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| NVENTI ON [ 0001] The invention relates generally to

oust cHRPBRSER KSR R R L S B smpmnc
cont R T BEAASIESL e S o
o By PRI, et

circuit includes a focal plane array of pixels, each

of the pixels 4 [ r, for exanple, a
phot ogat e, pho‘%lgg“ggimrﬁlmﬁgﬁgxdi ode for
accunul ati ng phot o-generated charge a portion of the
su te. ixel : : j
Foroeflon THeRREn sells AERALDR PhALARRCLES, B more
: Qéf%% toof bt t is part of a
P ar?lgtglg glg{t%cﬂaé S?rtl gl gcﬁtﬁlg?ggg@?ge%ée@r egi on may be
constructed as a floating diffusion region. In sone
i mager circuits; each pixel may include at |east one
el ect r oni CBAQKGROUNID @F BHETNMENTION or
transferring charge fromthe photosensor to the
storage region and one device, also typically a
t r 0802t or Imhgingrdesdtesj ingludieg shargageupleyl devites (€CD) and
predeterm ned charge | evel prior to charge
complensidamyroetal psideaemicordumy GvEXge imagers, atstdopgnonly
el ements of a pixel performthe necessary functions
usegfin ghotopmeging emplmagpg&\ conversion; (2) accunul ation
of '

[0003] A CMOS imager circuit includes a focal plane array of pixels,

each of the pixels including a photosensor, for éxample, a photogate,
photoconductor or a photodiode for accumulating photo-generated charge a
portion of the substrate. Each pixel has a charge storage region, formed on or in
the substrate, which is connected to the gate of an output traﬁsistor that is part of
a readout circuit. The charge storage region may be constructed as a floating
diffusion region. Tn some imager circuits, each pixel may include at least one
electronic device suéh asa trénsistor for transferring charge from the
photosensor to the storage region and one device, also typically a transistor, for
resetting the‘storage region to a predetermined charge level prior to charge
transference. |

[0004] Ina CMOS imager, the active elements of a pixel perform the
necessaty functions of: (1) photon to charge conversion; (2) accumulation of

image charge; (3) resettihg the storage region to-a known state; (4) transfer of



i mage charge; (3) resetting the storage region to a

known state; (4) transfer ofcharge to the storage
woegisan3geconpani ed by charge anplification; (BLT/US2006/014054

sel ection of a pixel for readout; and (6) output and

anplification of a signal representing a reset |evel
chagd tpitkeestoedy wgiorPhmbmpaniadey deargb engplifidationp(S)eelaction

it noves fromthe initial charge accunul ati on regi on
of 4 pirdh éorsteadagt anddbpoutplibend hapification loé asignad gepresenting a

region is typically converted to a pixel output
reseblavaband pixel shangee Photd dvarge maypes amplified sthen it poo@s]from

CMOS i magers of 'the type discussed above are general |t¥1
thedmétind chergh accusudation segien sorthestotagevegionpdihervharge at the

6, 140,630, U.S. Patent no. 6,376,868, U S. Patent no.
stosaga Bedesis typSallpgoanerted to & paeb ogiput voligge Pataciotir e .

6, 204,524 and U, S. Patent no. 6, 333,205, assigned to
follaweerpntpat HaBBISERE; | nc., which are hereby incor porated

t:yg%qfogi <|§ s%a‘%@ Rhie (5pY discpseitatti e gRneelly’
KB SRS TGr SRS BE, it D5 Parsting: e fab 7S Btengro.
6 268Ph DR, Prisiro ol ERy T S Rt 6728 BRacy ™ Phfinero.
o e7Prel o RS DA IARgEr Ly SaREt by e,
whitRA5 ﬁé%ﬁg)ﬁ%ﬁ‘i@S&t&? gy%&?a{c%fmttﬁa@éhﬁf 14 is

activate rans gate control signal TX. [0007]

The gt)@%?t tA?zéicﬁl Rfur HarlsHtGATECMUOS hahpepicel 1€ is shown in

floating dif ion region FD and an array pixel supply

FIGO1 t ZHE pMad 10 iixcluded £pBbtosemordR (650 phlotdBAde phitegateetc.),
activate the reset transistor 16, which resets the

trarisfeattiaigisiof 14) $loatingeliifosioh BegiontHi raset ayangisked 165 spyicy
" voltage Vaa_pix |evel. [0008] The source foll ower
followastrahsistotrd Saasl rovs sejettérarsishaciOe dhtecphdtesdrisoni 2 kg
diffusion region FD and is connected between the arra
cophs@ed $o pht floating diffusion region FD by the transfer transistor 14 when
the transfer transistor 14 is activated by a transfer gate control signal TX.

[0007] " The reset transistor 16 is connected between the floating
diffusion region FD and an array pixel supply voltage Vaa_pix. A reset control
signal RST is used to activate the reset transistor 16, which resets the floating
diffusion region FD to the array pixel supply voltage Vaa_pix level.

[0008]  The source follower transistor 18 has its gate connected to the
floating diffusion region FD and is connected between the array pixel supply
voltage Vaa_pix and the row select transistor 20. The source follower transistor
18 converts the charge stored at the floating diffusion region FD into electrical

output voltage signals Vrst, which is produced when the floating diffusion

region FD is reset, and Vsig, which is produced after charge is transferred by



vol tage Vaa_pi x and the row sel ect transistor 20. The
source follower transistor 18 converts the charge
webtawread3atr the floating diffusion regi on FD i nPOT/US2006/014054
el ectrical output voltage signals Vrst, which is
produced when the floating diffusion region FD is
transistet 14 frvtn Ysé photobérsior 12 tp thedilotthepdifmsiarheegion FB. The
transferred bytransistor 14 fromthe photosensor 12 to
row beleét tomtsistgr 20 fsfaontmoilablediyonreseleniesigoat Fd fosiselectively
transistor 20 is controllable by a row sel ect signal
corBiEctihg thessduarce follswerdvansistor Hyand its sutip@tevalisge @Wl Vout to
transistor 18 and its output voltage signal Vout to a
a colummiine 2 of apixsdl agragi xel array. [0009] An inportant
per f or mance characterlstlc of imager i s its
dynlR0Y r adgeimportantgertRramasice Cﬁ%ﬁ@@?ﬂsgc@éﬁ‘}’ Hppger ig its

dy@%giin%gtsleogﬁa% :s?ﬁanrﬁ{cpr%n'a%aé@s?@@i SRR P for srming
low fighs S 308 capRr RS it s Variabngs i g & or
brighirgag. oAz ten e, e gamatt St o imdidh dhA e Aghed b0 the
rat ot e Sl B finniod 8l fre il ARl FO9R BB 36 A
s e Pfadelelock Ot d SniElotke 1fH GRRIURPKFne. The
dyRhmi Qg a%h%“?{'a?} d188be Eﬁﬁré@?ec?&&@@fﬁﬁ@b@ ts Dy tast

I mager °n rame of” i mage data. Exanpl es of

1111ﬁﬁﬁ&%nt18\6é1 19 9Re6WES illiBhinslicialEvel.r ange i nci dent
signals include an indoor roomw th outdoor w ndow,

out phwoL0JM Aadaskadeynandc birghiefas s Hiawangaiof cidértmignals
scenes corrbl ni ng art ificial Tighting and shadows, and
thdtraabeaktaraiddeged bphaimaganireaisingibirhmeafitimage gat;ir
about to leave a tunnel or shadowed area on a brj|
Exampled ¢f0dnids thhtgereratelhigh danemlaramg@anc@ﬁa'gmamlgﬂndude an
CM3S i mager device 308
indoor room with outdoor window, outdoor mixed shadow and bright sunshine,
night time scenes combining artificial lighting and shadows, and in an
automotive context, an automobile entering or about to leave a tunnel or
shadowed area on a bright day.

