 83 istmljanedt acthe gap 36 iafel igset

e S0 S R L 00, 58120390 L2220 167 cpponnc

[ [
ot SPUILRBRLEUR PR Slliche L seaclugase
Lﬂustritﬁrcﬁ}i Seer pikhierd [ﬁfdtbdibdeﬁm tﬁﬁ&ﬁr phic 30d #d floating diffusion
Ilustratlvely over pinned photodi ode 320, transfer

regiory38@; BoBalhnevel Iresst gatg AN g isisle ad@gp@htos@wmma@fﬁlapnyegwn
over reset gate 307.0 Si degagj acent to > floating

330; adrIp AsPaFF Yy ?8ﬁ@§§60P5ﬁ8 f $3€ 2V$pacer on a sidewal | of
reset gate 307. [0051] There may al so be one or nore

[00 B\ﬂ l's 9he@ rB‘rl%ﬂEo BORA Crin{bicYwd IR a M EdhduRtivity Lope, which is

ustrative type, formed in the substrate

illustritivel: p4¥paqickndéd s spbwedtt 3803 KiXiSeddi nigl 4Cahow p-well 303
surface of substrate 301 to a depth bel ow the surface,
extencémg feorn arsifaee oh gebstrases 801 ggtaeiegdv belgiy dxrisurfaes, @ﬁdwgﬁndmg

acent eset e/drain ion 315
under ke Ealt 3 el BEr P S0RHBaRT Ryl Rt R efion 315,
d K
o« SEERTORIR oS00, A0RNIY R 008 AL g
photod e 35A BIER. il ) vl yesep bogrce £ditain B@Rom8Y5 Iam:inl{dweﬂv%)?a
or nore p-well regions, such as regions 304a, 304b, as
shown in FIG 4B. In the enbodlnggi of FIG 4B, 1Ihere

[0052] a pAlematizdyapise) il 309emey Hckde tpapemewe p-well regions, such
e surf rat.e €

s o AT P B850, 2. AL RN G s

~Welle3@@anlsjél<5‘@ the @hates Pick B0%, ekteBHRS ke Rithct of sulsteRtd301 to a

bel ow t he surface, “and ext endi ng under an STl region

depth3@Bw the surface. There is also a p-well 304b extending from a surface of
substrate 301 to a depth below the surface, and extending under an STT region 302
adjacent to the reset source/drain region 315, and a portion of the reset gate 307. The
reset source/drain region 315 is formed in p-well 304b. Floating diffusion region 330,
however, is not formed within a p-well, and, thus, may have an improved response to

red light. P-wells 304a, 304b may also be used in place of p-well 303 in the
embodiment of FIG. 4C, such that second photodiode 335 is not formed in a p-well.
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adj acent to the reset source/drain region 315, and a
portion of the reset gate 307. The reset source/drain
wo e@som7385 is formed in p-well 304b. Fl oati ngPCT/US2004/020930
di ffusion region 330, however, is not fornmed within a
p-wel |, and, thus, may have an inproved response to
red light. P-wells 304a, 304b rmay al so be used in )
[005d]ace Althqughedhle aBO8e exernpleryeerbboidlinants af desaibeddn cogapction
t hat second photodi ode 335 is.not fo dina, ,. .
with a;fouretranmgsféjT)wﬁcmghﬂ%eHEV%Wemé& mﬁ’&r %%8% ith@fes pixel
are descri bed in | QN4 s Uf @S $E QI Without
cell depigas, %ﬁ%glngctg‘f)fff d%%ﬂﬁﬁa&g%]%{%gé ) scE)S %e enbodied i
being Rh§he RLXEL defibh MiBsindRSle o el waisheor (BASeiddsklhos a six-
elnghavin% differe%t nunbers of transistors. Wthout being
transistomi6iD) paxel seit hFave dedisgntrmagstonpixalella differdram arkt sixsk cell by

5T) pixel cell or a sixtransistor (6T) .pixel .cell. .
the adfitinn GrRACsIRIPIAAETSER, BIGIER St (TPt ARdfp syt
I xel cell t bt f - : LGt
woon Gl i LR s Rba o i, PR a6

gate of i 86 FfllowAdlinsisestalonyiectell €o hnedid pliotoscoittrsiomildwiet.
to pixel cells having a gate of a source follower

Accordinghys bls¢mntivoreadotiedrquitra nsydwremplaved vidiy @ piteb aell.
devi ce. Accordingly, alternative readout circuitry may

d withi i I || ; l.ar.
[00 %o MeAraTBEn HEOPLBRLEdeY Bie fBPHgtia ofdlrst S0P
descrilﬁ%c?%%l'?&e\gi&l?%fg%n thFiekes 8RR Ue® TGO PA MR UHBe O

. ar “order is requiredTtor any of the actions
requirb@ 88 drjedf theneaiichs dusedipdd harin, baspt fagihoat logicatly uequingg the
the results of prior actions. Accordingly, while thg,
resultsaafipromsiciehowAarasditedic miblsdthe acbenrnirelpwidre dawaibed ag being

general order, .the order.is ex | ary_ onl nd be
perforgiedopacenptbsbferries OBk 11 PERTAY SBerpl ey Bl Tt
at an initial stage of fabrication. Substrate 301 is
[0055] USER ¥ kNisheed ol ikl B R0GUE b Lhiki] dugCof RbHiedtid:s
IT1ustratively p-type. Isolation regions 302 are
Substifagd 38T is ilustheivelynstta fakec@@ihcandy fypel ediiaki is Mlwtratively p-type.
dielectric material. The dielectric erial %be,an
IsolatioirdgionaB8Rias¢ formnd iathapnisteate 3P apa tYed yuth & diglecidc
Si r SiO2;. oxynitride: a nji.trid ter uchy: :
materigl 86 A etert bt SuPul et e B Flmp R i oxice
‘ 'S109 ot SY hitABE Gader@ll SfichiaS sTROL hitdide; Micon carbide;
such as%%%nr@isﬁgﬁ’l% 6A, ei he 1sol ation regiaorﬁ 302 can be a
a highstealgeemute poighei;sal @heosuiabE Jicleegiconat@nil. t Aeshown in FIG. 6A,
dielectric .
the isolation region 302 can be a shallow trench isolation (STI) region and the dielectric
material is preferably a high density plasma (HDP) oxide, a material which has a high

ability to effectively fill narrow trenches.

[0056] As shown in FIG. 6A, a first insulating layer 340a of, for example, silicon
oxide is grown or deposited on the substrate 301. First insulating layer 340a serves as
the gate oxide layer for the subsequently formed transistor gates 306 and 307. Next, a
layer of conductive material 340b is deposited over the oxide layer 340a. The
conductive layer 340b serves as the gate electrode for the subsequently formed

transistors. Conductive layer 340b may be a layer of polysilicon, which may be doped
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material is preferably a high density plasma (HDP)
oxide, a material which has a high ability to
wetdosooisely fill narrow trenches. [0056] As sPhOIMIS1004/020930

FIG 6A, a first insulating |ayer 340a of, for
exanple, silicon oxide is grown or deposited on the
substrate 301. First insulating | ayer 340a serves as

to a sctbrd gatduaivitgdeypayey. nf~‘q7|pct h’escx;(md ew&tﬂgyla}‘f@r?ﬁélﬁ is deposited
transi stor_gates 30

over thgpelyeilisarelayies 340ty 8663:@9 mre%'fld&»éfw b, émgaﬁdu%f for
0 : 4
cxamg St Ry Qab g ghe%ﬁézztaé Hpopecy e bioido)

ON (dﬁ&éﬂﬁhﬁa@x No@aﬁﬂueidxvce |@N@'N(34691dﬁ‘&)&t1hﬁ -axidayer of
pol ysilicon, which nay be dopedto a second

conductivity type, g e A second insul ating
[005Ayer Baohyers, a@(pms’%éo da@d/é& ¢.aaypbt faymedde cqweﬂonal
deposiign oSTRRERSUhs RBES SPEBRPITE [T (@ P ghc e ical vapor

g

patteri@Khit@etthtd i6 €ordx tetehul IO EhtcThack ayetstes 306andB3Mbshown in
and 340c, may be formed by conventional deposition

FIG. 6fe.t Hbd gatessiatk 36 isithaigetr stumpanc faep sunsieprapavpy apd gate stack
asma chem c or de osition (PECVD), anobng

