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The present invention relates to the field of semiconductor de\%('iée]g%s(u /020010

particularly to an improved pixel cell for high efficiency charge transfer

and reduced lag. BACKGROUND OF THE INVENTION [0002]
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increasingly being used as low cost imaging devices. A CMOS image
sensor circuit includes a foca!é)lane arraz‘( of %ixel cells. Each one of the

cells includes a phome fort &&H ggg%otogate,
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within a substrate for” accumulating photo-generated charge. Each pixe
dwliarryintiudely transistopforcdgrsfareirbfohdng fefimithechhsgee transfer
accumulation region to a sensing node, and a transistor, for resetting the
@éﬁg‘%ﬁ&%&%% a predetermined charge level prior to charge

transference. The pixel cell may also include a source follower transistor

for receiving arngl AR Thdyeo e srgRymudennd an access
trapsistor for controlling the readout of the cell contents from the source
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conversion; (2) acCumulation of photo-generate arge; (3) transfer of
sehapgeitoutiarsdndisg foce pocempayiet hydalie dinglifatiofirlié)cells
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for transferring charge from the charge accumulation region to a sensing node,
and a transistor, for resetting the sensing node to a predetermined charge level
prior to charge transference. The pixel cell may also include a source follower
transistor for receiving and amplifying charge from the sensing node and an
access transistor for controlling the readout of the cell contents from the source

follower transistor.

[0003] In a CMOS image sensor, the active elements of a pixel cell
perform the necessary functions of: (1) photon to charge conversion; (2)
accumulation of photo-generated charge; (3) transfer of charge to the sensing
node accompanied by charge amplification; (4) resetting the sensing node to a
known state‘ before a transfer of charge to it; (5) selection of a pixel for readout;
and (6) output and amplification of a signal representing pixel charge from the
sensing node. Photo-generated charge may be amplified when it moves from the
initial charge accumulation region to the floating diffusion node. The charge at
the sensing node is typically converted to a pixel output voltage by a source

follower output transistor.



the sensing node is typically converted. to a pixel output voltage by a

source follower output transistor. | WO 2005/004240

PETFOBPERH020010 [00041 CMOS image sensors of the; typepcr/us2004/020010
discussed above are generally known and are discussed in Nixon et al., " '
256x256 C MOS :cave Pixel Sensor Camera-on-a-Chip," IEEE Journal of
Solid6dé Circuits OIS 3R spreoR046:ROSP A WHuaed Mendiset @lnerally
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CMOS linage sensors, the contents of which are incorporate
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charges, generated by fight incident on the pixef, and a transfer gate 7 for
Fr%ﬂ%%é‘ﬁ ke dtrtearsnsess b thatshetcEorvishsion ievigeoPdtéal
ﬁ&@@i@g@%}@&ctypically a floating diffusion. region 4. The floating
diffusion region 4 is electrically connected to the gate of an output source
follower transistor 11. The pixel cell 10 also includes a reset transistor 9
for H&kEhg the fIbaXgRFiSIon Mgiortatperpredefrminddonaliags: wafer

Refore & ehataglegtr ar red; a source follower transistor
11 \%ﬁ:h ‘receives a ﬁs%@geg%%?%%ectnca ‘s%lr}fgf%gf sgtmgﬂbgloﬂﬁe 1. The
PhdtagIpbiriccdhdig ésHionr thedibating4iffusinn egiopdiael 80 Wnerally
select.transistor 13 for outgut ng a S|I9enal from the source follower

ransistor 11 10 Sh SUBGEemARECI Tl fporelasring shdress signategd by light
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from the photo-conversion device 21 to a sensing node 4, typically a floating
diffusion region 4. The floating diffusion region 4 is electrically connected to the
gate of an output source follower transistor 11. The pixel cell 10 also includes a
reset transistor 9 for resetting the floating diffusion region 4 to a prcdctefmined
voltage before a photoelectric charges are transferred; a source follower transistor
11 which receives at its gate an electrical signal representative of the photoeleétric
charges from the floating diffusion region 4; and a row select transistor 13 for
outputting a signal from the source follower transistor 11 to an butput terminal

in response to an address signal.

[0006] FIG. 2 is a diagrammatic side sectional view of the pixel cell 10
of FIG. ] taken along line 2-2°. As shown in FIG. 2, in the conventional CMOS
pixel cell 10 the photo-conversion device 21 is a pinned photodiode. The
pinned photodiode 21 has a photosensitive P-n-p junction region comprising a
p-type surface layer 5 and an n-type photodiode region 14 within a p-type active
layer 1, which is typically a lightly doped p- active area. Adjacent to the pinned
photodiode 21 is a gate 7 of a transfer transistor. Typically, the transfer gate 7 is
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of FIG. 1 taken along line 2-2'. As shown in FIG. 2, in the conventional

woMGdsoRi3gl cell 10 the photo-conversion device 21 is a pinne
photodiode. The pinned photodiode 21 has a photosensitive p(_}l’,](;B“/USZO(M/OZOOIO

junction region comprising a p-type surface layer 5 and an n-type

photodiode region 14 wggin a p-type active. layer 1, which is typically a
ofihly BB Fr b A oS TR B T PR i B8 PRGBS A type
ii-8fa transfer transistor. Typically, the transfer gate 7 is 2 WO
2005/004240 PCT/b ;2004/0201110 an n+ gate having a gate electrode 8
comprising a layer of heavily doped .11-type polysilicon. [0007] In the

cohY@Rtidnal cMOShsicoreen o Sl el scl AR dloristedde RIGS. 1
iRy 0&%%@“&1@ Aeneriad AN ig&}fi;%mxmgm iﬁcgﬁ&:?‘éﬁl&?{iuy to

10 and st in the n-type photodiode region "14."This charge Is
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transistor. The squrce follower transistor 11 prqduces ut signal
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region 14. [0008] Optimizing the characteristics of a transfer gate device is

tegitséaired phoviging Bheigh paTfGimmhée [ERROSipRab Eosdissoalgsaly, mumber
fer gat | i ,al
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threshold Voltage, and no potenti riers e flow of
electrons in a region 30 where a photo- conversion device, such as the

pirl®8® PhotodiodepRimizing tlznshar arirriafiss ofddsanpfoxiritydovameis critical

another,. These charagteristics n conflict with gne another and
R e e e e e R P g
shqtidthaeeneysion ldelige, isudic agihinnedadbetatingdkd voRegental no
barrier might exist where the traﬁsfer %a e 7 and pinned photodiode 21

PQtERLY, &?érwh,ﬁmﬁgdc the flow of electrons in a region 30 where a photo-

conversion device, such as the pinned photodiode 21, and transfer gate are in
close proximity to one another. These characteristics can often conflict with one

another and optimizing them is difficult.

[0009] In a conventional CMOS pixel cell having a photo-conversion
device, such as pinned photodiode 21, a potential barrier might exist where the
transfer gate 7 and pinned photodiode 21 are in close proximity: the
photodiode /transfer gate region 30. FIG. 3 is a graph representing the potential
(V) in the pixel cell 10 along the distance (D) of line 3-3’ (FIG. 2) in a direction
from the pinned photodiode 21 to the transfer gate 7 and the floating diffusion
region 4 of the CMOS pixel cell 10. The potential profile of FIG. 3 shows the
potentials that an electron may encounter, including a potential barrier 31, as it is

transferred from the pinned photodiode 21 to the floating diffusion region 4.

[0010] As shown in FIG. 3, there is a potential barrier 31
corresponding to the photodiode /transfer gate region 30. If this potential

barrier is too high, a portion of the charge will be unable to move from the
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photodiode/transfer gate region 30. FIG. 3 is a graph representing the

potential (V) in the pixel cell 10 along the distance (D) of line 3-3' (FIG. 2)

W@ HivestieHofrom the pinned photodiode 21 to the transfer gatepe-a@ng3he/020010
floating diffusion region 4 of the CMOS pixel cell 10. The potential profile

of FIG. 3 shows the potentials that an electron may encounter, including a
potersididrrier Bliasibisitenieres W@Em}h@.pmﬁ@%%@@%é‘g@&ﬁaﬂ

the floating diffusion region 4. [0010] As shown in FIG. 3, there is
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h iode 21 surface p-type dopant levels; 5) pinned. photodiode 21
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21 can affect charge collected for a subsequent image causing image lag,
W nigHBStm e haraeemit disigecivb shamntindlsldsdyuentr,
. RIBVie is.potential barrier have resulted in
S LR
subsequent image causing image lag, where a ghost image from the initial charge

Is apparent in a subsequent image. Previous methods to reduce this potential
barrier have resulted in degraded sub-threshold leakage current for the transfer
gate 7. Itis difficult to optimize both the potential barrier and sub-threshold
leakage current for the transfer gate 7 in CMOS image sensors. Accordingly,
what is desired is a technique for manufacturing a CMOS pixel cell having both a
reduced potential barrier in an area where a photodiode and a transfer gate
structure are in close proximity to one another and also with low sub-threshold

leakage characteristics.

BRIEF SUMMARY OF THE INVENTION
[0012] Embodiments of the invention address the problems described
above and provide a method of forming a pixel cell and the resultant pixel cell. A
pixel cell comprises a photo-conversion device formed at a surface of a substrate
and a transistor adjacent to the photo-conversion device. The transistor
comprises a gate overlying a channel region. The gate comprises at least one

gate region having a work-function greater than a work-function of n+
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gate 7. It is difficult to optimize both the potential barrier and sub-threshold

leakage current for the transfer gate. 7 in CMOS image sensors.
WRRBRIMNEH® what is desired is a technique for manufacturing £ EME§204/020010

pixel cell having both a reduced potential barrier in an area where a
photodiode and a transfer gate structure are in. close proximity to one
RelBEHEnd Bisochamigwesiprisrspsierslsetprgsivhpertiens beso BRIER gate
FTNTION [001.2] Em )odiments of the inventi nngdd‘rgss’ .
s P4 DS 1RAUE DR Aok Rathon B Tt 2 gion

dettanthdierésuttantniebeele Avqixdlierlicaropiise s ReiR- GARVGESIRR,
evice formed at a surface of a substrate and a transistor adjacent to the

BB S Welcd It R aHEE S CR AR Aptaial angifer slopant
Shanneliegion, Tihe gaie.comprises.akiaast %Qﬂ&eoggtgé%gﬁggge%mm to

work-function greater than a work-function of n+ 4 W

tramyrh 8200440200 10mputysilfowifitwdchadeskedgioredoshpristage may be
respective. portigns below each e regign. A. dopant concentration in at
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work-fiinetion using an alternative material and/or dopant characteristics

AoptH GKIBHE BheRateeslis i aflon e Yatesaneriay spbratimsholdiakage
M%&%p@%@. Specifically, a desired threshold voltage may be

achieved with reduced or omitted channel doping, thereby helping both to
reduce a potential barrier in region where a photodiode and transfer gate

are in closelpFhEHiE ES6HRIENGHREN A {8 TrBVIAB SYFENGES
supqfpieshold leakaog, dharaeter SR Ig" % 0818y BRI BN RS SR T M erer
understood from the following detailed description of the invention, which is

provided in connection with the accompanying drawings, in which:
[0014] FIG. 1 is a top plan view of a conventional CMOS pixel cell;

[0015] FIG. 2 is a diagrammatic side sectional view of the FIG. 1 pixel
cell taken along line 2-2°; -

[0016] FIG. 3 is a graph representing the potential profile of the FIG.