[00011] FIG. 2 illustrates a block diagram of a CMOS imager device 308
having a pixel array 240 with each pixel being constructed as described above or
in accordance with other known pixel architectures. Pixel array 240 comprises a
plurality of pixels arranged in a predetermined number of columns and rows.
The pixels of each row in array 240 are all turned on at the same time by a row
select line, and the pixels of each column are selectively output by respective
column select lines. A plurality of row and column lines are provided for the

entire array 240. The row lines are selectively activated by the row driver 245 in



havi ng a pi xel array 240 with each pi xel being

constructed as described above or in accordance with
wobhmriikanown pi xel architectures. Pixel array B@0/US2006/014054

conprises a plurality of pixels arranged in a

predet erm ned nunber of columms and rows. The pixels
respdnasionoxddresadeayde? 256 and thad ¢oltnmsetecb lines aterpelestively

ime by a row select |ine, and the pixels of each

activatadhivy dicecotemecdiiver 260dn treapony to edpaut addrespilesader 270.

select lines. Aplurality of row and colum lines are
Thuyw;, axbdeshd ooluntreaddtess & pnovidledXoo eadhpixebw | i nes are

sel ectively activated by the row driver 245 inresponse

t 0 [06012]ddThesmagends is 2psraipd by meconiiol aiiceis Ladwhiches

are selectively activated by the columm driver 260, i
contrdpeddress dGC@{QIﬁﬁ5@d'H P é@lssei@éi@ﬂéhe APpropuafs roy quum
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i Inb -l gatal SbORalerings dTHE bhalRg-tBYdighal converter
dléﬁg?%gyt%gq&ajgﬁ gclpacggr?vert er e575. The anagog-tg- digital

275 QR tsthe AhalopadivREdritial bignakabelgitallsigiadntlian brefegnalan
to digital signals that are fed to an 1 nage processor

' imag@pt&eﬁwrmsa nd fouh putl catpiiga digital image. [ 00013] The
iTlum nation-voltage profile of the conventional pixel

10 {000E3] 1)THedillunhieatiboivoltegapuefile of the casvestignal pivel |

is typically linear as shown in FIG 3, which )
(FIG. 11y oy the edhokerchangerronaeited sigaak Visigs hriga bykngs agshown in

the prior_art :
FIG. 3, vsehich illustrates an illumination versus voltage graph of the prior art
pixel 10. The pixel’s 10 maximum voltage Vmex may be reached at a relatively
low level of illumination Ima, which causes the pixel 10 to be easily saturated.
When the light captured and converted into charge by the photosensor 12 is
greater than the capacity of the photosensor 12, excess charge may overflow and
be transferred into the substrate and to adjacent pixels, which is undesirable.
Thus, there is a desire and need for an improved saturation response in imager
pixels 10 and imagers 308 in general. Improved saturation response will

improve the imager’s dynamic range.



pi xel 10. The pixel's 10 maxi mnum vol t age Vmax may be
reached at a relatively low level of illumnation
woOme/113d27ch causes the pixel 10 to b e easil yPCT/US2006/014054
saturated. When the light captured and converted into
charge by the photosensor 12 is greater than the
capaci t y ARIEEFSPMMARY 1 THE INYEREH QNar ge may
overfl ow and be transferred into the substrate and to
adj acent pixels, which is undesirable. Thus, there is
a dE¥I0d4] arfherpreserttdnverntidminy theegemgplany ambodinenpopeyides
in imager pixels 10 and inmagers 308 in general.
an imaget/ withsdual canyersionegain chat gai storagapndvbus, impravedr ' s
dynami c range. BRI EF SUMVARY OF THE | NVWTI ON [ 00014] .
dynhmigrangent fHlaonversiem semeelesenplesySchabidi diede)ds coupled
rovides an ipmger wth dugl conversion gain_charge
be&%ﬁ%ﬁom tiﬁg’ss;on FRZAORY éﬂg Y REpPRCEVE gApRCiton. dhgdual

conversion gain elenent, (e.g., Schott diode) is
CORVTBIOBEBR BN SEICBSE i ecioPRellmsn of sk eapasHar an response
o BRI A DR PR B S Ry T o
£0.ch t t the float.i di ffusi .
nd BSRIRGRLES, BRI SRR ok B e T pgion
jffusion region froma first conversion gain to a

gajSsil{écond conversion gain. [00015] In an additional

aspaRiolst NaniAVERIMiLiSR] icdes, si AVEo
enbodi rre]tnt snan agilyr%hgﬂ% %?géctf ﬁ'i‘:)eet {\z/%en tﬁlé(?&ég?semoefxe?plary

enBRMiGentsQl SRIC don@dtt betweerfihe d€of A 96 B Jolthhiréighiistor
regi on which assists in the readout of t e dual

and ahy o508 diffision wdoh whieh assisth il seabouBhll thE dual
. DESCRI PTI ON CF THE W NGS [ 00016] These and ot her

cofemtionesainodt@ad\siiadgéa pitelt he i nvention will be
better understood fromthe foll ow ng detail ed
description, which is provided

BRIEF DESCRIPTION OF THE DRAWINGS

[00016] These and other features and advantages of the invention will
be better understood from the following detailed description, which is provided
in connection with the accompanying drawings in which:

[00017]  FIG. 1is a schematic diagram of a four-trans;stor (4T) pixel;

[00018] FIG. 2is a block diagram of an imaging device;

[00019] FIG. 3 illustrates an exemplary luminescence versus voltage
graph for the pixel of FIG. 1;

[00020] FIG. 4 illustrates an exemplary floating diffusion region in

accordance with an embodiment of the invention;

!