3Jva
307 isg AEAE SURTEIT QT £58U HAD %ﬁbb and 340c are then

patterned and etched to formthe nultilayer gate stack

[OO%E%LE 'g h anvggé A S mREQYH tﬁ@stﬁlc@urc%thg%@t@m and 307

'S t he gate structure for a transfer
describédsitsh @t Additidngdiyersiag beadded or theggat 806 hnd A0drmay be
for a reset transistor. [0058] The invent.i %
altered pyvistdssirechanchkn@vn i thg &rtofof ﬁ%ﬁl‘gﬁlﬁe% sijgyge %Y&r zleﬁt shown) may

ri bed gbov ddi t.i o s
be foraﬁgt%etgvs%n ﬂﬁogagﬁf;ﬁ ﬁ% odgs é‘g(#l% eassftglgés{d Buk egq%%s %QGC
The 515&9\9@ }}ep da@%e@h‘:ludgg'in %gi%l:@so@ aRd1307d6r [PME6f fHeGkansistor
shown fornmed between the gate el ectrodes 340b
gMﬁsﬁﬂduﬁaﬁn&eaﬁmgema&mkaﬁmmgdnmmaa$b84mmuuﬁh@h@dﬂdudgnmlmhade

er may be included in the gates 306 and 307, i, N
cobalillcds, rools @%\H@ siicisic, gat@@telt%@m@es Pk %‘ﬁh %éonducme

sensor , ci rcui be ]
tayer 3R g 6.2 Gten 92 TR obisbo Bl ALY T 86 W/ Mga% 8P
anﬂd%@qBﬁhgmkﬁﬁkﬁﬁbpﬁqqThlS addltlonal conductlve | ayer
may al so be a barri‘er layer/refractor metal, such as
TINWor WN x/W or it
[0059] A well of a first conductivity type, illustratively a p-well 303, is implanted

into substrate 301 as shown in FIG. 6B. P-well 303 is formed in the substrate 301 from
a point below the transfer gate 306 to a point below the STI region 302 that is on a side
of the reset gate 307 opposite to the transfer gate 306. Alternatively, as shown in FIG.
6C, two p-wells 304a and 304b may be formed in the substrate 301: a first p-well 304a
may be formed below the transfer gate 306 and a second p-well 304b may be formed
below the reset gate 307 and extending below the STT region 302 that is on a side of
the reset gate 307 opposite to the transfer gate 306. P-wells 303, 304a, 304b may be
formed by known methods. For example, a layer of photoresist (not shown) may be

patterned over the substrate 301 having an opening over the area where a p-well 303,
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could be formed entirely of Wix. [0059] A well of a
first conductivity type, illustratively a p-well 303,

WO g005/0mi7ast ed i nto substrate 301 as shown in FP@/USDS04/020930
P-well 303 is forned in the substrate 301 froma point
bel ow the transfer gate 306 to a point below the STI
region 302 that is on a side of the reset gate 307

304a, 8PRBS tebd forhded. tA prgpedopaitesiBias birbay may be ellnplana@i into
shown in FIG 6C, two p-wells 304a_and Bog,g%
the subsﬁrate@hnonghﬁbe onbRILEIn ShaphOtOSCF Ly dHusgragee “f?élfl 303,

| t he t f t
T A R S e
ad]aceﬁ?bSﬁgﬂdg%f*?ﬁé Qvbshe §01. region 302 that is on a side

reset gate 307 opposite to the transfer gate
306. P-wells 303, 304a, 304b may be fornmed by known
[006@& hodA doped r@namSIZé ofa deaymd cofdysiivimg tysi is imphoted in the

UL RN TG TR R T

e RO o SRR B P
methotdg KnBRALIAMBS sl Fdl'ﬁlx E[eafallé/}%h Y)f phbﬁ)L@SlWE(hbS sk%a) may be
O4a, 304b are fornmed having a p-type dopant

pattern:@:h omﬂthatsubmratm 201 ihgvingginerpenirovadjthe elmltfaQ§c£rftth© pebstrate
ofthe su rate 321 of ,a

0060 d
301 whereopign %29[ ]quWﬁagenAtfb’é? oaﬂ%ﬂ%uﬂ@raét e

PhOSPE%%lSEg%Cet IC1’(raeg| on %@gqﬁw &S@?ﬁ;‘%t |t\t}€(ﬁ1ﬁ1&ghtﬂe o%leddlnto the

substrﬁ‘tetﬂe FRUSIB imPRRSImER Bk @Be B2 tailey thepfofildrefirdgjon 321. If
hods known in the art. For exanple, a |ayer of

dcsuethm orgled shplanetioshosnhe raydissed e farmte dapad region 321, such

substrate 301 having an o r, the surface
that implanggpeat S8°Y @ftﬁﬁé@%%gﬁlﬁé ] dasrsterobsne g i sydoce of
An n-type dopant, such as phosphorus, arsenic,
the Su%?“%%%lorlmny, may be inplanted through the opening and
into the substrate 301. Multiple inplants nay be used

[006D] t ai Pihel pRobsdibilt ecedbn BRYiioon 3R bppbfitddde pEthe mmsfer gate
angl ed inplantation my be conducted to formthe doped
306 fiveythmresigate 30R and at apnyprigrtely abgneds withrapi fé’cgeaftth@fransfer

rees re ative to

gate 3@2%9%5%9%%&%% c%a.lgge accumu atmg région ftor coﬁectmg photo-

generated charge.

[0062] Referring to FIG. 6E, a floating diffusion region 330 is formed between
transfer gate 306 and resct gate 307. Floating diffusion region 330 may be formed by
known methods as a doped region of a second conductivity type, which is illustratively
n-type, in the substrate 301. As noted above, floating diffusion region is formed having
a surface area, such that floating diffusion region 330 serves as a second photo-
conversion device for generating and accumulating charge in response to external

incident light.

[0063] Alternatively, as noted above, floating diffusion region 330 may instead be

a second pinned photodiode 335, which may be formed as described in connection with
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[0061] Pi nned photodi ode region 321 is on an opposite
side of the transfer gate 306 fromthe reset gate 307
wa@rasioss7appr oxi mat el y aligned with an edge of PEEUS2004/020930
transfer gate 306 form ng a photosensitive charge
accumul ating region for collecting photogenerated
charge. [0062] Referring to FIG 6E, a floating
FIGS.&D) hindicah Iregichm 336, sesoxﬁd)pnmd@élm@pdt Bahgher by freed at a

306 and reset gate 307, Floatin sion region 330
Saﬁmtwayaﬁélﬁéﬁﬁ%@Iﬁyﬂ%ﬁéﬁﬁnﬁﬁéﬂgﬂ§ %@gﬁgagped region of a

second conductivity type, which is illustratively

[00@%]; %/55]?1(% nérlﬁeg?%tsﬂ Q&L ?or netg)glh f Mo AQL E\?e Doy eqifsdh9atdl Jayer

nois aving a sur ace area, such

342 1sta_lﬁa(§m(ﬁ_é Ratd Bar tiyks 852 1yf ingtanbe3hy sepropsiarsdiales@izanakerial,
P hot oconver si on devi ce for gener at | ng and accunul ati ng

such as idicge ducmd@ spionsaitrivleesn exyritrides NeMOJ OJHP, of 653, amOﬂg
Al t er nat Iy, s noted, above, floating diffusion

others; i AOFELR 16 - second pi nned phot odi ode
335, mhlch may be forned as described in connection

1 hFl 3 300 Wigshlanted,
ool g R 96, 3 0 st
illustr&8den FRGN6G. abopéd nathcplinico8R8ded32a td HABE koRdatvef type,

depicts the formati on of an oxide | ayer 342.
whichIfbt exconpleiyvirposds dyprtys4 2L 1U§ua%V€ésx|ds>@Cdéy€acc lover 3288

db d
A N L AL TRIE T T
i u h f d
siab Yl 46ty By DO 0 TEGRG @RS dosher s, for

| ayer 323 for the pinned photodi ode 320 is inplanted,
[0066] i | | Dsstdhiedaydr 3213Gnapbe fmFmﬁb)Shnéwneedmy@ICSSZ@)ricsample,
gz)(gedtoaflrst conductivity ich for
layer mav bﬁ)fomﬁbbg@@pla@nsgtw‘a@e 1<|>11181 ey Pp%flug}gs Hoplayer of

s S5 AT S 1 A O S B
proceiUbt BY ﬁ%@g t?ﬁ 8Bpant TR TR sub&eatk @0&‘&6&1&1’1 iniduadsped

ayer 323 P+ surface | ayer 323 may be forned
lqwrdna&wpmwbmdehwtqdqgmmambvem@mpke;whaydmm$$33nayabefbmnﬁd

formed by inplanting p-type ions through openings in a
[OO!S? o Kfs shown in FIG. 6G, a dry etch step is conducted to etch portions of the
oxide layer 342. Oxide layer 342 may be etched such that remaining portions form a
sidewall spacer on a sidewall of reset gate 307 opposite to floating diffusion region 330
and a protective layer 342 over the transfer gate 306, the photodiode 320, the floating
diffusion region 330 and a portion of the reset gate 307 adjacent to the floating
diffusion region 330. Alternatively, oxide layer 342 may be etched such that only

sidewall spacers on gates 306 and 307 remain.

[0068] Reset source/drain region 315 may be implanted by known methods to
achieve the structure shown in FIG. 6H. Source/drain region 315 is formed as a region
of a second conductivity type, which for exemplary purposes is n-type. Any suitable
n-type dopant, such as phosphorus, arsenic, or antimony, may be used to form

source/drain region 315.
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photoresist. Alternatively, layer 323 may be forned by
a gas source plasma doping process, or by diffusing a
WE2a0gas7dopant into the substrate 301 from an PEF/EE1004/020930
doped | ayer or a doped oxide |ayer deposited over the
area where layer 323 is to be fornmed. [0067] As shown
in FIG 6G a dry etch step is conducted to etch .
[00650r t | dBsmehtibhel protesingayethodd maybe wedltayxemee thapixel cell
be etched such that remaini gC rtLoni forma sidewal .

