METHOD OF FABRI CATI NGA STORAGE GATE PI XEL DESI GN FI ELD
OF THE I NVENTI ON [ 0001] The present invention rel ates
wa 200bkz3488 el d of sem conductor devices and, i nPCT/US2005/028913
particular, to a nmethod of fabricating a pixel that
i ncludes a storage gate. BACKGROUND OF THE | NVENTI ON

[0002] A CMOS i mager includes a focal plane array of
pM@ThQD OF EéBﬁ@&TINﬁi:AL&E@PaAﬁ%%EEmL DESIGN

exanpl e, a photogate, photoconductor or a photodi ode

hargb 11 doped fadp off SREHENEIRITORTS °1 D% e

i mger, the active elenents of a pixel cell, for
exanpl e a tr i ol OF [yt :
cxarbl e, JOBOLL 983t by TG Kol PEIACHEN cmiconducror

conversion;, (2) transfer of charge to_ the floating o

di f f usi oMSViEE; %mf in pyrticalass to 'ch@lcanc{ of lghriratinsis pixgkibehincludes
region to a known state before die transfer of charge

to it; (4pstaegeghicon of a pixel cell for readout; and

(5) output and anplification of a signal representing

a reset voltage and a pi xel signal voltage based on

the photo conggﬁﬁ@§REﬁ§N9?§H?f@ﬁif@?@%@¥%ﬁgﬂgsxe| or

floating diffusion region IS conve
reset output. voltage by a source foll ower output

transi st 0002 D003} ENHDP ianyerTMIGdes@mficabplahé ithyt 6f pixel cells,
processing steps thereof, and detail ed descriptions of

the fu nC%A&PéeJBL_d‘ﬁaEé 2PBo R oF! ﬁ%?ﬁpf%t a photogate,

photoconductor or a photodiode overlying a substrate for producing a
photo-generated charge in a doped region of the substrate. In a CMOS
imager, the active elements of a pixel cell, for example a four transistor
(4T) pixel, perform the necessary functions of (1) photon to charge
conversion; (2) transfer of charge to the 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 a signai representing a reset voltage and a pixel
signal voltage based on the photo converted charges. The charge at the
floating diffusion region is converted to a pixel or reset output voltage by

a source follower output transistor.

[0003] 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.



an imaging circuit are described, for exanple, in US.

Pat ent No. 6, 140, 630, U. S. Patent No. 6,376,868, U.S.
w@adoesne34bp. 6, 310,366, U.S. Patent No. 6, 326, 6BQT/UEL0SS/028913

Patent No. 6,204,524, and U. S. Patent No. 6, 333, 205,

all assigned to Mcron Technol ogy, Inc. The

di scl osures of each of the forgm ng patents are hereby

i ncor por & k0,690 Ut% Ratens NerG ﬁéi8|68t RESr Pemni Net ¥,310,366,
[0004] A schematic diagran1of a conventional CMOS

fourtrangyst pﬁteﬁmo 18,309,658 1. S @atche b L@bb@ts%%hﬂdu S. Patent
FIGS. I A and | B. IAlsatopdovvnwewof

10 of Fi &03 A?é?%@naalg?{ﬁ%%# FRSNEGH Tedieolpgy ey Aclisclosures

cell 10 includes a pinned photodi ode 13 as a
phot osensbrachrdf therfatgommg patehtser ChB8by éhdorpBrared by reference
i ncl ude a phot ogate, photoconductor or other

phot on- tgcﬁgghggmﬁqgﬁﬁgé;ng device, in lieu of the
pi nned phot odi ode 13 the initial accunulating area

for photo-generated charge. The phot odi ode 13 jncl udes

a p+ surf ccunul ation l.ayer 5.and an under]
accunula@6@§4 egi %@mpgqﬂ@.np%ogaﬁopyggunmf ong%bup

sem conduct or substrate layer 2 . [0005] The pixe

cel | 10 ofanfstyr (4Thascehedlr Hhsfibustgatdin/FIG$. 1A and 1B. FIG. 1A is
transferring photocharges generated in the n-

accunul abitgp-doRe Fewldt the cal 16,081 i f £ §é -QLLEH Ry of the

3 (i.e., storage region). The floating diffusion

region 3 i on ectdtoa f a

For | over <t MRGFEIG: LTS slined e Pnarte piseredgel 19

provi des an out put S|gnal to a row sel ect
includes a pinned photodiode 13 as a photosensor. Alternatively, the
CMOS cell 10 may include a photogate, photoconductor or other
photon-to-charge converting device, in lieu of the pinned photodiode
13, as the initial accumulating area for photo-generated charge. The
photodiode 13 includes a p+ surface accumulation layer 5 and an

underlying n- accumulation region 14 formed in a p-type semiconductor

substrate layer 2.

[0005] The pixel cell 10 of Fig. 1 has a transfer gate 7 for
transferring photocharges generated in the n- accumulation region 14 to
a floating diffusion regién 3 (i.e., storage region). The floating diffusion
region 3 is further éonnccted to a gate 27 of a source follower transistor.
The source follower transistor provides an output signal to a row select

access transistor having a gate 37 for selectively gating the output signal
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access transistor having a gate 37 for selectively
gating the output signalto a termnal (not shown). A

w0 e®en24e@ansi stor having a gate 17 resets the PCDHS100§028913
diffusion region 3 to a specified charge |evel before
each charge transfer fromthe n- region 14 of the
phot odi ode 13. [0006] The illustrated pinned
phot odi ode artgrminal giarshown) a Apresstfeansisbathaaing 2gatetl 7 wsets the
al so possible, for exanple, to have a p-type substrate
base in @afing ustdt Fpio@B thaAkPEcifiddehitze AGRVBMoA ERR charge
region 14 and p+ accunul ation region 5 og t he

phot odi ode 13 are aced between ,an i sol atj region 9
Bnd a chargets e PROG el LE 3R e phdiefadects
conventional pinned photodi ode 13 has a p+/n-/p-
structure. [0007] |nmager pixels, including CMOS inager
pi xel s 14009l cal MperiBusratedpisingd photedinde 38 is futrires on a p-type
and narrow dynam ¢ range because of their inability to
ful'ly colshBgtate DI dRSf Bdo ﬁ@é@ibﬁ,%ﬁcﬂaﬂ?plf@,l tt%:]l{arvls% =B Gbstrate
e

coll ected by the photosensitive area™o

photosensor.. In addition,.the pixels are subject to
kTC noi szj,as%?i a&hn"l(ggpeacfflﬁgf Ye'geﬁﬁﬁaémcwﬂgéon region 14 and p+

generated during the reset of the pixel. The kTC noise
refers taceumulatindaoegionrs eff thophotodiotl¢ 43 erdspacad betvecen an
reset of a diffusion area or a storage capacitor.

[ 0008] Begiiim feBforsd 28d AfchhR Ptk o8ter! Mheallusigaa!
is very small, the signal to hoise ratio and dynamc

range of the pixe] should be.a Lgh as possible. In
hadrti on coBTPsEl PRaRd Ro e 0t P o8 P riRicuRe
appl i cations requiring higher dynam c range. The use

of additional gates to increase
[0007 Imager pixels, including CMOS imager pixels 10 typically

have low signal to noise ratios and narrow dynamic range because of their
inability to fully collect, transfer and store the electric charge collected by
the photosensitive area of the photosensor. In addition, the pixels are
subject to kKT'C noise, which is a thermal dependent noise generated
during the reset of the pixel. The KT'C noise refers to the random
variation of voltage during the reset of a diffusion area or a storage

capacitor.