in connection with the acconpanyi ng draw ngs in which:
[00017] FIG 1 is a schematic diagramof a

woawetisansi stor (4T) pixel; [00018] FIG 2 isprarhisemk/o14054
di agram of an i magi ng device; [00019] FIG 3
illustrates an exenplary | um nescence versus voltage
gr $eO02ipr Kk 5illustrates afr b@mplary tidomdationcrergus voltage

illustrates an exenplary floating diffusion region in

grapie ioactopdencel withan emihm%mmht)f tte infentioent i on; [ 00021]
FIG 5 illustrates an exenplary illum nation versus
vol{oenga] gr Bigh 6iin agpotertid déagram ilusiabng soe aperation of e
i nvention; [00022] FIG 6 is a potential diagram

FIGi #Ipiretly at i ng t he operation of the FIG 4 pixel;
[00023] FIG 7 illustrates an exenplary circuit :
di 4900281 i nFlie Joflustuetes anenemplarsyeHirepeigm fhaccordance

_invention; [00024] FIG, 8 illustrates an exenplary
with gp-egehedipentobtheinyepdQNshar ed pi xel i npl enentati on

AT ST 3k DR RS e B
sl S B RS O g e

. DE{:?CRI PTI ON OF THE | NVENTI ON [ 00026] In the foll ow ng
InvedHoR 4 description, reference is made to the

aﬁi y;g%\fy @#S\{A}ggesgﬂ@ﬁagss}f Eﬁs@eQQHEo%%E?c?{Cg afBstiohe

ustration speci

ima%gg %H@%g&&dﬂme‘:@iﬁx dANSH QY oTRe RfveREiBAL | Ced.

se enbodi nents are described in sufficient detail
to enable those skilled in the art to practice the
invention, and it is to be understood that other

DETAILED DESCRIPTION OF THE INVENTION

[00026] In the following detailed description, reference is made to the
accompanying drawings which form a part hereof, and in which is shown by
way of illustration specific embodiments in which the invention may be
practiced. These embodiments are described in sufficient detail to enable those
skilled in the art to practice the invention, and it is to be understood that other
embodiments may be utilized, and tﬁat structural, logical and electrical changes
may be made without departing from the spirit and scope of the present
invention.

[00027] The term “substrate” is to be understood as a semiconductor-
based material including silicon, silicon-on-insulator (SOI) or silicon-on-sapphire
(SO8) technology, doped and undoped semiconductors, epitaxial layers of
silicon supported by a base semiconductor foundation, and other semiconductor

structures. Furthermore, when reference is made to a “substrate” in the



enbodi nrents may be utilized, and that structural,

| ogi cal and el ectrical changes may be nmade w t hout
wdepmwrii3aag fromthe spirit and scope of the preeEms2006/014054

i nvention. [00027] The term "substrate"” is to. be

under stood as a sem conduct orbased material including

ol g B L pFetnd BRULA) At Bl e b il o form
reg%@%ﬁgngﬁgls%l RHYBASY semibidiectbPtrh@URS &r RundlatibAOh
supporte y a base sem conductor foundation, and

ad BtBA! the QR ERRRHG néelmtt belsdfconFblsk AL dcRld BB ®ased on
reference is nade to a "substrate” in thefollow ng

sili&%sg_éﬂm&ﬁigm, fg[éhﬁ‘éhﬁﬂﬁ, otk @bafdemy have been
utilized to formregions or junctions in the base

senfpoozsjucTae térni Upixel erears toupdetur@ealeniant aditi cell@ontaining
t he sem conductor need not be silicon-based, but could

a phetdsenst ool tsandistors-fge comverting light nadiation toan ghictdicain
arseni de. [00028] The term "pixel" refers to a picture

signale Femtpurpotesof illustation;, airepreaehtive pired trillasidated in the
transistors for.converting |ight radiation to an,

figetes endi destriptign Abreirend piypiradlysfabricptipn of Rl pixls ingan
representative pixel is illustrated in the figures and

images ertay WEhpraseed pinawéanecyslyciala §mikasrshier on of al |
o) 2 SR LR oGRS Sha AR
o RSB ASTRR AR SR S5O e o i
rorgh SR bRl e dFaftef Bl S Bk pRR S Bfaf expptery
P e QLG Pl A TRPRL IS i e DRy e
P A e e P oo o

phbfRBRIR! illsBARSIAIG 4 ash PIHY disdRY HrdUSh aGRdrbf&WrirGistor
el ement of the pixel 110 i's forned between

14. A dual conversion gain switch element of the pixel 110 is formed between

the floating diffusion region 30 and a capacitor C1. Preferably, the dual
conversion gain switch element is a Schottky contact 32 which forms a Schottky
diode. An ohmic contact 34 is formed between the floating diffusion region 30
and a source follower transistor gate 18. The ohmic contact 34 is formed.by an
n+ doped region 34 within the n- doped floating diffusion region. The Schottky
contact 32 is formed on the n- doped floating diffusion region 30 which is in
contact with a p-type layer 26. The contact 32 allows for the realization of a dual
conversion gain pixel. That is, as is explained below in more detail, the pixel 110
will have a first conversion gain under a lower level of charge transferred to the
floating diffusion region 30 cause by relatively lower levels of incident light and

a second conversion gain under higher levels of charge transferred to the



the floating diffusion region 30 and a capacitor d.
Preferably, the dual conversion gain switch elenent is
wa 28phoesf£2ky contact 32 which forns a Schottky ®CDMS200/014054

ohm c contact 34 is forned between the floating

di ffusion region 30 and a source follower transistor
floghiigediffisidineegitunBC caunsetidnt rebativiedy higheedete)s afninnidedblight.

region 34 within the n- doped floating diffusion
The Bchattky dorta&Iatredtys thervcautrefee oka floneaddndhe ilhgnination

doped floating diffusion region 30 which is in contact
respohbe @epFiGdH, whymr thegespiinse eodithe knegearg defapmingd hyhihe

real i zation of a dual conversion gain pixel. That is,
bamieriheightpif sha8chasteyownitact #8r e detail, the pixel 110

w || have a first conversion gain under a |ower |evel

of [0988Q¢e (Theremainiag n%h@%ogﬂl@magﬂaiaﬁf? sianida tpdlatnt the

I Pt re SR N N N
pi%%ii@gf Bl e e o 3 w0 Riclics Sapleetieh £ i =
ol SE S RO 5 O ATl FABHMEFIS el o
to B it R RE AL AT et SR Slorc? 5Bttt byl the
ST R A8 A HR PR Ao
coﬁtlrl)ié‘ﬁﬁéé%g@g]% &Eﬁ&&cﬂz ia!%agcta thé j:és@t‘@rhmﬁét%? fl@,mvﬁichtﬂl'é@ets the

pI X I's, the pixel 110 includes a

ﬂoﬁhﬁ% QAHEASIBH rdAoWB0D the ae e poeell SHppE Fdleagleras bt level.