300. E%@@m% i.gs@atg.ggmghqelcg.pg,r i7atiep aygﬁb@sqqnéw.e{:'bgate lines
and otgS SRS 14 MOk 1R B0 Ty BO forf . ALELIM Y SHoating

er gate otodio

diffusibf ‘?e%ibﬁ a3oNgrvdk hi ¥Sé QA RBe 033 sidAt RN Eereford, ienot
reset gate 307 adjacent to the floating diffusion

complét?gxhﬂigelaaﬂﬁotﬂ}] h%hm[a)lt stnedtyres of Epd@l td&/%@O.SAQSng?yc gg'f)re surface
et ched_suc at only sidewa|l spacers on gate )
may bg gavezed MWW?IVP‘@@BE}YC‘Rg%tSLQWBS) e@/?alf Sram sg%‘%rﬁ’ﬂz%@mdc:
be,Lapl ant ad. ' t ‘
BSG, J§%%, F RPEC, AL P RHARE i AT B Ricl cbfigacy holes,

which a8t FIRE A8taBizE8 3b ProRlle RoSRERNTEiRRHHEhAIAeys dfqmductors and
whi ch for exenplary purposes is n-type. Any suitable

insulatort srpp aofenised saditcamnphoshlestusturey arshfcccorgyect pixel cell 300

anti nony,. may used to form sour drain region
to periphsral G@G‘@}PV%‘HSE-HFHS |a%{%%fé§ P?F@%%/@t @?3?; 414‘33“%31%%38
ﬁmnmto conpl ete the pixel cell 300. For exanple,
éhsulating, shi el ding, and netallization |ayers to
connect gate |ines and other connections to the pixel

[00%¢] | 3Dileale BofedmBodinftngt eldsaltedan cohaadtidigwith the
diffusion region 330 serves as a second ‘

formaphnoépopriyes shewdiwdes che vdntion éy rgtdinaited &o Hisse embodiments.
.completely shielded from/light b tructures of, pixel
The ingghfongo har SaEIARBITEHE PRis: Sk at PRl DV eaoB sfiedi pich as o
: r . r e
phoro BTSN OBl ek PR
photoBbidiaftoZ € aalihretypbethotedipdew fdemed aliadbpinlagsl, condirctivity
are then netallized to provide contacts. Conventi onal

types bfalbstsrcotires vioald tlangeasdoidingly avioh sherspnyesancheits gates
being pario 08RG ot Mo s R OTIC) Cattpepor oy LhShBalments

descriBi£Llgnses 380 (FIG 4A) may al so be formed.

[0071] As shown in FIG. 7, pixel cell 300 may be part of an array 777 of pixel
cells. Pixel cells of array 777 are illustratively arranged in columns and rows. In the
example of FIG. 7, pixel cell 300 is shown as part of row x and column y. Array 777
may have any number of columns and rows. For simplicity, only rows R, R,, and R;;
and columns C,, C,, and C, are explicitly depicted. Values for x, w, n, y, z, and q may
be chosen as desired and may depend on the total number of columns and rows for a

particular array.
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[0070] While the above enbodi nents are described in
connection with the formati on of pnp-type phot odi odes
W b@siomresit i on is not limted to these enbodi neC/ES20041620930
i nvention also has applicability to other types of
phot o -conversion devices, such as a photodi ode forned
fromnp or npn regions in a substrate, a photogate, or
[0072 ]phot At pR@LEdlelin rdifs R Rpand Remphbe fiatinoatieasi deséripavabove in
t he dopant and conductivity types of all structures
conneguber Wi 6 6BF. dhkibp kygh e noRAdjacERE QTS el cells 300 are

showny 19%{(% ! Jﬁ‘%ﬁﬁ&él? %r oat %?]d F%% s%ci%gla nS| 2b ?Ir 3%%)&&% J}gﬁxdsl cells
300, ogk&C%@qﬁL Q?Ké%méﬁoﬁ REYRLH fovs! Cz‘&cczrdlﬁFPyefoxﬁ@M &&QcﬂﬁﬁOO may

array 7/7 of pixel . P|x cells of
be adjifeh@yYo 64d aAdthek; dndsdnyahintbtryofaomangeday A 7€ ohaymmsluagagor all
rows. In the exanE)Ie of FIG 7, pixel cell 300 is
pixel cshoofarsay pay be pixet 6Hs8Mhd col um y. Array 777 may
have any nunber of colums and rows. For sinplicity,

[oogﬂey ;lg];?? ﬁéﬂ/ﬁggﬁ glglgragn b'{/a.ﬁ%gerﬁg MM& 1m9§c s&ﬁgr 843

ues tor’ X, w,

accorcﬁﬁ? 0 2R HoRi A BRS SN he Sne@Siohe dl"l?d“ﬁnd@)ﬁeﬂ@ﬂ&ﬂdudéb [Blhﬁ array
to nunber of columms and rows for a particul ar

777 dadcflbyd hBOE2h cdinnepioevithdflld 7.n rows Rx, Rn, and B
,my be forned as described above in connect i on vvith

[OOEAIQGFS 'g ggqxg_cAlsghg%%gl% %fcl 4 egtrﬂ SF%\% e:sgy\ﬁgq §01H o sclect
lines f%?f cc%gg Bw# anfl BlJrﬁﬁs fo*(gpstﬁ forrq e Rirnf&hicG8ld. SThe row

a specl IC con t1on 0 such rows.

lines af€ M&ﬂv@]&' atiivdted®y @frofi didter 89ILIiA r8dnsyo hev addrsedécoder
to one anot her; and any nunber of rows of array 777

892. Why cohohm sl@gfctdmcahtc solextively ettivatest byp calpmmriger §7 381
cells ooéﬂ& _ﬁlsablockdlagramof an
responsg 5P 5 éle’sé Zor 888 according to an
enbodi nent of the invention. The image sensor includes
el _ph { i %?eg BRPYGht RintiaBRAA LA & it 895,
[OOI‘E;#E %? %ﬁgﬁfr?a e %ensgr 888 agso i ncl l(J)deS rlow
whlchsc%hﬁ‘bﬂs dddﬁ@s‘é deasders 8DRNBO B Ghreelecting else Appropeheabivngnd column
rows and colums of array 777 for readout or
lines foppixtlovigmed reaoat powonitoring. The pixel signals are read by a sample and
hold circuit (S/H) 896 associated with the column driver 893, which includes one S/H

cell for storing a pixel image signal (V,,;) and another S/H cell for storing a pixel signal

P
corresponding to charge generated by photo-conversion in the floating diffusion region
(Vyez). In a pixel cell 300 operated as described below, V,; is representative of the

charge accumulated on photodiode 320.

[0076] Image sensor 888 also includes ALC circuitry 883 for performing ALC
operations. ALC circuitry 883 monitors V., from pixel cells under control of timing
and control circuitry 895. For purposes of this specification, the term “monitor” means
obtaining signals V,, until a criterion is met. When ALC circuitry 883 determines that

the criterion has been met, circuitry 883 causes a readout process to commence
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lines are selectively activated by a row driver 891 in
response to row address decoder 892. The col unm sel ect
wo cweso@se sel ectively activated by a col unm dPCT/E82089@0930
in response to colum address decoder 897. [0075] The
pi xel array 777 is operated by the timng and contro
circuit 895, which controls address decoders 892, 897
[007D} seABE:diryitrh833ppydpelude @ peakyvaliig (BY) mrenifqringscifeyit 885

pi xel signal, readout .or ponitaqring. The pixel signals
and arpRveragey lﬁyléﬂw@ﬂaﬁ&ﬂﬁw éﬁ_% i SF%&F@P\(Ys? | C%s%%é t'fEsponse to
. .. a . I 1
i JEPE B, 897 SPLACR L KPR 0L, Gl
of V. 2ikcaholerermidled Kuetd oh @armshiesicdPpirel pek dhviaggoaimulated the

pcléorresponding to charge generated by photo -conversion

greatebtrarndrent dfodiargryindis feingrdiffagipo iegivp 33P0, peak walyg menitoring
. .C . 300, oper at s descri ped hel ow, Vpcl I,s
circuit $3 s S0 oL AR GTSS e BF GBSO SRS Oh it ol eV
for anf S o 7 g FRAECRETEAS AL RRLIPEDISE Mo o
voltagg] VGUI t AVCEASRuiten88 B causepeirfing angicyatroteikdistry888rto begin a
control of timng and control circuitry 895. For
readopiprocssesingfuding scadpuedf Veatdfel pitdh ecsepfrarrayoi’t or
nmeans obt ai ni ng signal sVpc2until a criterion is net.

[0078E " pebicfet s Y atery Bt fae Wk BSnihk a8l
accumhu®atEQ QH@%‘%)E OPLY hoideréd f)&H! ddllY, R8P gERMIIeNRbMESR BiRakit 884

val ue ( monitoring circuit 885 and an average val ue
is used. AZjrcaii@i8daniy e configlied 884 lewivacirethelayt. si $uxh B8B6e,i ALC
_ .response to timng _and control circuitry 895. ere a
circuitry §83 fpenifera gigielspY e diem predateraningd peshietlls g dgsegmines an

is todbe erm ned hased, o itored pix o
averagg 9oy mc IR PR B g B HE Sme RPN il o Vare
ALC éifc%_iﬁ')lr 885 i-Rked 'UH1H§ 1238 cbﬁ%?ﬁréﬁ%r 808k Bégidf'ﬁle readout process
nmonitoring circuit 885 is used. rcuit 835 may be

of all girelfdefsiofarras778. known in the art. \Wen Vpc2 for any
one of the nonitored pixel cells is approximtely
a reference tr er voltage, Vtriggcr , A

| )
10028} eui %ﬁbe%@%%@w 'r%%%gs dFRICtgr IR S iFRgE ﬁ?lgﬁog §§8a ALC

o . . : v
AT, e SR R it RO, B,
examplOTABCIBREARHL mBy 86 8SGud & inothl§oRASE hailvdrb @r 2¥eIvalsat software

in a processor, such as a CPU, which communicates with image sensor 888.

