ACTI VE PHOTGSENSI Tl VE STRUCTURE W TH BURI ED DEPLETI ON
LAYER FI ELD OF THE | NVENTI ON [ 0001] The present
w0 moentdsen rel ates to the field of sem conducteaT/US2005/030768
devices and, in particular, to an active pixel
phot osensitive structure. BACKGROUND OF THE | NVENTI ON
[0002] A CMOS i mager includes a focal plane array of
ACPRIVE PEEOTOSENSITIVE STREJTOTERE WSO BEATRIED DBEPLETION
exanpl e, a photogate, photoconductor or a photodi ode
overlying a substrate forl§¥B&icing a phot o- gener at ed
charge in a doped region of the substrate. Typi cal
CMCS i mager pi xe I [ hree transi stor
(3T) or four trahgﬁgtﬁéF?@¥?]§§2£§ﬁj e 4T design is
preferred over the 3T because it reduces the nunber of
ot " i , _ , _ '
Lo o B e o ST AR LU G fiices and, in
particuhwoj toeart dvaive Pixell phogRensiGNe sepopaircence with the readout
signals. [0003] In a CMOS imager, the active elenents
of a pixel cell,. for exanmple a_four transistor pixel,

¢
perform the AEXeXCRQUNIAQK SHEE INVENTHRN on to

charge conversion; (2) transfer of charge to a
oat i het LS LON; e ' fl oating.
10003} 22t AN S S TRl U RO O8] 00 Pt
a phots3tngirafog@xiple, a phéloged, ghbtstdndlic@r Pir 4§43 hdt8diodE @erlying a
readout; and (5) output and anplification of signals
substrateeior @sediding a ghots genaratetabergsrid aadqpiedatgiongifahe substrate.

.V e, the.latter based on _the photo ver ed ,
Typical/ GG 8 Enagaidiedl s Gehatf Sither’s ik FRGRIOT FHE) Shioue gragpistor (41)
d 3 | I o . t N S « 3]

cien TSI R B oL AU OB SRR o hor
pixels in aR@rmag (dose didt expaiaee $sdreged Hemscurheit §ahd ifBthinishes the kTC
. detail ed descriptions of the functions of various CMOS
noise that Sfedgsignsfmaheipesignergwith thereadapesigealsr i bed, for
exanple, in U S Patent No. 6,140,630; U S. Patent No.

000 STEEEEMES g8 0 A B33 ATl .70 S
transistor pixel, perform the necessary functions of (1) photon to charge conversion; (2)
transfer of charge to a floating diffusion region; (3) resetting the floating diffusion region
toa knbwn state before the transfer of charge to it; (4) selection of a pixel cell for readout;
and (5) output and amplification of signals representing a reset voltage and a pixel signal
voltage, the latter based on the photo converted charges. The charge at the floating |
diffusion region is converted to a pixel output voltage by a source follower output

transistor.

[0004] Exemplary CMOS imaging circuits, processing steps thereof, and detailed
descriptions of the functions of various CMOS elements of an imaging circuit are
dcscribcd, for example, in U.S. Patent No. 6,140,630; U.S. Patent No. 6,376,868; U.S.

- Patent No. 6,310,366; U.S. Patent No. 6,326,652; U.S. Patent No. 6,204,524, and U.S.
Patent No. 6,333,205, all assigncd‘ to Micron Technology Inc. The disclosures of each of

the foregoing are hereby incorporated by reference herein in their entirety.
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Patent No. 6, 333,205, all assigned to Mcron
Technol ogy Inc. The disclosures of each of the
w0 siegmisyy are hereby incorporated by referenceChes®n3i030768

in their entirety.[0005] A conventional CMOS APS
(active pixel sensor) four-transistor (4T) pixel cell
10 is illustrated in FIGS. A and IB. FIG IAis a ’

(0005 bp- dAwonvemiomi GNI©ScAPS (dkfive pixel sdnBor)foar-transistor (4T) pixel
cross-sectional view of the cell 10 of FIG 1A, taken

cell 10 g Iijrqt?(hch KIGS.. 1Pfhed| B JHG- didets act@prdoym view! ofdbe call 10; FIG.

1Bisa ? | nne ho ‘ng\lvo lf i% pﬁgﬂﬁt ?%ﬁ@?g{b &]PQ henrcn[g tAI’Veﬂ‘hy
1llustratﬁ§ QER qgrlﬂélﬁﬁ@sr a Bﬁm@& :éﬁf)tcﬂﬁ&ﬁ@ P34LO3 g?g%’é‘n&gmf"ﬁ{cﬂgﬂgrcly, the

device, in lieu of e pl nned phot
CMOSicall li0ahapeiudd ﬁphdtggatephét@to@dhﬂit@r geotieApREtdHN&d-Elfarge
The phot odi ode 13 includes a p+ surface accumnul ati on

convertingyigiice iplen gahtherriaped phgtodi %b&aae ¢cherinitialiaceumulgtiog arca for

or substrate | ayer 2.
photo-gelistRf gt T RPRSE 0P Thliade ] o dace acrigmalfion Tegion §
d an bh@OHiLE nA9He adcuillatidR @Mm&nmpﬁl%g%gg@
anean generat ed&?% ?hcél n-?ype&}gcunu [ation re %Entcgn%uaor
substratellaywtri2ng di ffusion region 3 (i.e., storage region).
The fI oating diffusion region 3 is further connected

te. 27 of. a source follower transistor. The
[000 urc ¢ Bheberti 19 P§ﬁ£¢§tlo”ra@¢é@ifm§ tganstenepta 7 forginsterring

photocltlaq c%‘@r gJi ?r?%h CE{I uattl ot g%%l%vlt% g)a% ﬂ%%ﬁ.{ggualﬂ:usmn region

|ve y gati Y& 6u

3 (i.e. it@falg'c RégioNOThe Iﬂ@ﬂﬂﬁ dﬁﬂfsﬁﬁﬁtcgldha@ & fakBer amidt ProdBhfte 27 of
17 resets the floatlng diffusion region 3 to a

a SOMC@S@@WI srnsitar gd hesvuicefellower tealsht@’rpxpgldcs amosfprt signal to a

th t I 14. of .th
cow sl TN TGP SECUmL AL o0 L0l L8, TNt o an

output &'@ 'u?ﬂ poss?ﬁ S 4 &gg@@m&@%&é %g&‘tcsllﬂ%%{tﬂﬁc Boatg

dﬁusmﬁ u@bn B @ abﬁ;ﬁelﬂaﬂ rBafge lavc\l\lbl:ifosc edthadhafzd &mf&mdrﬁ&h@h type
| ayer. The n-type accunul ation region 14 and p+

accumuba@pnarégloac%ﬁﬁﬂ@tnlmmdl@gtdﬁ 5 of the photodiode 13 are

spaced between an isolation region 9 and the transfer

ool o 08 GRS R ERPL GO 2
is also pB@h‘éblE V\@r RxipR, E&Eé&rhsp%pczsuﬂgﬁéte%ag@&r&%ﬁ??ﬂ@élﬁ% bRln-type

so that the n- accunulation region 14 is
epitaxialepéret Bt mitype gicnmiubgionolegmgel 4 Mpd p+ )surfa'dtaccumulatlon region 5

of the photodiode 13 are spaced between an isolation region 9 and the transfer gate 7.

The illustrated conventional pinned photodiode 13 has a p+/n-/p- structure.