2 pixel cell along a cut-line 3-3’;

[0017] FIG. 4 is a diagrammatic side sectional view of a pixel cell

according to an exemplary embodiment of the invention;

[0018] FIG. 5A depicts the FIG. 4 pixel cell at an initial stage of
processing;

[0019] FIG. 5B depicts the FIG. 4 pixel cell at an intermediate stage of
processing;



[0013] The foregoing and other aspects of the invention will be better
understood from the following detailed description of the invention, which

WO HMAEEHIn connection with the accompanying drawings, in WIGiThiS2004/020010
[0014] FIG. | is a top plan view of a conventional CMOS pixel cell; [0015]
FIG. 2 is a diagrammatic side sectional view of the FIG. | pixel cell taken

alongding 2-2; 1004G] ElGqgRa erarintentgsseting e aojsnial pieflef;.

the FIG, 2, pixel cell along & cut-line 3-3'; [0017] FIG. 4 is a diagrammatic
clidueastiongal view of a pixel cell according to an exemplary embodiment
of the invention; [0018] FIG. 5A depicts the FIG. 4 pixel cell at an, initial

ta f, processing; 19] FIG. 5B depicts the FIG. 4 pixel cell.at an )
S fgn(% ig it [82 1%]3 tor%?g.gv‘gé\ﬁ’o (R)%%R?IBI pixel cell according

int te stage of processi
&2 efb0d0020t [(I02Q)ikienb6ndepicts the FIG. 4 pixel cell at an
intermediate stage of processing; [0021] FIG. 6A is a top plan view of a

porgj a pixel according to an embodiment,of the invention; [0022
G Ol a comcts & b LU I RO ECERLT 31 OF EPIE sy T1C.
dineBRHBid@IRBIFEIG. 7A is a top plan view of a portion of a pixel cell
according to an embodiment of the invention; [0024] FIG. 7B depicts a

cro tional view of the pixel cell of FIG, 7A along line 7B-7B'; [0025]
FIGOB3E h schertafe ’d’fggﬁ»énﬁfa% BipREICEPLR RN Bfdrpixel cell according

to an embodiment of the invention;

[0024] FIG. 7B depicts a cross sectional view of the pixel cell of FIG.
7A along line 7B-7B’;

[0025] FIG. 8 is a schematic diagram of a pixel cell according to an

embodiment of the invention;

[0026] FIG. 9 is a simplified block diagram of an image sensor
incorporating the pixel cell of FIG. 6; and

[0027] FIG. 10 illustrates a simplified block diagram of a computer

processor system incorporating the FIG. 9 image sensor,

DETAILED DESCRIPTION OF THE INVENTION
{0028] In the following detailed description, reference is made to the
accompanying drawings, which form a part hereof and illustrate specific
embodiments in which the invention may be practiced. In the drawings, like
reference numerals describe substantially similar components throughout the
several views. These embodiments are described in sufficient detail to eﬁable
those skilled in the art to practice the invention, and it is to be understood that

other embodiments may be utilized, and that structural, logical and electrical



embodiment of the invention; [0026] FIG. 9 is a simplified block diagram of

an ima((};e sensor incorporating the pixel cell of FIG. 6; and. [0027] FIG, 10

Wit R4 %implified block diagram of a computer processor Bfdidisr004/020010
incorporating the FIG. 9 image sensor. DETAILED DESCRIPTION OF TIE
INVENTION [0028] In the following detailed description, reference is made

dentigesapeprhpangity withwitgdepenivkefGiomatbarsmeitcuidsebitustrsie present

.seecific embodiments in. which the invention may be practiced. In the
ipvention

rawings, like reference numerals describe substantially similar
components throughout the several views. These embodiments are
de$6fiBed in suffitientdetaifteadndbladtfiosbsskillet incthe betiaduacticd as

.the inventjan, and_jt is to be understq at other embodiments may be
%ﬁ%ﬁg&ﬁ%ﬂﬁ&m%;%ﬁﬁﬁﬁ%@c% WSS
tERGII34P 200442004 Q ehRNGES MRV REUNRAS, wéﬂ%%&?&@@&i% die8n

the spirit and Scope of the. present invention. [(50 9] The terms "wafer"
sgRBorsb b tdrs e nAteitdoyrdrtineiuding eilisosemiconductor

llicon-on-inswator (SCH1), ar silicon-on-sapphire (SQS) tegchnalo »
S e R 3 e Esamieyin
thy follasérgedisanpiictarintickadiproanel atpersemicortueiousueIWe form
Furthermgre, when reference is made to a "w'afer" or "substrate” in the
TEENE0ASY dEACHBHS AR 6?’6\}%5% PRGN §TEY IR Mo ditses dn
Mo egiRNR ALl ARIRRS IMRE BBES SYIUCANMASLY SR, based on

foundation. In_addition, the semiconductor need not be silicon-based, but
stisgia-Ber sty on gsitiveniyernaargalingearsanide, or gallimm-arsenide.
[0030] The term "pixel” refers to a picture element unit cell

[0030] The term “pixel” refers to a picture element unit cell
containing a photo-conversion device and transistors for converting
electromagnetic radiation to an electrical signal. For purposes of illustration, a
representative pixel is illustrated in the figures and description herein, and
typically fabrication of all pixels in an image sensor will proceed simultaneously in

a similar fashion.

{0031] Embodiments of the invention provide a method of forming a
pixel cell for an image sensor and the resultant device. The pixel cell includes a
photo-conversion device adjacent to a gate of a transfer transistor, which
comprises a gate electrode. According to embodiments of the invention, the
work-function of the transfer gate is tailored such that at a given threshold
voltage, V,, the dopant concentration in a channel region of the transfer gate is
reduced or eliminated as compared to a conventional pixel cell 10 (FIGS. 1 and
2). Additionally, embodiments of the invention provide a transfer gate having a
gate clectrode comprising a plurality of regions having differently tailored work-

functions.



containing a photo-conversion device and transistors for converting

electromagnetic radiation to an electrical signal. For purposes of
Wilgetetioii & representative pixel. is illustrated in the figures af@T/US2004/620010

description herein, and typically fabrication of all pixels in an image

sensor will proceed simultaneously in a similar fashion. [0031]

Enjbodipients of te: inveniien provigeshoetsichgl iormingharxpigherlbior the
an image sensor and the resultant device. The pixel cell includes a

Hepatoretavéndion Biovides dejie shttacal Gate Braaridsrdrugnsidion, thich

Riis te. el . ing-to emhqdiments q%{tlfg[e inventijon
B T B T e e e
(thweshdlthevaltagol fodi¥ deipabt eanaentrattolldmwa channel region of the
transfer gate is reduced or eliminated as compared to a conventional

pixel cell 10 (FIG&.LL %r'%l% * i)h{_ égﬂgé%gi%ﬁgggmn&ems of the invention

provide a transfer fat comifising a plurality of
regions having differently tailored work- functions. 7 WO 2005/004240
119608852004/02081 Be {003 R} ThedefAkrd it tarekhol dvalagedlddping and

. equation include: the,, Fermi potential (24'F), the bhulk charge (QD), the
e S o OB A e U GE A e e
&mamaréqumtmaﬁé@dﬂ@ﬁ@hﬁ&w@aﬂbm%&tﬂﬁm&%%wa&@i@n as

follows: Vt = +124'rl +IQB/Coxl -1Qox/Cox | +'R4S [0033] The Fermi
pRRENBEFeRDf S HaseheHtorEh dirleraépthir kaessifoiedisesrwithe oxide
| d dapi r w tina
o e e B TR R el o

igpcitarive gnd Tihcreask Sascthengditetialec it ckdeSadsl reduiedifference

. The oxide charge (QO) is a function of ielectric processing and
in the e%r‘gc—ftlgl).l(xéa a%xéf o% {hé gate Matertay ?%NS Snd the Su strate &’S? The
work-function difference is dependent on the material of the gate electrode and

is weakly dependent on the Fermi level of the substrate.

[0034] The worlk-function of the gate electrode is a characteristic
property of the material itself, and is the amount of energy, usually expressed in
electron volts, required to remove an electron from the Fermi level of the
material. The work-function of a gate electrode is important for its effect on the
threshold voltage for a transistor. For example, there can be over a one-volt
difference in the work-function between the gate electrodes of n+ polysilicon and

p+ polysilicon.

[0035] Referring now to the drawings, where like elements are
designated by like reference numerals, FIG. 4 shows an exemplary pixel cell 400

according to a first exemplary embodiment of the present invention.

[0036] FIG. 4 illustrates an isolation region 409 in a substrate 401.
There is also a gate structure 450 of a transfer transistor. The gate 450 includes

a first layer of insulating material 453a over the substrate 401, a gate electrode



interface charge. The work-function difference (4)Ms) is defined as the
difference in the work-functions of the gate material. (4'M) and the

WO BUPREHY). The work-function difference is dependent an thBGHRAISHM/020010

of the gate electrode and is weakly dependent on the Fermi. level of the
substrate. [0034] The work-fuunction of the gate electrode is a
%%w%ﬁgnérqyrwéw@gtm% At 1R BaENd theatineiast distyover
uaL es ctron Jequired to & move,an electrop, from
e(Y’rml Pe{:\r/eT§ e mé}ena(? Qf % wcﬁﬂé Hute |or%11 ‘of a%é?e% e%t?o%@m 4532,

M%ﬁmmum@@é enmthepdbreshBld voltage for a transistor. For
example there can be over a one-volt diﬁerence in the work-function

e@gﬁgﬁ heg ectrodes fn+ tpé lCOﬂ nd p+ polysilicon. [0035

g;[ nowt (Efi%\/\}iﬁ &r és(?lé) (éﬁfscg YGRSt py hich

fikesraierensenippecals. & %& ciiRremplary Rixgled todiode
according to a first exem ary em odiment of the present invention. [0036]

42 a Jaapia stesliss daves pfredie aoadnca dEp iRt Rolimhe s gsoalsbl 4 of a

atgy ncl de fII’St
%%er o] éfﬁéﬂ% @rﬁ&%ﬁﬂz@g{g&% t%w%ﬁts%%gt?ate ggd aégrtle lz ecC e ‘s
4B00RO0SI00 2P RIET MAidS R0 QUOZDmEA Iﬁﬁﬁ@&ﬁrdmé.?ﬂrﬁislﬁ%kimg node,
layer 453a, and a second msujatl Iayer over the. gate electrode
W&%éﬁ%ﬁ@maﬂwgﬁ?ﬁ Sl éﬂé%%mwgm 82. 452, and
453D, arc side wail spacers 451. [0037] Adjacent to the gate 450 isa

phidoz®hversionndeine exbiablder exemikasnpwidosesisaRIANeEk transfer
photodiode 421. The %u ned photodiode 421 has a surface layer 405 of a

gﬁF%t“éSﬂ&Béﬁ\ﬁéﬂt%%‘ VKRG R g S BYORU B g CEHMRgMF 1P
cHHRIASRG SURSLALE 400 AlseatidpRat 1A de.gaie.4n%. PNEANAP materials

opposite side to the pifnned photodlode 421,1s a sensing node,".
are those materials having a work-function fallmg between the work-functions of

‘p+ silicon (8i) and n+ Si or, otherwise stated, between the conduction band and
valence band of §i. Mid-gap materials may be comprised of two or more
constituent materials. Examples of such materials include Si, ,Ge,, TiN /W,
Al/TiN, Ti/TiN, and TaSiN which are commonly used in semiconductor
devices. Altering the mole fraction of the constituent material alloys in a mid-

gap material alters the work-function of the mid-gap material.

[0039] The work-function of the mid-gap material, and therefore the
gate electrode 452, is tailored by altering the mole fractions of the constituent
materials, such that the work-function of the gate electrode 452 is higher than
the worl-function of a conventional n+ gate electrode 8 (FIG. 2). At a same
threshold voltage, V,, the dopant concentration in the channel region 455 of the
transfer gate 450 is determined at least in part by the work-function of the gate
electrode 452 and is lower than in a conventional pixel cell 10 (FIGS. 1 and 2),
or may be eliminated.



which, for exemplary purposes, is a floating diffusion. region 404. [0038] In
a first exemplary embodiment of the invention, the transfer gate electrode
VB 2000diki3dfhction is tailored by forming the transfer gate 450 chbfipuisingt/020010
a layer of doped or undoped mid-gap material. Ivlid-gap materials are
those materials lhaving a work-ftumction falling between the

warkeignptions of iptisilicerophand Ade SR Ne Wise-BiaRE, REWR SR ves to

the cond'uctior! band and valence band of Si. Mid-gap materials may be
redusprispatoftisblorritre: sghsmodindndtaisis mBampeooftitvhere the
mat: aSiN which are

trans%}%%tiengyg %r?&%lé%%)l(gg&t\é\go @%E‘e'h‘:' % Igilz\llfca%{édé%%q Droxmity 0an to

commonly used 1n semi o evices. Altering the
isipecsensitvebt iialdisidallaysds ehavisk-rgaginaidTiblalignstiiqrate 450.
work-function of the mid-grap material. [0039] The work-function of die

mig- aterial,.and therefore the gate electr 52, is tailored by
I ol eSO he (MR e T A G i il be
dupspiunsiienidbeaipiglertiodestbis digher tigpathr ar:iyactior flired
a conventional n+ gate electrode 8 (FIB. 2). At a same threshold voltage,

for, amecd shanctonceiparibadrbereioh sterntEichasslegivellir sepidriomtde

450 is determined at least in part.by =qrk- tion, of the gat .
e A e R R Bl AR Fraciop o

beith Performey heefisinatbdr@:yy M 00dd0 ATy dSROOH G0 HE
24004 ] The lower dopant concentration of the channel region serves to
Editice a potential barrier in a p hotodiode/transfer gate. region 430 where

the transfer gate 450 and the pinned photodiode 421 are in close

proRivaity and to FIGhreedbs subnihiseshols legkageddmiactenisticaei4be.
transfer gate 450, [00411 The formation of the pixel cell 400 shown la
Pesesrabliiliche substited i doAdstioh a8 8ssac4diow hryésolation

1‘5@8-&?‘4@ ?J@@{ﬁ%g@%ﬁﬁﬂ the substrate 401 and is filled with a dielectric
material, which may include an oxide, such as 8$iO or SiO,; oxynitride; a nitride,
such as silicon nitride; silicon carbide; a high temperature polymer; or other
suitable material. Preferably, as in this example, the isolation region is a shallow

trench isolation (STI) region 409, formed by known STT processes.