[0080] A value for V.., may be selected as desired. For example, V ;... may be
chosen such that readout will occur only when pixel cells of array 777 have accumulated
sufficient charge to result in an image in which characteristics of the imaged subject
matter are visible. Otherwise stated, V... may be chosen such that a resultant image

will not be too dark.

[0081] FIGS. 9A-9C are timing diagrams for the monitoring operations of image
sensor 888 according to an exemplary embodiment of the invention. According to an

exemplary embodiment of the invention, charge accumulated by floating diffusion
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accunul ated charge over all nonitored pixel cells,

average value nonitoring circuit 884 is used. Crcuit
w@3esmeer3ve configured as is known in the art.PCTUS2004020930

a case, ALCcircuitry 883 nonitors signals, Vpc2, from

predet erm ned pi xel cells and determ nes an average

val ue Vavgof the nonitored signals. Wen Vavgis

regionagd0oofipiatlekls 30l raws B, R,Aucl B, ivmonitpral sFenimplcity,

I
all mo@ithou %QBLLQH%EQ:@ l&fta_ﬁ)ﬁ}f ?%3 dé%rs&ﬁtgb&t s de iRAMel X ih BB&Section

sor clircu e separate
with HIG8Mmoisnege sensor 888. Wt hout be| ng limting, for
exanple, ALC circuitry may be included in the form of
har dware or equival ent software in a processor, such
[0083] a CRiibr whiahmesaerehicefiths MPRIFPIIRBOCSEn it SufgRgt matter to

e AR ) i
dlffum%ﬁ%%u Fla 330 1 &?’F b X PrefcfbinSind vaKARY ﬂ&%&aﬁ@éwv For this,

accu I Cl ntcargetoresutlnanlrrageln

timingMM & Borslhalr aeuaty 895 palsef a dowe stloagighad (RS phighntet tuen oartbe row
visible. Oherw se stated, V 1,.may be chosen such
select gicat09% andsdpotpirsesiarraess sx&nral highitoprn 68 tha FRet gy, which

Fl 9A- are timn ans_for
rescts Rt AT Lt Ra eSS ﬁ‘gc LR Bk e
approfitittly ¢he sa‘?ﬁgﬁg{c‘@l@tm&ft {gﬂ@l SRR @Brﬁﬁ)ltcﬁccafdry 895
exenmpl ary e ment of the Tnven |on Char ge
pulsesacQuiplt ahé dobi/rcfsélo(ﬁllhgmgnﬂﬂugh txmr::agsn (smpkﬁﬁlcblﬁoml (8¢H)

cells 300 in rows R, , and R, ntgg red. For
circuitsy §8bitoiresd omhet\mlaagg, %mmdb%h@ﬁé yelagran g foating

referenc 0 L e h
diffusipgyeerar by AEC BiSy 8BS B Yo7 1o I EYERR BRI, 9A,
prior %Jeaﬁrgc,bﬁﬂe%%heﬂ’ at ﬁn&oﬂi@e Gt i any W G OR. is @p08atid %ﬁ%ﬂlagL am
rior°to mrencenment of fcﬁe nOni t or | ng process, the
for thé phjctedll 3B0 her=(L oA etértiagedilic pinradnphuabdimbdey320 ighiepicted as
As shown in FIG 9A at a tine t=0, the floating
emptydiinga e charge fiap heasgenesateds é?Vh@rbthf ISPt gateisin qBn state, there

| ] trat |y h
o 0 SR LB R EOR S L4 350 i
FIG. pQh to turn on the row

[0083] As shown in FIG. 10B, at a time t=1, the reset gate is in an off state,
pinned photodiode 320 has generated an amount of charge 1070, and floating diffusion
region 330 has generated an amount of charge 1071. The amounts of charge 1070,

1071 generated by pinned photodiode 320 and floating diffusion region 330,
respectively, depend on the amount of external light incident on pixel cell 300. The
charge 1071 on floating diffusion region 330 is monitored as illustrated in FIG. 9B in
response to signals from timing and control circuit 895. When an RS signal and SHR

signal are high, V,, is sampled, and has a magnitude that depends on charge 1071.

[0084] Where peak value monitoring circuitry 885 is used and no monitored

pixel cell has a V., which has approximately reached a value of Vg, monitoring
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sel ect gate 309, and al so pul ses a reset signal high
to turn on the reset gate 307, which resets the
w0 b@anoa1gs di f fusi on region to Vdd. The reset sPQNEE2004/020930
then passes to low. At approxinmately the sane tine the
reset signal goes high, timng and control circuitry
895 pul ses a sanple and hold reset (SHR) signal hié}gﬂ
contintiés oriihe chargel E)7Zhan poired(giadpdiede 34i0tis popo@di ity dufere

out the voltage, V whi i ndi,.cat th I £ -
averagg #@l}lﬁ |rma¥i§/%§12g%¢if%f§§ x4 H%{j%g;#“%g%a?ﬂ}ﬂ% Sé‘oéiaSBﬁ"?‘t‘?lfg'%g’s‘%gCth
moni-tprs Vpca. i e S\ '
the valyf of Yeﬁggaﬁ 0 rlg)ﬂn:% g)éjt%.ntﬁlé?ﬁ?cltl g‘bcf)éh\;}g%% (\)/ 7gon |1ﬂ(13.1%d1 l‘l?(_)té)délode

320 is ROt 8&Hd &le. Vil the l(ékﬁgpmffms. 08 DidKEOB CotetagdGalumt mba@oring

A potential well of pinned photodi ode 320 is depicted

circuitBs8 $pstused and &, pdhas hat geproasndselymeardnd the 8yuc R Mgt &0 the
reset gate is . in an on state, there is no potenti al

monitoEng PEFEFIISYChg to the floating diffusion region
330, as depicted in FIG 10A. [0083] As shown in FIG

[OO%SIC]ﬁ> h agksa%htoi\xrﬁeint 3 g. %d@ 18R +-92pRinkd phBtédlo B201At generated

ed photodio 0 has generated an anount of
an am&H Gechh01 07ZNshd Headngdifflisfohusion 33phangd@thden amount
generated an anount of charge 1071, The anpunt f
2884 0330

of chargral @3, 1ilch arkQFtatge Heanathe doyInss ﬁﬁ@tﬁrgﬁé%@i
and floating diffusion.region 330 espect i val I
sencrpa i -0 b Sy Akt logiorng
rocelaf ﬁhec%l | «B399; is TGI8 ES HQible o fdkedtithgr Bichhisssthermount
P region %OIS nmonitored as illustrated in FIG 9B in
of chagg’%;m 6n tthe Sbativeyd diffusiom fepitinndB Gisggreant, NG, isthanged. In the

. Wien an RS signal and SHR sj gnal arf hi gﬂﬁﬁv c2is
exampdanPFEGS. ndndddG mdhrPRIGEIAEY CAEREiRY: Fﬁg <

21071, .[0084]_Where, peak val ue nonit eor] L[ Gl 885
moniPhG SBUEE HoP OIS e bi ariner & roBe iS85 e
indicagﬁg rt?&(t' AR JERENS A n dn ¥l fedbulof the charge 1072 on pinned

morii toringcontinues and the charge 1070 on pi nned
photoBlsdcoBlidr @2fonss, tinting ead coutrol Ateitey 898 pagedesdigrals for
nonitoring ci rcuitr% 884 is used and Vavghas not

readowaippff dkpineltaslly of amehéd t he val ue of V ., nonitoring
conti nues and the charge 1070 on pi nned phot odi ode 320

100585 oy a5 St i P0G o et gl Sl g
For si%{ﬁ)gigﬁﬁsreﬁﬁgut%rs‘ﬁi%l%%l Yell BAehelbetRlong) 4rl ebdon: sftall pixel
cells in array 777 occurs similarly. FIG. 11 depicts an exemplary timing diagram for
readout of the pixel cell 300. FIGS. 12A-12C show potential well diagrams illustrating
readout of the charge 1072 on pinned photodiode 320. As shown in FIG. 11 a RS
signal turns on the gate 309 of the row select transistor. When the RS signal is high, a
reset signal is puiscd high causing the gate 307 of the reset transistor to turn on to reset
the floating diffusion region 330 to V4. When the reset gate is in an on state, there is
no potential well corresponding to the floating diffusion region 330, as shown in FIG.
12A. The reset voltage on the floating diffusion region 330 is applied to the gate of the

source follower transistor, providing current that passes through the row select

transistor to readout circuitry. The readout circuitry connects the current to a voltage
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nonitoring process continues. [0085] As shown in FIG
10C, at tine t=2 pinned phot odi ode 320 has generated
wapooaearsd of charge 1072 and fl oating di ffusi POT/US0OOR0930
330 has generated an anmount of charge 1073, which are
greater than the anpbunts of charge 1070 and 1071
generated at time t=l, respectively. FIG 9C
level W), gu smm% '_mtpﬁ.s t6 BEEE _8?61 rAtmeSHEmignacb is algp puletfxbblghdp @npeeS/H
t =2, Ichis simlar_to . that at ti t=l, f. t hat
896 tohuer¥e: t WarearrsrdrutsH \ohdt @%mElaﬁ%CLéﬁg et W‘ggﬁiﬁ 8:‘5“513
.diffusion region 330 is greater, Vpc2is changed. In
ransiqrto 0¥ pl e of FIGS. 9C and 10C, Vavgis approxi mately
equal to Vtrigger. Therefore, nonitoring circuitry 884
[00$7OVi ARG & 25 Giils the PJoesiidg vallbfdatingldiffisicn B8O wft8OH has
I ndicating that the criterion has been nmet for readout
been refet] Withcharget 82 2n on off statedagshbefout rradopof therphoto-generated

charg | RGPS thophPissdetR SH- AR RLPEEFTRB CihreRyl Gon
photo{ijg%_%g;ﬂﬁlblut iﬁ'ﬁ?ﬁgﬁ% ?J?nl’l.{sg)rno%%ﬁ)rnr 290 i ger?n@;?%f [88fo-Geherated charge.