[0008] Because the size of the pixel electrical signal is very small, the
signal to noise ratio and dynamic range of the pixel should be as high as
possible. In addition, customer demands increasingly call for applications
requiring higher dynamic range. The use of additional gates to increase

the functional operations of the pixel (e.g., electronic shuttering),
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the functional operations of the pixel (e.g.,
el ectronic shuttering), however, increases the size of

wao b@op2des or reduces the nil factor of the piRel/US2005/028913
[ 0009] One invention that has been suggested for
dealing with noise in scal ed pixels while providing an
el ectroni,c shutter is shutter, gate. Wien a shutter
gate is iSICEHeiREseH Ci}?&@f ﬂ}wémr rﬁggqeérth@éﬂrfw@r of the
is al so added such that charges accunul ated in a
phot odi oghéxel.3 are transferred through the shutter gate
to a storage node. The additional storage node allows
the floating diffusion node to be reset and readout
prior tojghggpe t ORISRt i) LGl 1S @ino wi
node, th&s aIPomﬁng forIkorﬂglg?%ggggdggégg%%%ﬁ%%%h%%andl
a reduction of k noi se. .The anmpunt of charge the
pi xel cafOSEaP&C ¢ls W’é‘ﬁé’é@“&&&?@ ¢lperepic shutieiis aghutter
node has a greater charge storage capacity than the
phot odi ogetendlifben Ashectangdte issingderpex@t ih AGHK¢ AedighNE s@drage
shutter gate is U S. Application No. 10/721, 191,
assi gned yhge M £4PHIEES %ﬁ? Y, LOGor por,at ed.
herein b)I/1 rgﬁéeren%:ae. ﬂ[ Ch)gg Q&gg{kt%lsgﬁa y,w:?inlhalghmggmde 13 are
conventional . pixel ce|ls, potential barriers my exist .
in the p&pRsfprred ﬁlétob‘ﬁl%ttég SUHEF B8R LT h alOgREaR0dq. The additional
transferred fromthe photo-conversion device to
readout storage nade. allSushthp doetihg dlffusiin medestoley rd3é€MRNEcadout
a portion of the photo-generated charge fromreaching
the readgyt, ¢ j I 20« e .
transfer se% F%F%%%%/&gs%ﬂg%%ﬂc{aﬁggl | arlmxb §P§%’%%s allowing for

reduci ng the quali of resul tang
9 cortelat Lcjl Aou&a){c sampeling and a reduction of KT'C noise. The amount

of charge the pixel can store also increases since the gated storage node
has a greater charge storage capacity than the photodiode node. An
example of a pixel incorporating a shutter gate is U.S. Application No.
10/721,191, assigned to Micron Technology Inc., and incorporated

herein by reference.

[0010] Addi_tionally, in conventional pixel cells, potential barriers
may exist in the path of the photo-generated charge as it is transfcfrcd
from the photo-conversion device to readout circuitry. Such potential
barriers may prevent a portion of the photo-generated charge from
reaching the readout circuitry, thereby reducing the charge transfer
efficiency of the pixel cell and also reducing the quality of a resultant

image. Accordingly, what is needed is a relatively simple method for
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i mage. Accordingly, what is needed is a relatively

sinple nethod forfabricating a pixel cell with an
webk@enrisetal shutter having good charge transf ePCT/US2005/028913

characteristics with | ow charge | oss. BRI EF SUMARYOF

THE | NVENTI ON [ 0011] Exenpl ary enbodi ments of the

i nventio tovi de a thod,of fabricating i xel cell

havi ng a?ﬁlﬁ'bﬁ&gflg@fﬂﬁﬁng é‘gt‘theans?lftﬁgﬁcllrs uftRr aﬁ § 804 charge

first gated charge barrier is provided between a

phot osensomstendhaaéteristics otitl lpev shagatmsr egi on and a

gat ed second charge barrier is provided between the

first charge storage region and a floating diffusion

region. A global shutter gate controls the first

charge barrier while a transfer gate controls the

second charge barrier, [0012] In accordance with one

nmodi fi ed exeBRIEFSENMMARYEOF BHE REVENEI@Non, a

capacitive structure is also forned over the pixel

sensor cell ip order to provide overall jncreased

char ge sﬁgpébﬂ caﬁéé’i“?@.‘y BRbp f Byq ioNego pgovide a method

DRAW NGS [ 0013] The foregoi ng and ot her advant ages and

f eat ur es offfatirivatih g gitel oell Winlihg bedea siwite g sd-edtiire in which a
fromthe detail ed description of exenplary enbodi nents

G awi ngs T Sk btpb B Bifobtsl BEoBe o PAN s gnd o it

of a conventional pixel sensor cell;[0015] FIG IBis,
a cross $BRECHHARSST@IPHANd pEakeieernd elrriBe prsisy is provided
sensor cell of claimlA taken along line A-A';

between the first charge storage region and a floating diffusion region. A

global shutter gate controls the first charge barrier while a transfer gate

controls the second charge barrier.

[0012] In accordance with one modified exemplary embodiment of
the invention, a capacitive structure is also formed over the pixel sensor

cell in order to provide overall increased charge storage capacity.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The foregoing and other advantages and features of the
invention will become more apparent from the detailed description of
exemplary embodiments provided below with reference to the

accompanying drawings in which:

[0014] FIG. 1A is a top-down view of a conventional pixel sensor

cell;



[0016] FIG 2A is a top-down view of an exenpl ary

pi xel sensor cell constructed in accordance with the
w@e@s®or428 nvention; [0017] FIG 2B is a cross-BeEDUS®INHD28913

view of the exenplary pixel sensor cell of FIG 2A,

taken along line B-B'; [0018] FIG 3Ais a

cross-sectional view of the exenplary pixel sensor

cel | of HOBGL52A t dden 1Btis anrosmistatmnaktiaweofahe conventional pixel

fabrication in accordance with a first exenplary

enbodi m%&hser@ﬂ%]f_cﬁlr@lj@ﬁl&%al%n'grlﬁﬁsA%?Cti onal view
of the exenplary pixel sensor cell of G 2A taken at

an initial stage of fabrication in accordance with a

second e Lary odi,nent ; [,0020]. FI 4 1s )

Cross- seiﬁ .BE@ vﬁ‘g@' 2\‘0‘ 1f ﬁéb}é’ggé’ﬁﬁll ‘%\?‘i‘/’ Ogia;aeqxcg@??&s pixel sensor cell
cell of FIG 2A taken a stage of fabrication
subsequertpnstpu¢thdin stvowbaricn vEthGHS [Béscan dn@Briop021]

FIG 5 is a cross-sectional view of the exenplary

pi xel sensor cell of FIG 2A taken a stage of

fabri cat ifgp1gybsequentptipa LhRL-se&MIMAL YiBwdfFhe l‘éx&ﬁBﬂgy] pixel

FIG 6 is a cross-sectional view of the exenplary

Pabr i cat R SRhab A bk aeSRd BB G 5, [0023]

FIG 7 is a cross-sectional view of the exenplary
pi xel sensor cell of FIG 2A taken a stage of
fabri cat il8A181ibs edilienB8Atipa cross-sedtiomal VinwkifGhe 6xemplary pixel

sensor cell of FIG. 2A taken at an initial stage of fabrication in

accordance with a first exemplary embodiment;

[0019] FIG. 3B is a cross-sectional view of the exemplary pixel
sensor cell of FIG. 2A taken at an initial stage of fabrication in

accordance with a second exemplary embodiment;

10020] FIG. 4 is a cross-sectional view of the exemplary pixel sensor
cell of FIG. 2A taken a stage of fabrication subsequent to that shown in

FIG.S 3A and 3B;

[0021] FIG. 5 is a cross-sectional view of the exemplary pixel sensor
cell of FIG. 2A taken a stage of fabrication subsequent to that shown in

FIG. 4;



[0024] FIG 8 is a cross-sectional view of the

exenpl ary pixel sensor cell of FIG 2A taken a stage
woRochak¥egat i on subsequent to that shown in FlBCT/¥S2005/028913

