WO 2006/026590 PCT/U52005/030768 ACTIVE PHOTOSENSITIVE
STRUCTURE WITH BURIED DEPLETION LAYER FIELD OF THE
INVENTION [0001] The present invention relates to the field of

senligondugieL,gdevices and, in particular, to an active pixel pho Ity :
structure. BACKGROUND OF THE INVENTION [00021 A cmo%?‘ﬁ?%gel‘\{%m(*

includes a focal plane array of pixel cells, each cell includes a
photosensor, for example, a photogate, photoconductor or a photodiode

ovefiATY B REHAFQSIOY HrEaVE nyf R pHoII JRR A EHICREFBE FDaRBBEE TION

region of the substrate. Typical CMOS,i er pixel cells .have either a
three transistor (3T) or four transistor (4T) design. The 4T design is
preferred over the 3T because it reduces the number of "hot" pixels in an

array (those that experiend8fidre@5e BB ACEVRRHT ONd it diminishes the

kTC noise that 3T designs may experience with the readout signals.
[0008] In a AMOS dseagetvdhtoadiivaslamipitad amixalcallider@@mMBe and, in
a four transistor pixel, perform the necessary functions of (1) photon to

P t%ﬁmacrlélé‘rcé%\;}gr%{fép ¢ DY trRNRYFBI BN argE 16 5 floating diffusion region; (3)
resetting the floating diffusion region to a known state before the transfer
of charge to it; (4) selBACKGRO PiXED éel oriedANBHENARDIE) output and
amplification of signals representing a reset voltage and a pixel signal

voimes, the jattanbaseshest thenRiQte eenvsHed £Par8esixt N&-hargs alll includes

the floating diffusion region is converted to a pixel output voltage by a

b
A TR Stifser GramdiSie B0 ORI e R AYMERF emcpéqmgmﬁg overlying a
seiauiie. BIQGesRing Stepediesent-and dataled AgsrpionsPHEMGe substrate,

funtions of various CMOS elements of an imaging circuit are described,
Trgriealdrffes neest PatbrtigaE: £a B30 s ipatisirNBT 6 @75 gegansistor (4T)

debign. PR NG 3 %0 36RddSRAIRN BN £ 1326 0 P2 des tRAIGU NP o f “hor”
6,204,524; and U.S. Patent'No. 6,333,205, all assigned'to Micron

PYSEHAGIBEY T S HIRERGFES ot LaERSH helicratoing Hré hehighpishes the KTC
nibicO ARt A dchy hetarensg hruein Wadhelr entitety sknals.

[0003] In a CMOS imager, the active elements of a pixel cell, for example a four
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
to a known 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
described, 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.

1



WO 2006/026590 PCT1uS2005/030765 [0005] A conventional CMOS
APS (active pixel sensor) four-transistor (4T) pixel cell 10 is illustrated in
FIGS. 1A and | B. FIG. 1A is a top-down view of the cell 10; FIG. IBis a

croggrsarlippalview of the cell 10 of FIG. IA, taken along line A& Jdd360s/030768
illustrated cell 10 includes a pinned photodiode 13 as a photosensor.

Alternatively, the- CMOS cell 10 may include a photogatc, photoconductor

r photon-to-charge converting device, .in lieu of the pinned ,
Eh@@%ﬁ iodefié?aécfﬁéoﬁﬁ{igl%’&éﬁhg AP S RX oAb Haptis@r (4T) pixel
cethpigeilihepboiadiods. I3 inclunBs BIg+ BArfaceRcasimyREQLIREIOND 10, FIG.
nd an underlying n-type accumulation region 14 formed in a p-ty

1 é?wﬁ&&?n%if&f&”gé%&%féf Ryerd Hoebef héf’p&af%#%c&méﬁ&%d

iilBchasdaciansfercgates 4 foniknsieton ehotoghastet.sansrataddmthfely, the

n-type mulation region 14 to a floating diffusion region 3 (i.e., storage
@ﬁéggﬁfiﬁmfﬂ%%‘m‘ﬁaa A PEHOP BRI KRR R agatE ThaR:

cahsaiige followen liansistat. p%&%&@(ﬁﬂ“@gvﬁﬁ I@Qﬁ@lﬂd@f@yﬁﬁﬁ%ﬂg arca for
output signal to a row_select acgess transistor having a gate 37 for .

P%%ﬁe‘c%?&é%%ﬁj&ﬁ%‘a%% &sﬂﬁa%gfaﬁzﬂ%&a’rw nslAstGE fePrhERESGESHERIRTioR region 5

aréaetiraksigior haying.acgaisidib rasgisihe floating idiffpsign LReiD Q- fr

Su%rgecqu ch%rge level before each charge transfer from the n-type

accamutdtio ‘region 14 of the photodiode 13. [0007] The illustrated pinned

photodiode 13 is formed in the p-type substrate 2. It is also possible, for
eQ8AIe, tolhaveglsallgd slibdtrate hasel Béhbath pavdlis gatarf ftypensferring

plﬁﬂ%@ﬁiﬁ @yg%rncljﬁdp'ify e 8 @&U&E&B&Eﬁ%&? @c%f'oﬂqqg-k P Hga W% diffusion region

accumulation region 5 of thﬁe' hotodiode 13 are”spaced between-an
3 [dstatsmasgieaionand isclaaingalifater regivn ifustratbdrconventidnal a gate 27 of

 RlIReGAtediodR. I hag o BsiRL RUNElEEnIREYA] L HR RNRIBHIBHR dshal vo -

has two p-type regions 5, 2 having the same pote so that the

rOXCAEIRREIRSEBT PRIty Ry dais| StetPatdastivabigvnages (WtDuTHgnal to an
onilngEQ@}QQﬁal%xi&tﬁ{H%@x?) “rineed AecRieBateatial inthe Aetadieds

is pinned to a constant value, Vol, when the Ehotodiode 13 is fully

diffasirtdasiRmanaieneiisd chags Tovd bsfiacrve, Pt tyanbafican the n-type

acehargeds iransiereddrom e Ruascumulating region 14 to the floating
diffusion region 3. :

[0007] The illustrated pinned photodiode 13 is formed in the p-type substrate 2. It
Is also possible, for example, to have a p-type substrate base beneath p-wells in an n-type
epitaxial layer. The n-type accumulation region 14 and p+ surface accumulation 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

).
pin
photodiode 13 is termed “pinned” because the potential in the photodiode 13 is pinned to

~ a constant value, V,;,, when the photodiode 13 is fully depleted. When the transfer gate 7

p

is conductive, photo-generated charge is transferred from the n- accumulating region 14 to

the floating diffusion region 3.



