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invention relates to the field of inaging-devices,
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ENTI ON [ 0003] A typi cal conventi onal’ SNDSir%ﬁﬁg GING
FRR A AR GRS e 3 8- prswisional prtentappiigatiod sqriak ehirbel 66 /483,906 is
ell inelud a_phot o- conver si on devi ce such as,
hcf% e‘?(% Ofaet‘,:cg {'29’ 5 ?f&?‘b%é‘tlés, “B6Poconduct or, or
phot odi ode, for generating and accumnul ati ng phot o-

generated charge FIFLIP@E TEIEONVERPHERI rate of the
array. A readout circuit connected to each pixel cel

-includes _at |east an output transistor, which receives
W&- gerddicaregnt entdes rdatontatitdiuid of ithigini devicag paficularly

] d s ,an _oytput signal that is read-out
to BB DA R GE BF ointinng g omicstElt <ontol yast earrelated
doGbleSainphgglopeiaXighs.Ci rcuit, the three-transistor (3T)

pi xel , contains a photo-conversion device for

suppl yi ng photo-éenerated charge to a diffusion-
regi on; a res@ACKGROIIND QF THEEANVENTI@Ni f f usi on
region; a source follower transistor having a gate

cte . i ffusi eqi on, .for producing an
R s?kg%Cf‘ﬂth’r‘%g&g“O“r%%Qrse‘&agF’f SiFtiuigidesp focal plane array

of pidebedlls v @ayh eelninekides 8 phbe-8WeeSod ALV ONGIch 2R ic’%&:ﬁ{)lc a
to a colum line of a pixel array. Three-trahsistor: ’

phgtagate, pdprasondueobaurphosediots, fougpnerttiaghadatdenulhiighbhoto-

o ro LC). operati.gns. .ALC is. uysed to control the
chg%!é%rc]ltéh&gﬁl 1|9gahﬁ Jgstons é)& ?l%ﬁ supstrate of tgc array. A readout circuit connected
to each pixel cell includes at least an output transistor, which receives photo-generated

charges from a doped diﬂilsic?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 amou_nf 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
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by a pixel cell. In a 3T pixel cell, the charge
accunul ated by a phot o-conversion device nay be read
VO 2¢95/004738 0 resetting the photo-conversion de
a predetermined 1 ~IMM I111IMIMIMLLLILIIIIT] ¥ Cafus2Bos/020030
*000002* WO 2005/ 006738 PCT/ US2004/ 020930 vol t age.
Therefore, ALC operations may determne a tinme for

volfagsel Ghherefares flds oppratioanmay detstmitma gengyfom ecagiond bhsed on the

th t O- ' j d / adj.ust th t
w5 00085 BP0 B0 - 00T A b R e smova
of &@iE fartHer PRALANREDLY thelPhBrGRBhASsioR'RIRRYN 9&pBFft to the charge
phot o- conversi on devicé at a particular tine. 0085ﬁh

presemst drethetphuito lon@kiSniderige at ppraicubmimy.s a
four-transistor (4T) configuration, which is simlar
e 3T canfiqurati Jbut utiljzes a transfer,
B SRS G B By b £l o sitor (4T
coﬁ?ﬁr&i&_@,%ﬁﬁﬁ isAfmfeMoGhe BT @n Adh, BRA Girilib bR G2t transistor
a tloating diffusion region; i a 4T configuration,
to gite changecarrialfloswéomt thaphbst-congationidevice ao aseisiitk hode, typically
t he fl gatjng diffusig&reion._[OOOG] Exenpl ary CMOS _
a fiopuing Hg%é%%gtogz; i é§§8ﬁﬁm§’l°@p &hq aren folloges transistor gate is
Sel-ad i b iR R .Jhe functions of various
COCN[)?Sédeﬁ%gtr?g%?éﬁgg an P%a% r?glhci rcuit are described,
for exanple, in U S Patent No. 6,140,630 to -Rhodes,
[0086] Pat Er¢tmplary CBAG3 tmBgifgtcrciiggascesking stdpaiiestboNand detailed
. 6h310,Bg§'to Rhodes et al., U S Patent No. 6,326,652
descripRABYRkthe functiqnsiof veriaws, CMQH glesents of mhdsing sircuit are

. e , t ) e di I ur es _
et e0imdfl 0.5 8510% 9 TRSD Ml 20LS A o
6,378, B6ERCRhBEESTNS] ParkieNb6. €/310[F¢/r0 RAGAL etAl SENS Bk 1t No.
p top view of a portion of a sem conduct or waf er

vttt Rhedeh 4 -Ai Fryerindo e R a4 tackibedesT apd Xb§. Rasknt No.

i j i xel el |l .100 ney al |
% co%or?gozgﬁgﬁ%'gpgé- éﬁgcr%éseurrm on- e\f’?t%c ﬁ‘fﬁg‘?‘% eﬁeerf:{gﬁ Hﬁ:érporat"d
by etfarepee hereiri BsgRis@iti@yext ernal |ight incident on the
pi xel, and a transfer gate 106 for transferring
32 electric charges fraomthe device 120 to a sensing
[E) g ’ tyéisf £Ip0G 19 y@gwioﬁ‘g portion of a semiconductor wafer fragment

containing one exemplary CMOS 4T pixel cell 100 is shown in FIG. 1. 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'hav'mg a gate
109 for outputting a signal from the source follovﬁ:r transistor to an output.terrnjnal in

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

source follower, and row select transistors. - -



di ffusion-region 110. The floating diffusion region
110 is electrically connected to the gate 108 of an
wat pos/00sTsr ce foll ower transistor. The pixel
al so includes a reset transistor having a gate&ﬁ%%9£4m2mno
for resetting the floating diffusion region 110 to a
predeterm ned vol tage before sensing a signal; and a

[006\8/] sel EIG. B'Iisa:ndiagtamnmhm/i;idg sectipahbvied @ thopixel cell 100 of FIG. 1

h fol |
Pl or oia%ﬂam% Roenititaerplacy SMbIsRixelcl 10gfas a
pm@a' Bitkodib8R 3 the BM:6- Bhfe RS RATS ;zg/. o&;3h iy pﬁ%o%delﬂﬁ is

the reset, ource ower , row se
ad]atcfrﬁl’tSltﬁé ghits. 105 2 &&Wrﬁ%ﬁiieoﬂ?ﬁﬂ RISAG04/PI281B8ction comprising
[0008] FIG 2 is a diagrammtic_ side sectional view of
2 P-BiRe Spifacs) layes 12 3140l a5 niyms, photediasls ragiond 22 wishin 2p-rypes
sub&ﬂ@@f n FlIG 2, the exenplary CMOS pi xel cell 100 has
a plnned phot odi ode as the photo-conversion device
120. Pinned photodi ode 120 is adjacent to' the gate

[0D0&]of &n thaaMOS pixdiasl $00depitteRSFIGR1Nmfd 2, free electrons are
construction conpr|3|ng a p-type surface Iayer 123
gengmtedahy mcidgpeli gtrrow!oncs@@uhég i el Bypsi Hhmtﬂdladp regipe 122. This

phofBRACHE e PRl B ARuRlffing Repion 110 when gue

106088V ed a8 tha Gh e r@)tn thie #RinsRASraRGSHSPUITRE Sotifde tMfower transistor
n-type phot odi ode region 122. This photo-generated

pr Od;lhf&ﬁ ge ougputrsigret Gpmethettoansfrercd dargaig rdipiohss totheregiaga level
g when ?ﬁg 106 receives a signal that turns on the
“Iﬁ%ﬁ:%%%ﬂ: nsistor. The source' follower transistor
produces an output signal fromthe transferred charge

[00107€s pq?g&anT@ ak RRowRlid 796 J %)‘ﬁ%cd ﬁlﬁﬁ@lﬂb@l@ 199 i@ é{;?osed to

108. ically, as sRown pl nne
cxtc@h’ét F,cfeerq%cqi byexrpw dd7t @ﬂwmmﬂs ¢f pgxr.tl cell 100 are shielded

fror BBRE TOLEMIL RS BB BECAS1 SRl Rt abBre Bymsd
phoi®diode 13y aFc %rg&auﬁt&ﬂ :ﬁ%ﬂ%{gﬁﬂxcme\éecomﬁm&q 185 and a

phot odi ode 1 are typically transparent and
micraiemsukfO. aCQDVQJmofllal 1016131 Ctﬁaoé)rmaﬁ alsmm:hniceasmcﬂagcrs formed over

subiigt 101 il ngRodne TEhiswteR o ohisbng e et ioBd® croor

showd§h as insul ating and paSS|vat|on | ayers (not

[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-d
pixel image signal, V., is read out via the source follower gate 108. The two values,
-V, and Voo, are subtracted thereby rcduéing noise. Additionally, 4T pixél cell 100
provides lower dark current, which also rc_duécs.noise. Accordingly, in a conventional

pixel cell 100, because the transfer gate 106 gates the flow of photo-generated charge
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shown). [0011] The 4T configuration of FIGS. 1 and 2
provi des-advant ages over the 3T configuration. For
eweargpdsmoePs xel cell 100 is capabl e of supporti
correl ated double sanpling (CDS) to reduce noinlg:ewgl%zg04/020930
obtain a nore accurate pixel signal. For CDS, the
predeterm ned voltage to which floating diffusion
frofredieqpinddDplsarndiodk 4 2@atoecht GBatiag Miffidiomottigich Pl&ahd, therefore, to
reset. signal_ VCSt. Then, photo-generated charge from i
reagdpRR e PELbY GG RO 9 gead auRtp@gnergted ehargeyithout altering
di;f fUsjon. [ p ' fer.
eh b b S BidopAEkaca PP BhorBR, B 310 sl gy St o
colv@iiofalf 41 pixeedellgat e 108. The two val ues, Wrs, and
Vpcl, are subtracted thereby reducing noise.
Additionally, 4T pixel cell 100  provides |ower dark N
[O0d2ént , Inwped bsjagdgantagerusdorhsive inpraved tenbmidues fprmgasuring

i ] ' . pi_xel |. b : fer
PSP Bhenc Rl Fo BT L SRR SENES: S008I L yeqigy oo
foudQoaIsRHY 38 PCT/ 1JS2004/ 020930 fromthe pinned

phot odi ode 120 to the floating diffusion region 110

and, therefore, to readout circuitry, it is not

possi bl e to EFIERIUMMARGEHRTHE QiNt hout

altering the charge on pinned phot odi ode 120.

Lef or L il.y used,w.th a,conyent] onal .
(AT el Bt s B ERCA P BREeRr) RUE B RRhE g forming
pidclBEIB\REL ih€686 Hid! BRotEorfRAG o dBEicesPiSkBAratd Sldpuk SI6BAIS can be
“particularly for 4T pixel cells and other pixél céell
reagaouitrigr thecatoedevides,rmalfipg it possibld ot ad ouBHREE#s SUMMORY to
de & THE LI\I\/EN‘I’Ié)\I FQOl f_Errbo i ments of the invention
CEFBVR BT Kefc2C &Ff SERRAY TR0 AoUS™ST: for mi ng - pi xel
cells that include two photo-conversion devices.
[Sepa at e Banbdelithesis @ ahs irveftibe alsb a6ki@dihn ifigd H@sbMmprising
devices, making it possible to read out signals from
an gy 106 pPrgbecdls Andedivl el of theadraguitdéagnals pinebaglisied the array
eadl D& hins coaoéds'l l%{gpcctl)inr\;grr})}osn c(i)cfviécl}g | OYeeid | on}gal 20 h
B OV BR Hh e HRE O SR P R PP PR E ARG FaRT8Hr2 R photo-
cofi@drkidn d@¥ide RirgRheaibphefge! Bed &aidkt cifiuitrP &t rehBg out signals
. pixel cells of the arra%r
. indicating charge generated by the first photo-conversion device and signals 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 rcadouf of pixel cell of the

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



10

15

20

each conprise a first photo-conversion device for
generating charge, a second photo- conversion device
for generating charge, and readout circuitry for
readi ng out signals indicating charge generated by

the first photo-conversion device and signals

i ndicating charge generated by the photo-conversion
second device. There is also circuitry for nonitoring,
t he Atfgeensl Rlwherenvemsioydevice witlin adip celb-atlows bpti aytomatic
devices, which may or may not be part of the inmage
ligltresotrol (AdgOrapid vgrieatednivobiersemping (CIDH)eopenatemsi ddditionally an
charge generated by the second photo-conversion

iA8)¢l sefsor iefplind Qﬁaﬁb&w‘gﬁm béltactddingue lehidboaiinents diithe
second photo-conversion devices. Atinme for readout of

- Ni r [ d on the sanpl ed
Hg)gﬁt?%ng@gb E?&élﬁg!&g g c%{c}id@%% lg?%l-ggﬁrﬁs\'/er sion devices. 4 A
second photo-gconver si o V| W Ehin. a pixel ..cel