[0008] The photodiode 13 has two p-type regions 5, 2 having the same potential so
that the n- accumulation region 14 is fully depleted at a pinning voltage (V,;,). The
photodiode 13 is termed “pinned” because the potential in the photodiode 13 is pinned to
. aconstant value, V;,, when the photodiode 13 is fully depleted. When the transfer gate 7 |
is chductlvc, photo-generated charge is transferred from the n- accumulating region 14 to

the floating diffusion region 3.



phot odi ode 13 is terned "pi nned" because the potenti al
in the photodiode 13 is pinned to a constant val ue,
wo/piwp/ordsen t he phot odi ode 13 is fully depl et edeCTANIE€2005/030768
the transfer gate 7 is conductive, photo-generated
charge is transferred fromthe n- accunul ati ng region
14 to the floating diffusion region 3 .[0009]
[0008didi t iAckiaidnally] ingpitrity oged eshserdan /g’ 32 Gaing n38pe
havi ng n-type conductivity, are provided on eidier
conductivify, HF predded apsitbenside ot the trmsisear g3 18, 2%, Bfumeprptece the
reset S{)grscetf sourcedfollgl\g/er anttj row sel.ect transistors, )
, SPEEE LRV 50 QN EIRTS trieScops JeRRE NG i gataRal passaping
methodsOark ¥ EPRIAFEGhAds 38 iRAn it 'lgﬁrltg%‘% 10 2R VLG
an el ectrical connection 33 1o tHe sourcel ararn
connectiegi 3w B2 sotuhe /Hrnakrigionddl fris ifloatinedifiRioh regish 91T other
.. Wwring to connect to the transistor gates 17, 27, and
wIring toycQHiECE &0 they arsisier satenhaci 7, and 37mndhe foetnl othér connections in
the cell[ 10] Conventional 4T pixel cells, Iike die one
epicted in FI'GS. | A and I B, have di e advant age over
3T pixel cells of having | ower fixed pattern noi se.
[oouﬂqe 4Tohbefttora UiTDixd1 QURY Gike OV a@%a'mgﬁ@wﬁ d 1B, have
ich are now di scussed generally. First, during die 7’
the advantags ozer 3T potehrdboffnvimgtibecpfiatdoptitede nbdet OHH £T pixel cells,

floatin iffusiqgn region 3, sone charges are left
howevegehave e g]cf;‘éw ﬁ%@o\ﬁfﬁ’éiﬁ‘é@s?wﬂ%%lsﬁcﬁcﬁ?#sﬁ@t’e Finstalutiag the

C I - ead 4o saturation of the
rnsef R S0Py L0 BB BAAE il Sofome charges

are left bbkindraiilicl gHvbdiblie d8S I THls #cohplad ¥e@sfef bRalds1de fRATQA also
of die cell 10 because die four transistors utilize

lead to sgursiontefithe phbtbdiodie 1 dide thehupmserdaerofaxtas gearge. The
. oj.Q-sensitive, areaq. sho [n Fl|G. 1A the )
wadiioB) L HET R Ao Srdaes B 41 vrad th fﬁlLJ(P Pacasy the fqur tansistors
- i1yl . |f of the ceall, 10 .
il PREEAREcEU ol 8680 200 b Bld Uy O b
FIG. 14,06# thnihriomal pixeleetled) hai pped:amatclypa Aoy ?er&ﬁt fill F2¥b 9s only
| ow fixed pattern noise but with a high fill factor,

about hali@f tkierle b0 (iagy, plaetediagedd )wnaktes apahe phnst-samsingarod.

phot o-charges. There is also a need for a sinple
di of .fabrj cat,i ng- di e desir cel l. BRI EF SUMVARY
(001 [ BRI R fistiFofs ebed e o i B Bargiipuse but
with a Higly fAQ6r, RhE\tbdEccdlag AROEAtR With ticlrhnsfirtiflg®f photo-charges.

There is also a need for a simple method of fabricating the desired cell.

BRIEF SUMMARY OF THE INVENTION

[0012] . Exemplary embodiments of the invention provide an imager pixel cell with a
photosensitive JFET structure having a channel region located above a buried charge
accumulation region. The channel region has a charge flow characteristic that changes
depending on the level of accumulated charge in the accumulation region. During an
integration plcriod, incident light causes electrons to iac ;ccumulatcd inside the buricd'
accﬁmulétion region. The charge flow characteristic 6f the channel rcgioh changes in

response to a field created by the charges accumulated in the accumulation region.
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phot osensi ti ve JFET structure having a channel region
| ocat ed above a buried charge accunul ati on region. The
w@e bmenadsor egi on has a charge fl ow charact eri stPCI/U$1084/030768
changes dependi ng on die | evel of accunul ated charge
in die accunul ation region. During an integration
period, incident |ight causes electrons to be
[001af cumiIhaicestdansd #thidie dopdc o tacventici, ithe phREtdNcanh@form a
charge flow characteristic of the channel region
charge a¢ramydatiom masispimnylsanepualyfwith gerformainga foydautefahapges allowing
p accunmul at ed kﬁ the accunul ation region.[0013] In
Orau“ﬂB&%?hkﬁﬂﬁ?ﬂH' [PPEF&I°88pect of the invention, the pixe
cell can performa charge accunul ati on node

si mul taneogﬁgp@g@mp@gﬁ @?Hﬁqug&%%s‘ he pi xel

allowing for automatic contro perations. BRIEF
DESCRI PTI ON OF THE DRAW NGS [ 0014] The foregoi ng and
[0014} her The peepsingfanidnethenaspetts ofi thd inkeligob@ilt BE better understood
undﬁr stood fromthe follow ng detailed description of ’
from therfgllowipgrdstailed dasraption ofbehsinyridiong whiginis Proddediin tonnection
. he. acconpanyi ng_ dr aw . In which: [0015] FIG IAis
Mththéla?%)ﬁ@ &/‘%ﬁ@w > § ¥8RVenti onal four-transistor (4T)
pi xel cell; [0016] FIG | B is a cross-sectional view

0018f di BIGOTW & top1@8bwh Gty bf AB&hEhBbnEl fSEH-tGRY :
[ I]:A, taken al ongdifi ne AA [0017] F?G%ggu%gglgow(‘iﬂ fixel cell;

schematic of a circuit diagram of an exenpl ary pi xel
[001Gk| | EKnsth isct erdsi-sectiondrviam o€ thwi edmventionad fowexeapsisaotypixel cell

odi ment of. the,invention; [0018] FIG 2B is a
OfFIG'glrrAtgﬁk?e%?P% FIA/M of the exenplary pixel cell of
FIG 2A constructed in accordance with a first

001 X MR, Y2 £ BOshBRALic OF a dirfuit BRI AP
[ T]g a flowchart depi c%i na t he opgr at ?g%ngg%gigpgéi?dc%ﬂll
construeied on di cugdaroceamitie x dirg exempiarp ediboelithenf oftthe inveneibhj on;
[0020] FIG 4 is a block diagram of an inaging device

onst ted according tq the invention; and [0021%
[0014] G aaéfﬁ%%ég%ﬁ vieys pici srempley aprcherlbef FlGasia
construdl2fl if HP&)‘?&&%%V\#A%% a ﬁﬂ&%&ﬁﬁg@i emBoRGEAIIFIRE it hhod)

I ment I nven

[0019] FIG. 3 is a flowchart depicting the operation of a pixel cell according to an

exemplary embodiment of the invention;

[0020] FIG. 4 is a block diagram of an imaging device constructed according to the

invention; and

[0021] FIG. 5 shows a processor system incorporating at least one imager device |

constructed in accordance with an embodiment of the invention.
DETAILED DESCRIPTION OF THE INVENTION

[0022] 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 in{rcntion may be practiced. These embodiments are described
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0022] In the
follow ng detail ed description, reference is made to
wo bwcansenpanyi ng drawi ngs, which form a part Per/esfops030768

and in which is shown by way of illustration specific
enbodi nents in which the invention may be practiced.
These enbodi nents are describedin sufficient detail to

in suffi@ertihdetait troemabdkihdse akilled @i eheanrt td praptiecthiedavetition, and it is to be
inveption, and it is to bhe understood tiiat other

understopd shateihes embpdisacars mayLegitilied, ¥ichthas strucurslalogical and
clcaic 8l A0 LA P e prsem

inventiofiventi on. [0023] The term "substrate" is to be
under st ood as a seni conductor- based materi al
i ncluding silicon, silicon-on-insulator (SA) or
[0023] | i cBhe o dppbhirate” (SShe teddrsmiodgy a sdmpethdudebr-based material
. .undpped sem conductors, epitaxial layers of silicon
mdud%ﬁ@ Iy sHicgy-of-waelatard 1) pa sl eR-oncwanphire 6Y0S hsghnology,

e ictures, Furth e,
doped SHNSHIRR AR BlorS, MEHL B XS Pl mioe

semicoritR&€dH fouh8itiomadi GtHEr RNMESRE1cS CRRCERYs. "BYRhDEES e, when
utilized to formregions or junctions in the base

referencgdsrimedn do et ‘srnbssratet tnuthe folowmegndtatription, lpmevidas picasss steps may

t he .senj copduct or need not be sjljcon-based, but could
have befy SFZGA a1 1o GaRATHANS i Chfe PR AP BIRONGHCigaISHMGHRE or
et [ 0024] Tk rm.," pLyel ers . t I Ct ur
founda D! %A RO B BB S SIERS 07l Eb e b
on silicdn-gashsiions géiart@my ef hlligm irgdiidé.adi ation to an
el ectrical signal. For purposes of illustration, a
representative pixel is illustrated in the figures and
[0024jescrils teom Hrard? mefersao apigusariement apiticchcponinhg al |
Lxels in an i er Wll proceed .sinultaneously. i
photoscieiiel ol TBE Ry gme FERGaaR PR A0 e o ead. or
purposedl®f AhishedoMes RpPesthiabivé pixel 8 MR thafed iRGhe rﬁ‘gmés S8 YeScription
~and fabrication of one pixel cell, it should be
herein agd deypgiabpdabhictionnfsilli xelejr asmpmntgat wilk pajcead pinuiledncbysly in a