[0043] - As shown in FIG. 5B, a gate 450 of a transfer transistor is
formed over the substrate 401. Preferably, the gate 450 is a multilayer transfer
gate stack comprising a first insulating layer 453a of grown or deposited silicon
oxide on the substrate 401, a gate electrode 452 comprising a mid-gap material,
and a second insulating layer 453b, which may be formed of an oxide (5i0,), a
nitride (silicon nitride), an oxynitride (silicon oxynitride), ON (oxide-nitride),

- NO (nitride-oxide), or ONO (oxide-nitride-oxide). The first and second
insulating layers, 453a and 4.531:), and the gate electrode 452 may be formed by

conventional deposition methods, such as chemical vapor deposition (CVD) or

plasma chemical vapor deposition (PECVD), among others. The layers 453a,
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for any of the actions described herein, except for those logically requiring
he results of prior actions. Accordingly, while the actions below are

W e‘%g?(@gé%)s being performed in a general order, the order is EQJWSI?&W/OZOON

only and may be altered. [0042] FIG. 5A depicts an isolation region 409 in

a substrate 401. Preferably, the substrate 401 is a p-type silicon substrate
4 49, aithd istiatiorpatgiond 09 ferforthsonniiilathe ssutisstate 404 drdiis in
?{iﬂe with a dielectric material, which may include an oxide, such as SiO
Forsio? ; oxynitride; a nitride, such as silicon nitride; silicon carbide; a

high temperature polymer; or other suitable material. Preferably, as in this

eldropie} the isoldtiomidgiep inachdliourienchdsaiatiol(@dd:ré§Ras a

409, formed by known STI processes. [0043] As shown.in FIG. 5B, a gate
Wkl %H%Héﬁ% %ﬁ%‘i’&ﬁ% S‘P&mariwh’é i Hrd 404 1Préfer ta?,mld'
giBS0alei4P0S B EvBliRyeriFAn Ster caalersiaPMEORIPISINg SN, TasiN or

insulating layer 453a of grown or deposited Silicon oxide on. the substrate

am0etheyappeipeiast eusXiebmphisingie ikt gapsmétdriatommidia seonrdrials

insulating layer,453b, which may he formed of .an oxid i0l), a nifride .
e e o e S BN UBEH ), SR
gdpitiide-axideicasQh Eatoeemitiide-thdd)pdhe st @nehs0e0Rda channel

insulatin I%.(ﬁfjrs,éswa and 453b, and the gate electrode 452 may be

Y

IR e <nth wHehEde W rwives dheshalrvegisiee, the

dGERRSHAN (YR iPlesmaansmicalivanay depos) Qfé&"xﬁ@@oﬁ%ﬁﬁ%@
others. The layers 453a, 1.0 WO 2005/004240 PCT/US2001/020010 452,

piandctl 3] peftterredltd)form the multilayer stack structure shown in
FIG. 5P. [0044] The mid-gap material forming the gate electrode 452 has

2t funcrionfaling B Re R MR INATIYR BlPER! AR 52 is o
layer 452 of Si, ,Ge,. The mole fractions of Ge and Si are altered to achieve a
desired work-function. Increasing the Ge mole fraction decreases the work-
function. Preferably, the mole fraction of Ge in the Si; Ge, layer 452 is

approximately 0.4.

[0046] Also, the Si; ,Ge, layer 452 may be doped with p-type or n-type
dopants. N-type dopants may be phosphorus, arsenic, antimony, or any other
appropriate n-type dopant. P-type dopants may be boron, indium, or any other

suitable p-type dopant.

[0047] As is the case with n+ and p+ silicon, p+ 8i,,Ge, has a higher
work-function than n+ §i; ,Ge,. The work-functions of p+ and n+ Si, Ge, are
discussed in King et al., “Electrical Properties of Heavily Doped Polycrystalline
Silicon-Germanium Films,” IEEE Trans. Elect. Dev. Vol. 2(41) pp. 228-232
(Feb. 1994), which is incorporated herein by reference. As discussed b}f King et
al. and noted above, the work-function of p+ and n+ 8i; Ge, decreases as the
mole fraction of Ge increases. The mole fraction of Ge in a p+ Si; ,Ge, layer

452, however, has a greater effect on the work-function difference than in an
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gap material may be, for example Si1_xGe" TIN/W, A{/TiN;'ti/TiN, TaSIN
or any other appropriate material. The mole fractions of the constituent

W 3terAl 24fe selected to achieve a desired work-function. TheRg ¥ S2004/020010
function of the mid- gap material at least in part determines the dopant
concentration in a channel region 455 (FIG. 4) of the gate 450, such that

ataSjyereftispshabbvoltagecthe, doPaRheRNGRIMEAION i eALRILOL ¢

eliminated as comgared with a conventional pixel cell 10 (FIGS 1 and 25,

o0 A5 Sterdrapivi Rervilldigapanarerafoger gateespentdhue WhRlisfancrions
l&}gg{%ﬁ{ §+I—SSG%e: %épglngractlons of Ge and Si are altered to

achieve a desiredWork-fanction. Increasing the Ge mole fraction
decreases the work- function. Preferably, the mole fraction of Ge in the

Si1 Mﬂayer AR rppr oxifidie 51, 4hf0d46hAtsoishe Silnias] layal.
h ed w -type or dop .N-type dopants may be
oruz g&é hic ‘Eagrﬁ) %ﬁy@%m %f%fﬁ'gr dWEHEALPsradded or
wyg@;a@mw@am@n@m@rae dngim a@[sw@éﬁqnaqélﬁ%%@
as a

pa 6&/ 047] As is the case with n+ and p+ silicon, p+ Sil_xG
@*{Q Shatshe tepringmatios pfchc gave wmﬁcﬁﬁhwdhﬂ$mddxmordmg

@kh&%w@fﬁl&iscyéﬁ'%i cglr: g&%h@ﬂie ctrﬁal L%E)ﬁ‘%)rt'}es of glly

Doped Polycrystalline Sili Germanlu

mmt)lp;gazaeiaazo@eetmgﬂé)ﬂwme&omnﬁmm{ﬁgeﬁmr@m%y The'

reference. As discusse Kln t at, and rioted above, the

V%)I’(? uECtion” df% gl ga&@c s 48 Hleofibtetransimamogate

fBsrtnereases Ifiﬂzﬁg@@iﬁ%@@ﬂ%ﬁf GRlibaPEeSitnfac: @Y, gr%é gsten
e thanin

$}gﬁ("gver has a greater effect on the work-function differenc

& 58 sidg,petibdoonaoisnde, ersitmiey kedd52This additonal
JhRIGIIG 1978 SUPSIAGE LLIRIS ﬁra%%t}/?gfr() 98 'metal, such as TiN/W or

W/N,/W, or it could be formed entirely of WN,.

[0049] A channel implant may also be conducted to implant a desired
dopant in a channel region 455 below where the gate 450 is o be formed. Any
suitable known technique may be used to dope channel region 455,
Accordingly, channel region 455 may be doped, for example, before or after the
gate 450 is fully formed. The channel region 455 may be implanted with a p-
type dopant, which may be boron, indium, or any other suitable p-type dopant.

As noted above, however, a channel implant may also be eliminated.

[0050] Referring to FIG. 5C, a sensing node 404 is formed adjacent to
the gate 450 and on an opposite side of the gate 450 from where the photodiode
421 is to be formed. Preferably, the sensing node 404 is a floating diffusion
region 404. The floating diffusion region 404 is formed in the substrate 420 by
known methods as a doped region of second conductivity type, which is

preferably n-type.
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p+ St _xGe, layer 452 will have a wider range of corresponding
work-functions than will an n+ Sil_xGe, layer 452. [00481 Referring to

W EB18434L invention is not limited to the structure of the gat® G5 $904/020010

described above. Additional layers may be added or the gate 450
structure may be altered as is desired and known in the art, provided that

thel ABF-functiorfoP i arnEfEeiPEIaNE i§ Hfpisumed adrisfottheic gate
iRvention,.For e, a.siligide Jayer.- (Aot W e r ae e
e B AL Oy TR Sh I IOEb L o
shitioileliaf@GIrEY b inslusteddimthe datedds@eors i pihot thetinandisids 42.1.

te structures in an image sensor ¢ircuit, and may be titanium silicide,
TR Rba HoH e Be) BolBau LAY SHatedo KA i Srcide.

Abiseditionab consiuetiverlayer Mmay ¥ise £ SHbRFHRHIRYSIFEBARRIYE formed in
metal, such as TiN/W or W/NX/W, or it could be formed. e#itirely of "W..

joosuaiparerahiel iMpstoehinychisphieredinlcregianithibianrdigbsiyedpped n-
dopant.in, a.channel regio 5 below where the.gate, 450 is to he |
R ) T R o Ak e B BB AR pf the gace

460iandHESemA ecohidingiyn dhigaréhiegiascdnhiasy ecgdipe dofabixantiplehoto-
before or after the gate 450 is fully formed. The channel region 455 may
%%1%%%%99&% p- type dopant, which may be boron, indium, or any

other suitable p-type dopant. As noted above, however, a channel implant

mapo@isg joe eliminaleple JORRAIR eiperng) DIAISHRE carRaNEREEFR 40brmed

is foamed adjacent to the grgte 450 and on an opposite side of the gate

asg theadreienelgholsgiserblizths doprdrstiace Rrerctablj: meighly doped
o S e D
46§ionpot&eebhdvoohtiuthivitytgp@fwhiplvisnpreferibiy A fywel 1210 atoms
per cm®, and more specifically is approximately 5 x 10" atoms per cm®. Boron is
the preferred dopant, but other suitable p-type dopants, such as indium, may be
used. Preferably, the p+ surface layer 405 is spaced away from the gate electrode

452 by approximately 800 to 1200 A.

[0053] To complete the structure shown in FIG: 4, sidewall spacers
451 are formed on the sidewalls of the gate 450 by conventional methods. The
sidewall spacers 451 may be an appropriate dielectric material, such as silicon

dioxide, silicon nitride, an oxynitride, ON, NO, ONO, or TEOS, among others.

[0054] Further processing may be employed to form other

conventional features of a pixel cell.

[0055] A second exemplary embodiment of the invention is described
below. The second exemplary embodiment is similar to the first exemplary
embodiment described above in connection with FIGS. 4 through 5C, except for
the material comprising the gate electrode 452. For simplicity, the second

exemplary embodiment is described with reference to FIG. 4 and only the
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WO 2005/004240 I'CT/U52004/020011) [0051] A photo-conversion
device is also formed adjacent to the gate 450 on a side opposite to the
Viflp atiefgjodiffesion region 404. Preferably, as is shown in FIG. 5@ dhars2o0e4/626010
photo-conversion device is a pinned photodiode 421. The pinned
photodiode 421 may be formed by methods known in the art. Accordingly,

. ' ' 0fa.Sec! duclivity type is formed in; th .
O L R RSl i
- odgigrivel 4elT HO Macegiolivdl isapproidalelyplignebisdian-adaesahing to
ate 450, ng f%rms a photosensitive charge accumulating region for
86%@%@“5{% AP e E SRR REHOBE S} o o eair ite, Iayesniobastthe

gﬂé%fé@ﬂ%@gg WS fr e dpyer e RO %ﬁﬂ[gg&?_%g&%dpﬁon

oped surface layer 405 is a highly doped p+ surface laye
@éﬁklze Hopast mmm@mnﬁamymhﬁaﬁﬁdmm@sgwme gate
ithin %\(gi?g%e o&gpepc{oxmately I x 10" to | x 1019 atoms “per cm’, and

i oy A :
Fore specimically is approximately 5 x 10°A atoms per cm'. Boron is the

preferred dopant, but other suitable p-type dopants, such as indium, may
be [WH¥El Preferabbycdivking surface:tayet dmisispacatbaviayiomrthe
i%ate eJectrgéde 4\%%%@roxién tely 800 to 1200 A. [0053] To complete

e AP OS TR SHER g0 $BE Y8qtrgdy erlaied by
slcleullmeldbporte 4 Q:y canvsntignal mstaeds. Tag. sidewallspacersy,
451 may be an appropriate dielectric material, such as silicon dioxide,

garecHasinste, dhdoyhiamsddavend, olyslienm#EIS, among others.