1 otoReneiRgiae Pl relEbEend Bl Pl BpSigB8 that generates
correl ated doubl e sappling (CDS) operatigns. .

chgias:ta sseend Rinagd phosediedetbatgsnerales chYER g Urshiramsistordyetween the
pi xel cells according to enbodi ments of the invention
finsi pngp egcbod pinaedCphotddiods fop rresferoing chgge gennsated by the first pinned
enbodi nent, a pixel cell includes a first pinned

phtrotiode adthe sbrnd péred phew dicdbpargaradous eicariuly fiahpexyides first
phot odi ode t hat generates charge; a first transistor

réb%%W@aﬁﬁ%dicﬁﬂ%ﬁ@&ha?é%e%@ﬁ%do)Pthé‘ fiedl pifhel pHbedRYe fd second

transferring charge generated by the first pinned

r$a|§§\gtgs?én%jsqnhfaat{i%clfaﬁée?&%s%itﬁ&ﬁ%&h? Q&toﬁg 'pﬁﬁll%g 8ﬂ5‘t‘3diode.

rea “Circeul Irst “readout signals
phot S8 FRIBErERP LR ANr A3 SIS g el oy tha

charge generated by the second, pi nne hot odi ode.
gepRsRtEe FhaERH BEsRONES toighthaciecend ﬁn??ﬁ’cﬂq\?g%g"% thit geerales charge
pi nned phot odi ode that generates charge _in response .

it cesporgphttq lightswd sentivsis shage phutfoado@iemithafirsypinaedplefodiode; a
charge 1in response to |light and receives charge

firstansistor eshfledim thé first and secpndipindedpluitodipdebefpr mansférring charge
transi stor coupled to the first and second pi nned

g?ﬁé}ﬁl‘ég QYRS fifsPpinhERPRItEdibANGD thOScoRd pinne® pRstadiede;yd a gate of
e fir8t pinned photodi ode to the second pi nned

a?sggc%rﬁlgiraon tor gg'g;lwlgd gamhe ﬁ%%{og(cij ?g%g& BR&tolifoaEsi stor coupl ed

secon nned p I n anot her
ggF Fj.{l Trigthér e%%gd}%g& A {]rr?aogré sizr?s%lr Pn%?usdesa h 8 yagf Ig)lg(elpcieﬁgl
wherein at least two pixel cells each comprise a first pinned photodiode that generates
charge; a second pinned photodiode that generates charge; a first transistor between the
first and second pinned photodiodes for transferring charge generated by the first pinned
photodiode to the second pinned photodiode; and readout circuitry that provides first

readout signals indicating charge generated by the first pinned photodiode and second

readout signals indicating charge generated by the second pinned photodiode.
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wherein at |east two pixel cells each conprise a first
pi nned phot odi ode that generates charge; a second

pi nned phot odi ode that generates charge; a first

transi stor between the 20 first and second pinned
phot odi odes for transferring charge generated by the
first pinned photodiode to the second pi nned
phot odi ode; and readout circuitry that provides first

r ead 8§t angithas gmbopiegné iy 3 prgcesserrsytegidhatrigelades A propessor; an
first pinned photodi ode and second readout signals
imagti sevdor ngupd bditogthe gewessat, dbk imyage lsensee camplripng ae grray of pixel
phot odi ode. 5 Yet another enbodinment is a processor

céllss whBeihatledsnNBl dI6he Pixel SR BEEH dondptiseia TR DN version
coupled to the processor, the inmage sensor conprising

: d@ﬂcég{hﬁfz%ﬁnlgiaté%i hSige; & 8dchid ph&tEIcBhTerébn HERSL thta‘l’\gerf%fatésf@large;

pi X s each conprise a first photo-conversion
devi.ce that.gener.afe ha . a_second.
ke SRR ATt RO sigBS HPRing chprgs sogerated by the
regdout cjrcuitry that provides first reado sjignal s
sk Qrass il sechnd &éd%ﬁ@a@é@wmewéargfigpgﬁrataéﬁpvé%e sgqend
second readout signals indicating charge generated by
deviee; 9ad eorirol gironity;that ppliesrx ariseria togeadopysignals framphe sesond
a criterion to readout signals fromthe second
phétotconcarsior kisvioes Wil itteasiteridn ik mdieand whearthoeritesomistmet, causes
and when the criterion is nmet, causes the readout
tifel regddut EiYedi®y BY frovidie sndRahdicAtiigi chadge pen&rARE B9 the first photo-
generated by the first photo- 10 conversion devices.
C&{\jekgi(g@@&g&gy enbodi ment is an integrated circuit that
I'ncludes a substrate; an array of pixel cells at a
surf of ,the supstrate, .wherein. at. least. gne of he
o1 e SiflaRpier EpRamenEs i it st BF kR8RS Spslifiien
t hat generates charge, .a second photo- conversjon .
Ry PERIEIEALIS get iR of e AR BT HeTUmEERSt enc elihe pjrel cells
that provides first readout 15 signals indicatin
cempriggs afpaphetedoygrsigredgviqeshatpgoerates charee.si ssﬁorwgnh%@
and second readout signals indicating charge
copversiarn édlide/thhhgenemoss et anghodnd-reaiovnecisiudiny thay proejdeafidst readout
control circuitry that applies a criterion to readout
sizh I8 Mdicdting Thhhe geesared bp AR Brst Pl@ﬁ&—@éﬁde@.ﬁorﬂ@é’di&ﬁﬁld second
%Htil t he gritllegreigon i's mgt, and when the criterion is

Bl ANy OOl UL B ki n
cgr?t?(;/lecgrglili(t)rr)]/ tga%\gpglelgs' 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.

An additional embodiment is a method of forming a pixel cell, the method
including forming a first pinned photodiode that generates charge; forming a second

pinned photodiode that generates charge; forming a first transistor between the first and

second pinned photodiodes for transferring charge generated by the first pinned
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An addi tional enbodinment is a nmethod of formng a

pi xel cell, the nmethod including formng a first

pi nned phot odi ode that generates charge; formng a
second pinned phot odi ode that generates charge;
formng a first transistor between the first and
second pi nned phot odi odes for transferring charge
g@nerated by the first pinned 5afphotod|ode to the
pBeiedinde i1 tha seropd eirvei obietodiede; andrfpinmigg resdduigircuitry that
circuitry that provides first readout signals
pravales dirst mepdohbsigmlgmdeatngchdoge gdneratéd tst thpifinsteinned photodiode
phot odi ode and second readout signals indicating
ashecged eraseutaig@dlshindititthgshanRGepinrRra By tROSoRd pifed 5
Still another enbodinment is a nethod of operating a
pRdt¥@bagel I that includes first and second pinned
photodlodes t he net hod conpr|S|ng generating charge

inr ht, .by fi.rst econd
oot S0 aaager xfydifiel *Y niearRPErBRER Prash AL Bt neluges it
t he ano t of char at ed t he second pi nned
@-?41%9&8%9 BiBed pigtpdiogssetheirmaibo %?W%&ftnsmﬂaa@ hirge in response
generating charge; and reading out the charge 10
togléghs baitfisst abgl sedpadipinned phptedisdes lobtaining decadyput signal
transferring the generated charge to the second
rpresamtdti phof the amdentvofehargg gererated by theagesomd gihnedphotodiode
further enbodinment is a nethod of operating a pixe

whlk thel a3 pihA&d prbRsdibdd i8 loedistingS@aARd mm%@ing AUV Bk ThABe

devi ces, the nethod conprising conparing a first

LRt gl tozcghzocfé R T S

ar n a n|n ond r eadout signa
SEg ealpfﬂah?tpé!ﬂfier Ao s cecond
ﬁg? Lo ger Sﬂ?(ﬁﬂl?’lglgtvl%%%} z}d ght@'ggg g{pﬁ@ F %Hmcludes fa rst and

conpr|3|ng generating charge in response to |ight

segondh photarconyeraipn geviges dic methpd coraprijingieemparing aofirst igadout

pi xel cells each conprising first and second

sighaltfeons drevigrssplato-demwieesia dR@ceobitlah néfaignsd witalgs; and based on the
representative of the charge generated by the second

a&"b‘%@mﬁ dg3 2 lobtaing Q@é’doﬁ@ $eadoRiNigal thddcabing light refeiv &l By e
Slgnas etermnlng when the criterion Is net ; and

s&%ﬁ?gﬂgnqghvgggnqlggge generated by the first
pho

conver st on devices when the

An additional embodiment is a method of operating an image sensor, the method
comprising generating charge in response to light within an array of pixel cells, at least
two of the pixel cells each comprising first and second photo-conversion devices;
obtaining signals representative of the charge generated by the second photo-conversion
devices; applying a criterion to the signals; determining when the criterion is met; and
reading out the charge generated by the first photo-conversion devices when the

criterion is met.
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criterion is met. 5b BRI EF DESCRI PTI ON OF THE DRAW NGS
[0016] The foregoi ng and ot her aspects of the
invention will be better understood fromthe follow ng
detail ed description of the invention, which is
provided in connection with the acconpanying
drawi ngs, in which: [0017] FIG 1 is a top plan view
of an exenpl ary conventional CMOS pixel cell; [0018]
FIG 2 is a diagrammuatic side sectional view of the
FIG 1 pixel cell taken along line 2-2'; [0019] FIG
3is atop plan view of a pixel cell according to an
exenpl ary enbodi ment of the invention; [0020] FIG 4A
is a diagrammatic side sectional view of the pixel
cell of FIG 3 according to an exenplary enbodi nents
of the i nveBRIEF DESCEIPFION OB THRDRAWRNGSt i C
side sectional view of the pixel cell of FIG 3

ording tq an exenplary enbodi pents of  the
u%ﬁieit i o%,hc ?%acz?gppé other 3spects gf HigrinyRRkioncvill brebetter

' i . bxel . of . i .
e e IIRRe B BEF del il of My i i Pbrovided
in &édrfaechon svich dhe heramhpayih@diaaing! id Whichl xel cel | of
FIG 3; [0024] FIG 6A is across-sectional view of
[%)EE ﬁ)i xeLF, ﬂ%e l of FIG 3 at_an initial stage.of )
71 cat f0#; | SR plan Hewey a1 ¢xsmplasy geav AlRMOS pixel cell;
views of the pixel cell of FIG 3 at internediate

BIErS SEGRLE Sl YR AGSHIORT e G, il sl

aloag lmer2ay’;of pixel cells according to an enbodi nent of
the invention; [0027] FIG 8 is a block diagramof an

[b%g? SCRPE’ 3 ?scact(?)rpdpllgxg vitc%)v &" a [()?ixc %gh g?crg)trding to an exemplary '

embodiment of the invention;

[0020] FIG. 4A 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;
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of the invention; [0028] FIG 9A is an exenplary

timng diagramfor a nonitoring operation of an i nage

SW0W065/086738 time t=0 according to an enbodi nent

invention; [0029] FIG 9B is an exenplary tim n%ﬁmgﬁ&mo%o

diagramfor a nonitoring operation of an inmage sensor

at a tinme t=1 according to an_enbodi nent of the '

[0o2éent i ORIG] DB30blobk Baghi iof aA AreK 6FPIxRI ¥ells kfdoding to an

diagramfor a nonitoring operation of an inmage sensor
-emppdpnentgf the-invgeEeRidi ng t o an enbodi nent of the

invention; [0031] FIG 10A is a potential well diagram

pi X cel Yelolgle] . Ltori .
(802710! SR SGE BABBAT e, WBRDLLAEKIf i obodimcs
of el ihvelitRgr am of a pi xel cell corresponding to a
nmoni toring operation of FIG 9B; [0033] FIG IOCis a
potential_well diagramof a pixel cell corresponding
[0828] okl or M irmeempliy ipngmigragdor pgpeaormapearation of an

-] ) [ of._a Qut operation

imige QB SRAEINAL 20 hePoRlnp B I Am oot §PARIhyaRE
wel | diagram of a pixel cell during an initial stage
[0029adoBIG. 9BG34] exciiplary 2Bning diagrainefoiriaahoi®dring operation of an

. diagramof a pixel cell during an_ internediate stage

image CREQIAR; 1Ipo 3k peoprding 19 @njesnbpdimenn of tie inggodon;
‘diagram of a pixel cell during an internediate stage

PRAET RIS 96% 0 Mty A el KPR abaI Bperaion of an

imsgtsdenporat aaime B2 heroading e6RAENBRIRtimeht bNehel iAVE@MIDON.
DETAI LED DESCRI PTION OF THE I NVENTION [0039] In the
f LE mﬁng(getgited description, reference is made to
[pﬁé ? IG. 10A is a potennal well diagram of a pixel cell cotresponding to a

monitoring operation of FIG. 9A;