[0025] FIG 9 is a cross-sectional view of the

exenpl ary pixel sensor cell of FIG 2A taken a stage

of fabrication subsequent to that shown in FIG 8;

[0026] FI@022D i s FAGepdss cumesiatioanl wiew\wfahe exemplary pixel sensor

exenpl ary pixel sensor cell of FIG 2A taken a stage

of fabri call bPBIGUDARAKS iSHWs : i

[0027] FI %]fl 1% is acr osis§tfsag%§)?%hgl Vi evl\;bg?&%ﬁ%tgthat shown in

exenpl arﬁ: &I gel sensor cell of FIG 2A taken a stage

of fabri ; I'On subsequent to that shown in FIG 10;

[0028] FIG 12 is a cross-sectional view of the

exenpl ary pi xel sensor cell of FIG 2A taken a stage

of fabri¢8923h subteqiidnt cioss-tdraipnalhoew of thé-éxamlity pixel sensor

[0029] FIG 13 is a cross-sectional view of the

exenpl ar bK S : .

of Tabri st o Supa b fiacyt bRarch S8l 2 38 shown in

[ 0030] F:E& 4 depicts a block diagram of an inaging

devi ce | uding an exenplary pixel sensor cell

constructed in accordance with the invention; and

[0031] FIG 15 shows a processor systemincorporating

at | east [@4] FIG. 8 is a cross-sectional view of the exemplary pixel sensor

cell of FIG. 2A taken a stage of fabrication subsequent to that shown in

FIG. 7;

[0025] FIG. 9 is a cross-sectional view of the exemplary pixel sensor
cell of FIG. 2A taken a stage of fabrication subsequent to that shown in

FIG. §;

[0026] FIG. 10 is a cross-sectional view of the exemplary pixel
sensor cell of FIG. 2A taken a stage of fabrication subsequent to that

shown in FIG. 9;

[0027] FIG. 11 is a cross-sectional view of the exemplary pixel
sensor cell of FIG. 2A taken a stage of fabrication subsequent to that

shown in FIG. 10;



i mager device constructed in accordance with an
enbodi nent of the invention. DETAI LED DESCRI PTI ON OF
WA RIE6IXMENTI ON [ 0032] In the foll ow ng detai | ePICT/US2005/028913
description, reference is nmade to the acconpanying
draw ngs which forma part hereof, and in which is
shown by way of illustration specific enbodinents in
whi ch t hé0P28Eknt i BHGnbY ik creswsactional viaw of ghe exemplary pixel
enbodi nents are described in sufficient detail to

enabl e t Raser skl bf BIGI DA thlenal dtagcoPhBAEdtR dubSequent to that
invention, and it is to be understood:-that other

enbodi nent s.m ilized, and that
structurgﬁ?wgg¥g§$'g%d el ectrical changes may be made

wi t hout departing fromthe spirit and scope of the
present invention. [0033] The term "substrate" is to

be under 408U as HlGehd éoneiest-snctippeledevinaf ghd eemplary pixel
including silicon, silicon-on-insulator (SO) or

si | i con- @anspapelhbf EIG.Sm)talicﬁCefﬁlﬁi%cO@ﬁ/fabﬁ&Qﬁﬁ sbequent to that
undoped sem conductors, epitaxial |layers of siliton

supported, by a e,sem conduct or foundation, and
ot her seﬁp@%ﬂ&%ﬁgrlétructures. Furt her nore, when

reference is made to a "substrate"” in the foll ow ng
description revious process steps may have been ]
Wi 1§ zod [0830Dr m PG bheepicts abloek ditgrim of ke imagiag device
sem conductor structure or foundation. In addition,

the seni Qﬁtﬂ@dﬁﬁFQh dReePlarp pixebschisdi GlinconsgEeted b lac&Rbhitte with

be based on silicon-germani um germanium or gallium

ar seni de'thi giQfgé%l?Ilha%Cf erm"pixel" refers to a picture
el ement uni e

[0031] FIG. 15 shows a processor system incorporating at least one
imager device constructed in accordance with an embodiment of the

invention.

DETAILED DESCRIPTION OF THE INVENTION

[0032] In the following detailed description, reference is made to
the accompanying drawings which form a part hereof, and in which is
shown by way of illustration specific embodiments in which the invention
may be practiced. These embodiments are described in sufﬁcient'detail
to enable those skilled in the art to practice the invention, and it is to be

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



contai ning a photosensor and transistors for
converting light radiation to an electrical signal.

wo-enepeaposes of illustration, a representati VRCPUS®D5/028913
is illustrated in the figures and description herein
and, typically, fabrication of all pixels in an inager
Wi Il proceed sinultaneously in a simlar fashion.

[ 0035] Alagicghdletrical dmnigonmiay bdenadd wibohedepanting friom the
reference to the architecture and fabrication of one

pi xel Ce%ﬂur1t'a£d§&§ﬁé'c9ftﬁ@g%@§tﬁ§&&9§oﬁ hat this is

representative of plurality of pixel cells in an
array of an imager device such as array 240 of imager

wner o1 R0 thber T asPbeaoGaf BPbr BateSiadt oA

and 2B show a top-down and cross sectional view,
r espect i vahicondfictox-bapidanytephiiakludalg sit@m, sificasloncimistilator
100 has doped regi ons which create charge barriers

both useds®e) Qf’ QH&I@BQ s§[§ Hifel (8039 %c&fh\b% eroggé ahf 9MdBped

phot osensor, di ode 124, thro shutter
transi stor 110 a stor e ar 114, and fromthere
through aewaﬁé%@r% Fﬁlﬁ@s@?i\yﬁr Sfilicsisupperes By 2 base

di ffusion region 134 which provides a pixel signal to

t he gat esahicandocoe dmplationgind odes sghwondddof structures.
out put. [0036] Pixel cell 100 is forned in a p-type

substrat ¢ rv.]ﬁl@%rmgﬂe whieX LfebSlck is1B9db 85 a t“mt%@ra{@’r J%Gchc f(\)l\lﬂljowing

p-wells | e substrate 101, as shown in

doped regions 104, 124 form a phot od ode stru ture.
The surf %eg:r@gggdpv:g@ua RIQEES ‘?"t%P% P ?Yea'?c‘rex'?é}tﬁlzﬁéﬁ}@ dorm
p-type. The second doped regi on 104, |ocated beneath
t he fir steglopedr juegiions ihdhe bas siekrlicmtdtatcbmsem«cmrctqqfeundation.
The second doped region is a charge accunul ation

In addition, the semiconductor need not be silicon-based, but could be

based on silicon-germanium, germanium, or gallium arsenide.

[0034] The term “pixel” refers to a picture element unit cell
containing a photosensor and transistors for converting light radiation to
an electrical signal. For purposes of illustration, a representative pixel is
illustrated in the figures and description herein and, typically, fabrication

of all pixels in an imager will proceed simultaneously in a similar fashion.