[0054] Further.processing may he employed to form other . conventional
e e i D A £ B
danitdrite ikt 2Xevipary debddinerndesinibef givate ihoomresiien to
éﬁiﬁl}o@x%%téyt "QUARAS bﬁ%%CS ! F;%Q% . Preferably, the p-type dopant is boron,
and the p+ layer 452 is doped using a boron-11 implant, as is known in the art.
A p+ gate electrode 452 has a higher work-function than the convention n+

transfer gate electrode 8 of pixel cell 100 (FIG. 2).

[0058] The work function of the p+ gate electrode 452 at least in part
determines the dopant concentration in a channel region 455 (FIG. 4) of the
gate 450, such that at a given threshold voltage, the dopant concentration is
reduced or eliminated as compared a conventional pixel cell 10 (FIGS. 1 and 2).
The lower dopant concentration in the channel region of the transfer gate 450
serves to reduce a potential barrier in the photodiode /transfer gate region 430

and to improve the sub-threshold leakage characteristics of the transfer gate 450.

[0059] Alternatively, the doped layer of polysilicon 452 may be a lower
doped p-type or n-type polysilicon layer 452. For purposes of this specification,
the term “lower doped” refers to a dopant concentration that is below a
concentration of a heavily doped p+ or n+ region. Accordingly, lower doped

polysilicon has a work-function between that of n+ and p+ polysilicon. Ata
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the material comprising the gate electrode 452. For simplicity, the second
exem Iar embodiment is described with reference to FIG. 4 and only the

J8/004240 PC"T/US2004/020010 differences with rd$pE&t#§04/020010
the gate eIectrode 452 are rioted. Also, the fhrination of a pixel cell 400
according to the second exemplary embodiment is similar to that

gﬁwcﬂw@laﬂdwlmgonm@@ﬁe&%th%@%%ﬁmgh@@@mebsﬂ&mx@m
ate ele 452 |s for of a different m rial, F licit
e”sE(r’ %é%%dos 1B ﬁroCess is ngP ﬁ‘e‘*peaP”E on‘fv% iglﬁc% %y (’}f Qi §1 and
rfespeatiie herbaien clestiofed3dwasiedsped poBaA]HecRINgI0. thed thus the

second exemplary embodiment of the invention, the work-function of the

gindhd} yarkdisetiéor Aembfﬁﬁd?é&ibﬂylmﬂmﬁem@mw@and/or
A i T RN B Ry
cpnb@ﬁMﬁS%&@d@gﬂmeragei;c dahmhpsedaberM&hhawﬁQ)q;dndeﬁe of the

ntratlon eater than or eq I‘OXI ately 1 x.102 atoms
Vg@%ﬁ %g'ifﬂécﬁ thépd o gubstrate on
aleliela i3 Ta) kﬁebn'is mmw&ﬂkthﬂ@eﬁ PevPYHAED-32(3)

electrode 452 has a hlgher work-function than the convention n+ transfer
Pgateldictilotidarof fike) colricboy Mo pyrisod d)cratbiricfarmtisn of the

p+ gate electrode 452 at least in part determines the dopant

copggplption in & ghannaliegion dpe (S 1kaldhe 49ate d?%é&&jge@%m

at a given threshold voltage the dopant concentration is reduced o
p@mmme,%mmamQ@Wn%mmpmmm(ﬁeem dnga2). The

nt conce |on in the neI re transfer gate 450
ﬂre Ve % duce t‘lgj: (} %hﬁar't]% ans%rtgagegreegion

Serves ucea po arfer |

3042 Wei@s@ﬁm@e@&aﬁa@a@wﬁﬁ@ isizsQfdheny other
transfer gate 450.
suitable p-type dopant.

[0061] The lower doped gate electrode 452 may be formed using
conventional techniques. For example, a dopant resulting in poor activation,
such as indium, may be used. Also, a polysilicon layer 452 that is of one
conductivity type may be subsequently counter doped with a dopant of a

- different conductivity type to achieve the desired active dopant concentration.

[0062] The work function of the lower doped gate electrode 452 at
least in part determines the dopant concentration in a channel region 455 (FIG.
4) of the gate 450, such that at a given threshold voltage, the dopant |
concentration is reduced or eliminated as compared with a conventional pixel cell
10 (FIGS. 1 and 2). The reduced dopant concentration in the channel region
455 serves to reduce a potential barrier in the photodiode /transfer gate region
430 and improve charge transfer from the photodiode 421 to the floating
diffusion region 404.
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[0059] Alternatively, the doped layer of polysilicon 452 may be a lower

doped p-type or n-type polysilicon layer 452. For purposes of this
Weéhaiiifiaditt, the term "lower doped" refers to a dopant concemteationziato20016

is below a concentration of a heavily doped p+ or. n+ region. Accordingly,

lower doped polyslicon. has a work-function between that of n+ and p+

POBSIEDN. At @ 1WA ROHRARARGHE 520040200 E0gMSBysilicon
threshold voltage, a gate 450 comprising a lower doped polysilicon gate
leretttbderal 2havivg davderlriinetioh hetrebtivenireridheioPspiosiosiof

n --91. The dvoxlesf ' e. 0 olysilicon layer Ny
e B e e D ok i
stypeaanddeopodiiiaienialbedidpfodence aftwarkdu@lio'hs thiypeess of the

dopant concentrations in g polysilicon gate is discussed by Lifshitz,
d@imé%@%mh’é HsribihATA ﬁwe?&fi%fj@é%%%mlﬁa@%imased

dFeie.and:Silicon, Sybatalr OBy dieIRRRINg Level in the Polysilicon,” IEEE
Trans. Elect. Dev. Vol. ED-32(3) pp. 617-621 (Mar. 1985), which is

incorporated herein %/ reference. [0060] A lower doped n-type gate .
elddi¥d 452 may pedispeal wiempls¥saphedimeatiOlHheimmptnmmy pixel

CEINSHAMBIAPHUGDRE APPA: BIRIBIAN\MGKEE 000 L doped

gate electro IS a p-type gate electrode 452 and a p-type nt is
difect;siycihndsrodremrindiumtionanywthenduitablepdaypentdopdinic[00Gi¢

The lower doped gate electrode 4 y med using conventional
AT P B PR TRan i bods &L SO BAaRe o
pREFUIT; sTpaRertsRohASsr BORIMSHIRNIRYRES 22 Hiatihed aBBve in

conductivity type ma pe subsequently counter doped with a dopant of a
camrrerPROMEDJIIRP tyise- RS asReDe thatdasratiortivandbpastformed

s 4@@!&;&%@9@9@%@1&6 aeitiinstioniel hedower-Apred gale a'ecirede an

also be differently doped under each gate region.

[0065] The gate regions may be formed of different materials, or a
same material that is doped to create regions having different work-functions.
For example, one gate region may be formed of Si; Ge, and another may be
formed of p+ polysilicon; or one gate region may be formed of p+ Si, ,Ge, and
another one gatc electrode may be formed of n+ Si;,Ge,. It should also be
noted that one or more of the gate regions may be formed of n+ polysilicon.
Additionally, the channel region may have different dopant concentrations under

each gate region.

[0066] FIG. 6A depicts a top plan view of a portion of a pixel cell 600
having a gate, which is ﬂiustrativcly a transfer gate 650, that comprises two gate
regions 650a and 650b \Nith differently tailored work-functions. FIG. 6B depicts

-a cross sectional view of the pixel cell 600 along line 6B-6B’. In the example of
FIGS. 6A and 6B, transfer gate region 650b has a higher work-function than
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least in part determines the dopant concentration in a channel region 455
FIG. 4) of die gate 450, such that at a given threshold voltage, the
“&%ﬁ%’ﬁf‘ tWAtentration is reduced or eliminated as compared willf &/US2004/020010
conventional pixel cell 10 (FIGS. 1 and 2). The reduced dopant
concentration in the channel region_ 455 serves to reduce a potential

BafrseiPthe Y HotbafosetEswEmdt Gats ey ndstldnysadrshet g ge
nsfey, frorn the photodiode 421 to the floating diffusion region 404. 15

WO 2005/004240 PCT/US2004/020010 [0063] Lowering the active
dopant concentration in the polysilicon layer 452 will also lead to depletion

of tHeOsalYsilicon FefergptOEHletion of eHaassfpsigetn Gafels A82vomuussphoto-
near an, interface wjth die axide layer,453a,which..separates the .
R N B SRR e node, which

islehteiansdtienniusitheithickpess 6lthe Dkide laydsAb8ayirlgban which are
increased 4i_thickness in the total effective oxide layer. [0064] In

shabralexdripry efthommeREs Brasidrivennbatedindg el wayieatios
a@@s%ﬁt@é%aheéb@tiﬂa@%aiwq&a@%geg&m@sm&fgﬂ%so.  The

tailored work-fitnetions. Two such exemplary embodiments are describe

PelowgivooiisciohwitreFIeS: SrmBiiclataisatlycagtyhaving whisluy aitghe

of gate regi be erally formed as described ahove in )
e el e e haRToR 1) Bshosvings
dithatately g0 &t [agidrhAdeilienally cibe 0ess slEE 8 ¢ BIChagB g

region can also be differently do.ped under ea_ch gate region. [0065]. The
R i S PR e
SR8 gtanegiencmeY hadumedeniihil SCRXaRhABONCIBANRG ve regions,
652a and 652b are over the gate oxide layer 653a. Conductive region 652a has
a lower work-function than region 652b. Accordingly, region 652a may be
formed of a different material than region 652b. Also, regions 652a and 652b
may be a same material with different doping characteristics to achieve different
work-functions. For purposes of this épcciﬁcation, the term “doping
characteristics” refers to the dopant used, conductivity type, and dopant
concentration. Any one of, or any combination of, doping characteristics may be
used to achieve different work-functions. Conductive region 652a may be an n+
polysilicon gate electrode, and region 652b may have a work-function greater
than that of n+ polysilicon. Also, both regions 652a and 652b may have work-
functions greater than that of n+ polysilicon. There is lso an insulating layer
653b over the regions 652a and 652b.

[0069] Channel regions 655a and 655b are below and correspond to
the gate regions 650a and 6500, respectively. Channel regions 655a and 655b

may have same or different dopant concentrations. For example, if a same
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formed of p+ polysilicon; or one gate region may be formed of p+
Si,_zGex and another one gate electrode may be formed of n+ Sit. Gex. It
Vp e Héetbe noted that one or more of the gate regions may betioNzed/020010
of n+ polysilicon. Additionally, the channel region may have different
dopant concentrations under each gate region. [0066] FIG. 6A depicts a

J0RPIBMY vigw ol R PRIV obamixe!Lrl 90-ha¥ing.AaatesWBICis el tegion

ustratively a transfer gate 650, that compriSes two gate regions 650a and.
G wvith Iddiffe relutly dadonedworkdenictions. thi®. GBukegictsiacidss:.
sectional view of the pixel cell 600 along line 6F-6B'. In the example of

Fl and 6E, transfer ga ion, 6 s a higher unction

thi&fé@/o 20000345 gt%ﬁg'z%%f%%)gg%c?%&%%é%%%%%%’f%ﬁ?ﬁ
199iEene §i0n 650andhaydnsteaschiavarhighedwerkedUDCliGlA6) | gate region

Referring to FIG. 6A, the transfer gate 650 is between a phgto- conversion

Gllceipisbersmswn A SPRABdigTerdD¢ 25HC A6ar¥imdisaachMeh is

shemasolgaiusian legan 66 Ihese e alalinuiRginns., which

are shown‘as STl regions 609, on opposing; sides of photodiode 621
and. floating diffusion region 604 and partially underlying portions of

trah@ffigate 6500 Irndifferensgionk-Goacdensedibaratcirame siopant
e . bich ] I
e A e T ] B R A B 6500 an

&einnelydgiens G bban 68bh(FiGd GR)iHNiA6 8hA srshafwngncE Kad6B, dperation
gz{%ggg has a gate oxide layer 653a over the substrate 601 and

B the STI regions 609. Conductive regions, 652a and 652b are

over the gate oxide layer 653a. Conductive region 652a has a lower

wofkdguadtion thariegivn depiies Acopriaghicregitn poReomay heiteraar 00
of a different material than region 652b. Also, regions 652a and 652b
having a gate, which 1s iHlustrafively a transfer gate™/50, comprising three gate
regions: 750a, 750b, and 750c. FIG. 7B depicts a cross sectional view of the
pixel cell 700 along line 7B-7B’. The transfer gate regions 750b and 750¢ have

higher work-functions than gate region 750b.