2 WO 2 006/0 26 590 PCT/U62005/030768 00091 Additionally, impurity
doped source j dram regions 32, having n-type conductivity, are provided
on either side of the transistor gates 17, 27, 37 to produce the reset,

sopcefeliowses, and row select transistors, respectively. Conventionad os/ozo7s
processing methods are used to form contacts 33 in an insulating layer to

provide an electrical connection 33 to the source/drain regions 32, the
floating diffysion region 3, and other wiring to connect to the transistor
gates 17, 2798t 3P BN SN GtFe f eefisectioHs T gne ECltugs n-type
QRN epnieHisprld LRIXehellge I&g%gmg@gpg&&g 1@,F?§;S‘J'Av;‘g[)?§ Duce the
a

1B, have die advantage over 3T pixel cells of having lower ixed p m
NG SRR WP Piste PREIRS WH IWEVERL Figivass avenat edwbBoks cutivich g cessing

mbowEiseussOenaralyn Firstsduing the, rapsfaraf ¢ &?&J%%”c‘itch%icaj
photodiode 13 to the floating diffusion region 3,"some charges are eft

COBBRTHE bR tHE ProteuIcaETBN TrIiRCM pletdliramatetiBreate sdagprafchnd other
wieah alseylnad to satucationof ihe photadiode 3 die 1 the presence of

313 . tions i
excess charge. The traditional 4T deSign also reduces the fill factor of the o>
it b%because the four transistors utilize space that could otherwise be
used for a larger photo-sensitive area. As shown in FIG. !A, the

temv@ntionaldpixel Getal @ haserpexinately afifty-pereant ikfaetan asd 18, have
thonI about halfg the eII1 0 g e., photodiode 13) makes up the _ ‘
A MG areal 0 10 PhBFENS st aderatsia, popikeldsIrTapiig cclls,

<
pﬁo 0-sensing a
hdw&bgéﬂmﬁe&mndise&bidﬂ@v\/ﬁhiaxwmﬂwaﬁ&@ﬁsw&iﬁ@l@yﬁsﬂ %, during the
as oci?t%d with the t{fnsgerrirgﬁ; of phpto-chaarqges,. There is also a need
% SinipiaSretiiin BItRBALHRG e HeSite dean BRI SURMRRY sope charges

T simple
ardlleE BRANENTH @i (1053 HEermplanhr mkediprAts:ahine IvaRion PIRNIES, iso
iwa\drr:t(i)ma er i?ixe(l)[tp%g w'gh a gggiot%%ef{wsmve JFET structure having a

ChanReT R o8 UBGIAES BUARY Ot @ TSRl eAsse Thae
wachanne 4Egiendins» ebaige tawitharasternstic thatichanaes. dePendifdnsistors

n the level of accumulated charge in the accumulation region. During an
e SPAEE AR O RISEHE T LAOLES LIBERO R b AOEHFRed shown in

Fliiside the boriediacolpiutatien regionpgilechamgs lamecharasienstisedr, as only
ab%nxet ﬁgl?rc])?%llgec%ﬁ? ¢ %?Q?grsl&trg)diodc 13) makes up the photo-sensing area.

[0011] There is needed, therefore, a pixel cell having low fixed pattern noise but
with a high fill factor, and reduced lag associated with the transferring of 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 p;:riod3 incident light causes electrons to Ec accumulated inside the buricd.
accumulation region. The charge flow characteristic 5f the channel region changes in

response to a field created by the charges accumulated in the accumulation region.
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boJ



response to a field created by the charges accumulated in the
accumulation region. 3 WO 2006/026590 PCT/US2005/030768 [0013] In
accordance with one aspect of the invention, the pixel cell can perform a

chai@eagsismylation mode simultaneously with performing a r?@ﬂ%’i(ﬁg/osmss
the pixel, allowing for automatic light control operations. BRIEF

DESCRIPTION OF THE DRAWINGS [0014] The foregoing and other
aspects of the invention will be better understood from the following
Ailéd dederstoristaneitiventismedinértis rovided, itcomnméctibramithform a
chidgeaceemPRAYINGhIRWIRAT IR WINCRY 2.8 lop-dawn vie .
ofgg conventional fogutg\tlgg}riﬁigg?%! )%@e%%&%%%%] tl%:%(g‘l‘%%sqgc P D{CYY allowing
forpyLumasiaiirh sremdapeainiventional four-transistor pixel cell of FIG.
IA, taken along line A-A'; [0017] FIG. 2A is a schematic of a circuit

diagram of an exésRpFIbsel KEIT CONStECted inseaovdrree with a first
exemplary embodiment of the invention; [0018] FIG. 2B is a

ossisectippakyi f X81P ixel cell of FIG. 2A constructed in
g{:corilnlance'witkr(:{tlag jrgigtte?(%ﬁplaryiggﬁ%?ﬁn%ﬁt% %ﬁ%ofﬁ\?@rﬁ%nﬁc[ﬁﬁﬁ‘é? erstood
fromchafpllgwism ds i abgtetnptivr dpbedtivenoion pieticélljaceaieing tomattction

wigxeropla inent-gl ghgligg_@m;ion; [0020] FIG. 4 is a block diagram
of an imaging device constructed according to the invention; and [0021]

@OﬁBi sho %%a i&ocessor system incorporating at least one imager device
onsttuctet - adeStA4RREIRITA BhveriBgdmsAtisP#hémvERtgHor (4T) pixel cell;
DETAILED DESCRIPTION OF THE INVENTION [0022] In the following
[§€tktled dedsriptidbi, reterenceisumaite toftte acoompanyifguatamingss pixcl cell

of Whﬁ?%&%ﬁ@%@k%ﬂd in which is shown by way of illustration
inw

specific embodiménts in which the invention may be practiced. These
dime %are described 4 Al suf Icien detail to enable those ski led in
[ tto p&; tice @ HOERAGA CAAGITE G Eipgram of an exemplary pixel cell

constructed in accordance with a first exemplary embodiment of the invention;

[0018] FIG. 2B is a cross-sectional view of the exemplary pixel cell of FIG. 2A

constructed in accordance with a first exemplary embodiment of the invention;

[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 invention may be practiced. These embodiments are described



understood that other embodiments may be utilized, and that structural,

logical and electrical changes may be made without departing from the

scope of the present invention. [0023) The term "substrate" is to be

understood as a semiconductor-based material including silicon,

silicon-on-insulator (SOS) or silicon-on-sapphire (SOS) technology,

doped and undoped semiconductors, epitaxial layers of silicon supported
o) J;g €, semiconductor foundation, and other semiconductor structures. .
e T A 16 A7 SGbR e iy e Y5 BAng T s o b¢
urgiesthdption: prabiousprotessistepsyay thiaed beeniuilizedcta foriogical and

fo) junctions. in the base semiconductor structure or foundation. In

G e e B L0 b BUF So0H b Baked
ingmsiticon-germanium, germanium, or gallium arsenide. [0024; The term

"pixel" refers to a picture element unit cell containing a photosensor and

transistors farconveringslight-radiation fo-an.elegtrical:signal, For o vaced marerial
. purposes of i lustrarion, a representative pixel is illustrated in the %lgures
ingHeinsstifpropilinerein angiaypically Fabridition of sdbpixets N inshgeiogy,
dgilipisesdainiianeaiacing. sinlatipsuan dq8eat AlIBoHED e, b

invention is described herein with reference to the architecttre and
scralsHBaHEFP ofomepigel call ftbhottenisenshtapsteoecthzgsthigughermore, when
refERIRBENALYE &f 2« plytali ol PixR! ﬁﬁ%%viﬁ%ﬂ&&?@ﬁ% A0 MDRIETHISVICE reps may

such as array 240 of imager device 308 (FIG. 4). In addition, the‘invention
hapa $eppHEtBiftyacararnySend edtaimearing tHevesstaingdiselcetis;ture or
foéﬂga!écﬁqt M‘&%@a%{%&?@ﬁ%ﬁ@&&%&bﬁ&%@ O-Eb%?as]::%!l,oslyzlp Suid be based

detailed description is, therefore, nor to be taken in a limning sense, an
onfidicesope o ithengsrrion isefnedionatsetidcappended claims. [00261

Referring now to the drawings, where like elements are designated by like

reference nuraetals, i 2Ac s tates dnuelegical sehematic/ouma pixel

cell 100 in accordance with one embodiment of the invention. As shown
PR ARG MR R TSGRt B PE B IAFP B SAECHS e dbtipgel. For
puginaes fashionibuougipactentoate s 6 2RBEH2ESPGhe figures and description

PCT/US2005/030768 transistor 110. The gate structure of the JFES is ,
hcﬁaﬁ[ %éﬂ%ﬁ prenislel ol i‘:l}ll g}ﬁ%}s in an imager will proceed simultaneously in a

simnilar fashion.