- f.pixel cells in an array of an imager device such as’
Slm‘l”fgﬁh“g‘& 240 of imager device 308 (FIG 4). In addition,

the invention has applicability to many solid state
(0023 5 B AN L
and fabrication of one pixel cell, it should be understood that this is representative of a
plurality of pixel cells in an array of an imager device such as array 240 of imager device
308 (FIG. 4). In addition, the invention has applicability to many solid state imaging
devices having pixel cells, and is not limited to the configuration described herein. The
following detailed description is, therefore, not to be taken in a limiting sense, and the

scope of the invention is defined only by the appended claims.

[0026] Referring now to the drawings, where like elements are designated by like
reference numerals, FIG. 2A illustrates in electrical schematic form a pixel cell 100 in
accordance with one embodiment of the invention. As shown, pixel cell 100 includes a

light sensitive JFET 107 connected in source follower fashion through a row select
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followi ng detailed description is, therefore, not to
be taken in a limting sense, and the scope of the
w0 nooentdsen i s defined only by di e appended cl aP@BUS2005/030768

[0026] Referring now to the draw ngs, where |ike

el enents are designated by |ike reference nunerals,

FIG 2Aillustrates in electrical schematic forma
transistgri kE). @k IgatO@nicuracfahd JRET inlight songtiesrinod]seresstasafcharge

.the invention, As shown, pixel cell 100 includes a .
collectipn gggion Z?fsth ipjxel Jﬁ&TQFfWg% EREHECADSEsSetdy 7 EIseiownsistor

f ashi h h [ 110. T '
112 whice il B Dol ol BnBEESE: TR B ORE! e SE B
responsteGBaN 9% &k SiEhhIRI)EYIHR %afcoihghhﬁ) Hex&ly c%%?)le tHSig190 to a

structure can De reset by a reset transi'stor 112 "which

columnrlaeed (v fes readcas eff sigaaks fidm shgpixkl {eset ). The row
select transistor 110 is responsive to a row sel ect

002 90k s o A 18 AL b
. ' . . | B t .
ot ETODER o8l Q0RELGFL B b AL Fretitons

formed ¥BCOH IR ik dkthRrdd Jubbtr@EITAl. aA YpherieAliaRNIFET stri@ure 107 is
invention. The pixel cell 100 is fornmed on a p-type

comprissdrif cegidue 102, Eibfrmadan 184 substphol @k end t¢rimigal TBRTacts 105,
tructure 107 .is conprised of regions 102, 4 r med
106. Th, Fiecibat 1 dpac B1Vanchtres Ascvaoldonn seasn 165, "oghickness of
fLLSE TR0l ' 2 C. i
the depiEn L&D TR Peds B, HABRS AL G A0 Eh AEE AP0

region HEX e agk de aksaitadda snaeclenil bélewl M dbpedp channel region 104
accumul ati on region 102, as will be described in nore

is formeglinathe akral fwhe sulosrseei 181 ahpee disaspemulaggnangieod 02sand under a
fforgﬁrg]r:i n, the gria of the substrate 101 above the
top surfaes StP¥Ft d0%on 102 and under a top surface of die
substrate 101. [0028] Two term nal contacts 105, 106
[0028Y € T'PRBRE PRl e 10581 0F adeTBrmePsh tRE SurkRe FMhe substrate

opposi te sides of channel region 104. The ternmni nal
101 on oppbsitt 8d<s0d,chifitel megiohd Odor hedteadirml kaymctsdf05, 106 may be

pal ysilicon o a suitable netal contact |ayer. The,
formed pf p 44yt f Rpaficaib it Aewtanis mesal cptsh Rgvter T fshécrarieal contact

o t . c . .

105 is RUshE Ber 20 o SRR AGRE Aok el 1DEC WG LB Rl

contact 10665 [Ratedefdaarcsiid §ie (€panntle s1@eiMbst¥dge) dhthefdhhfel region
termnal contact is connected to a voltage source,

104. Thé¢6yan tersnivvgl apntapés ¢ainkcted to a voltage source, shown as V- The bulk

of the substrate , which is usually grounded, may be used as a terminal 105 for most

implementations. The second terminal contact 106 is electrically connected to a row select

transistor 110. The row select transistor 110 is utilized to selectively connect the pixel 100

to readout circuitry during readout of signals from the pixel cell 100.

[0029] The illustrated pixel cell 100 has a reset transistor 112 and an associated reset
dram 111. The reset transistor 112 comprises a gatestack that may be formed using
convcntiogal techniques. For example, the iﬂﬁstratcd gatestack has an insulative layer 121
over a conductive layer 122, which is férmcd over a gate oxide layer 123 on the surface of

the substrate 101. The illustrated gatestack also has insulative sidewalls 124, which may be
6



of the substrate , which is usually grounded, may be
used as a termnal 105 for nost inplenentations. The
wa@ emenebsber m nal contact 106 is electrically cpamesioeso3o76s
to a row select transistor 110. The row sel ect
transistor 110 is utilized to selectively connect the
pi xel 100 to readout circuitry during readout of
formed ®if gR@xidef, hitide] 6r grh¥ehppreptiattHiele{t0i0 2terdilas known in the art.
i |l ustrat ed plxel cell 100 has a reset transistor 112
Reset g@md 12nwhers operative) couples thiy ehangd aacummatioresagion 102, which acts as

the garg T 007 s EBAVEMIPBRGY -t Eh UL rEP o aHonal 02 he
cxcmplir&r %?e'i rat 6o QFB 1l Qﬁggﬁq SRR 1193 WP?JH n%@ vy ?srolajcl%}l f?&ﬁradjacem

nductive layer Whi ch 13 over a

pixel ccm(wﬁen leleey pixellctl 100 Eh&cﬁ‘gbfa@@dﬁn@é atplivee] st E&at(EIG 0&) It should
The |IIustrateddEFtest al so has insul ative

be understgedahispizdsell iR0ohayhyversidinensd isofation regiogie and that other

ni t.r or ot her. .app o riat I el ectric
methodg 98 alationi 16 AP RBLRT e %%aﬂorapi@tqe%abcd réset
TS R L1, e 5
differendk@kenapgpiaages. from regi on 102. The exenpl ary pi xel

cell 100 al so has an STl region 119, which provides
i sol ation fron1aq%acent |er cell s when the_ pixel

[003Q;]e| | ToosybstpircoerabeRansed ortbizisigas ingp alaryolezmoe mpigy into the

houl.d ,be under st ood. t hat 100
substraif 103 TR Ut 0T i PRl 3 gl dopant
concenttRidD 4B 0bndch@ladibh OF dBpEnEibAS iHVuBstrhte 199988y BE u{ ﬂﬁ: range
i nvention. The describéd reset technique is provid
cfabou&icémempkpcyqnhmdﬁmnMdc”@mmmdpneah% Ehcuheunmheumrqponlozls
ilize different reset approaches. [0030], The

doped n s Law@p@aﬁznawugé blg slopantion|iptq ﬁ@rcaﬁcqcmﬁtar%ﬁ of the
substrat%quqn glﬁ&%lﬁ‘! 1'3}19 chfdcsagﬁﬁ'}léxy %rs%ggcé EH8 rré - cu]ilar

ention Is not in an
conccn@;&nﬁﬂbf @@%mfe AérisdihitBE chirge acannehtioAkt@on Qi)Zdﬁ@aBé in @RSange
in the substrate 101 may be in the range of about |
of aboue 18" atcumsp«;reqm dn@tbouaibg Uatameper embnEhgehanneBregivre104 should