[0073] Referring to FIG. 7A, transfer gate 750 is between a photo-
conversion device, which is illustrated as photodiode 721, and a sensing node,
which is shown as floating diffusion region 704. There are isolation regions,
which are illustratively STI regions 709, on opposing sides of photodiode 721
and floating diffusion region 704 and partially underlying portions of transfer
gate 750. The STI regions 709 define between them an electrically active area,
which, in the example of FIGS. 7A-7B, includes the photodiode 721, the
floating diffusion region 704, and the channel regions 755a, 755b, 755¢ (FIG.
7B).

[0074] As shown in FIG. 7B, the gate 750 has a gate oxide layer 753a
over a substrate 701 and between the STI regions 709. Conductive regions,

752a, 752b, and 752¢ are over the gate oxide layer 753a. Conductive region
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may be a same material with different doping characteristics to achieve

different work-functions. For purposes of this specification, the term
WSBIRG " ehracteristics” refers to the dopant used, conductivityPyBe A/ 020010
dopant concentration. Any one of, or any combination of, doping
characteristics may be used to achieve different work-functions.
7 CpntuctivievegiomAS Ranntaynbeh an regimodySiito nighteSdlectiure] anie
region 652b may have a work-fiuiction greater than that of n+ polysilicon,
FORS 00 PG 65 2% 5N a@%éwavg NP E?Bﬂ%%%te&tﬁ%' gy,

35 RAly slicainI HEFF s lse AN dnsid 2tng BRI ABLHRS may b
aggg%gir{s 52% and 652b. [0069] Channel reg?gr?s é%MSSia%and 655b are bgllgs\f/v ©

usertl teorrbdponthtod taaghteodgfonstéatefanthesew onspeetvély2b, and
annel, regians 655a a 55b may-have same or different dopant .

7 AN T O PR o S TS BB s or SR Regions

7BAVMSZ004{0280 Havihweshold valingedscdasinta dabhotl gate sbgidiasn.

650a and 650b, channel region 655b may have a. lower dopant

Alshdsataitiofan’ ShEnART réaisBBE AR AU HIRNG Feasstin that
offd %%1;@%80&99 1o §208 fXiepihheyang ﬁ?é&ﬁ@s@%@i’%ﬁé'}%égﬁs‘é%sza,

area by-a distance Da. Similarly, gate region” 650b extends beyo
7608 andi&2dhe active area by a-distance Db. Distances D" and Db may
be equal to or different from one another. [0071] The different

waqrkstunctions, different ch I ncentrati r differant |
R B A e Y e
reposhi &t60an @ Bptimind dietransisragatdyantitsoperatoom &5 Sesised. higher
[0072] FIG. 7A depicts a top plan view of rtion pixel cell 700 |
AR AR A R RS 6 PR o T o SR T
79816 aIROIES: AL LRODAOS 30 EHE dbBsieRISIR eneragsmectional

view of the
[0076] Gate regions 750b and 750c overlie the arcas where
photodiode 721 meets STT region 709. The area where the photodiode 721 and
STT region 709 meet is typically a high leakage region due to STI stress related
issues. Providing gate regions 750b and 750c¢ having higher work-functions and
reducing the dopant concentration in the channel regions 755b and 755¢ may

control the sub-threshold lcakage for the transfer transistor.

[0077] Although additional embodiments in FIGS. 6A-7B show a
transfer gate device having two or three gate regions having specific
configurations, the invention is not limited to specific numbers or configurations.
Accordingly, a gate may also have more than three gate regions and the gate

regionss may have other configurations.

[0078] In any of the embodiments described above, a gate may be part
of a PMOS transistor, rather than an NMOS transistor described in connection
with FIGS. 4-7B above. If the gate is part of a PMOS transistor, the photodiode
would be an npn-type photodiode instead of a pnp-type photodiode as described
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pixel cell 700 along line 7B-7B'. The transfer gate regions 750b and 750c

have higher work-functions than gate region 750b. [0073] Referring to
WOQBAMpdhsfer gate 750 is between a photo- conversion devie€vilsizho4/020010

is illustrated as photodiode 721, and a sensing node, which is shown as

floating diffusion. region 704. There are isolation regions, which are

ustsatveon L Hgoiatss! 497 8N, ppposing sides gl Ahqloficds, £21- and
floating difszion region 704 and partially under%%g por?%fgﬁ) Frggs g}cr
gtitecT®es TrheuBTthegionsc¢08ddefiye between them an electrically active

area, which, in th example of FIGS. 7A-7B, includes the photodiode 721,

the ing diffusign kegion 704, and the.channel.regions 755a, 755b,

755@(@ gﬂ? 713)?@?5“?2] %%R%‘J\?ncfﬁlﬁ?g‘.“ﬁ}% %fagt%g ?éﬁaﬂé%‘ég@é‘?emh@f
axideidayegaiada Operch sibsiasediol @ndhbeiwverndhenay egionsd Wnilarly
Conductive regions, 752a, 752b, and. 752c are over the gate oxide layer
a3l SO TG ORI WO ZOTEROARIS oL b S081 057520

has a lower work-function than regions 752b and 752c. Conductive

regippss032b and Feredpas 1. SRk HIERICHLWORG INCRRR cell 800 is

Accordingly, any appropriate combination of materials and/or'doping

grRiced asresding thear suemplasyievd adintesired thorkviumiztion Ltor phee! cell
' and _752¢, C £ ion, 752 b d qf
o R A AR P RSB i oxe

(reaed thatesheibetinbpalyisilianmcAlise tEEIONST52a, 7TBREARAIZS 20 ransfer
maﬁ haveﬁ\%?ﬁr -functions greater than that, of n+ polysilicon. There is also

KoMt 35 TG HBELO 5oLy Poskofbmrsys
bR eBIsNSIA R EeRBnARELT 28600 epoNd to the gate

[0081] The pixel cell 800 also comprises a source follower transistor
870, a reset transistor 860, and a row select transistor 880. Each of the
transistors 860, 870, and 880 comprise at least one gate region. At least one of
the reset 860 and source follower 870 transistors may have a gate formed as
described above in connection with FIGS. 4-7B. The transfer 850, reset 8640,
and source follower 870 gates may be formed having identically tailored worlk-
functions; or one or more of the transfer 850, reset 860, and source follower 870
gate regions may be formed having a work-function tailored differently from the

others.

[0082] The work-functions of the reset 860 and source follower 870
gates may determine in part a dopant concentration in a channel region of the
resct 860 and source follower 870 transistors, respectively. Alternatively, a
dopant concentration in a channel region of the reset 860 and source follower
870 transistors may be a conventional dopant concentration, and the work-
functions of the reset 860 and source follower 870 gates may determine a desired

threshold voltage for the reset 800 and source follower 870 transistors.

20



regions 750a, 750b, and 750c, respectively. Channel region 755a has a
higher dopant concentration than channel regions 755b and 755c.
VERANREP? ‘alons 755b and 755¢ may have same or different d8pdnYS2004/620010
concentrations. [0076] Gate regions 750b and 750c overlie the areas
where photodiode 721 meets STI region 709. The area where the

photfiadq 721 ang oW seaeAbmasidsMRicab-a BdRiCakAIE: both n-

region due to STI stress related issues. Providing gate regions 750b an

7308 MaliRg g HEr workerd pitish&andingduping thelldshamntanfoepatRin and

i i . 155 contrgl the sub-threshold , .
R e I R S icon
embwdinentbich S mksls fowtaateansfe rgats deMieanbayiRaRN G A pe

three(?a e regions %avin specific configurations, the invention is not’
[ ?5(98 ilomaio s or configurations. Accordingly, a gate may

also have more than three gate regions and the gate regions may have

othdiveadfigurationdjoRipSl e ameafitie smbedimenis s5HREI AR four-

a gate may be part of a PMOS transistor, rather than an NMOS transistor
JEnssen ih toRRed tsH Withinvasion -mpp albe e indosnyanedd pan oflacr
@Y@R%tfﬁﬂai%@m@&@m inde;. npn-type photodi )
instead of a pnp-type phot%%gg?éﬂi&gé%&?ﬁ%%c%?ﬁ%ﬁ%’dﬁ%oﬁ'@(’m being
Emitiagoeudo20tsizinmenedtidn avifiréd GSndistBral3aves gy hBve-transistor

uctivity types aof other structures would change accordingly. [0079]
&%?ﬂecﬁwé e%%og\*fiee SISSRIR éﬁi?stf:ﬁg&%§snﬁ"fféﬁ‘f§’fé rbégtg?%’tﬁéf’et?a@%%?amismr

gdjaciint acpixpheeddiecrdingGD dhie dﬁﬂ@fy'ﬂﬁrﬂ‘%@m&e@@ﬂ@ 3iel8n of a
thp tr,ans]‘er gate as described above in connection with FIGS. 4-7B.
[UROT LN R &5 BIeh e SEmsiiaticsiagrfOst phitegeelitBoBimor.

depicted according to an exemplary embodiment of the invention. The

Pixgloesb | Depending on the design of a pixel cell, a transfer gate may not

be adjacent to a photo-conversion device. In such as case, embodiments of the
invention described herein with respect to a transfer transistor may instead be
applicable to a different transistor. Without being limiting, such a transistor may

be, for example, a reset transistor.

[0086] FIG. 9is a block diagram of an exemplary CMOS image sensor
999 according to an embodiment of the invention. The imaging device has a
pixel array 990 containing a plurality of pixel cells arranged in rows and columns.
One or more of the pixel ceﬂ§ in the array 990 is a pixel cell 800 as described

above in connection with FIG. §.

[0087] The image sensor 999 operates as is known in the art.
Accordingly, the pixels of each row in array‘990 are all turned on at the same
time by a row select line, and the pixels of each column are selectively output by
respective column select lines. The row lines are selectively activated by a row
driver 991 in response to row address decoder 992. The column select lines are

selectively activated by a column driver 965 in response to column address
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800 has a floating diffusion node 804 and a pinned photodiode 821, which
are formed as described above in connection with FIG. 5C. There is also
Wa fenidgies24pansistor 850 having a gate formed according to on&OT#ie2004/020010
embodiments described above in connection with FIGS. 4-7B. [0081] The
pixel cell 800 also comprises a source follower transistor 870, a reset

FansiRioo 860, ARd gravi selest Saneirignitt Eaoief 4ha é&?fﬂ?&tef@%t 995,

860, 870, and 880 comprise at least one gate region, At least one of

vduchgemeandssoltusfolionde8 AP afsisidrs mbytrayels garedpred asy and

described abgve in connection with FIGS. 4-7B. The transfer 850, reset |
T R HBPaLA8 il el oS AT e ity picaly
indloked wsirle] funetionsi0TVNG ennors RfithadransienBsO, feset 8601 Bpd
source follower 870 gateg/e}%i}ons may be formed having a work-fiuaction

s ParrerRigirrg (R ToHS. Tt cheit theubions Gfivee 965et A
' 20, tarmine | 5
e oo oy e e SRR PALTECPERME) 962 for
@irh pandistbish respepliviely aAtadipitively, &y dogdaptcoatiogniratandia (ADC)
nnel region of the reset 860 and soyrce follower 870 transistors ma
B B R S ATIERIE AT R CHORS] il o

18561 BR0BEsew o olwer Bi9alesdnayidetesmine a desired
threshold voltage for the reset 800 and source follower 870 transistors. 20

WQ 2006/004240.i'6 1 /U52004/020010 [00831 In any of the .
err%@%ﬁ nts de%@ﬂ%%ﬁw%ﬁ%@ﬁo‘ﬁﬂﬁsfyﬁ&%h@ RS dareyihea

desingdifanaesingle pixel celltoe fransies 9@&@&9@@&%@&@?&mmes ofa

formed as part of the pixel cell may be formed by a dual p ilicon,
Progssednpitricicsépatalie haskdgeeistare used to form the n-type and
p-tyre gates as known in the art.

[0089] A typical processor-based system 1010, which includes the
CMOS image sensor device 999 above, is illustrated generally in FIG. 10. A
processor-based system 1010 is exemplary of a system having digital circuits that
could include CMOS 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 syster.