[0025] Although the invention is described herein with reference to the architecrure
and fabricauon of one pixei 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 additon, the inventon 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 limitng 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 elecurical schemaric form a pixel cell 100 in
accordance with one embodiment of the invention. As shown, pixel ceil 100 includes a

light sensinve JFET 107 connected in source follower fashion through a row select



collection region for the pixel IN. The gate structure can be reset by a
reset transistor 112 which receives a reset control signal (Reset).. The row
seiect transistor 110 is responsive to a row select signal (RS) at its gate

inputp-therebywgouple the pixel 1.00 to a column line 60 for reag@%{%&mﬁmmw
signals from the pixel 100, [0027] FIG. 2B illustrates a cross-sectiona

view of a pixel cell 100 fabricated in accordance with a first exemplary
.embodiment of the invention. The pixel cell 100 is formed onap-type
EERTEOntitttor StBEtFatE UG hHBtOEBASItVE ITRETFigtuendectGF is a charge

cotmposednbregions 1o 104 formeghip the substrale,10kand terminal . .
) ntai:ﬁts 105, 106. The first region is a doped n-type charge adcumulation ,
i%

FOEHHES thiRASRB LM R fRtish) reglonr 203 decreasestas 110 is
chaiges ascumwale.in the gharge.Accymulation region.102, aswilbe. o0
1Fd scribed in more detail@lgw%op;é?p-%{tﬁgcha%&ng r éi%)lﬁp%fo%clglxe, 100 o2
“FOPREd (AR Sressiomecd il 201 hbpirs A8 ticcumulation region

102 and under a top surface of the substrate 101. [0028] Two terminal
cBH2Ets 1051008 B fored.andhessuitace ﬁf:th%'f%upﬁtéﬁ&@lli gg@l%l’gﬂcmd in
oppgsite sides of channel region 104. The terminal contacts , may
: %9 8%%8"0%5 Hyet B BOR/SIfEN O BrShibdtshs EEAShtackiayes! alel 00 is
fdirscterminal cpatachidfaisformeademenand at %H@té%ﬁsﬁi@?f@*ﬁgﬁ%tum 107 is
region 104. The second terminal contact 106 is located at a second side
C?é‘%f’,‘%%&@%% SrRh lo‘%*e?"é%‘g%ﬁﬁﬁﬁ&wé@rérﬂ Oloanet Hremiselepmiisras 105,
lgontabtissonngeted falapltagepsauice. shewn asa¥e a1k aldhe; ckness of

ich i be used as a terminal 105 for
tﬁcuggtq%% which god%,ssgaug/ grounded, may be

Most mpféfﬁ%’r? a S S A5 O TH ISP EOMAE i Olcishatsrrieaumpulation

remond Ochtond rbwdeteiticdransisterdtil Biiewown selgelithansistan il iR aion 104
- Uilized to electively onnect the pixel 100 to readout circuitry durin
Prea ggl%f Sighals ?ro‘ﬁﬁct BiREt ¢t 2B8Y5005 SFTHB IRIK Fated Pixki ¢ ed under a
0 fas: avfesettriangistar)l12 and an associated reset drain 111. The

reset transistor 112 comprises a gatestack that may be formed using

tion ' F le, the illystrated gatestack has an i
e Ty 3 R 1 cora S B
1 Ghteroxme Tayside ofsinactuetice b94thd bahstraiteall Gindihe lNfstiaeehay be

faaiesiaek 1@4;%9 g@ﬁdﬁ}%@ﬁ & %@&1\%@!? x%%édlvc\:lgxiﬁgcmgycp.efhc first terminal contact
105 is formed over and at one side of the channel region 104. The second terminal
ﬁontact 106 is located at a second sidel (e.g., at the outermost edge) of the channel region
104. The first terminal contact is connected to a voltage source, shown as Vena- 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 clectrically 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 reser
drain 111. The reset transistor 112 comprises a gatestack that may be formed using
convcntio;al techniques. For exampie, the illustrated gatestack has an insulative layer 121
over a conductive layer 122, which is fbrmcd 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



WO 2006/026590 rCT/US2005/030768 formed of an oxide, nitride, or
other appropriate dielectric material as known in the art. Reset gate 112
when operative, couples the charge accumulation region 102, which acts

agydhggatesef JFET 107, to a power supply V,, i, to drain ch 5076
region 102. ?I'he exemplary pixel cell 100 also has an STI reﬁ)%?%i%?m’mﬂwm

which provides isolation from adjacent pixel cells when the pixel cell 100

is incorporated into a pixel array 240 (FIG. 5). It should be understood
formegh ofire| waficl odrrissy ¢ravd il dsoiitentragions adsthav wther the art,
Resgﬂ%qlgqsi9%9@&8&%@@?@1&@@4Qﬁ3§§9Qigc%%t}gb%vne C?%%Qg IBS, which acts as

described reset technique is provided as exemplary, an r
the gaipodiHEAtS OF the draevtionrnly ltilize ditferehtresefappraachds?. The

301 e substiataL0Lmavske doped ytiliz| n implant.of boron.ions ..
C)_m!;r?% thé;rl substrate 1081. Although t% i(ﬁvél%tgézr\]{;%%o ﬁﬁ%%&? \1/3%13? |?ﬁﬁté%x?oad’acem
pixch gsdlptichiar dopne! ceBridéhirationptheted meentratioh ofiopeht §d6s . theshould

be SMRSUERIR AL maw ey in BaeKapgs, L ARaukpAZ atoms per em fo about
¢ 1e"0 atoms per cm'. The accugﬁu?gﬁon reéfoél?isgéglsoﬁéé@p%anﬁ-a&%%hﬁg/ogm
metipgdfaptingletionitablegopihinsheintors ploldetermined. aféa dethébed reset
tectHRRLAte b0 Sultableons, inglyde apUmeny, ALSNS Apd.phosphorus. .
t'c Tth cor?centrgtion of dopant ions in%he @hegr%heg g%%%ﬁﬁ&%%ﬁ%%%ﬁ%f tlize
differrpy prsdnaprreasitrs: of about lei5 atoms per cm'to about le" atoms per

cm3. The channel region 104 should be lightly doped p- t pe. This

[Eennel Te@eRstA4cs Ighthadeperb N BORRIARS IH ANCIRERRYRLAN into the
that may be in the range of about le"” atoms per cm3 to about | €15 atoms
SUDHEHCCHTR: PHEGRSR HRGIOKCACAROEIBIISH B G RibiskE 1-BAsec bogippant
conddirexenpivyixeh eellHOOroppraies i & charadReadmuilalion RAHehe range
; gurin?ﬁ@n integration period. During charge accumulation, incident light is _
o ABBEb AT FIMBYIRE STHSraR 104 ENRRIPSRHOIR pait S areyBHEr bR iR 102 is

dopsdhbstigie bPInpsticarsaikibr qepetionafiepposieldopsddeqions ise,

) bin the vign%ﬁ.of he p-n jurl;:&tions)., Electrons are stored in the charge
USRS AU atioW AR ol AD 2 AR HERE X 8PS PISHSB SrRE R BLtypel Begions
conStipitagisthe dopaneloiegiorhtMhalfiese eledtions reduse tredigldexistitdrange

. Inthe depletion region (dye to pujlt-in volume charge) that reduces the

oF e eton FEBIOAS " HAMe EncFEF OB ICHERE b ghn |04 shorld
be lpftafnebegipnthd. Asiadiesint] acghargedlawightly doped with boron ions to a
concentration that may be in the range of about 1e*? atoms per cm’® to about 1e*® atoms per

cm®, The drain region 111 should also be lightly doped n-type.