trafsi stor 147 The transfer ‘transistor 14 transfers

charaesip (TR dduead ioligwairftidisiseor 18lgaits §te cdnnesed to the
transistor 16 is connected between the floating
flodtihf dsfifasion eggion 3BQinand canneutedipetpieenl the aplyypivel stggpdy
Vaa_pi x. A reset control signal RST is used to i
voltage Vanepixteerdrtheebwt selacs irensistor0. viesiour esstellowen ransistor
floating diffusion region 30 to the array pixel supply

18wonvergethechapgxstosacbat thedlvoting ditfusiopregiontf) ingelectrical
out’qggtnéci)lgatg%rsiér?alg %%sti \t/v c%aits %rggggeedcxtv%gnttﬁe hggﬁng diffusion
region 30 is reset, and Vsig, which is produced after charge is transferred by
transistor 14 from the pﬁotosensor 12 to the floating diffusion region 30. The
row select transistor 20 is controllable by a row select signal SEL for selectively
connecting the source follower transistor 18 and its output voltage signal Vout to
a column line 22 of a pixel array. The Schottky contact 32, forming a Schottky
diode, is connect to the floating diffusion region 30, Once a predetermined level
of charge collects in the floating diffusion region 30, the Schottky diode 32
automatically connects the capacitor C1 to the floating diffusion region 30,

thereby increasing the conversion gain of the floating diffusion region 30.



floating diffusion region 30 and is connected between
the array pixel supply voltage Vaa pix and the row
weebmat3£r ansi stor 20. The source fol | ower traReTASB006/014054
18 converts the charge stored at the floating
di ffusion region 30 into electrical output voltage
si gjad32]Vr gts, mehtiofed sbgrepd love desibtence dlemii¢ cattactPs is
di ffusion region 30 is reset, and Vsig, which is ‘
forpreddwithdhaflbeting diffgson segiom B8 fasrilustratediin FhSi 4t Go fden the
fromthe photosensor 12 to the floating diffusion
contecfi pa 3mallfreregton sdbuoed in thesfleatioyg diffuision region 30 which
controll able by a row sel ect signal SEL for
is dogledon- elssiwherenibe vhmyjc contagioid aeates pibsikker betwesn dregate of
18 and its output voltage signal Vout to a colum |ine
thegspugee fpllomsesitransissgr, 18wl atipg ditHsiggregion 3 Mng
a Schottky djode, is connect to the floating d&ffusiqp'
exqraplagy; dgpingdevel of tbe ehEvE FoRtaP4 s bepwem 3 lge 4ex10

collects in the flaoating diffusion reqi 0, the
atoRu B Ay AblsCPTSIEr iy e LA s m Bt  herloW kpaanee
C, to.t floati di ffusion.region 3 t hereby .
oy Fesarg pRers Bk ate PERS e St Rty Fftistor and
di f.fusi egi on 100Q32 ti - a 0
pefily ER AR RS SSBaRR s Aok A e of e Wurce
L0 G sion region 30, as illustrated in FIG
fo@v?%i-%g;%%b{ 3ej' contact 34, a small n+ region is forned
A | oati . . . . . _
el s SORE, "o BORPIL RGN 2 PR R Coftact i
forBeddBsovelthe fRatifg hfrif16n $886AB0! PidvouRsr, ARRRSISFIT, 418
and the floating diffusion region 30. An exenplary
illbeRitasdrhh edtrl ScbbtikhelioheBT istofthad abdde tite 64 diffustorX
1014- 4e x 1015 atons per cnB and is preferably 2e x
regh6i 30,ahenrkoded?2 anly. aliEprativaly be foished odthah the flomimadiffusion
34 |lowers the gate barrier of the source foll ower
regiond8i Thediedei3heayitesformed of £idberspute & metdonanetilsilicide
diode 32 to be seen at the output of the source .
layfep BP avian eordaeting the nt giliqoodapa 30T Hxemytamn metal sdigides 2

also referred to as a_baryrier aor contact, is
materials that may %e used for the%chott{(y diode include tungsten (We), cobalt

silicide (CoSiz), platinum silicide (PtSi) and titanium silicide (TaSiz). Thg barrier
for each of these silicides is 0.55-0.93V which must be exceed for the diode switch
to activate. The material chosen for a particular application depends on the
reproducibility and temperature stability of the diode based on the particular
material chosen. Additionally, pure metals silver (Ag), aluminum (Al), gold
(Au), chromium (Cr), hafnium (Hf), magnesium (Mg), molybdenum (Mo), nickel
(Ni), palladium (Pd), plaﬁnum (Pt), titanium (Ti) and tungsten (W) méy also be
used to form Schottky diodes on an n-type silicon. The barrier for these metals is
from about 0.5-0.9V. Several of the pure metals may also form silicides, as noted

above, when the metal reacts with silicon. Although all of these materials are



fornmed above the floating diffusion region 30.

However, although FIG 4 illustrates that the Schottky
wdizoa1327i s fornmed above the floating diffusi eaTAS06M014054

30, the diode 32 may alternatively be forned within

the floating diffusion region 30. The diode 32 may be
ablé t foech Sdhoetidytiiod g 82 severel of these metads, inelndingiAul cadel,

32 when contacting the n- silicon |ayer 30. Exenpl arg
are iabain toi bd aindemiretes indCNQhtechnelpgl andstbgrefore mag not be as

Schottky diode include tungsten (W), cobalt siljcide
des{EbRKpr upé it CMOS sinplesierdaiipnsi Theinyention sieserkad herpine

(TaSi.). The barrier for each of these silicides is
doeB 186 requsva whivclovnbetrios 4o aghigee thegualipenypesirn sHn@spect of

to activate. The material chosen for a particular
theanyentiat i on depends on the reproducibility and

-tenperature stability of the,d|jode based on.the
e DO ar Offetion FemdbeHeaROATHPR SR (6.8 TN stedh 2 the

thi R HI9P o ST g RO B e e b ot ‘SRBption)
a5 o iRG B g bl D BBt STy, okR Bt R Ao A
in o PesitlgBA e he ECHiexdfe S8} RiprbRic bl aRdEs:  doli
resflli3R R bhfon ndFp R SEEn AR Erer MR (BT A2 Jow

. P . f
et%ﬁ 1€, %ﬁﬂ&g&*é%ﬂ%ﬂ%ﬂ GilieSn PloceSEir: ,:)f’eléseéé thisliRsser.

al's, uding Au and Cu, are known

Th&%%t@f@lg%ﬁéof AnfBRr bealMelislg nfiise tel ©f igislenyit A0try

be as desirable for use in CMOS inplenentations. The
lov BYistHitpdiode 6 ih-yed slikoa) howeeer, Hed inventionedescribed hbwmin,
barrier to achi eve the dual conversion gain aspect of
dotdwot reyeirt aorery G0 Badfier@btretypeesiicond Uit hagries haight may be
nitride layer (e.g., TiN) is used as the thin barrier
adjuateerby3Batirial sglecoon ar adjBsting themni deping. agneerdgatinmg foresult
di ode formation), as shown in FIG 4. For exanple,
in prlegizerk tkrmef ot Hip WPNFEEIOMBRINKNnown to resul t