{0090] A processor-based system, for example a computer system,
generally comprises a central processing unit (CPU) 1044, such as a
microprocessor, that communicates with an input/output (I/0) device 1046
over a bus 1052, The CMOS image sensor 999, which produces an image
output from a pixel array, also communicates with the CPU 1044 over bus 1052.
The processor-based system 1010 also includes random access memory (RAM)
1048, and may include peripheral devices, such as a floppy disk drive 1054 and a

compact disk (CD) ROM drive 1056, which also communicate with CPU 1044
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[0084] Although the invention is described in connection with a four-
transistor (4T) pixel cell, die invention may also be incorporated into other
“”ﬂ)‘“ 4%cell designs having different numbers of transistor?OVitHa0e4/020010
being limiting, such a design may include a three-transistor (3T) cell or a
five .:transistor (5T) cell. A 3T cell omits the transfer transistor, but may

bawe tedsaet 1HEISDca0jmobt iaaphoedions Mol diflsreiomdthe

4T cell by the addition of a transistor, such as a shutter transistor or a

BINEsS photbdnte #ransidicligiobspnuEnanispsrotheissigivotsaqixeith or
salnadransiregARMAY BA': e AlAGRRLIR 4 PIIG-cnersion deyice, I
such as case, embodi%ents of t inve%%ioﬁadelgg‘rs%eo ﬁgrgi@%ﬁﬁent chup than
thspuoicrssatransfer transistor may instead be applicable to a different
transistor. Without being limiting, such a transistor may be, for example, a

res istor. [ FIG..9 is a.block diagram of an exemplayry. CMOS

ima?gbegséeTrTsor 99 actlior mlénfgn%ogr%ﬁ%éﬁ%% CBW%&'%%%E&%%@MCC“OQ

simbginefaesicenhiasdinpinel Raw Q90 ¢entining shplulality @mglﬁﬁi@stood
rra?ged in rows and columns, One or more of the pixel cells in the array

& I Bowadinutedisedharbivdarcdgrnbedbmonts FRatig:r, the
{Rea7EJhempossensen I3 ARGIARR 55 KNAIRIDMEA i
Accordingly, the pixels of each row in array§990 are aﬁ)l turne%l A ‘i%auons’
@amet}tmq@wraﬂwgf@mm@mm pixeisictefizh doleniiveaebut which are
5 ivel tput by, respective column select lines, The row lines are
s(g ectﬁ/% érg%[ivma é(}(%%/s 1r%‘\%/v rivergor; ﬁb?égﬁ%gg% row address
decoder 992. The column select. lines are selectively activated by a
column driver 965 in response to column address 21 WO 2005/004240
1'x'r/1152004/020010 decoder 971. The pixel array is operated. by the
timing and control circuit 995, which controls address decoders 992, 971
for selecting the appropriate row and
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column lines for pixel signal readout. The pixel column signals, which
typically include a pixel reset signal (V"t) and a pixel. image signal (Vi5),
are read by a sample and hold circuit (S/If) 961. associated with the LLOYD WISE
column driver 965. A differential signal (VV, -- V,,) is produced by
differential amplifier (AMP) 962 for each pixel which is amplified and
digitized by analog to digital converter (ADC) 975. The analog to digital
converter 975 supplies the digitized ket E¥hals to an image processor
985 which forms a digital image. [0088] Although the invention is
described in cSiffEtion with a CMOS image sensor, the invention is also
applicable to apalogous structures of a charge coupled device (CCD)
image sehsor. §5§)9§W8}}?r&’6“ééssor-based system 1010, which
includes the CMOS image sensor device 999 above, is illustrated
generally iff E&&tf)i((?n,&e f88§§§/6??based system 3.01.0 is exemplary of a.
system havin&dj ital %irg:uit that could include CMOS image sensor
devices. Withou I%%e?r?g ?ﬁﬁﬁﬁwg, such a system could include a computer

system, camera system, scanner, maching vision, vehicle navigation, . i

video phon%&?ﬁé%ﬁésn%re%%g% H%,g%h%%&?s%&ﬁ?%%@%&&@n%@m@ said
otion detectio stem, image stabilization system, and data

R B o SO A £ PSR b g et and o

%%%Lelﬁ% gl%%t%%e lgsearggraalég gomprises a centrgl processing unit (CPUL)
, SUCh as a microprocessor, &t communicates with an input/output

(I/0O) device 104636%%‘3 %usf%%S . TtheIC%/I S im[a . sensor 999, which
produces an imagde OUtPUL oM a Pixel array. alss RLiad Ritherie
CPU 1044 oyer bus 1.052 él'poesg‘@cessor-ba ed system 1010 also

includes rand%nrxeésclggsse}/ﬁcemory S,&R/f'}n%lﬁ “and may include

peripheral deviceg @uca asa tfrlogéjge?rifkd‘flr%e é_l%? anﬂ{?l .cor}oact glliesé(tr

(CD) ROM drive T056° which af30 communESt iR EPHeLf s ode
regions, each gate electrode region extending from said photo-conversion
device to said sensing node, wherein at least one said gate electrode region
has a work-function greater than a work-function of n+ Si, and another
said gate electrode region has a different work-function from that of said at
least one gate electrode region, and

saild channel region comprising respective portions below each gate
electrode region, wherein a doping concentration of at least one portion of
said channel region is determined in part by the work-function of the
respective gate electrode region.
2. The pixel cell of claim 1, wherein the first transistor is a transfer
transistor for transferring photo-generated charge from the photo-conversion device to a

floating diffusion region.
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WO 2005/004240 PCB'/US2004/0200199 over the bus 1052. The CMOS

image sensor 999 may be combined with. a processor, such. as a CPU, LLOYD WISE

digital signal processor, or microprocessor, with or Withgut memory
storage on a single integrated circuit or on a different chip _than the_
processor. [0091] While the invention has been described in detail in

connection wi referred embodiments known. at the time, it should be
readily uﬁ%ers&%%ﬁ%ﬁ%ééﬁ%@h@oh RSB Al o omfetdis glsssig de region

e olt,jlisrgearl]tsi ather,a %heainvention can be modified to incorporate any
C S.a M1d-9ap m. 1ial.. . . .
number of variations, altefations, substitutions or equivalent

arrangenlpntSﬂ(])t hg{rqtgfﬂre d?scri?ed but. which are commensurate

with the spirit and Sops of the UL ALBHESAY e PpislvaR patsyial iigelected from

ims: 1 ixel cell comprising. hoto-conyersion device 5 a sensing
%% g} gélr]\j o fnf#gttnﬂ%(r%s’igﬂ' fo reé’ggl%?\éﬁ)ﬁ 5@& &goilﬁﬁg’ﬁl’?gtg?édﬁversion
device tosaidsensing nqde, said fifst transistor comprising a gate .
eﬁe\gfrideshavi%%ap Ilé(ngfﬁqg%%&ghghvﬁ/ Fregi eﬁ’ﬁ’g]ég?’é’amaéﬁfélé%%‘ﬁm@@& and

; : ing id phato- 10
Saienat Alae g Pl e RS e RS Gking divided

conversion device to said sensing ho

e o R L S S e eletirode region i

extending from said photo-conversioh device to said s ;

e shiegel e SAULARIE AREIANRgIon has & work-function
greater than a work-function of n,- Si, an other

7. The pixel cell of claim 1, wherein at least one gate electrode region
comprises a degenerately doped p+ polysilicon layer.

8. The pixel cell of claim 1, wherein at least one gate electrode region
comprises a layer of lower doped polysilicon of a first or second conductivity type.

9. The pixel cell of claim 8, wherein at least one gate electrode region has a
dopant profile allowing for at least partial depletion of the at least one gate electrode
region.

10.  The pixel cell of claim 8, wherein the dopant is indium.
11.  The pixel cell of claim 1, wherein there is approximately no active
dopant in at least one portion of the channel region.
12. The pixel cell of claim 1, further comprising:
a second transistor formed adjacent said sensing node, wherein the second
transistor comprises a gate electrode, the gate electrode comprising at least oné gate
electrode region having a work-function greater than a work-function of n+ Si.

13. The pixel cell of claim 12, wherein at least one second transistor gate

electrode region is formed of a same material as the at least one gate electrode region.
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15 said gate electrode region has a different work-function fro_m that of
said at least one gate electrode region, and said channel region .
comprising respective portions below each gate electrode reglon,lwhgreln
a doping concentration of at least one portion of said channel region is
determined in part by the work-function of the 2_0 respec_tive gate electrode
region. 2. The pixel cell of claim I, wherein the first transistor is a transfer
transistc?lr or trﬁh%@ﬁ%ﬁ%ﬁﬁl@%érﬁhﬁ@ﬁé@@fr@ﬁﬂﬁée said gate el_ectrode
photo-conversion device to a floating diffusion region. 24 LL 3. The pixel
CEHSF LT e R dedeeiona Hhbeclethsaebegion elssiprissiaion is
mid-gap material. 4. The pixel cell of claim 3, wherein the mid-ga _
r%*‘za%%%?aﬁ?é%%r‘%é&%@effsgaowﬁFB& CHHEING oo RriReeRsT A FegqiRhannel
TiI/TIN, and TaSIiN..5 5. The pixel cell of claim 3, wherein the mid-gap

Qe il JYSh e Wf%{lgl RS IS G S SRR Sin. xGex

is approximately 0.4. 6. The pixel cell of'claim 5, wherein the at least one
gatg Il()aleic(%rr'rcl)d(:%r)féeg éﬁ%sc%ﬁ)ﬁgg?%% ﬁﬁrﬁ%teﬁﬁé@&%f‘%ﬁ%ﬁfﬁ?@ﬁd gate
type. 7, The pixel cell of claim 1, wherein at least one gate electrode

rég%%r? d%ec,%(r)ﬁlsr%gesngs SGLABATANS 455 6+dsg(§‘f§}§‘i’ﬁ(‘,jdﬁar8§fér. 8. The

ixel f clajgn 1. wherein at least one gate elecfrode region comprises
2 ayer o owel BoHSH S8 SOt & RLE o1 UL HE CBMGLRI A & vode
' Il, of. claim 8, wherein at least one gate electrode region has a
o TG B e e dt et ond e thon

%ﬁ&[@‘%&gnrgg@psg_o. The pixel cell of claim 8, wherein the dopant is
indium. ’

LLOYD wisE

17. The pixel cell of claim 14, wherein the first and second gate electrode
regions comprise a same material having different doping characteristics.

18. The pixel cell of claim 1, wherein the at least one said gate electrode
region is a first gate electrode region and the another said gate electrode region is a
second gate electrode region and the first transistor comprises a third gate electrode
region extending from said photo-conversion device to said sensing node and first,
second, and third channel portions under the first, second, and third gate electrode
regions, respectively.

19. The pixel cell of claim 18, wherein the first gate electrode region is
between the second and third gate electrode regions, and wherein the second and third
gate electrode regions are each over a respective area where an isolation region and an
active region meet, and wherein at least one of the second and third gate electrode
regions has a work-function greater than a work-function of n-+ Si.

20.  The pixel cell of claim 19, wherein the second and third gate electrode

regions have a same work-function.
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11. The pixel cell of claim 1, wherein there is approximately no active
dopant in at least one portion of the channel region. 12. The pixel cell of
claim 1, further comprising: 20 a second transistor formed adjacent said
sensing node, wherein the second transistor comprises a gate electrode,
the gate electrode comprising at least one gate electrode region having a
work-fimction greater than a work-function of n+ Si. 13. The pixel cell of
claim 122 lvherdhf Ri¥eheelbpE daiverd iy ateriole condmationdsat least
formeg gf a same material as the at least one gate electrode region. 25
L1199 Pq acernd prceituilideanshpartippeiens raninad asiewtisaiarghehe work-
eﬁectrode ?etgion is a first gate electrode region and the another said gate

e

elESH SHI GO TR Y &ucdiB e £2%ieR region and the first transistor

comprises first. and second channel portions under the first and second
gate eleg?rbdetl%a 1O, ?Sﬂﬁ)ilc%n 1@ Yéein thi dirsletgst elegtrodg region is

herei ch of the first and second gate electrode regions extends over
TR i Bl e s e e e Skt pRgions.
wherein the first and second gate electrode regions have different
work-fu r%c?tionsﬁé%alx SFSR fg‘i& rk‘f‘fhﬁéﬁbﬁl%f&?éa‘{%ﬁ'%rﬁ’éd third gate
work-function of n+ Si. 10 17. The pixel cell of claim 14, wherein the first

d second-gate electrad Ol’%%F@H%edﬁ?ﬁ?ﬂ%@%@?ﬁﬁéﬂ%’&ﬂé‘f%ﬂﬂiﬁ%iﬁ]@ammﬂm%~
differentgoping char ctlﬁristics..18. The pixel cell of claim 1, wherein the
at least one saidpga?ecg eg%lgéls}lé%ion is a first gate electrode region and
the another s iq(g_%g% electrode r.egion IS 2 sec ate electrode region

i it

d
5 Version devic fﬁ,?&‘ér S gth‘ grfgefé@%n

and the first fransistor COMprises
extending gg{ynggildlppgtoé %r\\]v?rsiog ge ice (%oﬁaaid sensigg nods and
first, second, ahd third Chanhel portionsUntist BHEFFLE 1Ro RGO Fgsion

%@WC@!%&Q?&SSI@?QA%Q%}{I‘GIS n%ce{“ég‘ég'electrode overlying a channel region, the gate

LLOYD WISE

electrode having a length extending from a source/drain region to the photo-conversion
device and the gate electrode comprising at least two gate electrode regions, each gate
electrode region extending the length of the gate electrode and having a substantially
uniform dopant type and concentration, wherein at least one of the gate electrode
regions has a work-function greater than a work-function of n+ Si, the channel region
comprising respective portions below each gate electrode region.