[0031] The exemplary pixel cell 100 operates 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.e., 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 depleton region 103

thickness and increases the thickness of the channel region 104. As a result, a charge flow



7 WO 20061025590 PC3'/1JS2005/030768 conductance of t17e channel

region 104 is characteristic of the amount of charges accumulated in the

buried accumulation region 102. [0032] A readout of the charges

acciimalatedsirthe accumulation region 102 is desired, as the chargesos/30768

correspond to the amount of incident light applied to the pixel cell 100. An

exemplary readout operation for pixel cell 100 begins by having a

r termined volta e \lod Iled at the first terminal contact

C%(I%QEWC %t\ of the urrér%t) ‘tékk roam[?ﬂéﬁ%%mgl%ﬁ%%ﬁﬁﬁﬂﬁe

readou
agthenkige of the ehanhetregiondddragpresenting a measurement of the
charges collected in the accumulation region 102, in this way, the JFET

Sepatre s eneralng kg asovice Jolgustuansialer 27 (LG N 1oL 100 i

conventional pixel cell 10. The current flowing t roug% Se setond
devritacts 106 clirgsectivishp read o ththroagh theinoiselghtrapsisiord 10 pixel cell

1 Whenaetivated. andiis, copvatisd 19.V; Wia 5 by;regdaut C"C%'” G A T rmined

readout of pixel cell 100, as just desc ,Isa van%ageoﬂs
VelsrEdestiuctive) readisdtdabaise: ﬂqsmhalrg@starelrﬁlﬂ tﬁar&f@mmdvﬁmcafurrcm is

15 3esmAaON (ECion 02 WEagh A ransiet ansisier 7 (FIGS. 1 and

1B) as they are in a conventional 4 plxe is allows ple
IEAHOIRAR deshedmenadditionsithigmoniidestductive readoutialowsefien 102, In

ﬁé@iﬁ%éﬁ%ﬁ’&ﬁﬁ'ﬁﬁ% pgagnt%éﬁ%q) t|c Il(ghtc n oI LC cwt%l#l %ﬁg 14) for

continuously reads the InCi s’such. the row selecstlstranss
2 qquy pafiraiSPOrT tocdl by ﬁmmuwélmegohlpugslghalscdcmtbtbemnaj contact 106

; (FIG. 2 should als noted that although
s%&@@ﬁ%}&%&ﬂ;&g@&%%gé};a%p |redvto |r§rta3%rs'1 %r?fg ng 78TO 's& egcjts

qrapgisior 110 kormdotedcitowrsetoind ¢onteict 106|tinesEiacl bellreversefhst
Q033 et han e el contacts 103,190,200 (98l Rl 112, e,

pixel cell 100 has no other structures ové?a%e photo-sensitive areas o
rgnsfsubd pateotiae @Mblenhnln@gmﬂ@hghtpsgbfnamasﬁfansiemtor 7 mc;s 1A

agatestack, Thuspnike the ¢ g&ﬁ%g 8] ¢! g"%ﬁé@gh'*\muﬁ@m oats if

fill factor of approximately fifty percent e pixel ce
dﬁﬁ&éa%&ﬁmqaet&qupmwa@vq@emm tHewpixbk 108 the!re8eto be used in an

a&f@ﬁﬁ@&q@%%cﬂﬂgl@ﬁ(@y%@&t which continuously reads the incident light. As such,
the row select transistor 110 remains on to allow 2 continuous pixel output signal Vi, to be
applied to column line 60 (FIG. 2ZA). It should also be noted thar although FIG. 2B
shows a voltage applied to a first contact 105 and the row select transistor 110 connected

to a second contact 106, these can be reversed.

[0033] Other r.hén 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 voltage supply V,, ., connected to drain region 111. Thus, a pixel reset output signal,

8



which turns the reset transistor 112 on to couple the charge accumulation

region 102 to the voltage supply V" connected to drain region 111. Thus,

a pixel reset output signal, 8 WO 2006/026590 PC /[82005/030768 .r,,,

carobgdeadsthirough an activated row select transistor 110 afteraregiemos/o30768

102 is reset. ",Allen charges accumulate in region 102, the row select

transistor 110 may be on to supply a continuous pixel output signal V'Q
+» sampling at the end of an integration period. Alternatively, the row, sglect
VARG S LD A B8 BT SrCA S e B B8 PR e e Fese
Wietoduogdd 3B ontidutesigpatitar samplingof003dbt Refasting t1blaSy Beamdto supply

4, the operation of exem pixel cell 10Q as incaorporated into an .
AR TR 08 F SR, T B A, T GbOT PR Bpriod
Altyansistnr, iH2-tesetk the-ahatges i theyasewmlation segierei02Pyhe integration

dug}pin the clgfarges intQ t%;-]etnesgt drain region 111, which is connected
PegL QS \S6 1A & RN L PESAF ¥ ation, the reset transistor 112 is

turned on by control circuitry 250 (FIG. 4) to allow charges in the

[Q66amulatifaegioncl B berdidindy ppertedrairregivhy PixStep 100 as
. 201). Similar to the charge.r. Isc o} readput of the
i o Do, che e
tra@yprcificdlycsow theldotrgeanisistor &tons: uneredegmmbd2 iy dvargeguhenarges

. trayeling through the nneal.regio 4] d r hersec
o e e s
opeegion, 102 weringthistoeddoondition cthdyesadouwt] drstep 208 Shdald) to allow

reflect an initial (or.unaffected ltage, An.assocjated s I [
e e S R A LR o
20bp rfoteiththattivechacsumadativrlisgioedldR yay tredally depletededurindgition (V)

he reset gperation jus rl S igic- iz] kTG ngise.in | is
chﬁ”&se %ﬁlﬁl Sa['{%lgg%TﬂAéhégr%é%%tc%gl%ct%n ?e%g?gf’%g(, IS lr%s%%?nan%p?w
tuximégm;tim_ipbf:i@ugbggmsr@mrﬁm@hhi;ﬂla@@gmmaﬂhgm@rge@m 1hé 1s read out
m%%&%@é%%?@n@%%i&ﬁ%@ﬁﬁg ﬁ%%rggﬁ&%mci Boinghe channgl.

on 104. Since constant charge monitoring can occur through these

acqerminabooneaets1 05106 abidesctibeddabiovetas ferépas rowreriRet, should
rc%@e{f‘%g?lfg%ﬁ %lfu%ﬁ?é{%‘&'}%i‘{ak‘;%mfﬁﬁ’Q§EBU&E@Q&H§E@HP&‘H€R¥£&?E6§‘§s
pcrforrgcd- by sample and hold circuiery 261 (FIG. 4). It should be noted that the

accumulation region 102 may be fully depleted during the reset operation just described,

thus minimizing any kKT'C noise in the pixel cell 100.