[00035] Charge automatically flows through the diode 32 once the
charge potential of the floating diffusion region 30 reaches a predetermined
threshold potential and is stored in capacitor C1. The advantage of the Schottky
diode 32 is that the step of activating a transistor to connect the floating diffusion
region 30 to the capacitor C1 is unnecessary. The predetermined threshold
potential is dependant on the diode 32 barrier height. Charge flowing through
the diode 32 is stored in‘the connected capacitor C1. Capacitor Cl is also
connected to the array pixel supply voltage Vaa_pix. The combination of the
Schottky diode 32 and capacitor C1 allows for an increased storage capacity of

the pixel 110. When the threshold potential of the diode 32 is met and charge
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in a very low barrier and are therefore, easily

reproduci bl e diodes. Ti would result in a very | ow
woaooeiies420n n-type silicon, however, TiSi formCTWS2@6/014054

a low tenperature, enployed in conventional silicon

processing, raises this barrier. Therefore, any one of

flows RHEIRE cabaciiel €71) tHeSaiva)n bt iieminktioh mpdpmBots ereutedy(see
| ow Schott'ky diode to n-type silicon, however, the

FId.Byention, described herein, does not require a very
| ow barrier to n-type silicon. The barrier height may
be [@dp3sjt eThay, tire Sehotéty saltecttd2crdeatricallij aldaws fprtthe n-
dopi ng concentration to result in a desired "knee" for
realibgti oo/t sitomatid dual [c600&SionGen pixehuTberoircalfoljower
flows through the diode 32 once the charge potenti al
trandistoh &8 tomedrtnidhedhhfgesitdhe flogiing diffusieategiond0 into an
predeterm ned threshold potential and is stored in
electzigalcdutput gbltagih sThaiehumicagatast Sdhwhishirennggtsdhe gatezd the
is that the step of activating a transistor to conpect
sourpefallayeer thansigter 18 iotheflogting digusion ragiopi9alqweys

I S unnecessary. The predeterpnined threshold ent j,al
barrier pefrsviiph at thsgate ef heggareptoggpier &anﬁ@FWCP %ﬁ%ﬂf@@‘e

IEATE TR R ey
priogﬁaﬁpgf ot Pk ERG SRR 20 M8 ip e o
o A o AR ARt £ b
diff[ﬁséox?f%&ﬂ? 36 99h1:180 WRe kRELiH (R iBERARAGH v&sus f)gﬁotgz)ﬂﬁﬁtag@

m nation response 1s created (see F

prcgacﬁ%gag;y theWhoftlRe cofiaef SX 4s SRewAGh FEE. 5 el aapoyely

for the realization of an automati c dual

refRRIERSHE Buddi v éltagelof tHdisomee fslbval thavistor 18dak 36 die
18 converts the charge at the floating diffusion

ohhe@t@tad®4, nto an el ectrical output voltage. The ohmc
contact 34, which connects the gate of the

[00037] FIG. 5 illustrates an exemplary pixel illumination versus output
voltage graph in accordance with the invention. The term knee reflects the fact
that the graph creates an angle in the illumination-voltage profile, such that the
maximum saturation voltage is reached at a greater level of illumination, point
B, than that prior art pixel, point A, as illustrated in FIG. 3. For example, in FIG.
5, the illumination-voltage profile continues at an angle until the threshold
voltage of the diode 32 is met. Once the threshold voltage of the diode is met,
the knee is created, point C, and a new illumination-voltage profile angle is
created. As illustrated, point B on the chart is the illumination-voltage point at
which saturation occurs when realizing the dual conversion gain, whereas the

saturation point would be at point A for an implementation not realizing the

dual conversion gain aspects of the invention.
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source follower transistor 18 to the floating
diffusion region 30, lowers the barrier potential at
woOherogase7of the source follower transistor angCaiusems/ 014054
the source follower transistor 18 to capture the full
extent of the voltage swi ng produced by charges stored
at [0b@3d]! oThengrgdt Phrrkirdrightf the Sthadtky dindeR is selected
capacitor O when the Schottky di ode 32 couples the
basedpacivhere i€is detetrhinetl that thedadefrésprinee is leest gasezbOn the
Thus, the knee in the illum nation versus out put
pamuleag@pﬂxmwme'ﬁh@ynempomiaouhemomtmtvahmhme dusl emgirpsion
in FIG 5, can be purposely reflected in the output
of thelprapesart dusleosyersian gainifixelchengessiremdiighgonersion gain
the ohmi c contact 34. [00037] FIG 5 illustrates an
(neealedrﬁdna]w ggnell level), unﬂqmmqoaﬁemmrs&@ndn@?ﬂﬁd fp i gly aignal

T B o oy e
regﬁ% 2?&Lﬁ§1f @@M@llﬁ)?@mﬂqg 4 ! g@}’é{m e B?@é&félﬂlght 15
gt B0l g e (ﬁrg%ssg ot ikdon e B s ion sanal
5993%@ Frii s ros AorrdeRy PR S vRE b SufiERb MR
co%gé plioﬁnggs‘m%% 3 éls%]& 3£{i tgec‘ %%ﬂs#@&ﬁ@&ﬁg %ﬁo&é@z Ha99% dfusted
byI ﬁplﬂ%t?xg{)ﬁ Oflor & QJJ{xﬁ%qn el i, ltﬁ tfksﬂr al&feeﬁ ﬁgy be¥ormed of

on the ¢ art

aTi '1@@@3%%1% r%ﬁ{t 48 o Bt wath ﬂ@'r@'ﬂo‘aﬁhgfcﬁifu@i@n% B0, a

eal | zI ual conversion gain, whereas the

T1N55a‘1'f1§f 1a9Br B®istbrived |dih 0 cith®Ti Iakyer36 and arW layer 40 formed
i npl ementati on not realizing the dual conversion gain

ondsPef e TIN (4ir BBY Fht intmirsREBS}kyhiodaBybbrrbarheight is due
helr ght of the Schottky diode 32 is selected based on

to ed#feréndedindie erarkfhedttivhaindt daa Henfeethes ediustesl by addistg n-
based on the particular application. The knee point is

typher pdiype dapinghiiociliecomeindtha icontast eagion nTherefore, the final diode

32 barrier height will depend on the material selection and annealing and

implantation conditions.