[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.12Bisa 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



acconpanyi ng drawi ngs, which forma part hereof and
illustrate specific enbodinments in which the .
wo/mns/eoerssnay be practiced. In the draw ngs, |
reference nuneral s describe substantially Sin#%gpsmmwmmmm
conmponents t hroughout the several views. These
enbodi nents are described in sufficient detail to
[0938H| e FHGs®3ska bloel diagrith ®f argrot@sipgagde@actdiding to an
i nventio ,and it is to be understood that other
anhQﬂHBﬁNﬁﬁ%b§”ﬁ§F“B§-utiIized, and that structural,
| ogi cal and el ectrical changes may be made wi t hout

departi I nt
mvent | ogE oA RGP RO ORPRELE NVINTIENT o
are to be understood as.including silicon,
[46139] conTwiehd fedlowain® Hefafiéd Jescription) te€@Bnd s SaEARRb Hee
(SOS) . technol ogy, . doped and A undoped semni conductors,
accQmpaningrapaRasy; whigh gF’PiacR?ﬁt herspbincllugipatg spegific embodiments in
. WefeTale IS del i L on d, ot her m _conduct or .
. Whléﬁﬂuc gjtgur es‘,-n Izgrély &g h&?ﬁ%&? nebii ?rﬁ‘éwnﬁf bg{% Iéf?‘"ergn%clfﬁn%@ls describe

sub@hitidly Gimilid @bt onkhfstthffupbbar tihRRefabii8 ke NTBedeSe B Ements are
to a "wafer"” or "substrate" in the follow ng

desqibsd in puffigignt detailito gaable thass skilled i thagrt hapsmchieethe invention,

fililzed to form,reqi,ons Qr ,.junctions in.the base
wnd flne BE ot T HAEPHIRE o or iR onahse el e seucrusa,
logit41@nd SREEANERIGIHRS n§ @R milfe WRhS d@?ﬁ&gﬁ% th@Ypirit and scope

coul d be based on silicon-gernmanium  ger mani um - or
of thmpiesenniaveneionde. [ 0041] The term "pixel" refers to a
picture elenent unit cell containing a photo-

ersion devi ce and associ ategd transi stors or. ot her .
OB T S I e R i SR B el at Bt b Sdiranr o inchiding
silicaR, icdat Sd-GRlalsb YOI, HOdilidH-BRSE5piafe d'sbsgscl&&ﬁ{ohé;g?, gﬁgcd and

representative pixel is illustrated in the figur
undgped pimpicppiudterse tpitaxiah dhyess mif sdicby suppdmté iy b baseokmaddnductor

pxels i n i mage sensor W ll proceed concurrently in
* foudaliony d ofiee SFBIONRBGRO rHaTeon TeNE N BhiapH YR RRpstcates such as
glas@ BPQEArER HuFtHePmWd, Ghhed efe&@lceGEdadk 16 UGB Alor l“gﬁ?sy ate” in the

two phot o-conversion devices that can be separate
followsing dssariptiop), pedviaus| precespitephmay datxobedremilzede form regions or

. _especiglly useful for inplenmentipng gqutomatic |ight
junciSR i i SseyermiropdsciopBeoar s PaacRem Uspablionobso
semiiohEhctof hkedVhbPbaBiCod-BaRAL B | LSHED
four transistor ( 4T)O pi xel’ cef%lﬂ%?ywﬁéygésmg&h Jethfarfium,

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
electromagnetic 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

cmbodiments are especially useful for implementing automatic light control (ALC)ina
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includes a transfer gate between a first

phot o- conver si on device and a floating diffusion

r & nesomessause the first photo-conversi on devi '

not directly connected to the gate of the sourggﬁugmo‘”020930

follower transistor, it is not possible to read out

phot o- gener at ed charge on the first device w thout
pixglicell wadh moher then shior exinbiyrorhiesuth asi fahratBrsigiy Gé%'I? lp%l cell, which
m%uél ce uch as mne%éghot odi ode 120 in FlI

A ?H‘&‘b% &C‘bf‘ t&hQFPrcgpwsmeci@mcg anda qguamg diffusion

re€idhl B cg@é%é&s@ RSt r correl ated doubl e

%arrp |cng P ﬁ &T‘Iscgm%g dchlc 808 Sy 1o %Lcéth to the gate

of] [tb@A@}rcaﬁﬂlemr ngnnsttmt tLOlstﬂtQ ;dj’séllﬂcﬂ:@ Fead bt plbtbSgdhet R0 charge
pl.an, vi ew of a pi xel cell 300 accoroll)ng to an

o %r&F c‘}ymé ﬁﬁgmuﬁghgnqg cl@qq'ge istnredh by @lm: fifst ﬁoto4@exﬁv@rsmn device,
G | 300 al
suflf R Bhpog ASSIRER LANE mGGTR oy 2L AifianBBiAT 2ot qther smilarty
nfigeredipprel cllsGmak ok gL/
300 [C04al P xel ca 360 I &“‘S‘é&%ﬁ?‘% BpoBlsahopfif (CDS),

theyh s map avsreicontiidliCGe, shown as a pinned phot odi ode
320 for generat| ng charge in response to external

cell dj acent tao pinned
p h ot %g di ode ﬁ%%g %gwg“’;ﬁf Sragmess FI15-13 5 31top plansyisF it 2 CMOS pixel
ceTBO0facecrtingt doamSdxstnplary SrHddSEABLE HE 'dvcﬁgéﬁa%%%r 4A-4C depict

transi stor for transferring photo-generat charge
cr oof’s?éﬁ'ﬁ%"lﬁ‘ﬂﬁ ef pixelxel 309 dlong lieadet] tacedrdidpeto exemplary

rated char [0045] The sensing node is
co%@l%gur egd? omid ?ﬂﬁ%g‘&ﬁ g&oﬁquhﬁwa%d@m%pml cell 300.
device, and is illustratively a floating diffusion
08gi4qn 33%kel RGO ﬁlghﬁilcéalfﬁb ' DA &0 a4 o
area, A330, which is enlarge ?hggggﬁgcéggg dedics sBown as a pinned
P PF‘U%?@%@Z% for gencstingegiaspe of reaporsonu eterm dighpintelent on pixel

30 ff | Il
L e T
trapbiedo® 1GHAMETEIPN (HeNFE %m%tJrlfgxa{rﬁﬂk?erﬂh% c? %era%rg}?g charge to

330 generates charge, the voltage [eve
a Sﬂ@nggpéfhatr%gmrfost;@d«zmmcrphmm@m&atcakhafgzvl ding a
second phot o-conversi on devi ce, plxel cell 300 may

rt tic ont rol oper ations as
’\?@iql}?’?as 2’1(#: ?gasqgexao(%&g gléli,?ﬂl to i yce:og g photo-conversion
. dcﬁé&,(hhdbﬁﬂukt@at[ﬂégj% ARl dﬂ’ﬁEl%h'}cglﬁn\A@O? %gén%g dBsion region 330

PCTI US2004/ 020930
has an area, A;;, which is enlarged as compared to a floating diffusion region of a

convcpdonal 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 automatlc

light control (ALC) operations as well as correlated double samplmg (CDS), a

described in more detail herein.



[ 0046] Pixel cell 300 also includes gates 307, 308,
and 309 of reset, source foll ower and row sel ect

WIesBd03sS, respectively, and source/drain regions
315 of those transistors. [0047] As shown in FF&S2004/020930
4A-4C, there is a substrate 301, which may be a p-
type substrate. There are isolation regions in the

[QQdsslt r atlhxé’.@élll 300iaisb iacladsseutes 367, 3018ahh@WObIERERT, source
i solatjon (ST ) regi ons 302. Adjacent to an STl region

follawer 1nd Mkl TRRYHOD, SeRRCITTLY, Rhd sewrcplidtailiagiens3S of those
UMkRG%HdeS a charge accumul ation region 321 below the
surface of the substrate 301, which is illustratively
an n-type region. Over charge accumul ation region 321
[06t7d p+ Asushbendn |FIGSt 4328C, Adr@kanbi®ate '3@‘1eq'h1chhmay be a p-

g t odi o e 320 is transfer gate 306. [0048] _
?&r?b‘la herpaw 1ﬁ%‘ﬁ@%ﬂ &“@‘P@t waghe suiEnes: 301 whith4B; shown as

£ 33 b t
bl T SrER é“’%b‘r e e abra BaABhe S A7 o radbRciOp s pipned
photledibdé 8301 Pidrlcd. ptﬂﬁodiﬁ)ﬁ@ apondcirlidld i"?ﬂ:«gg %@bﬂtﬂa&gxp rdfioh 321

be a second pinned photodi ode 335 an
below ﬂ}“p@lffaé@ PHthezgbstnate 31t whichuis flaseratbely he n-gpb$Edias € Over

nd surface 333. I n such a case,

chall oS R 624t bae saClByeninte Adraiap sl
' phopddiBdO 320 & traGeer g 806, t han a pinning vol tage, VP;.
for pinned photoé;ode 320. For sinplicity, a second

ot o- conversion device of pixel «cell 300 is
CBHS&ar i | tb@ﬁmfdmtﬂmmcmsa@p@ctéd 0BFIGS 44 thhd2BYHoating

3 hould be understood that a reference
&94 ?g] (I;;, 930 ol YRYEBIPS OWéhﬁP%Féaca af spbyteate 801.

Altcativel a6 9@9& oREe
‘ spemcfy:scal %Ctt 0 sg%:%ng@plﬂﬁﬁﬂgg Ei'l?(‘lts %gl %)gma‘é}? g8ggcond
pinflphotgiiote séhead ibdude en nstyph m@«m 683 t&tcew exPhirict b¥ the
ddressed ;herein. [004 10t ed above, floating
subd{itt B3 SRAPETE A b ST RS ol e dcane second pinned
hopfthb@e 895 iRy HaPd g,m,ﬁ\t; it s not .
P ocorrpl et el ;ﬁe&rghlael agkggﬂ gﬁ&%@yw"&% Rt Booine yoltage, Vi,
for m@paqi Phamodca@(l nmehtltﬁlﬁCC@id(ﬁﬂlot@)G&dnvéQQx{ E’év% of pixel
cell 3087 HP no netal | ayer 1s shown in FIG
ztR f pAd e B HAEiD At o diffusioparcgioay33hi Bisbould be

] FI G
O3 B S0

sccofnldqthmgodvefrﬁma idenice egidinofSpeciic AW LOSRPPEINe pRbrodiode

pi xel 1 0
335 except Where crences 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 portons of the pixcl cell 300. As shown in FIG. 4A, light, represented by arrows
387, may reach ﬂoatmg diffusion rcglon 330 thxough componcnts of pixel cell 300
formed over substratc 301, such as, for.example, a microlens 380 and a color filter 385. .

There may also bc additional layers (not shown) of pixel cell 300 over substrate 301,
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formed over substrate 301, such as, for exanple, a
m crolens 380 and a color filter 385. There nmay. also
im0 2ddslodersgnal | ayers. (not shown) of pixel cell .
over substrate 301, 9 WD 2005/ 006738 PCTI Uso00 a3y 020530
including, but not Iimted to insulating and
passivation layers, which allow light to reach

inchuld@gy, ibag ndt fifnied @b ifisgiteR 28 30baséi®dtict Bk Ghhith allb®Maht to reach
access is only shown in FIG 4A, however, light is

floaging; diffpsign segien 880, &g hintplisity; hghtdict¢sass omly skowoin FBG, 44,

or _second pinned hot odj qde .335,..in the.e i ments )
hofvef IR Bl il P SRR S o Bfeie G4bs figecond pinned
photolifodsizzs, e e B mctrsai FACRNUR thd BE, &@%&a@&?. of a

reset transistor, which has a source/draih region 315

on a side of the reset gate 307 opposite to floating
[B9$@lusi dflonteg diffuside. regienr3d0 is adjasentarodtheIgetst 307 of ayset

rraifor, W has™ s B8 O I g iR R e e g 357 opposice
to ffRingRBfhdidh kepiSy 880! a3fte 9 %Is%sag%zlcg%ﬂaﬁr%Zawh%e;gtn

to floating ditfusion region a Spacer

illustragivdyveiet pofned phetodjade 330, 7traf i Skle F06nad faytisg difudn
one ?‘f rmr.ﬁlgvvel s of a fé&st conductivity type, which

‘regfap 3370 mealiqVGR TS TEaty AR/ ongy Hesiadiacantao depgeg diffision region

33@,%d ifrla accf“% Wdév&ts @éc[)'g\ﬁﬁj. 1’»07?’03 extendi ng from a

surface of substrate 3 to“a depth bel ow t he surface,
and extending under reset gate 307, an STl region 302
[665 bic ent Thare vy aiwesist osoor mere walln of @i rodddctivitggbed which is