[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) operadon 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 operatonai mode, if implemented, readout of pixel cell 100

output V,, is used as a signal V. The signal V,; can be compared with a predetermined

S



signal Vi, 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 operational mode,

if implemeniessfeadout of pixel cell 100 output V,;g is used as g,sigpal, :
VArc. The signal V, can be compared with a predetermined 9 WOEIQU“’ nos/3Tes

2006/02-6590 S T/dJ~2005/03076% reference signal Vto produce an

ALC control signal through comparator 251 when the V,wc signal reaches
“tHé WigoBP Ve sdt SHhEGRIVE aRdErSteoainatitratshtivttliof trepsignal 51 when
WYL G represrAth tierRMgUNL of charge acoumualgd. rgg@utry&l O +dout of the

region 102 at a given pointin time. [0037] One use of the Vic signal can
8810 ‘stop tRE RSy i omerandiragewirenmubixe! of arramaipisoelosgda 102 ar o
sSRWRNANNTHKS, When at step 204 Vru.c reaches the voltage Vr,;eB", the

image processor 280 (FIG. 4) can be informed and can terminate the

[ integration period. [0038] Whether an ALC operation is employed

Jr:@% Lt thgeéé’ﬁd*%g B‘tjﬁ}& gratiApEHbRe fesket [SelEreHEmisister 11 risge when a
powlarfdthe:pixal oodpes signativn. israpliedda pWing 60 (S1ep-208) yoirage
,vand is,sampled and held bﬁg sg%rfn;s]le and hold circuit 261. [0%5391 Other

arodin BRES JERTSIRET 28lY 168 mal BB Bedeinieted inhernrsamiratovtie image
inherimentiefiodor example, although the exemplary pixels 100, 200 have

been described as having a p-type substrate 101, n-type accumulation

regien 102, -ftype @@nnel region 104, the invention is not limited to ;
tﬁgbdeglcribe%ﬂé%% é&rrlatlon. PSR HERIGErSr8h A thatidtifernd of an integration
pevpfiglrationsicinciudingseopikiEll selbhavingeprvessesidepant Yofilepared o

-othgrembedi t t are within the s f the present invention.
“10040] FIG. AL V?sé%’;?&@%éﬁn%%?& ﬁ?gg?%@ﬁﬁ&’ﬂ?ﬁ%é‘%‘gbo&r&ﬁﬁwl
\évhich includes a pixel array 240, with rows and columns of pixel cells. As

HERA! in Flethsr embedimensrirapolaiddll mayrhplonemtsd:tike accordance
waxemplant el 00o T ha abels eheaol dawin Atray é&@@rﬁ)w r@@g % 8bcen
y be

row select line, illustratively ItS (FIG. 2A). All pixels'in a row ma

dESTHREAH et ST ToFtekeloperatiore SighalerfromieadhZ, and p-type
cIGOIHBIR:A8n 104, the invention is not limited to the described configuration. It should

be understood that other configurations, including a pixel cell having a reversed dopant

profile, are other embodiments that are within the scope of the present invention.

[0040] FIG. 4 shows an exemplary 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, 24). 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
selectively activated by a column address decoder 27‘()‘ Thus, a row and column address is

provided for each pixel 100 in the array 240.
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provided 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

rowyaddiessdacoder 220. The column select lines are selectively. . )

activated by a column address decoder 270. Thus, a row and cgi%](%lﬁSZ('()S/('”g‘)7(’g

address is provided for each pixel 100 in the array 240. 10 WO

20061026590 PC171J52005/030768 [00411 The pixel array 240" is

operated by tHeRFig ‘ézyndggo’ﬁﬁ’ﬁlﬁﬁrﬁﬁi?%’@‘f WHIBHE cantrsistadidressit 250, which
cahendsledsi 220 240 oy memm@eﬂﬁaﬁgow%zé%mﬁé%mg]@%ﬂ% lines for

j}?é)feé aregdput and sampling. The control circuit 250 also controls the row
Pnd EoRMA" AritBPEREuitry 292158l S6kk ARkt teseoapily driving and column
drvaitagesitoythesiines badsistarmed. i selecied y.aad colymp select o o ¢
thIinels. thntroI Cil:é:l:llt 250 also controls sample and hold (S/H) circuit i

fo Feaf SAa S8 PRErsuRth diganlCvarclsitsnic S6ldeler 260tr@shmple and

o rea
htitcajt 26 Lirecrives Rixehmesgt SIgRabVeXoand.pixgli signal V. ..and
S Eoy.ides them to a differential am%?#ie? 2%3%%%%%3%?@%?“{7%%““ 260.

S TS raQudsac By difteteiari etnplifictzbBifol wantr pigehlang dhd provides them
ro diffefferinl.signaliir-the digitized byithe analeg to-digita) converter 27 ‘

'(;ﬁ Cﬁ).ZTEe analog to digital converter Zﬁu%%ﬁes'fﬁe}%g?t@ec é?ﬁ% crential
e ignals & dRifAsge lﬁf:é)(fg%g}cﬂg%@ﬁlfﬁﬁﬂﬁ androutpetszadigitaic analog to
digindgeniRod2 AddiiDma). ARG, Sitesitny Ma%aSg,n 8 1Nis,; (it

.erinbodi ent, ALC circgitry 251 fg(?%rteadirigg the sar%&g%gﬁa%gt? {V:asct,hﬁglrﬁmmd
Prg p%%’l Sﬁﬁ(ﬂ%%&@ﬁ?ﬁ%\%@@, “@%fmnbérghmﬂmd@tﬁ@tal image.

periodically or continuously until it approximates the predetermined

refeiehce triggeionaltade ciscairwhich peintihadl & Mﬁm%a%&r&w}&c

: s a signal used by image processor 280. The image processor
Clrtgr‘?e%rll‘?’;?ggr?aﬁ% ol Oy 20 S T &E F AR PIEEEEn device,
Vaiinctullihg reagbvdt o pariddidaly foor atiof dxeipixelicrlls of Aay: 240

490431 e for V....." may.be selected as desired. For example, Vince =
P e e e Y oo brih B B eSS ircui
25PapRacs actEmiukatddsulfigie ntaharge®re Jult inragd PRgesMAGNsignals
rinfRgracierisy el d subject matter are visible. Otherwise stated, )

Vg ﬁ? %%%qg%%éhg&ucﬁ tha aé%%ﬁlfg?ﬁ?ﬂﬁ%@’é’ GitF niGEngling readout of V., and
V,, from all of the pixel cells of array 240,

[0043] A value for V... may be selected as desired. For example, V. may be

gger
chosen such that readout will occur only when pixel cells of array 240 have accumulared
sufficient charge to result in an image in which characteristics of the imaged subject matter
are visible. Otherwise stated, Vi, 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
integrated circuit 308 or, alternatively, it may be separate from the image sensor integrated
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.



too dark. [0044] This ALC circuitry 251 just described may be a part of the
image sensor integrated circuit 308 or, alternatively, it may be separate

from the image sensor integrated circuit 308. Without being limiting, for
examplesAts@ceircuitry may be included in the form of hardware®f/us2005/030768
equivalent software in a processor, such as a CPU, which communicates

with the image sensor integrated circuit 308. 1T 'WO 2006/026590

PforfdS2002/030768 [00451 FIG. 5 illustrates a processor-based system ,
e eluchng o Lits S e RHCH Pa a0 EOHOE e e device