Y- OW nner . nmplicity,
readout of a single pixel cell is described bel ow, and
[008SRAOUAEf reatibuthdxe], arl Whch thaRSajEnalié Mgleur $X signal is pulsed
simlarly. FIG 11 depicts an exenplary timng, di.agram
high tb @auseethd dransist gates3(f sceturn @i thggrnsier @3nsistes, 2%27(2"1% &h¢

LS i B A AR B By i
regiorf‘%%@. Prssi98 o%%p%nE%%@§$ a9phbhegéaealBstge is

ansi stor. en RS si gnal i gh, a reset signal

transférse PEbELFinhE G phorstodg32heo fanen@diffisior fegiore32@. When
transistor to turn on to reset the floating i&fgﬁjjon
transfereggico 306 30intan vl datapaarpteniéal bexiar hehyeen ginpad ghoggetiode 320

and 053 G e tr PR et G RhEARAT B 1378 Woves o
| ﬂoaﬂn@&fﬁﬁ?ﬁtr Yoh!BGE ORcd AR P&t ishehrdfelicdSbbatifg difusisi¥ region
15 app Fed®to the gate of the source foll ower

330, thears kigh@lrpas@k @uileng current that passes through the
row select transistor to readout circuitry. The
readout circuitry connects the current to a

[00§8] t ag¥iidveiot siganl high, thephotpweneatehehargs 187k on floating

diffussstopinl FeRahi Fomy Brereo iy S Bs (R bRt o
controltRe SRt Passing through row select transistor to readout circuitry. The
readout circuitry connects the current to a voltage level V,, at the input to S/H 896. A
sample and hold signal (SHS) signal is also pulsed high to cause S/H 896 to store V.,
indicating the quantity of photo-generated charge 1072 from the photodiode 320.

When readout of V,, is completed, the RS and SHS signals transition to low.

[0090] Referring to FIG. 8, for readout CDS is performed and a differential
signal (V,e, — V,1) is produced by differential amplifier (AMP) 887 for each pixel. It
should be noted that for the CDS operation, V,, is representative of the reset voltage,
V,,, on the floating diffusion region 330, and not photo-generated charge. The
differential signal is amplified and digitized by analog to digital converter (ADC) 898.
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transition to low [0087] FIG 12B shows the potenti al
well of floating diffusion 330 after it has been
WO e@spe@8 t h the reset gate in an off state, apdI/bsf004/¢20930
readout of the photo-generated charge 1072 on the
phot odi ode 320. There is photo -generated charge 1072
on phot odi ode 320, but floating diffusion region 330
The andognptigivd comotrer §8enapbe bhaligized poBBjigtls & an image
reagggt of Vpc2and .vvh;ln the RS signal is high, a TX
processpppdy Whichhigrmsg dishidl [PE8Eause the transfer gate 306
to turn on the transfer transistor, allow ng the photo
ner fil hegeo
e R e e e S o
inventid€ ipdtidinig the QRIS thag emaI§shof Bi@el\ds dhwtackaenerally in
is transferred from pinned photodi ode 320 to floating . .
FIG. 1 .f Aurpesssereised sgssom Mdanis eremBlrer 0@%\%&3@@?@&4&%@2 circuits

e S ER AT R Bt e ol
include QEIESLRP S/ sRROL Qngeh ,s?érﬁ,gs:%%ﬁfi’é’rgﬁm%%@ Vi SrchRle navigation,

floati'ng di'ffusion redion . Once the charge is

video phansfsarvefithnico sfstan] aurg fdedsf syrstenn) stae graoker3FErent, meotioh
signal passes to |ow. [0089] Wth the RS signal hi&h,

detectigresystean,omage seabiization fustefa, and datgrrompsasianysydient-uNogbly,
region, 330 is applied to the.gate 308.0f the soyrce

the prpSRrGRPo ST ee T BomaritiRatehy Pt hEadditEaS for

medich QI FOW a8 _%h&@s_tcobésa&sj?]iﬂtc‘aﬁlc}é%. readout circuitry.
ThV readout circuitry connects the current to a

vol tage | evel Vpcl at the input to S/H 896. A sanple
[0022H hobgreiqgsat b{s&HS)stan givalcxarspll s mpphsedyshighgerrally

cause S/H 896 to stare Vpcl, indicating, the quantify
compries BEREal RfeReRESHIE ﬁ%?ﬁ’g 183425450 Ah & HEBHOCEIPH Bt

320, en r t [N : n
cormFRas U RN RLNREIO) B RRSpter s BN SiBh0s
imagef 888! RARAUSrof&:si % ARt QufBet o Lpidélf drRfyeflbd abmehgiadtes
(Vpc?- Vpcl) is produced by differential anplifier
with thAKIDU 8814faver bash3p2xdhe procestotiated eyston d$18hdto iholudes

the CDS operajion, Vpc2is representative of .the reset
randogqCEydNcay, EISIRES aat vy 1Brlrea SFERbsaGHGHcostch as 2

ﬂoppya(ﬂg( Afbe P5P% 9ng %rk%wa%gdﬁig ?&%R(SM drive 1316, which also
communicate with CPU 1314 over the bus 1352. The CMOS imager 888 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.

[0093] While the invention has been described in detail in connection with
preferred embodiments known at the time, it should be readily understood that the
invention is not limited to the disclosed embodiments. Rather, the invention can be
modified to incorporate any number of variations, alterations, substitutions or
equivalent arrangements not heretofore described, but which are commensurate with

the spirit and scope of the invention.
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differential signal is anplified and digitized by

analog to digital converter (ADC) 898. The analog to
wale@sed73gonverter 898 supplies the digitized PCREB2004/020930
signals to an i mage processor 889 which forns a
digital image. [0091] A processor-based system 1313
according to an enbodi nent of the invention, including
the CMOS i mage sensor 88GILANIMSG 8, is illustrated
generally in FIG 13. A processor-based system 1313 is
exenpl ary of a systemhaving digital circuits that
coul Whanh| daimednonepmngbdesired te B provectssury beliterg Patent of the
lLimting, such a system could include a conputer
g§£%€ﬁ?'canera system scanner, machine vision
vehi cl e navi gati on, video phone, surveillance system
aptadleemsomyeki@g Star tracker system notion
det'ection system image stabilization system and data
conpression system Notably, the processor-based
sy §tse pho8%-8omwysibe deuict itleatl gentsatessdharge; i n caner a
systens for nedical devices, such as endoscopes or

pill canmeras. [0092 rogcessor-based system for

Charone Phoco T ar by B Gy T osR AP Gos

central processing unit (CPU) 1314, such as a

. _ . : . t put

(IO QGRS Sy VA R ok ot DAt
gener®88 bywht €ifstplcoituand sacorddmgdowsignis xlivatiagphxgle

array, also communicates with the CPU 1314 over bus
generatgd by tirth seqanelcdayissr - based syst em 1313 al so i ncl udes

random accessnenory (RAM 1311, and may i ncl ude

» DR SR AP v o OOty s 4

pinne&%’i@%ﬂiﬁ&é.e with CPU 1314 over the bus 1352. The CMOS
I mger 888 nay be conbined with a processor, such as a
CPU, digital signal processor, or mcroprocessor, wth

3. oThwipidebutll ofduiny 1 swoemgetherfirat ghotgh eorivatsegy devdek is one

circuit or on a different chip than the processor.

of an [ip@Ygiodpls-@ R RO EHE o A FRE FAOEHIgES ] PBop Bt and o
il _1n connection with preferred enbodi nents known
phou%?ﬁ@%%o%ine’ it should be readily understood that the
invention is not limted to the disclosed enbodi nents.

4. REthbB@ixel tdlEof ¢1¥@0l | $hceanthesecond photo-conversion device is a

Unite

floating diffusion region.

5. The pixel cell of claim 1, wherein the second photo-conversion device is a

pinned photodiode.

6. The pixel cell of claim 5, wherein the first photo-conversion device is a
pinned photodiode, and wherein the second photo-conversion device has a

higher pinning voltage than the first photo-conversion device.

7. 'The pixel cell of claim 1, wherein the second photo-conversion device is
one of an np photodiode, a pnp photodiode, an npn photodiode, a photogate,

and a photoconductor.