.. portion of transfer gate 306._Floating diffusion
Hhartsaiivsly P3Spe¢ farmedan e b‘fetﬁFFéEF 3QhotHdb otd aBd%( shagy p-well 303

' : S ' i 1 i n.o-wel '
oxiibe f3fn b Siffcet LS A0 LB R eRaBfe W efs i rending
undaggesst gawr307 andslIlL regigh 302, adjaceht t@thd ©gHt386rc8Pd#in region 315,

04b, . as sho in FIG 4B. In the enbodi nent of FIG
NG BPORLOL) wansier gatefq- Bloauns diffiiamecgiomadd éor sgoord pinned

o g M W s AR Il 905

extending froma surface of substrate 301 to a depth

[0€52lv t hiltemafiedy, pixd delb 0@ natiyngcludd ewoast iidde p-aell ®€kions, such
302 a,gj ac&gﬁ) to the reset source/drain region 315, .
3 TgFP8 SHo11 TGP ot Shaver 1ok Hfat dn SeempRdimens EEIG. 4B, there is a

P‘@%@?ﬁ%ﬁ%}' CL g?%%&r%é?s 8%@,3%:8§Mg ifr%n? ivs\:euxltlaccsp%gbstraic 301 to a
depth below 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 STI 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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however, is not formed within a p-well, and, thus, may
have an inproved response to red light. P-wells 304a
w7l so be used in place of p-well 303 in th

enmbodi ment of FIG 4C, such that second phot od?%’ags@%“z“””
is not formed in a p-well. 10 WD 2005/ 006738

PCTI US2004/ 020930 [0053] Al t hough the above- exenplary

[oe8Bpdi ”Rﬁh§u$¥(i) ehdasfe 'cQ@rﬁP!agye F@BB&%&&I&Q&B@ ctcpcr?ocd m connection

four-transis (4T) pixe e 1 nvention
withad fourirensistoo ¢ &) pmﬁl afllh ére jpivestion ol lalsddswi dgﬂiiSodlcd m other pixel

i,ncl udj ng tho deS| ns haV| di fferent nunbers of
- cell designs; glfg’fdéﬂ sk SeTEnses E%fmt Aymbesy pf Hansissergn Without
I t
bcmg%ubﬂgaﬁglﬁsﬁa%érsi#en%}; g’?@e éM&%@T& peﬂ(él & of'a six-

transistor { 6 ENgikalteil. Hiveeindost- hﬁnd.ttbf‘ pixef ¢MddFed Frddh XEUT FigEl cell by
b the addition of one or nore transistors, such as a

the addlition pf PRGAS MR .traaﬁﬁpes S%h it shutisr graptistgr and/or an anu-

o) |nvent n i,s _not
blockA M hor, MEOAT, L iglolfioh BOLbiied o BPebiatf g o
gateldfansufde bl 6WaNe sisatort @m&c&eaqaq SBEH Lp EARBVRISLRdn device.
' device. Accordingly, alternative readout circuitry

Accordinglis aepiagiye deagouh Ficutrp eyl baoahployedAthin Apiel cell

exenpl ary enbodi nent for the fabrication of pi xel cel

[O%EQJ)ughAgﬁ%{ﬂgpedr%% crnt P4 gfffe égga?ug’&fﬁ (Psslll gémfs

desceibed Beloacwithiefega e th [Feds N6A &hfoug®SEPING BhrticiRS Brder is
ically requiring the results of prior actions.

r cqmt@gcfmmw@fythcwhubes ddseribest harnin, brdepwiarthostelogicalbetqadring the

ol e bt e

perfoirhdtSinf A &%eral RHXEhCE der %Qqcn@tu?%ntyfuéd IﬁL\ gg&cef

fabrlcatlon Substrate 301 is il ustratlve

rst conduct|V|ty type, which is |IIustrat|ver
0[95531 pe. F S@A&H‘FS@WW‘S@QHHWL §613 890ar eﬂﬁmnn@dagcmftfbiﬁlcauon

te.,301 an h.a dielectr mat er i
Sub al?ggbgllse%l P e flt et erd “68 BhOEs: Wetc hd"f Busapav Yoﬁ’ type.

Isol@¥ Rl 3902 dré Gneed xﬂ%c sPbERA30 Ll ﬁﬂc&%' a dielectric
oxynitride, a nitride material, such as silicon

materidl 1 {Te dielqtric orateral mhayebe arpotiilg maxanq:b,eﬁoaemnplp alsjliten joxide,
or her ui tabl.e dielectric er shown in

suctfs FOGR i AR £ BREME e bomch ahsBeonnanarsdifen carbide

a high ﬁﬂﬁ?ﬂkrﬁtﬁ@é pbiyafer{c:[dther s%gﬂagﬁ agc&lla%ﬂ}:ﬁhe%r %Bil in FIG. 6A,
material is preferably a high enS|ty pl a

the isiaten regiomt3@2i ah behi shhllwa sreachiisghation (STI) region and the dielectric

‘material is preferably a hjgh density plasma (HDP) oxide, a material which has a high

ability to effectively fill narrow trenches.

10056] As shown in FIG. 64, 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 layct 3400 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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ability to effectively fill narrow trenches. [0056] As
shown in FIG 6A a first insulating |ayer 340a of,
WO 2005089138, Silicon oxide is grown or deposited an
the substrate 301. First insulating |ayer 340a 5&’9%@04’020930
as the gate oxide |layer for the subsequently forned
transi stor gates 306 and 307. Next, a |ayer -of
to @m@uatdomaum f Qbrype. JeRRSH G NET, [ %'c%ed d
atéer 340a. Thtgrzﬁééndﬁ%tl\t/}}g%l ayer 340b ser esﬁgso Cposm:
OVQj e pelysilicom thyrerf 310kt hecomdsmsplemmg layéroa¥34fedmay be formcd of, for
S|stors 340b may be a

exliloSt PR (SiGhb e iRdy GRCHb R RS 0ar Lﬁ%%%weoxymmdcx
OISR N NS i SSCENONONUMEE il ey ©

n-type. A second insulating |ayer c 'S ep03|t

over the polysilicon |ayer 340b. Second insul ati ng

[pQ§§] 34 E iﬁHS’beé‘lqaoBﬁ@b ofid 3#0¢c, mexbafilrmedaby ativeletional
ilic n nitride n oxynltrlde

njtri
1:50 c%lﬁa]&??}hﬁuf Ay ehem 3(P8§ Idagoqxl (3! gg;)) qu@lasma chemical vapor
deeicie ( '340,98208 4R 34002
cél’he I agc?} 40a, %z%g a?gé gﬁrgg 340, §% f 0% 3406( barc Zﬂcn
pattned and erwhkd ta écpmstlta mmlumtdtcgdﬁc stﬁdltcklﬁrllaﬁlr@:f" 806 ﬁﬁdi 307 shown in

positi CV pl asma chem cal vapor
H%e%s FSQC&‘W‘“( o ﬂ@tco%tﬁlﬁ-"éfc fone trasfer aioer, and gate stack

3@3%0@, rned and etched to form
t mﬁa}dﬁtgl;‘/cg‘%cg{é e s? ﬁ'&% %’gctures 306 and 307 shown
in FIG 6A The gate stack 306 is the gate structure

(06584 t r'Ehsimentiomisictlinitedto gt erehaelof (8O Fates 3088nd 307
for a reset transistor. [0058] The

structu
dcs?ﬂb‘é‘i‘wf"i’%"ﬁ Psf{ digenal laversamay be prded; pr thet gates 36 umasganmy be

b Addi t l. _
8 e AR o Ly B2 B B may
be ﬂxquebtmnm ttncgmnc tlacttrhdcsa340b oot ﬁﬁ)%afm{cﬁms&laﬁh% 6 R340c.
be forned between the

t shown
The, Pég{dffigvgg Hglxg’ﬁ Hadhin ez $06 enchBAgor ipydlraf tnamansmor
gatzlgﬁuémrésclh% Jnagf rgpy Cﬁ&u d“;%;? d I t ne %@F}cf?e {:lbt}gégcn silicide,

and 307, or ranS|

cobiate silicideymyelylsdomued sititide bt tan@d]ﬁlmrgﬂkl&e Thik 388 %hal conductive
silicide, tungsten silicide, cobalt silicide

layromay, alsp b drarncilaver/ nfractnstrastabnsndt ascTidy/ Wior W /N_/W, or it
| ayer may al so be a barrier
€0 g?/{gr re@ac@g&&t' gi such as TINWor WN=/W or it

[0059] A well of a first conductivity type, illustratively a p-well 303, is implanted

r-f

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. Altcrnativély, 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 STI 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 forned entirely of WN1,. [0059] A well of a

first conductivity type, illustratively a p-well 303,

WO 200pPesmised i nto substrate 301 as shown in Fb@‘rm@ﬁm/o
P-well 303 is fornmed in the substrate 301 from 20930
poi nt bel ow the transfer gate 306 to a point bel owthe

STl region 302 that is on a side of the reset gate

30430304tw prrodictformed.t hep typankipant, 3atle as386ronAhia M&&Iﬂp‘lﬁ{té’d into
as, sho in FIG two p-wells 304a and 04b may

the sihstrate °‘E$Fétf§tfﬁ)§ﬂ=ﬂ£ i8 thg phogoresipts { Llpstpativiely3 Oaap- wcély 303,
R L

ad;aaamtmeﬂ:domcbebam& BO1STI region 302 that is on a
side of the reset gate 307 opposite to the transfer

306. P-vvel | s 303, 304a, 304b may be forned by
(ﬂ}éﬁﬁn rcg;@,n 25 Pt g:cogd|cg9@ucqyntvgm vimplagted in the

r a
st ,%8-'@%‘“%15 B ARREA, 2 o U6, DTS 208 30 on 521
is IMEr GRS/ mﬁ@%peaﬂ 52 Q@gleZQ%’&d réPibR 33041 Q%'bé 59ndf by
forrred A p-type dopant, such as boron,
‘methpds kpever i themrt.t Rer @qabmima!tleyqrmf@bgtortha (npeshcwgn) may be
pact U Bl b8t AR it 40, SBing g e aece of the substzate
'301C0R&E Pkt pHbebidte B30 @16¢ fSARA. t
S S R R LTI dopé%g 3‘8?‘% I Lt
_ phosmlwna agIsnitiof antirnyny.ypay bs implahet thdough theepening and into the
bS %éﬁxt @Bﬁal f.or the pi nned ghot odi ode 320, as shown
su ?‘Ff‘t‘i‘: 40Lyak bsarsed it talor ghag Pmﬁl%f y:glon 321. ¥f
desikddhb! e Q1L
Ak aﬁ%‘ie’%?,%lﬁ“* CnshaL PandREto RHL AR i FRbiog 321, such
thatj mtmioxpis choiedsiwtat @igles SH@AMRarBY dbgreePRIdRE R Ghe surface of
 Quer th; substrate 301 having an opening over the
‘H?’SF the substrate 301 where pinned photodi ode
320 is to be formed. An n-type dopant, such as
(UE1S PhOPikhe dPIRROUSde Pgibh aﬂﬁ%
[thrgu h thg openi ng %n mIsgq? g Su gtggnééte %gq&%%mgcrgatc
306\Epmithe gcsctny,taﬁﬂg andys :t;_:eprumamhttlg ahgmdcbwlthhﬁ ddgeflof liee @hnsfer

321 desire an angl I mpl antation may be
Bt 5‘2‘%??6 PEfPﬁ?%Vé nglogdehcouq@apg photo-

gcnémm{aeédon is carried out at angl es ot her than 90
degrees telative to the surface of

[0062] Referring to FIG. 6E, a floating diffusion region 330 is formed between
transfer gate 306 and reset gate 307. Floating diffusion region 330 may be formed by
known methods as a doped region of a second conductivity fypc, 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 chargé in response to external

incident light. -

[0063] Altcrnachly, as noted abovc ﬂoanng diffusion region 330 may instead bc

a second pinned photodiode 335 which may be formed as described in connection with



t he substrate 301. [0061] Pinned photodi ode region 321
is on an opposite side of the transfer gate 306 from

twe 201meé73gat e 307 and is approxi mately aligned, W

an edge of the transfer gate 306 formng a dPé"Y‘/ltJ§5004/020930
phot osensi tive charge accunul ati ng region for

coll ecting photo- generated charge. [0062] Referring

FIGS. 6D Gnd 6. n flabod £43¢, sdtdridipinaed phBtediodS835 SndyBd Ptmed at a
between transfer gate 306 and reset gate 307.

sanps BRReiaRg ipafshmsimannes gf pinngd @hosgdipde 83Pmed by  known
nmet hods as a doped region of a second conductivity

' S ks [, vel - t in i .