[0035] Although the invention is described herein with reference to
the architecture 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. 14). Now,

referring to the drawings, where like numbers represent like elements,
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region 104. These two doped regions 104, 124 create a

p/ n/ p photodi ode in the substrate 101. Located on
we@Raokee3428 de of the . accunul ati on regi on 104 BECEUS2005/028913

p-type doped regi ons 150, 151. Doped region 151

creates a controlled charge barrier between, for

exanpl e, cunul.ation region 104 and a first, .
char ge sth&ggzg i< sham; a Apir e 3t ey %sa'rea@% view, respectively,

bet ween these regi ons. Doped region 150 mitigates

| eakage af exdirplagopiatliell 106giRinel LoR 160des doped tdgidhewhich
charge storage region 114 is forned in the substrate

101 at | i - 'lgﬁ! |4l

parti all g%g‘gce‘?%{%éeﬁ %llrr Pséff ! C aﬂ%g&g? g%%g\éﬁfi ecéﬂl% (gl%mi};iﬁl%?’é %garges
charge storage gate 110. In operation, the charge )
storage &®meaPhotescaiss egsa phargheds } 2 thieugh a shutter transistor
accumrul ati on region 104 of the photodiode to the

charge stla0agea E@Gagardd 41 byaddofaeini thgreathebaglo e thakfer Bhnsistor
between the two regions 104, 114. It should be

o potdo ISR A in ey 13 Aifch BEAIAE TR senat o

storage gates 110 nust be electrically connected
t oget her thyseemdacenws fallevergransisserdb?” fa5 Quipht.-on and
of f each storage gate 110 at the sane tine in order to
performa gl obal shutter. [0038] Next, a transfer

transi st 0036} est 2kl d301 0Gisfformedlirndpagpatutiseratd®01. The pixel
charge storage gate 110. Like the charge storage gate

130 0L R SRS i

for the trans rge storage

region 114 to a floating diffusion region 134, The
J 2B. Two doped regigns 104, 124 form 29 photodiode structure. The

surface doped region 124 is illustratively doped p-type. The second
doped region 104, located beneath the first doped region 124, is
illustratively n-type. The second doped region is a charge accumulation
region 104. These two doped regions 104, 124 create a p/n/p
photodiode in the substrate 101. Located on either side of the.
accumulation region 104 are p-type doped regions 150, 151. Doped
region 151 creates a controlled charge barrier between, for example, the
accumulation region 104 and a first charge storage region 114 and
mitigates leakage between these regions. Doped region 150 mitigates

leakage at the isolation region 109 edge.

[0037] The charge storage region 114 is formed in the substrate

101 at least partially inside of a p-well 161. Located partially over the

10



floating diffusion region 134 is a lightly doped
n-type region fornmed at |east partially within a
wW@200el0234262 in the substrate 101. An additi onaPCPpUyPe5/028913
doped region 152 is | ocated between the charge storage
region 114 and the floating diffusion region 134. This
p-type doped region 152 provides a controlled charge
barrier fist aheess stotResresinalddds pehwgentarngs gateid 0. In
regions 114, 134. [0039] As shown schematically in

FIG 2B, dpematidmgalid cigarge blodspeqratd BU0 @RAndBA dharges from the
electrically connected to the gate of the source

roser tr AncRRRaRbRodid Lot bR BT ik s region

di ffusion region 134, and is used to reset the charge
of the dillfhi loweriagiaoshagybarmipebesveen thetwo tegions $04, 114, It
has a row sel ect transistor 147, which connects the

out put  ofshs@ldrsuf @rbt@Wa thit WR& kel celIOX B ifbrporated into a
associ ated colum line 125 of a pixel array. [0840]

oot ons. £05 riag P 3 (BRS.FRRaeR b Telidr3Perdit Baign 110 must be

Each isolation region 109 is located within a p-well.
For ned alstseeriqalie cpsatcaed ergetleyibyrmondodtivr wirgmpiacordor to turn on
structures 119, which nmay be used to further increase

t he char gad@#peshtsyorage bie 199 dt thO%mé tinthiaWdePR gcltrform a

understood that the capacitive structures 119 may SO

be forned,at her I ocations on the pixel cell 100,
i ncl udi n§l<$\30aé§$\i1tg?{s that are electrically connected to

ei ther of the charge storage region 114 or the
floating diffusion region 134. [0041] In operation of
the pi xell0838] 10&exs, parnsfasftramsisiorggeastaghliddds formed adjacent

to the charge storage gate 110. Like the charge storage gate 110, the
transfer transistor gatestack 130 provides for the transfer of charges from
the charge storage region 114 to a floating diffusion region 134. The
floating diffusion region 134 is a lightly doped n-type region formed at
least partially within a p-well 162 in the substrate 101. An additional p-
type doped region 152 is located between the charge storage rcgioﬁ 114
and the floating diffusion region 134. This p-type doped region 152
provides a controlled charge barrier for the flow of charges between these

two regions 114, 134.

[00.39] As shown schematically in FIG. 2B, the floating diffusion
region 134 is electrically connected to the gate of the source follower

transistor 137 for the readout operation. A reset transistor 127 is also
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308 (FIG 14), the storage node 114 in the pixel cel
100 enables the floating diffusion region 134 to be

wo e®en2yesl readout prior to charge transferenceCDiS2005/028913
photo -generated charge originating at the phot odi ode
accunul ation region 104 to the floating diffusion
region 134 after passing through storage region 114.
Thi's al scomidctagstof thie fibatibg eliffizangy fegipol 34 jrendpis xe¢d tretdset the
100 and a reduction of IcTG noi se. The total anmount of

char ge tb&-gé %t @Fu68A r84iBha 345 TRCHRASEH W0 WS hike row

gated storage node 114 has a greater tharge storage
capacity Hhan the fl.g ti@g di ffusi opn node 1 4.%&9

Addi t i onsflesy trapgistor HAy o WIS Rumerts dRe PRIRAE QF 5P Cg%i%‘f’er
cell 100 is inproved, as the storage gate 110 and

t r ansf er trgatieol 387 eb hnasiocmked cdniondinet W5 ohapiyel array.
barriers between the charge accurul ati on regi on 104,
charge storage area 114, and floating diffusion region

134 to eg@(}*ﬂﬂ conpiet &It reNa§ehasthallbg t@ﬁ%ﬁg_ﬁﬁatio:fl E{:gions 109

generated 1 n"the photodi ode accunul ati on region 10
which are then moved tp t fl in i ffusion regi .
15" spelachicdn stiagsits difge spbibbo Hath ol vk flyis
on by control circuitry 250 (FIG 14), the potentia

barrier hebhwdenithine pivallgFatedalpeve dui volstid04cgidad 109 are
| onered, as the p-type region 151 is effectively

i nverted., %ﬁ&@@u&“e@‘ﬂl@?’wﬁﬁﬁ% BE G5k LILEHARP Sndi&ase the

flow fromthe accunul ati oh region 104 to the charge

storage region 114. Sim | ar n e transfer, gat

150 19 edten capncty L el 0 RPN hadieRa ar e

charge storage regions 114, 134 is reduced, thereby
capacitive structures 119 may also be formed at other locations on the

pixel cell 100, including locations that are electrically connected to either

of the charge storage region 114 or the floating diffusion region 134.

[0041] In operation of the pixel cell 100 as part of an imager device
308 (FIG. 14), the storage node 114 in the pixel cell 100 enables the
ﬂoa.ting diffusion region 134 to be reset and readout prior to charge
transference of photo-generated charge originating at the photodiode
accumulation region 104 to the floating diffusion region 134 after
passing through storage rcgio'n 114. This also allows for double
sampling of the pixel cell 100 and a reduction of KTC noise. The total
amount of charge the pixel 100 can store is increased since the gated
storage node 114 has a greater charge storage capacity than the floating

diffusion node 134.
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al l owi ng accunul ated el ectrons to flow fromthe charge

storage region 114 to the floating diffusion region
wa3s/0p3WI3] Wth reference to FIGS. 3A-13, a Pe/Osmos628913

fabricating the pixel cell 100 in accordance with a

first exenplary enbodi nent is now described. During an

initial stage of fabrication (FIG 3A), isolation

regi ons 1@943de f dkddidonallyatiwechacgmttandfarcfcibsdyfar @ixel cell 100

101. Shallow trench isolation is one technique that

may be U%@ﬁnbﬁbs%&!i@ﬂl%@ﬁﬁﬁ%é;@até 990953 &Q%f‘?'sgghﬁy% effectively

ot her techni qgues as known the art may a e used.