22



nodi fied to incorporate any nunber of variations,
al terations, substitutions or equival ent arrangenents
woodosies7et of ore descri bed, but which are conmMePGIIUS1064/020930
with the spirit and scope of the invention.CLAl M5 Wat
is clained as new and desired to be protected by
Letters Patent of the United States is: 1. A pixel
8. c®ht powhpell of dgim 3, further cpmprisingontrarsistonhaieng & gatchat

. generates charge; a secqnd phato-.caonversion devi.ce
adjacepih 3¢ Uaie iF BHSS EHAEEON SRCH BT 1B FE Y97t one
r.ovV : : :
of R {584 6 LRt ShNRLA YL 62LL G0, 8¢ B

for tradlstPdhS phbh- %@idr_ﬁk@d%ﬁ@f@&o&ﬁﬂ eéainelcbHiytotdogvasivandkvice.
device. 2. The pixel cell of claim1, wherein the

first photo-conversion device is a pinned photaodiode.
9. 3Tha ipixeprolbpf aim Sowhetein thelsccomd PRPIP-EPRVCLSIPR HeFRbiSo
. _-conversion device i.s one .of .an hot odi ode, .a pn
adiacc oo ARG EHE PGt DrEAS the PR, Rt PRkt Y the
ﬁrstpﬂﬁﬁ;-g&ﬂrégsg&ﬁ Egvicé. The pixel cell of claim1, wherein
the second phot o-conversion device is a floating
di ffusion region. 5. The pixel cell of claima1,
10. witae gixe] tdboSdaion8, furtton compyising codoptel/welbin theasubsmated
phot odi ode. 6. The pixel cell of claim5, wherein the

belowf thegtansiser@atG onver si on device is a pinned phot odi ode,
and wherein the second photo-conversi on device has a

higher pinni Vol t I - rSi
L s R S
substragcond phot o- conversi on device is one of an np
phot odi ode, a pnp phot odi ode, an npn phot odi ode, a
phot ogat e,
12. The pixel cell of claim 11, wherein the second photo-conversion device is

in the doped well.

13. The pixel cell of claim 11, wherein the first photo-conversion device is

not in the doped well.

14. The pixel cell of claim 11, wherein the second photo-conversion device is

not in the doped well.

15. 'The pixel cell of claim 14, wherein there is a doped well between the first

and second photo-conversion devices.

16. The pixel cell of claim 1, further comprising a gate of transistor
electrically connected to the second photo-conversion device, wherein the

transistor is an output source follower transistor.
17. A pixel cell comprising:

a first gate structure that controls an output signal;
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and a phot oconductor.8. The pixel cell of claim1,
further conprising a transistor having a gate adjacent
W o0osioes788 r st phot o- conver si on devi ce, wher ei NnPCTYES2004/020930

first transistor is one of a shutter transistor for
determining an integration tine or a transfer
transistor for transferring photo-generated charge to
t hfrss expiondl op h stiostraco thee isdepeddevgensratg chatige ipirsspPREEld

) of claim@8, wherejn the second photo .-conversion i

light, wheieie thesfirgbfoga@ints ooty YFP%H%&%‘? & ﬂ@f‘aﬁrét &l Sg‘?fc‘e}“@’
side of the transistor gate opposite to the first
phot Q- L i ' . ' aim
G e REMBR e ARMLEE il FRRARO MRl b L

resporf8h@Wghhe transistor gate. 11. The pixel cell of claim
1, further conprising at |east one doped well in the
substrate. 12. The pixel cell of claim1l1l, wherein the
sesundd ghts srusoweahst emntedy Feasse gﬁlﬁfﬁ%%ﬁ ¢ figgopd
13. The pixel cell of claim11l, wherein the first

and firsh 5386008 onver si on device is not in the doped well. 14.
The pixel cell of claim11l, wherein the second

18. PEH& BE&PEHP&S&Q& U2 W B&eirSatl18st bAc iehdlppedndvetdondls.

The pixel cell of claim 14, wherein there is a doped

regiond@s h phaiedgdrotbdiedti r st and second phot o- conversion
devices. 16. The pixel cell of claim1, further

conprising a gate_of fransistor electrically connected
19. {3he Rixch bt BRL & EBT#FEr BeHURHI e SRRt TR BPRE o
transi stor .is an output source follower transistor.
Secon‘i‘ffmiu%f")l(téllty}%%ll conprising: a first gate structure
that controls an output signal;a first region of a

20. STRE bi@! Ecll HAdlains 1 AoRhercirolgaresad garhaugart is ovspbase
to light, V\herei_n't’hef.irst regionis )
shuttee|teosistor#bt deormipdngdn infeghsionitinge og atteansier tensipter for

transferring photo-generated charge to the first region.

21. The pixel cell of claim 17, further comprising a doped well of a first
conductivity type in the substrate, wherein the first region is formed in the

doped well.

22. The pixel cell of claim 17, wherein the first region is adjacent to the
second gate structure and on a side of the second gate structure opposite to the

first region.
23. A pixel cell comprising:
a pinned photodiode that generates charge in response to light;

a doped region of a substrate that generates charge in response to light

and receives charge transferred from the pinned photodiode; and ‘

a second gate of a second transistor electrically connected to the doped
region.
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a second region of the substrate that is doped to
generate charge in response to |ight; a second gate

w@reoaooarse t hat controls charge transfer betweRCI/tiEm®04/020930

second and first regions. 18. The pixel cell of claim

17, wherein at |east one of the first and second

regions is a pinned photodi ode. 19. The pixel cell of

24. Q’Lpi'xﬁl dell, contisrishgr the first region is a doped region

of a second conductivity type. 20. The pi xel cell of

claim 17, wherein the second gate structure is_one of

a fantpinard pharasfiadehat generaica thrgeny "SIhorH By PERY on

time or a transfer transistor for transferring photo

-generate r f.] '9ﬁnn ; ipdxel

@gq%ISt %%e @? g%r}naltg%‘sisgﬁ a}cc%:l%ﬁépﬁegi%lg a g% 8 ggﬂﬁv\glsl ‘of a

first conductivity type in the substrate, wherein die

fd deSbnd pRHrRA fpilﬁ)tif)@ibﬂe dhitrpeicateophadzaal lespaie tatight

pi xel cell of claim17, wherein die first region is
and readjiagehnrgearatséersscioon hadestainngd pherogipfic ﬁg‘é si de of

di e second gate structure opposite to the first

regi on.. 23. i xel, cel.l copmrising.: '

oo o Qlaetan sPavas” SRaaLY BondteldRPthe serond
dopet,degion of a substrate diat generates charge in
sponse to light and receives charge transferred from

t he pi nned phot odi ode; and a second gate of a second
25. tARNBhgE sunset emhpiisiagl y connected to the doped
region.24. A pixel cell conmprising: a first pinned

phot odi ode t hat generates charge.in respgnse tgo |ight;
e st ol ol B s S PR S ST OPB e
first pinned photodi ode;

a first photo-conversion device for generating charge;

)

pinnc g

a second photo-conversion device for generating charge; and

readout circuitry that provides first readout signals indicating
charge generated by the first photo-conversion device and second readout signals

indicating charge generated by the second photo-conversion device.

26. The image sensor of claim 25, wherein the first photo-conversion device
is one of an np photodiode, a pnp photodiode, an npn photodiode, a photogate,

and a photoconductor.

27. The image sensor of claim 25, wherein the second photo-conversion
device is one of an np photodiode, a pnp photodiode, an npn photodiode, a

photogate, and a photoconductor.

28. The image sensor of claim 25, wherein the first photo-conversion device

is a pinned photodiode.

29. The image sensor of claim 25, wherein the second photo-conversion

device is a floating diffusion region.
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a second pinned photodi ode that generates charge in
response to |ight and receiving charge transferred
w0 e@s00d188 fi r st pi nned phot odi ode; and a seconPCES®04620930
a second transistor electrically connected to the
second pi nned phot odi ode. 25. An inage sensor
conprising: an array of pixel cells, wherein at | east
30. tTe hage! seaedd of cbam2 & onfpartinethe aeddndsphoto-conversion
phot o- conversi on device for generating charge; a
devicege e pithegrfiasodiodver si on devi ce for generating charge;
and readout circuitry that provides first readout
t.gnal s i ndi catd char t ot devi
31. Sﬂg‘? BESer e %f{ngl]agglv%@evglgcr{ gﬁg@ cE:: gﬁﬁ}gﬁg oélz}t% Véﬂisgalaclleg <

is a pitufld] SIS doBfbde h QS HERAR IR &dohyl phbeo-sesaison device has a
phot'o- conversion device. 26. The inmage sensor of claim

highe2Gnnidgevcdiage tthen flierfst phetoecayasisddicdevi ce is one
of an np phot odi ode, a pnp phot odi ode, an npn

phot odi ode, a t.ogat e nd a_ phat ocondu r. 24 _.The
32. PR nsneir ot R o S e PR R e B B g anfor
: -C | Qe SE di i RPAABRE 4lbRdef 2 a
“h“xgggggﬁﬁgggﬁgggiagﬁ%%%%§S §?%3?g%%Fqgcphotogate, andaa
shuttc RRh OISR doicd @Ermi8ng ThentegRGOnTEMS or a afansfeaimmd§or for
wherein the first photo -conversion device. is a pinned

transfighiogqdicsogeneatedrthargartydicssaert PBPLCFRRYFPS dGHES-ei n

t he second phot o-conversion device is a floating

33. S\jl; é; glﬁhg{' Wrgg rle(%)fgﬂ%gb ﬁg h\gf_ llgﬁtgﬁless%ggﬁi gﬂéto%(%\;&s%gh

t nversion device 1s a pinned

devicdf %Hggé&%- the randi ri RIS B 6A 8 QIdcQlf thb alambidtdr geker ei n
dré Tirst phot o- conver si on device is a pinned
opposleabatlt e phapscahraireion dévieesecond phot o- conver si on
devi ce has a higher pinning voltage than the first
hot o- conver si on device .
34. pThe image sensor of claim 32, further comprising a doped well in the

substrate below the transistor gate.