3 ovhdanze withltvemethodsidasasiaddaereih .thomexarmplesspikeds mayin, For

e any of the exemplary pixel cells 100 constructed in accordance with ,
e T SAAAE Sr Y GHTorFEC b S RoBtaeT o sccordance vih
thprocegserybaseddystemoflrh@Griscaxemplaniota systemTaving digitalbased system

jFedits that could include image sensor. devices. Without being limiting,

N S R R B SRR SR i P i oee sor
degoannéyjunachineyisioninghiclh nawgatienulidec phoae osupvelane@m, camera
stem, auto focus system, star tracker system, motjon detection system,
e LA RO by S SRt B 5 B)SRm Yot phestem, uto
foprocessar-based systenteld,0Aarfon exeryim acamg itnsystaabigenasallysem, and

dagﬁpgng@gisr%gsg)gesngrgl processing unit (CPU") 1102, such as a
microprocessor, {fat communicates with an input/output (I/O) device

1106 over a bus 1104. Imaging device 308 also communicates with the
01102 Bhertoscbins-p164, wpdmaylAclideca-CMOS cpiretasyayem, generally

coliving w&ﬁﬁn&&@xﬂéﬁﬁ&geﬁ@ﬁi%%,ssldcﬁ%%%% rocessor, that
processor-based system 1100 also’includes random access memory

~ COpRAMICRICE0V R deap ciutip urdmGVabieivr iidly a5, BuchldEfldshaging device

 30®emeRshich QMMUPH jt 2 r the bus 1104, ‘
. Imagin%S deyicecgégg Vr“(;inay be @gggzg\ﬂd %%rfgl [fc)lr%%e%gg%’saﬁlg%%yamgﬁﬁa CMOS

PigibEar siepYaRp Ebe szt lermhicedptBessbiscwithdortwitho (imemorpsor-based

sySIORRORAN R, %Jﬁﬂlﬁé@@%%.@tﬁ%é%@mmﬁi&fﬁfﬂfBipaﬁ%a{‘a}lgl%du e

processor. Any of the memory storage devices in the prdcessor-base

regesiie 110000 LIHLStorec B oftwenle Raneanpl oviin theo aboverdesaribeath CPU 1102
oy@%s 1104. Imaging device 308 may be combined with a processor, such as a

CPU, digital signal processor, or microprocessor, with or without memory storage on a
single integrated circuit or on a different chip than the processor. Any of the memory
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 the 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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[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  LiLovp WISE
process conditions and structures can be made without departing from

the spirit and scope of the 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. 12 LLQYD OPSE

CLAIMS 1. An imaging device compgiging asplurality of CMOS pixel cells

each configured to output a readout signal and 5 comprising: a JFET

photosensor formed in a substrate, said JFET photosensor for generating

chargesAn fespansectaarpligglight; said JFET photosensor comprising: a
charge accumulation region buried beneath a top surface of the

substrafe? 3 EHAhRE (G PisEest LsB aeréieer e S a@us ettt signal and
sedspiaten and IO DRSNS (b eRAra RS SUBNATIOn, e gianT Eﬁ@t&é&ﬁ@&e}or

region having a resistance corresponding to the amount of charges in the
TR S8R SSRASE A R e Hghiy maifd VA tes easer cioampreting:
region; a secoad eaptaat JanRradicing she, (eRAAERIENa] 3SR Behe

resistance of said channel region and indicating the amount of charges
15 accuthtife in the accumulation region; and transistors for gating the

readout signals blamnshid &M QS piked GRS RPigCaFmRen sigeallisea-and
The im%gvigﬁ device of claim 1, wherein said CMOS pixel cell further 20

comprisBS DY EE N SHATSRHATEI PELLIR GSHE LA S8 IR cARe SieR IRTiRgaN

region. skhmimagingsteritg; o ahdifmbufirdTeh SQRORISING a SARRIR @ fregion;
hold circuitry foritjeceivin at least a first readout signal representing the

| .
resistance of said SHAME oGP R A% & SO RsH dRisHbABnebEsARn:

a second contact for producing the readout signal based on the
resistance of said channel region and indicating the amount of charges
accumulated in the accumulation region; and

transistors for gating the readout signals from said CMOS pixel cells to

said common signal line.

2. The imaging device of claim 1, wherein said CMOS pixel cell further

comprises a reset transistor for resetting the charges in said accumulation region.

3. The imaging device of claim 1, further comprising:

sample and hold circuitry for receiving at least a first readout signal
representing the resistance of said channel region at a reset condition and a second
readout signal representing the resistance of said channel region at the end of an

integration period.

4, The imaging device of claim 1, wherein the fill factor of the CMOS

pixel sensor cell is greater than fifty percent.
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25 readout signal representing the resistance of said channel region at the
end of an integration period. 4. The imaging device of claim 1, wherein

the fill factor of the CMOS pixel sensor cell is greater than fifty percent. 30 || ovp wisE

13 LLOYD W SE 5. The imaging device of claim 1, wherein said JFET
photosensor is capable of providing continuous readout of the readout

signal. 6. A CMOS pixel sensor cell comprising: 5 a JFET photosensor
formed at least partially in a substrate, said JFET photosensor for

generatig chargesdﬁgﬁfgom&?tef%@ﬁﬂ?@,'&H&éﬁ!%ﬁﬁ]ﬂ ORRIRS: i
comprising: a charge accumulation region buried beneath a top surface of
PR BErBISY MBI BUEHAHR stadeNibAl Bateripeheathlthe top surface of
the substrate and overlying said charge accumulation region, said

channel region having a resistance corresponding to the amount of
charge Sccum %éﬁ OhiglKargeCE eomRIERS region; a first contact

electricalfrearplentedio e ehannatiegianand Rrnlaseading QAT

signal from said channel region, the signal representing a current flowing
tRrough e s&%a%‘ﬂ‘éﬁr HBRIBREREhgRY Tesistanel eshbicid readinGTihephotosensor
amapritiokcharges accumulated in the accumulation region; and a

transistor for draining the accumulated charges from said charge

accumulation lae%;l{?]f‘)‘ﬁ%iag‘é% B8 158an Bt batrashadeainvdaiern 2o

7. The pitehses)sardcell of claim 6, wherein said first contact is connected

to a row select tr nsistlor. 8. The Eixel sensor cell of claim 7, further
comprising a Sde%%ar%l%orr‘?tg&f}{l located beneath the top surface of the substrate and

overlying said charge accumulation region, said channel region having a
resistance corresponding to the amount of charge accumulated in said charge
accumulation region;

a first contact electrically connected to the channel region and for
reading out a signal from said channel region, the signal representing a current
flowing through the channel region of changing resistance and indicatin g the
amount of charges accumulated in the accumulation region; and

a transistor for draining the accumulated charges from said charge

accumulation region of said CMOS pixel sensor cell to a drain region.

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

to a row select transistor.
8. The pixel sensor cell of claim 7, further comprising a second contact
clectrically connected to the channel region and adapted for providing a voltage to said

channel region.