A sacrificjial ;oxide |ayer, 102 is forned at the top .
surface ofoRtRl ﬁﬁgﬁrﬁ? éarf’é"is. beffygen, ili“’g&‘qr&? agcunpzlatien grgion 104,
protect the substrate surface from damage and .

i mpuri ti echadger stoggt lecaf lol4, and dipapng céSisidigregidre 134 to ensure
sacrificial oxide |layer 102 may be formed by oxidi zi ng

the silicQp, [ r.fac f
silicon di o><‘1§l ggs%%‘%?&to; glfjleca r%&t@ﬁcﬁl&&%ﬂ{ ﬂllei&ﬂn"gégf".d%

t he range of about 50 t bout . 150 Angstrons thick. . o
[0044] NeEU UQH&GEHOP?#(% ‘GHlCh are ghangpgyedyto the floating diffusion
photoresist is fornmed over the sacrificial oxide |ayer

102. The reg®insk34. sSyxatficelly)echcaniic davefopad 149 if esinedbn by

to form openi ngs where dopants will be inplanted into

the substyatel lggulgg?gb (FY8 T@%SLHX Pé | L APLG A {)Xﬁgetelnotlt]le charge

dopants, n-type do regi ons arge accunu
region) and 114 (charge storage region) are forned.
The n-typtrdsp &51%531 (%h sﬁf‘(}ﬁ ?OVYLQI ﬁ‘iﬁi;ﬁﬂﬁ BvdPa regpaddl is

concentration wkhin the range of about | el6 to about
| el8 at affectively inverted, thereby allowing accumulated electrons to flow from

the accumulation region 104 to the charge storage region 114.
Similarly, when the transfer gate 130 is turned on, the potential barrier
between the charge storage regions 114, 134 is reduced, thereby
allowing accumulated electrons to flow from the charge storage region

114 to the floating diffusion region 134.

[0043] With reference to FIGS. 3A-13, a method of fabricating the
pixel cell 100 in accordance with a first exemplary embodiment is now
described. During an initial stage of fabrication (FIG. 3A), isolation
regions 109 are formed in a semiconductor substrate 101. Shallow
trench isolation is one technique that may be used to form isolation
regions 109 although other techniques as known in the art may also be

used. A sacrificial oxide layer 102 is formed at the top surface of the
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per cnB, preferably wthin the range of about 5el6 to
5el17 atons per cnB. The resist and sacrificial oxide

WO 2006033428 € t hen stripped fromthe substrate 1BAT/US2005/028913
surface. Subsequently, a gate oxide layer 103 (FIG 5)
is formed over the substrate 101. The gate oxide |ayer

103 may be .fornmed of,_ any suitabl e gate dielectric
mat eri al . SYRHEAE fl‘Ns The Brids eyt 1102 stpvetest the atbstraks surface
stages of fabrication, FIG 3B illustrates an

al t er nat i fremmebarhagt ofd inghrriteaduriggithe fliowhgGobdesdif9. The
i n accordance with a second exenplary enbodinrent of

the i nvent . [ fi i ef erence,.to FJ G,

36, a sacrrrraraPad LA O el ol ShiatigRe hesicon
oxidizing a top surface of the substrate 101, but the
sacrifi ci BPsERicokd ] syptaee, roform 4 lnyps ¢if ailisby diendy 62, typically
after formation. In its place, a gate oxide layer 103

i s fornechaing dehiskiidsaiierh@irahfieoSabeni B @ okt 150 ngstroms
gate oxide layer 103 may be fornmed of any suitable

gate OXig‘T}j terial, including but not limted to

silicon di'oxide. After conpletion of this step, the

remai ning steps of fabrication are identical for each

of the hads. Thus, it shoul d be understood that the

r emai ni @%ﬁgir es Neqtyasshawa 10 G: dnailssien gf phetrgedissis formed
fabricating a pixel cell 100 having been initially

fabri cat esvel thasesifidansgdalayér B02.MEhe S4B JHreriRd R developed
just described. [0046] Turning to FIG 5, a layer of

20, U R AL S o o

Hopaacs iblraten 01 Tk, usihe any suitabie t-type dopanss, n-type doped
regions 104 (charge accumulation region) and 114 (charge storage
region) are formed. The n-type doped regions 104, 114 may have a
dopant concentration within the range of about 1e* to about 1e'® atoms
per cm’, preferably within the range of about 5¢* to 5¢Y7 atoms per cm?®.
The resist and sacrificial oxide layers are then stripped from the substrate
101 surface. Subsequently, a gate oxide layer 103 (FIG. 5) is formed

over the substrate 101. The gate oxide layer 103 may be formed of any

suitable gate dielectric material.

[0045] As an alternative to these first two stages of fabrication, FIG.
3B illustrates an alternative method of fabricating the pixel cell 100 in
accordance with a second exemplary embodiment of the invention.

Specifically, with reference to FIG. 3B., a sacrificial oxide layér 102 is
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the substrate 101. FIG 7 illustrates a masked Wt
adj ustnment i nplant which is acconplished by a | ayer of
WO e®h®234bi Ng deposited and patterned to form BEl/E8100v€28913
openi ngs for die dopants. Any suitable p-type dopant
may be utilized. This step is perfornmed in order to
adj ust die threshol d voltages of die subsequentl

1 d y .y
formed t femmeedbyPxidizing & sop peafce of the pebsorare 40 brlirtghe sacrificial
barrier for the flow of electrons out of the

accunul aiohdde 16Rg1102 i GAmRAbtdNtemdNR] dftdrTbrifh@sRIt its place, a
region 114 and the floating diffusion region 134 (FIG

20 e A AL 0 g Al B e 01 e

150, 151, 152 mayhave a p-type dopant concentration '
wi t hi n t Igate eridelayer BOd oray bedegned ofwausuitabd Satatosivde material,
per cnB, preferably within the range of about 5el6 to

oel7 ato lﬁ&l@&h?%ﬁ nok G@Ael deticonWibnde eiigte Régpldion of this
FIG 8, several layers are deposited over the

substrate insul.ating | a 107 is faorned.aver th
polysi |1 aiske Fa gk s ¥ BRacaing & HeERcH RySach 4§ e
is then deposited over the insulating | ayer 107. A

t et r aet hytethpdhoEhts, dathould FEasdyrstomslethab dicdentayiog figures
formed over all of the layers 103, 105, 107, 108 to

form a THERRAESheR¥hAiILERep or FHALHE Pife] 21 l@Oof%aving been

appropriate photoresist is utilized next and nost

e o BRI B 10 SRR PR L 8

area above the isolation regions 109, each of the

| ayers 1@Bscribgd, 107, 109, TECS remains, thereby
form ng a capacitive structure 119. Over the rest of
t he

[0046] Turning to FIG. 5, a layer of polysilicon 105 is deposited
over the gate oxide layer 103. Next, as shown in FIG. 6, a blanket
threshold voltage (Vt) adjustment implant deposits p-type dopants into
the substrate 101. FIG. 7 illustrates a masked Vt adjustment implant
which is accomplished by a layer of resist being deposited and patterned
to form selective openings for the dopants. Any suitable p-type dopant
may be utilized. This step is performed in order to adjust the threshold
voltages of the subsequently formed transistors and to create a controlled
charge barrier for the flow of electrons out of the accumulation region
104 and into the first storage region 114 and the floating diffusion
region 134 (FIG. 2B). The p-type regions 150, 151, 152 formed are

illustrated with dashed lines. These p-type regions 150, 151, 152 may
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pi xel cell 100, only the gate oxide 103 and first
polysilicon |ayers 105 remain. [0048] Subsequently,