[00040] FIG. 6 illustrates an exemplary potential energy versus
capacitance graph for the pixel 110 of FIG. 4. As charge is collected in the
photodiode PD it reaches it maximum collection point at a pirmiﬁg voltage Vpin.
When the transfer transistor is activated, the charge is transferred to the floating
diffusion region 30. The amount of charge that the floating diffusion region 30
alone can hold is illustrated by section 2. With the addition of the Schottky
diode 32 and the capacitor C1, additional charge may be collected as illustrated

by section 1.
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of the proposed dual conversion gain pixel changes
from hi gh conversion gain (needed for |ow signal
woewmli342t 0 | ow conversion gain (needed for hi goTaiSgwali4054
| evel ). For exanple, if the point of saturationis 1.0
V on the floating diffusion region 30, and the knee is
desjooedjat Thehbdve descrBedBdhbitkytidiode 82 and ehntieicghtact may
targeted at 0.4V. The knee can be expressed as a
alsbibediripdemehtediie asshiavedpixehaaggrehent; 800Bstratedin BlG 8s tFIG.
ef fectiveness point of view, the current WTi N Ti
8 iltusttated a popdews viey die 4rwey shared pixel implementatighothay
di ode 32 may be adjusted by inplantation. For exanple
photosEh@rs 42a,t12b, Buhd2d kychdhasies Gurepppnging Banefar grngistor
| ayer 36 which is in direct contact wwth the n- |
144, 1dbt 14vg14d whieh tensfers dargoto theflartipgdiffupionggaiong¥). The
is formed on toi) of the Ti layer 36 anfl aW | ayer .40
phetassaepred2ecizbei2e Aad shatejagipest tramsisterp16, Rsopiacs follower
Schott ky di ode 32 barrier _hejght ig..due to the
trag ISt I 2 EoWrselach RBFIRIOEAG. 3 Bt At e rogiph ARAnd

cof SRS R B RS e 85 SR A e
SRk ok Mt AFBRR s AR by B
B B i G N

f‘ts mﬁ | B E 9l hBGk& T sterh B0tE a@iﬁ%?ﬂé}%@ss@%%éteﬁﬁﬁ%ﬂfﬁed to

m'col 'ection’pol nt at I ng voltage Vpin.

i heabi @b Rke LIPRTISIAg i gl MOlEdhe iRnebar ge

mcl}i\gat@ragnsfagrr?ged toethe f oatigng Jiﬁffusi on regi on 30.

ImhBeh2aBHa 200 isehmilgetd d@ticd 508 ﬂﬂ@ a2)iwighdhé éxisdption that the
region 30 alone can hold is illustrated by section 2.

arhdiyt 20t doenpedstistpinels 010 tdretSeteat inkaccdidaaee 3dthatie inention.
capacitor O, additional charge may be collected as |

Thiel proséssat-bdsdaysysearn 360 islexe0qldny] of they stdroveviig digitebeircuits
Schott ky di ode 32"and ohmic contact_ may . |

that could include image sensor devices. Without being limiting, such a system

D

could include a computer system, camera system, scannet, machine vision,
vehicle navigation, video phone, surveillance system, auto focus system, star
tracker system, motion detection system, image stabilization system, and data
compression system.

[00043] System 300, for example a camera system, generally comprises a
central processing unit (CPU) 302, such as a{ microprocessor, that communicates
with an input/output (I/O) device 306 over a bus 304. Imaging device 200 also
communicates with the CPU 302 over the bus 304. The processor-based system
300 also includes random access memory (RAM) 310, and can include removable

memory 315, such as flash memory, which also communicate with the CPU 302

over the bus 304. The imaging device 200 may be combined with a processor,
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al so be inplemented in a shared pixel arrangenment, as
illustrated in FIG 8. FIG 8 illustrates a top down

woizew/10842a 4-way shared pi xel inplenentation. PO®US2006/014054
phot osensors 12a, 12b, 12c, 12d each have a

correspondi ng transfer transistor 14a, 14b, 14c, 14d

i . or s " : ; 4C,
suchisGlcp 8&@{}%{% &éﬁﬁ?ﬁﬂﬁeés@n dranidr@piidcagsod Withsiravithout

regi on _ phot'osensors 12a, '12b, 12c, 12d share a

meﬁﬁﬁg%térégé Sh3lsHgld Gntedrated cizeuit ol bawetifferentshiyl thanltBe
a row serect transistor 20, a floating diffusion

prdc@é%b?.n 30 and capacitor d. Al though FIG 8
illTustrates a 4-way shared inplenmentation, the
Schobods) diThdebde dastrivediembaditments Bvydesionlbrdntdsoine
may be inplenmented wth other shared pixel or

mahaer sitidledo pheizhagerrdevireritinstsatefiao §4Q] 2.FT1B: pixed Avay 240, of
system 300, a typical processor systemnodified to

FIG.1% hnijebeacorprigechof dhewabore Aescriedt pixelisdd0 heawing a8ehottiy
of the invention. Imaging device 200 is simlar to

dicde\32can d3a8middoBtact34wi t h t he exception that the array

el ey gt Ao
in??ip?_iﬁﬂ@da ggnem&@ftsfébré%ﬁmﬁfgf&g@jwf VHRToRy s
e o e RS e B S SRR A metnod o
fabgfiplng gl ey oy B SRS G cn B REREAE T
st g S Tl S SR e
R L

ki ' IR 8 i ki v
BT N e g

seCRIMM A GRLE BeWiddh thBpHORbiedbiRiveregiohhmdithe fRALng Hiffusion
processor-based system

region, the second transistor being controllable to transfer charge from the
photosensitive region to the floating diffusion region, forming a capacitive
element over the substrate; and forming a Schottky diode within and above the
substrate, wherein the diode is connected betweenA the diffusion region and the
capacitive element such.that when the diode is acﬁvated, a capacitance of the
capacitive element is added to the first capacitance of the floating diffusion
region.

[00046] The processes and devices described above illustrate preferred
methods and typical devices of many that could be used and produced; The
above description and drawings illustrate embodiments, which achieve the

objects, features, and advantages of the present invention. However, it is not

intended that the present invention be strictly limited to the above-described and
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300 al so includes random access nenory (RAM 310, and

can include renovabl e nenory 315, such as fl ash
worowyg342nhi ch al so communi cate with the CPU 302Ta8e006/014054

the bus 304. The imagi ng device 200 may be conbi ned

with a processor,such as a CPU, digital signa

illuBHAERBEAbodierlts CABRAGESIEMion, Whliglopresehilp uinforeseraple, of
storage on a Si ngI e 1 ntegrated circulrt or on a

the@irbb@1teAVertitirbthiah admbdroithi tdesspirit add @@ﬁﬂa] of the falbowing
e

escri bed enbodi nents may be i npl enent in a manner

clafhdhaildbe dohsiderabpart df ieopreséntinverticrd in FIG 2.