9. The pixel sensor cell of claim 6, wherein the fill factor of the pixel

sensor is greater than fifty percent.
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25 electrically connected to the channel region and adapted for providing

a voltage to said channel region. 9. The pixel sensor cell of claim 6,

wherein the fill factor of the pixel sensor is greater than fifty percent. 30 LLOYD wise
14 LLOYD WISE 10. The pixel sensor cell of claim 6, wherein said charge
accumulation region is capable of forming a field surrounding said charge

accumulation region. 11. An array of pixel sensor cells comprising: 5 a

plurality of CMOS pixel sensor cells formed in a substrate, wherein at

least one CMQ&ixelisenser call af said 65@%&%%@&9&%&& Rlum ulation

photosensor for detecting light, said JFET photosensor comprising: an
PR HsRd o BE i thegPeRdie saé nbrege ddnumspoivercigon.
the light, said accumulation region being buried beneath a top surface of
the 10 substrate and being doped to a first conductivity type; and a
channel'regior? Svangne eic krmsmsrltiorPraitingnd being doped to a

second genduktivdy O Iheee st chamnshragien &ends QIR I0R: teast

surface of the substrate and has a resistance corresponding to the
aE AV AsrhRtspicer absal! ifsai aoReRiRSIation region, and wherein

said 15 agEBmylasiercrreionandcsaic shannaiedien maRRatediogesin,g:
for generating the charggf in response to the light, said photodiode

extending pardfeP iGN LGSR SHAYIRY HirserplEsahareraspesideion; response

and a raseh&ragﬁi;sgarcf%aﬁiﬁlﬂgtﬁﬂﬂQ@W%W@%@H&E}?Q%&Mf%e of the
a reset voltage. 20 12. The array of pixel sensor cells of claim

pixel cell E? .
11, whetBs EHfat  BEYESHP € MA Shaamsbisini emaitiet comprises a
first terminal centaat:fer @pRIMIBYeRyHOMAAR fo QA RIRANGLISYIRN BBA@ doped
second terminal contact fqr performing a read out )
to a second conductivity type, wherein said channel region extends to the top
surface of the substrate and has a resistance corresponding to the amount of
charges accumulated in said accumulation region, and wherein said
accumulation region and said channel region form a photodiode for generating
the charges in response to the light, said photodiode extending parallel to a
current carrying direction of said channel region; and
a reset transistor for driving said accumulation region of said CMOS

pixel cell to a reset voltage.

12. The array of pixel sensor cells of claim 11, wherein said at least one
CMOS pixel sensor 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

of the CMOS pixel sensor cell.

13. The array of pixel sensor cells of claim 12, wherein said at least one
CMOS pixel sensor cell further comprises a first row select transistor for selectively
reading out said second terminal contact.

14.  An array of CMOS pixel sensor cells comprising:
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of the CMOS pixel sensor cell. 25 13. The array of pixel sensor cells of
claim 12, wherein said at least one CMOS pixel sensor cell further
comprises a first row select transistor for selectively reading out said
second terminal contact. 30 14. An array of CMOS pixel sensor cells
comprising: 15 LLOYD wil sL a plurality of CMOS pixel sensor cells
formed in a substrate, wherein at least one CMOS pixel sensor cell
comprises: a JFFT photosensor comprising: an accumulation region for

aCCUmU@!ﬂ&ﬁﬂﬂﬁgmg@gﬁ&ﬁ@é&@%ﬂ@%ﬁ&?i pf&k?%t!f%?et,’\% Ieg in.at least
accugulatlon region bemg uried beneath a top surface of the substrate

2 SR RBEbSE SO fivity type; and a channel region

overlying said @gp@n@lmi@@qugm%qgggqg doped to a second

conductivity type, wherein said channel region has a resistance .
corresponding¥ 48 AMGHAR S 8ar e eeenmatiae ahiarsesdzenerated in response

accumulatipplita r%i@@a@@dc@umwﬁﬁi@ﬂ@@g%tb%ii%admé%%@éa'ﬁaag{o%”&rface of

CMOQOS pixel sensor cell; a first and second terminal contact for generating
the rea@&%?%‘?éﬁ%ﬁe&f‘lg38%@?%9@&3&&%&1‘%&%%@ said
resistance of saithahanneliaoinrilang aiesel RS Qi saSeliRgiliGioped
charges accumulated jn said 15 accumulation region of said at least one
CMOS %?ﬁe?%@ﬁé%‘ipé‘éﬂl.cfﬂﬁ%tﬁ‘ﬁ‘éﬂ'S»rl"é@eb?ﬂbi%ﬂsfé}%@aﬁh@ﬁé%f aifrasdstance

whereincsaigfeseitizansisgiamis0wneEoMar 206 RAIACANL S8 accumulation
accumulation region. 20 16. The array oftpixel sensor cells of claim 15,

said at ISESTGHE SKBEE ALERIRRIFERHE ot pidhaet Qe &iif@giprrel sensor cell;

located in the sulistraie adieeersaidresahdransisiasama SiIdRMSaid onal of
said accumulation region. 17. The array of pixel sensor

::r:IrI]sS I;:[ %ﬁ%g%g,i’t%ﬁ &P %%?&H%fﬁ%@?@ﬂ% said resistance of said channel region;

and

LLOYD wise

areset transistor for resetting the charges accumulated in said

accumulation region of said at least one CMOS pixel sensor cell.

15. The array of pixel sensor cells of claim 14, wherein said reset transistor

is formed over and adjacent said accumulation region.

16. The array of pixel sensor cells of claim 15, 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.

17. The array of pixel sensor cells of claim 16, wherein said drain region is
adapted to receive charges from said accumulation region through activation of said

reset transistor.
18.  The array of pixel sensor cells of claim 14, wherein said at least one

CMOS pixel sensor cell further comprises a row select transistor connected to said

second terminal contact for reading out the readout signal.

16



10

15

20

25

30

25 adapted to receive charges from said accumulation region through

activation of said reset transistor. 18. The array of pixel sensor cells of

claim 14, wherein said at least one CMOS pixel sensor cell further LLOYD wisE
comprises a row select transistor connected to said 30 second terminal

contact for reading out the readout signal. 16 LL Oyr, vISE 19. The array

of pixel sensor cells of claim 14, wherein said at least one CMOS pixel cell

is capable of continuous signal readout of the readout signal. 20. An

imagingisy Ste@l@ﬁﬁ@'&%@gb@:&@ﬁ?&@é@lgb?@gm fg],%%gegne \S/EILCI:(? at least one

electrically coupled to said processor, said imaging device comprising a
P4 ralrdrceiio Spmkds edrentinieastsigna OMOS pixehcetiadbsaidgartay
comprising: a JFET photosensor for generating charges during an
integration period, said 10 JFET photosensor comprising: an n-type
accumufition régiBRMER&sesIaaMg e generated charges, said
accumuialieBckegioRgomprising a first portion buried beneath a top
surface of the substrate and a second portion extending to the top surface

of the Wf@\&ﬁ-ﬁlﬁ@&%ﬁh@%@%wm|pmge§a¢¢1, firéd portismeatevice
saithpazeamUbatianFegion @W@'QIH%I%QOWGSWQE%&EF& | of said

accumulation, region to the top surface of the substrate, w in sal
HERNEBYI9R%has a resistance corresponding to the amount of charges

accuMuiIEETin SaickASEH Y iRl BB AL, 20 3:lrsh and a?%%oé‘&i d, said
terminal contact for generating a readout signal. from said CMOS |xe(f
c%%k%%%s&%?rs‘fﬁﬂg}qé‘ﬁ%senting the amount of charge stored in the