W b@omz4e8 oxi de 103 and pol ysilicon 105 | ayer SPEr/&S2005/028913
etched to form gatestacks as shown in FIG 10. Next,
anot her photoresist layer is deposited and patterned
to form openings for dopant inplantation. Suitable
p-type ddpane-aipe dopent (onsicatraten within threrangb sf nbowr 1¢'6 to
101 to formp-wells 160, 161, 162. The p-wells may
have a comeanledhtdis pér dnt e 16
range of about 5el5 tg abodﬁﬁcg%w%%ggﬁﬂ%ﬂgfabout b to
preferably;w. thin the;range of about | el6 to |
el7at oms Per* @B PRERL, the photoresist layer is
stripped, and an oxide layer 120 (FIG 11) is grown
over the surface of the substrate 101. The oxide | ayer
120 f or nd0847] nsuMNitywite agfeeemde s0 H8GaB) svenl baels aef deposited
the capacitive structures 119 and surroundi ng the

gat est acksed dfd subd@ate] M RkuREing 167 iégf}oﬁneéﬁvﬁg%hﬁ polysilicon

phot oresi st layer is fornmed and patterned suc

copbd 1 odish 1954 A asoppenariat yet J8 NiSaicponeet ove the

inmplanted into the substrate 101 to forma p-type
surface regilaingllayer e Aoparethydantenilicat] AEEOS)-based oxide layer
surface region 124 may be within the range of about

2el7 10 3bRined®her Al BIThIE)erS 183, 1W7efl?§qglf¥rm a 'Iél?OS-

wi thin the range of about 5el7 to abdut 5e atons p

cnB. The photor.esist is then . stripped, and another

| ayer of b%fﬁﬁ#?fflg%F@' %Sqmﬁ%d& 7% AP HRIERLE PP tQrRESt is

structures on the cell 100 as shown in FIG 13. N-type

dopant s aitidized next and most of the insulating layer 107, second polysilicon
layer 108 and TEOS cap layer are selectively removed. In the area above
the isolation regions 109, each of the layers 103, 105, 107, 109, TEOS
remains, thereby forming a capacitive structure 119. Over the rest of the

pixel cell 100, only the gate oxide 103 and first polysilicon layers 105

remain.

[0048] Subsequently, the gate oxide 103 and polysilicon 105 layers
are etched to form gatestacks as shown in FIG. 10. Next, another
photoresist layer is deposited and patterned to form openings for dopant
implantation. Suitable p-type dopants are then implanted into the
substrate 101 to form p-wells 160, 161, 162. The p-wells may have a
concentration of p-type dopants within the range of about 5¢% to about

1c*® atoms per cm®, preferably within the range of about 1% to 1eV
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i npl anted through a patterned opening in the resist,
in order to create floating diffusion region 134 in

wo b@omedagg rat e 101. The floating diffusion regP@nUIBRE5/028913
has a concentration of n-type dopants within the range
of about | el7 to about 2e20 atons per cnB, preferably
within the range of about 5el7 to 5el8 atons per cnB.
The fl oatitamsgict cmdi Mext,abe phot@4sistdlayardastegped tanidnmeoxide layer
p-well 162. [0050] At this stage, the formation of the

exenpl ar y1 1 {Q@G.Sﬁgl‘c’!@%ro%ﬁ{ byek e bFrERITHhE glgﬂ%urég%ml. The oxide

conpl ete. Addition rocessi ng steps my

tof orminsul ating, photo device shielding, and o

i ntercon Elé%ftfi%& %F‘Fl? %W%??%P@Qél‘%@@ﬂﬁ e caflpgbthe capacitive
FIG 14 illustrates a bl ock diagramof an exenplary

CMOS i magerucB8s ha9 iand sarrpindingahe gyte2d0kc DRIz, Nng a
plurality of pixels 100 arranged in a predetermn ned

nunber of columms and rows, with each pixel cell being

constructigdads i n MkoRh ihad. nbya bhat sty B RRIR d and

descri bed above. Attached to the ray s sign
[ as.descri bed herein, at |east

processing circuitry
part of ARG B EhTIGF HERISTIRt CHEY B hBie§XaeR: OVFRdhe arca of the

pi xel s of each rowin array 240 are all turned on at
t he sane ddprd rbgioa Iildw Kethiscired, imgpealpahBarpinglhitcdfinto the
each colum are selectively output by respective

col um sel;86tack il@g St]p BrR :;11;5— gJ#C_ts}iriQEe fcg%’)rgggé c ﬂl%g 'Hr’&)g\a}\vnt

l'ines are provide or the tire arr _ _

s o St B A el 208

lines are ?7el ectivel Y acti vat eds by a col um qlr i. ver 260

in 2¢” to about 5¢™ atoms per cm’®; and preferably within the range of
about 5¢' to about 5¢** atoms per cm®. The photoresist is then stripped,
and another layer of photoresist is formed and patterned over the
structures on the cell 100 as shown in FIG. 13. N-type dopants are
implanted through a patterned opening in the resist, in order to create
floating diffusion region 134 in the substrate 101. The floating diffusion
region 134 has a concentration of n-type dopants within the range of
about 1e" to about 2¢** atoms per cm?®, preferably within the range of

about 5¢' to 5¢*® atoms per cm®. The floating diffusion region 134 is

located within a p-well 162.

[0050] At this stage, the formation of the exemplary pixel sensor cell

100 is essentially complete. Additional processing steps may be used to
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response to colum address decoder 270. Thus, a row
and colum address is provided for each pixel. [0052]
WA b@eMIB | nager i s operated by the tim ng andPCDN$200$/028913
circuit 250, which controls address decoders 255, 270
for selecting the appropriate row and colum |ines for
pi xel readout. The control circuit 250 also controls .
the row aftdncigisulatingyphago device shielding 4 d iR6Qcsedt eedllization
they apply driving voltages to the drive transistors
of the selggtaddegwgand col um |ines. The pixel colum
si gnal s, ich typically include a pixelreset signal
(Vm) and a pixel inmage signal (Vsig), are read by a

sanpl e an Ld ci it, 261. Vrst.is read froma pixel

100 immdﬁ’ad:%]y aflflgh uf%ﬁ%?h&%il%&mﬂo@f anegesrplary CMOS
134 is reset by the reset gate 127. Vsig represents

t he anounimager SR8rigemggerirclatiest 249 donsprixhat 9pRNSlidyiofPixels 100
el ement of the pixel cell 100 in response to applied

light. A gidfRHenRtiBtdSLanak of ¥sh@ns S1dPIQ4ug

by di {1 eraraiiey D e bteqetes 26%h¥gfacé§g%/8pu g dhions) Wil cach
di gi ti zed_ by apal og-to-digital ,converter 275 (ADC).

The anal ijx%/locegﬂ’ﬁ ‘FODéB'H&@Fitaéﬂn o1 of thepilluatsated embodiments
digitized pixel signals to an inmage processor 280

whi ch f ordescripeil ghavputistahed go tiad arrayely0 is[sQ¥BBprdckésing circuitry,

15 illustrates a processor-based system 1100 i ncl udi ng
an i magi ng MK R98n L&D | ructed..in
accordance with the methods E@?ﬁ%@%é‘&9ﬁ’§§§f%?3%ﬁc substrate.

exanpl e, pi xel s rr?y e the exe 49::ry i xel cells 100 ]

const r uct B P OE 5daroreingreay 44bate,admad on at the same time by

enbodi nents of the invention described above. The

pr ocessora-tgassgadect line, and the pixels of each column are selectively output by
respective column select lines. A plurality of row and column lines are
provided for the entire array 240. The row lines are selectively activated
by a row driver 245 in response to row address decoder 255. The
column select lines are selectively activated by a column driver 260 in

response to column address decoder 270. Thus, a row and column

address is provided for each pixel.