DUREL | 2 ER Y dbHThE BiiBioh ot s v 1420 Mpeacvely, layer
342 eginoniides layer, e 14yay B4AY mag isstedBEE ady §5propHER didldtric material,

floating diffusion region 330 serves as a second photo
sucaq viicap dipxids; istison @itriger axrymuiden ONcNOMONQ,my TEOS, among

a in.respon to external incident light. [0063]

°thEP5f gc?‘%éetcl.%\f"eﬁ%c%a‘%q%t“@d“ o#e: f1oating diffusion

region 330 may instead be a second pinned photodi ode

[8655] whi DbpedyuifecflgferBd3 dsr ﬂﬁ;ﬁﬁh' E@ghbfbc&%’ en) fs%plantcd, as
. wth 13 WO 2005/ 006738 PCTI US2004/ 020930 FIGS. 6D
ilugrared @ FIG. (e Papechssface biyond2 pisndreptdptoot fistt anteh@B%ity type,
Ve be formed at a .sane ti and in a same nanner _as
wh R e SRRl S B s 500 aso dMisteptevelys Bopad prctcs e 323 is a
hi A QfrfRB 1% A8 P-gyer | v s
g%%dﬁfﬁsc gjrjlF oxi de Elggyer [J %%SF _dlogéétf Sg%&ksrrgél%?lh}sﬁt%g%g’ %@éﬂ% other

suiahle prpypecinpaat,emali bt esidriodormtrer suaface IgeeB2Ras silicon
di oxi de, silicon nitride, an oxynitride, ON, NO ONO

CS, , ano ot hers, formed by et hods known in_the
g T ooRET s s ars sty Polpameday st keéhpipiaeFor cxample,
lay e BB DR P 86 fSled By | + 1 .slr_hﬂi{ fﬁﬂ.u{ i er
aYGG Dopgd surf aceylhggler 3%@ t|y§§doc§ipe tcghgs HS%LEa%Y of
phetermsiset Mrermpativelyelayendidomay be ferenpbpn gapsnpasplashs doping
Rk € Lidustrativel do edﬂslurfacela er 323 is a -
preffst P RuvRedpartiup hasytiTae 30D Sam an e doped
lay@Sorodsped &0k 4ier Apoditdd Her@he asidibiahk l?aggé ?:Yg Sssto be formed.

dopant, may be Used’'to form p+ surface

[0067] As 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 fonﬁ 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 sou:ce/ 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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[0066] P+ surface | ayer 323 may be forned by known

techni ques. For exanple, layer 323 may be fornmed by -
woloa)dosthg P-type ions through openings in a |ayer of
photoresist. Alternatively, layer 323 nay be fB&H@&ﬂB@MZNﬁO
a gas source plasma doping process, or by diffusing a
p-type dopant into the substrate 301 froman . .in-situ

odeped LCRYEE '  t ver,the .
[ ar eg wher e Inat;‘{:]:]rali %gg&?g]#gkg%#g%ﬁebd. | 8%8%%“5%3\31’“:1 cell
300j FoFle@umPIE, insuldtiyg chiridiateind meedivdtiohdsyekdrdithect gate lines
dpg{tlons of the  oxide I%%fr 342. Oxide | ayer 342 ﬁ%{ .
and QERCLCORAGFHORS O {epixeleiel 300 may be fommesl. &y hoted above, floating

diffsiAews!d jdewal | of reset gate 307 - :
ESIAENEId SR 0 S SHSIRLL Ahat R 8 A hresor, s n
complentle shiMed lfiaye ligBBy avedruidd Q)f'gb@ﬂ SIEB0@aNRO3 A cdd}€ surface

gpotodlode 320, the floating i ffusion region 330 and
may

CHFOVEICEIHT 2 PREIVRERR {aygh{not3bowa pdentxample fulicon dioxide,
I [ i fusi,on j gn_330., Al.ternatively,, oxide
BSG, IS o} B18G, pHRLP R, R Al ey oabisicpmiact holes,
whichpae ehén Pataliddetto3R6viaddos@éts! TBHvEntbL4 @%Jcrﬁﬁs&tnductors and
. source/drain region 315 may be inplanted By known
insulggem gepy alse beaeter do éntetnoeuthe stracsitesnmd w ddnGecBixel cell 300
Source/ drai n regi.pn is formed as a region of a
to PERAIGE LRIe 19 AL TP enc prienicpss S80RICa ) puaysbedse
formedl. N-type. Any suitable n-type dopant, such as
phosphorus, arsenic, or antinony, may be used to form
source/drain region 315. 14 WO 2005/ 006738
[0PZ9] us2BbvleohoaBove ¢rabedineGomare riksaibat i cOSRSSioRGNith the
t hods may be used to conplete the pixel cell 300.
fom’gg‘f’ne%%i’%r%?c Ph%&ﬂ%ﬁﬁcﬁ ghe gﬁEfF’éF%‘il HpotdpitGestoathiey embediments.
The i85S n R0 GFRODES caBREPd HALS 1yRD [ SQnectons. to
the pixel cell 300 ol ? rypen O RhOELe SYUESS HOSs] Shch as a
photo ¢ fegmedififol 8p om npegegipns 30a subsvate, aPhdtSLRONGt a
hophota-%onv sion deviﬁe %ﬁd’ therefore, is not o
PROTOSRBTRTRYT v 4R TN BB PPSIRFPdhts teymed Farcdonaas apd cpnduedtvity
6 8F hll $0QrurRk $ouid ta cover ed
W? with a passivation | yé}E ﬁ%#ﬂ%ﬁ§%h§ o%?gcgﬁngféﬁﬂ?%gmrs
beingpattoefP MOSxirgsjstorBS@GrhdPSan DIMBBSG nsiwkire As irstHeMbodiments
d quga%ized and etched to provide contact holes, which
SCHPE RS netal i zed to provide contacts. Conventi onal
| ayers of conductors and

{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. Vaiucs 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

pardcular array.

15



insulators may al so be used to interconnect the
structures and to connect pixel cell 300 to

paoi2pésacvatsgci rcuitry, and filters 385 and micr :
380 (FIG 4A) may also be formed. [0070] i | eFHES 30

above enbodi nents are described in connection with the
formati on of pnp-type photodi odes the invention is not

[oom2} ed AD pﬁ%ﬁ@&ls eibeflt REM S and R GndyWeRSrh R R &SR above in
appllcablll ﬁ to ot her types of phot'o-conversion

confiogrien itk HKES. £4\-6H. phbihoughy thyret oomad]atcmmqm afipixgbrells 300 are

s R R B EVOREOR f iyt Spn RS mnber qfsomsof pirel cels
300.16r AgR21Mc BABEAIGY OF SWVIH dowst y[ﬁ%ﬁrdiﬁ%l Sx# owy! 69{1%&& c&ffs 300 may

woul d change accordingly, wth etr
be g@]@tdt&rtogmtssotbbalaung pariunoberfIEEws bAashEY W $nayriatinge, or all
tran i st OLB‘?)oﬁS in the enbodi nents descri bed

Plxﬁlb"tf\ﬁlléo a’["@b‘?‘ﬂ 3%-FiG 7, pixel cell 300 may

be part of an array 777 of pixel ceIIs P| er cells

[067@] r ayFI7@ 8 ﬁraeolbéli &ﬁéfa‘i"ﬁ bygﬁ ¥x§fl 13198 ?#yg%%or 888

nd rows. In the exanple of plxe
accgrdmg tasnpartodohientonf the axmxd:nuohu ﬁﬁ’hcylma,gb rsaysoi‘ Toclud@)pixel array

v ny nunber of colums and rows. For sinplicity,
7792‘F nrabmgﬁ‘}@mﬁomc%ﬂfd" Flehd- col umns C, | C,, and Cq

are explicitly depi cted. Values for x, w, n y, z, and

[0o7BRY bEhLE m%rkcﬁscbr% §16i R wan&r}&lc n tcrgolumn select

total nunber col unmms and rows

lingrfoayeledmgWows 6@:5&:6%71&80%5&052&64&&3@98 Qr m({r@@)?%]g The row
Al'l pixel cells‘jﬁg and Ra, may be
lings 4 ﬁé‘“dc%%’ elyeseyarythy aBBWé“—’Wf §8% A EESPeRseviiot 19 wadtisess decoder

f I,
398 o QU Y58 086 ) ARSI 018 ol 18183
rcsporm topebirfin eddrassbdacodér 89Mvs of pi xel cells 300, or a

specific configuration of such rows. Accordingly, rows

gh p er eI | s1 300 . be adj acent to one another;
(0075 4ny FARBERL BTV Gukis APCERF O Pertirmige pik Foateol ercuit 395,

wh17k|hI c%)?fi]%e}élﬁgicﬁgjs :dgccgfcrf %y%g(}rgﬁl]cgt#ﬁ% E)gﬁ%?réarqg rowaad column
hn¢srfag piebsigna r@@8ut or monitoring. The pixel signals are read by a sample and
hold circuit (S/H) 896 associated with the column driver 893, which includcs one S/H
cell for storing a pixel image signal (V) and another S/H cell for storing a pixel signal
corresponding to charge generated by photo-conversion m the floating djﬁﬁsion region
(Vica). 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 Vo2 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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according to an enbodi nent of the invention. The inmage
sensor includes pixel array 777 described above in

wonpesoess with FIG 7. [0074] The inmage Sens g c1388004/020930
al so includes row select |ines, and col um sel ect
lines for selecting rows and col umms of array 777 for
readout or nonitoring. The row lines are selectively
[08¢71 v at 88 Chsircuiitry &8 mhayencigee aiprak esipe (B¥) hbniwing circuit 885
andggd‘r,ce%sscgﬁcogg{, 892. .The, col %s lect lines are
SLPEEESS T oY ) RORNGTIRg clreps SGitelfcresdiy wowhi§86 in response to
timif® SR BESrbIc] deyies r Q7oL Ih
i S VSR 4 e R e etk in g reacout

Ixel array 777 1s operate and
of Vgi,igta be BeSmingdi telsedt ontarmbsiteddrpied celt6OH6E scBBRulad The
for selecting the appropriate.row and colum |[ines
reateSf amip il oksHien 1o BHARARREINEAR Fegiph §30Thekpikisl monicoring
circui ed; hold circuit (S
BB AL 48 e BEEb BB U Fnelis ety When Vi
for any oine dé shonwnfoked pigkl cellots AifGtdy Biho b T88fence tri$gcr

lsig al (%/ﬁ&rl)_ and another S/H cell for storing a pixe
VOItAZCo N aibeer> GSHERES $3) causcs Harps age nentwolkdirchitry 895 to begin a

- CQN ton in the-l oatinpg.diffusion regjion
read b R L o B e B el el et Bed
bel ow, Vptl is representative of the charge

[08Z8Linul Bited: orinphiot adeaitr $20cest Q6 M HalROG: BENSRE0E88
al so includes ALC circuitry 883 for performng ALC
aCC“BB’i‘*rtﬁ‘li chee operalbmogifpiad piggl3-cnnivemgs valpe thdnitringi ciehit 884

: I r f timn and. control_circuitry

is s Ol 48 BRPBE P finetd  BoePPoacPBare dneurlar sese) ALC

circuitip 88 8 SnifBIBigNale IV ). Bion ped @@ hinlPo; ' -
criterion is Mot When kot St r%{f’%glr%g% %I?dmd%tggmmcs an

averggeaeluct e, @frthe eramsrorbdsighelen Wietn, V| isappioignf8 GRHS@SV,, .,

A 3 S50 B 30AE O Tl crebieE 0t £ beigs chmgeadout process

of all pigtludts af peakyxal ue (PV) nonitoring circuit 885 and
an average value (AV) nonitoring circuit 884 sel ected

B%; ivvitch 886 in response to timng and control _
[087?kui t4haesh Alkesiecuary BB if depicted dopart pf ingsssensor 888, ALC

reuide kil t_ of ~Vpcli is to d m ned based
circ O&H}pa mnﬁhgrtags?):’rgpo% )%rea]?c f(;rg mi;]a&;l Sﬁas%w;fggat ngq)ég limitng, for
exanpl€ALeS teiraiiferythapbe GRAIEE ihhi i bPRLAIAG LS Jq%ﬂa?crﬁt software
. region 330, peals value nonitoring
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, Vigeer May be chosen such that a resultant lmage

will not be too dark.

f0081] 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, cha:gc aécﬁmulatcd .by floating diffusion
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circuit 885 is used. GCrcuit 885 may be configured as

is known in the art. Wien Vp, for any one of the

"0 zesoed3pi xel cells is approxi mately equal t ®@E/US2004/020930

reference trigger voltage, Vrr;ggrr, ALC circuitry

883 causes timng and control circuitry 895 to begin a

readout process, including readout of VP,,, of all
regponsed 30cafipixel stlla30Qin OB R, BQ781d W éy moaitbiade Hagrsimplicity,

readout process is to be based on the average
ORI ORE B OB AFGRESER 1P TRGFIES 8 SHSePIEEells300, however,
all BYORRAL MREIURUEBOD WP LbRP 787 Thdl SpBRE as IdRsBRE befdw f i