25. The pixel cell of claim 24, wherein each gate electrode region extends

over an active area by a different distance.
26.  Anpixel cell comprising:
a photo-conversion device at a surface of a substrate; and
a transistor formed over a substrate and adjacent to the photo-conversion
device, the transistor comprising a gate electrode overlying a channel region and having

a length extending from a source/drain region to the photo-conversion device, the gate
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19. The pixel cell of claim 18, wherein the first gate electrode region is
between the second and third gate electrode regions, and wherein the LLOYD WISE
second and third 20 gate electrode regions are each over a respective
area where an isolation region and an active region meet, and wherein at
least one of the second and third gate electrode regions has a
work-function greater than a work-function of n+ Si. 20. The pixel cell of
FHRT9¢e GrapEing distotsanthanfireigsalerestouie regjionsihdeach gate
same work-function. 26 LL )YD WISE 21. The pixel cell of claim 19,
RAET B BE et At bp bihte saiconectptfe sbetia tadithirghte
cl]gnn%)ortions is determined at least in part by the work- function of the
rESHBRINVE G08 bbbt f8§itit0n9 apfdhisiceréen st Ensdpragonmendimvherein the
the first gate el ctrodti regign is 5 formed of a different material than the
SSESH AU 8 SIS R eRRGHE O3 A Bhveheereplongezion and
wherein the first, seconar,r nd third gate electrode regions are formed of a

R LR ST P BT B LB R BESOng 4l e clectrode

com ris ng: aﬁph to-conversion device at a syrface of a substrate; and 10
a%%annssisl,}%r orronre%P BUAOR SRR BASS '%gﬁf‘fﬁltﬂéﬁhgtot-%ﬁ%?%%ﬁegmn

device, the transistor comprising a gate electrode overlying a channel

region ?Stlﬁlg é{zra\stté SEfet rb%%gﬁlg\%ﬁaoﬁ 8ﬂb%‘?€i8§?‘[§ﬁﬁli‘r%a¥?cﬁ]ﬁ‘§r§éﬁ &&/8Fain
re ioegttoetlhe photo-conversion device and the gate electrode comprising
at Bast“{wg'gate electrode regions, each gate electrode region extending

the length of t ate electrode and having a substantially 15 uniform
dopant t%%e a%% H%:egﬁ rait?cfr@%ﬁezr%iﬁv g%%lgél%ﬁ%"f}flﬂ\@&é@gI%@ﬁ@éﬁ?mde

regionshas a Work-funﬁtipn greater than a work-function of n+ Si, the
% dve. a same work-function. .. .
hannel region comprising respéctive portions below each gate electrode

region. 23. The,pixel cell aof claim 24 wherein each gate electrode region
e?(?en ds%é' %193 plxgle ceﬂ (S:fl ciaurn 6, W erepn a (fopglg concentration of at least one

of the second and third channel portions is determined at least in part by the work-
function of the respective gate electrode region.
29.  Animage sensor, comprising:
an array of pixel cells, wherein each pixel cell comprises:
a photo-conversion device,
a floating diffusion region, and
a transistor for gating charge from said photo-conversion device to said
floating diffusion region, said transistor comprising a gate electrode having a length and
a channel region under said gate electrode,
said length of said gate electrode extending from said photo-
conversion device to said floating diffusion region,
said gate electrode being divided into a plurality of gate electrode

regions, each gate electrode region extending from said photo-conversion
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over an active area by a different distance. 20 26. A pixel cell comprising:

a photo-conversion device at a surface of a substrate; and a transistor

formed over a substrate and adjacent to the photo-conversion device, the  LLOYD WISE
transistor comprising a gate electrode overlying a channel region and

having a length extending from a source/drain region to the

photo-conve&sion device &ge gate 27 LLOYD t ISF, electrode comprising

first, second, Sﬁ’cﬁﬁﬁ&adg B IHES Sra AmardsEsi At dcattenpaed gate

region extendjn the length of the gate electrode, wherein the first gate .
electrode regelc?r(’?[fé) (ﬁee 5\58?5 S AWOSHEHAHOR P et M8 raaEkrBgieen of n+ Si,
and wherein the second and third gate electrode regions are over an area
where an isofation ?%g%ﬁaﬁin%aéeﬁ %Eﬂ%r%?méeﬁlgﬁ’@%%@ﬁﬁ%cmn from
least one of mgtso con ??d tthird g%te electrode regions has a

work-function greater AN h IR FRHE O R 19€iOth@hannel region
comprising first, sgc‘iar%%, anci third portions below each gate electrode

region, respectivély. 27 1He SRSl P BT oW snerdnrtin shelgnpeach gate
and third gat%IeeCIgct é)(r:iee 1%19 e égns h%ve.a same work-function. 28. The |
pixel cell of claim 26, WHerain & doping CoReSRISHEFEPROkYEBT @ngportion of

the second %Qgita#{ annel portions is determined at least in part by the
work- function of t a(e%lr%egsf)e lﬁ\rfelsgggettgréﬁ]é% ?oltrjlel3 ?éq&gn%& pit rhﬁ%fé’é’n of the

sensor, comprising: 15 an g{é@@{@%@g%gglls, \_/vhen_aln e_ach p|>_<el cell
comprises: a photo-conhversion ewc%, a'floating diffusion region, and a

o e o e SR AUMES

floating diffusion region, said transistor comprising a

BRgRARY

31. The image sensor of claim 29, wherein the image sensor is a charge

coupled device image sensor.

32.  The image sensor of claim 29, wherein the transistor is a transfer
transistor.

33.  The image sensor of claim 29, wherein at least one gate electrode region
comprises a mid-gap material.

34. The image sensor of claim 33, wherein the mid-gap material is selected
from the group consisting of: Sij. (Ge,, TiN/W, Al/TiN, Ti/TiN, and TaSiN.

35.  The image sensor of claim 34, wherein the mid-gap material is Si;.,Gey,
and wherein the mole fraction of Ge in Si;. (Ge, is approximately 0.4.

36.  The image sensor of claim 35, wherein the least one gate electrode
region is doped to one of a first or second conductivity type.

37.  The image sensor of claim 29, wherein at least one gate electrode region

comprises a degenerately doped p+ polysilicon layer.

29



10

15

20

20 a channel region under said gate electrode, said length of said gate
electrode extending from said photo- conversion device to said floating PR
diffusion region, said gate electrode being divided into a plurality of gate LLOYD WISE
electrode regions, each gate electrode region extending from said _
photo-conversion 28 LLOYD WIS device to said floating diffusion region,
wherein at least one said gate electrode region has a work-function .
greater thian a WSHDASS sFRivioraladn 2havheisinet deadt gareate clestiode region
region has a different work-function from that of said at least one gate
SIERPEEESRISH Ay Bedlansdanherticgmalcofiptiengaesheeilectivity type.
ortions phelow_each gate electrode region, wherein a doping
goncentf3 tion ﬁtlfﬁgﬁ%‘? 6%?5&&6‘141&%&?6{}&{8%@@@9]@%§f€fegémh@(§r0d€
in part work-fungtion of the respective gate electrode region. 30.

THE géségs%e?%ad? 8?@&?#‘%&%5%&? thestmaige eniglica afEMaideagy one gate

irqacqe sensar, 31. The image sensor of claim 29, wherein the image
cleclro

SENSOT IS Ié?%’ﬁgrge coupled device image sensor. 32. The image sensor

of claim 29, wherein the transislge%rﬁ{s.at nsfer transistar. 15 33, The

SIATHRES S Wiga SO A IR SRR ragisiely no active

. . 1
Image sensor o Cla

comprises a mid-gap m teriaIL 4. Thei %g@sensor ‘of‘claim 33, wherein
the rgr)lrll%(j%gtsl?ﬁlggé%gﬁ%rgé)f&et eﬁl&?ﬂqﬂg tp consisting of Sit_,Gex,

T, AT LIS I QR T
fg%%t@%%eo ];ecg;%lilniss eili-ﬁrcs;te éaitse g]%‘g{r%)((lqu r%tgel(l}{n%ﬁd the another said gate electrode
region is a second gate electrode region and the transistor comprises first and second
channel portions below the first and second gate electrode regions, respectively.

42.  The image sensor of claim41, wherein the first and second gate electrode
regions each extend over an active area by a different distance.

43.  The image sensor of claim 41, wherein the first and second gate
electrode regions have different work-functions, and wherein each work-function is
greater than a work-function of n+ Si.

44.  The image sensor of claim 29, wherein the at least one said gate
electrode region is a first gate electrode region and the another said gate electrode
region is a second gate electrode region and the transistor comprises a third gate
electrode region extending from said photo-conversion device to said floating diffusion
region and first, second, and third channel portions below the first, second, and third
gate electrode regions, respectively.

45. The image sensor of claim 44, wherein the first gate electrode region is

between the second and third gate electrode regions, and wherein the second and third
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36. The image sensor of claim 35, wherein the least one gate electrode
region is doped to one of a first or second conductivity type. 37. The

image sensor of claim 29, wherein at least one gate electrode region LLOYD WISE

comprises a degenerately doped p+ polysilicon layer. 29 LLOYD VV!S

38. The image sensor of claim 29, wherein at least one gate electrode

region comprises a layer of lower doped polysilicon of a first or second
HHAGISRITSAR 581088 areranh AN SERERICHNElaTRs Storhardsntiimatégast and an
one, gate electrode region has a dopant profile allowing for at least partial
oaé&gfﬁf)‘?%&ﬂtﬁée%% RSP BRE Ytk case RraIdB T srond 40 d Thisdmrigelectrode
sensor gf claim 29, wherein there is approximately no active dopant in at

ISP R 8B SIS THRE R Re BB WerrfiasHagesensdr of claim 29,

wherein ZEge at,lr%ast one said gate electrode region is a first gate

electrodé Yegion SAT ARG SSREthal shitiyhte vehsesindie soqeisicrdstaird gate

S&%&?Q gaéeielec}tlrode regéon and the transistor comprises first and
SRR RS BOrG8neBaMR T rEPEnd second gate electrode

ot e A g S BTN ke B bl P BFaR R of
' nt distance. 43. The.im sensor of clajim 41, wherein the first and
o T e SRt it tesai por by the

ejn each work-function is _greater than a work-function of n+ Si. 44.
g%mfg%(é%grér?ﬁlirl%¥ec ?ﬁ%l‘é%?%ﬁ&%‘?m & §F188st one said gate

electrodggregig{n is a first ﬁ%? electrode%%%lon and the another said gate

electrode 'reglorp IS F LSS %’é\t&oéfgj& region and the transistor

comprises \@third %ate 20 e(liectrode region extending from said

photo-con rdiBn device 1B%aid floating diffusion region and first, second,

and third c?a)nnelrgortions below 3firs , second, and third o
11) aiiimage sensor coupled to the processor, the image sensor comprising:

apixel comprising:
a photo-conversion device,

a sensing node, and

a transistor for gating charge from said photo-conversion device to said
sensing node, said transistor comprising a gate electrode having a length and a channel
region under said gate electrode,

said length of said gate electrode extending from said photo-
conversion device to said sensing node,

said gate electrode being divided into two gate electrode regions,
each gate electrode region extending from said photo-conversion device to
said sensing node, wherein one said gate electrode region has a work-

function greater than a work-function of n+ Si, and another said gate
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gate electrode regions, respectively. 45. The image sensor of claim 44,

wherein the first gate electrode region is between the second and third LLOYD WISE
gate electrode regions, and wherein the second and third 1 0 LLOYD A

}t gate electrode regions are each over a respective area where an

isolation region and an active region meet, and wherein at least one of the

second and third gate electrode regions has a work-function greater than

a work-functidliSFH'e &2198 hrna fHAge s e opetiom s nimsrelsaideone gate

second and third gate 5 electrode regions have a same work-function. 47.