) C ation 21S ed..n | ant.i n
be lighty deflam; Sotom B nBA Fregnal s igbre HRprd ity Barog oo o
t 1] I 15
concen HBR R A Bk 30 L MR BRI . o ps
cm®. Thodfaih fedibe 1¢ bahgeldadwubalightdyodopain-aypel 02 may be in

t he range of about | el5 atonB per cnBto about | e20

at o er cnB3. The channel glon 104 shoul d
[0031] T e exemplary pixel cell 100 opcr es in a charge accumulation mode during

an integration period. During charge accumulation, incident light is absorbed into the
substrate 101. Electron-hole pairs are gcncratcd in the substrate 101 particularly at the
junction of oppositely doped regions (i.c., in the vicinity of the p-n junctions). Electrons
are stored in the charge accumulation region 102, while holes are repelled into the p-type
regions such as the channel region 104\. These electrons reduce the field existing in the
depletion region (due to built-in volume charge) that reduces the depletion region 103
thickness and incrcasce the thickness of the channel region 104. Asa result, a charge flow



be lightly doped p- type. This channel region 104 is
lightly doped witli boron ions to a concentration that
worooehssspmn t he range of about | el2 atons per BOBUS2005/030768

about | el5 atons per cnB. The drain region 111 shoul d

al so be lightly doped n-type. [0031] The exenpl ary

pi xel cell 100 operates in a charge accunul ati on node
conducthinct of tltdchahheDfegidroN0PBrdhaghctdAdfit BE e @hE8nt of charges

accumul ation, incident light is absorbed into the
accumudaspd i heeburied acehmedation-tegion H.rs are generated in

the substrate 101 particularly at the junction of

10038P P hviEadoph el s Bl ane mnbuad bt rmlstionegen 102 s
s SEHEUD OB 0 0 Lol U LY 0

100. Aikes@phirgedadons op&dtics fésixélicelld 00Xbeglingtgy havitd & pre-determined
depletion region (due to built-in volune charge) that

voltage (@guchs: k 4wligdpr ehq st reogiian condet P2k Aersadawmof the current is
raken fighF BETRERing Epirpercl 4 Buab mohid il F <PHendagig 104~
represehtiff Phdftetnf Bﬁ&ﬁ: cth?lféecg tcbfeEd f.xgﬁlcac{ye{f&gﬂaqoni%gfo%eﬁl In

C
accunul ated i n the buri accumul ati on regi on

this way{, SSPFER straaoel is apferddify It grscaftlonsr atagsision 27NEIG. 1A) for
- accunul ation region 102 is desired, as the charges
a convepppad pinshgell 0+ Heamsient flowingdiraugh the sdepnd seimigal coptact 106

e i Gk 0 5B PRy S R
convert¥®td ¥YEb ReabBout MBRGkry (FRP!4)E AT rcalSuf of SikellRll 'I}Or@glrlﬁ just

contact 105. A readout of die current is taken
describadli, & 2dynniagedustonnanided@betie reidowtiecausethel ehageslire not
04 representing a neasurenent of the

channel regi on _
trmsfcr@ﬁér\t}ésf theRrendaion ragien 108 ahismgh pHapssyi wnssoz. 7 (FGS. 1A

thi nioth EET strnuct.une iiSao0per.ating like a .
and 1B Bl ol oo Eiplobd TGS 07 PERF MOl readouss i
desired.CON¥&ditibANAis Rox-estt@itve Lordolip aLEWS ixéll @M10D to be used in an
t hr ough the second term nal contact 1 is selectively

automatiehghtotanttdd (Adgh direeit micks edmotuaushnsads e iddGemtgght. As such,
h acti vat ed, afféis converted to ng% b% r eadout .
¢ row SPIEEL RSPt RIRH reapainsrp o alloRy rcoBfinEPREPIELPYPED EnalY ., to be
. : Vi |
spplicd (& S4jufHEFIC BFFIC 2 A% RINBARUS) te RoRAMACHUAGH M. o8

shows atvbRagegppliciabiadivst @gitait 1082andnthe ety selekt 8a64i&€br 110 connected
transistor 7 (FIGS. 1A and IB) as they are in a

t0 a seceishetastollf, thcsesan b revdrsed10. This all ows nultiple
readouts if

[0033] Other than the terminal contacts 105, 106 and reset gate 112, the pixel cell
100 has no other structures over the photo-sensitive areas of the substrate that could block
incoming light, such as a transfer gatestack. Thus, unlike the convention pixel cell 10
(FIG. 1A), which has a fill factor of approximately fifty percent, the pixel cell 100 has an

increased fill factor.

" [0034] In order to reset the pixel 100, the reset transistor 112 gate is activated
which turns the reset transistor 112 on to couple the charge accumulation region 102 to

the vdltagc supply V,, i connected to drain region 111. Thus, a pixel reset output signal,
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desired. In addition, this non-destructive readout
allows die pixel cell 100 to be used in an automatic
wo bho2ésent rol (ALC) circuit which conti nuous!BCT/E8I885/030768
die incident light. As such, the row select transistor
110 renmains on to allow a continuous pixel output
signal Vsig to be applied to colum line 60 (FIG 2A).
V., canlbe rerbthrdugh an abevared eoiv stladt tadrisizonrghl (FAfer réBiosmsss deset.
oltage applied to a first contact 105 and the row
When charges acqunailaiednge siond (2o iterberles tansistrid Ocway heton to supply

o concidl phlf SRt ard! Voer e ahas e oF s fscarapon pgod.
Alterna@iiel) the @bty s&20r BAINGr P10 bRy BRIGHHIEEL S Ei\éeéncf %C integration

photo-sensitive areas of thé substrate that co
period tol pokdutaWgnourput sighil, fossamtplarg. a t ransfer gat est ack.

Thus, unlike the convention pixel cell 10 (FIG [|A),
ich has. a fill factor of approximately fifty
[003%& cg%?fgrfﬂfetopﬂ@ﬁ- 3| 4, 1bo operatian qf sxemplaeyipidel ¢ell 100 as
: 003 . Qr reset th LXe 00, die
Heorp Ofrragg%?{ P r%nl%a%%!ri&i%zﬂggaf%@'sﬁa{%fl?va cég“l?/ﬁ‘i#' PRFrHHON,ffhe resct

 transist61€BEX resé®é Shi@peslihdheAcdn @Rt Sedibf 10D % umping the charges
accunul ation region 102 to the voltage supply ag. pI X

into theggsniaisriadegiondrldi, whidyiseonidded Thasupply pokege. r Paging the reset

.out put signal, Vr can be read through an acti vated
operaticf e kg FISFT L Brivesl & DEForg) OrFudiap 268 (FUSet) to allow

charges Bl KRR ACREDA D21 bo WERAN T ehe W Fim T T

201). Shmiflpuio thic @halgc\Yeidb R a1iRUEsea aBbvd, A&c8dEltf tAE reset condition (V,,,)
integration period. Alternatively, the row select -

occurs nexpathsampleland held dissuit d6le Speaifimallyt, reweaktcofrandiszor 110 is
i ntegratipn period to produyce Vsi ut pyt signal for
tumed 4 aB i RitBSneReavdinRghiaah 1 Pande gediot i s ead our
r.at i . i ' rat ed
drougtOBE BRI St STRLE V00 K RSN 5 BECLIRLAL

accumulationpegiat 163, durhg thisetettcoaditiet, elic chdoti§9€b&ptdN2, should
charges in the accunul ati on region 102 by dunping the

reflect ag inyfiglor ivmaBicetrd) Yaltage. dmaasrodiatgd ssmpleiandiinld staps203 is

performESRISERER. &0 o] cBBhter Ay, A3 1 Tl e A g e
accumulef8h F&iok 102Uhiy Ye c{c'f)lc%d fnmﬁgtﬁé FRu¢ 66@5%2’? gjrsgld%sjaﬁbcd,

accumul ation region 102to be drained Into t

thus miniggziog any kTConeipe 20t pisileell 400t 0 t he char ge readout
di scussed above, a readout of the reset condition (VnJ