884 may be configured as 1s k ov\l/)n i§tn atsheS art. Icn suc";]&nncCuon
with FHH&3Se 9AMC. circuitry 883 nonitors signals, VP,, from

predeterm ned pi xel cells and determ nes an average

V,,,g of the nonitored signals, Wen V,,,g |s

[ﬁﬁégﬁxi RS P CRMMENESREiof §hF MoTkasing Progre s diegnlject matter o
be GRKSRSs iGN, GAR TR shOWHGHI BT, o893 b Yinked i
“reatout procetss%o al | pslhxe ce}liﬁ@s/%?' 5%ray %Q;Fﬁ@ﬁoam_g
difiBidaAEgibht 381G tesel € & ipraittdrinin8&B3olisyed dhisaheetaV, padr this,

. of image sensor 888, ALC circuitry 883 ma)y al so be o
timipg and FRntrelHcuiEy 9% ehlsey 2 swE sclogtsignal (Re) high to turn on the row

Lm.tish farg.e le. . ALC circuitry my be 1nclud .
SCI|£ér5 rgta#]ceﬂ?)d ra%lnao Soré?%ggwaarrgscé r%1 %élélullmggltén 59 tth v\?arrcééL gaﬁc 287’ which
respts@5€86&ing difibioasre@iocRb VW THR re@iRighhCies pates b low. At

i mage sensor 888. [0080] A value for Vngg~r nmay be

appreprately the safas imedtheFeset signalgacs higlysimingapdisentrol circuitry 895

h h,th i [y wh i,xel
pafig T e B By e Lt R Bl SBtterieanfl R (60
ciré QA 896l rkad 88t HEB@rabE Wi GhiGDARGIAths VbR Xn H%eﬂoaﬁng '

I maged subject matter ar €Visi bl e. Ot herwi se st at ed,
difffrsrangrggionn@30. bALEhaseuitrs 883 nhdrEtora Vi,gs lih tantxamysg of FIG. 9A,

Wi t be t dark. [008 FIGS. - tim, .
prifr ke Bitee PEFEER Ab e g o el at Fdifs LA 1 hageential well diagram
forS@B pRlel 88B306 GPFLY. NS PoferMfAl G¥8 1P lﬁh%deﬂﬂ%ﬁgaigﬁg t3t29f§? bdSicted as

i nvéntion. Accordingto an exe ary enbodi nen
empe singeyem change boh brgegarcarmdl Weeh the kebaajiaigin an on state, there

. diffusi.an WO 2005/ 006738 PCT/ US2004/ 020930, _ regions

is %%BOW*SH e coierspondiag touhe dnatng diffysion regipne330, o5 depicted in

FI&ORphored. For sinplicity, nonitoring operations are
described with reference to a single pixel cell 300,
however,

[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 dcpcnds 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 V.., monitoring

tigpery -
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all nonitored pixel cells 300 of array 777 may operate

as described below in connection wth FIGS. 9A-9C

paoBej/oderasor to commencenent of the nonitori Ngperus2004/020030

process, the subject matter to be imaged is

illumnated by light. As shown in FIG 9A, at a tine

t=0, the floating diffusion region 330 is reset to a
congmedendrth neagy 007G ge, pinhddiphotdiode] 32 0Md dhot Eead ¢umi. SVhere

timng and, cantrol circuitry 895 pul ses a row sel ect .
averaga triYe PROJOHRGRIFETY (154 1 e S Rasdj<s apPERatggreached
0 p : [ l i I .
the BliGe B ¥ak 155t ERRin ANRpLadel 2070TR At CPhaorodiode
320negooitadl ouv/dith thehexampdedf BI@S.0B ald 0P as&etzel aldomonAbring
approxi mately the sane tine the reset s“ghal goes

Circyirg 384t if BpaeAneh e cRAS 08 [APRTrmpichi regd R d th Ve Qf Vg SO the

seggle set (SHR) signal high to cause
monsfanp geprgg SE%{“%J CE/H) circuitry 896 to read out the

vol tage, VPc2, which indicates the voltage on the

[(d83At | n@s sHbwh s FIB. 1eGQ] antimbd@=2 plGediphotbdibye 8388 has generated
nonitors V. In_the exanple of FIG 9A grior to _
an agpapgef charag 877 and doapngdifusion spgion 33Qhas gqecited @i amount

IS a enti al |l _diagram_for th i xel | at
of chirg? 1875 Phichant Bisare B A% arafiinss 8f ek 088 gmed 1
gen&@RidCiein@6-1, @Rkl CEIR O C Mafsgarch Ase AfthiBANabaAisdng

Wien the reset gate is in an on state, there is no

progsst entipa t=2vevhick srsimdpondibayat wme frel fixoenti thgt bédafissibgrmount
[ 30, depicted.in Fl OA. [.00 As. sho

of chirbe 873 2 iouiRe BB i reapqp 33 Bliretyit o oo ERBIRA, In the

exaifible SAEIGS. oPIIINESC POt 9 db PR&IRAL RSB DRNe! at edi@ffore,

ahount of charge 1070)® and fl oating diffust®h region
moBferihmsiraqume B84 pdovadesanngmdl tofintihgnge cdfidl cifhgry 895,
._,ampunts of charge, 1070, 1071 geper at.ed [ L
indHE G i DGR BT PR PG <A PHHUSK Gh T ishe $4g2 on pinned
photSSPEE BhYE Y wggﬁscr; @mgﬁétaﬁa &Hﬁ%péu&ﬁu@@syf%&g SBals for
i nci dent on pixel cell 300. The charge 1071 on

readdwatfial piati €€llssif @rray @g7on 330 is nonitored as
illustrated in FIG 9B in response to signals from

L
Forrgﬁggii&eylg fealiBat oLRBAE DN cEIN B! BHScriftdlbeldW OB H rMHEEEOS all pixel

peak value nonitoring circuitry 885 is used and no
cellsronarrayr B4 ogiuxedimdatly. HHS. hl WPgi2tswini exhmipisy timing diagram for

rcasglﬁro%xtkggitxgi Len' 300° hl*el%sa 1\/2?’1—YS C%Lox\z/vt ﬁo%gr(ftridl er:tl)lnciliggrrainr; %.lustrating
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 pu.ll'scd 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 gatc 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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18 WO 2005/ 006738 PCTI US2004/ 020930 continues and the
charge 1070 on pi nned phot odi ode 320 is not read out.
\Wherens/ioasres age val ue nonitoring circuitry 884 '?Cﬂﬁsﬂmﬁmmmm
and Va"g has not approxi mately reached the value

V,,;ss", nmonitoring continues and the charge 1070 on

pi nned photodiode- 320 is not read out. In the exanple

levad {V ElaBEhe @BuamnsS 13&9@VAH€@HR[§EM£ 9y pakédBigh to cause S/H
gerU|try 884 is usedvﬁap Va" g has not approximtely

89 E%\Etﬁé“d bch e VRSP EAGeTIt Ghi(ges 15 semplsed, the resst ppdyShiEosigaals

o gyﬁ%_ [ 0085] As shown in FIG 10C, at tine t=2
pl nne ot odi ode 320 has generated an anount of
charge 1072 and floating diffusion region 330 has

[6@32} at eFlGr 28nahidivis thefpochﬁﬁsgavdlmoatmgQﬂﬂiiﬁ(ﬁn gB@after it has
than the apounts of char 1070 and 1071 generated at

beep; fgpety W!Lth the ESSRicEAty &1 g O S@tcg and pefgse readeyt efdie photo-generated

cnaf 00745 RO IR, A0 1888 Ababl Bl Hael {2 on
ph@odiste 3ZQ)f bﬁhﬂé:ﬂﬁlgl&ﬁﬁm@ﬁ rebford Bmlsk?t%t?'(ffzpﬁﬁdl@cncratcd charge.
reglon 330 is greater, VP, I's changed exanpl e

FI GS. 9C and 1OC Vass is approxi mately equal to
[9/08§] Thsreraniqut o ﬁﬁm angrwvhen ¢he 3&5@191 Q@gtpmw(g@alals pulsed

| t ontrol circuitr
hlgﬁ T %%léll G t%c%aﬁsplg he cr | PR OTHES tffé‘é% F@Ps‘f%’ﬁ loses the
phditf) gdiﬁraﬁ&ﬂﬁl% d 0322 ep ﬂBW"ﬂBSEh R HRLHBEE 339Q0 thi ﬂoatmg diffusion
resgonse t|n1ng and control circuitry 895 provid

regiiyAd0 s FiGr 12¢ shaws thQ)[POt&nhabWﬁlé Hiageint 85 phot@lﬂgcﬁ;tra?t&’& charge is
eI T
| traﬁs%’?ﬂ%ﬁé 306 xﬁn%rﬁﬁ &afdl X t&?ﬂuh é? %%L}{#}l O[gmz&i Bibrodhie 320

t of al pi xel I[I's 1n arr
and;ﬂmtmg ﬂbﬁfuﬂpn @tglgz& adf@ps bavwerad aaﬂ@mlt@rgyntnamdr@acgcammnnovcs to

for adout .of i xel 300. FIGS. 12A-12C show
S5 AERSP egipn 350G B e Chareci ingeierred 48 do+hE eifBison region
oggh@kg@x;g;g RePtd e phot odi ode 320. As shown in FIG
a RS S|gnal turns on the gate 309 of the row

select transi stor. Wien the RS signal is high, a

[9@§81 Si @ﬁﬁi thﬁsl’xspugsddugh,gheqmmmggntmmbdiaegémmbn floating

he reset nS|s turn to reset _the floating
FOPSSEOR °r o aﬂp%t% @‘c\ﬁfae °&ﬁéﬁ theoures falloggr srapgistop to

corftfolaBe Shk s pdsflf Bhictigh row select transistor to readout circuitry. The
readout circuitry connects the current to a voltage level Vi 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 Veer>
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,, = V) is produccd by differential amplifier (AMP) 887 for each pixel. It
should be noted that for the CDS operation, V. pc2 15 representative of the reset voltage,
Vaa, on the floating diffusion rcglon 330, and not photo- generated chargc The
differential signal is amplified and dlgmzcd by analog to digital convcrtcr (ADC) 898.
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no potential well corresponding to the floating

di ffusion region 330, as shown in FIG . 12A. The
Wesees/weiss age on the floating diffusion regi orp@E3tbsi/n20930
applied to the gate of the source follower

transi stor, providing current that passes through the

row select transistor to readout circuitry. The

Theragalogire digirad gpnyerter 98 suppliastibe dligirieet pixel signaly doageiniize
2 / Q06738 PCTI|.US2004/ 020930 |evel VP, at the
Pm%%ﬁ’ﬁ%%ﬁ%%ﬁ%%ﬁ% HR28F-gnal is al so pul sed high to

cause S/IH 896 to store V. Wen readout of VP, is

(009! et Bchrotdigor-Baed sifen SER3Sk bbii
) |O‘V|Tl.p-_[ Oog?]O FI G 1285}ghows the pote fc;afr%v\}glﬁ’&g%ntt%hhc
“invepfigay inAkydisief the MO BBMgalstmyori 88 8halRFIGek is illeseited weidtally in

t neset_gate in an off _state, and before readout of =
FIG F I RBbe i Rrat clecBrart g eormPla ehrepim btegidisnal circuit
that¥30id TheEe CMOY R LeP8ORLAT G i Qp
S ohot odi ode 320, bu%cflgg‘{_c?ngg‘éﬁ L Q‘?‘é‘éﬁ%ﬁ“&‘éé%&’nwm
inchedpt goropueh ststenyenereat geteahatginer| HQ88he MsioRl véBaE ddligation,
vid of ,VPc2 and when the RS signal is high, a TX signal is
videg, phoag, SuRyeiiance SYSERTR AU E0qUs A ey Sigh tracl@n Gystons motionn

fs I i Si: | owi t he hot 0- gener at ed
detcclion R 15lagk SEBTLALO sesfioh "Ml Barh KmeP SR stineme, Notably,
the ptavessonbasdil fsfsuahA313rgi OpBRulafly Gsefblhn SHRUS gls&@ns for
mcd?c,oaiiam‘l al well diagram as photo-generated charge Is

eiessr wghps sRedprcaprsrpibradinse 320 to floating
di ffusion region 330. Wien transfer gate 306 is in an

tat g, ant.i ' bet i nned
L 2P et A prBsB R A iR, o b b G oy W geperally
combrivaraagnaalhrobesiag GENIGITEY 1 6 08! GRh %@%%Ewgcecgél?sé, that

floating diffusion region 330. Once the ¢
commumieaes yigh ar utdauipig (@ T devieml 3¢ pwer 2 B80],312h THXCMOS

: ' | wRES | /ith the RS signal high,
lma%éﬁg@ghot 0- e%gﬁéﬁség%ﬁ%‘?g@%ﬁ%n&ﬁ F¥ P Frgisodiompmupisates

withrtbg i@ 3304icweabad 131D, Dhé PRo@or-b30&1 Qftehh 83 BPHES Bacludes
follower transjstor to control the current passing

random} 6% PeMPSe(BAM) e hsinst mey inrludapoiphecdl devices, yuch as a
: ' It { [t

Aopghofisk UEAE515 GLE Kolpker @ REhT ol hidhaipn o

comanthidaed withi QG111 963k Bl 1353, 2RO AMb3GH.0E O8R4 fhay be

cause S/H 896 to store VPcl,
combined with a processor, such as a CPU, digital signal processor, or IMIiCrOprocessor,

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 Eormcction 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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i ndicating the quantity of photo-generated charge 1072
fromthe photodi ode 320. Wen readout of VPCl is
conpl eted, the RS and SHS signals transition to | ow.