The image s& P 5ﬁﬁ1ﬂn48?9\/herein the doping concentration of at

least one of the second and third channel portions is determined at least

in part by the worfé'ﬁ?ﬁhﬁﬁ?le f?ﬁ@?@ﬁé@ﬁ%@%@@&ﬁ(ﬁ;@@#@@@ﬁl%?wh gate
rocessor system, comprising; 10, (i) a processor; and_(ii) an image .

gensor coupled 8% eerggb%sx%?,rq%ai ARRIReRHSSP B RERG leashprs portion of

comprising: %aghoho-conversion device,, agensin node, and 15 a

transistor for gating Shar e P8 S5t pHBs Ridhedeorksltreigy of the

sensing node Ss%i .trang{stol%ggm rising a. gate electrode having a length
and a chann(reéf ]?efglgrel Bnder €4l ﬁart% Bctrode, said length of said gate

electrodgextending from said photo- conversjon device to said sensing.
node, 2(52 9s(?‘aid ggtee%fé%%gfec‘%%?négdi\?vi S THS d Gats BRI §deMOS image

ggegllg)oqs, each gate electrode region extending from said photo-conversion
evice'to

50.  The system of claim 48, wherein the image sensor is a charge coupled
device image sensor.
51. A method of forming a pixel cell, the method comprising:
forming a photo-conversion device;
forming a sensing node; and
forming a first transistor for gating charge from said photo-conversion
device to said sensing node; the act of forming said first transistor comprising forming a
gate electrode having a length and forming a channel region under said gate electrode,
said length of said gate electrode extending from said photo-
conversion device to said sensing node,
said gate electrode being divided into a plurality of gate electrode
regions, each gate electrode region extending from said photo-conversion
device to said sensing node, wherein at least one said gate electrode region
has a work-function greater than a work-function of n+ Si, and another
said gate electrode region has a different work-function from that of said at

least one gate electrode region, and
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said sensing node, wherein one said gate electrode region ha_s a work-
function greater than a work-function of n+ Si, and another said gate 31

electrode region has a. different work-function from that of said one gate LLOYD WISE

electrode region, and said channel region comprising respective portions
below each gate electrode region, wherein a doping concentration of at

least one portion of 5 said channel region is determined in part by the
work-function of tlﬁ]éer%@;ﬂ;cq?\?@’@étéa <ORBAR Fegiom campTisng fataringht least
claim 48, wherein the image sensor is a CMOS image sensor. 50. The

system of clART S8 BRLPSH tHe dgRidet derstcoacRaiyeledtisiededion.
device image sensor. 51. A method of formjngg pixel cell, the method
fcﬁ%ﬁ‘b@g‘ :

comprisi BﬂSﬂcoc-@b‘??v%]rSWEf‘é@i 3grRfi ﬁ@r‘a@@ﬁ@ﬁ&rﬁbﬁ@?mtor
e e R Rl LT s
OB e R L e Seon gt of seid gate.

§i i _ JIsE gth of said gate
o e e TR SSRA S TR o e
% eogt?(l)%i((?ce)nﬁsé ?r%lgogr?%?t%%g ii(f))rr%géfelé Egéigﬁéﬁ%ré%gaﬂiﬁﬁ?@f least one said
i el B e e S IS
ek ”&&%88&58&5%&% %aei ?a%r Ig{:l %Eg%gpg%[eﬁeerig gre?gcq[erg %*Igr?l t%g %roup
consisting of: Si;. xGey, TIN/W, AI/TiN, Ti/TiN, and TaSiN.

55. The method of claim 54, wherein the act of forming a layer of mid-gap
material comprises forming a layer of Si;.,Ge,, wherein a mole fraction of Ge is
approximately 0.4.

56.  The method of claim 55, wherein the act of forming a layer of Si;.xGey
comprises doping the layer of Si;_,Gey to one of a first or second conductivity type.

57. The method of claim 51, wherein the act of forming the at least one gate
electrode region comprises forming a layer of degenerately doped p+ polysilicon.

58.  The method of claim 51, wherein the act of forming the at least one gate
electrode region comprises forming a layer of lower doped polysilicon of a first or
second conductivity type.

59.  The method of claim 58, wherein the act of forming the layer of lower
doped polysilicon comprises forming the layer of lower doped polysilicon having a

dopant profile allowing for at least partial depletion of the at least one gate electrode

region.
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32 LLOYD WISE the act of forming said channel region comprising
forming at least one channel portion under said at least one gate electrode

region. 52. The method of claim 51, wherein the act of forming the first LLOYD WISE

transistor comprises forming a transfer transistor for transferring _
photo-generated charge from the 5 photo-conversion device to a floa}tlng
diffusion region, 53. The method of claim 5 1, wherein the act of forming

the at le3%t ond e tBnstaotlaire gibvestrp e rs vhfagnainaybe biver of lower

id- aterial. 54. The method of claim 53, wherein the act of forming
@%%5?@?%‘?8 PR S RIG A Rl Hemg P 1agBM®f mid-g arlJ/
material selected from the group 10 consisting of: Sii_xGe, TiN/W, Al/TIN,
TilTiN, ahd TaSiK! hadahe Aod ot SRR e 8in thanael stgiomepigprises

I f mid- terial comprises forming a layer of Sil_,Gex, )
TERER o it Wt e e ChppmebieRin o e P Tehbortve

W?’]el’el a mo

gjalm 5 Whetrein the act of forming a layer of Sij_xGe,; 15 comprises
gygﬁr{lg %Rré ari/éartloofnSii Gex to one of a first or second conductivity type. 57.

The methpd of ¢laim 51, wherein the act of forming the_ at least one gate

electrodt?}??egi(f)I?I:1 %(r)nrﬁtglﬁge%?fé%ﬁln a"rﬁ%%fibf‘egfgﬁg&aw%%&ﬂi electrode
ilicon. 58. The method of claim 51, wherein the act qf forming the at )

e o o B G ey bk pareeion

one gate efec
ST IR SRS e s S Dbl v
ST T8 O EBIETA IR PR
%ﬁ%%gpgoﬁ?glg%e%%v the first and second gate electrode regions, respectively.

63.  The method of claim 62, wherein the act of forming the first and second
gate electrode regions comprises forming the first and second gate electrode regions
such that each of the first and second gate electrode regions extends over an active area
by a different distance.

64.  The method of claim 62, wherein the first and second gate electrode
regions are each formed having different work-functions, each work-function being
greater than a work-function of n+ Si.

65.  The method of claim 51, wherein the at least one said gate electrode
region is a first gate electrode region and the another said gate electrode region is a
second gate electrode region and the act of forming the gate electrode comprises
forming a third gate electrode region, and wherein the act of forming the channel region
comprises forming first, second, and third channel portions below the first, second, and

third gate electrode regions, respectively.
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L.I_OYD 60. The method of claim 59, wherein the act of forming the layer
of lower doped polysilicon comprises doping the polysilicon with indium.
61. The method of claim 51, wherein forming the channel region
comprises forming at least one portion of the channel region having
approximately no active 5 dopant concentration. 62. The method of claim
51, wherein the act of formini the gate electrode comprises forming the

at least 8% gatBcdiitiedals s Whirsig e Brsbavasesgione wadon is formed
forming the another said gate electrode region as a second gate electrode
B A SRR o L EBE AT e AR et e g piesesd and third
for ir] first and second 10 channel portions below the first and second ]
e RS R SOy B3 TG HE raIIfee. Whlakiom rogion
the, act of forming the first and second gate electrode regions comprises
ARG TSP AR ATSS LGNS Qe UIbRi/ Y PRGBhL St Ar S4B bR
first.and second gate electrode regions extends over gn active area_by a
LR R R T R e

second gate efgeliade, feglons areeach fomed having difsrent .

work-functions, each work-fanchon being gr}

+ Si. 65, hod of claim 51, wherein the at least one said gate
2?5&?&1%6%&%%% Tirsf gsgliréee‘?/eoétél\'{c? eCPeoéllbn and the another said gate

eleCtrOdéiﬁregi%eis aetl%? S c?erllgn%%tev\fehlgrcet{r? ﬂlee E%g%gégﬁg éé?:fond and third

forming the gate electrode comprisgs forming a

%%%8{%1 ﬁBQiW&%SiHjHE&%%%@Q 9 tr(])%é: Qgg ?@é{g %gﬁgeﬁ?%r{ ér(ggjﬂ&h that a

formingfirst, second, an annel portions .
AR s P A R T et
ﬁ@&%&é@%%ﬁk‘?‘%ﬁr ?)gﬁ B?fgt-&?en\‘?’v’o?lg?uvr\l@%% igft&% ?gs%ce)g‘gv%ng%ttg ierlcéctrode region.
69.  The method of claim 51, further comprising:
forming a second transistor, the act of forming the second transistor
comprising forming at least one second transistor gate electrode region having a work-
function greater than a work-function of n+ Si.
70. The method of claim 69, wherein the at least one second transistor gate
electrode region is formed of the same material as the at least one gate electrode region.
71. A method of forming a pixel cell, the method comprising:
forming a photo-conversion device; and
forming a transistor adjacent to the photo-conversion device, the act of
forming the transistor comprising forming a gate electrode overlying a channel region,
the act of forming the gate electrode comprising forming a gate electrode having a

length extending from a source/drain region to the photo-conversion device, the gate

electrode comprising at least two gate electrode regions, each gate electrode region
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gate electrode regions are each formed over a respective area where an
isolation region and an active region meet, and wherein at least one of

the second and third gate 5 electrode regions has a work-function greater
than a work-function of n+ Si. 67. The method of claim 66, wherein the
second and third gate electrode regions are formed having a same
work-function, 68. The method of clajm 66, wherein the act of forming the
S el R BRI 5 B Yo e el g nen dopent
third gggggggé)?rtitons sti%h thata 10 dopfi%rtggéconc_entration of at least one

of thé second and tivd"¢ 5%%‘@%}% el Ledsdsein sy work-

the wark-function of the respective gate gec rode region.. 69. The method
TN DRGSR A0S RCLIER Lok e e eeon

er comprising:

fonning.the second transistor comprising forming at least one second
gmg}gsm%gémel%%{es ect%ve. Q sgelgwenlhl%tﬁl gﬁgﬂdgq,é%&mhan a

10
transistor rode region naving a wo

- i i , . f clajm 69, in the at | t
work-fu %t.lon ?LQTngtlhgg oir (qelm R %re(ina%% Oar%% g#%%nggstgﬁ?%t?eaasst two gate

a W
one second transistor gate e eélilrodé regionis

@@E‘ﬁ%ﬁle%%%{g\sséﬁﬁﬁfﬁs%g %ﬁ%%é@%&%%h%e Eil Qélgc]ﬁo%%n%géggﬁ%’%%g%ﬂing over

forming a e met mprising: forming a p

q;;\gggg,gggggggr%&g%&%%g adjacent to the photo-conversion

device, the act’o Ing the transistor comprising forming a gate

electrodpoverlying g Sharyichisgian, e act el arming e gate slectrode

comprising forming a gate e aving a leng exten nlﬁ’lf%%:m a

source/drajgtggion 5, ihe AIRIa:GomYersion dqvice. the gate electrode

comprising at least two gate electrode regions, each gate electrode region

38 LICY Wil eriaig Rlenci 8L e gels ectiogaand havng oy

substantially uniform dopant type and concentration, wherein At&adt 8k
S SRRSO 0 AR ISR ERL IR chrel s
the act of forming the gate electrode comprising forming a gate electrode having a
length extending from a source/drain region to the photo-conversion device, and
forming first, second, and third gate electrode regions, each gate electrode region
extending the length of the gate electrode and wherein the first gate electrode region is
formed between the second and third gate electrode regions, and wherein the second and
third gate electrode regions are each formed over a respective area where an isolation
region and active region meet, and wherein at least one of the second and third gate
electrode regions is formed having a work-function greater than a work-function of n+
Si, the act of forming the channel region comprising forming first, second, and third
portions below the first, second, and third gate electrode regions, respectively.

74.  The method of claim 73, wherein the second and third gate electrode

regions are formed having a same work-function.
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comprising forming respective portions below each gate electrode region.
5 72. The method of claim 71, wherein the act of forming the at least two
gate electrode regions comprises forming each of the gate electrode
regions extending over an active area by a different distance. 73. A
method of forming a pixel cell, the method comprising: forming a

photo-cggﬁversﬁ% dev_hégd' and 10 forming a transistor adjacent to the
photo-cdRversiolt SIS HE'AER P tEMRTRE the MR EIEsAitismgT at least one

e L R vy S G oA Tl o

LLOYD WISE

u%ecggit?fgff{gemreas so%trce/drai re§ion to the photo-conversion device, and
PR st S EES G S LGRS e s8tPSde regions, each gate

electrode region 15 extending the length of the gate electrode and
wherein the first gate electrode region is formed between the second and
third gate electrode regions, and wherein the second and third gate
electrode regions are each formed over a respective area where an
isolation region and active region meet, and wherein at least one of the
second and third gate electrode regions is formed having a work-function
greater than a work-function of n+ 20 Si, the act of forming the channel
region comprising forming first, second, and third portions below the first,
second, and third gate electrode regions, respectively. 74, The method of
claim 73, wherein the second and third gate electrode regions are formed
having a same work-fimetion. 36 LLOYD V VISE 75. The method of claim
73, wherein the doping concentration of at least one of the second and
third channel portions is determined at least in part by the work- function
of the respective gate electrode region. 37
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