[0036] After charge collection region 102 is reset , an integration period begins
during which accumulating charges in the accumulation region 102 affect the charge
current flow in the channel region 104. Since constant charge monitoring can occur
through these terminal contacts 105, 106 as described above as long as row select
transistor 110 is on, automatic light control (ALC) operation may occur as the pixel output
signal V;, is continuously output on column line 60. The ALC signal may be read out to
determine an optimal time for readout of the entire pixel array. As shown in step 204 of
FIG. 3, during the ALC opcfational mode, if implemented, readout of pixel cell 100

output Vg, is used as a signal V.. The signal V. can be compared with éprcdctcrmincd

9



occurs next with sanple and hold circuit 261.
Specifically, row select transistor 110 is turned on,
wambehhEochar ge current traveling through the eXtEUSEBDS/N030768
region 104 is read out through the second term nal
contact 106. As approximately no charge is in the
accunul ation region 102 during this reset condition,
referen¢chegna é@gég,tt,o mbdatem AL cahmllsignabtireagh @BmipakdtbAR51 when
(or unaffected) voltage. An associated sanple and hol d
the V¢ sigpabrgaches the triggerwalupy Tsshalé ba wardaestepd that the raadost of the
: FIG 4). It should be noted that the accunul.ation
signal r%fcgﬁ‘f%w the gt 8?F9afa%a‘fcm 2t Ag Y Rularigagesion 102 ata
given pggﬁmﬁh@ just described, thus mnimzing any kTC
noi se in the pixel cell 100. [0036] After charge
collection region 102 is reset , an integration period
[003BEgi nOndumse nfjthwhV gh senalioanl &t iongop hlae’ gesgiation bff an image when a
) faccunul,ati on region 102 affect the charge current flow
pixel ofjan 3Ry i¢ HRshEq Sﬂ%@ﬁjﬂ@ﬂ- Tdws, wher at gem2P4nacc heaches the voltage

Vo TGRS SGRIFTIG! B OISRl AT e GOBE i

mtcgratﬁcslap@rii&l.or 110 is on, automatic light control (ALC)
operation may occur as the pixel output signal Vsig is
conti nuously output on colum |line 60. The ALC signal
(003%hy bW hetwd a0 ALE opdetionris naphayed pirinm) attthrenflaf an integration
readout of the entire pixel, ar As shown [in ste

. . ra .
period, Sa6 FQyy Sekpes rafiSisti i 1gis PPN the BN RN e 1S pplied to

coluns TR0y SRl BT 1 ) S0 oo

with a predeterm nedreference signal Vuinmr to produce
[003%n ALCtxormitaldisicosalf atgixdwglh 100 mar bé osnstuttethigmcth@ance
V. LC signal reaches the trigger value. It should be

with theinyepgernobor pamplacalthongh the sremplanspigalall00, 269 heseheen
char ed in accunul.a

4+ the ampunt of e unul at ti

described % BB o By M0 A oBh oo Ao e SonDBuznd provee
channeltrBgionl 191 th€ AfveRGod & $9tQfnikdterd HeCdHsbRNc&figdRati dFR9R should

when a pixel of an array is close to saturation. Thus,
be undesstend ghatsuthpr Qfigurationsaincbslinge pixel tadbkavhg b geyersed dopant

t he | mage, processqr 280 (FIG, 4 ) cap be inforned and
profile, ahPtheF HphBLENGTHe L dteM AEORSODIRIGENE EBSBon.

Whet her an ALC operation is enployed or not, at the

[004@Nd H1ERY HYRURkMPlary CMOS imaging integrated circuit 308 which
includes a pixel array 240, with rows and columns of pixel cells. As shown in FIG. 4, each
pixel of array 240 could be implemented like exemplary cell 100. The pixels of each row in
array 240 are turned by a row select line, illustratively RS (FIG. 2A). All pixels in a row
may be turned on at the same time for these operations. Signals from each column are
providéd on a respective column line and selectively output by column selector 260 in
response to respective column select signals. The row select lines are selectively activated
by a row driver 245 in response to a row address decoder 220. The column select lines are
'sclectivc-ly activated by a column address decoder 270. Thus, a row and column address is

provided for each pixel 100 in the array 240.
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period, the row select transistor 110 is on and the
pi xel output signal Vsig is applied to colum |ine 60
W@ 2106026806) and i s sanpl ed and hel d by sanpl e pamUkmb&030768
circuit 261. [0039] O her enbodi nents of a pixel cel
100 may be constructed in accordance with the
i nvention. For exanple, although the exenplary pixels
[0041D0, 2Dbe phelarrye4) dexeritbe by abe hminggnd cpatrppeircuit 250, which

substrate 101, ..n- accunul afi on regi on 102, and
controly 9$%¥ ‘i‘?’fﬁﬁﬁré I22:6e3¥§ forss ctipgghe ARIRARPT3 Tow sk column lines for
. oLt . CrLi hgNr ALl t.,shoul d be
psc s A1 SR, 9RO P02 bl oo

driver circiety 245, 1260avch gha#t theyaippBodhananbliifedfth tBe davE «Ahii&brs of
enbodi nents that are within the scope of the present

the selertederon anl cqlanacklert liesd Gorovel cuiz2e0plar gorEMISsample and
i hpgi.ng. integrated circuit 308 which jncludes a pixel
hold (Sé?‘ﬂe@/fcgm%% tkad gl StoHeIPEs] o signgs fem eelumen selector 260.
: [ - b pnixel of ar 240 ¢ dDb .
/11 UMY B ift ERERLRIT. o P Bk B AL o8 provices e

to a diffeahial aanﬁhrawaayAZﬂ@craﬁ@altstgrnapﬁcpyvg? sQ¥odat&Eby Wifftfential
_illustratively RS (FIG_2A).” All pix€ls in a row may
amplifiss@ 63 fon eathapixels andhthesdifferentinksigoal ist thes eligitieedibiy ahs analog to

. ... Signal s ch,colu ar roovi ded o respective, .
digital SR 31 EARR JUeaei e el OBy o PV Bia Fitized
: : INgWRE r 44 ect:: si.gnal s.
pixel g o R PGy R TG S TSR P
row driver 245 in response to a row address decoder
[0042)20. AddidonilUtibC sateitiy hiyngso afcbudes e ehis vabydaténty AL

L bg a _col umm address decoder_270. Thus, a row and _ .
circuitripgp L foy raadipg ke panple yoltags Viaor, feareia pixslisiphpoo-conversien device.

Vo eSO o kA BRSSO
predete A8 Fefe o0 ¢ Eer 48ftag2 V) f F whRMGSIihGhe! AEC monitorin aircujt

appropriate row and col unfi I'i nes for pixel readout a
251produnephisipgpal Tded bydntagelproassui2802 5Thaimsageqmtessbsthehaignals
row and  col unm 2%” ver.circuitry 245, 260 such that

timing jngkcantegl srouty; 204 isiaray geadoyt praess Adipg Aeadans o6 V., and
\cgfhngguygghggégp&ﬁgO?QH%?QQPCOIunn select lines. Contro

circuit also control's sanple and hold (S/H)
circuit 261 to read and store pixel output signals
[0043]r om /A odluerforse), &eimay b2Gelectstts elesifad. t FatbkahRl&iWeS may be
pi xel reset signal Vrst and pixel inmage signal VsSTg
chosen gl thatoerdras willaecuponly gvhiemepisehcells obarpy 2‘f(éham.cummtcd

suﬁicicng :cﬁr%% gﬁ H:sgl:lt i[slla%nlglagg\ﬁl _'chvcrhsatrzzctérfsti%g 8P Hl%elgna%)c/d subject matter
are visible. Otherwise stated, V,;; ... may be chosen such that a resultant image will not be

too dark.