[0090] Referring to FIG 8, for readout CDS is LLOYD WISE

performed and a differential Signal (VPc2 - VPcl) is
produced by differential anplifier (AMP) 887 for each
pixel. It should be noted that for the CDS operation,
VPc2 is representative of tHKdL.ABMSt voltage, Vdd, on

the floating diffusion region 330, and not

phot o- generated charge. The differential signal is
anplified and digitized by analog to digital convert

er (ADC) 898. 20 WD 2005/ 006738 PCT/ US2004/ 020930

The anal og to digital converter 898 supplies the
dilgitiAquai(%glcoﬁlbggﬁgs to an i mage processor 889

which forms a digital inmage. [0091] A processor-based
syste . ' diyrent of the

[ nven{nflgﬁ%%lnﬁl%ﬁgggﬂﬁggpﬁgla%%%%hgr%eensor 888 of FIG

8, is jllustrate enerally in FIG 13. A

pr oces%S?Cpﬂégwegyg?tgﬁ\o%i%tgesneé%?%ﬁﬂa!ﬂey of a system

havi ng gi ital circuits that could include CMOS

i mger? é% frapustonpetieen the dirsignd seong pined pbotodiodyssfoe transferring
could include a conputer system canera system
sehangregeneratasHiynbe irstipirmed phbliodiode tmathie gaddndrpinnedipie®diode; and
phone, surveillance system auto focus system star

t r ack ereadous crovitryokdt @Rovids RSt reAdUB MEARNIndiFABAL charge generated
stabilization system and data conpression system

Ny s lfiyst pinrfed pRbREIRRIS Ahd BADRM r%@ﬁ?{%&ﬁﬁd%ﬁ%&rge generated

particularly useful in canera syst

d@?’ih‘é%éconﬁ%%ﬂlegi,gg{&?%%gppes or pill cameras. [0092] A

processor - base stem” for exanple a conputer system
generally conprises a central processing unit (CPU)
1314, such as a m croprocessor, that conmunicates

th I nput/gut put (I/O) device 1310 over a bus
1312. aﬂrf‘eplg’n@sﬁ C’%E*ﬁgle wheeeen thgiseeond pinngd phstodipde nwgy8oating
oyt put froma pixel array, also conmunicates wth the
chfiusign regigrer bus 1312. The processor-based system
1313 al so includes random access nenory (RAM 1311,
and may include peripheral devices, such as a floppy
di sk drive 1315 and a conpact disk (CD) ROM drive

13316, e gikel@kB Of claim 1, wherein the second pinned photodiode has a higher

pinning voltage than the first pinned photodiode.

4, The pixel cell of claim 1, further comprising a second transistor having a gate
coupled to the first pinned photodiode, wherein the second transistor is a shutter

transistor for determining an integration time.

5. The pixel cell of claim 1, wherein the first transistor is coupled to the first and

second pinned photodiodes.
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conmuni cate with CPU 1314 over the bus 1352. The CMOS
i mger 888 may be conbined with a processor, such as
a CPU, digital signal processor, or nicroprocessor,

with or without nmenory storage on a single integrated

circuit or on a different chip than the processor. LLOYDWISE

[0093] While the invention has been described in
detail in connection with preferred enbodi mrents known
at the time, it should be readily understood that the
Egvent&gn js not limted to the disclosed enbodi nments.

t her Th¢ pixe] sllenftclaim 4 dwrthss compusing edopesl weit or pautatrate below
any nunber of variations, alterations, substitutions
oﬂwS@ﬁ&ﬂ#ﬁméﬁkﬂaawangenents not heretofore described,
but which are comensurate with the spirit and scope
of the invention. 21 LLOYD WSE CLAIMS 1. A pi xel
cell conprising: 5 a first pinned photodi ode that

gener aTRSpIRBRIISSF cfhifc AltthePbORSEANAYOH: 684l RA el g o

generates charge; a first trans ween

[ di f t f i ng. ch
st AE P PR ARt St ifie e dipmace

pi nned phot odi ode; and readout circuitry that

provides first readout signals indicating charge
ggnerated,lo bﬁ the first pinned photodi ode and second
readout hespigplel of alein s wherehhe gesogd pemad photolipde fxein the doped
second pi nned phot odi ode. 2. The pixel cell claim1,
whelkei n t he second pi nned photodiode is a floating
diffusion region. 15 3. The pixel cell of claim]1l1,

wherei n the second pi nned phot odi ode has a hi gher

pi nni ng vol tage than the first pinned photodi ode. 4.

e pimRlpigdlckil of calfd b?%gﬁeref‘nutﬁé ARk pitRS® Ehﬁc‘tiocri]i%dea iSRT e doped

transi stor having a ga
well.

10.  The pixel cell of claim 7, wherein the second pinned photodiode is not in the

doped well.

11. The pixel cell of claim 10, wherein there is a doped well between the first and

second pinned photodiodes.

12. The pixel cell of claim 1, further comprising a gate of a second transistor
electrically connected to the second pinned photodiode, wherein the second transistor is

an output source follower transistor.
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20 coupled to the first pinned photodi ode, wherein the
second transistor is a shutter transistor for
determining an integration tine. 5. The pixel cell of
claim1, wherein the first transistor is coupled to LLOYD WISE
the first and second pinned photodi odes. 22 LLOYD
WSE 6. The pixel cell of claim4, further conprising
a doped well in a substrate bel ow the second
transi stor gate. 5 7. The pixel cell of claima1,
f %ther coqprhsing_at | east one doped well in a

st r AtRixel\ggll camprisiRg: i rst and second pi nned
phot odi odes are within the substrate. 8. The pi xel
cel | of figgt pinped photediode that penesateocinrge in nespopseabdighgde
iIs in the doped well. 10 9. The pixel cell of claim

7, whea s¢cond binnkd phétogiots et Q&i&zﬁéﬂ Qeerel if rék%Bnéer{otl %ﬁt and
doped well. 10. The pixel cell claim 7, wherei

t Regeis v iR RereR TRINP HicTHE 11%1&3?)&1 tddiddae 15 doped

well. 11. The pixel cell of efeln there is

a dopegg | & econ i nned

phot odiglol es %%B@%B]ﬁtqgg fﬁex érIS{ ag@l ¢ tOdF(Ef’retS gy

C sin at e nd.tr nS|stor el ectrically

BB g B BirRetit s e oporiade 1 Weaeend minasd
%Eﬂgf 4(an istor is an output source foll ower

th 19teANM 23 LLOYD WSE 13. A pixel cell

conprising: a first pinned photodi ode that generates
char gea gate pEs pesnneé transistonduupled ts dweasacora pifvesdl photodiode.

phot odi ode that generates charge in response to |ight
and

14, Animage sensor comprising:
an array of pixel cells, wherein at least two pixel cells each comprise:

a first pinned photodiode for generating charge;

a second pinned photodiode for generating charge;

a first transistor between the first and second pinned photodiodes for
transferring charge generated by the first pinned photodiode to the second
pinned photodiode; and

readout circuitry that provides first readout signals indicating charge

generated by the first pinned photodiode and second readout signals indicating charge

generated by the second pinned photodiode.

15. The image sensor of claim 14, wherein the second pinned photodiode is a

floating diffusion region.
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5 receives charge transferred fromthe first pinned
phot odi ode; a first transistor coupled to the first

and second pi nned phot odi odes for transferring charge | LoypWwISE

generated by the first pinned photodi ode to the second

pi nned phot odi ode; and a gate of a second transistor
coupl ed to the second pinned photodi ode. 10 14. An

i mage sensor conprising: an array of pixel cells,

wherein at |east two pixel cells each conprise: a

fhést Q'nned photodio@e fgr generating charge; a
second B‘f IS SSRYY Q4 FaHR 1 ophgeindhasecard pmaedhotadiode has a
fhr t transistor between the first and second pi nned

p ’(gflﬁrcﬁl%‘é% velgage thamths fisstininngd phetodiodgener at ed by t he
first pinned photodiode to the second pinned

phot odi ode; and readout circuitry that provides first
readout signals indicating charge generated by the
fiT.st Phoinegepbriod of clden M FuRRS i f@m -
indicatingmg%arge 20 generatedqgsuﬁﬁg@gg%g%B plkﬁghnmmwun
p odi ; ' - of alm 14. wherejn
D P TR0 S Rin e s B Tl Siof P rer
regi 4 WSE . & 16.. The i nmage sensor of claim
1@?&% é#§5%£ gggéggﬁwegﬁﬂﬂ%gnﬁhotodiode has a hi gher

pi nni ng voltage than the first pinned photodi ode. 5

17. The inmage sensor of claim 14, further conprising a
gate of a second transistor coupled to the first
plénedlisnsiagaisenser ofglaine] 4 wheeeis tedist tramaissirss cvuple 18 the first
shutter transistor for determining an integration
tdndesecond. pifihed phagdiodasnsor of cl ai m 14, wherein the

first transistor is coupled to the first 10 and

second pi nned phot odi odes.

19.  The image sensor of claim 17, further comprising a doped well in a substrate

below the second transistor gate.

20.  The image sensor of claim 14, further comprising at least one doped well in a

substrate, wherein the first and second pinned photodiodes are within the substrate.

21. The image sensor of claim 20, wherein the second pinned photodiode is in the

doped well.

22. The image sensor of claim 20, wherein the first pinned photodiode is not in the

doped well.
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19. The inmage sensor of claim17, further conprising a
doped well in a substrate below the second transistor

gate. 15 20. The image sensor of claim 14, further LLOYD WISE

conprising at | east one doped well in a substrate,
wherein the first and second pi nned photodi.odes are
wWithin the substrate. 21. The i mage sensor of claim

20, wherein the secand.pinned photodiode is in the _

daved VEF fhadsrenst op i pluheBiebs Sespnd pisad aptodiode is not in
egg;n the first pinned photodiode is not in the

é\ﬂﬁ pedpell. o5 |LOYD WSE 23. The i mage sensor of

cl ai m 20, wherein the second pinned photodi ode i s not

in the doped well. 24. The inmage sensor of claim 23,

wherein there is a doped well between the first 5 and

s2¢.ondThe imae seheok odtialie 93, WhereihiRerk [PH8o 28 W l%e?\fve n the first
claim 14, wherein the at |east two pixel cells urteher

CoRddet &R Finfdd Shaddigasecond transistor electrically
connected to the second pinned photodi ode, wherein

the second transistor is an output source foll ower
transistor. 10 26. The i mage sensor of claim 14,

further, conprisin ontrol circuitry that applies a

c# ‘ter i’%‘iw“‘?r%er%%s&g afdéif@ i‘é’l whereip the 3 deasbivompixeli agHe further
phot odi odes, and causes the readout circuitry to
PPN gatfiefi assereontl cansistay eldetricglly gemectzt ¢ol tHeysetdrel pinned
first pinned photodi ode. 15 27. The inmage sensor of
cpheitediqde, whereimthe seamdrtianbisgr doinr @Rl €6urde Blosver transistor.
sanpling (CDS) circuitry that perforns CDS

operations. 28. A processor system conprising: a
processor; 20 an i nmage sensor coupled to the

P26)C e SPRY imaeb Serl sSBRGLCISIRT PP rﬁu‘f}?eq'[g{)ﬁlf)'rlggg W rc?%uitry that applies a
criterion to readout signals from the second pinned photodiodes, and causes the readout

circuitry to provide signals indicating charge generated by the first pinned photodiode.

27.  The image sensor of claim 14, further comprising correlated double sampling

(CDS) circuitry that performs CDS operations.