[0052] The CMOS imager is operated by the timing and control
circuit 250, which controls address decoders 255, 270 for selecting the
appropriate row and column lines for pixel readout. The contr;)l circuit
250 also controls the row and column driver circuitry 245, 260 such that
they apply driving voltages to the drive transistors of the selected row and

column lines. The pixel column signals, which typically include a pixel

18



system 1100 is exenplary of a system having digital

circuits that could include i mage sensor devices.
waeaohoea42dei ng limting, such a system coul d i PCT/US®0H028913

conmput er system canera system scanner, machine

vi sion, vehicle navigation, video phone, surveillance

system auto foc system star tracker system notion

det ect i oﬁ%%’cgé\# ?Y st & pivsl Imaggtsignal é‘]@{,em: readdbytimsaanple and

conpression system [0054] The processor-based system

1100 , f dioléxiomk26d. CANBIBadABHENPIGENO0 dhnlediately after the
conprises a central processing unit (CPU 1102, suchas

Maput s ouarnp AR SO BYE oG 18 e 127. V.,

| magi ng device 308 al so communi cates with the CPU 1102
over t he rBRtssatpghe amgunegf dhatgasgeneraGiisy pieghotasamitive
havi ng exenpl ary pi xel cells 100, constructed as

di scussediahensof the il eEEESOr RS6keIBSHBMEd ﬁggt. ah Yffferential
i ncl udes random access nenory (RAM 1110, "and can

i ch 1 SHERE N Vat B3l wbling FiAtor cach pixcl

1104. Ina%hng_devjpe 308 may be conmbined with a
pr ocessomwhigly isrdigitized bpanaldiggtior digitsl epmerkrtpr 2E2$ABIC). dFhe analog

m croprocessor, wth or without nenory storage on a

singl e i nbeggiall eBnGert W75 RHpRE e Hiditiots EE(C_PH Ratl B4 image
the processor. Any of the nenory storage deviceés In
the proces

- d 1100 | d st ft
for empl BITRGIE LG TEELADONENE ROB Gos8y The

above description and drawi ngs are only to be

[0053] FIG. 15 illustrates a processor-based system 1100 including
an imaging device 308, which has pixels constructed in accordance with
the methods as described herein. For example, pixels may be the
exemplary pixel cells 100 constructed in accordance with the exemplary
embodiments of the invention described above. The processor-based
system 1100 is exemplary of a system having digital circuits that could
include image sensor devices. Without being limiting, such a system
could include a computer system, camera system, scanner, machine
vision, vehicle navigation, video phone, surveillance system, auto focus
system, star tracker system, motion detection system, image stabilization

system, and data compression system.

[0054] The processor-based system 1100 , for example a camera

system, generally comprises a central processing unit (CPU) 1102, such
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considered illustrative of exenplary enbodi ments which
achieve the features and advantages of the invention.
wobwsozmag i on of, and substitutions to, specifP€I/US2005/028913
process conditions and structures can be made without
departing fromthe spirit and scope of the invention.
Accordingly, the invent itgn is not to be considered as
bei ng | i Mt BYPEATESSPHriegbsaamyasaerds prittoan &poit/output (1/0)
drawi ngs, but is only limted by the scope of the

appended ddvidenkl 08 MNdvRa thatl liost. cnnadgmgid&ac@m apd communicates
desired to be protected by Letters Patent of the I 1Is:

A et hod ' [ ensar, pi xel structure )
Sai'd ot hos S5 CHE 1302 PR RA 0 T b aebOs pixel
region of a first conductivity type of a second '

conduct i A¥ay hayme, exeaiplaryipixed cellsdl ¥k construtupeds discussed above.
spondi ng to charge storage regions; Lg a third and a

fourth d@l@ﬁ?fﬁés@ﬂbh&dss?ﬁt@nﬁ}m 5188 Fachitfe? r%gl?émgclceﬁa memory

region is below said third doped region to i mb t

said four region is,at |east partia et ween

said d do(peg 5?23?&1 8anf]t5)ldrlﬁ%ﬁ rE‘E‘QP’ﬂ%g%“F?@r Idéy, waethas flash

said first aped regions; g a gate structure over at

| east a pBE¢MPHH Wickalsel cempondcaewishi@PEUd2 dwak thabds 1104

gate structure is operative to | ower said charge
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.

[0055] The above description and drawings are only to be
considered illustrative of exemplary embodiments which achiceve the
features and advantages of the invention. Modification of, and
substitutions to, specific process conditions and structures can be made
without départing 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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.te charges fromsaid first doped region to said
second doped The nethod of claim11, further conprising
wo bmeazgs of : g a fifth doped regi on of said fPeCBHUS2005/028913

conductivity type laterally i said second doped

region; and g a gate structure for gating charges from
sai d second doped fifth doped_region. The nethod of
claim1, further conprisiﬁﬁfﬂéﬁ ing a well of said

second conductivity type in which said fifth doped

R Pl e

sai d sgcond conductivity type. The method of claim1,
wherein said third doped region is at |east partially
coupled to said substrate. The nethod of claim 3,

f ur t heA moethpdicfifoigninigendatagefsedisor pixed stucin, Baidoped
regi on of said second conductivity type in said :
subst rBeothePPBEEREd bet ween sai d second and fifth
doped regions. The nethod of claim1, wherein said

third [ ' - 1N event h
dopeds SHFRARER Sl ORTRUH ot DA Py TR TG an
ei ght hofdoResnd eahdittRfty $phd 58 TehneloReMd agpécy type.
The nethod of claim1, erein said fourth doped
r egi osparsling to charge storage regions;

\g a third and a fourth doped region in said substrate such that

:d region is below said third doped region to form a

ind said fourth doped region is at least partially between said

ad doped regions to form a charge barrier between said first

oped regions;

g a gate structure over at least a portion of said second and said
such that said gate structure is operative to lower said charge

te charges from said first doped region to said second doped

The method of claim 1, further comprising the acts of:

g a fifth doped region of said first conductivity type laterally

1 said second doped region; and

g a gate structure for gating charges from said second doped
fifth doped region.

The method of claim 1, further comprising forming a well of
said second conductivity type in which said fifth doped region

is located.
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formed by formng a ninth doped region of said second

conductivity type and a tenth doped region of said
w@ewoenzB4eonductivity type, said tenth doped reRtDNS2005/028913

formng a well of said second conductivity type at

| east a part of which is between said first and second

doped regions. A nethod of form ng an inager pixel

sensor Togmethediaf chimnlo aviwseiprshish foyrthiopedtrsgiofis g a

phot osgnsi tive el egent . in a.sybstrate, said,.

phot osg(ﬁgfetdi ‘(‘/’gh’lni "s?gﬁ%edawglllu 9 $pd sgconrhsrrdrevitegpen; g

a first charge storage region for receiving charges

fromt i ' iR, - A tr;ol |.abl.e
hor g Mhe e BbURE L Dl St il TRBO HoBR P

char geleastqraagly @@ipdtf todsadd §ibs&htegat € structure at
| east partially above said first charge a and

control | able charge barrier, said first gate structure
bei ng Thasrehodipfickin 3, forheradognprisingytheact offiratingn

' t. i d ' by I ' id first
char ge® AP fiabed fegop oERihtr<eidcqaIsstiibigaps igish f or
cont r ol TR IREPACE R 0P SR RIERETS, o

I and sgighssecond charge storage region; Lg a second
gate structure operable to transfer charges fromsaid

The method of claim 1, wherein said third doped region is
formed by forming a seventh doped rcgioﬁ of said second
conductivity type and an eighth doped region of said second
conductivity type.

The method of claim 1, wherein said fourth doped region is
formed by forming a ninth doped region of said second |
conductivity type and a tenth doped region of said second
conductivity type, said tenth doped region forming a well of
said second conductivity type at least a part of which is

between said first and second doped regions.