[0044] This ALC circuitry 251 just described may be a part of the image sensor
iﬁtegrated circuit 308 or, alternatively, it may be separate from the image sensor ihtcgrated
circuit 308. Without being limiting, for example, ALC circuitry may be included in the
form of hardware or equivalent software in a processor, such as a CPU, which

communicates with the image sensor integrated circuit 308.
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anplifier 263 for each pixel, and the differenti al
signal is then digitized by the analog to digital
w@eomeeedser 275 (ADC). The analog to digital coPOBUS®DS/030768
275 supplies the digitized pixel signals to an inmage
processor 280 which forns and outputs a digital inmage.
[0042] Additional ALC circuitry may al so include, in
[004%hi s EKhodlillvsrates ApEocissarthased syaten ld00 ivddding dnhienaging device

sanpl e voltage, VALC froma pixel's photo-conversion

308, Wlaébwﬁﬁeéplxvls censiruqtedh i aggpirlagge snende methpds dessribpd dierein. For

e ST A e BBBS P IO BB B b i
the exepMry @RDAAIAEAS %Eﬁ;he?f?llf&ﬁ@éw 86RriBe$hBHR] TRE ﬁrd&ssio_m?ﬁ?cd system

processor 280. The i1 nage processor then sighals timng
1100 isaxdmptary b6h system tiating digital tercuind thaateuld indadeithage sensor
. process, including readout of Vrst and Vslg from all
devices o Withutdoing liwiting sueh asyssgm zepld inglydga empytgesystam,\camera

be sel,ected as _desired. For exanple. V. may be
system,JEtheF, SRS FoR, ik Rien ol Bidh apERsR e stem, auto
focus sy3€inh St rRKEPYsteft) PG Sh aCebidh &fshdn Sikidol GtAMizatiBa sYfem, and
to result in an inmage in which characteristics of the

data compegsidnsyfspmct matter are visible. Otherw se stated, V
may be chosen such that a resultant inmage will not be

K. [ ' [ ' d i bed
[004@23 gﬁﬁ%%gfg%g- _a%r ' wtﬁ\%)g%féiﬁg%f&%ﬁg@é% R T e gencrally
compriA08 B GELORE LR Jor ) 158, AR 3EREL fubt o i

commuhidatdsivigh arfd BipueXangphue (1AL Cdeti¢LLl06 yviraybirel 103! H8dng device
in the formof hardware or equivalent software in a

308 alspcomeunisatessuith the CF LEPLZ wiethedunmhlie and sagi inpludha CMOS
) i €. sensor i ntegr.ate ircuit 308,004 FIG 5

pixel arfe S inEdnE e BRBeRat 1003 S oL AL 1Bhe PrRECHRI fgsed

e 108 O YO B AN | o e

removabkanahery bl Mg lsachrayflish aayonf, wlich sxeopmaiyhigitgewith CPU 1102

cells_ 100 constructed in accordance with the exenplary
over thehpp bl fbnimagingdeeice #08HnY0be erBbincd avithyp pvecesspresuch as a

r.ocessofr - hased st.em 1100 is enpl.ary of a system
crU, 68 R pyBRar, BY BifPet stk e b e flgBitoil on a
single iS@PHO¢d ERNICASon VIRt i@ Aghnl theigrbf@sors Uty & B¢ $h&Rbry
could include a conputer system canera
storage devices in the processor-based system 1100 could store software for employing the

above-described method.

[0047] The above description and drawings are only to be considered illustrative of
exemplary embodiments which achieve the features and advantages of the invention.
Modification of, and substitutions to, specific process conditions and structures can be
made without departing from the spirit and scope of lthc invention. Accordingly, the
+ invention is not to be considered as being limited by the foregoing description and

drawings, but is only limited by the scope of the appended claims.
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system scanner, machi ne vision, vehicle navigation,

vi deo phone, surveillance system auto focus system
WG @p/otasacker system notion detection systemPCTEE®05/030768
stabilization system and data conpression system
[ 0046] The processor-based system 1100 , for exanple a
canera system generally conprises a centra
processing unit (CPU) 110RAIMSh as a nicroprocessor,
that comuni cates with an input/output (I/0O device
1106 over a bus 1104. |1magi ng device 308 al so
communi cates wth the CPU 1102 over the bus 1104, and
may i nclude a CMOS pi xel array having the exenplary
pi X@hat kQdaiaedds sewssddaied & bd peotpered dySidttd?aPeint of the
%%sten11100 al so i ncludes random access nenory (RAM

a4Qs isand can i ncl ude renovabl e nmenory 1115, such as
flash nenory, which al so communicates with CPU 1102

over 1104. | maging device 308 may be conbi ned
with é“%ﬁﬁfﬁ %t8Fc,“S%€:‘HgB‘§358-CPU, digital signal
processor, or mcroprocessor, with or wthout nenory

gl ¢ RARIAoRrFidPFRmcatif Asabiehte] thektuRilaBBna
different chip than the processor. Any of the nmenory
region firacageukdug chsrgengedrzated or esponscdmdigghtspdtingthd 00
. coyld store software for enploying the above-descri bed
region; @fthod. [0047] The above description and drawi ngs are

only to be considered illustrative of exenplary

dj . ' - ' e, g ant ages
EPRALTRA G MR 60 SR SRR Bt B T S0
accumul@tiorsRgi, isfid Rheees Segion tating ASresiftdn&d thi€ thes gan be
made w thout departing fromthe spirit and scope of
responselie theghargsorrcumadasediimspid accupmlatirersgierm i s not to be
considered as being limted by the foregoing

d RLI dd i : t.is.only lim.ted by th
schpe! B PRRIS e RhEATE At REr s AHACHRIMAHET cPiPhed as
new aRdopes ké @%&Q_ﬂ&@i%@%@ﬁ&%&ﬁ{é réabsN  of
the United States is: 1. ET phot osensor

conprdspedgo asecand vomndwativon typegi on forned in a
substrate, the accumnul ation

United

-]

3. 'The photosensor of claim 1, wherein said accumulation region

is doped n-type and said channel region is doped p-type.
4. A pixel sensor cell comprising:

a photosensitive element formed in a substrate, said photosensitive
clement for generating charges in response to applied light, said

photosensitive element comprising;:

a charge accumulation region buried beneath a top surface of

the substrate; and

a channel region located beneath said top surface of the

substrate but above the charge accumulation region, said channel

13



region for accumul ati ng charges generated in response
to light striking the region; and a channel region

wo ommabedo N t he substrate and associ ated w t h B@I/US2005/030768
accunul ati on region, said channel region having a
resi stance that changes in response to the charges
accunul ated in said accunul ation region. 2 . The
piptrobavisga chingdablemedistandecdapiendeti upcacthenablasges
region is doped to a first conductivity type and said
gﬁéﬁﬁbﬂﬂﬂ%ﬁﬁndﬁgFKRa@%ed to a second conductivity type.
3. The photosensor of claiml1l, wherein said

ti .eqi [ - d.said,.channel
FERUINRAL) 00N b R A BRI Sl
,tgonponprising: a photosensitive element fornmed in a
substrate, said photosensitive el enent for generating

charges in response to applied light, said

phdt odbapixel sanset ealleoficlammb rwhyireig: saisl phetosgnsitive
accunajation region buri.ed beneath a:ggg surface of
the sHFEPLEUTPHIY 2Pt roeyt 8ha IR L temsisiieat h

said top surface of the substrate but above the charge

acgu ”‘thﬁ)b&[‘séﬁ&i & oﬁgﬂé%eﬁggftﬂ@ Ec‘ﬁﬂi)x‘?ﬂgg P9 a

changeabl e resi stance nt upon t charges in

t he acantactl dvier and bdjgiamna fantcide of saitliphiodosensptveduci ng a
signal_ based on the resistance of said channel region.
5. Thelemicreforgpplying ¢ uplragsitospidi dhannelyggiosi andsai d

phot osensi;tive elengnt co I ses uri ed, gate region
o = SEe £piRsTloR Siihe < FRlo] faft @hadi dipRel

cl ai Megiod Urther conprising a first contact over and
adj acent a first side of said photosensitive

7. The pixel sensor cell of claim 6, wherein said second contact is

electrically connected to a row select transistor.

8. The pixel sensor cell of claim 4, further comprising circuitry

for resetting the charges in said accumulation region.

9. The pixel sensor cell of claim 4, wherein said circuit comprises
sample and hold circuitry for receiving at least a first signal
representing the resistance of said channel at a reset condition
and a second signal representing the resistance of said channel

at the end of an integration period.

10. The pixel sensor cell of claim 5, wherein the fill factor of the

pixel sensor cell is greater than fifty percent.