28. 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:
a first photo-conversion device that generates charge;

a second photo-conversion device that generates charge; and
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of pixel cells, wherein at |east two of the pixel

cells each conprise: a first photo-conversion device

t hat generates charge; a second photo-conversion

devi ce that generates charge; and 26 LLOYD W SE LLOYD WISE
readout circuitry that provides first readout signals

i ndi cating charge generated by the first

phot o-conversion device and second readout signals

i ndi cating EHSPFACHUhakRIaVides fibreadous stgnals Indicating charge
photo-gf versjon device; and control circuitry that
agprarae Ey the; Hrat phoro-conveesierodaviasi agd ateonflreariourhggials indicating
second phot o-conversion devices until the criterionis
meliargegenevdieshby the seedndgrhbarcdnyersivatdevicajgrls t he

readout circuitry to provide signals indicating charge

gener at ed byortivg cirbuiifr$ thad BESIRs GRAYR{0R 16 PeddBYI G Fom the
The processor system of claim28, wherein the Tnage

st hot g el 8 B B ions

3 ' clrcuit conprising:, a supstrate; an
a{r%reta’l ég%s'femph;%)%é%fogg 1;f’clsu1t5¥ to Proy, 51@@ala?n({1%mg& Qe geperated by the
m@e?eiq at | east ,one of the 15 pixel cells conprises

a P PAYIOSABYESIOR ATYFSSt on device that generates char ge,

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

2% st Pheoprocessonsysteimost oikdmi 28 whetkin the Gﬁﬁﬁe $e86tkther comprises
signal s indicating charge generated by the second

pleotetntebdvidlesiaaiplind €DSS ciralidy 2Rt BORSER! CI66 'E)Pé&ja{i&ils
that applies a criterion to readout signals fromthe
second photo-conversion devices until the criterion

is nmet, and when the criterion is net, causes the

rgadout g{t%%}ytitegg%ﬁi?g?ﬁ%#gg% signal s indicating charge

generate - conversion devices. 27

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.
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LLOYD WSE 31. The integrated circuit of claim 30,

further conprising correl ated doubl e sanpling (CDS)

circuitry that perforns CDS operations. 32. A nethod LLOYD wiISE
of formng a pixel cell, the nethod conprising: 5

formng a first pinned photodi ode that generates

charge; form ng a second pi nned phot odi ode t hat

gener a .charge; .farnkng a_first transistor between
PROCt T ABE viREe S sunet B fiRtobitbibaemes ine comelsied doube
transferrj charge generated by the first pinned
pﬁ‘?ﬁ‘é‘&i}&fg@'@&"ﬁw&rY§h%tm%f0pnhﬁB§ opgtativnsli ode; and 10
form ng readout circuitry that provides first readout
signals indicating charge generated by the first

pi nned phot odi ode and second readout signals

| B2i cati mgthadhaf fremigengixal @, by niditoSRMPHLiY: nned

phot odi ode. 33. The nethod of claim 32, wherein the

act of fdr@ing Hfrst PRnSE RAIdiBE | ode
conpri ses I%Eor m'rsng a fFoat?lﬁg@{&i%?%eﬁéﬁaéﬁl%?le on. 34. The

t hod : j . . i Si ti
o nni i e SRRt pmpRLREAERERY GhitSorett ode
' Lpnir I f he fi [ d
phot ocf T £55 B3isMerten sfihe Brst ndsesprbpinped phesndiodes for

conpri sing formng a second transistor coupled to the
f frausterpng, %‘@dgfp&mew%@eehe\ﬂwmdtphetoamdew tHearecomigpinned
the second transistor conprises formng a shutter
tphotediedeyand or deternining an integration tine. 28
LLOYD WSE 36. The nethod of claim35, further

conpr i Simingfreadsungireuielp pRe prRides Bitst Reddbtisdignals indica%ng charge
conductivity type in a substrate below a gate of the

s@menekdtiyans isdt 9Tnne§?h?tgﬁﬁ)dg§ﬁ&1§kgggée g%é\@}tﬁl%]%l s aiﬂéﬁrgzgtpnegrcharge

conprising formng at |east one

ichBla e LU KB Bl aBgsustrat e, wherel n e

irst and secon I'nne otodi odes are fornmed within
the substrate. 38. The method of claim37, wherein the
act of formng the second pi nned

33.  The method of claim 32, wherein the act of forming the second pinned

photodiode comprises forming a floating diffusion region.

34.  The method of claim 32, further comprising setting a pinning voltage for the

second pinned photodiode higher than a pinning voltage for the first pinned photodiode.
35. The method of claim 32, further comprising forming a second transistor coupled

to the first pinned photodiode, wherein the act of forming the second transistor

comprises forming a shutter transistor for determining an integration time.
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phot odi ode conprises form ng the second pi nned
phot odi ode in the doped well. 10 39. The nethod of
claim 37, wherein the act of formng the first pinned

phot odi ode conprises formng the first pinned LLOYD wiISE

phot odi ode outside of the doped well. 40. The nethod
of claim37, wherein the act of formng the second

pi,pned .15 ot odi ode conpr.i ses formng the second

pi3 ned Tg?ﬁ 6‘%2‘?:‘1‘18%1&?‘8& B ggﬂt?f CQIARKIHRS, KM 3 dopeg wellmpfea first
met hod .of cl aim 37, wherein the act of form ng the at

| SYHUCHRE 8P Y2 srthstratechsinyy ¢ gats of therseeqpdaratsisted. el |
between the first and second pi nned phot odi odes. 20

42. The nethod of claim 32, further conprising formng

a second transistor, the act of formng the second

t Bansi $he mettmdwTictHinB 2 frtheR gorfpriil Efohird ht MdHsPote ddotpgd well of a

source follower transistor electrically connecte

t Fiest GO HVIRY 1YpEsh E’Msggﬂ.efjﬁlﬁereﬁ%h% ﬁggtYQna/\gﬁ%Ea% élsf?’nleér\ g}tlotodiodes

nmet hod of operating a pixel ce I'nc

apd f§§19é2f\gitlﬂh'?ﬂeeﬂxbggﬁte0di odes, the nethod conpri sing:

generating charge i h response to light by first and
second pi nned phot odi odes; 5 obtaining a readout
signal representative of the amount of charge
generated b t he second pi nned phot odi ode while the
f$%-st phemethodebclain ddewhereigethe pettof figynih@thgespconanned
readi ng out the charge generated by the first pinned
phlsttodlpdeieninyrises fovsfimgy thee secont] pngé phowtRAe et @ péPwell.
t he second pi nned photodi ode via a gate of a

transi stor. 10 44. The nmethod of claim 43, wherein the
act of obtaining a readout signal representative of

the anphihe@bd oPakaR 39§\Qﬁér@i'iﬁﬂ% gg’éf tog qu“g‘?{g%iﬁ’? qi(g ip@%}ieﬂ d)gotodiode

phot odi ode conprises nonitorl

g&iﬁ%r@E?ﬂ)rplYngt {A€ first %?rﬂl%d %h%ﬁl%de Bﬁt%}d%%if ?lgeedop%g well.

40.  The method of claim 37, wherein the act of forming the second pinned

photodiode comprises forming the second pinned photodiode outside of the doped well.

41.  The method of claim 37, wherein the act of forming the at least one doped well

comprises forming a doped well between the first and second pinned photodiodes.
42.  The method of claim 32, further comprising forming a second transistor, the act

of forming the second transistor comprising forming a gate of an output source follower

transistor electrically connected to the second pinned photodiode.
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45. The net hod of cl aim 43, wherein readi ng out the

charge generated by the first pinned photodi ode

further conprises: resetting the second pinned LLOYD WISE
phot odi ode to a predeterm ned voltage; reading out

the predeterm ned voltage; 20 transferring the charge

generat ed by the first pinned photodiode to the second

ned phot o erati t he gate, of the )
nsi é‘&?t gﬁﬁ"?"e‘ﬁ%‘%ﬁ?‘éﬁt eﬂﬁeatdﬁ%\*%‘é fyetrred seeapdppinned
E first plnned phot odi ode fromthe second pinned
ptadiodefe theanethpdywempyisige: 46. A nethod of operating a
p| xel cell that includes first and second photo
conver geramatiighargs,in r¢sponsetth tightcnynfist aidgeomb phaed pHotadiodes;
first readout signal fromthe first photo-conversion
device with a voltage; and 5 based on the act of
conmparing, obtaining a second readout signal

i ndi cabb@fhind HHadodtQfhlR re@é’nt&tw& (i'??l‘fdéjé}ﬂount of charge generated by

photo conversi on device. opera

[ n |S|n e I n chan
i @%S%%&E@%%ﬂ‘%ﬁ%%ﬁﬁ% P BFOUGHiRR Bdefrratint charee
at |east two 10 of the pixel cells are each
gHLrising first and second photo-conversion devices;
obt ai ni ng. signal s representative of the charge
gener afeégmswa the chargs sangspied by theofinsepisneshplidediedsshy transferring
applying a criterion to the signals; determ ning when
t the genérated icharge ¢o thetsgcomd irirfed Ipbatzbtimge @id a ghe oL hah@sistor.
generated by the first photo-conversion devices when
the criterion is met. 48. The nethod of claim47,
wherein the act of applying the criterion conprises

Ccanpar TROmbie d O 9RRh 33! Rhéretnth i i
wherein the act of deter m&ﬁ{n @é\ﬁgﬁ%m‘éﬁhﬁf@?ead&ﬂ%gnal
representative of the amount of charge generated by the second pinned photodiode

comprises monitoring the amount of charge generated by the second pinned

photodiode.

45.  The method of claim 43, wherein reading out the charge generated by the first
pinned photodiode further comprises:

resetting the second pinned photodiode to a predetermined voltage;

reading out the predetermined voltage;

transferring the charge generated by the first pinned photodiode to the second
pinned photodiode by operating the gate of the transistor; and

reading out the charge generated by the first pinned photodiode from the second

pinned photodiode.
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20 the criterion is net conprises determ ning when any
one of the signals is approximately equal to the

reference voltage. 49. The nethod of claim47, wherein LLOYDWISE

the act of applying the criterion conprises conparing
the signals to a reference voltage, and wherein the
act of determning when 31 LLOYD WSE the criterion
i §.Met ,conpri,s s determ ni en an_average val ue of
LRe"s1 orrBon F Spesrhid el ISR anastive W mestdqboto-
vol t age 0. The net hod of claim47, wherein the
pF?ﬁvﬁ%‘?ry qyices; the meghqd eomprisingart of an array, 5
wherein the pixel cells are arranged in a plurality of
col unmsompatingoemBrst wadowisignhhftomahe fist plyroebatdrsign device with a
charge conprises generating charge by first and second
pholtagecamiver si on devices within each pixel cell of at
| east two rows, and wherein the act of nmonitoring the

char gebaea eHthed@ar @Mn%et}ﬁlgs Sﬁ%ﬂlgpﬁ O RAYS: ﬁﬁ%ﬁlt indicating light

devi ces conprises nonitori ng arge accu

byecfnlggd ﬁﬁﬁﬁgﬂ%@oﬁf}%f%ﬁ“ﬁ Lo devices of all pixel

s in east r0%s. 51. The nethod of
claim47, wherein the readlng out of the charge
generated by the plurality of pixel cells conprises:
resetting all second photo-conversion devices to a
pf edet Brhsthedioleneraitng; an ingge sendomtheguethodeomprising:
predet erm ned vol tage from each second
phot o- generatingicbarge derdspase td lighisfiehin hmarrihef HREr@Bs, at least two
accunul ated by each first photo-conversion device to

t diftthe pixebeulls PR cOMBEER] Finst A8Y s&%n&ﬂph&brboﬂvé@%ﬁ R deyices;
pi xel cell by operating gates of transistors; 28

readi nghi&iring!siha ﬁg‘er@?‘tﬁ)‘éwlt}%t&% gg, §gﬁé}ggd tﬁé second photo-

phot o- converS| on device from eac

Pl ErsRATEGesl,on devi ce. 32

applying a criterion to the signals;
determining when the criterion is met; and

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

criterion is met.

48.  The method of claim 47, 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.

49.  The method of claim 47, wherein the act of applying the criterion comprises

comparing the signals to a reference voltage, and wherein the act of determining when

31



10

15

20

LLOYD WISE

the criterion is met comprises determining when an average value of the signals is

approximately equal to the reference voltage.

50.  The method of claim 47, 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-conversion devices comprises monitoring
the charge accumulated by the second photo-conversion devices of all pixel cells in the

at least two rows.

51. The method of claim 47, wherein the reading out of the charge generated by the
plurality of pixel cells comprises:

resetting all second photo-conversion devices to a predetermined voltage;

reading out the predetermined voltage from each second photo-conversion
devices;

transferring the charge accumulated by each first photo-conversion device to the
second photo-conversion device within a same pixel cell by operating gates of
transistors; and

reading out the charge accumulated by each first photo-conversion device from

each second photo-conversion device.
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