A method of forming an imager pixel sensor cell, said method

comprising the acts of:

g a photosensitive element in a substrate, said photosensitive

rising a charge accumulation region;

g a first charge storage region for receiving charges from the

ulation region;

g a first controllable charge barrier between said charge

region and the charge storage region;
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orage region to said second charge storage region by

| owering large barrier; and g a capacitive structure
WO 200602398 di ng extra charge storage iid pixel P€/US200$1€¢28913

met hod of claim9, wherein the step of formng a

phot osensitive el enent conprises formng a p/n/p

phot odi ode. The nethod of claim9, wherein the step of

f or mi mga dirstegaée striiataresitrloast paeialip abovesaid figk thagea

capaci tor over an isolatjion region. The nethod of

cl ai npgandvﬁmt@u%gkrfélaégeel@araﬁms@drﬁrﬁggaae stapetuie being

structurge ¢ rises formng a capacji.tor electrigally

connec (“giF 't ggpﬁgf : ﬁg a8 ?al% rﬁqéarg? a%%’i“g&f‘??’% {eEfy te éﬁ“a_

secongheNai gt S bP ARGl S PR e BRidgd of claim 9,

furtherr conc'gri siygg t he ggtep o%dgogﬁri ngr g’oped wells in

the substrate. The nmethod of claim 13, wherein said

dopedigweséconalr chapsensblasge rdgienfot hﬁeﬁv'ﬁfg Hadge¥ fildm a

wherein at | east one of said first and said second

char g&T¥OCEHELr egi ons are |l ocated at | east partially
wthin a p-well. The nethod of claim15, wherein said

Secon gg 3 tsgd’o%%.ecorn%g)ilﬁglci c‘chal'goccl?atrreigr W;,t%vréierrll safald %.rg\t/e clhlafge

1 and said second charge storage region;

g a second gate structure operable to transfer charges from said
orage region to said second charge storage region by lowering

1arge barrier; and

g a capacitive structure for providing extra charge storage

id pixel cell.

The method of claim 9, wherein the step of forming a
photosensitive element comprises forming a p/n/p

photodiode.

The method of claim 9, wherein the step of forming a
capacitive structure comprises forming a capacitor over an

isolation region.

The method of claim 9, wherein the step of forming a
capacitive structure comprises forming a capacitor electrically
connected to at least one of said first and said second charge

storage regions.

The method of claim 9, further comprising the step of forming

doped wells in the substrate.
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The nmethod of claim 14, wherein at |east one p-well is
| ocated beneath said first gate structure. The nethod
wo@Rooshzd4ps 9, wherein said second storage regi oPCT/US2005/028913

conprises a floating diffusion region. The nethod of
claim 18, wherein the floating diffusion region is

furth electricall) nnected to a reset transistor

for r:’bé?fl}eﬁ%o‘iﬁgc%%%ﬁgew r%paggfipgg wsds arer p-wesillen
region. The nmethod of claim9, wherein the steps of

Lo Poh@oldiod of Oflin? SO0 FHRLORAS OIAGC, OGP

conprise the ac apP ant'ihg n-type

pre- defaRf §EcoRd cH&@@%t&faﬁé Peisusost Ithted Afeas amggg

cl ai m 20, wherein the charge accumnul ati on region
t he fiwshinchprvegdl. st orage regi on are n-type doped
regions with a dopant concentration within the range

of about | el6. aLons r cnB to about | el8 ataoms per

ons. ALBEEREPDLP %awﬁﬁgwﬁﬁr%%i SCCORESEOIABE FeBipR ds

met hoqog&?@%@i@g#@gugcts of: n g a p-type substrate
gartrirs 0

havi n ant concentration;ig an n-type
phot o- generated charge accunul ation region inig a

cont r cfheghebasd bE¢laind 14hehsres it [B4se one p-well i veael
charges :unulation region by: formng a first p-type
wel | rhagicath said, firsy gatesawhedopant

The method of claim 9, wherein said second storage region

comprises a floating diffusion region.

The method of claim 18, wherein the floating diffusion region
is further electrically connected to a reset transistor for

resetting the charge at said floating diffusion region.

The method of claim 9, wherein the steps of forming a first
and second charge storage region comprise the act of
implanting n-type dopants into pre-determined areas of the

substrate.

The method of claim 20, wherein the charge accumulation
region and the first charge storage region are n-type doped
regions with a dopant concentration within the range of about

1le'® atoms per cm? to about 1e'® atoms per cm?®.

A method of forming an image sensor cell, the method

comprising the acts of: .

ng a p-type substrate having a first dopant concentration;
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L; and formng a first p-type channel region |ocated
at least partially ;t p-type well region and having a

wo hiosd2d@epant concentration. The nmethod of cl aPen/BR2005/028913
further conprising the step of formng a transistor
having a gate fornmed at |east partially over the first
p-type well region, wherein the transistor is capable
of com ABRIiYRE PhAto-sertrpisd) dargsaceimulatihaegiontiod of
claim 22, further conprising the step of formng a
first charge storage region | ocated adjacent the
channel region. The nethod of claim24, further

conpr igh B8ntrBReFb&FiePin fRS mb??a@ 3 gﬁ@ ﬁgwpdftc:ﬁ%a%eg hannel

region | ocated adjacent the rst arge stor

r egi omumilldonmeegiod byf cl ai m 25, further conprising the
step of form ng a second charge storage region forned
adjacgpt t he second channel region. The nethod of

cl ai m Ipsminga figst p-ype wedirssion Haying nspcandidopanand
secong charge storage region conprises doping pre
det er mifN€d areas of the substrate n-type. The net hod of
claim 26, further conprising the act of formng a

{ransT@emtdRREle Ol RKAIGEH feh RLAH & 1EAPBRI AT

transferring chargés fromthe first to the Secon
char ge mtypeagd] regipimasl having a third dopant concentration.

The method of claim 22, further comprising the step of
forming a transistor having a gate formed at least partially over
the first p-type well region, wherein the transistor is capable of

controlling the controlled barrier.

The method of claim 22, further comprising the step of
forming a first charge storage region located adjacent the

channel region.

The method of claim 24, further comprising the step of
forming a second p-type channel region located adjacent the

first charge storage region.

The method of claim 25, further comprising the step of
forming a second charge storage region formed adjacent the

second channel region.

The method of claim 26, wherein the acts of forming a first
and second charge storage region comprises doping pre-

determined areas of the substrate n-type.
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The nethod of claim 26, wherein the second charge
storage region is formed within a second p-type well
WO e@bom428The net hod of claim 22, wherein the fPeBHUS2005/028913
concentration is within the range of about 5el7 to
about | e20 atons per cnB. The nmethod of claim 30,
wherei n the second concentration is within the range

of abolhe seethod of shin 26}, figtlgr soompyispey then@t of fremieg hod
of C|aiW13%, wher.ei n, t he second foqgggir?tio i s
wi t hi n® PRESIFLHaRsisier haying a gatetigck ganablaef franstertiggons

t f ' , ' third
boncont APk oRLAe Artiea thetdBod ! Ehile} DERORL T
about | el8 atons per cnB. The nethod of claim 33,

wher ei Thé hecthdd bf clalin CeNihatdiothd secvhdichirgeheorhgnge of
about | el6 to about | el8 atons per cnB.
region is formed within a second p-type well region.

The method of claim 22, wherein the first concentration is

within the range of about 5¢" to about 1e*° atoms per cm?,

The method of claim 30, wherein the second concentration is

within the range of about 5¢* to about 1e*®atoms per cm?®.

The method of claim 31, wherein the second concentration is

within the range of about 1e'° to about 1e' atoms per cm?.

The method of claim 30, wherein the third concentration is

within the range of about 5¢° to about 1e'® atoms per cm?®.

The method of claim 33, wherein the third concentration is

within the range of about 1e'® to about le'® atoms per cm®.
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