a}ccumulation @&gﬂ%@ﬂ%@ﬁhﬂﬁﬁ@#ﬁ%ﬁ@ﬁ%P%@&&@Eﬁ?gsﬂ%ﬁéﬁ?ég charges,
first andsaslg%?:rc]gmulation region comprising a first portion buried beneath a top
surface of the substrate and a second portion extending to the top surface of the
substrate;
a p-type channel region overlying said first portion of said
accumulation region and extending from said first portion of said accumulation
region to the top surface of the substrate, wherein said channel region has a
resistance corresponding to the amount of charges accumulated in said
accumulation region and
a first and a second terminal contact for generating a readout signal
from said CMOS pixel cell, the readout signal representing the amount of
charge stored in the accumulation region;
readout circuitry connected to at least one of said first and second
terminal contacts for reading out the readout signal; and
a reset transistor for resetting the accumulated charges in the

accumulation region of said JFET photosensor.
21. The imaging system of claim 20, wherein said readout circuitry

comprises a row select transistor for selectively gating the readout signal from said

first and second terminal contacts to a readout terminal.
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terminal contacts for reading out the readout signal; and 25 a reset

transistor for resetting the accumulated charges in the accumulation

region of said JFET photosensor. 21. The imaging system of claim 20, LLOYD wisE
wherein said readout circuitry comprises a row select transistor for

selectively gating the readout signal from said 30 first and second

terminal contacts to a readout terminal. 17 LLOyp WISE 22. The imaging

system of claim 20, wherein said reset transistor is adapted to transfer

chargesjrom sgig $686 RQstion | o, lon inta A drain
r%%%)??. 523. The imag%{%é sy93tem_ ﬁ%%%%%@%%%# g%% lt%
S

nSiStor 1S
Irst an
gt tiafcEshtaets BRencepdpre Bilgeaisintingsal dessusigisl dromgion into
saig-MOSapixel cell, said reset signal representing the reset condition.
24. A method of forming a CMOS pixel sensor comprising steps of 10
forming a JFET photosensor for detecting incident light, said MET

photosepsor carpprisign sivpe gaigiFeIoRALHSd BEPEAN.AWcond terminal

surface of a substrate and an accumulation region for accumulating
chAGEL GEnEIRIRIF ) SShTInE P pristosamddroTa it MEt P ditaHnetid reset

region expeReing from thegrieiigeion to the top 15 surface of the
substrate; forming circuitry electrically coupled to the channel region for

reading out a signal representing the amount of charges generated by the

NET photpsensoranéd erming fgatevah pest-iaissiston aalm 0Rite op

surface of the substrate, said reset transistor bein confﬁ\ured‘ to drive
said acé%ﬁﬂ%i?)ﬂﬁ@&@ﬂh%‘?%%’i@ﬁ EE et BHbtbedrbl g iasiddtFditage.
ZBhotbeineetiochofi Shainard.tyyesein the o e fOuREReh GlreW Y rface of a

corF rises forming a first terminal at the surface of the substrate adjacent
& é){rgfa énbc} A ACEH %‘cwgdﬁ%qn for accumulating charges generated by said

JFET photosensor;

forming a p-type channel region extending from the gate region to the top
surface of the substrate;

forming circuitry electrically coupled to the channel region for reading out a
signal representing the amount of charges generated by the JFET photosensor; and

forming a gate of a reset transistor gate on the top surface of the substrate, said
reset transistor being configured to drive said accumulation region of said JFET

photosensor to a reset voltage.

25. The method of claim 24, wherein the step of forming circuitry
comprises forming a first terminal at the surface of the substrate adjacent a first side of

the channel region.

26.  The method of claim 25, wherein the step of forming circuitry further
comprises the step of:
forming a second terminal at the surface of the substrate and located adjacent a

second side of the channel region.
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25 26. The method of claim 25, wherein the step of forming circuitry

further comprises the stop of. forming a second terminal at the surface of | 5y
the substrate and located adjacent a second side of the channel region.

30 18 LLOYD 'NIS" 27. The method of claim 26, wherein the step of

forming a first terminal comprises forming a layer of polysilicon. 28. A

method of operating a CMOS pixel sensor cell comprising: 5 accumulating
charges in a CMOS pixel sensor cell during an integration period, the

CMOS pixel seTisoneeibdasmMprsing W%%M@%B%M&Q?{fﬂ@%rmmm
apocllnst%gngf chargesﬁin res ogt%%éo light received during th_e integration

period, wherein the' JEETC fi¥r comprises a collection region for
collecting the generated charges within a gate of the JFET and a channel

region ing g changeahle resistance that changes 10 depending_on_the
amou ntr%g:"/ cha%glsgg% eg?izod) ?ﬁ%@oﬁé@@c&r%ﬁléﬁ?iﬂ’écé& [eRHEH SHgion

and chameehrelgiongvhvingsraspetiMeSasiain fag ok Fé@BQﬁlMﬁgCih:]th@gﬁaﬁ on period,

' figured to, generate the es in response to the B
e 2 s o s
cHrying direspion ofdhielthancstd dgions e apphinga wﬁdﬁmemglgdhe JFET

' i led to the chanpel .region of the CM o

R R S R S R v
detafertnéha Yalieandpresentigetioraoiny of thargedcoakacteddntiftehanges

ionregian. T , f claim 28, wherein the.step of .
T R atpinionBnbiton
Segfpﬁ@@gé%ﬁﬂiﬂl@fréﬁﬁﬁ Q&lmm@mth@ stipiofmyeashcingithe igbistance
isheRdRsmaed desing A %&rﬁg%egz%g%%s in response to the received light, the

adjoining surfaces extending parallel to a current carrying direction of the channel

Dwise

region,

applying a pre-determined voltage to a first terminal coupled to the channel
region of the CMOS pixel sensor cell; and

measuring the resistance of the channel region to determine a value

representing the amount of charges collected in the collection region.

29.  The method of claim 28, wherein the step of measuring the resistance is

performed at an end of an integration period.

30. The method of claim 28, wherein the step of measuring the resistance is

performed during an integration period.

31. The method of 28, wherein said step of measuring the resistance of
comprises obtaining a signal at a second terminal from the channel region and

selectively applying said signal to a row select transistor.
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25 31. The method of 28, wherein said step of measuring the resistance of
comprises obtaining a signal at a second terminal from the channel region
and selectively applying said signal to a row select transistor. 19 Li-OY;
W ISE 32. The method of claim 28, further comprising the step of draining
the collected charges from the collection region, said drained collection
region representing a reset condition for the pixel cell. 5 33. The method
of claim 32, wherein said step of draining comprises operating a reset
transista2to drainethe elarges iam eheurale Cian FRUINHBIAS di8ikining the
region. 34. The method of claim 32, wherein the step of measuring the
&l ?8??8&%%8&&8??5 reHaRIg IR 3t drrdiadepHisstintingeisa
reseteandition:c3&. condimetiodnt glainc3s. wherein the method further
comprises performing a second step of determining the value subsequent
to said reset readout. 15 36. The method of claim 28, further comprising
the step3sf confinaaushy pefidumniripavaadontotitheyafugadingd Bémprises

method of claim 28, further comprising the step of performing a plurality .
TR R A S R TGO e ot g i

Tiwginrethod of claim 28, further comprising the step of determining a time
for reading out said value based on the resistance. 20

LLOYD WisE

34. The method of claim 32, wherein the step of measuring the resistance

comprises reading out a reset current representing the reset condition.

35. The method of claim 34, wherein the method further comprises

performing a second step of determining the value subsequent to said reset readout.

36. The method of claim 28, further comprising the step of continuously

performing a readout of the value.

37. The method of claim 28, further comprising the step of performing a

plurality of readouts of the determined value at pre-determined intervals.

38. The method of claim 28, further comprising the step of determining a

time for reading out said value based on the resistance.
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