35. The image sensor of claim 25, further comprising at least one doped well

in the substrate.

36. The image sensor of claim 35, wherein the second photo-conversion

device is in the doped well.

37. The image sensor of claim 35, wherein the first photo-conversion device

is not in the doped well.

38. The image sensor of claim 35, wherein the second photo-conversion

device is not in the doped well.

39. The image sensor of claim 38, wherein there is a doped well between the

first and second photo-conversion devices.
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32. The image sensor of claim25, further conprising a
gate of a transistor adjacent to the first
w@b@soe@senver si on devi ce, wherein the transi stPCT/US20041620930
of a shutter transistor for determ ning an integration
time or a transfer transistor for transferring. photo
-generated charge to die second photo -conversion
40. dEN¢ TBagc3@nsdine dlaimg2s ,semsein thE at lasntvappixahestle v tagre

second phot o-conversi on_device Hf aglacent tg di e

compriseangite Obp tasistos siecairally spamecssd B Hie sesard BPBTO-gat e

opposite to the first.. 0, - ' ' :
convelB B finicse "Dshidn b PAbEREkGy SRRHFRPL KRN @ transtor
doped well in the substrate below die transistor gate.
41. 3Phe Thsed RS SRAGAT 28 fuethal Bobrisihgicbhen! ciecyitry shatg
at | east one doped well in the substrate. 36, The.
applics nageerpaneacaddutcigiats Bom thaseesingd phatoswayprgion devices
,tﬁhoto-ponyersion device is in die dqgﬁd ll”%%{' The
until thegEEerions shetotnd PR CrGHOPdS MeH@UpTS B RS
.__.-conversho ' I ' . The
circuit QO BRI e Y rifeaig 1 Bhra b o APRE Ihfist phdfd
conveRi9l Qevg@3ver sion device is not in the doped well. 39.
The i mage sensor of claim 38, wherein there is a doped
wel | between die first and second photo-conyersjon
42. dEhe desga@nsahel daiay2d sandisr comperiagromslatethderbls t he

at t two pixel cells ther .conprise a gate of a
SamecDrgaJr@Séi gFew E]il"}ripc?éﬁ%f“?sgz%@gg@&of% t he second
phot oconver si on device, wherein the transistor is an

43.0%9_11{1&},%?&55&&;1@30%[@& .ansi stor. 41. The inmage

sensor “of "claim 25, further conprising contro
circuitry that applies a criterion to readout signals
f 1 pharhlivg ofpixeh delphothoran avieasiteo plealiccBscaghtdomprise:
criterion is net, and when the criterion is net,

causes the readout circuitry to provide signals
ndi cat FF ERHAGE gE LR by A8 AUl

phot oconver si on
a first region of a substrate that is doped to generate charge in

response to light, wherein the first region is electrically connected to the first

gate structure;

a second region of a substrate that is doped to generate charge in

response to light;

a second gate structure that controls charge transfer between the

second and first regions.
44. A processor system, comprising:
a processor;

an image sensor coupled to the processor, the image sensor comprising an

array of pixel cells, wherein at least two of the pixel cells each comprise:
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devices. 42. The inmage sensor of claim 25, further
conprising correl ated double sanpling (CDS) circuitry

wao bas/opesg or s CDS operations. 43. An array of P@i/x81004/020930
cells conprising: a plurality of pixel cells, wherein
at |l east two pixel cells each conprise: a first gate
structure that controls an output signal; a first
r egi o ffst photdbsdrvatsiont daticd thatl gpedtates changer at e char ge
in response to light, wherein the first region is
electrically connected to the f.irst gate ﬁtructure; a

second $96gndRheFo-ORYFEEPR JeWct At SeaCRST SIS §8%er at e

charge in response to light; a second gate structure

that control érc%%%r Q%t Ef&ﬂéésq{rspﬁta&@@"sié@ﬂs sREQRdgand

first T8 rons.” rocessor system conprising: a
chargep%éi‘fé?ﬁ:@@ by tB8 firdFRphorS-eoaRirsion Wevied ahd sédumdprcad@ssignals

the i mage sensor conprising an array of pixel cells,
indicatihe chinge afent st by the sstondphpiokepnvessior deves; and

conprise:a first photo -conversion device that

gener agtes charge; g. secand. phot 0- gonver si eyj.ce

CFR g SR A CLE ritisaa B PLaHBanon JEott RotF it

CRYLAES Sl 1i1$h8 0AtSionNenfd! ADwhbAtise

Sccomggﬁé{roa?(z%\%s@%ﬁéﬁ |ﬂg¥ phot o- clorrllver sion device and
criteri& 8 §OMEt, faaske the sdagoat sirduity caprogde ligngle inylicasingt durgsy

t he second phot o-conversion device; and control

generated byithe firtiplotersphyession devicter i on to readout signal s
fromthe second photo-conversion devices until the

[teri [ t, d iteri f
45. (e o Bho- et S E o B B bE NG e

comp%ﬁ:gitcgﬁtcia@&i 4HEb18898RES BLE® ) Rt ctits dhf férforms CDS

-conver si on devi ces.
operations.

46. An integrated circuit comprising:
a substrate;

an array of pixel cells at a surface of the substrate, wherein at least one of
the pixel cells comprises a first photo-conversion device that generates charge, a
second photo-conversion device that generates charge, and readout circuitry that
provides first readout signals indicating charge generated by the first photo-
conversion device and second readout signals indicating charge generated by the

second photo-conversion device; and

control circuitry that applies a criterion to readout signals from the
second photo-conversion devices until the criterion is met, and when the
criterion is met, causes the readout circuitry to provide signals indicating charge

generated by the first photo-conversion devices.

47. The integrated circuit of claim 46, further comprising correlated double
sampling (CDS) circuitry that performs CDS operations.
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45. The processor system of claim44, wherein the
i mge sensor further conprises correl ated doubl e
W@ 20051006788 (CDS) circuitry that perforns CDS opRCHUSZINE020930

46. An integrated circuit conprising: a substrate; an
array of pixel cells at a surface of the substrate,
wherein at |east one of the pixel cells conprises a

48. fA hedthed of foradny aridrelahe cacthhdicogymisingt es charge, a
second photo -conversion device that generates charge,
and readqut circuitry that .prqvides first readout
dogntngsa I PREG-RYNVERPY 36 E«;]g}agtggaergy:st BIE% ¢ st
phot oconver si on devi ce and second readout signals
i ndi | PR charge; and
ﬁﬁgP%g%%%%8??&%%E%g§?§g§bgg§p%gE?%b Sircuitr% t hat
applies a criterion to readout signals fromthe second
pheihare falehstiamite vhagsovided first tradont signilomdicatimgt ,
and when the criterion is net, causes the readout 6

chargegemmated Pytthe frsicsisc and setand ssafeu SigRpleingicgang charge

enerated by .the. first photo-conversion devices. 47.
gencragFﬁ‘é%Vﬁt‘%&CQfY‘ngé&’}cfcui t of claim46, further conprising

correl ated double sanpling (CDS) circuitry that
49. PER{ e‘Eﬁ?cli:Qfscl‘QBﬁ 4Rt PRIl Bhe AvtBFEHOGingftht Giiphdte-
cell,

pi xe the mef hod conpri si ng: formng a first
conveplidt dedanumnpiies foeningenchatanggnphetodéodshamg®; f or mi ng
a second photo-conversjon device that generates

photodissiegan npRPhOSPHPAE, & BRRIGERC: ARE B “Wovi des

first readout signals indicating charge generated by
t first . deyj n ~ lLapalsscdadbisdbl ng
s0. 406 A b EPLREE A0S RASERE A Bimalang et
conveRiorf H&ieR &SnpMhe 8iinghtheasitanoip photodigd, enpi r st
phot oconver si on devi ce conprises form ng one of an np

photopimteg di age, plovtpdiodphophdiogdes, 204 aphetpiidvdidde, a
phot ogat e, and a phot oconduct or.

51. The method of claim 48, wherein the act of forming the first photo-

conversion device comprises a pinned photodiode. |

52. The method of claim 48, wherein the act of forming the second photo-

conversion device comprises forming a floating diffusion region.

53. The method of claim 48, wherein the act of forming the second photo-

!

conversion device comprises forming a pinned photodiode.

54. The method of claim 53, wherein the act of forming the first photo-
conversion device comprises forming a pinned photodiode, and further
comprising setting a pinning voltage for the second photo-conversion device

higher than a pinning voltage for the first photo-conversion device.