The pi xel array 240, of FI 2, may be conprised of

t he above descri bed pixels 110 having a Schottky di ode

32 and ohm c contact 34. [00045] It should be

appreci ated that other enbodi nents of the invention

include a nethod of fabricating the circuits of the

invention as illustrated in FIG 4. For exanple, in

one exenplary enbodi nent, a nethod of fabricating a

dual conversion gain pixel conprises the acts of

fabricating a photosensitive region within a

substrate, formng a first transistor within the

substrate for resetting the pixel, providing a

floating diffusion region within said substrate, the

floating diffusion region having a first capacitance,

provi ding a second transistor between the

phot osensitive region and the floating diffusion

regi on, the second transistor being controllable to

transfer charge fromthe photosensitive region to the

floating diffusion region, formng a capacitive

el enent over the substrate; and form ng a Schottky

di ode within and above the substrate, wherein the

di ode i s connected between the diffusion region and

the capacitive el ement such that when the diode is

activated, a capacitance of the capacitive elenent is

added to the first capacitance of the floating

di f f usi on ’
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regi on. [00046] The processes and devi ces descri bed
above illustrate preferred nethods and typical devices

wohoosanys2t hat coul d be used and produced. The RODAS2006/014054
description and drawi ngs illustrate enbodi nents, which
achi eve the objects, features, and advantages of the
present invention. Howgygmsit is not intended that
the present invention be strictly limted to the
above-descri bed andillustrated enbodi nents. Any
Hbf isGRiihed, astrieer ahd desised td Ve pritocted dedldtters Batehbeof the
present invention that cones within the spirit and

United Staeope of the follow ng clains should be consi dered
part of the present invention.CLAIMS What is clained
as new and desired to be protected by Letters Patent
1. Aofintdger WovicedcoBhptisingi s: 1. An i nmager devi ce,

conprising: a photosensor; a diffusion region having a
first capacitance being connected to receive stored

a photmsemsoitr om sai d phot osensor; and a circuit having a
capacitance for storing charge which is connected to
said diffusion region by a Schottky contact, said

a défysien regippbpuing Hukt gapadtanss Being é@%ﬁ“—t%& f& a second

) capaci tance whe ctivated by said Schottky contact to
receive Stﬁégﬁl@r&eaﬁ%WW@HﬁPth@‘%o&i Qi ffusion region. 2. The

i mager device of claim1, wherein said diffusion
[ J -, [ d [ S {. t
o it Biek A el R AP AR LaTAR kRt
o said iy Poth RS Mt S BRI PBAS R o

diffusion g%‘f%:ﬂ Qith 98Ln ?&Bﬁ&?ﬁ‘ﬁe%&@é&v@@d byk&a region via

m c contact.
Schottky contact to couple said circuit to said diffusion region.

2. The imager device of claim 1, wherein said diffusion region is an n- region and
said Schottky contact includes at least one conductive layer in contact with

said n- diffusion region.

3. The imager device of claim 2, further comprising an output transistor having a

gate connected to said diffusion region via an ohmic contact.

4. The imager device of claim 1, wherein said Schottky contact couples said
circuit to said diffusion region when an amount of charge collected in said

diffusion region exceeds a predetermined threshold.

5. Theimager device of claim 4, wherein said predetermined charge threshold is

correlated to a barrier height of said Schottky contact.
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4. The imager device of claim1, wherein said Schottky
contact couples said circuit to said diffusion region
wohers/1asw2anount of charge collected in said di PCURISHW6/014054
regi on exceeds a predeterm ned threshold. 5. The
I mager device of claim4, wherein said predeterni ned
6. Théimagertdevishof daiirs1,cohereirasaid capacitapee of sxid isisicgitds of
said Schottky contact.6. The. inmger device of claim1l,
phevided byad chpegitaci t ance of said circuit is provided
by a capacitor. 7. The inmager device of claim 2,
wherein said ohmc contact is fornmed as a Q+ di f f usi on
7. Theinagendevicaofchion & whereinsaid ohmis contachis formed ps a n+
pi xel , conprising: a photosensor for accunul ating
diffagien regignpyighinsald 8&&@?&’“ ¥e8ifbcted to receive the
charge fromthe photosensor, said diffusion region
havi ng an ?ssociated first conversion gain; and a
8. Asdmagek POELAORPRTING i t chabl y connecting a capadtive
element to said diffusion region to provide said
i{fusio re ion1 .t h second associ ated conversion
apﬁ%(WGW¥F38¥@%?H??gﬁ?@ﬁﬁ@%ESsociated first conversion
gain. 9. The inmager pixel of claim8, further
| Sl ] i gate of an
a ARG Fogtoh Aol 16 30 R g et el
i Lhs I3 : ' n out put
photosensBf i HIGH Bepto A o B D o P s
gain;and di fTusion region is an n- region and said Schottky
contact includes at |east a conductive layer in
contact with said n- diffusion region.
a Schottky diode for switchably connecting a capacitive element to

said diffusion region to provide said diffusion region with a second
associated conversion gain different from said associated first conversion

gain.,

9. Theimager pixel of claim 8, further comprising an ochmic contact connecting a
gate of an output transistor to said diffusion region, wherein said transistor

converts stored charge into an output signal.

10.  The imager pixel of claim 8, wherein said diffusion region is an n- region and
said Schottky contact includes at least a conductive layer in contact with said

n- diffusion region.

11.  The imager pixel of claim 8, wherein said capacitive element is provided by a

capacitor.

12.  Animager pixel, comprising:
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11. The imager pixel of claim8, wherein said
capadtive elenent is provided by a capacitor. 12. An
wOmaan3qrxel , conpri sing: a photosensor for PCT/US2006/014054
accurul ating charge; a first transistor for resetting
said pixel; a second transistor for transferring the
'aphﬂtamgtsoffarmcclhmumwmsm a diffusion region, for
recei ving the charge from sai d phot osensor through
sai d second transistor, id diffusion region having a
a finpst trensigtos et @tﬁéﬂm@cﬁﬁﬁf’?‘ie n gain; a capacitive
el emrent; and a Schottky contact coupl ed between said

di ffusion region d sai_d eI enent, said
a secomd tHaRsisey, 9’&5‘?“% %&gﬁ &Ve el ng the

connection of sai d capacitive elenent to said
8f/f f usi on regi on such that said diffusion region
obtai ns a second associ ated conversi on gain when the

R L
owongh L e 0y UM i 2 0

assoc1atedcc%ﬂi7@fsﬁ él-m’An i mger, conprising: an array of pixel
d of -a plurality of pixel cells, each pixel

conpri sing: photosensor for accumulating charge; a
ace{ljalbﬁivetéléﬁghﬁtaﬁﬂ for resetting said pixel; a second
ransistor for transferri ng the charge from t he
phot osensor;a diffusion region, for receiving the

a S@tntlgecdntamceaptbdiivesr saidrdiffusion region and said

photosens

capacitive element, said Schottky contact switchablly controlling the
connection of said capacitive element to said diffusion region such that
said diffusion region obtains a second associated conversion gain when

the capacitive element is connected to the diffusion region.