11. The pixel sensor cell of claim 5, wherein said cell is capable of
providing continuous readout of a signal representing a

resistance from said channel region.
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el enent for applying a voltage to said channel region
and a second contact for taking a readout signal from
we aood/ozdsannel region. 7. The pi xel sensor cel | pof/Ustoa$/030768
6, wherein said second contact is electrically
connected to a row select transistor. 8 . The pixe
sensor cell of claim4, further conprising circuitry
f d2. r Ageik¢lisagsorheell compgisiagi n sai d accurnul ation region
9. The pixel sensor cell of claim4, wherein said
CigCUIt conprises sanple and hold circuitry for
BeeresFAytv J E%&§kn§m fqrgtcdsqtdmt pirgigh emsubsgrattye
stanc sai d _chann at _a. reset condit]j and a
said phEERERINK GefRent Bl e BEARRR 5h e Eitinsf &6 Sepliel 3
light, s&B%B%scﬁ&u{f@@lcﬁﬁﬁt %m? rrg‘t egration period. 10. The
pi Xxel sensor cel 5, wherein the fill factor
of the pixel sensor cell is greater than fifty
per ceathargg accimeulpiiom kegiem boried bkheanh aabpisatfice sther ei n
%Fld cell is, capable of providing continuous readout
sybstr aP“%epresentlng a resistance fromsaid
channel region.12. A pixel sensor cell conprising: a

h f iall
R T e

“for

gipesrtbiutdvenalideharigh 2t RENURSEN FépidRBhidthanhght . sai d

phot osensi tive el ement conprising: a charge
meamidvang a nesistyicoshiacicastibdne dhingss iropesponfegoe of

PRt SorornBeE B e L GnccBUBAon o char ge

gﬁypulatlon region, said channel region having a
si stance characteristic that changes in response to

a first contact electrically connected to the channel region for reading
out a signal from said channel, the signal representing a current flowing

through the channel of changing resistance; and

a transistor for draining the accumulated charges from said charge

accumulation region to a drain region.

13. The pixel sensor cell of claim 12, wherein said first contact is

connected to a row select transistor.

14. The pixel sensor cell of claim 13, further comprising a second
contact electrically connected to the channel region and

adapted for providing a voltage to said channel region.

15. The pixel sensor cell of claim 12, wherein the fill factor of the

pixel sensor is greater than fifty percent.
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t he anmount of charge accunul ated in said charge

accunul ation region; a first contact electrically
weonnenised to the channel region for readi ng ORET/ES2005/030768

signal fromsaid channel, the signal representing a

current flow ng through the channel of changing

resi stance; and a transistor for draining the

ageuMrhapadl §ehdbO&d S QMnSE) Avifh@hagid lation
region to a drain region. 13. The pixel sensor cell of

cl ai mct@muMtemeiegicnis dapablsdf efeatiody forsniagnidded to a
row sel ect transistor. 14. The pi xel sensor cell of

cl ai ifurmpunding sad chygp Araimgabor sgeRt cont act
electrically connected to the channel region and

aghapt [ di n vaol 0 said channel
rfe%i o‘ﬁg agrg? O?fr‘%g(\%?e{lgﬁgr %&ﬁgg}ﬁl%%g “of claim 12, wherein
the fill factor of the pixel sensor is greater than

%Aglfutrédit? of pBR! sehfor ddNE FHHn¥R] inSesBOtrareSlvheRfin & RhdP 12,
erein said charge accunul ation region is capabl e of

one pixelfseasdrioghlof siidramiapgoenpirises: d surroundi ng sai d char ge
accurul ation region. 17. An array of pixel sensor
cells cgqprisin . a plurality of pixel sensor cells
f or netiP %°§“§858?Vﬂpgpgmherein at | east one pixel
sensor cell of said array conprises: a photosensor
conpri si nGin ARuARMHBH REIA Yok siuduhGhg eﬁ&gggﬂ ating
charges generated in reSponse to |Ii1ght] safrd
accungdnatated ir sgpamsehoilipght,Baid @duinaie@inregidndpeingr f ace
of the substrate and being doped to a first

conduRiried hgpeatipr tomttase eftisraibsaigiasd besrmdepedibove
said t%cacﬁlrgycl:(%du%gvity type; and

a channel region located above said accumulation
region and being doped to a second conductivity type, wherein
said channel region has a resistance that changes based on the

amount of charges accumulated in said accumulation region.

18. The array of pixel sensor cells of claim 17, wherein said at least
one pixel cell further comprises a first terminal contact for
applying a voltage to said channel region and a second

terminal contact for performing a read out.

19. The array of pixel sensor cells of claim 18, wherein said at least
one pixel cell further comprises a first row select transistor for
selectively reading out signals from said second terminal

contact.

20. An array of pixel sensor cells comprising;
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regi on and being doped to a second conductivity type,
wherein said channel region has a resistance that

we bangasibased on the anount of charges accunub@t/es200$030768
sai d accunul ation region. 18. The array of pixel
sensor cells of claim17, wherein said at |east one
pi xel cell further conprises a first term nal contact

f pluraligyl ofipixge] serisot teldoied i dsubRaanewhegdhapland a
second term nal contact for performng a read out. 19.

one Pith&CDa@rr%P}l @mprisgs| sensor cells of claim 18, wherein
said at | east one pixel cell further conprises a first
row sel ﬁCt transi stor. for selectively reading out

si gnaf 8"PIBHICACA™REER® ter mi nal contact. 20. An

array of- pixel sensor cells conprising:a plurality of

pi xel sensgy a&@bdadod F%gﬂ PoracaHRshiAL %h%x#gfr ein at

| east one pi xel sensor conprises:-a osensor
conpr gaiangred am rasponseudoadpiptied tight, eaidfaocuraakuoH! at i ng
charges_ generated in response to applied light, said
accunifgidn being byrisd bsarath agapisurfasseofahe substraspandr f ace

of the.substrate bei,ng.doped to a first
condug?llﬁ%i chéit/%%?ﬂgnc&ngugtﬁvéwpﬂw;ra@& on | ocated above
sai d accumnul ati on regi on and bei ng doped to a second

conduct i Vi § ¥hdrtREre LR R SBbM ShRANSIMIISEHEN has a
resi stance that changes based on the anobunt of charges

accumgigitirezhd beisgiddped co st @nidorondegiiaty, type f whedeirand
second.cia{m nal contact for generating a signal from
sai d PHXENRINEHEBLHY 2 EipRast Rt Riangss faHanry

resi shangs & ch%?écg LOANNELd" iR %jarli;ccﬁﬁg.lation region;

a first and second terminal contact for generating a signal from
said pixel, the signal representing said changing resistance of said

channel region; and

a reset transistor for resetting the charges accumulated in said

accumulation region.

21. The array of pixel sensor cells of claim 20, wherein said
photosensor comprises a JEFET gate region buried beneath a

top surface of the substrate.

22. The array of pixel sensor cells of claim 20, wherein said reset
transistor is formed over and adjacent said accumulation

region.

23. The array of pixel sensor cells of claim 22, said at least one
pixel sensor cell further comprising a drain region located in
the substrate adjacent said reset transistor, on a side of said

transistor opposite said accumulation region.
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a reset transistor for resetting the charges
accunul ated in said accunul ation region. 21. The array
w@bkoopixabo sensor cells of claim 20, wherein saPdr/us2005/030768
phot osensor conprises a JFET gate region buried
beneath a top surface of the substrate. 22. The array
of pixel sensor cells of claim?20, wherein said reset
t 2&nsTht array sf pochetsavedlls afidami2acwhtrefifiad drain
accunul ation region. 23. The array of pixel sensor
cel | stregionjsadapted togaseivesgharges from sid prsasnuktinsor cel |
furthrecr.co ri.sgng.a .draqiin .regi on laocated in the
subst FRH¥ 103%%% vagion of sUdeSef S8R0 on a side of
said transistor opposite said accunul ati on regi on. 24.
D8, aThaYr@f oPpel schsiSQls 64hitn 20, Fhalel ﬁ-ﬁd atMaggei n
said drain region is adapted to receive charges trom
sai d aoncpial shsancctldgithar tdinprisgh a aotviselrtt @mstosai d
reset transistor, 25. The array of pixel sensor cells
of cl #mcstrd taraideicRond rermapal cepEet g}ﬁécmﬁ lous ges or
cel | 1YY her conprises a row sel ect transistor
connected to said second term nal contact for reading
out the signal. 26. The array of pixel sensor cells of
C2@i NTROarref pinel 2asst @lls bEdsiin 20SwRECSE safcBhd lehst
capabl e of continuous signal readout. 27. An inaging
syst epncpirprdediineapableprfomatisopys sgapl amdomtgi ng devi ce
el ectrically coupled to said processor, said inmaging