55. The method of claim 48, further comprising forming a gate of a transistor
adjacent to the first photo-conversion device, wherein the act of forming the

transistor gate comprises forming the gate of one of a shutter transistor for
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50. The nmethod of claim48, wherein the act of formng
t he second phot oconversi on device conprises formng
woer@s0667a np phot odi ode, a pnp phot odi ode, anPEPNS2004/020930
phot odi ode, a photogate, and a photoconductor. 51. The
met hod of claim48, wherein the act of formng the
first photoconversion device conprises a pinned
deternfihigonh ndegratén tifteeome trandentransisadmios grangieenieg phetoe
act of form ng thg %gcond hqt oconver si on devi ce
generageshphirge &0 £ FeABd RIPIGSPRHESIOR £EYSSon region. 53. The
nmet hod of claim48, wherein the act of formng the
0 C ; ,
e s s L R R
conveMEr @ivitelddgniises ffrnfing rhagcbhe phiorstopnationakviee si on
device conprises formng a pinned photodi ode, and
adjacehutd thertraorspen sitngnd onta side af PieriFnstdaagRPPBic e
second phot o-conversion device higher than a pinning
ﬁthQQﬁk%%%@$6¥l@Wgﬁfirst phot o- conver si on device. 55. The
met hod of claim 48, further conprising formng a gate
57. OTh@nlHals bpggﬁn 39] AGAN: cbApiiRigl fol@ingPh@bped well of a
-conversion device, wherein the act of formng the
first cdicRRSVEY Bfpedatike swhsprais bdovahritrmsistor ggat.e of one of a
shutter transistor fordetermning an integration tine
or a transfer transistor for transferrin

58. phlee oyeked af @lﬁiné Arér uthes comprisy ﬁémﬁ}&ﬁtg_e%% opedopss
ice 56..T had i m 55, wherein th f
well OE %ﬁh%%an?ﬁ%n\%tggwmt 1 Qbsl@l m erein the act o

cin , . .
d phot'oconver si on devi ce conpri ses
form ng the second photo-conversion device adjacent to

59. U1Re tcANSd 8F SMhingd FBEwhBEEiD thedactiof€o@fingthe bécamsl oo
gate opposite to the first phot o- conver si on devi ce.
conveBion dévicenetnhodses forphiag thé scondmbiose-cobrngssiosi deyick dr g g
a doped well of a first conductivity type in the
dopedsyiglst r at e bel ow t he transi stor gate. 58. The net hod of
claim48, further conprising formng at | east one

60. d‘f@@ pme\e?&!l oPElaftn Bi8! $he AR MCLd W EYrmbivBahE Brdtioto-
substrate.
conversion device comprises forming the first photo-conversion device outside of

the doped well.

61. The method of claim 58, wherein the act of forming the second photo-
conversion device comprises forming the second photo-conversion device

outside of the doped well.

62. The method of claim 58, wherein the act of forming the at least one
doped well comprises forming a doped well between the first and second photo-

conversion devices.

63. The method of claim 48, further comprising forming a gate of a
transistor, the act of forming the transistor gate comprising forming the gate of
an output source follower transistor electrically connected to the second photo-

conversion device.
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59. The nmethod of claimb58, wherein the act of formng
t he second phot oconversi on device conprises formng
wo b@sserend phot o- conversion device in the dopedr/ston4/020930
60. The nmethod of claimb58, wherein the act of formng
the first photo - conversion device conprises formng
the first photo-conversion device outside of the doped
64. WAl theth®dl. of Wperavirtghopixof cetll thaninSBideskiest end stdradapliotof
form ng the secqond phot gconversi on devi ce conpri ses
converemilagcesh resmsEing gHBPB RS nver si on devi ce out si de of
the doped well. 62. The nethod of claimb58, wherein
t . . ' ty: t .
copitafthd B P B e Ry ABLRRG Bible, e
conves£6P Bevibdoh@gonver si on devices. 63. The nethod of
claim48, further conprising formng a gate of a
transistor, the act of formng the transistor gate
cohpinisg ageidutisignal reprefanative ofthounpunt gothaege
follower transistor electricallyconnected to the
gencraEd B R BROPRRIPSOBNCIAR LAVl e o gro”
convc?;ﬁ&'i ALViBYiseREXBine & Bhleet hat includes first and second
phot oconversion devices, the method conpri sing:
generating charge in response to light by first and
65. s@hemiethbdtof chini e ivdrerea the est; ofartdaiohtgaa rdadguasignal
readout signal representative of the anount of charge

represgaEpsiva 06 shoymenet elechsrgr grsrered dyrifereiond RRSIPce whil e

the f,irst phot.o - conversi,on device-is generatin
conveyiay gaVice e RS mHANTYF T ARt Reror Pt B hg
secon@M¥HkSU-BEvasibE/lot. si gnal representative of the

armount of charge generated by the second photo -

conversi on device conprises nonitoring the anount of

66. cvhe gecthed ef atagd Gy fuileer comprising:
at a time for readout of the charge generated by the first photo-

conversion device, resetting the second photo-conversion device to a

predetermined voltage;
reading out the predetermined voltage;

transferring the charge generated by the first photo-conversion device to

the second photo-conversion device by operating a gate of a transistor; and

reading out the charge generated by the first photo-conversion device

from the second photo-conversion device.

67. A method of operating a pixel cell that includes first and second photo-

conversion devices, the method comprising:

comparing a first readout signal from the first photo-conversion device

with a reference voltage; and
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second phot o-conversi on device. 66. The method of
claim64, further conprising: at a tine for readout of
w0 b@sonasgie generated by the first photo - CcOnNRET/EEIN4/020930

devi ce, resetting the second photo-conversion device

to a predeterm ned vol tage; reading out the

predeterm ned vol tage; transferring the charge

gened ahatle byt dfh@nipariy, pbofitnganseessd caddeviigealt o t he

second phot o-conversi on device by operating a gate of
indicaging fighisteseised baile sesanrmioseconrasieRdegEcgener at ed by

the first photo-conversion device fromthe second

68. pRRARnGaRY SpRisRe AR Bt <Pfpr T ARELTen BRI 1 10 2

phot oconver si on devi ces, the nmethod conpri sing:

AindGchardd inSdes cﬁﬂéi@d;l'h ght gtéin id effny Bepifcelr &lls, at
phot o- conversi on devi ce vvlth a reference vol tage;

Jeast tandifabegixohcdls eacttcomprisingiastiang, scepcphdtogcanversiand
readout signal indicating |ight received by the second

devicelhot o - conversi on device. 68. A method of operating an
i mge sensor, the nethod conprising: generating charge

i&bt 3] ﬁa1£ Pe ré&HEaanotftElﬁé"c@ﬂ @g&@a&aeh tgﬂlehelse&ﬁ{d s,

ea t he pi xel cel Is each co si ng first

;ﬁunoaﬂﬂvasm@nﬁwﬁh@to conver si on devi ces; obtalnlng signal s
representative of the charge generated by the second
phot o- conver si on devices; applying a criterion to the
SAPGHARE 2 CHETIIMIDS SIS the criterion is net: and
readi ng out the charge generated by the first

PROLS-EANVERSL B S8YICES: Wignakhe oriterion is met.

reading out the charge generated by the first photo-conversion devices

when the criterion is met.

69. The method of claim 68, wherein the act of applying the criterion
comprises comparing the signals to a reference voltage, and wherein the act of
determining when the criterion is met comprises determining when any one of

the signals is approximately equal to the reference voltage.

70. The method of claim 68, wherein the act of applying the criterion
comprises comparing the signals to a reference voltage, and wherein t he act of
determining when the criterion is met comprises determining when an average

value of the signals is approximately equal to the reference voltage.

71. The method of claim 68, wherein the plurality of pixel cells are part of an
array, wherein the pixel cells are arranged in a plurality of columns and rows,
wherein the act of generating charge comprises generating charge by first and
second photo-conversion devices within each pixel cell of at least two rows, and

wherein the act of monitoring the charge accumulated by the second photo-
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69. The nmethod of claim®68 wherein the act of applying
the criterion conprises conparing the signals to a

WO edosioesTée vol t age, and wherein the act of detRCTUS2004020930

when the criterion is net conprises determ ning when
any one of the signals is approximately equal to the
reference voltage. 70. The nethod of claim 68, wherein
convetdien deticasfcoappisgs nopritoeingrtht ehanga aconpriasabby thrpwcomd
the signals to a reference voltage, and wherein t he
photogeqnvisrsiqiedlefichsfit 9 PiFré felisHa tas pt gﬁ?tdﬂ’q O%et conpri ses
determ ni ng when an average val ue of the signals is
I OXi - The
72. TRE BB SERAE, Wil B PRk B8he foarpe
gener&@H b thE lurality ¥pirdl cally @mpideer ei n the pixel cells
are arranged in a plurality of colums and rows,
wherein the act of generating charge conprises
gemettiagi allopecdrad gbotgyccmemora3@@@@@@@%@@@5@@&@%%
devices within each pixel cell of at |east two rows,

and ,wherei n the,act of ;nonpitoring the chayge
aFRdiRg Ardge Ry C@%%r nRiEgd ¥ aﬂ%% 8‘5’?)??\?5 PETOT ﬁ{ }g%%oé es
conveROPHELRES monitoring the charge accunulated by the
second phot o-conversion devices of all pixel cells in
the at least two rows. 72. The nethod of claim 68,
whrensfeminighthe abbrgefaccemdlangl bytaaf fisshphotvargeegaredetied
by the plurality of pixel cells conprjses. resetting
to theaﬂCFO%(éEg%)*Wéﬂ% ASEFS LHBeBRIE cejf B eRERERSi ned
mﬁsgP%I%%;Gm[quing out the predeterm ned voltage from
& SRS cohanphoto - conversion device; transferring
the charge accunul ated by each first photo-conversion
destigy & dhie Qh&%%@mﬁbﬁ‘té& Bp BY& SisOphVEsitrewidhieviee
sane pixel cell by operating gates of transistors; and
from eashdeoepdphotorernyiasigyederderunul at ed by each fir st
phot o- conver si on device from each second photo
-conver si on devi ce.
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