13.  The imager pixel of claim 12, further comprising a third output transistor

having a gate connected to said diffusion region by an ohmic contact.
14. Animager, comprising:
an array of pixel cells formed of a plurality of pixel cells, each pixel comprising:
photosensor for accumulating charge;
a first transistor for resetting said pixel;

a second transistor for transferring the charge from the

photosensor;
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t hrough said second transistor, said diffusion region
having a first associated conversion gain; a
woapmaiit42ve el enent; and a Schottky contact corpra82006/014054
bet ween sai d diffusion region and said capacitive
el ement, said Schottky contact sw tchably controlling
a diffisionaegre, faneadivig thechpme fromeaid phetusensorsai d
di ffusi on region such that said diffusion region
through saddb&iond tearststor) daibdifersiiroregtmi havihgn filse capaci tive
el ement is connected to the diffusion region. 15. An
associatedicongesicsygdiam conprising: a processor; and an i maging
device electrically coupled to said processor, said
i magi ng device conprising a pixel array, at |east one
a capagitive elersentgand r ay conprising: a photosensor for
accunul ati ng charge, a diffusion region, connected to
recei ve the char%e fron1the(ﬁhotpsenspr,

) sai d .
a Sdioftflwgmﬁaqt@guph PQNWﬁgn gaid; gpS@ggggyogqaé@a s gapasitive
ain, and a conversiq ain gltering circuit, |
element, sgidichattiy cantashrwitehaklp ARt ing de SarRecionqfispishcapacitive
regiqQ sai d gonver,sj.on [ | tering ci,ycuit changin
element toyséd fitfusion tegien apehithad sod ifFRogeRR TP BN AR
, associ ated conversio aininre sg .t t
conversioR gaghes b A e Aerapa caghEREE B e dri o OB
cl ai m 15, wherein said conversion gain altering
15, ARikGgb! sf0R! EGfBiisfhgrapaci tive el ement; and

a processor; and

an imaging device electrically coupled to said processor, said
imaging device comprising a pixel array, at least one pixel of said array

comprising:
a photosensor for accumulating charge,

a diffusion region, connected to receive the charge from the
photosensor, said diffusion region having a first associated

conversion gain, and

a conversion gain altering circuit, including a contact,
connected to said diffusion region, said conversion gain
altering circuit changing the first associated conversion gain
to a second associated conversion gain in response to the

amount of charge in the diffusion region.
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wherein said contact is a Schottky diode controlling
when charge is collected in the capacitive el enent.
wa2oocfine2syst em of cl aim 16, wherein said diffBEeTMS2006/014054
region has a first capacitance associated with the
first associated conversion gain, said capacitive
16.  Theé systein dfataim 55 conareiregid comrarsiongain altedng cinenit on of
the first and second capacitances is associated with
compeizesind associ ated conversion gain. 18. The system
of claim 17, wherein said photosensor has a
capacitance greater than the first capacitance and
a capestivenelamients andrbi nati on of the first and second
capaci tances. 19. The system of claim 16, wherein said
capacitive elenent is a_capacitor, 20, A pethaqd of
wheprin spidepndactiisa gehotier dioge Cgarrahﬁﬁ Whean cBARBEI1Si ng t he
' aﬁ;z of : .transferring photo-generated charge to a
collected iaj the ¢apesitive glesentact i vati ng a Schottky di ode to
change a conversion gain of the diffusion regi on when

. A0 R o O S HSE EEERe A
TR BB RP0cRdon JOR, TR PR e
e S R T T,

}%Ea&%ﬁgg PG50k LIRS R t1d 8dBhd Resdddtbd @bn BRI EiRJ

act of converting the charge fromsaid diffusion
region to an output signal by a circuit connected to

18. TiRisYstind btidhin 1!7.,_e®h@féilb}zaiarplﬁiﬂdiée@l_s@ﬁ)l‘ﬂim?eg)a%&an& greater
nmet hod of operating an inmager device, said nethod

chER the fifd capacitance and less than the combination of the first and
second capacitances.
19. The system of claim 16, wherein said capacitive element is a capacitor.
20. A method of operating an imager device, said method comprising the acts of:

transferring photo-generated charge to a diffusion region;

activating a Schottky diode to change a conversion gain of the
diffusion region when the amount of transferred charge exceeds a

threshold; and

outputting a signal indicative of the charge in the floating diffusion

region,
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provi ding a photosensor; providing a diffusion region
having a first charge storage capacitance; storing
wohoisaisener at ed charge from the phot osensor i RCTHS2006/014054

di ffusion regi on; and changi ng the storage capacitance
of the diffusion region in response to the charge |

21.  The oretbod aceailihgtiof daiz 30 fueheneompeisigie act of collecting
predet erm ned_val ue. 24. The method of claim 23,
whargei transégrdechta said diffiagign vegiendn astamge @ém@tfcpwcted to
through a Schottky diode to a capacitive elenment. 25.
Fhaiel aﬁglt‘lﬂtﬁﬂi @dipdel ai m 23, wherein said act of changing
is preforned by a Schottky di ode. 26. The nethod of

S AT PN
e B B SRR AT o
e S SRR G 2 ey oo

phot osensitive region; formng a first transistor

. AP SRR A g

having a first associated conversion gain; providing a

j r between the photosensitive region
Pr A PR Ss ~

fing diffusion region, the second
transi stor for transferring charge collected in the

préRaimseaEfddioerdgdsh having d fiet dhirgestarageegi on; and

capacitance;

storing photo-generated charge from the photosensor in the

diffusion region; and

changing the storage capacitance of the diffusion region in
response to the charge stored in said diffusion region reaching a

predetermined value.

24. The method of claim 23, wherein said act of changing causes charge to flow

through a Schottky diode to a capacitive element.

25. The method of claim 23, wherein said act of changing is preformed by a

Schottky diode.

26. The method of claim 23 further comprising the act of converting the charge
from said diffusion region to an output signal by a transistor having a gate

connected to said diffusion region through an ohmic contact.
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form ng a Schottky for sw tchably connecting said
diffusion region with a capacitive el ement to provide
weabe/dsf2f usi on Wi th a second associ ated conveP6TwWS2006/014054

gain. 28. The nethod of claim27, wherein said
diffusion region is an n- region and said Schottky |

27.  Acnethadtofifazticdies 3 dualcoprersisngriB by, saig spethad compaising
with said ndiffusion region.
the steps of:

fabricating a photosensitive region,
forming a first transistor within the substrate for resetting the pixel;

providing a diffusion region, the diffusion region having a first

associated conversion gain;

_providing a second transistor between the photosensitive region
and the floating diffusion region, the second transistor for transferring

charge collected in the photosensitive region to the diffusion region; and

forming a Schottky for switchably connecting said diffusion region
with a capacitive element to provide said diffusion with a second

associated conversion gain.

28. The method of claim 27, wherein said diffusion region is an n- region and said
Schottky contact includes least one conductive layer in contact with said n-

diffusion region.
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