ga: C&a%ﬁg%'g%sggg;a é%?%a%ay at | east one pi xel

a processor; and

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

comprising:

a JEET photosensor for generating charges during an

integration period, said photosensor comprising;:

an accumulation region for accumulating the generated
charges, said accumulation region being buried beneath a top

surface of the substrate; and

a channel region located above said accumulation region
and below the top surface of the substrate, wherein said channel
region has a resistance that changes based on the amount of

charges accumulated in said accumulation region;
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a JFET photosensor for generating charges during an
i ntegration period, said photosensor conprising: an
w@ewmanedsad i on regi on for accumul ating the genepet/es2005/030768

charges, said accunul ati on regi on being buried beneath
a top surface of the substrate; and a channel region
| ocat ed above said accunul ati on regi on and bel ow t he
top syffegRd Afseddifl REbal 86 RactfBe pBhdaGRg o sgghannel
regi on has a resistance that changes based on the
faomunid pifkelodedly gesiget wprésehadg ithe saodnaocfdrmgat i on
region;a first and a second term nal contact for
geredriatthp gcarmplafian regiom andi d pi xel cel |, the signal
representing the anount of charge stored in the
accunul gtion region: reado [ L EUI pnect ed
R A R T e

second eQRAMSNEREs o8 2N Bt cHeh@ml.gnal . 28. The i magi ng
system of claim 27, wherein said readout circuitry
conprises a row select transistor for selectively
g28.i n§h¢ eaging mysterhrofilagrai 2y , fwhesein azid reabondirceityyi nal
contacts to a readput term n{al. 29. The |nmagi ng system
of ¢l SATIPBES SR EIoht GARYTaY Tor slertvsHLEIngatic ol |
furthg nag ?128?111 hﬁ&%‘u& QS8 odd AP Cntalfs b 8SEEddNY the
accunufated charges 1n the accunmulation region to a
resetteg@iigitt i on. 30. The imagi ng system of claim 29,
wherein said reset transistor is adapted to transfer
charges from said accunul ation region into an adjacent
d?%i nThegneging sustemmif clamgi /s grheyein spid et lasaens pigel
wher eécrl}“%%ihd first. and S8

ond. .
cr COII‘lpI'lSCS a rese %ransxstor fOI‘ rcscttulg thC

accumulated charges in the accumulation region to a reset

condition.

30. The imaging system of claim 29, wherein said reset transistor is
adapted to transfer charges from said accumulation region into

an adjacent drain region.

31. The imaging system of claim 28, wherein said first and second
terminal contacts are capable of generating a reset signal from

said pixel cell, said reset signal representing the reset condition.
32. A method of forming a pixel sensor comprising:

forming a photosensitive JEET transistor, wherein at least part of a
gate region for the JEET transistor is buried beneath a top surface of a

substrate; and

forming a channel region located above the gate region;

19



term nal contacts are capable of generating a reset
signal fromsaid pixel cell, said reset signal
WO e@ses@pi i ng the reset condition. 32. A met hoPcD1S2005/030768
form ng a pixel sensor conprising: formng a
phot osensitive JFET transistor, wherein at |east part
of a gate region for the JFET transistor is buried
Renesd BirduitrpRIctHdAE Co@bled 1S WRSENANE! regltfh foer M ng a
channel region |ocated above the gate region;formng
readingooutcasignal represeinringahé ymoonp b€ charge phwcratednnehe gagi on
. for reading out_a_signal representing the anmount of
region phdyephojesasiive EFER- t he gate region of the
phot osensitive JFET. 33. The nethod of claim 32,

re-n. fLer mLng.: clr cuLtr .Ses
8 Sl BG4 BP il 32, PR HHbD AR HRGRuy
subst ¢@hpridifaesink Xkt teshimkl dedRfsutfhe: ehaenel . 34.
The met hod of clarm 33, wherein the step of formng
ci r cusubstratetadjdvent z Erspridsed thhehamebp of forming a
second termnal at the surface of the substrate and

| gpcat adj acent. a. segond si.de of the.channel. 35. The
5 ol RS AT ok SRerbeir S Breptes BhBRARD ERHTY A
first ' - I.5ES '

pol yoi el cORprSATRE SR G (QREAEY AcbMnfhal srihe | o
phot osigfise of vee pdstraenndllotdted dffadernt anspedrabsdaop-t ype
channel region located in the substrate above an

n-t yptheehanpd. accunul ati on regi on. 37. A nethod of
operating a pixel sensor cell conprising: accunul ating

char in i xel. sensor cell .duringcan .integration
o oaie pltaRof ok faipd 330 Rhefify aif Nih W iR |
phot ogemsidl ¥R pdisds fofRRgoNa{ @ of gRINRIRbhNG and storing
charges during the integration period, wherein the

36. The method of claim 32, wherein the photosensitive portion
of the JFET comprises a p-type channel region located in the

substrate above an n-type charge accumulation region.
37. A method of operating a pixel sensor cell comprising:

accumulating charges in a pixel sensor cell during an integration
period, the pixel sensor cell comprising a photosensitive JEET region for
generating and storing charges during the integration period, wherein the
JEFET region comprises a collection region for collecting the charges and a
channel region having a changeable resistance that changes depending on the

amount of charges collected in the collection region;

applying a pre-determined voltage to a first terminal on the pixel

~ sensor cell; and

determining a value representing the amount of charges collected in

the collection region.
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JFET region conprises a collection region for

collecting the charges and a channel region having a
waebaegsanl e resi stance that changes dependi ng BOT/URE®05/030768

amount of charges collected in the collection region;

applying a pre-determ ned voltage to a first term na

on the pixel sensor cell; and determ ning a val ue

r 89r eTR8 mdtHod BE cRIR BT whtreih Bicdfep 6PHERELAENE R t he
col l ection region.38. The nethod o cl aim 37, wherein

t he stape pipedformedianamgnd of ah iltegmtioerfedioded at an end
of an integration period. 39. The nethod of claim 37,

0871 nEPS ARG SR A p BRI ot ALIRERSHGA 7.
dif i ngP&As pehreH! Bt 3
A TR T S e

channel region and sel ectively applying said signal to

a40.oWl'ke hethod bBY| wherein shid stép@f Aetn@thiff aGlaRienaf37,
further conprising the step of draining the collected
char genprsmobFaniag|al signal aha sesgndricrmeiankframatbned
"col legtion region representing. a reset condition for
the piigapelrsgon _scge‘lggvﬁ&aﬂglgm&sa@s&gﬁﬂ’a Her ei n
sai d glePtlhsislbgl Ni Ng conpri ses operating a reset
transistor to drain die charges fromthe collection
region into a drain region. 43. The nethod of claim
441 . vibhe giethodef dhiep 33f futdtee compirisipgeathe atepeofconpr i ses

readi ng. Qqut a reset current, representing the reset
condi {5RBADS Bhe coplggte s Srom th ¢pllegtionmegian saiche

et ho&rafn%ﬁcgoﬂéction region representing a reset condition for the

pixel cell.

42. The method of claim 41, wherein said step of draining
comprises operating a reset transistor to drain the charges from

the collection region into a drain region.

43. The method of claim 41, wherein the step of determining a
value comprises reading out a reset current representing the

reset condition.

44. The method of claim 43, wherein the method further .
comprises performing a second step of determining the value

subsequent to said reset readout.

45. The method of claim 37, further comprising the step of

continuously performing a readout of the value.

46. 'The method of claim 37, further comprising the step of
performing a plurality of readouts of the determined value at

pre-determined intervals.
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conprises performng a second step of determ ning the

val ue subsequent to said reset readout. 45. The nethod
w@booshzismo 37, further conprising the step of PCT/US2005/030768

continuously perform ng a readout of the val ue. 46.

The nethod of claim 37, further conprising the step of

performng a plurality of readouts of the determ ned

vé¥ue Tt method eif elaith 35 findha@rcomsising thEneepiet hod of

claim 37, further conprising the step of perform ng an

aut onBeffermingian ausemads lightesantiad wperationdsorder to

detergine atinme Qor readi ng out said val ue.
ctermine a time 1or rea ng (o] sa_1d value.
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